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Ing. José Luis Bonilla Griz

Gerente de Desarrollo de Nuevos Productos
Lumisistemas, S.A.

Blvd. Toluca 520 A

Naucalpan Edo. Méx.

- Tel, 227 72 77 ext. 0449

Ing. Alfredo Badillo Trejo
Técnico (QSRAM)

Osram de México, SA.de C.V.
Camino a Tultepec #8

Col. Tultitlan, Edo. Méx.
Tel. 872 16 00

Ing. Jaime Galindo
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Prof. de la F.A.; Asesor Externo ‘de’la
Comision de Energeticos del Edo. Coahu:
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Gobierno del Estado de Coahuila

Ing. Ernesto Mendoza Estrada .

Gerente de Laboratorio .

Manufacturera de Reactores,S.A.
Vicente Guerrero # 28 y # 30

Col. Del Moral, Del. lztapalapa,Méx.D.F
Tel. 694 10 &0 : '

Arq. Enrique Quintero Loépez
Director General
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Coil. Roma Sur

06760, Méx.D.F.
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Lic. Diana Davila Ruiz
Mercadotécnia

STARCO, S.A. de C.V.
Sierra Sta. Rosa # 61
Col. Reforma Social
Tel. 282 51 05

Miguel Angel Farrera Rebollo
Supervisor

Prolum Instalaciones

Ing. Militares #32

Col. Lomas de Sotelo
Naucalpan de J. Edo.Méx.
Tei. 576 86 97

Ing. Juan Galicia Rodriguz
Area Comercial

STARCO, S.A. de C.V.
Sierra Sta. Rosa # 61

Col. Reforma Seccial

Miguel Hidalgo, Méx.D.F.
Tel. 282 51 05

Eduardo Gutiérrez Peleteiro
Gerente

Lumina, SA. de C.V.
Mariscal Sucre # 9

Col. Del VALLE

Benito Juirez, Méx.D.F.
Tel. 536 47 05

C.P. José Hilario Huerta Hernandez 10.

Gerente Administrativo
STARCO, S.A. de C,V.
Serra Sta. Rosa # 61.
Col. Reforma Social

11650, Miguel Hidalgo, Méx.D.F.

Tel. 282 51 05

Gustavo Alonso Magara Dominguez 12
Jefe de ensamble y Recubrimientos
Duro de México, S.A. de C.V.

Av. 1 No. 498
Col. Parque Ind. Cartagena
54900, Tuctitldn, Méx.D.F,
Tel. 888 14 53

Radl Mauricio Diaz Castorena
Puerto de Cozumel # 72

Col. AMpliacién Casas Aleman
07580 Gustavo A. Madero
Tel. 757 59 59

Francisco Javier Fernidndez Soto

Director

Importadora y Exportadora Ferval S.de R.L.

Pie de Cuesta # 459

Col. Reforma Ixtlaxihuat!
lztacalco, Méx.D.F.

Tel. 674 81 07

Sergio Juan Gutiérrez Campos
Administracién y Ventas

Importadora y Exportadora Ferval S.de R.L.

Pie de la Cuesta # 489
Col. Reforma Ixtlaxihuatl
|ztacalco, México, D.F.
Tel. 647 81 07

4

Ma. del Socorro Guzman Hernandez

Ejecutivo de Cuenta
STARCO, S.A.de C.V.
Sierra Sta., Rosa # 61
Col. Reforma Social

Miguel Hidalgo, Méx.D..F C.P. 11650

Tel. 282 51 05

Ing. Rafael Lopez Ruiz
Profesional

Negocio Propio

Vertiz 966 - 15

Col. Narvarte
03020BJuarez, Méx. D.F.
Tel. 682 10 66

Juan Carlos Munguia Espitia
Director General '
Lumina, S.A. de C.V.

Av. Mariscal Sucre # 9

Col. Del Valle '
03100, B. Juérez, Méx.D.F.
Tel. 5364 705
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Disefo Industrial

STARCO, S.A. de C.V.

Sierra Sta. Rosa # 61

Col. Reforma Social .

11650 Miguel Hidalgo, Méx.D.F.
Tel. 282 51 05 .

Ing. Carlos Arturo Ramirez Martinez 14, Octavio Rocha
Técnico en Pruebas de Fotometria
Laboratorio de Alumbrado Plablico STARCO, S5.A. de C.V.
Lebrija 196 Sierra Sta. Rosa # 61
Col. Cerro de Ila Estrella Col. Reforma Ixtlaxihuatl
09860 lztapalapa Méx.D.F. Iztacalco, Méx.D.F.
Tel. 632 09 28
Pedro: Rodriguez 16. Ing. J. Félix Roque Romero
Jefe Control de Calidad
STARCO, S.A.de C.V. Duro de México, S.A. de C.V.
Sierra sta. Rosa# 61 Av. Uno # 498
Col. Reforma Ixtlaxihuatl Tultitlan México
Tel. Tel. 888 14 54
Mario Sanabria Acevedo 18 Fidel Rosales Monroy
Responsable Técnico Ingeniero
Fac. de Ciencias Politicas y Sociales Comision Federal de Electricidad
Circ. Mario de la Cueva S/N Calle Don Manuelito # 32
Zona Cultura, C.U. Col. Olivar de los Padres
Tel. 813 42 76 Tel. 683 2210 ;
Ing. Héctor Santillana Calzada 20 Féliz Santiago Cortés
Area Comercial Ingeniero Mantenimiento
STARCO, S.A.de C.V. Comisién Federal de Electricidad
Sierra Sta. Rosa # 61 Cerrada de Toluca NO. 60
Col. Reforma Social Col. Olivar de los Padres
Miguel Hidalgo, Méx.D.F. Tel. 229 44 00
+ Tel. 282 51 05
Ing. Luis Bernardo Silva Rivera 22. Ricardo Trejo Becerril '
Area de Ventas Académico
STARCO, S.A. de C.V. Centro de Invst.de Disero Industrlal
Sierra Sta. Rosa # 61 Ciudad Universitaria
Col. Reforma Social Tel. 743 27 38
Miguel Hidalgo, Méx.D.F.
Tel. 282 51 05 ' <
Deborah Walters Brauwn 24. Aldo Villegas Romero

Disefador Industrial

STARCO, S.A. de C.V.

Sierra Sta. Rosa # 61

Col. Reforma Social

11650, Miguel Hidalgo, Méx.D.F.
Tel. 282 51 05 .



DIVISION . <DUCACLON CONTINUA
CURSOS  ABIERTOS |
ILUMINACION ‘INTERIOR: PRINCIPIOS, DISENO Y APLICACIONES |
“Del 17 al 28 de octubre de 1994. |

FECHA HORARIO TEMA PROFESORE |

LUNES 17 OCT. “17:00 A 18:00 HRS. APERTURA ING. CARLOS GARCIA R
EVALUACION INICIAL
18:00 A 21:00 LUZ ¥ COLOR | ~ ING. ERNESTO MENDOZA.
TERMINOLOGLA
MARTES 18 17:00 A 19:00 BALASTROS ING. ERNESTO MENDOZA
19:00 A 21:00 LAMPARAS - ING. ALFREDO BADILLO
MIERCOLES " 17:00 A 21:00 CONTROL DE LUZ ING. JOSE LUIS BONILLA
FOTOMETRIA
SELECCION DE LUMINARIOS
JUEVES 20 17:00 A 21:00 ' NIVELES DE ILUMINACION ING. CARLOS GARCIA R!
CALCULO DE ILUMINACION
) ¥
VIERNES 21 17:00 A 21:00 ' CALCULO DE  ILUMINACION ING. CARLOS GARCIA R
EJERCICIO DE ILUMINACION . i
:
LUNES 24 17:00 A 21:00 ARQUITECTURA DE LA LUZ ARQ. ENRIQUE QUINTERQ
ILUMINACION DE HOTELES :
MARTES 25 ' 17:00 A 21:00 [LUMINACION COMERCIAL ' ARQ. ENRIQUE QUINTERO
~ EJEMPLO DE 1LUMINACION
MIERCOLES 26 17:00 A 21:00 ILUMINACION DE OFICINAS ING. JAIME GALINDO
EJEMPLO DE APLICACION
JUEVES 27 17:00 A 19:00 ILUMINACTON DE IGLESIAS Y MUSEOS ARQ. ENRIQUE QUINTERO
ILUMINACION DE BANCOS Y LIBRERIAS 2 o
19:00 A 21:00 ILUMINACION INDUSTRIAL ING. CARLOS GARCIA R
VIERNES 28 . 17:00 A 19:30 AHORRO DE ENERGIA EN INSTALACIONES ING. CARLOS GARCIA R!
DE ILUMINACION |
19:30 A 20:00 EVALUACION *
20:00 A 20:45 MESA REDONDA
20:45 A 21:00 CLAUSURA |
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CURSO: ILUMINACION “INTERIOR: PRINCIPI

FECHA: Del 17 al 28 de octubre de 1994.

CEARRESERNIL B

EVALUACION DEC PERSONAL D@CENTE—' —

0S, DISERO Y APLICACIONES

ING. CARLOS GARCIA R.

CONFERENCISTA - DOMINIO | USO DE AYUDAS
’ DEL TEMA | AUDIOVISUALES

- COMUNICACION

CON EL ASISTENTE

PUNTUALIDAD

ING. ERNESTO MENDOZA -t

ING. ALFREDO BADILLO

ING. JOSE LUIS BONILLA

ARQ. ENRIQUE QUINTERO

ING. JAIME GALINDO :

EVALUACION DE LA ENSENANZA

CRCANIZACION Y DESARRCLO DEL CURSO

CRADO Df PROFUNDIDAD LOCGRADQ EN EL CURSO

ACTUALIZACION DEL CURSO

APLICACION PRACTICA. DEL CLIRSO

EVALUACION DEL CURSO

i CONCEPTO . | caur.

' CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO

CONTINUIDAD EN LOS TEMAS

CALIDAD DEL MATERIAL DIDACTICO UTILIZADO

ESCALA DE EVALUACION: . 1A 10

1




1. jLE AGRADO 5SU ESTANCIA EN LA DIVISION DE EDUCACION CONTINUA?

‘
N

S NO

SLINDICA QUE "NO" DIGA PORQUE. -

2.- MEDIO A'TRAV'ES DEL CUAL SE ENTERO DEL CURSO:

PERIODICO FOLLETO GACETA OTRO
EXCELSIOR ANUAL UNAM ,MEDIO
PERICDICO FOULETO REVISTAS '
EL UNIVERSAL DEL CURSO TECNICAS

3. JQUE CAMBIOS SUGERIRIA AL CURSO PARA MEIORARLO? .

4. ;RECOMENDARIA EL CURSO A OTRA(S) PERSONA{SH

51 NO

5.~ jQUE CURSOS LE SERVIRIA QUE PROGRAMARA LA DIVISION DE EDUCACION CONTINUA,

6.-  OTRAS SUGERENCIAS:
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DIVISION L. <DUCACION CONTINUA
CURSOS . ABIERTOS

Del 17 al 28 de octubre de 1994,
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MARTES 18

MIERCOLES

JUEVES 2@
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APERTURA
EVALUACION INICIAL
LUZ Y COLOR
TERMINOLOGIA

BALASTROS
LAMPARAS

CONTROL DE LUZ
FOTOMETRIA
SELECCION DE LUMINARIOS

NIVELES DE ILUMINACION
CALCULO DE TLUMINACION

CALCULO DE TLUMINACION -
EJERCICIO DE ILUMINACION

ARQUITECTURA DE LA LUZ
[LUMINACION DE HOTELES

TLUMINACION COMERCIAL
EJEMPLO DE 1LUMINACION

ILUMINACION DE OFICINAS
EJEMPLO DOE APLICACION

[LUMINACION DE IGLESIAS Y MUSEOS
ILUMINACION DE BANCOS Y LIBRERIAS
- TLUMINACION INDUSTRIAL

AHORRO DE ENERGIA EN INSTALACIONES
DE ILUMINACION

EVALUACION

MESA REDONDA

CLAUSURA

PROFESORE

ING.

ING.
ING.
ING.
ING.
ING.
ING.
ARQ.
ARQ.

ING.

ARQ.
ING.

ING.

CARLOS GARCIA R.

CARLOS GARCIA R.
ERNESTO MENDOZA
ERNESTO MENDOZA
ALFREDO BADILLO
JOSE LUIS BONILL

CARLOS GARCIA R{
CARLUS GARCIA R.

ENRIQUE QU]NTER%

I
ENRIQUE QUINTERO

Y |
I
JAIME GALINDO |
i

ENRIQUE QUINTERQ
CARLOS GARCIA R.

_F
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T EVALUACGION DECPERSONAL DOGENTE —————

CURSO: ILUMINACION ' INTERIOR: PRINCIPIOS, DISEND Y APLIC
FECHA: Del 17 al 28 de octubre de 1994, -

i

ACIORES

CONFERENCISTA - DOMINIO 'uso DE AYUDAS | COMUNICACION | PUNTUALIDAD
o DEL TEMA | AUDIOVISUALES | CON EL ASISTENTE |
ING. CARLOS GARCIA R. | -
ING. ERNESTO MENDOZA
ING. ALFREDO BADILLO
ING. JOSE LUIS BONILLA
ARQ. ENRIQUE QUINTERO
ING. JAIME GALINDO .

EVALUACION DE LA ENSENANZA

CORCANIZACION Y DESARROLO DEL CURSO

GCRADO DE PROFUNDIDAD LOGRADQO EN EL CURSO

ACTUALIZACION DEL CURSO

APLICACION PRACTICA DEL CURSO

EVALUACION DEL CURSO

i CONCEPTO | caLF.
' CUMPUIMIENTO OE LOS OBJETIVOS DEL CURSO

CONTINUIDAD EN LOS TEMAS |

CALIDAD DEL MATERIAL DIDACTICO UTILIZADO

" ESCALA DE EVALUACION: 1A 10



1. $LE AGRADO SU ESTANCIA £N LA DIVISION DE EDUCACION CONTINUA?

i

51 NO

SLINDICA QUE "NO" DIGA PORQUE.

2 MEDIO A"TRAVES DEL CUAL SE ENTERQ DEL CURSO:

PERIODICO - FOLLETO GACETA OTRO
EXCELSICR ANUAL . UNAM JMEDIO
PERICDICO FOLLETO - REVISTAS

EL UNIVERSAL DEL CURSO TECNICAS

3. JQUE CAMBIOS SUGERIRIA AL CURSQ PARA MEJCRARLCY .

4.-  jRECOMENDARIA EL CURSO A OTRA{S} PERSONA(S)!

Sl NO

5-  jQUE CURSOS LE SERVIRIA QUE PROGRAMARA LA DIVISION DE EDUCACION CONTINUA,

i R T

6.-  OTRAS SUGERENCIAS:
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i . EEL.BALASTRDO

%ina1idad: E]itransformador de alta reactancia Qe dispersién.
Tipos de Balastros.

E1 fenbmeno de la descarga é]éctrica en gas es un fenbmeno com -
plejo, y la gréfica.siguiente nos—da idea del coﬁportamiento ce

las cargas cuando se lleva a cabo el fendmeno.

L oa
i
i

vOLTAJE
Q

CORRIENTE

La informacidn que se puede obtener de la grifica y que ros in -
teresa 'exporer, se encuentra entre los puntos D y E que es la -~

regidn de operacidn norinal de la lémpara fluorescente.




“que significa lastre.

En esta parte de 1a grifica se ve que habiéndose superado el
voltaje Vx el gas presenta una regidn de resistencia negati
va, y en donde la corriente eléctrica a través del gas crece

tedricamente hasta el infinito.

¥
v

Es debido a ésto que se justifica la existencia de los balas-
tros, que son dispositivos que sirven primordialmente para --
mantener la corricnte eléctrica a través de la lampara, en un

rango de valores, que permiten a la ldmpara operar satisfacto

_riémente'y sobre todo protegerla de la destruccidn.

El vocablo balastro se deriva de la palabra inglesa "ballast"

De acuerdo a la definicidn que la norma CCONNIE‘- 16.2 1 tie
ne, el ba1astro, "es un dispositivo que, por medio de.inductaﬁ
cias,_capacitancias, 0 resistencias, sofas o en combinacidn, -
limita.1a corriente de limparas fluorescentes al valor requeri

N

do para su operacidn correcta y también, cuzndo es necesario -



suministra la tensién y corriente de arranque, y en el caso de

balastros para -1dmparas de arranque rapido, suministra la ten-

/

$i6n para calentamiento de los catddos™.

En principio, un balastro puede ser cualquier elemento que li-

. * 'l\

mita la corriente, como por ejemplo, una resistencia, una ca -
" pacitancia, una inductancia 6 una combinacién de los elementos
*

anteriores.

eabem e B,

E].hecho de usar ldmparas fluorescentes obedece a que su efi--
ciencia 1umfnica es mayor que-ias incandescentes debido a que;
éétas Qltimas emiten un gran porcenfaje de radiacién en la re-
giﬁn infra}roja es decir en forma de calor; entdnces si noso-.
tros usamos un balastro a base de resistencias, 1o que logra -.
mps es crear pérdidas, y no tiene caso usar una ldmpara fluo -

rescente que es incliuso mas cara, si la eficiencia del conjun-

to balastro-limpara es paracida a una incandescente.

V. LINEA

O



. )
E1 usar un balastro a base de capacitancias no es econfmico

~

debido a las bajas frecuencias de transmisién de energfa --

que se utilizan comunmente { 50 6 60 Mz ), ademds de que la
“forma de onda de la corriente dé la 1émpara‘se deformarfa -
notablemente, creando picos que dafiarfan a la l1dmpara .

En otras palabras, se necesitarfan valores altos de_capaci

t;hcia para poder proporcionar a la ldmpara una corriente-

nominal de operacidon muy deformada.

Sin embargo el capacitor resulta ser buen balastro desde -

400 Hz en adelante.

V. LINEA
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El tipo restante de balastro es una "reactancia inductiva® .
También conocida como inductancia, inductor, o-bobina de -
choque.

De los tipos de balastros antes mencionados, éste es sin,du

da el mas satisfactqrio y el mds econbmico, y‘en la actuali

dad casi todos 1os_balastros estan formados‘por inductan --

cias, o cowbiﬁacionés de éstas con capacitancias.

1

Cor

(RN

L . »
o—— YO Camrana
¢ —_—

V. LINEA

INDUCTANCIA SERIE



EL AUTQTRANSFORMADOR DE.ALTA REACTANCIA DE DISPERCION

Los-circuitos mostrados anteriérmente, funcionan en redes de

alimentacién cuyo voltaje es mayor que el voltaje minimo de-
encendido de la ldmpara, sin embargo cuando éste Gltimo es -
superior al de 1inea, se'necesitaria, ademias de la inductan-

. . . k]
cia serie, un transformador o autotransformador que elevara

'S ¢

la tensién hasta un valor suficiente para encender la lampa-

ra tal como se muestra en la siguiente figura:

LAMPARA




g = - e

Esta combinac{én es completamente satisfactoria eléctricamente;
aunque excesivamente costosa. Probablemente el avance técnico
de mds significacién en el campo de la fabricacidﬁzde balas --
tfos para 1émparag fluorescentes y en general para lémparas -
de descarga eléctrica en gases, fué el desarrollo de los balas
tros "autotransformadores de alta reactancia de_dispersién" -
que son. las qhe se utilizan actualmente. Dicho de forma elé -
; o -
mental, el balastro autotransformador de alta reactancia combi
na los elementos del circuito de la Fig. ( autotransfor
mador y bobina de chohue) » €0 un solo.nﬂcleo. 16 que disminu -
ye el tamafio y costé, y aumenta la efiéiencia del circuito. Es
te £ipo de balastro se muestra esqueméticgmente eﬁ'Ia siguiente

figura.

EI LAMPARAD ;T

V. LinEs

w

AUTOTRANSFORMADOR ALTA REACTANCIA



En la figura se muestra la estructura del nicleo de acero y de
los devenados, as{ como las trayectorias de las Lineas Magnéti

~

cas.

|
var=a
l \rv\71__9
T L l

| —'J =
Deimorio \ \ Sacundor':o\

DIBUJO ESQUEMATICO

Notese en la figura que el austotransformado‘r de alta reactancia

tiene 2 devenados, uno primario y otro secundario, separados me

- - U Y

‘diante entrehierros magnéticos.

En un'?ransformador: ordinzrio tendriamos ambos cevanados uno en
cima‘del otro, ya que en este caso resulta importants que todo-
el flujo magnético que produce gﬂ devanado primario pase a tra-

vés del devanado secundario. Al embobinar ambos devanados uno



1os entrehierros, y no pase a a través de] devanado secundarig.

encima del otro se 1ogra‘é5to ficilmente. Sin embgﬁgo en un -
autransformador de a?ta reactancia, al tener separados median-
te entrehierros los devanados primariQ_y se;undario, intehcio—
nalmente obligamos que partg del flujo magnétigo creado por -
el devanado cfeado‘por el Qevanado primaric, pase a través de-

.

[ 3
Esta alta dispersi6n del flujo magnético creada a propésito, ma
nifiesta su efecto en forma de una reactancia inductiva parédsi-
ta en serie con el circuito secundario y es precisamente esta -

reactancia inductiva la que controla la corriente eléctrica a -

través de la lampara.

.TIPOS DE BALASTROS

En resumen, para poder iniciar la descarga eléctrica en un tubo

fluorescente, se necesitan 2 condiciones:



i@

| .
1. Que exista entre sus extremos un voltaje igual o mayor que
el minimo necesario especificando por el fabricante de lam

paras.

2. Que’sus citodos tengan al momentd de arranque disponibles -

electrones libres.
Esta sequnda condicifn se puede lograr de ‘tres formas diferen-

- tes y da lugar a la divisidn de las lamparas y de los balas --
trég en tres tipos de encendido.
a) Encendido Precalentado
b} Encendido ripido

c¢) Encendido instantdneo

2) Encendido Precalentado:

Se conccta un interruptor térmico entre dos terminales -

qpuestas entre dos terminales cpuestas de las lamparas,
de tal manera que cuando estd frio ( el interruptor ) -
se pone en corto circuito, y origina que una corriénte-
--¢circule a través de los cdtodos de la 1émpara caientan-

dolos y cumpliendo con la condicién para el arranque; -

INTERRJUPTOR

BALASTRO . ™

3 joarPana (E ENCENDIDO
© gl ! PRECALENTADO
‘—]

V. LINEA

c.—-——  —




un instante después se.abre el“interruptor térmico (cébador 0
arrancador ) presentdndose las dos condiciones necesarias --
para el ‘encendido.

b) Encendido'Répido
En el encendido répido, dgvanados aﬁxi]iares proporcioﬁan ca-
Tentamiento continuoza los catodos mediante la aplicacién de

>

un voltaje pequefic en los mismos, con 1o cual se tiene la nu
i

'
v

be electrénica disponible, y con la aplicacitn de un voltaje
mayor al minimo necesario se cumplen las condiciones para el

encendido

|
f

>—y BALASTRO —a - LAMPARA g_ ’

v LINEA

ENCENDIDO RAPIDO



. é) Encendido Instanténeo
En e]_encendido instantdneo se tienen disponibles los electro
nes en 10s cétodos por efecto de campo; ésto es que, para es
te tipo de encendido se amp]fa un §o1taje en los extremos de-
Ja lampara los suficientemente alto, como para que los elec -
trones del material emisivo de los cétoaos §gan literalmente
arrancados, y empiecen a viajar hacia el cétodo contrario ini

ciando ‘la descarga eléctrica a través del gas.

[ W R
. o BALASTRO — LAMPARA +—

VvV LINEA

S e =

ENCENDIDO INSTANTANEQO
Cada tipo de encendido presenta ventajas y desventajas sobre
los otros,'sin embargo todos tienen campo de aplicacidn, y -
por 1o mismo mercado. '

.. Ahorz por el tipo de circuito que utilizan, los Balastros --

tienen otra divisidn, a saber:



o A
[y

" Principales Circuitos

a) E1 circuito mds sencillo, es la inductancia serie o bobi--

na de choque.

— ST LAMPARA

VvV LINEA

L
i

Se usa en ffneas de alimentgciﬁn cuyo voltaje excede el volta
je mfnimo de encendido de la Témpara. Paré el ‘caso alto fac-
tor, se le agrega un capacitor en paralelo con la 1inea.
Normalmente se usa en encendido precalentado exclusivamente,-
aungue se puede yti1izar también en encendido instdntaneo.

b) Le sigue el circuito autotransformador de alta reactancia,

que se usa en los casos en donde el voltaje minimo de en-
cendido es mayor que el voltaje de 1Tnea; usualmente son-

bajo factor, para alto factor, se utiliza un capacitor -

P
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en serie con una inductancia, como se ve en 1ineas punteadas

en el diagrama. Se usa en encendido precalentado, encendido
rapido e jinstantdneo bajo factor de potencia. En este tipo-
de circuito, la regulacidn de la corriente de lampara, se 1o

gra mediante la reactancia de dispersién exclusivamente

°
!

LAMPA RA

& V. LINEA

ALTA REACTANCIA

- -¢)--E1 tercer tipo.de circuito es el autotransformador auto- .

rrequlado; es de alto factor de potencia, y siempre --
tiene el capacitor en serie con la limpara. Se usa en
todos los balastrcs de encendido rdpido alto factor, y

en los de encendido instantdneo alto factor para una so

la lampara.



En este circuito, la combinaciSn de la capacitancia en serie -

con la reactancia inductiva de dispersién, proporciona una me-

—

jor regylacidn en la corriente del secundario, que el circui-

to anterior L~

LAMPARA

Y.LINE A
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BALASTROS H. I. D.

LAS LAMPARAS DE DESCARGA DE ALTA INTENSIDAD (H. I. b.), TaAM-
BIEN SE EOMPORTAN COMO LAS LAMPARAS FLUORESCENTES YA QUE PER-
TENECEN AL MISMO GRUPO DE LAMPARAS DE DESCARGA ELECTRICA EN
GAS, POR LO TANTO TAMBIEN ES VALIDO EL RAZONAMIENTO ANTERIOR-
MENTE EXPLICADO SCBRE LA JUSTIFICACION DE LA EXISTENCIA DE
"BALASTROS H, I. D.

LAS PRINCIPALES LAMPARAS H. I. D. .SOBRE CUYOS BALASTROS HA-

BLAREMOS SON

1.- VAPOR DE MERCURIO
2.- ADITIVOS METALICOS
3.- VAPOR DE SODIO ALTA PRESION

4,- " VAPOR DE SODIO BAJA PRESION -~ (*)y - - - ' ot

(*) SE INCLUYE ESTA LAMPARA, AUNQUE ESTRICTAMENTE HABLANDO

NO PERTENECE AL GRUPO H. I. D.

ESTAS LAMPARAS TIENEN COMPORTAMIENTOS DIFERENTES ENTRE SI,
Y CON RESPECTO A LAS LAMPARAS FLUORESCENTES, Y UNO DE LOS

ASPECTOS PONDE HAY MAYOR DIFERENCIA ES EN EL ARRANQUE,
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AUN ASI, SUS BALASTROS TIENEN ASPECTOS EN COMUN, DE TAL MANERA

QUE A

TOS :

CONTINUACION DESCRIBIREMOS EN FORMA GENERAL SUS CIRCUI-

BALASTROS ATRASADOS

S5U NOMBRE SE DEBE A QUE EN LA FORMA DE ONDA EN LA LAM-

~ PARA, LA CORRIENTE VA ATRASADA RESPECTO AL VOLTAJE.

A ESTA CATEGORIA PERTENECEN LAS INDUCTANCIAS SERIE O

“BOBINAS DE CHOKE" Y LOS AUTOTRANSFORMADORES DE ALTA ~-

REACTANCIA

|

V. LINEA

(E)LAMPARA

[ ]

INDUCTANCIA SERIE

LA INDUCTANCIA SERIE ES EL BALASTRO MAS SENCILLO, Y

'SE UTILIZA PARA LAMPARAS CUYO VOLTAJE DE ENCENDIDO ES
. {

MENOR QUE LA TENSION DE LINEA.

-~

NORMALMENTE ES DE BAJO FACTOR DE POTENCIA, Y SI SE
.

53
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REQUIERE UN ALTO FACTOR, SE AGREGA UN CAPACITOR EN

PARALELO CON LA LINEA.

'~ SU REGULACION DEJA MUCHO QUE DESEAR Y SU CORRIENTE
1

PE ENCENDIDO ES MAYOR QUE LA CORRIENTE NOMINAL DE

OPERACION, POR LO QUE DEBE TOMARSE ESTO EN CUENTA

PARA EL CALCULO DE LAS PROTECCIONES DE CIRCUITO.

EL VOLTAJE DE EXTINCION (VOLTAJE DE LINEA AL CUAL
SE APAGA LA LAMPARA} ES ALTO, PROVOCANDO QUE SE
APAGUE LA LAMPARA SI EXISTEN VARIACIONES FUERTES

EN LA TENSION DE LINEA.

b

q
:
—-_f
Il
()
\_/
{

V. LINEA

AUTOTRASFORMADOR ALTA REACTANCIA

EL AUTOTRANSFORMADOR DE ALTA REACTANCIA PERMITE EN-

CENDER UNA LAMPARA A CUALQUIER TENSION DE LINEA.

4.
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-

S1 SE REQUIERE ALTO FACTOR DE POTENCIA, SE LE AGREGA
UN CAPACITOR Y UNA INDUCTANCIA EN_PARALELO CON LA LI-
NEA COMO SE VE EN LA FIGURA.
*

5U REGULACION SIGUE SIENDO MALA COMO LA DE LA INDUC-
TANCIA SERIE (+ 5% vV LINEA + 12% W LAMP.): SU
CORRIENTE DE ENCENDIDO ES NENdR QUE.LA CORRIENTE NO-
MINAL DE OPERACION, Y SU VOLTAJE DC EXTINCION TAM-

BIEN ES ALTO.

EN GENERAL, ES NECESARIO - MENCIONAR QUE ESTOS BALAS-
TROS ATRASADOS SON LOS MAS ECONOMICOS Y LOS QUE PRO- "

VEEN LAS CARACTERISTICAS DE OPERACION MENOS BUENAS.

AUTOTRANSFORMADORES AUTORREGULADOS

EN EL MERCADO NACIONAL SE LES CONOCE COMO "AUTOTRANS-

FORMADORES AUTORREGULADOS" .Y EN ESTADOS UNIDOS DE NOR-

* TEAMERICA SE LES LLAMA AUTOTRANSFORMADORES DE POTENCIA

CONSTANTE (C. W. A.). -

EL CONTAR CON UNA CAPACITANCIA EN COMBINACION CONIUNA
INDUCTANCIA PROVEE AL CIRCUITO DE MEJOR CONTROL SOBRE

LA OPERACION DE LA LAMPARA.

38 5..



TENSION

pal

DE LINEA

III.-

O~

T AUVRTOTRANSFORMADOR
AUTORREGUL ADO

EN ESTE CIRCUITO, QUE SIEMPRE SERA DE ALTO FACTOR DE
POTENCIA, LAS CARACTERISfiCAS EN GENERAL SON MEJORES
QUE EN LOS CIRCUITOS ATRASADOS; SU REGULACION ES ME-
JbR ( + 10% V LINEA + 5% W ~LAMP.),. 50U CORRIEN-
TE DE ENCENDIDO O ARRANQUE ES MENbR QUE LA CORRiENTE
NOMINAL DE OPERACION, ¥ 5U VOLTAJE DE EXTINCION ES

MENOR QUE EN LOS CIRCUITOS ATRASADOS.

TRANSFORMADORES DE POTENCIA CONSTANTE

b
/

ES EL MEJOR DE LOS BALASTROS, SU PRINCIPAL CARAC-
TERISTICA DESDE EL PUNTO DE VISTA CIRCUITO, ES QUE
NO EXISTE CONEXION ENTRE EL PRIMARIO Y EL SECUNDA-

RIO AISLADOQ,

\ | . g3 6..
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LA VENTAJA QUE SE DERIVA DE ESTA CONDICION ES SEGU-

RIDAD PARA EL USUARIO. \

V. LINEA l l

TRANSFORMADDIR DE POTENCIA CONSTANTE -

POR OTRA PARTE LA REGULACION DE ESTE BALASTRO ES
LA MEJOR DEL MERCADO YA QUE PARA UNA VARIACION EN
TENSION DE LINEA DE + 13% ST OBTIENE UNA VARIA-

. CION EN LA POTENCIA DE LAMPARA DE + 2%, RAZON POR
LA CUAL SE LES HA ASIGNADO EL NOMBRE DE TRANSFORMA-

DORES DE POTENCIA CONSTANTE.

kESPBCTd A LA CORRIENTE DE LINEA DURANTE EL ENCEN-
DIDO, ES MENOR QUE LA CORRIENTE NOMINAL DE OPERA-
CION, Y 5U VQLTAJE DE EXTINCION Eé TAN BAJO; QUE
PRACTICAMENTE NO EXISTEN PROBLEMAS DE LAMPARAS APA-

GADAS POR VARIACIOHES SEVERAS EN LA TENSION DE-LI-

NEA.

8 7..
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1.- BALASTROS PARA LAMPARAS DE VAPOR DE MERCURIO.-

SUS CIRCUITOS SON EXACTAMENTE LOS DESCRITOS ANTE-

RIORMENTE, ES DECIR

-

I.- ATRASADOS

I1.- AUTOTRANSFORMADOR AUTORREGULADO

TII.- TRANSFORMADOR DE POTENCIA CONSTANTE
2.- BALASTROS PARA LAMPARAS DE ADITIVOS METALICOS.-

LAS LAMPARAS DE ADITIVOS METALICOS REQUIEREN BA-
LASTROS CON CARACTERISTICAS UN POCO DIFERENTES A

e e .. ..LOS DE VAPOR DE.MﬁRCURIO,_PRINCIEALMENTE, PORQUE _ ..
DESPUES DE CIERTO TIEMPO DE HABER ENCENDIDO LA -
LAMPARA, SE PRESENTA UN ESTADO DE BAJA CONDUCTAN-
CIA EN EL ARCO ELECTRICO QUE EL BALASTRO DEBE SER
CAPAZ DE SOPORTAR PROPORCIONANDO MAYOR ENERG&A DE
LA NORMAL PARA MANTENER ENCENDIDA LA LAMPARA.

ESTE FENOMENQ SE CONOCE COMO "REIGHICION"

#é



EL CIRCUITO APROPIADO, DE LOS DESCRITOS ANTERIORMEN- o

TE ES EL :

IT) AUTOTRANSFORMADOR AUTORREGULADO.

EXISTEN ALGUWAS LAMPARAS DE ADITIVOS METALICOS QUE
PUEDEN OPERAR EN ALGUNOS TIPOS DE BALASTROS DE VAPOR

DE MERCURIO.

ESTAS LAMPARAS TIENEN UN QIRCUITO DE ARRANQUE ESPE-
CIAL INfBGRADO QUE BASICAMENTE ES UN DOBLADOR DE -
VOLTAJE QUE FUNCIONA EN COMBINACION CON EL CAPACITOR
DEL ﬁALASTRO, POR LO QUE SOLC PUEDE OPERAR IN BAT
LASTROS DE POTENCIA CONSTANTE O EN AUTOTRANSFORMA-

-

DORES AUTORRLGULADOS.

SIN EMBARGO, ES NECESARIO HACER NOTAR QUL TAKTO LA
VIDA COMO LOS LUMENS PRODUCIDOS SON MENORES, QUE SI

SE UTILIZARA UN BALASTRO DE ADITIVOS METALICOS. .

BALASTROS PARA LAMPARAS DE VAPOR DE SODIO ALTA PRESION.-

A DIFERENCIA DE LOS TIPOS ANTERIORES DE LAMPARAS QUE

e 9.
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- LOS.CIRCUITOS DISPONIBLES.PARA.ESTAS”LAMPARASw”SONW

PARA EL ARRAMQUE CUENTAN CON UN ELECTRODO AUXILIAR
EN EL TUBO DEL ARCO, LA LAMPARA DE V, S. A, P. POR
TENER UN TUBO DEL ARCC MUY DELGADO NO PUEDE AILDJAR

ESTE ELECTRODO DE ARRANQUE,

. POR ELLO, LOS BALASTROS DE V. S. A. P. CUENTAN CON

UN CIRCUITC AUXILIAR QUL GENERA PULSOS DE ARRANQUE

DE APROX. 3,500 VOLTS, CON EL UNICO OBJLTO DE EN-

" CENDER LA LAMDARA.

ESTE DISPOSITIVO DENOMINADO IGNITOR ESTA CONSTI-

" TUIDO DE ELEMENTOS SEMICONDUCTORES, ¥ ESTA CONECTA-

PO AL CIRCUITO COMDO SE VERA EN LAS FIGURAS SIGUIEN-

TES

APROX. LOS DESCRITOS ANTERIORMENTE CON ALGUNAS VA-
RIACIONES, AUNQUE SU MODO DE CPERACION SEA DIFEREN-

TE.

CIRCUITOS ATRASADOS.-

SOLO EXISTE LA INDUCTANCIA SERIE

- 4% 10.
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A
V.LINE A -— IGNITOR {
i
[
]
ot
INDUCTANCIA SERIE
e
IT) AUTOTRANSFORMADOR ADELANTADO ~ REGULADO

ES EL EQUIVALENTE DE LOS AUTORREGULADOS PARA LOS 2

TIPOS ANTERIORES DE LAMPARAS.

SE LE LLAMA ADELANTADO PORQUE LA CORRIENTE VA ADE-

. ‘ LANTADA AL VOLTAJE EN LA LAMPARA.
\
[
V. LINE A 1GNITO L

CIRCUITO ADELANTADO - REGUL ADO

- vat

$1 11..
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iII)‘ CIRCUITO ATRASADO-REGULADO.-

ES EL EQUIVALENTE A LOS CIRCUITOS DE POTENCIA CONS-

TANTE ANTES DESCRITOS.

c.
V. LINEA' -
NG
CIRCUITC ATRASADO REGULADO
4.- BALASTROS PARA LAMPARAS DE SODIO DE BAJA PRESTON.-

'POR LAS CJ;ARACTERISTICAS PROPIAS DE ESTA LAMPARA, RE-
QUIERE NECESARIA Y- UNICAMENTE -DE UN BALASTRG---TLPO

"ATRASADO", POR LO QUE EL UNICO CIRCUITO EXISTENTE A
LA FECHA\ ES EL : AUTOTRJ\NSFORI-‘J\DOR ALTA REACTAN-

‘ CIa, CON ALTO FACTOR DE POTENCIA.

LAMPARA
S . B. P

V LINEA

CIRCUITO ALTA REACTANCIA PARA S.B.P.
]
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Lighting Merchandising
Areas'

Design*Criteria/8-1

Lighting System
Exterior Spaces/8-13
Interior‘Spaces/8-9

Objectives/8-1

New lighting techniques, equipment and more
efficient light sources present the lighting de-
signer with the tools to meet the challenge of the
ever changing requirements of the merchandis-
ing world and the spiraling cost of energy.

Sophisticated consumers and the general lack
of trained sales personnel make it essential to
present merchandise under lighting that will aid
in sales and a reduction in merchandise returns.

Consideration should be given to the quality,
quantity and effectiveness of light on the task or
displaved merchandise that will contribute to a
pleasant and secure environment in which to do
business.

OBJECTIVES OF MERCHANDISE
LIGHTING

There are three prinl}ar_y ohjectives of light-
ing merchandising areas: to attract the customer,
to initiate purchases and to facilitate the comple-
tion of the sale {and minimize returns).

Lighting to Attract the Customer. The first
step in the merchandising process is to attract
the customer to the merchandise and merchan-
dising space. Light attracts. The quantity, qual-
ity, and effect of the light reaching the merchan-
dise and the appearance of the area—show win-
dow or store interior—are determining factors in
the effectiveness of the sale of the merchandise.

Lighting to Initiate the Purchase. Buying

decisions start when the customer is visuallv .

intrigued. The actual purchase is not accom-
plished until the customer can visually evaluate
the merchandise and read labeling through ade-.
yuate illumination.

Notr Keterences are listed at the end of each section,

8-1
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SECTION

Considerations /8-7

Show Windows/8-13

Lighting to Complete the Sale. Adequate
lighting at the point of sale is necessary to com-
plete the transaction. {t should enable sales per-
sonnel to quickly and accurately perform their
sales duties, such as: registering sales, preparing
sales slips, reading prices and packaging.

There are numercus factors which must be
considered in the lighting design for merchandis-
ing spaces to achieve the above objectives. In
general, these fall within four design considera-
tions: appearance of the space and occupants,
appearance of the merchandise and graphics,
merchandising operation and methods, and
physical and environmental aspects of the space
and merchandise. See Section 1 for a general
discussion of lighting design.

LIGHTING DESIGN CRITERIA

The fundamental factors affecting the ap-
pearance of merchandising spaces, sale of mer-
chandise and performance of tasks are: bright-
ness and brightness distribution produced by
luminance and luminance ratios; merchandise or
task size, contrast, color, form and texture; and
time for viewing.

Factors in Seeing Merchandise

There are four fundamental factors that af-
fect visibilitv—the size of the details 1o be seen,
contrast against their background, the amount of
time available for viewing, and the luminance of
the details and their background.

Size. The size of things to be seen varies
considerablv. As size increases, visibility in-
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Fig. 8-5. Currently Recommended Hiuminances tor Merchandising Areas
' ’ liluminance* *
Type of Achvity -
Areas or Tasks Descripicn Area Lo Fool-
candies
Circulation Area not used for display or appraisai of merchan- High activity 300 30
dise or tor sales transactions Medium activity 200 20
Low activity 100 10
Merchandisei (including show- That plane area, horizontal to vertical, where mer-  High activity 1000 100
cases & wall displays) chandise is displayed and readily accessible tor Medium activity 750 75
customer examination Low activity 300 30
Feature displayst Single item or items requiring special highlighting High activity 5000 500
to visually attract and set apari from the surround  Medium activity 3000 300
Low activity 1000 150
Show windows
Daytime lighting
General 2000 200
Feature 10000 1000
Nighttime lighting
Main business districts-highly competitive
General 2000 © 200
Feature 10000 1000
Secondary business districts or small towns
_General 1000 100
Feature 5000 500

" One store may encompass all three types within the building

High activity area— Where merchandise displayed has readily recognizable usage. Evaluation and viewing time is rapid, and merchandlse is
shown 1o attract and stimulate the impulse buying decision,
Medium activity — Where merchandise is familiar in type or usage. bul the cusiomer may require time and/or help 1n evaluation of quality.
usage or tor the decision o buy.
— Where merchandise 15 displayed that is purchased less frequently by the customer. who may be unfamiliar with the inherent

Low activity
quality, design, value or usage. Where assistance and lime is necessary o reach a buying decision.

** Maintained on the task or in the area al any time
T Lighting levels to be measuredin the plane of the merchandise

The recommended levels in Fig. 8-5 are in-
tended as a guide. Current practice indicates a
strong trend to -variations in illumination for
different kinds of stores and for various depart-
ments within a store. These considerations, plus
those of competition, need for distinctive effects,
store design, etc., may make it desirable to vary
the levels at specific locations over the values
shown. ,

Where merchandise is displayed in one loca-
tion and appraised in another {such as taking

items out of a showcase to show a custorner) it is

desirable not to exceed a 3-to-1 ratio in illumi-
. nances between the two locations.

During the day, reflections in the glass of show
windows determine the levels needed to enable
customers -to see through them effectively.
Higher or lower values than recommended may

_be desirable, depending on such considerations
as severity of reflections, reflectance of merchan-
dise and backgrounds, and illuminances in com-
petitive store windows,

For illuminance recommendations relating to
sales transactions and tasks in service or support
areas, see Fig. 2-2,

Energy

The basis for lighting energy conservation in
the design and operation of merchandising facil-
ities is described in IES (ASHRAE) standards
for new and existing buildings.” These standards
identify a process to determine the power budget
for each total store building, which is the upper
limit of power to be used by the lighting systems
to be energy efficient. This process does not
restrict the lighting system design.or operation,
since it only establishes a limit which can be
utilized as desired. Beyond establishing a power
budget, the standards also identify methods of
achieving energy conservation through an energy
management program. See Section 4 for the
budget procedure and energy management pro-
grams. These apply to the entire building and
exterior spaces. The following energy manage-
ment considerations apply specifically to the
merchandising spaces.

In locking for ways to more efficiently utilize
energy, the objectives of merchandise lighting as

_ stated earlier should be firmly kept in mind to

avoid inappropriate decisions which while pro-

)
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ducing the desired energy efficiency might lead
to ineffective merchandising results. On the other
hand energy evaluations may produce ways 1o
improve the quality of the illumination, lower
operating costs, as well as lower energy use.

Lighting Requirements. Merchandise light-
ing levels in Fig. 8-5 are measured in the plane
in which the merchandise is displayed. A fre-
quent check should be made because of the flex-
ibility of space use, changing displays and display
planes and if levels are higher than recommended
a reduction is encouraged.

The type of activity area initially selected from
Fig. 8-5 should be reevaluated to determine if
the category description is still accurate. In some
cases rearrangement of store space may have
resulted in different usage {e.g., from medium to
low activity) and illuminance may then be ac-
cordingly reduced. '

Ratios between illuminance on displays and
illuminance in customer appraisal location
should be determined. If ratios exceed the rec-
ommended 3-to-1, levels should be reduced to
fall within the recommendation.

Light Sources (Lamps and Ballasts). A
periodic review of sources being used and a fa-
milianty with new types is advised to determine
if more efficient types may be substituted. In
evaluating the efficacy of lamps consideration
should be given to not only lumens per watt but
also to candlepower because of application situ-
ations where small displays requiring special em-
phasis are lighted from distant luminaire loca-
tions. Color rendition of merchandise is also of
importance in selecting light source substitutions
and may be a deciding factor in changing from
one light source family to another, or within one
category.

Luminaire Layout and Control. Each time
displays are changed the lighting system should
be checked for appropriate aiming angles to ob-
tain full benefit on the merchandise. Specific
highlighting units not required for the changed
display should be removed if mounted on a track
or other flexible installation, or shut off if part of
a permanent installation.

Consideration should also be given to control-
ling the lighting system so that a low level of
lighting may be provided for nighttime security
surveillance purposes, e.g., perimeter lighting or
a portion of the general lighting. Frequently a
low level on a wall at the rear of a store will be

sufficient to provide a view into the store and -

sithouette any intruder.

Area Surfaces. Lighter finishes should be
used for greater utilization of reflected light, but
excessive luminance ratios should be avoided,
keeping in mind the suitability of background
surfaces for the merchandise.

Maintenance Program. Coordination be-
tween maintenance and display personnel is im-
portant so that equipment is maintained
(lamped, cleaned, positioned} to produce efficient
display lighting solutions.

Operating Procedures. Accent and display
lighting is for customers-—to attract and aid in
appraisal of the items presented. It should there-

. fore be turned off during hours of non-use by

custemers, including cleaning periods.

Entrances and windows require a higher illu-
minance in daytime because of daylight compe-
tition than at night when surrounded by a lower
ambience. It is recommended that levels in both
areas be reduced during evening hours of opera-
tion.

Space Utilization. Consideration should be
given to the use of the space so that the most
energy efficient lighting solutions may be
achieved. For example, spill light from feature
displays may be sufficient for delineating circu-
lation areas without the necessity of providing
separate aisle lighting systems.

LIGHTING SYSTEMS CONSIDERATION

Both daylight and electric lighting systems
are used in merchandising areas, but each has its
own specific characteristics and considerations.

Daylighting

In open-front stores, or where there may be
windows, or skylights, it is necessary to avoid
large differences in luminance between day-
lighted areas and interior areas illuminated to
recommended levels. This may be accomplished
by controlling the daylight, rather than by in-
creasing the level of electric illumination.

The amount and distribution of daylight re-
cetved in store interiors depends on the orienta-
tion and total area of windows, their light trans-
mission properties, and the relationship of the
window height to the room width. See Section 7
of the 1981 Reference Volume.

Comfortable seeing conditions in merchandis-

)
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ing areas result from careful consideration of the
types of glass used in windows, the method and
degree of shading the windows, and the reflec-
tance values of the area surfaces,

Draperies, shades, baffles or touvers should be
used for windows in areas where sky luminance
or sunlight becomes uncomfortable or glaring to
persons within. Horizontal or vertical overhangs
outside the windows can eliminate glare from
direct sunlight. Sales personnel should be ori-
ented so that bright windows are not within the
normal field of view, and shadows are not cast
on reading material.

Electric Lighting

Light Sources. For merchandising applica-
tions, there are three basic types of light sources
in use today: incandescent filament, fluorescent
and high intensity discharge. Each light source
type has certain advantages, and the proper se-
lection will depend upon the particular require-
ments of the instaliation, the economics, and
perhaps some personal preference of the system
designer or owner. See Section 8 of the 1981
Reference Volume for a discussion and data on
light sources.

Incandescent Filament Lighting. The chief
advantages of incandescent filament lighting are
its low initial cost, good color rendering proper-
ties, and good optical control capabilities. Dis-
advantages are shorter lamp life and lower lamp
efficacy (lumens per watt) as compared to the
other light sources. Included in the family of
incandescents are the tungsten-halogen lamps,
having a much better light output maintenance
characteristic and longer lamp life than standard
incandescent filament lamps, and low voltage
lamps having good beam control. In addition,
both the tungsten-halogen and low voltage lamps
can be compact in physical size and of a shape
that results in small luminaires.

Fluorescent Lighting. Many merchandising
areas are illuminated with fluorescent light
sources. A fluorescent lighting system provides
higher lumens per watt, long lamp life, and good
color rendition depending on lamp color selec-
tion. For indoor applications, louvers and pris-
matic or diffusing covers are desirable for use
with fluorescent luminaires to provide lamp pro-
tection as well as maximum shielding. Essentially
a tubular light source, fluorescent lighting may
be controlled to some extent; however, it is dif-
ficult to control the distribution of light emitted
lengthwise from the lamp.

IES LIGHTING HANDBOO®.
1981 APPLICATION VOLUME

High Intensity Discharge Lighting. The fam-

Jily of high intensity discharge lamps includes

mercury, metal halide and high pressure sodium.
Although each of these lamp types has its own
specific characteristics, they have the following
characteristics in common: long lamp life and
high luminous efficacy when compared with in-
candescent lamps; compact source size, which
allows for good optical control; and a time delay
and slow build-up of light output when the light-
ing system is first energized or when there is a
power interruption. Because of this delay char-
acteristic, it is essential to include incandescent
or fluorescent lighting.

In areas where color rendition is important,
improved-color phosphor-coated mercury lamps
are recommended rather than clear mercury
lamps. It should be noted, however, that phos-
phor-coated lamps provide medium to wide
beam spreads. In comparison to mercury lamps,
the metal halide lamp provides higher luminous
efficacy, but has a shorter life. These lamps also
have good color rendition.

The high pressure sodium lamp has a higher
luminous efficacy than the metal halide lamps
and an excellent light output maintenance char-
acteristic. Color acceptability is fair, but all colors
are recognizable with these lamps. High pressure
sodium lamps are used primarily for outdoor
lighting.

Luminaires. No one lighting system can be
recommended exclusively. Each system has qual-

" ities that may match the requirements for a given

situation. The first consideration, however,
should allow the customer to see efficiently and
without distraction to produce sales; the second
should be the appearance of the installation
within the architectural and decorative design of
the store.

Among the factors that affect the selection of
a luminaire are:

1. The type of light source to be used.

2. The illumination performance that it will pro-
vide such as light distribution.

3. The proper luminance ratios for appearance
and efficiency.

4. The structural factors and materials used.

5. The effectiveness of heat dissipation.

The modular size.

The appearance.

The quality of product.
. The economics.

Two luminaires may have the same general
appearance, but differ in performance. Compar-
isons using distribution curves and data from
photometric tests obtained by qualified testing

© ® 1o
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laboratories are the effective way to determine if

the luminaires will provide equivalent lighting
results.

Acoustical and Thermal Factors

Today's store frequently requires integration
of lighting with acoustical and thermal aspects.
Acoustical treatment of ceiling surfaces can be
incorporated in the majority of stores. The re-
flectance of the acoustical material is important
to the lighting scheme.

Heat from light sources and luminaires can
have a great effect on the air conditioning and
heating systems in merchandising areas. Air han-
dling luminaires—supply, return, heat removal—
may be_effectively used in merchandising areas
as part of the comfort control system and may
also improve the efficiency of the lighting system.
.See Section 2.

Economics .

The total cost of a lighting system is the sum
of owning and operating charges. While initial
investment may 1n some cases be a dominant
factor in selecting specific luminaires or lamp
types, there are capital expenses (amortization,
interest, taxes, and insurance) that also should
be considered. See Section 3. B

Maintenance

All lighting systemns depreciate in light output
with the passage of time. See Section 4. Lighting
equipment and room surfaces should be well
maintained 1if reasonable efficiency and appear-
ance are to be obtained, and consideration should
be given to the accessibility of luminaires for
cleaning zy;\d relamping in high mounting areas.

Fading, Bleaching and Spoilage

When the merchandiser displays a product,
the color stability of merchandise should be con-
sidered. Not all products have the same color
stability and products fade or change chemical
tuomposition because of varyving environmental
reasons. .

Fading of merchandise may be caused by ex-
posure to high illuminances for extended periods

of time. Other factors that could contribute to
fading are duraticn of environmental exposure,
spectral distribution of radiation, moisture, tem-
perature, chemical composition of merchandise,
saturation of dye in merchandise, and composi-
tion of weave of fabrics. See Section 19.

LIGHTING INTERIOR SPACES

Merchandising Spaces

Merchandising spaces can be conducive to in-
itiating and completing sales transactions. Each
of the following factors should be considered in
the design and lighting for merchandising spaces:

1. Type and characteristics of merchandise.

2. Location of merchandising area within the
store.

3. Ambient illuminance in adjacent areas.

4. Size and shape of space.

5. Surface reflectances, colors and textures.

6. Flexibility requirements.

%. Size and location of graphics.

8. Method of display—racks, gondolas, coun-
ters, etc.

9. Method and location of sales transactions.
16. Location of merchandise displays, including
feature displays.

11. Traffic patterns.

Lighting Methods for Merchandising
Spaces

Once the type of store, class of merchandise to
be handled, and clientele desired are determined,
the lighting should be designed in keeping with
their character. The lighting design should con-
sider all surfaces in the customers’ fields of view.
Merchandise should dominate the scene.

There are three basic approaches to the light-
ing of merchandise areas in stores—the general
pattern system, the specific system and the flex-
ible system. Each system should have supple-
mental lighting to attract attention to featured
displavs, to influence traffic circulation and to
create added interest.

General Pattern System. The general pat-
tern system employs a pattern of luminaires to
provide general lighting with or without display
lighting throughout the sales area without regard

9
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to the location of the merchandise (see Fig. 8-6).
The system should include switching or dimming
controls for flexibility of space use and for effi-
cient energy utilization. If neither display lighting
nor switching or dimming controls are used, there
will be a lack of area emphasis on focal points.

Specific System. The specific system em-
ploys a layout of luminaires determined by the
location of the merchandise displays (store fix-
tures, showcases, gondolas, etc). It is tailored to
emphasize the merchandise and delineate sales
areas (see Fig. 8-7).

Flexible Systemn. The flexible system em-
ploys a pattern of electric outlets of continuous
or individual type for nonpermanent installation
of luminaires, These may be wired for multlple
cireuit application and/or control.

This system may be used for general pattern
lighting or for specific lighting and offers the

Fig. 8-7. Specific lighting systems reiate to the merchan-
dise displays. They may be concealed as shown here 1o
avoid competing with the merchandise. Flexibility may be an
additional desirable teature of the system.
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added advantage of interchangeability of lumi.
naire types to create lighting tailored to .the
merchandise display.

Feature and Supplementary Lighting

Lighting on vertical displays and wall cases,
because of the favorable viewing angle, is impor-
tant because these are primne profit centers. The
proper balance of general or specific and feature
and supplementary lighting is dependent on the
type of merchandise, methods of presentation
and type of store, Certain portions of the mer-
chandising area should be given special consid-
eration as to the most effective supplementary
lighting methods to attain the lighting results
desired. Each must receive individual consider-
ation in lighting design, selection of lighting
equipment and illuminances. Specific considera-
tion should be given to placement and aiming
the light sources at angles to prevent direct and
reflected glare from reaching the eyes of cus-
tomer and sales personnel. The following is a
discussion of those merchandising areas that will
generally require supplementary lighting.

Counter Lighting. Counter lighting is a form
of accent lighting in which merchandise on the
tops of counters, or point of sale at counter tops,
receives three to five times the circulation area
iluminance. This is usually accomplished with
high intensity directional downlight equipment.

Lighting at Mirror. Lighting at the mirror is
important because shoppers finally appraise
hats, dresses, shoes, cosmetics and hairdos in
terms of color, fit and how well the personality is
complemented. When a buyer appraises wearing
apparel, the face is generally observed first. The
following factors should be considered when
lighting mirrors:

10

- Fig. B-6. Fluorescen! and incandes-
cent tuminaires used in a general pat-
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1. The face should be softly lighted with light
sources that flatter skin tones, and from a direc-
tion that minimizes harsh lines. Overhead light-
ing directed toward hair can add sheen and color,
2. The sales item should be adequately lighted
over its entirety.

3. The lighting should be of a quality consistent
with the illumination under which the merchan-
dise will be worn—i.e., outdoors for beach and
sportswear, indoors for evening wear.

Light sources can be used to direct light into
the-mirror and then back onte the subject if the
source brightness cannot be seen by the cus-
tomer. It is possible with fixed viewpoint tc con-
trol the lighting, especially in fitting rooms or
special selling alcoves. Side lighting can be used
and confined directly to the garment, especially
in departments where there are coats and furs.
In the case of triplicate mirrors, such lighting can
be reflected from the wing mirrors. Controlled
downlighting can also be used effectively in con-
fined selling spaces such as fitting rooms. The
reflectance, color and illumination of the back-
ground are important. See Fitting Rooms, page
8-12.

Showcase Lighting. Another element for
emphasis in merchandise lighting is to call atten-
tion to merchandise displayed in showcases. Gen-
erally, showcase lighting is three times the illu-
minance required for circulation area lighting.
Fluorescent lamps may be employed for a con-
tinuous line of light, and te minimize the heat
created in enclosed spaces. The major objective
of showcase lighting is to attain maximum light
on merchandise without obstruction from light-
ing equipment; therefore, small-diameter lamps
are generally preferred. Despite the general use
of fluorescent lamps, incandescent filament
“showcase” lamps are frequently used for more
acceptable color rendition. They show merchan-
dise as it will be worn or seen in warm light and
may create sparkle for the display of jewelry,
glassware and other similar merchandise. For a
curved or irregular case, cold-cathode tubing can
be bent to conform to the shape of the case. See
Fig. 8-8.

Modeling Lighting. The form and texture of
merchandise may be more apparent through the
us+ of directional lighting supplementing the gen-
eral diffuse lighting needed for the over-all effect.
Houwever, light should not be directed too

obliquely, since objectionable shadows may be

Cast.

Wall Case Lighting. Wall case lighting can
be considered in three categories: (1) the free-

standing vertical display mounted against a wall;
(2) the encased, open-front, wall-mounted dis-
play; and (3) the glass-door, wall-mounted dis-
play case. ’

Accent highting of the freestanding vertical
display offers the greatest freedom in expression
to the lighting designer. It may be accomplished
by flush, surface-mounted or suspended adjust-
able luminaires, strategically located to produce
highlights and shadows to create a three-dimen-
sional display. Colored lamps in lieu of clear
lamps may further dramatize or call attention to
the displayed merchandise.

The open-front, wall-case display follows the
lighting methods of the freestanding vertical dis-
plays. The system should be planned to project
light within the encased area. In this type of
display, added flexibility of design can be accom-
plished by using adjustable units installed at
strategic points at angles that avoid veiling re-
flections around the outer edge of the case or
within the encased area.

Display cases with glass doors present a differ-
ent problem—namely, the merchandise dis-
played behind the glass panel is obscured by
surface reflections from the glass. Since this be-
comes virtually a show window problem, the best
way to overcome annoying reflections is to in-
crease the lighting level within the case. Spot-
lighting can accomplish this; however, extended
periods could cause fading.

Rack Lighting (Clothing). Rack lighting
should be designed 1o attract customers and for
easy evaluation of the merchandise. Racks lo-
cated in large, cased wall areas may have con-
cealed baffled light sources above racks. Where
linear light sources are used, the color should

Fig. 8-8. Fluorescent sources beneath ditfusing material
produce a transiluminated display for a cosmetic counter
showcase. Perfume bottles appear to glow and float.

11
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Fig. 8-9. A uniform wash of light over the length of the
hanging garments facilitates customer evaluation of the item
and eases the task of reading pertinent data on tags. Flu-
orescent sources are housed here in the top of the wall case.

3

render color in the same way as the ambient
lighting in the fitting rooms. The lighting system
chosen should be one that fully illuminates the
articles of clothing from the standpoint of color
and texture. A lighting level should be provided
that will permit quick and discerning customer
selection (see Fig. 8-9).

In the open rack areas, flush or surface-
mounted adjustable ceiling downlights should be
directed obliquely onto the displayed merchan-
dise. The lighting level on the clothing should be
greater than that of the general or ambient light-
ing of the aisles between racks. In the aiming of
the downlights, caution must be exercised to
avoid directing the light beam into the eves of
customers viewing clothing on the opposite side
of the rack or at adjacent racks. The use of

Fig. B-10. A store, seen frorm
to overcome potential veiling refizctions in the wandows.
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louvers, baffles or lenses helps to alleviate this
situation. C

Perimeter Lighting. Perimeter lighting is an
asset to a store environment, coniributing to a
sense of pleasantness and adding to the visibility
and visual impact of displays at the walls (see
Fig. 8-10). :

Other Store Spaces

In addition to the lighting consideration for

merchandising areas, attention should be given
to those for other spaces utilized by customers
and/or store personnel. The following is a list of
those spaces:
1. Fitting Rooms. The selling potency of fitting
rooms is of tremendous importance. This is
where the final, critical deciston to buy is made.
Every effort should be made to hold and moti-
vate the customer to complete the sale. The
lighting systems in these small spaces should
create a feeling of relaxed security and pleasant
anticipation.

Background finishes should be matte, simple
and light in color to avoid color distortion or
distract from merchandise.

Light sources should be compatible in color
rendering with those in the selling space to insure
that initial customer attraction to the merchan-
dise is continued when a close personal evalua-
tion is made.

Careful choice and placement of overhead lu-
minaires will add to the vibrancy of color, en-

= outside, uwtilizing perimeter lights to produce vertical surtace luminances for attraction and
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Fig. 8~11. Exterior lighting of a large depariment store to
attract and lead the customer to the entrance.

hancement of texture, sheen or glitter of hair and
materials, and create modeling effects. Lighting
at the mirror should be used to compliment and
soften facial shadows. Vertical illumination
should extend far enough down to enable cus-
tomer to easily evaluate full-length garments.
See page 10-5. . . :

2. Alteration Rooms. Sewing and Pressing
tasks are involved,

3. Stock Rooms. Methods of storage shelves,
bins, racks, etc.

4. Wrapping and Packaging. Sample dis-
plays, wrapping and boxing are involved.

5. Toilets, Washrooms, and'Locker Rooms.
Lighting at mirror, sanitary maintenance, lounge
facilities, and locker lighting are importiant.

6. Offices. See Section 5.

7. Food Service Facilities, See Section 7.

8. Escalators, Elevators, and Stairways.
Safety, traffic pattern and use, graphics, and
emergency provisions are important.

EXTERIOR SPACES

The role of ocutdoor lighting at stores and
shopping centers is numerous and varied, it
should attract customers to the center and then
to specific stores (see Fig. 8-11); identifv kev
areas such as entrances, exits, parking and the
various stores; facilitate safe passage of motorists
and pedestrians on the grounds; contribute to
effective security and surveillance of people and
property, and visually unify the shopping area,

EXTERIORS AND SHOW WINDOWS 8-13

providing a positive coniribution to the visual
environment, See Scction 12,

When the potential customer arrives in the
vicinity of the shopping center {or freestanding
store) there is a pattern of progression to arrive
at the point of purchase. Lighting plavs a major
role in leading the shopper from one zone to
another and eases the identification process
through each step—from locating the shopping
center site, entrance to center, parking area and
store (all vehicular circulation) to locating the
store entrance, departments and finally the mer-
chandise (all pedestrian circulation).

SHOW WINDOWS

The show window can be a powerful attraction,
providing the link between the potential cus-
tomer passing by and the merchandise within
the store. Each of the following factors should he
considered in the design of show-window light-
ing:

1. Tvpe and characteristics of merchandise.

2. Location of show window—outdoor or en-
closed mall area, urban or suburban, solo or
shopping center.

3. Night and/or day use and associated ambient
illuminances (see Fig. 8-5), including the nature
of the competition,

4. Open back or enclosed.

5. Size and shape.

6. Contour and slant of show-window glazing—
brightness from daytime and nighttime reflec-
tions.

7. Interior surface reflectances and colors.

8. Flexibility requirements.

9. Size and location of display graphics.

See Section 4 of the 1981 Reference Volume
for calculation techniques.
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JLWMINACION DE APARADORES.
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En los almacenes unos artfculos son de mayor importancia que o
tros, pueden tener mayor margen de ganancia, pueden ser artfculos -
‘de temporada 6 de existencia regular.
i En culquiera de los casos los artlculos deben de presentarse -
de forma que impacten a la epreciascién visusl de! comprador. E! ob
Jetivo de la iluminacién de es hacer que e! comprador vea las mer--
cancias claves.

+

Una iluminacién de aparador buena proporciona variacionc: en -
configuraciones brillantez.que dan el enfasis visual necesarioc p=zr-
atraer la atencién hacia los artfculos de atraccién particutar. Ter
bién la iluminacién adicional incrementa la visibilidad produciends
una apreciacién répida y exacta por medio de alta brilientez vy dis-
tribucién de luz favoreble. En suma une iluminacién de aparador --
buena enfatiza aquellas caracterfaticas de la mercancia que son es-
pecialmente atrayantes - pulido, atractivo, textura, forma, transiu
cidez, etc. Finalmente la iluminacién de aparadores afade interes
a lo que de otra forma podrfa aparecer como una atmésfera sin atrac
tivo. ‘

Para lograr un grado significativo de impacto visual, el aparsg
dor iluminado deberd§ tener una brillantez de por lo menos el doble
de los espacios que lo rodean. Conforme aumente el significado o -
importancia del aparador, la diferencia en brillantez, también debe
r& aumentarse, {os aparadores clave deberdn ser de 5 & 10 veces més
brillantez que los espacios que los rodean. Ejemplo : Una tienda
con un nivel de jiluminacién para la mercancia en general de 100 fc,
deberd vtilizar niveles de iduminacién de 200 a 1000 fc para los a-
paradores. -

Para afadir iluminacién a las superficies verticales o a los -
artTculos que son de atractivo especial, los almacenes de frente a-
bierto, el factor que determina la iluminacién de aparadores, no es
. la iluminacién de los espacios adyacentes, sino las reflecciones --

producidas en la proteccibén de vidrio. En este caso, los espacios
a8s importantes del aparador deberén estar dentro del rango de 500
a 2000 fc., porque ellos estén en el aparador.

El arreglo que se dé€ a la iluminacién de aparadores se rige —-
por la naturaleza de la mercancia y la forma en que se quiere pre--
sentar. El arreglo m8s comtn de. iluminacién de aparadores es el de

/-



" de luz puntual, cuyo haz de luz direccional varla las cualidades dec
configuracién, brillantez y acentGa la forma que no se logra con la
iluminacién general, Las l&mparas fluorescentes también son dtiles,
en cornizas y doceles, ocuitas en las repisas iluminadas y en tos
gabinetes iluminados, e instaladas en cabidades ocultas por table--
ros trasldcidos para producfr un ambiente o medio de luz a las mer-
cancias de alta reflectancias.

JLUM INACION PUNTUAL.

Las tablas de la pégina muestran las relaciones adecua--
das de potencia y espaciamiento para varios tipos de iluminacién in
candescente acentuada. No obstante que estos datos son dtiles, en
la mecdnica del disefio de iluminacién y en la eleccién de fuentes -
de luz, no contemplan algunas consideraciones importantes en la ilu
minacién puntual de aparadores.

La eleccién de l&mparas y equipa de iluminacién . est§ basada --
parcialmente en las necesidades de iluminacién, asf como en+la natu
raleza del aparador y su ubicacién en el almacén. Cuando-un lugar
fijo se establece para aparadores de decoracién tal' como"él extremo
de una géndola, un manequl de pedestal o un lugar de barra de fondo
es deseable planear la iluminacién en terminos de su atraccién para
un efecto visual mejor o en general, si las superficies principales
de los aparadores son verticales, las luces puntuales deberdn loca-
lizarce de tal forma que los ejes de los haces incidan en los pun--
tos importantes del aparador un &ngulo con respecto a la verticasl -
de 25o a 300. Esto asegura que son.efectivas visualmente en la ver
tical con contornos naturales de sombras. También, este angulo de
direccién evita la posibilidad de un deslumbramiento que moleste a
las personas que se aproximen hacia aparador o transiten en &rgas -
cercanas a el. Las luces puntuales instaladas en la parte baja pa-
ra dirigirlas hacia arriba deben de ser evitadas cuando sea posible,
ya que produce efectos de desconfort visual.

No obstante que las luces puntuales dirigidas verticalmente --
son inadecuadas para la iluminacién de superficies importantes en a
paradores verticales, son de bastante utilidad para la iluminacién
de aparadores de importancia cubiertas de tapetes, y otros exhibido
res cuyas superficies superiores pueden ser vistas por las personas.
En los equipos de iluminacién hacia abajo, es importante particular.
mente vigilar las reflexiones en los momentos que puedan ser moles-

tos a las personas o producfr velas en los objetos que se muestran,
Por esta razén, la iluminacién de vitrinas con luces verticales, u-

sualmente se localizan dentro de la mitad del &rea de la vitrina --
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que quede hacia el comprador. Algunas veces estos equipos con por-
talémparas iigeramente inciinadcs se utilizan para ayudar a posicio
nar las lé&mparas fuera de las zonas de reflexién y tengan el centro
del haz hacia e! centro de la cubierta de la vitrina,

Las herramientas méa comunes pare la iluminacién puntual inte-
rior son las l&mparas PAR y R. Sus ventajes principales son :

l.- Anplia variedad de equipo para alojerlos y de costo accesi
ble o ecénomico. '

2.- Amplia variedad de tamaiios y potencias para satisfacer las
necesidades de le wayorfa de los aparadores, tanto en can-
tidades de luz como en &reas por iluminar,

3.- Reflectores que no necesitan ajuste o limpieza.
4.- Vida Gtil larga.

Se recomienda utilizar hasta donde sea posible equipo fijo pa~
ra la iluminacién de aparedores, para asegurer que el equipo perma-
necerd enfocado adecuadamente sobre el aparador sin que de lugar a
"puntos calientes”, 8reas obscuras o deslumbramientos para los ==--
clientes que algunas veces encuentran equipo mal dirigido.

En casos donde los aparadores puedan variar ligeramente en ta-
mafio o forma, y especialmente en casos donde la ubicacién general -
de los aparadores pueda cambiar frecuentemente, se necesita una fle
xibilidad mayor. Las luces puntuales ajustables, ya sean empotra--
das o sobrepuestas, pueden dirigir sus haces hacia las partes impor
tantes del aparador. Este punto o detalle seguido se descuida re--
sultando que !as luces no pueden ser dirigidas hacia las nuevas ubi
caciones de los aparadores, perdiéndose mucho de! atractivo visual,
que pueda lograrse del aparador. Para estos casos, algunos de los
sistemas de rieles electrificados deben ser considerados., Ellos -~
permiten fijar las luces puntuales en cualquier punto deseado, con
una planeacién cuidadosa pueden adicionar flexibilidad y utilidad a
los sistemas de iluminacién de aparadores.

Esta tabla muestra las relaciones espaciamiento y la ilumina--
cién resultante para aparadores con iluminacién puntual vertical. -
Los datos se basan en orientaciones de cada l&mpara con su eje del
haz igcidiendo en el objetivo 5§ pies arriba del piso, con un &ngulo
de 30 . Los valores de iluminacién son los obtenidos en un &rea pe-
queiia en el centro de haz de luz sobre una superficie perpendicular
al eje del haz. ' ’
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Las tiras luminosas son utilizadas m&s frecuentemente a io lar
go de paredes para iluminar repisas y anaqueles decorados, pero tan
bién son eficientes en &reas centrales del almacen para iluminar -
gondolas o muestrarios simiiares con artfculos de - lujo o alto mar--
gen de utilidad.

Brillanteces m&s altas en las mercancias cleves, es el objeti-
vo de {a iluminsecién con tiras continuas luminosas en los almace---
nes, También se utiliza para compensar las reducciones o carencia
que resultan en ciertas Areas unicamente con la iluminacién gene---
ral. '

Le fuerza de atraccién de las tiras luminosas usualmenic e
cho menos dram&tica que la obtenida con ifuminacién puntual, y lic-
ma la atencién desde distancia en el &rea total iluminada. Puntos
de atta intensidad y las sombras son disminuidos m&s que con la ilu
minacién puntual, ya que ta dimensién de la fuente de luz es més --
grande y su brillantez es més baja.

Alfunas guias de diseflo para tiras luminosas se ilustran en --
los siguientes bosquejos y tablas. El montaje de las |&mparas su--
ficientemente separadas de la superficie vertical para producir une
distribucién de iluminacién razonable es de importancia principal,
si la tira luminosa estd demasiado cerrada a la superficie por ilu-
minar, la apariencia es de une alta brillantez en la parte supe----
rior, perdiendo uniformidad en el total de! &rea iluminada, ademés
de que aumenta la probebilidad de desvanecer los colores de las mer
cancias. '

20
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PIE CANDELAS NANTENIDOS EN LAS SUFERFICIES VERTICALES DE APARADORES.

40 Watts Slim Line
fuminosa son pintadas de color blanco,
mantenimiento de 75 %.

La tabla y el diagrama mueestran la iluminacién mantenida, las
superficies verticales obtenidas con tiras luxinosas eguipadas con
l &maparaes fluorescentees blance frfc de lujo 6 blanco calide de lujo

T-12.

las superficies

los extremos de las lfneas lurircsass,

interiores de ta tfne= -
s¢ considera un ¥acitor de —--
Los valores de ilurinacién dissinuyen en —--

List&ncia abajo de

Distencia de Ifnes d: centre de Va l&pers & !~

!

ia Ifnea de centro superficie vertical.
= _ |
15.24 cm. 22.86 o= 30.48 ca. 45.72 ca.
7.62 c=. 1614 Lux | 1076 Lux | 8525.5 Lux| 535 Lux
22.86 cm. 645.6 699.4 664.6 516.5
381 o 236.7 .344.3 395.1 335.1 |
53.34 c=. 107.6 182.9 236.7 275.8 |
68.58 §-. 75.3 107.6 139.9 193.7
83.82 om. 43.4 75.3 96 .8 129.1
99.06‘ cm. 32.3 43.4 64.5 96.8
114.3 ca. 21.5 32.3 53.8 75.3 |
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----- La—iluminacidn—de-repisas-o-extrepafios—con—fuentes—fluorescen-—

tes es de otra manera parae cbtener brilientez variada y aumentar el
poder de atracci6én de los aparadores: la iluminacién integrada a vi
trinas normales y vitrinas refrigeradas cae dentro de esta catego—:
rfa, o mismo que la iluminacién de repisas o entrepafos individua-
ies en aparadores especialies o convencionales.

Se dispone de varios métodos para integrar la iluminacién a --
los entrepafios., Los reflectores de vitrinas comerciales pueden su-
jetarse a los entrepaiios, con los balastros localizados lejos, de -
tal forma gue no interfieran la distribucién de luz en el espacio -
por iluminar.

Los reflectores para vitrinas utilizan 14mparas fluorescentes
de diémetro pequeiio, tal como las lé&mparas Siim-Line 42T6 y 64T6. -
Esto reduce el espesor necesario del extrepafio.

L&mparas y canaletas convencionales también pueden sujetarse -
en algunos extrepafios. Las l&mparas deberdn quedar bien ocultas pa
ra que no distraigan la atencién del comprador, apartandola de las
mercancias y para no disminuir el confort visual. '

Puede también ser deseable utilizar muebles de entrepafios fa--
bricados especialmente con sy sistema de iluminacién integrado. Por
ejemplo, las l&mparas pueden instalarse en el eje frontal de los en
trepafios y los balastros sujetados a |la pared. Este método reduce
la resistencia necesaria para sujetar los entrepafios a los soportes
de pared.

La tluminacién de entrepafio convencional tiende a crear un én-
fasis pronunciado de superficie horizontal, con repeticiones, pla--
nos horizontales gruescs, Este é&nfasis puede ser cambiado a pla--
nos verticales modulares, utilizando entrepafios de vidrio delgado -
con l&mparas fluorescentes sujetas a herrajes verticales existentes
entre los compartimentos del aparador. Para obtener una eficiencia
mixima con este arreglo, a las |&mparas deben estar local izadas con
una separacién del frente del mostrador a un octavo de claro entre
herrajes: asl, para aparadores con claros de 48 pulgadas, las 14mpa
ras deberdn estar separadas m&s de 6 pulgadas de las superficies —-
frontales de los separadores.

En muchos almacenes, la iluminacién fluorescente puede estar -
integrada a los aparadores, las lineas luminosas iluminan a la par
te superior de las paredes y a la mercancia. Los entrepafos y vi--
trinas iluminadas en forma individual son detalles mds localizados.
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Tableros con iluminacién por {a parte posterior producen efec-
tos impactantea con lgs wercancias transparentes y traslucidas.

En las aplicaciones que se muestran, las tires luminosces utili
zan I&-Qaras Power Groove, montadas en canaletas de aseccién trans--
verasal pequefis, con balastros remotos. Se hen heche diseRos de ti-
ras lusinosaes con cenaletas para contener los balastros, sujetos di
rectacente a la estructure del entrepsfio y con brazos soports de —-
portal &pera ® una distancie apropiada desde la pared. Estos dos &
rroglos disminuyen la posibilidad de que la canalete con balastro o
bstaculice la distribucién de luz y también son erreglos que se ---
pierden an ol conjunto de la estructura de los aparedores.

Le ilustracién muestra un disefio sencillo de tablero lu=incso
que es el sdocuedo para instalarse en los aparadores existentes. --
También es do menor costo que tableros fabricados con el sistema de
ifuminacién integrado y retiene mucho de la eficiencia visual de la
mayorfa de las unidades complejas. Pars las mercancias pregentadas
por lotes, la no uniformidad de brillantez en un tablero como éste,
no serfa distrayente. La luz puntual esta sujeta a un riel eoléctri
co que permite relocalizar la unidad répidamente para acentuer al--
gén articuio en particular. .

-

La ilustrecién nos muestra los medios para introducir color en
las superficies de fondo de las mercancias, mientras que conservs -
un rendimiento de color favorable en los aparadores.

Una estructura de entrepafic como la mostrada se puade obtener
haciendo variaciones pequefias al angulo normal de entrepafios y al e
quipo de iluminacién. '

Algunas veces puede ser problema el calor producido o generado
por los sistemas de iluminacién de vitrinas y entrepafios. Para dis
minuir [o enterior las balastras pueden localizarse lejos ayudando
s dismiruir la cerga de refrigeracién en aparadores que necesitan -
ambiente frfo no obstente-el calor del balastro puede ser necesario
paré calentar a las |lémparas en vitrinas refrigeradores.

Cuendo artlfcuios sensibles al calor son colocados en entrepa—
fios iluninedeos ia localizacibén de temperaturas mis altas en los ex~
tremos do las l&mparas y arriba de los balastros puede ser demasia-
do y daflan algunos productos, botés de eerosol en partncular, no de
ben ser mostrados en este tipo de exhibidores. . .
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ILUMINACION PERIMETRAL.

El ambiente de tiendas se relaciona con la vista de superficies
verticales alderedor del perimetro de la misma, y con superficies --
verticales dentro de etfa. El sentido de espacialidad en la tienda
y la apariencia de su decoracién estén influenciadas por la ilumina-
cién perimetral. La planeacién cuidadoss ayuda a crear configura---
ciones brillantes que complementen al disefio y orden del departamen-
to, dando al comprador una impresién favorable de la tienda.

En tiendas de aparador, las superficies superiores del interior
de el las constituyen una parte importante del campo visual a través
de los escaparates. Llas paredes de color brillante, iluminadas efec
tivamente para realzar su brillantez, ayudan a eliminar las reflexio
nes en el cristal, asf{ los comprobadores pueden mirar dentro de la -
tienda durante el dfa. De hecho, las paredes interiores de la tien-
da constituyen la "espalda” del aparador. Estas deben ser suficien-
temente brillantes para que la gente pueda ver facilmente dentro de

la tienda. Esto requiere para iluminacién sobre paredes de altas re

flectancias de 100 a 200 pie-cendela.’

Parte del efecto de la apariencia de superficies de un cuarto -
se produce por la iluminacién general y por la exhibicién. Si en la
iluminacién general se usan lémparas fluorescentes en conjunto con -
una emplia distribucién de luz, existird mayor iluminacién scbre las
paredes, no asf, si se usaran luces incandescentes bajas de distriby
cién concentrada. Llos exhibidores con reflectores, los nichos ilumi
nados, los anaqueles, y los paneles luminosos también contribuyen a
la apariencia de las superficies verticales de la tienda a una.dis--
tancia, estas deben también ser consideradas como una caracteristica
de {a iluminacién perimetral.

La iluminacién uniforme de superficies perimetrales es fécil de
real izar con !&mparas fluorescentes. Las luces superiores de |fnea
colgante pueden ser efectivas en este aspecto. Frecuentemente, sin
embargo, un sistema separado para iluminacién de paredes puede am——-
pliar la flexibilidad de diferentes tonos o colores a las mismas, --
creando un ambiente mis interesante. ‘

La britlantez no uniforme alderedor del! perimetro de la tienda
puede ser bastante interesante, afade individualidad a la aspariencia
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y acentGa un rasgo de diseifo particuiar & un departamento. Las |é&n-
paras incandescentes, localizadas cerca de las superficies que elias
itluminan, son utfles para este propésito. Este modelo de ilumina-=-
cidén variante, se acentds aln mis por ia mayor atencién dado & las -
texturas 6 formas, en las guperficies iluminadas.

La luz de color para uso en exhibidores posteriores y paredos -
pueden estar convenientemente logradas con |&mparas fluorescentes &
incandescentes. La wmayorfa de los tamafos de |&mpares fluorescentes
se encuentran disponibles en varias clases de blanca y en un aéaero
de colores saturados. Las |&mparas fluorescentes de color son mucho
més eficientes que las incandescentes de color,

Las |é&mparas incandescentes de color incluyen disefios de buibo
convencional en wattages que oscilan entre los 10 y los 150, y en --
bulbos PAR y R-Shape para |fneas de luz de color. La variedad de co
lor adicional puede realizarse combinandec luz de dos o més |&mparas
de color. Algunos comerciantes han empleado sistemas motorizados de
atenuamignto para lograr un cambio gradual, sutil en el tono perime-
tral de la superficie sobre un ciclo de varios minutos. '

LUZ Y DESVANECIMIENTO.

Algunos tipos de wmercancia se desvanecer§ el cofor debido a la
exposicién a la luz. En la mayorfa de los casos, los deavanecimien-
tos son regultado de la oxidacién quimica de tintes y pigmentos; la
luz actda como un catalizador que acelera la reaccién. ( Una excep-
cién importante es la decoloracién de las cernes frescas en mostrado
res de autoservicio. El espacio no permite aqul, una discusién deta
{1ada, pero la investigacién ha demostrado que la luz no tiene, 6 -~
tiene poco efecto en proporcién del decoloramiento de la carne fres-
ca, pero esa decoloracién es resultado del crecimiento de bacterlas
superficiales ). El ndmero de factores que se involucran en ceds si
tuacién de desvanecimiento es tan amplio que ninguna generalizescién
acerca de proporciones en desvanecimiento parecen justificarse. Ei
gran ndmero de fébricas y sus tintes, tanto como las condiciones en
e! proceso de tefido hacen que 1a prediccién del desvanecimiento en
solo los textiles, casi imposible. Algunos artfculos son notsblemen
te luz - firme; otros tienen colores relativamente * fugitives * que
pueden cambiar fécilimente. La investigacién recientemente conducida
en Nela Park indica claramente que alli ha habido adelantos conside-
rables en la firmeza de la luz de las fébricas comerciales, en los a
fos recientes como resultado del aprovechamiento de fibras y tintes

me jorados. ‘ 2%
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El wétodo generai de evaluacién de las condiciones bajo lascua
les ¢l desvaneciniento toma [ugar, es computar ls "exposicién” a 1a

fuz. La exposicién es el producto cosbinado de la iluminacién sobre
el producto y el tieopo en que el producto es iluminado. Asf que, -
un producto de aparador bajo 100 pies-candela por 300 horas, ha teni
do una exposicién de 30,000 (horas-pie-candela (fc-hr); similarmen--
- te, un perfodo de X horas bajo 1000 pies-ceandela, también represen-
te 30 mil (pies-candela-heras) de exposicién. La investigacién re--
ciente hs indicado que exposiciones iguales pueden no tener el mismo
sfecto de desvanecimiento, si toman {ugar en diferentes niveles de i
luminacién, Eso es, 5 veces més iluminacién, probablemente no produ
ciré el mismo grado de desvanecimiento en un quinto del tiempo, si -
bien es casi cierto que acelera el deavanecimiento en algin grado. -
Sin embargo no ha habido suficiente investigacién en suficientes y -
diferentes materiales para clarificar la relacibn iluminacién versus
tiompo, wméeo completamente de lo que se ha expuesto aquf. E£n pruebas
de més de 100 muestras comercisles de fébrica, bajo 8 condiciones di
ferentes de iluminacién, suchas de ellas resistieron mfs de ————-—---
1,000.000 fc-hrs. Sin deavenecimiento defectable, mientras algunas

de ellas disminuyeron notablemente con 50,000 fc-hrs.

Una de las principales causas de desvanecimiento es la disposi-
cién de exhibidores y su iluminacién en tal forma que se exagera la
exposicién en parte del artfaulo. Por ejemplo, muchos exhibidores -
de ropa iluminados con |inea colgante estan disefiados de tal manera
que la l&mpara fluorescente se encuentra a sélo unas cuantas pulga--
des directamente arriba de los howbros del exhibidor (perchero). - A
esta distancia, la iluminacién debe tener varios cientos de pies- --
candela sobre los hombros y de algunos artfculos con colores fugiti-
vos, puede esperarse que disminuyan con menos de 200 hores de exposi
cién. La prevencién de esta situacién es, grandemente, un asunto de
buen diseo de iluminacién. Para iluminar efectivamente las superf
cies verticales de las prendas, la |&mpara deberfa estar cuando me--
nos a8 9 pulgadas fuera de la superficie vertical; esta re-locacién -
reduce naturalmente la alta iluminacién sobre el hosbro, por tanto -~
disminuye 1a probabilidad de desvanecimiento, mientras que el mismo
tiempo se mejors la efectividad de exhibicién. Ejesplos similares -~
de disefios pobres se encuentran en muchas instalaciones de reflecto-
res y estantes jluminados.

Los recursos eléctricos de iluminacién difieren en distribucio-
nes espectrales y en sus efectos sobre la apariencia de colores, pe-
ro jas pruebas han demostrado que no existe diferencia significativa
entre recursos razonablemente blancos en sus efectos en desvaneci---

miento. .




Eso es, para la wmisma iiuminacidén, ei desvanecimiento es probable --
que ocurra en el mismo tiempo { 6 igualmente que no ocurra ) bajo i-
luminacién incendescente 6 fluorescente. Lla radiacién ultravioleta
de leas l&mparas fluorescentes es casi la misma en cantidad, que la -
de incandescentes. las pruebas muestiran que filtrando el ultraviole
ta de los modernos colores blancos fluorescentes, no tiene efecto me
dible en las tasas de desvanecimiento. Cuendo existe una proporcién
substancialmente mayor de onda ultravioleta largsa 6 media que ocurre
con incandescentes 6 fluorescentes por ejemplo bajo luz natural el -
desvanecimiento de color ocurrird més répido con muchos géneros (teﬁ
tiles). Ls ilusién populer de que las |&mparas fluorescentes son en
particular ceusas severas de desvanecimiento de color, es a menida -
originado por las experiencias con recursos de baja rendicién de co-
lor. Los colores Deluxe alivian frecuentemente estos problemas. En
otras situaciones, la deficiente iluminacién de exhibidor arriba decs
crita es la causa; las fluorescentes son m8s sefialadas, simplemente
porque son aplicadas erréneamente m&s a menudo.

El mane jo de artfculos con colores transitorios, es un asunto -
de intéres. Reducir ta iluminacién - no operando la iluminacién de
la vitrina, por ejemplo puede ser una solucién parcial. .Otro artifi
cio efectivo es exhibir el producto, asl el desvanecimiento que afec
ta, tomaré lugar uniformemente sobre la superficie, en lugar de con-
centrarse en una pequefia frea; esta es una de las veantaejas secunda--
rias que ha resultado con el cambio de las corbatas de caballero de
las vitrinas con 86lo los dobleces expuestos a los mostradores supe-
riores donde toda la corbata es iluminada uniformemente en algunos -
casos, su caja 8 envoltura puede proteger de la luz, a casi todo el
corbatfn. En cualquier circunstancia, debe recordarse, que cual----
quier artfculo que se decolora durante el perfodo de cambios en la -
tienda, es casi seguro que decolore s8i se expone mucho a la luz dei
dfa, 6 al exterior 6 cerca de una ventana; asf, este puede ser un re
curso posterior de queja por el cliente ain sl no se ha decolorado -
en la exhibicién,

En algunos casos, los requisitos de exhibicién correcta, espe--
cialmente en escaparates, automiticamente resuita en exposicién a la
luz del dfa y a 1a luz eléctrica que causa pérdida de color inevita-
ble. En estos casos lo que puede ocurrir, se descuentan normalmente
como parte de gastos de exhibicién 8 publicidad.

ECONCMEA DE ILIMINACION EN TIENDAS,

Cuesta més iluminar una tienda c8fjun sistema de iluminacién ge
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eral, iluminacién, de exhibidor—e iluminacién-perimetral que reune -
-1 conjunto de objetivos expuestos en este proyecto, que aplicar un
simple modelo de equipo de iluminacién general de tubo desnudo, con
un mfnimo de iluminacién perimetral y de exhibicién. Una razén de -
la existencia de muchas instalaciones en iluminaci6n es el atto cos-
to de we jores iluminaciones, parece prohibitivo. La perspectiva ga-
nada por un anflisis de costos de iluminacifin en relacién con las —-
ventas a menudo justifica la buena iluminacién al proyecto planeado.
Es posible estimar exactamente los costos de dos sistemas de ilumina
cién, y compararios en términos de las ganancias de la tienda.

£l incremento en el costo de mejor iluminacién tendrfa que ser
visual izado por el incremento del beneficio bruto. Este costo aumen
tado representa s6lo una pequeiia fraccién de beneficio bruto. Por -
tanto, un incremsento en las ventas, y el consecuente beneficio bru--
to, es suficiente para pagar el costo de una wejor iluminacién. Un
incremento del 10 ¥ en ventas rinde una utilidad de 100 % sobre la -
inversién afiadida en iluminacién.

Para obtener el incremento de ventas que pagar8 por su costo au
wentado, la iluminacién moderna en tiendas ofrece las siguientes ven
ajass ‘ ' '

1.- Mejor ilﬁ-iﬁacién hace posible decisiones de compra mds r&-
pidas y certeras sobre de todos los artfculos de la tienda,
a través del incremento de visibilidad de detalles.

2.- La iluminacifén escubierta reduce la molesta brillantez di--
recta de las luces superiores y mantiene lta atencién del --
comprador sobre la mercancia. También crea un aspecto més
terminado a la tienda.

3.~ En exhibidor, la iluminacién de relfector y la de localiza-
ci6én posterior 1lama la atencién hacia los artfculos princi
pales acentuando su forma y textura que afade una chispa a
"la atmésfera de la tienda.

4.~ La iluminacién perimetral hace que la tienda parezca mis es
paciosa y realza la decoracién de la wisma.

Muchos comerciantes han atribufdo significativamente las we jo--
res ganancias en ventas a la mejora en la iluminacién ( que se re--—-
quiere para pagar por tales mejoras ). Mientras que las estadlsti—-
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cas no pueden predecir exaectamente los resultados para una tienda es
pecifica, leas utilidedes demostrabics de la mejor iluminacién y las

mb8dicas ventas requeridas pera pagar por ella, argumentan fuertemen-
te la cuidadosa consideracién de le iiuminacién en el proyecto para

mevas tiendas 6 para su remodelacién.

Datos cuidadosamente reunidos de muchas tiendas muesatran que la
buena iluminacién de exhibidor desemboca en aumento de ventas que os
cilan del 10 al 20 %.
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4 Co’htrol de ia'luz |

Generalidades

i
[

Una vez obtenida la luz, mediante el manantial fumin{)so corres-
pondiente, se presenta el problema de su control va que, ‘dcbido a su
gran lumirancia, la mayoria de manantiales luminosos L\ISIL”[L& en la
actualidad no realizan por si mismos una distribucion del ﬂUJU lumi-
noso que permita su apllca(:lon directa, sino que se hace nLLLdea la
utilizacion de dispositivos que modifiquen o controlen la iz emitida
por dichos manantiales Juminosos,

La modificacién de las caracteristicas luminosas de un Imanantial
luminoso, con vistas a una aplicacion eficiente de Tuz emitida pucde
realizarse aprovechando uno o varios de los fenomenos) fisicos que
se citan:

a) Reflexion |
b) Refraccion ‘ ;
¢} Absorcion _ :
d}  Transmision B !
¢} Difusion ' !

1

Reflexion ‘ 4 )

Cuando una superficie devoelve la Juz que incide sullm'u. clla, se
_dice que refleja la luz. La reflexion de luz dLPLndL esencialmente, du las
bl(!lllt.'nlt_.‘: circunstancias: !

| o7
|
i
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a) Condiciones moleculares de la superficie reflectante, Por cjem-
plo, una superlicie lisa relleja mejor la fuz que una superficie
rugosa. .

b} Angulo de incidencia de Tos rayos luminosos; ya veremos algo

mas adelante qué se conoce con ¢l nombre de dngulo de inci-

dencia.
¢} Color de los rayos incidentes. La luz blanca se refleja mejor
©oquue fa luz coloreada,
Laley fundamenal de la reflexion de la luz dice (véase figura 24):

El dugulo de incidencia es igual al dngulo de reflexion.

Llamamos dngulo de incidencia al angulo & que forma el rayo lumi-
nosu incidente con la vertical en ¢l punto de incidencia cuando este’

rayo choca con la superficie, y dngulo de reflexion al dngulo 8 que
forma ¢l rayo luminoso, ya reflejado con la vertical en el punto de
incidencia, cuando esc rayo luminoso, se aleja de la superhcie.

Esta ley fundamental es solamente teérica. En la practica se cum-
ple solamente cuando Ia superficie sobre la que incide ¢l rayo luminoso
cs absolutamente lisa y brillante como, por cjemplo, la de un espejo.
En este caso, se habla de reflexion dirigida o, también de reflexion
especular. Si se coloca una limpara encendida sobre un espejo puede
observarse en ¢l espejo la imagen de Ia limpara. '

Cuando la superficic sobre la que incide el rayo luminoso es rugosa
v brillante, por efemplo, ¢l papel couché, a cada rayo incidente (Egu-
rit 25), corresponderdn varios rayos reflejados, que cumplen sélo apro-
vimadamente la ley fundamental de la reflexion. En este caso se trata
de reflexién semidirigida; si situamos la lampara como en el caso ante-

B
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Fig, 24, — Figara ilustrariva de la Fig. 25 — Reflexion semidirigida.
ley fundamental de lo reflecion :
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Fip, 20— Reflexton difusa.

. . . |
rior, desaparece la imagen de la lampara, que queda sustituida por una
mancha de luz mas brillante que el resto,de-la superficic. | |

Finalmente, cuando la superficic es rugosa y mate, por ejemplo,
un trozo de tela blanca, el rayo incidente (figura 26) se refleja por igual
en todas las direcciones de! espacio y, por lo tanto, no s¢ cumple la ley
fundamental de la reflexién. En este caso, se habla de rcﬂe.rlid‘_n difusa;
en las mismasjcondiciones citadas en los parrafos anteriores, desapa-
rece la imagen de la limpara, porque, la luz incidente se dispersa en
todos los sentidos. . P

La reflexion especular proporciona una luminancia maxima en la
direccion del rayo reflejado y nula en las demas direcciones (?icl espacio.
La reflexion difusa proporciona una luminancia constantejen cual-
quiera de las direcciones del espacio, aunque de menor valor que ¢n
¢l caso de reflexién dirigida. o :

Con la reflexidn difusa se evita el efecto de deslunbramiiento, que
trataremos en un praximo capitulo, y que se aprecia cu:'mdo en el
campo de la vision existen elementos luminosos cuya luminancia es
mucho mayor que la de los clementos circundantes. | i

Otro efecto interesante de la reflexidn difusa ¢s que cualquicr
superficie refllectora aparece como un disco luminuso de igual fumi-
nancia en todas direcciones; es decir, que si fluminamos un ('1i§c1) v una -
esfera, ambos difusores y ambos de igual didmetro, ¢l cf%:cflo visual
serd el mismo y los dos objetos — disco y esfera — aparcceran a nues-
tros ojus como discos. O, dicho de otra forma, con la :'clle.'vcit;;'m difusa
desaparece el ¢fecto plistico. Ya volveremos sobre esta cuestion mas
adelante. : : [

!
Refraccion !
La direccion de los rayos luminosos queda todiftcada allpasar de

un medio a otre de diferente densidad; este fendmeny [isico se ama




Fig. 27, — Figura dlustrativa de la ley funduncita de ta refracoion de la iz

La ley fundamental de la refraccion dice (véase la fipura 27):

La razdn de los indices de refraccion de ambos medios es igual
o la razon de los senos de los dngulos de incidencia v de refraccidn.

O. expresando esta ley en una formula matematica: - e
H: seni
My senr

Naturalmente, Hlamaremos dugulo de incidencia al dngulo que
lorma ¢! rayo luminoso con la vertical en el punto de incidencia, cuan-
do dicho rayo choca con a superficie, y dngtdo de refraceidn, al angulo
aie forma el raye lumineso con la vertical en el mismo punto de inci-
dencia, cuando dicho raye lumineso se aleja de la superficie. Indice de
refraceion es la relacién entre la velocidad de la luz o través del aire
y su velocidad, a través del medio o sustancia correspondiente; por lo
tanto, el indice de refraccion del aire es 1a unidad y cuando las sustan-
cias son mdas densas que ¢l aire, lo que es el caso mas general, su
indice de refraccion es mayor que la unidad: lo que quicre decir
‘— como era de suponer — que la velocidad de la luz es tanto menor
cuanto mayor sea la densidad del medio que atraviesa,

Pur lo tanto, si ¢l primer medio es ¢l aire, tendremos

;=1 N
1
v ountonces
= senr
. Hy =
seni
70 ) . ,

Volviendo a la figura 27 supongamos para Njur ICILJ‘- que los dos
medios son, respectivamente, aire y vidrio. Podemos ()!):.u: VAP QU s
hacemos pasar ¢l rayo luminoso del aire al vidrio y dd ¢ éste nueva-
mente al aire, este raye luminoso, al pasar par au'und;‘l vez al aire
seguird tambidn 1a ley fundamental de Ta refrnecion v s diveccion serd
paralela a la del rayo mutlmtu antes de pasar a trives del vidrio s o
sea que , : L

Angulo i = Angulo v :
Angulo r = Angulo 1 [

Para terminar este pamgrafo, en la labla 4 cxpresamos los indices
de refraccion de algunes materiales empleados on !llllllll()lL'.Lnt.l.

.

"TADLA 4. INDICES DI REFRACCION I

Material Indice dec refraccién i

i )| Aire i 1 |
Agua 1,33 !

Vidrio comin | " 15 a 1,5t L

156 g 1,78 | .

' ‘ | Cristal ’ i

Absorcion ' ‘ .
. i

En el fenémeno de reflexion de la luz, ne todo ¢! flujo luminoso
que incide sobre los cuerpos, se refleja; una parte de este Mujo lumi-
noso, queda absorbido en mayor o menor proporcion 5cnun los mate-
riales componentes de cada ¢uerpo.. Por lo tanto, los fenomenos' de
reflexion y de absorcion estan intimamente ligados.

La consecuencia mas interesante del [enomeno de absorcion es 5

el color de los cuerpos. Si el cuerpo es de color blunco, quicre decir
que al incidir sobre ¢l la luz blanca, la refleja unlcram«%ntc, sin haber
absorcidn ; por ¢l contrario los CUErPOs Negros :ns‘urbu] por completo
Ta luz bldnca. sin haber réflexién vy si es de color gris, parte de Ta luz
blanca es relleiada y parte absorbida. Un cucrpo os, PIT)! -._u.mpiu de
culor rojo a causa de que absorbe todos los colores que componen la
luz blanca, excepto el rojo, que refleja sobre csta cuestion volvemos
mas adelante, al hablar del color, en general, v de la luezfcoloreada.
' !
E 71

v



1
'
'

777X T 7

Fig. 29. — Trunsmision difusa.

Fiy. 28, — Trunsmisiun dirigida,

C Transmislon

Al pasar los rayos luminosos a través de los cuerpos transparentes
o trashicidos, se dice que estos rayos han sido transmitides.

La transmisidn de la luz puede ser dirigida (figura 28) si el rayo
luminoso sufre solamente la variacién debida a la refraccién normal;
se consigue esta clase de transmisién utilizando cristales claros (es de-
cir transparentes) y se produce intenso deslumbramiento debido a la
gran luminancia de los rayos luminosos incidentes.

La transmision de la luz sc llama difusa (figura 29) cuando el rayo
luminoso incidente queda dispersado al chocar con el material, de
manera que quede iluminada uniformemente toda la superficie del
cucrpo de que se trate; en la citada fipura 29 se puede apreciar como
una parte del flujo luminose incidente se refleja con reflexion también
difusa. Se puede conseguir una transmisién difusa utilizando cristales
opalinos, mateados, etc..., es decir, cuerpos trashicides. En este caso,
la luminancia es constante en todas las, direcciones del espacio y el
deslumbramiento es mucho menor que’en el caso anterior.

Difusison

D¢ este fenémeno ya hemos hablado en los paragrafos que hemos
dedicado a 1a reflexion y a la transmisién de la luz. Debido a la rugo-
sidad de la superficie que refleja — o en su caso que transmite —'el
Nujo leminoso, déste se esparce en todas las direcciones del espacio;
v a este fendmeno se le da el nombre de difusion. Podriamos afadir
que una superficie perfectamente difusora tiene la misma luminancia

-7 2

|

! .
¢n cualquicra de las direcciones del espacio, o sex guv ‘il!:ll‘..; a ley de
Lambert, : ,

o

:

: |
nelnclones entre rellexldn, absorcion 3
y transmlisién Iuminosas i

1

. 1
i - | . .
Cuando’ se ilumina una superficie, una parte dcl ﬂu]q fuminoso
se refleja, otra parte atraviesa dicha superficic y queda :xt?sorhlda por
’ : v ] 2 incide . oy CPTPT S
el cuerpo y, por fin, una tercera parte de la luz incidente se transmite
a través del cuerpo. Esto quierce decir que los tres 1L‘”()l’ﬂlfﬂ_()‘i—— refle-
xién, absorcion, transmision — estin intimamente ligaudos y en todos
los casos tendremos: . o B
- -
Flujo lminoso total = Flujo luminoso reflejade - Flujo !,rmn‘no.m
absorbido - Flujo lmhinoso transmiiedo, |
]

.
Hemos de tener en cuenta las siguientes consideraciones que, pov
otra parte, son de' sentido comurn: . |

oot : . . J

/. En los cuerpos opacos, el flujo luminoso transmrludo es nulo.
Pues la principal cualidad de los cuerpos opaces ¢s, precisa-
mente, que no dejan pasar la luz o, dicho de otra forma, que

L - \ ;
“no transmiten Ia luz. Si lo hicieran, dgjarian de ser opacos.

2. No existe, en ningan caso, cuerpos reflectantes puros. El cuer-
po mis reflectante que se conoce es la plata pulida, y aun en
este caso, una parte del flujo luminoso aueda ;11)‘_5un-b1do por
el cuerpo. ‘

I
3. Segin estas explicaciones, los cuerpos ilu.minados‘- s convier
ten en fuentes luminosas secundarias o virtuales, ¥ una parte
del flujo luminoso que procede de estas fuentes virtuales puc.dc
percibirse visualmente: de est) mancra s como las supcrﬁcn_cs
iluminadas se hacen visibles directamente o por transparencia.
Ahora llamaremos _ l
®, = Flujo luminoso incidente o total | |
(g = Flujo luminoso refleiado
&, = Flujo luminoso absorbido
- tr = Flujo lumincso transmitido

Hemos visto anteriormente que -

b, = Bg o Dy 4 O
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Llamare : 2 reflevic ; ; o :
2 la rclacim:mgé {fit_-.!:)r de rf_ﬁ.!e.twn, que simbolizaremos con la letra p, | T
mxiste ontre ol Misio madlas o . LoaE T
A qu existe entre ¢ flujo reflejado y el incidente, o sea ! g o { ] =
i = .= ! = .
n : £z -
o= o ¢ acs .
g -l Y -‘
b, L] - -t -
: : % ¢ WE
. . .. . ) i 1L L .
o l_‘lr.uman.mos factor de absorcion, simbolizado con la letra a, ala ! é o %95 R
relacion entre el flujo absorbido y el flujo incidente, es decir 31 z S S CETTE
- . o A =i T A !
D, -5 z = ZE Lol Lol
o Foasacf AEEEEN B P AR AR
&, 3 j K E E .E . : ;E Z i
Finalmente, Ilamare rie el . T
con Ta ainente, pman mos factor de tmnsmrszon‘, que designaremos ed B3R Cer
1 1a telra o, a la relacién que hay entre el flujo transmitido y el v e . boT.
flujo incidente; o sea ; §i.|locoocoo 0 B B ten
| v Crhowo = =
®p e g ZEIS oI LS = ;
r | Ll cescocsoo & =z |
= ] - N :
' z _
@, s < iy o ~ ! o2
: . !' L jwnamnens, o= | oz g =
S¢ comprendera fici 1 = = oCoo oo o ==} =) '.:___:'.
de ]_L_”Umjnp N J fam[mente.q_t.’[e, en t_odos_ i08 casos, los factores ! 218 Bal |11 3 BTN
e » absorcton ¥ transmisién son inferiores a la unidad. 5 21 8f |locale?® . ¥ 2< b e =
y St en la férmula que expresa el valor del flujo total, multiplicamos i Ei=" |Sscs=g s PSS =
y dividimos los tres términos del segundo miembro por &, tendremos: : S
: X Z|leg |mMownglE = 82 = — C o e B
i D, Oy 2|8 |SSes=3 S .S =< SeSS3
®, = D, + ®, + o, gl il 11111 9SG P L it
¢ . : =IR W Fwfrog ~ox e
° P, b, 2 I iRt ~oesnsgsnss Pl !
‘ . S| = s e g ossddsag - :
v. teniendo en cuenta las definiciones anteriores z . . . ! i
e ) g ! {
P = pdy 4 ad, 4 T D, % :z X : - !
r’__ . ey . E ‘__C;l -: 1 . :
Y si ahora dividimos los dos miembros por ¥, obtendremos: & St - ‘[ '
_ C . ae 2, |
1] e . T — o ,
I=pdaqr a =% g = 2 j
. d| 3 o= 0 R 1
i o 2 RN .38 ;
ndns e . - - o —
fre Fb.t_l.‘,““"a que la suma de los tres factores (reflexidn, absorcion y , & - I A SR 9
.r"‘j‘!nf‘f“"-"orll) es igual a la unidad. La tabla 5 expone los factores de ' i. G 213 § E2id '5
.?. ]t...‘(-lt_)n. z‘usormon Y tran-smlsujn que corresponden a diversos mate. ; o 20000 E s b
! IF ¢s Interesantes en Luminotecnia; en muchos casos, hemos indicado i = w Z R @
ademas, el efecto resultante. Téngase siempre en cuenta que la absor. 5 u, & g o E
vion lclprc:.cn[a, en todos los casos, pérdida, por lo que deben utilizarse il garrer 2O 223 £
normalmer i boe o] s .. . 3. ] 2R R b
normal :.;*_ntTfmterm!?:. de bajo factor de absorcion, excepto en casos - 2 3 2 3 |
y especiales (por cjemplo, iluminacién decorativa). ; = f j
- 1
- T4 ! .75
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LUMINARIO

CARACTERISTICAS DE CONSTRUCCION

Cualquier tipo de luminario es un conjunto armonioso que integra 4 as-
.. ' . -

f

pectos

1.- MECANICO.

2.- ELECTRICO. | |

3.~ OPTICO. | | o o
4.~ ESTETICO. | |

Y adem&s debe satisfacer los é]guientes puntos: -

1.-

1,-
2'.""

Distribuir el flujo luminoso emitide por la l&mpara para obtener

resultados 6pEjmos.

- Controlar el flujo luminoso de tal forma que la brillantez sea ml-

nima, y con esto obtener un méximo confort visual.

Tener propiedades mecénicas, eléctricas y 6pticos que lo hagan ade

cuado para el propésito para el cual fué disefiado.

Que la l&mpara, el sistema eléctrico y éptico queden protegidos --
contra la accién de los agentes externos que se encuentran en el =
medio ambiente que rodea al luminario y que pueden afectar la efi-

ciencia del mismo.

El sistema 6ptico de un luminario pucde estar compuesto‘por':
- : J

REFLECTOR.
REFRACTOR.
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El QgFIector es un elemento con la forma y cualidades 6pticas ade-
cuadas para dirigir el haz luminoso produéido por la l&mpara al &rea --
por ifuminar. Para su funcionamiento utiliza los fenémenos de reflexién
especular y reflexién difusa y puede ser fabricado en cristal liso 6 -~
prismético, a]uminio‘anodizado mate 6 brillante 8 bien l&mina de acero
bintada en color brillante.

" Pero sin-importar el tipo de material el reflector debe tener un -

tratamiento contra la corrosién que garantize la 6ptima eficiencia el =

mayor tiempo posible, bajo cualquier condicién de instalacién.

4

Generalmente son de forma parabélica 6 elfptica de acuerdo con la

- forma deseadaldel haz,

-

E! reflector ellptico es més eficiente que el parabélico, pero pro

‘duce un haz mis abierto; el -reflector parabélico, produce un haz més ce

rrado y uniforme pero menos eficiente, En la mayorfa de los casos el re
flector se fabrica combinando las dos formas para obtener una distribu-

cién més_adecuada.

El refractor utiliza las leyes de refraxi6én de cuerpos transparen-
tes y normalmente estd fabricade en pléstico 6 vidrio. | ) B
Los ingrediantes principales que forman el vidrio son : la arena
silice; carbonato sédico, cal y-borax, en adicién con otros ingredien-
tes menores. La proporcién de cada uno.de los componcentes es conocida
de tal manera que se IIévélun:estripto contro! de ellas, asegurandose
, . ! ‘

dsf la calidad de los productos.
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Una Qez'pveparada ta mezcla sc mete en hornos en donde se funde pa
ra ser poét?riormente vertida en los moldes. o

El Vidrio_puede ser formado por varias técnicas, prensado, soplado .f
6 centrifugado,. Esfas qpepaciones pueden ser realizadas por método ma--
nual 6 por méquinas autométicas dependiendo del voldmen de produécién.

Ya Formada la pieza de vidrio pasa a otro horno para el proceso de
templado, ‘el cuél elimina las tensiones internas, asegurando una buena
resistencia mecénica. v

Ei terminado del vidrio es muy variado y depende del método de fa-
bricacidén. » )

La éuperFicie del vidrio puede ser alterada con &cido, arena a pre
sién (Sand Blast), pﬁlido,_pintédo, é teﬁido..Estas qperaciones son uég'
das para mejorgr la;réflexién‘y tencé mayor control de refraxién.

La funcién del vidrio en iluminacién puede ser dividida en las si-:

guientes categorflas.

;.vVCONTROL.DE-Luz.

2.~ PROTECCION DE LA LAMPARA. I N
3.- SEGURIDAD. '

4.- DECORACION,

Estas funciones pueden ser combinadas para una aplicacién en parti

cular.
‘ Las propiedades de transparencia, estabilidad de color y durabili-
dad del vidrio utilizado deben ser excepcionales, asf como su maleabili

dad para ser formado en prismas precisos,

Sin control de la materia prlma la mayorfa de los vndrsoo 6 crista
les pueden variar de colop después de una larga exposncnén a la radia--

cién ultravioleta de ltas ldmparas comerciales 6 del sol, por 1o que los

componentes utilizados deben ser cuidadosamente estudiados para obtener

N

méxima estabilidad qufmica, sim cambio apreclable de color.
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Dentro de los vi.rios utilizados, podemos distinguir dos clases

principalmente: el Lo isilicato 8 resistente al choque térmico -y el

Hi-Stress 6 de "alto . -sistencia mecénica”.

VIDRIO BOROSILICATQ.

La tendencia al uso de lamparas de mayor capacidad y el uso de -

|l &mparas de vapor de mercurio hizo que se desarrcltara un vidrio con
buenas propiedades mecdnicas y té&rmicas, principalmente para uso in-

temperie.

Dicho vidrio esté formado por borosilicato principalmente, el --

cual contribuye grandemente a reducir el coeficiente de expansién, ha

L

. ‘
ciendolo resistente a los cambios bruscos de temperatura.

HI-STRESS, (alta resistencia mecénica).

Todos sabemos. que el cristal es muy resistente a la compresién, -
pero es relativamente débil a la tensién. Cuando un vidrio se quiebra,
es debido a,queAel esfuerzo de tensién en este punto ha superado el --
punto d§ falla. Un vidrio'ondinario sujeto a un chogue mecénico se —=—

flexiona haciendo que la superficie que recibe el golpe se comprima y
la opuesta sea sujeta a tensién, ocasionando en esta forma la ruptura.

La caracterlstica principal del vidrio Hi-Stress es que sus su-

. perficies .estén en constante compresién esto se togra con la adicién

de un tratamiento térmico especial. Cuando una hoja de Hi-Stress re-

. . . - . - ) ) ¢
cibe un choque mecénico, la superficie opuesta experimenta una ten--

sién pero como se encuentra en estado previo de compresién, el golpe
debe ser suficientemente fuerte para superarla, antes de QUe la ten-

sién empieze y vaya mis all§ del Ilimite ocasionando la ruptura. Si -

4

ésta ocurriera la rdpida desearga de! esfuerzo compresivo hard que -

el cristal Hi-Stress se estrelle en pequefios pedazos.

y dl
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Este tipo de cristal se utiliza en luminarios sujefos a golpes co

mo son gimnasios, &reas peligrosas, instituciones penales, salas psi--"

quidtricas, etc,

PLASTICO

El uso del plastico en alumbrado ha sido aumentado debido princi-

palmente a su poco peso y a su resistencia mecénica.,

Existe en el mercado varios tipos de plésticos con los cuales se

elaboran difusores. Entre los mds usuales encontramos el vinflico, po-.

liestireno, acrflico y ultimamente el policarbonato.

La seleccién del tipo de plésticora utilizar en iluminacién depen
de de las condiciones flsicas y econémicas en donde se vaya a usar.

El acrflico es el material mds usado en la fabricacién de difuso~
res por
#- Sl ESTABILIDAD EN COLOR.
* SU ALTO COEFICIENTE DE TRANSMISION. .
*  SU BUENA ESTABILIDAD DIMENSIONAL.
#* SU RESISTENCIA AL IMPACTO.
* SUS CARACTERISTICAS . INVARIABLES BAJO CONDICIONES NORMALES,

Ademés el acrllico resiste la lluvia, sol, calor, frfo, etc., Y no

es afectado por la mayorfa de los gases “industriales.

- METODO DE MANUFACTURA.

- Los disefios de lentes prism&ticos pueden ser hechos por : rolado,

extruidos 6 inyectados a presién,

En alumbrado, la calidad y.gfectividad de un sistema Sptico es ~- ~

tan bueno como sca el proceso meclnico que siga para producirio.

e 6

Gt
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Por esto,—Ja reproduccrén de—1entes prism&ticos requ:ere un proce
$0 de alta presién como el de |nyeccudn, ya que solo de esta forma se
ticne la presién suficiente para llenar el molde y la precisién necesa-

ria para controlar la luz. Los productos deben estar hechos por este --

proceso, ademds de utilizar moldes adecuados para minimizar el filujo lu

minoso en la zona de 60° a 90° con respecto a' la vertical ya que ahl es

donde se pueden producir desiumbramientos molestos. e

E! exceso de brillantez en la zona de deslumbramiento de 60° a 90°

con relacién a la vertical disminuye la comodidad visual y es pepjudi--

cial a los ojos. Se ha demostrado por los investigadores c:entlfncos -

que la agudeza visual d|sm|nuye con &l cuadrado de ta brillantez direc~

ta en la zona de deslumbramlcnto, Los sustemas de roiado é extrusnén -

son procesos de relativa baja temperatura en.los cuales el pléstico -—

. suavizado pasa a travéz de rodillos-dados y es expuesto jnmediatamente

después a la temperatura ambiente.

v

"Esto d& como resultado un producto con considerables esfuerzos in-

ternos en los prismas'que hace que se deformen prematuramente ademés de

irrcgularldad en su estructura prlsmét:ca causando un control deFlC|en-

te de_luz,_aumentando el deslumbramlento directo.

Existen en el mercado una gran variedad de disefios prismiticos, te
niendo prismas de d|Ferentes formas y dlsenos como son { piramidal de -

basg cuadrada, pentagonal, CIPCU'GP cénico, en forma de estria, etc. To

-_dos ellos embutidos 6 salientes. -

De todos estos tipos de prismas, el m&s adecuado es el tipo circu-
far cénico ya que es el dGnico que nos garantiza un control sobre el ra-

yo luminoso en los 360°. ot

Porta-|&mparas Es un elemento muy iﬁportante ¥a que su funcién ademss -

de alimentar eléctricamente a la l&mpara, debe darie un soporte mecéni-

~co adecuado para mantener a la f4mpara en el foco éptico previamente -

.
-
e |
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definido; en algunos casos el porta-l&mpara no es suficiente para mante-
ner la ldmpara en posicién. Sobre todo en zonas de mucha vibracién, por

lo que son necesarios soportes extras.

El gabinete 6 éércaza proporciona protecciédn contra |a-ihteﬁperie
a la |Smpara, balastro y dem&s partes de la unidad. Est4 campuésto por
uno 6 varios elementos 105 cuales deben tener resistencia a impactos -
mecéniéos{-rigidgz, resistencia a la corrosién y no deben ser deforma-

dos por elementos extrafios § por vibracién,

Su forma, dimensiones y el material de fabricacién deben correspon’
~ ~ der al tipo de luminario y Watts de la l&mpara, asl como a la zona de -
instalacién, su disefio debe facilitar el mantenimiento y reemplazo de -

la14mpara y ademés debe ser un cuerpo estético.

El montaje del 'luminario puede ser rcalizado con elementos integra
- . y —_—
les. 6 bien con clementos anexos como son postes, brazos, etc. Pero sin ‘
importar el elemento de montaje este debe scr disefiado para garantizar

el f&cil! accesec al luminario.

Los luminarios se clasifican de acuerdo con-el CIE (Comisién Inter-

nacional de.lluminacién), por el porcentaje de Iu; emitida sobre y aba-

Jjo de la horizonfa] ( Fig. 1 ):r

DIRECTA : o : .

SEM| DIRECTA - | ‘ - - 1
GENERAL DIFUSA o . o S
"DIRECTA INDIRECTA | -
SEMI INDIRECTA - - - | (
INDIRECT A o o

‘La forma de distribucién puedé}variah dentro de los Imites antes
sefialados, dependiendo del tipo de la fuente de luz y del disefio del -
luminario; por lo que podenos ;Jﬁbién clasificarlos por el.tipo de cup

va { Fig. 2 ). - -



8

-

e e _———

CALTAMENTE CONCENTRADA HASTA-0<5—ALTURA DE-MONTAJET
. CONCENTRADA ' DE 0.5 A 0.7
MEDIA . DEO.7 A L.
EXTENSIVA | - DE 1.5 A 4.5

SUPER EXTENSIVA - . .DE 4.5 A 12.0

-

Todas las anteriores pueden ser simétricas 6_asjmétr}cas.

En los sistemas de iluminaciép con equipo tipo directo se pueden

.
usar todas las curvas descritas anteriormente. Este tipo de sistema de

iluminacidén tiene muy alta utilizacién, pero se reduce bastante por la

. .. .2 . : .
necesidad de minimi ar el briilo, ademfs no se.recomienda en &reas pe~

quefias por que se presentan los problemas de brillo reflejado y som---

bras.

E! sistema de iluminacién semidirecto es utilizado basicamente en
Ias mismas cond101ones del dllecto, con la ventaja que la componente -

super|or atenua Ias sombras y mejora la. relac:én de ‘brillantez.

El sistema de iluminacién directo—indirecto, debido a la poca emj
sién de luz en los éngulos cercanos a la horizontal reduce la brillan-
tez en Ia zona de brlllo directo ( 60° a 90°- ) Este sistema es ‘me jor
que el general difuso, pues edte dltimo distribuye la luz en todas di-

recciones careciendo de control de bpillo. Los sistemas semidirectos e

indirectos eliminan virtualmente las sombras ya que todo el techo 6 es

tructura pueden funcionar como un reflector gigante. Para que esto pue

da operar, es necesario que el techo y las parcdes tengan alta reflec-

tancia, ya que de otra forma la energfa eléctrica para mantener el ni-.

"vel de iluminacién calculado se incrementa enormemente.

Dentro de las curvas super extensivas se encuentra toda una gama

de distribucidnes, las cuales son utilizadas para el disefio de siste--

mas de alumbrado piblico.

En el diseiio de estds curvas se toma una altura de montaje cons--

tante, por lo que es necesario tencr diferentes distribuciones de luz

8 ceei®
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para iluminar difecrentes anchos de calles

' usando diferentes espacia—-

\

mientos.
- 1 X . - .
Las curvas para alumbrado pdblico se pueden clasificar tomando -

en consideracién

. * ‘ *
A.- SU CONTORNO DE DISTRIBUCION LATERAL. - .
B.~ SU CONTORNO DE DISTRIBUCION VERTICAL.

C.- SU CONTROL DE LUZ SOBRE EL CONO DE MAXIMA INTENSIDAD.

N

La distribucién lateral es apl}cable para diferentes relaciones.

_de anchos de calle a altura de montaje y se dividen en : { Fig. 3 ).

/

TIPO 1 h Cuando el cono de mixima potencia pasa a 1.0 A.M. sobre la

I fnea perpendicular a la calle.

"TIPO | Cuatro vias., lgual pero con cuatre ramales.

TIPO 1] Cuando el cono de méxima potencia basa’a 1.75 AM. sobrei-

ta Ifnea perpendicular a la calle.
TIPO 11 Cuatro vias. lgual pero con cuatro ramales.

TIPO 111 Cuando el cono de méxima potencia pasa a11.75 a 2.75 AM.

TIPO IV . Cuando ¢l cono de mﬁximéﬂpotencia pasa a més de 2,75, AM.

'

TIPO V _Es una distribucién simétrica.

La distribucién vertical ¢s aplicable'para diferentes relaciones.

de espaciamiento a altura de moﬁtaje y' se dividen en

-

DISTRIBUCION CORTA 4.75 AWM. |
DISTRIBUCION MEDIA 4.75 A 7.5 AM. .
'DISTRIBUCION LARGA ©  HASTA 12,0 AM,
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Sr—tomamos en—cuanta-— el—control—deﬂluz sobre— elfcono de_méxima_=
intens1dad, los Iumlnarlos para alumbrado publlco se dlvlden en ; ---—

(_Figf 4.).

A.- CUTQFF
B.- SEM| CUTOFF
C.- NON CUTOFF

El luminario con curva tipo cutoff es designado asf| cuando l as -
candelas no exceden 2.5 % a un é&ngulo de 90° sobre la horizontal y --
10 & & un éngulo.de 806 sobre la horizontal. Esto se aplica a cual=-~
quier &ngulo lateral alrededor del luminario.

El luminario con curva semicutoff es designado asi cuando las --

candelas no exceden 5 % a un &ngulo de 90° sobre la horizontal y ----

20 % a un éngulo de 80° sobre la horuzontal .

Esto se aplica a cu quier éngufo lateral alrededor de! lumina-~
rio. ol

El luminario con curva noncutofF no tiene ninguna limitacién de

emisién de candelas en cualquier &ngulo.

CURVYAS FOTOMETRICAS

La curva fotométrica de un luminario es una gréfica represehtati
va de la emisién de luz del mismo, por lo cual es un elemento indis--
pensable en el disefo de cualquieﬁ—gistema dc:alumbrado, cs decir, el
luminario de acuerdo con este dato debe ser aplicado de tal forma que
Ilene fTas necesidades del proyecto, tates como nivel de iluminacién,
uniformidad sobre e¢! plano de trabajo, altura de montaje, ilumihacién
sobre superficies verticales, etc. Todas_estaé condiciones nos obli--

gan a utilizar las curvas ﬂotométricas. .
. ‘ . \

Es usual que los fabricantes de luminarios proporcionen esta cupr

va dnicamente como un valor thdicativo de la distribucién de flujo, -

A0 R § |
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es declr,_unucamente proporC|onan el_contorno dc_Ja curva_C_Flg.

5 )

‘Esto en realidad no es ninguna ayuda, ya que no es una ﬁeﬁ}a—---

L mienta de cdlculo, eé?indiépensable que dnicamente se dtilizen curvas
 con datos'tabuiadoslpﬁr:ellFﬁbricaﬁte {.Fig. 6 ). Los valores en la -
columna central representaﬁlla pdﬁéncialmédida en cahdelas a los &ngu

b

Ios correspondlentes, por lo cual. soh Ios un|c05 valores conF:ables -

. para el célcuio. Analnzemos los elementos que normafmente |nc|uye un

reporte fotométrico.

1.- En la parte central, sobre un sistema de coordenadas polares se -
encuentra dibujado el contorno de la curva. Esta es obtenida en el la
boratorio, y como se dijo dnternormcnte es la representacién gré&fica

del comportamlento del luminario. -

Si fa unidad tiene distribucién simétrica solo qecesitamos un so
lo plano, pero si nosotros sabemos’ por adelantado que la distribucién
es asimétrica entonces necesitaremos curvas Ffotométricas en todos los
planos principales para poaer obtener la, informacién del funcionamien
to completo del luminario.

o En la columna de la derecha, estén las lecturas reales en lumce=--
nes con inteﬁvalos de 10° a partir de 0° hasta 180°. Con estos valo--
res. es posible computar el rendimiento.lﬁminoso en ldmenes del lumina
‘rio como un- total del porcentaje d& ldmenes emitidos por tas ldmpa---

ras, & bien para cada zona en particular. Estos datos se enciuentran -

. : en la parte inferior izquierda.

Estudiarémos la emisién de flujo en las varias zonas tomando el

ﬁunto 0° como punto de referencia. El porcentaje de flujo -luminoso en

la zona de 0°-180° nos'dé el valor de la eficiencia total de la uni--

dad de tluminacién.

El flujo de 90°-180° nos indica el potcentaje de la luz transni-
tida arriba de la horizontatl; el porcentajé‘ﬁe 0° a 90° nos d& el flu

Y. jo luminoso transmitido hacfa abajo de la horizontal. E! flujo emiti-

L L2

v
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bre el plano de trabaJo. En &reas donde las unldades estén montadas a
relativamente baJas alturas, un mayor porcentaJe del FIUJo en la zona
30“-60° llega a las paredes, de manera que para alturas de montaje me=
dias (4.50 a 7.50 metros), so!amente el FIUJo-en la zona O°-455 nos dé&
una indicacién de la luz Gtil hacia abajo y para alturas de montaJe ma
yores (més de 7.5 metros),_debemos considerar dnicamente el fFUJo en -
la zona 0°—30°, como- luz Gtil, Es decnr, en otras palabras, un rgFlec-
tor industrial de alto montaje diseﬁaaé pdra alturas de 7. 50 metros &
més, no es efectivo si produce un alto porcentaJe de flujo Iumtnoso -

en la zona arriba de los 30“ del nadir o vertlcal.

‘La porcién de!.FluJo Iumlnoso en la zona 60°-90° debe ser gsfudig'
 da cuidadosamente ﬁorque ésta es la luz que llega a nuegtros ojos di--
rectamente y nos produce.deslumbramiento. Por ejemplo, es posible te--
. ner dos unidades con el mismo rendimiento luminico Gtil pero con dife-
rentes pprporcibnes.de flujo luminoso en la zona de Beslﬁmbfamiento Y
por lo tanto, con una considerable diferencia eﬁ la cantidad &e deslum
bbamiehto directo. X .
En la parte inferior derecha se encuentran tos ldmenes parﬁ caaa

zona. _ . -
Estos son obtenidos en Iaborétbrios-y son utilizades para-conoccer

la emisién luminosa del luminario en diferentes zonas.-
Por ejemplo tomemos la zona 0°a 10° tomamos la lectura de las --

. " candelas a la mitad de la zona 59 ¢ ﬁultipliéamos este valor (10870 --

éandelas) ﬁprﬂla constante de zona 0°-10° (0.095) obtcniéndo 1032.65

limenes. )
- Este mismo procedimiento se-utilizé para obtener la eficiencia --
del luminario anteriormente explicado, .

Las unidades de iluminacién deben ser disefadas para usarse con -

i

espaciamientos perfectamente definidos para &reas interiores o exterio

.
o res y es importante no exceder el -espaciamiento méximo para una altura
de montaje dada, pues de otra mancra no se obtiene una iluminacién unj

T~ !

forme sobre el plano de trabajo.

2 .13
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Una unidad de ifﬁminabiéﬁ debe de ser diseRada partiendo de la --
cufva Fotométrica:de fa distribucién deseada y por esta razén, todas -
las unidades de iluminacién manufaéturadés deben producir curvas de —
distribucién inuy aﬁroximadas'a las curvas Fotométricas’ideales a fin -.

S

de proporcionar una distribucién lumfnica adecuada.

A véces, es necesario evaluar una curva de distribuéién en fun---

. i . ¢ !. - - . N -
cién de la extensién que abarca su flujo luminose hacia abajo y no obs
C s

tante que esto es relativamente difici! para unidades disefiadas para -

~aplicaciones con espaciamientos muy grandes, existe una regla muy sim-

]

ple para estimar la relacién de "espaciamiento / altura de montaje”, -
de unidades tfpicas de iluminacién interior. “Si la distancia angular

en la curva fotométrica medida del 0° al punto donde la potencia lumi-

nosa se .reduce a la mitad del méximo es 17°, entonces la relacién méxi

ma de “espaciamiento / altura de montaje” ‘es 0.5; para relaciones de -

1.0 y 1.5 respectivamente las distancias angulares del 0° a los puntos

con mitad de potencia luminosa son 35° y 50°, esto se logra dividiendo

"esta distancia angular entre 34°”.

.

Para usar esta simple regla vamos a suponer que ténemos una uni--
dad de iluminacién cuya distribupién es tan concenfrada que elvpunto -
con la mitad de potencia luainosa en bujfas estd a los 10°. Esto signi
fica que esta unidad no debe espaciarse a més de 3 décimas de la altu-

ra de montaje sobre el plano de trabajo para. obtener una iluminacién -

horizontal uniforme sobre dicho plano.

Por otra par;te si se desea espaciar las unid?dé_s de iluminacién a
una distancia igual a Ia.altura de montaje, porque las condiciones de
. . ; _ :
la instalacién asl lo requiere, -entonces una curva de distribucién cu-
ya extensién angular sea extensi?a proporcjonaré demasiada luz en las
zonas superiores, la .cual estd sujeta a interferencias debido a mamp§-
ras, maquinaria, equipp, estibas de materiales, etc. Para un mejoﬁ di~

-t +
sefio, las unidades deben localizarse dentro de su méxima relacién de -

"espaciamiento-altura de montaje”.

.. 14
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.Yamos_ahora. .a _resumir_ la técnica -que emplearemos -en -analizar-y - ———--

evaluar una curva Fotométr|ca.

. | . \ _
1.- Asegurarse que la curva tenga una escala numerada con valores de

~ bujfas.

2.- Asegurarse que el rendimiento luminico de la lampara de pruebas -

esté indicando.

3.- Investfiguese si la curva fotométrica representa la caracterlstica

Al
total luminica de la unidad, en lugar de un plano especffico Uini-
.camente,

-

4.- Investiguese la distribucién del flujo luminoso especialmente en
las zonas 0°-30°, 0°-45°, 0°-60°, 60°-90°, y 0°-180°.
5.- Cerciorcce de que la curva fotométrica Eepresente una unidad de -
iluminacién adecuada para el espaciamiento vy altura de montaje de
"-la instalacién ‘en cuestién, . . , g

6.- Cuando se trate de distribuciones concentradas 6 asimétricas, in-

vestiguese la diréccidén de la potencia. , ' o

-

Vamos ahorg'a probar ﬁuestra habilidad para analizar curvas foto-
métricas dc.varibs tipos. En la 1;: hoja se ilustra una curva fotomé-
trica de una unidad de iluminacién del tipo'ééencialmente de distrfbg
cién hacia abajo. (Prismpack 630). El flujo en las diversas'zonas ve~
mos que es del 69.1 % de rendimiento en la zona (til y solamente 1.1

en la zona de deslumbramiento.

No pascmos desapercibidas las pequeiias orejas de la curva que re
presenta la componente lumlnoqa hacia arrlba .y por lo tanto que ésta

 unidad dirige un 12,1 % de su rendimiento hacia el techo.

gy , ceell5
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Eﬁ—;untéfdeQmedi%;bﬁtencia—+umfﬁéégieéié;aeéga;aproximadamente—-

indicando que la unidad puede ser espaciada 0.73 veces su altura de -
montaje. La distribucién luminosa es simétrica y es aparente que ésta
es una curva fotométrica de una unidad de iluminacién tipo directo, a

dechada‘para la iluminacién de fébricas, gimnasios, etc. En la 2a. se

‘ilustran diferentes tipos de curvas, la la. curva es de una unidad --

con distribucién asimétriéa m&s bien concentrada (F-798). Es aparente
que esta unidad es adecuada especialmente para la iluminacién de su--
perficies verticales porque la distribucién fotométrica en un plano -
transversal dirige la mayor:parﬁé de luz hacia la supérFicie vertical
y en el plano lateral la luz se difunde sobre la superficie vertical

por iluminar. La 2a. curva ilustra uﬁa curva similar pero en este ca-
so la fuente luminésa es una lampara Fluorescente.(9012). Sin embargo

debido a que las aplicaciones de iluminacién son similares, las cur--

vas Totométricas deben ser necesariamente del mismo tipo, cualquiera

‘que sea la fuente luminosa empleada. La 3a. curva ilustra una unidad

con distribucién asimétrica (C—824).‘Esta unidad se disefié para la i~

luminacién especlfica de corredores y veremos si sus caracter[sticas

fotométricas son adecuadas para este tipo de iluminacién. La curva to

.mada a lo largo del corredor muestra que esta unidad tiene muy baja -

potencia luminosa y por lo tanto muy baja brillantez en los é&ngulos -

superiores, lo cual significa que +a unidad serd muy cémoda a la vis-

ta de las personas que se aproximan a ella.

Usando nuestra regla sobre relaciones de espaciamiento vemos que
el punto con mitad de potencia lumfinica estd a los 49°, i{o cual indi-
ca que la unidad puede ser espaciada una y media veces la altura de -

montaje para obtener una iluminacién horizontalmente, unlforme, La -~

v

curva de distribucidn transversél al corredor muestra que hay una com
poncnte considerable de luz dirigida hacia las paredes Iéterales y ==
también hacia el techo, lo cual es bueno paca dar la impresidnlde una
i luminacién abundante. De lo anterior se &cduce Que esta curva de dis

tribucién fotométrica es ideal para una unidad de baja brillantez di-
sefiada para iluminar el techo, las paredes y el piso de un corredor,-~
: \

.

....16

de acuerdo con la técnica mis moderna.

S



La siguiente curva muestra una distribucién muy concentrada. Es-
ta unidad es -adecuada para.alto montaje. El punto con mitad de poten-

cia estd a 18°, lo cual indica que la unidad puede ser espaciada a un

poco mds de 0.5 veces la altura de montaje. Los datos del rendimiento

’

lumfnico indican que un gran porcentaje del flujo ests en zona 0-30 -
( 54.4 % ), y una pequefia porcién de la zona-de deslumbramiento ~———-
(1.6 2 ), gs fnteresante comparar la cantidad de ldmenes de esta uni
dad con la de la l4mpara sola, la cual emite 21500 ldmenes, o sea =~

4301 ldmenes m&s que la unidad de iluminacién, lo que nos da una efi-

ciencia de 79.9 %.

Finalmente - vamos a coﬁsiderar una distribucién muy interesante -
en la ﬁltima.curva y nos preguntaremos si las caracterfsticas fotomé-
tricas de esta unidad son adecuadas para I'a iluminacién de &reas exte
riorcs cuando la unidad se monta sobre la parcd de un edificio (415)
Debido a su distribucién concentrada en cierta dlrecc16n, el andlisis

se hard por medio del estudio de los valores de las pdtéﬁéias lumfni-

cas principalmente, En la direccién vertical se vé claramente que la

mayor parte de su rendimiento luminico estd en la zond entre los 70°

y 80° de vertical. Siﬁ eﬁba?go, la distribucién’ lateral! en el cono de
los 75° (tomada a través de la méxjma poten0|a luminosa), muestra que
la mayor parte de la luz es dirigida en direccién opuesta al ed|F|C|o

con solamente una pequefia parte envnada hacia la fachada misma. No se

espera que de una breve pldtica como  esta, convierta a todos ustedes

en expertos fotométricos, pero yo conffo qué‘dada la atencién y el in

terés que se han servido prestarme, ahora est4 ustedes capacitados p

o

ra comparar curvas Fotométrlcas e |nvesttgar las caracterrstlcas lumf
nicas de las distintas unidades de iluminacién, por medio de sus cur-
vas fotométricas, aplicando las pocas reglas que he descrfto en el -

curso de ésta plética.

Ve
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CLASIFICACION 9% DE LUZ RESFECTO A LA

HORIZONTAL
ARRIBA ~ ABAJO
DIRECTA | 0-10% 90-100%
SEMt-DIRECTA  10-40% 60-90%
N\
DIRECTA
40-609 60-409
IMDIKECTAY o %
GENERAL o ‘ a0
DIFUSA G0-40% 40-60 Y%
SEM-INDIRECTA 60-90% . 10-20 %,
. INDIRECTA 90-100% 0-10%

—-—

* SOLO CLASIFICACION IES

DISTRIBUC 10N
DE POTENCIA
LUMINICA

FONN

—ZS.

O

| |
SARS

Figura L. CLASIFICACIONES CIE- IES.
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CONCENTRADA DE 0.5a0.7 ALTURA DE MONTAJE

SUPER EXTENSIVA DE 4.3, 0 12 ALTURA DE MONTAJE

FIG. 2 TIPOS DE CURVA.
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200cd. 100¢d. 50cd. 50cd. 100cd.

200¢d.

90°

80°

. voo.
@) CUT-OFF (HAZ RECORTADO) s
'9.00. 200 ca. 100 ¢4, 50}’;\ /..\50“’ 100 cd. 200¢d.

BO®

-

P 00
b) s&m cuT-OFF {HAZ SEMI- RECORTADO)

. 150¢cd. 100 cd,

200 cd,

30°

go°

209"
BQ®
C) NON CUT-OFF (HAZ Nofaecoamom
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LAR LIDA

(c) REFLEXION MIXTA

[b) REFLEXION EXTENM-

{c) REFLEXION DIFUSA

{e) REFLEXION DISPERSA

CONFIGURACIONES DE REFLEXION

Fig. b




PHOTOMETRIC TEST REPORT

Distribution Dala

| Tost cell Ho. G-9

Date January 26, 15¢

" Tested b‘y 9'/2%1.44—-—«

File

Certified by 27 /3-.-.;5‘2.‘_ T

Maneger of Tent Enginesting

Yot No. 21372

0 Molophare Compeny, Inc

FIGURA & ﬁ_ATOS FOTOMETRICOS -

[
o

HOLOPHANE COMPANY, INC, Anale Condie
ENGINEERING CENTER DeoC e e | Lumens
NEWARK, OHIO _ | Zeareet | PRwel | g —
0 {11680
5 10870 | 1060
10 | 10950 | .
15 12690 | 3540
20 | 13660
25 15200 | 7130
30 | 17520 '
35 14300 | 8280
40 6410
45 | 1865 | 1900
50 710
- 55 365 | 370
1 60 205
65 130 | 135
70 85
75 55 63
80 45 :
85 30 35
S0 20
95 30 30
105 40 45
115 50 50
125 295 | 265 -
135 985 | 765
— 145 1465 | 920
Test of Holophane No, 635 155 995 | 460 -
' . ‘ 165 450 | 125
S - . 175 245 25
Position of Lamp Light Center 2-3/8" below top of 180 265
. glass reflector B '
Remarks Unit tested with 400W. Multi-Vapor
Super-Hi and Metalarc Lamps, Candlépower Output Dita
and lumen values are avera%e of the three | z..a | % Tetal
tests on 310U0 lumen basis | pegrees | WU | 077
Lamp : -
Lumens 31000 Amps. 8'2{5) %%ggg ggé
Watts 400 Volis 60- ‘e
. -90 235 .S
Bulb BT-37 Fil. so |90-180| 2685 g 3
RP.M.Laxp & Accessory - ‘5
Test Distance 25 Feet 4 0-180 2_5200 81.1



"PHOTOMETRIC TEST REPORT

Distribution Data

HOLOPHANE COMPANY, INC. _
ENGINEERING CENTER : Angle !'Candle-{ ,
NEWARK , CHIO Degrecs | power
-
120°/.
’ 0 16950
5 €600 1575
10 6050
IS 14200 3960
20 11600
25 8320 3880
30 5280
35 2110 2190
40 2430
45 1960 1495
50 1385
55 745 Ti2
60 | 297
65 lo2 141
T0 65
75 51 53
80 43
85 39 42
S0 29
A 95 60 66
5000
’ 105 155 164
3«0/ Likrningiga- 115 REEA- 316
o — 125 a#2 414
. 135 <l 466
° P
9 e v 7l 145 6560 427
i 155 660 398
Tast ofr_ Holophane No. 630 165 570 161
) . 175 58 6
Position of Lomp Light Center 2-9/16" below top of 180 10
’ gloss reflector
Remarks . - Outpul Data
%, Total
) Dzopaees Lumens /E“’::
T e [ Lomp H32-IGL/C Mercury ¢ Lumens
" Lumens 20000 Amps. 0-30 9415 aT. i
Watfs 400 Volls 0-45 12418.| 62.1
Bulb BT-37 Fil 0-60 138i2 69 .1}
RPM. Lamp ond Accestory-50 60-~90 236 1.1
Test Distance BS Faet 90~180 2418 2.1
Teat Coll No. G:8 Q0-180 ] 16466 8z2.3

Dote Mey 28, 1962

Tested by

File

Cortified b}

Test No. 19575




HOLOPHANE NO. C-824 CORRIDOR LIGHTING LUMINAIRE

No. C-824 No. C-824-2
Lengitudinal Seclion Longitudinal Section
- .
L '

FHOTOMETRIC TEST REPORT . [ L

HODPr ANl COMPaAMT, INC. T -1 LI

YGingsr 20 CHNIIE S | Camsran | Eondie

nimsts OWMD Sy I-I-l Dh—w

5 | 420 | 429
19 426 A4y
'3 28 457
28 |4jo |a
2% | 224 322
30 ;426 | Eed
3 i |
Bt 331 | 20l
a: | 240 | 278
Lo [ 158 | 192
55 w7 [ 147
e [ o5 | iza
[X) 48 o8
0 40 [ 108
Blal| e
P
g3 5
21 No. 0900 Extension Ring
IR o
AR-AN! - ey .
133 2 A m—
: 21t ¢ B :
§ e L
1ou o HoLaprane No. C- 824 . //———F —_
' -
sermen of temp LIGHT CENTER F3 BELOW TOP OF !
CLASSARE WITH LAMP TALTED A3 IN OPAG |
Bama? -A-a:nriu\L TS TRITICN ALONG ALSLE ™ '
BrVEATICAL LASTAHBUTION ACRCLS ASLE L!:_ el
L  —-
\ amp €. FISIDE FROSTCD . :
L, - H
/ e e i 2% :
Relb A=23=3F W CC-6 '3 — e g
b LAMP ¢ ALCESSOITT-0 N ‘
1o @ viame O TEET ¢
Yort Gl s, s SEPT.B,1953 |
—f———- [ T -
IuM [ n}-n..u,..._.., ree 0.0, 88) 7 ____.._. s
[cerined or &7 7 datin |1e ~ 17367428 r T
pailyNinfivind

[y imrr——

2 TALFPED -« -cu..u l'w.-crw_Lr 1
OPTSTE *a-32,.§° tAaCH 1l

—_—— i

' . - { e
COEFFICIENTS OF UTILIZATION - i DRSS

ZONAL-FACTOR INTERFLECTANCE METHOD BACK VIEW
oM (173 WE g w ;n =
" 7 % . L Iy
wale© ST Nz MR Wm 9m MG M #x r— 13w I‘,‘
J o4 27 23 25 21 27 .13 15 . ‘ S : ».
1o A 2 @ o3 2w J0 27 o - A T ‘*”:’."-’-‘ ,ﬁ
x W 10 39 34 33 1 97 03 4 30 ) A e ruaveeD . Cpanme _a—
B G 125 44 38 39 35 M1 37 A7 34 [ -
i ' i - o ! :I
£ E 20 . - 13" |
8 D 2.5  Corridor lighting vAil. These room jadexes ore ! |3i’n
® € 3.0 not gensrolly found in oreas wiing this Lypa uhil. -__ ---------
‘ B 40 No. 0200 extension ring for No. C-824 lumingire when
A 30 surface type wiring is required.
CATALOG DATA
Maximum Dimensjons in Inches .
’ Spacing ‘ " Net Wgt.
Cat. No. Lamps - Ratio Length Width Depth Lbs. Each
C-824 1- 150 W. (A23) Inc. 1.5 1344 934 6 15
C-824-2 2-75 W, Inc, 1.5 1344 . Sta 6 6y
0900 Extension Ring for Surluce Wiring, . : 215

Unit iz wired,
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Copyright 1962 by Helophane Company, Ing. ‘ Printed in U.5.A, IM=1.9 44
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'F-798 VERTICAL SURFACE LlGHTlNG_ UNIT
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CATALOG DATA
Dimensions in Inthes
. Roughing Box Faca Plote Fromed Opening Nat Wgt.
Cat, No. Lomps Lengih Widih Depth Length Width Langth widih Lbs. Each
5798 1150 W. lnc. 1n nn 6% T T 1 12% 1% 7
Ploster Flonge No. 0251 for F-798 ond No. 01097 — 4 Flexible Conduit/Connegtors availoble on separote order,
Unity are not wired, "
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VEF!TICAL_ SURFACE F'L.LJDI-‘-%ESCENT SD"I SERIES
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ceiling construction. Exterior parts are finished in pear!
gray enamel to blend with adjacent ceiling construction.
Prismatic coNTROLENS® are perihanent in their light
confrolling propertics. They require merely routine
washing to restore initial efficiency and are removed
simply by tipping and tilting for easy relamping of

luminaire.
"PHOTOMETRIC TEST REPORT - ey
MIUGEHANE COMPANTY, INC P T el
| B | S \:-:-’

Vertical surface lighting requires specific dis;tributions
of light to assure maximum useful illumination and a
minimum amount of light cast backward toward the eves
of the viewer. These HHolophane products accomplish
these results by prismaltic lens action. They are available
in either ‘single or double width wvnits, depending upon
the level of illumination desired.

% lew Deisnge }i Feet
Tow Coll b (.

These units are completely recessed so that they virtu- -
ally disappear from view. Housings and trim_are of
heavy gauge steel reinforced to assure rigidity and ac-
curate alignment in conlmuous runs. The units can be

mounted end to end without unsightly metal mullions. ’ ' . - &7
. -l L. _Jtml.c by [y

——— i e 4
‘IOmtere-hu FERL T

i )

| Vemed by Chb

et e e

A universal voke is provided which has a reversible - — 3 T e
bracket grip and conveniently located knock-outs. This - | Heievise So. soie: I...... 20868 4 oL |
assures flexibility for installation in ali varieties of hung Underwriters Inspected Recessed Fixture Label
r_-h“ o "I'_'__'- TrTT T *_:— Tmrmm T Damensmns m Inches e
: b __ Recessed Portion ‘FaceFlange =’ ! Net wgt, :
o GotNo [ lamps [ teogh [ width - Depth | Lenglh " Width "1 Lbs.Each
14 T T A T Taen T w T 3 T
:0114 ! ' 1.40 W. FL Rap. St ! oy .8 i ok o 8% 34
Agd. Sect. 1-100 W. Inc. : 48 6% 5 ! 48 BlY4 a0
arem— .._4 _...._..._. ——emma - - e : . -3% ——— T.-E. :!.'_.._.... - .!. e
; 22:24 ! 2.40W. 1. Rap. St. | e : 5 ; 9u 14% 454
" Add. Sect, + 1100W-Inc. L 14% ¢ 3w

* Units require 81" recessing deplth where standard brachets are used. . :
Calalog designatrons end in 3 numbes that gives the nominal lengih of the complete uait in feet. Thus 9012.16 cousists of one 50124
plus threr added scclhions and hat an over-all lengin of 16 feet ‘v inches. Units are futed and wired. Standard voitage 110 v, to 125 v,

Specily when other volugu are rcquired, Plaster llm;u ars not furmished with lhnc unis,
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238 mm.

ESPECIFICACIONES

T ‘Este luminario es del tipo arbotante,
estd diseiiado pora instalarse con

; "amparas de 75, 100 y 150 Watts,

_La parte metélica esta hecha de
aluminio fundido.

El refractor No, 4203 estdformado
- pordos-piezasde cristal transparente,
. cuyos prismas se combinan para pro-
porcionar una iluminacién del tipo
super extensivo. '

Este lumincrio esta disefiado porauso
. o la intemperie.

Corte transversal del arbotante No, 415

Espaciamiento maximo entre unida-
con dimensiones en mm.

des para obfener una iluminacién
uniforme sobre el piso: & veces la

altura de montaje que se tenga sobre . , -
‘dicho piso. ' ' : - E
PHOTOMETRIC TEST REPORT Ot ao _ 1]
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LIGHT and COLOR

color with phyaical objects tha are
Ao thedr surronsdines, sach s beag-
haedd leaves i wumin. or with the pice
hrushoas he stiempts 1o reerente these
\'1.,N~~iw:1>. But in addition o colored Tl

i .':*\l'\.nuth vt overall visund I'Hi):‘t'hri:\:l.- of the kv oo

:i:".:f !':‘n'.r.

Dl 06N an

o colar alan
ek eacilenet

consct, fireviorks oo sumoner night. the afierd
thoveh, i often conddered

Color an desic
part of textures v swrlices - wadbl conpes,

cie. Color alo s viewed as the mianaible.
et of calored hihis, :

A

destcners have o odong adkinion in the o
- o tradition that reachies back 1o the
mixiures uscd to color the wails of
accustarned (o thinking of cu‘o' 1 ihis
Hivota manipulate color by coniraiiing the
wacterisiics of licht sources is a relatively recent develoy
ment - and this eften s more dfficult o comprehend and
ﬁlnl}l'(‘fi(:u'. '

ciaves. So people
sense. Bus the st
1

As evplained throuchiout this book. color i+ not o propenty
that iv o phesical part of the things we see - color i simply
the offccts of light waves houncing off or passing through
various ¢hjects. The color of o given object. then. i deter
mined by several things: the charactensies of the hight source
under which it is viewed: and the wav the oh.](n:( absort hs.

transmits, or reflects the hght waves siriking i1 Sometimes the.

cffects of surroundings on the mind is a determining celor
factor. and. of course. the physical condition of the viewer's
eves are another important determining factor. However, osly
those light waves entering the eve from the object are iech-
nicallv responsible for what “color™ 18 “"seen.”

Colors associated with objects can be chaneed in many wave -
by changing the U source {such as from incandescent o
tuorescent lampsi. by adcing lighi filiers (such a wearing sun
classest. as well as by aliering the makeuys of the ehject nself,
For example. 1o clw-nt'c an automabile color from red 10 blue,
a differemn paint pizment is used - one that will refiect blue
light waves while absorbine other ¢olors of haht waves, But
colors can be changed by dights. wo. Il vou have ever seen
red car porked under a’elear mercury street famp at night
vou will hove noticed that the car wae cinily mibsinken for
brown in color. for the clear mereury bamp. while very power-
ful in producing light, i pracucalh devoid of red energy
therefore. there were few red Heght woves avasichie 1o reach
the eve,

Since lght and color are such integral parts of our cvervday
lives, the lamp design engineer s faced not only with dmg:l
ing lamps 10 gve ||L'ht 1o see by, but more amportanidy. he
must design tamps, which simuliancously appear white and
render nawurailv the color appearance of familiar objects.
Bv explaining the fundamental principies of licht und color.
anc how thev are manipulated for practical appllc.mon in
schools. business. industrv. and the home. it is hoped that
somie of the mysienny and misunderstanding of this fascinating
science mayv be removed.

Lo



THE NATURE OF LIGHT
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hocause it
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oo o speoind

alome e stiumubiee the two tvpes of receptons with-

Plecironnaencue energy b only one forms of enerey
kicwn todav, (hher fornd are thermal, ok
hinvoe. aomic. clecinent, cie. Eleciromas
erev ax alse referred o s radint cneroy becsuse 1t
exists onhy i othe form of repeating wasve patterm
ravelinge in ostraight pathss as ravs i all dircciens

froom it source. No light being o specind forny of
ed Tviable rndinm

radicent energy. abo s o
cnergy. :
:
Considering that energy cannot be destroved -
onlv changed from one form 1o another. and con-
sidering the phyvsislorica!l composition and functions
of the eve. we can now undertand that light s
iransformed from electrical encrey 1o radiant elec-
tromagneuc enerey within a light source. travels in
a high-speed. high- frequency wave form. and be-
comes uscful 10 man when a suficieni amount of
it ts transformed into chemical encrayv within the
receptors of the eve,

There is @ very b"md spectrum of radiantg,
clectromagnetic encrv, of which light is but one
Narros b nd. All radiant encrey travels at the speed
of 3x10% meters per second £ 18600 mllcr- per sec
ondi in alr or in a vacvum. At one end of the
specirum are cosmyic rave. and at the opposiie end
are elecirical power waves. The individual tvpes of
encrgy arc identificd by their partcular
ranges of frequencies. or number of wave cveles per

radiant

second. The average wavelength of the shortest
N "

* Bsr tne Fleztenmazost: Wage Theou and tne QuantuT Traics rae Lee- 03
L6 ernianatins o the pRenamensn of 13z a%t enei. WhHE 32
e 1c gate the Electoamaznen: waoe Tresr, proodes tre gt
- ot ragant enecgy Tmacariensuy

in the eve which permit vision. Therelore. we call
lohe “wvisibic evneey,” even though we cannot see

the energy nsell

cvcles of radiam encrey known (cosinic ravs) i
Lo ] omewers. (One inch  containg abow
254 mill nanoinciers. A nanomeier s one
thousandh-millionth of a meter) At ithe other end
of 1“:(- known spectruns of eleciromagncuc radiatien
arc clecinie power waves — with an average wave-
length of almost 3 million meters (3100 milesy.

The specirum of radiamt energy waves we call
licht is very narrow. ranging from approsimatelv
38U nanometers TG0 nanomceiers™ for from 15
to 30 millionths of an inch). Wavelengihs shorier
or longer than these de not stimulate the recepiors
in the eve. Bevond this range is darkness. for. while
the eve mav be exposed 10 many other wavelengths
of radiam encrgy. thev are not c‘xp.nblc of miuating
responses in ihe eve,

. -~ s !
-~ -

The sun - and electric lamps. are considered light
sources because they transform energy from another
form into the radiant energy wavelengihs which we
call lighi. Bul these light sources also emit useful
energv at wavelengths both shorter and longer than
lighlu waves. Uliraviolet encrgyv - valuable lor i
germ-killing. suntanning. and photochemica!l prop-
erties. has wavelengths shorter than light waves:
and infrared energy waves {(often referred 1o as
heat ravs) are longer than light waves. All radiant
encrgv. when absorbed. can be transformed into
heat.

“¢ Some aulhonlies extend the wisible 1o T80 nanamaters Tre eftesy o- senig of
iNese IONZE: wave eAJIng 1§ very ¢lose 1z retc

" -1. R o) "
]
-



“ithe prismoas 0 Lbend shorier wav e

wing radiant enermy relarively
ible wavewngihs will appear
white w0 lhc eve. However. passing a narrow beam
white light through a prism of transarent mate-
b owall sp'cad and separate the individual wave
lenigths of visthie energv so that ‘the eve can dis
tinguish beiween them - the resultis i visual phe-
somenon is called a cotor spectrum. The normal
eve will sce three wide bands of blended color -
violet, green. and red. with several narrower bands
iblue. vellow. and orange) blended between the
wider bands. The “color blind™™ eve will see only

Bepreseniaton of 8 prismbending
rays of write banht. The effect of

iengins more .na'w longer wave-
igerngins — segaraling them inig
d.etndtly IC":'T::!'raDEE bands of
CoiDr. Trhe Loio's can he recom-
& DE3T of whitg hghe
Iy grenung a properly
EIZNI DORST L0 iniers
Gispersed coror hignt
t

[ S
inoe

o

=R hat the pnism also s
[51 separan.ng inirared and
[T rave 35 weli as visible

e

S - PP TP N

500

VISIBLE SPECTRUM

cracuntons of grav. or perhaps somie of the colors
and some grav - depending upon the exient of
phvsiological impairmen: of the cve

A L designer 18 more concerned with the cause
of these waveie: neths than he & with the names we

have given them. Hosever. it is vitally mporuat
that he know that wavelengzths longer than 61

aanometers produce that effect we call “red” — and
those betveen 440 and 300 nunometers are called
Thlue.” and so on, in order w0 conirol both the
appesrance of lighi sources  themselves and the
clicets ticht sources have on the appearance of
colarsin objects around us.

1NFRAF-!‘£B

" 600 700 1000

WAVELENGTH (Nanometers)




THE NATURE OF COLOR
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Csior™ G o e which describes ane et o af
viathie radiant oneroy reaciang e ove froms higha
bome deiined s

:
soecncr s aned objects nnbai

o rievheinesn froen e wres niind b clerey ot

aoowoavelonziie o sueh d dhLoF hinbtam e

almiost cahiowiabl o nunther -
Cealers

Tinines T or

Lailolis, art

o there hding sty
desoribie the various

Yisrhile ClIvrgy,

aes much more enerey ai

. \
avoother, and oo cotored

\u"l- LSO .:\'.';_
o nul FeeCs O Lt some \".‘.\'L‘n:h‘-_:‘.hr HIEY
Wt otherss o cither case. thore s an
Voo e proing w ere
inoihie X

i ran nnhabanco, oocasing

\ \ .
sorne woavelrneths aciunilv sre nussds

that reaches the eve,
andd g : chiracteristies, The
tersues refler 1o mformiauon on

A present. while ihe qu:-,'.un;:li\'c

bt yhei!

: creristies vefer 10 b mgedh en
ek owavelonsin The gualiaive chuumvx-uo are
aospestication of e, and are wrmed de-
The quanuiative char-
aClerisiie s 0 -p(\..l\..:=u'1 of demance - lormerly

}”'('\L“.‘II e

. . . ! ; NE] H
gatl Soaleone! ndd /Jr.".""..

calicd phoimmetrie brighiness.

Dronanant waveleneth s the waveleneihi or color.
which gufears 0 be most abundant. However, st
nevd e e the wavelh ‘.f_';'n which is actec/h the
strongest dn ety ritheueh both wivelengids
are ustadv veny near e cach oifier,

be described e the pocesiaze of color
o white Inaby Color.

;
To demonsrate thae color  the reult of an
' of viibie radiant energy. consider iwo
L‘lw Lum‘ objects \~‘}..c} both reflect half of the
ik from o perfecty balanced white light source.
One refieeis bz of th eaergy at all wavelengthe of
the visible speetium - it appears gray and produces
neculor sensation, because aff wavelengthy are siill
l:m'l“hf-onl\. hall as intense. The other
ohpeet retecis all. "lhl. enereyv i Act of the spee-
the .shoru'r wavelengehs, from 380
romeiers 1o 3T nanometers - but me energy in
the other hall of the spectram. This object will
pronfuce o strong color npression - blues at only
a scecondary sensaiion that ondy hall of the lighn
source caerey i heing reflected, S0 it s apparen
tuit color is ned o result of iy changes in volume
of el vadiant enerev, but by o result of cnergy
deficiencies at individual wavelengths,

HETERES S 4

U = s av,

we ser that color e -

Anoexirome case of nnbalince of Lishit waves
voondd hooeo g duntion whicrein only o
waveiongth gl visible cnereys s present

The eolor perccived would beoof the pures: gualny

color. o

st odher wivelencihs of eoerey colossi are

poesent o dilute s puras

[

X

. e
T N

1o now apparent thiat without Leby there can he
for colors are simply other nuines 1w
various mintures of clectromiagik tic
V- owilg ! exists ondv in the wansiont stawe of
ion., And sinee codors are deseripuons of dy-
natnic. or moving. phesoniena, they cannot also be
phvsical praperties of stationary objects. What, the
are cobers in objects?

ne  colors.
describe the

Colors we see in objects are, sull the result of
waves of radinng energy that reach the eve - bu
aieer they have heen meddficd inmany wavs hy cach
chiect.

Al physical objects have o modilving effeet on
licin waves - reducing both the amount of energy
and the wpes of light waves which reach the eve
from the heht source. Even the pariicles in the
carth’s atmaosphere fiiter the sun’s radiaton before
it reaches our eves - which i a pd.u..i explanation
for changes in the colors of the skv and clouds at
SUnCL.
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EXAMPLE OF SELECTIVE SPECTRAL TRANSMISSION
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EXAMPLE OF SELECTIVE SPECTRAL REFLECTANCE

DIFFUSE
SANDETONE




RACHASI TR RN SRS

cin ainorto ol wovelengibs

Baoam pnesing throue

W

. t
aLECIN g

Just how miueh the cotor and inenine of the
soited Bebio s modificd depends on the
of the maierials through which

For some colored

wanied waveicngths

iovs and tronsmin the desired wavelengihs, in
oiher cosens e glass o medium iself is colored 1o
actuove e snc
heht s evenlv plaved on 2 diffuse jun-
the effeer dsoth
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Al o othoraise nualiny
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Sppears Tvehion T hiecouse e abserhs hlue i

As shown i the refBec

refiects o bueh percentige of ail other colors, 7l
resuliant combination. or dominant waveleneih,
vellow, Simlarly, lettuce reficets

tengihs primarile in the 30 10 6N naacemeter
fereent range and absorbs most of the enerov m
other wavelrngths, A tomaio. then, i red ooy
because it reflects radiant energy a0 o TR0
nanometers while absorbing most of
other wineleng:hs, v

et werth waves

the enerey ut

But just oy bmporiani o the apparens coler of
objecis 13 the characier of i :
Cdiated onto the objucis by the

PERCENT REFLECTANCE

I - ]
630 760

WAVELENGTH (Nanometers)

-
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Colored Bichr sources emit energy in solective whve
leneih bonds, and white” lighy seuwrces generaily
woenerey at ol visible waseloneths, B sasie
actrd!yoare deliciem roenerey e
Vot Wi clengths .1.1d M enm \\h His consideris!
Culnie’ bt caee choris Fhis defidienoy
[ H U.i‘|('t\' coturs .v.(llnI T¢I

oo e

Hacen

abiecis the
chitton- and

oo

colur i rences. wraving some colors

wihithe ancrensime e relative vividioess of others.

Phere are Uwarm’ o sources such s ol inennde
cont and some fluereseent Tenps. These produce
white hela i tends 1o be strone i the red.
oranee. or veHow  soavdengite. Converselv, there
are eool T sourees such as clear mere ury Lulur and
oilier fluoreseent sonrees which praduce \\hm hehit
thin s stvong it biue and green. Lichune a surface
altestiotehe with and ool lamps. then. will
produce an apparent change an the perecived color
of thar surface, despite the fact that i both cases.
so-chitled whitte sources are usecl
})!'U.’l(‘\l'l(‘k'(l if the changes are rapid. and the ob-
server” dees not have tme 1o adapt w the difierence
oW hiteness.

warth

This effect is most

DELUXE
. COOL WHITE

RELATIVE ENERGY

S A

: 5.—

Some light sourees. of course. are deliberately
mueic with onlv one coior predominan. o achirve
aospecifically desired ¢lfeet. For example, 4f a wail
that appears white under oowhite Light is lighaed
with o licht source that i predominanty red. she
widl will aprer o be red bechuse ol red waves
fongihe of visible (‘m‘:‘f.:}‘

are prestad (o be refiecicod
[rotn the wall toward the observer H othe same
white wall iy lighted with green icht the swall will
appear grwn,

eve.

As we have seen with the tomato example. helhn-
mg o ored surface with a “whie™ light source will
make the surface.appear red - hecause enly red
wavelengihs of ‘.ighl are reflected toward the obe.
server’s eve oL all other wavelengihs are absorbed.
However, il the same tomato i lighted with a green
light. 1t will appear much darker and essentinliv
colorless (brownish grav} because there s lwie ed
energy in the green fght w0 b reflecred. The
important point s that regardless of the character-
istics of a surface finsh. the eve cannot sec colary
from 1t that are not contained in the source of
tlumination.

FLUORESCENT—___ |

500

WAVELENGTH (Nanometers)

THE

Up to this point we have reated. color in the
vernacular of the illuminating engincer or physi-
cist. The definition given was: “"Color'™ is a term
which describes an imbalance of visible radiam
energy reaching the eve from light sources and
objects. And this definition & 1rue - as far as it
goos. But comsider this definition - Color™ 15 a
concept or human  interpretation of the neural

PSYCHOLOGY OF COLOR

impulses transmitted to the brain from the normal
eve when it is stimulated by varnious imbalances of
visible radiant energy. This laner definition 15 not
more true - it is just more complete - because it
encompasses all three sciences involved: physics.
physiology. and psychology. Paraphrased. color is a
concept resulting from the interaction of light source.
obhject. eve, and brain.




COLOR PERCEFPTION

L hz__pmcn\_.l.u mechininime h\f\'\inLh—Ill(—!’lLl‘.H
Cperceves T colors e any other conccpt s oo
ver fully defined. bur scienee and echnolooy e
hieing C(mi'?".'.:nﬂ_\‘ advanced wvard thetr ondl Pors
hopes zomeday we wild tand hom we tinnk -
ColorT - bt for Ve om0l owWe are conored
withy whot 1 plready esalibshied knowledur 1 the
: |

don demonstrates tthat the
more camphie defintion of color oy aoconcep s
accursie when woo comadder that color does not
enist indepondent of pormaell coler vision. s pres
viously i the oty color-blind person
b(:'.n'wr. various o elarihe of
g nwuirh hetween varions
light. To him there & no “coior -
evervihing s cither black or whitie or shades of
grive in broween. Most ‘:;;n@x'lhﬂt is the {act thm
the phyvsical hehi waves recoived by b o color-
blind person - and by a 'it.\Ul\'-llh nora color
vision. are not changed by the emdinen of the
receptors in the cves of cither person. Onlv the
cooepd :pcrc(-p:iun or interpretationd of what s seen
by wach pursor i3 changed. Therefore, red. or any
otiser color, is exchuively the menial i roull
ing from: the brain'c interpraiation of speciat visual
stimuli. : .

COLOR ASSOCIATIONS

Now that we have broucht color into the realm of
the abstract concept. it iminediately becomes @ part
of what we think ahout (\CI}{hhlg else - objects,
situmsions, atutucdes. moods. environmental condi-
vons. ete. Color » uncomsciously assimilated 1nto
all our snpreions or concepls broause our eves are
constantly supplving our hl.n!‘. with color infor-
mation wihuch & automatcadly associated with all
otier mformation on any given subject or sttuation,

Perhaps mere than anv other single clement in
desivn. pronle’s reaciions 1o color affect their indi-
vidual proferences. Buil seme color reactions are
universal, Certain colors. for example. arce’ associ-
ated swith certain moodds. Reds. oranges, and vel-
lows. are generally aceeprted  as stimulating while
bLluc. blue-vieler, and violet are considered the
leust exciiing.

People’s reactions 10 the colors associnied with
materiale do not alwovs correspond 1o thuir re
actions” to the same colors associzted with light,
As a demonstration. the green in foliage i gen-
vrally accepled as refreshing. cool. and undisturb-
mg. so people have come 1o think of trees and
shrubs as somewhat neutral or quicscent in effect:
hence, green background materials in man-made
objects are psvehologically restful. But green in a
light source is unnatural: and used alone. 1ends to
produce a macabre or sinister effect.

PR ¥ O LS TP ppra—
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importmt. there 14 strong uncanscious proference
for white hehit sources which are nich i ved lighs
those Lanps help epart a healihy, ruddy or tanned
: fAatier the compliessan,
wcations that o u‘op'l sprefer warm
areis where lower fevels of huminavdon are
i'l\'o'\‘(-ci. while coo! light seems to be more sccept
able for hicher lovels,

viesston of the Jhin and

Al are n

Where stronger. more saturated  colors are in-
volved., people generallyv agree that warm colon
HIA B T I advance. while cool colurs recede fnd
help support @ feching of spaciousness. In o more
~Ul>\|{ sense. chanees i the color of lieht appear o
mier the moods of 4 space - the bnpressions asio-
ciated with warn sunhizht and cool shadows, the
pinks and purples of a sunset the sinulur resiful
quatities of the tierior of a cathedral where hohin s
unied by siained ¢lass windows: the caudv. over
simulniing cffects of rapidly moving. “colored car-
nival hehis, PL'O'}!C‘ invariably feel the psvecholociceal
Iiﬂ})d[‘i of light and color without ever realizing that
thev do - or cven analvzing the reasons for assoct-
aung colers with moods

s red' ... ... . No t's dark! . . ..
“lis not - |t s bright redl Nope - medium darkl '

Color 1s A Concept That Does Not Exist Inde-
pendent Of Normal Color Vision.

i 4

rope ;-:up]w::r;mrt'mn.ﬁ;n'npl(--—i-Z"



COLOR VISION ' P -

EYE FUNCTIONS

The dingram below briefly summarizes the tngree There are muenv theories to explain the phenomenon
dicizsin the process of secing livht and color. As of color vision. The most casilv undersiood s
wo hive seenan the preceding pages, 36y o ocome Young's three-component theory which  assumes
e provess danvelving phvsies. paecholooy, eneis three kinds of light sensitive elements tconesy - each
neerizn photomeiry, eies - and pow we come o0 receptive 1o one of the primary colors of Light - an

the v el - IITIONS extresie specirum red. an extremic specirum violet

SEEING LIGHT AND COLOR :

GENERATORS — MODIFIERS AND RETRANSMITTERS RECEIVERS — DECODER —
TRANSMITTERS ENCODERS INTERPRETER
{LIGHT SOURCES) ' (SECONDARY LIGHT SOURCES) CEYES) {BRAIN}
A T A T T r G i e e T e R

iF‘l. N ) |. y V - - - l

-

P

s

L..;audn..,’

SUN. DISCHARGE LAMPS, ATMOSPHERE, AIR, WATER, PLANETS. LENSES. " CORNEA. © ANALYSIS.
FLUCRESCENT LAMPS, WINDOWS, TREES — ALL NATURAL QR IRIS. LENS. IDENTIFICATION A
INCENDESCENT LAMPS, MAN TICTURED OSJECTS WHICH MODIFY RODS & CONES. ASSOCIATION

GPEN FLOMEIS. £7C. LIG‘-: wAVES BEFORE THEY REACH THE EYE. OPTIC NERVES PERCEPTION

HOW THE EYE WORKS

tigni waves enter the eye thiough the CILIARY SUPERIOR
cornez whien rougnly tocuses e . MUSCLE - RECTL:‘: Mdsc\_g,
potern of waves on the foveal pu AN — i GA;EGL';.IS()N SYNAPSES CONES

inoothe retina. The waves are fime-

'G.::. se7 as they pass through the lens. UG- d " ey : e;."}—r-——crx-\-;@
The iy %\ —_—r

s 31s as a3 .dlaphragm which
€:33035 0 contractsiike pupit iopen.

NG N the s 1o the: lensl controling ' CLEN ) .

tre amount of hght hat is permitted  CORNEA --' | [ ¥ ) e W
g enter the eye. ‘ . =SS OPTIC \_@%‘2’:—_—%)%@3

- . ' ' S S g

The rods and cones are the ultimate : ERVE - RODS

recevers for indwidual parts of the / SYNAPSES

image. They transform the recewed. ~ LD -~ ; INFERIQOR

optcal ymage pattern  from  ragaant _RE(’:LUiEU?CLE > —e—————

gnergy ' into chemical energy which = .

energizes mitiions of nerve endings. . A v —-—c"——w

The opucal pattern then pecomes a N e

series of electrical impulses traveling . VERTICAL CROSS SECTION \ oPTIC NFRVE! Gt

wilhin a very special group of nerves OF THE EYE ' FIBERS BIPOLAR CELLS

wWhneCh connect to he oplic nerve. The
opuc nerves trom both eyes! combine
ang transmit the selective impulses
" tothe Drawn where they are interpreted.
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COLOK DEFICIERCIES ?'_

-r

in cxch eve munber abaur aeven
marily inothe centeal

ey are locaied s

ihe reding calivd the fover ond are
hich asiive 10 color Teople can resobve fine
detatls with these cones argely because caeh one

own nerve end. Mauscies con
ave rotaie the evebs

of

bunut ihe
our iuierest falls o the
i+ Known as photopic or

d recepiors. calied rods. are aso pres

o deushy dmpaired — aniv the rods
This poerson’s cves are onde sonsitive
ool liche, Ns o real Hicha
appeat o Uhnghier or dimmen” ang obe
Jects Gppcne o U hohter or davken

~OLECes

A tolly eolor-blind pemon hes full appreciaton
his surroundings - bul in vaiues of wavs, much
as @ person wiih normal coior vision hos el oo
preciziion of a color TV pragram which b viewed
on st black and white TV se ‘

of

!
. EiUE GREEN RED
FI{EFIQR RECEPTOR RECEPTOR
.
2
__—,, Relanve speciial res.
= ponse funchion of ne
- COne mechanrisms as
v . .
Dostuialed in Young s
B theory Absoluie sen
- sinvties of the three
< eceDlor peaks are
= ngt necessartly egual
WAVELENGTH (Nanometers) .

ent in the ¢ve - but they are not involved in The most prominent type of color deficieney s

coler wvision. Rod: serve 1o give a gencral. overall
picture of the fivid of view, and are receptive only
o the quanmiiny of light waves entering the eve.
Several rods are connecied to a single nenve end:
thus thev cannot resoive fine detail. Rods are
senstitve 1o low levels of tHuminaton and cnable
th- eve Lo sec at might or under exiremely low
fohi 'm, condiiions. Therefore. obiects which appear
brightly colored 1n davlight when scen by the
color-sensitive cones appear only as colorless forms
by mocniicht because onlv the rods are stimulated.
Thisis known as scotopic or night vision.

DAY-NIGHT VISION

As the adjacent spectral sensitivity curves show, the
eve 15 not equally sensitive 1o all wavelengths, In
dim ligin partcularlv. there is a definiie shilt in
the apparent brighiness of different colors. This was
discovered by Johannes von Purkinje, While walking
in the fields at dawn one dayv. von Purkinje ob-
served that blue flowers appeared brighter than red.
while in {ull davlicht the red flowers were brighter
than the blue. This is now called the Purkinje
effect and is particularly important in photometry -
the measurement of light.

known as Deuteranomaly - or red-green blindness,
wherein the person seus vellows and blues normatia
but has trouble dif fu’g.umwr‘ reds and greens. ()nn
about five percent of the male pn,)ul.'uo has this
deficiency. and only 038 percent of the femates
An even smaller sumber of prople - (L3 pereem
males and 0102 pereent females, are wotally color
blind.

15 -
i)
L]
'
> - - 0
— wigmT ) \ Bav
3 (seeTeRc, | Y (PHEIOPIC)
- RGO 1 oMt
— 6 vision ' VISIOh
_— - 3 A
w -7 H [
e AT
N ! \
' H
L;’ 40 - ; \
= L
.5 i \
! %
d an H 1
PRi +
= / . 3
/
b’ Mva
0- -
00 - 500 ) 100

WAVELENGTH (Nancmeters)

tolos-lind ™ person Connnl (it
and quianitity beeause the comes sre



e TN T S

VISUAL ILLUSIONS - /0~

“Now vou sce it —now vou don't.” The old ma- lighting. at different distances. To get the sirongest
gician’s line about sleivht-of-hand tricks is perhaps visual reactions, cover all other illustrations on the
more applicable to tricks our ever play on us with pages when studving each illusion.

colors —in  different  arrangements.  under different

COLOR RECERPTION DEFMIENTIES, Non-tunc-
Lonming Cones in tne eves of 1ow'hy color
phnc persoas result in rod wision only -
whereby evervihing s perceived In Dlacks,
g-avs, and whites Inght hail of illustration
insteac of in coiors ileft kalf of illvstrangn).
The wvalues n the graws of the illusiraton
maizn the combmes chioma and valuss «n
the colors.

CHAMELEON EFFECT. Colors of medium value

I . i ; ‘ and chroma will appear to ¢hange in the
S N 7 direction of lighter, brighter colors - or darker,
. R duller colors surrounding it. The blue bars in
. : ' f this illustration are all printed with exactly
T/ the same color of ink - but they appear
) f lighter next o yetiow,- and darker nexi to
black. .

DISLPPEARING SPOTS. Stare at the color
piocks and ganiing spols will appear where
the corners meet. But try 10 look a1 one of
the spots and 11 fades away. Wnat shape are
the spots? Squares, cicles, four-pointedstars?

-

DAY-NIGHT VISION Under good lighting con-
ditions the reg flower will appear brighter than
the blue. If viewed for five to ten minutes in
very dim light though, the red flower will ai-
most disappear while the blue flower will
stand out as a light gray. (Look one or ™wo
inches asige from the blue flower to see it
more clearly since the roas {used for scotopic,
o1 night vision) in the eye are Most NuMercus
in the retina just outside the foveal pit.}
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ADVANCING AND RECEDING COLORS. Warm
colors and hght gravs apoear 1o agvance
toward the eye while coot colors ang aark

‘ gravs appear 1o rezede. Since this phenome-

non 1s reigied 10 cay-mghi vision, both ovals
in thes allusiration will appear as moungds wnen
viewed for 5 10 10 minutes 'n very dim lignt.

, COAPLEMENTARY AFTERIMAGE. To see red

znc wntis freworke in 3 biue-viglel sky.
s 3r2 for 30 seconas & the Black dot jus:

Delo 1€~ fher iL0w gl (ne DI3CK 4ot
T iz soace beiow. Frolongec con-
Cenirglion ¢n any Coinrs will reduce eye sen-

s ity 10 them, angd the reverse ©f comple-
meniany,  colors. remaining wraffecied, will
comonate tne afienmage for 2 brief penod
unt:l Datance 15 restorec.




COLORIMETRY

Colorimetry is the science of mensuring and svsiem:
aticallv cdedionaung celors. It s an amportant sci-
ence. since precise svsiems of color measuremient
are reguired o identifve duplicaie. and standurdize
the thousands of colom in use todav - and many
uselul svstems have been sel up o organize and
specify these colors. But before anv of the svsiems
can be deseribed. 1t s essential 1o undersiand the
relationshin which exisis between the primary colors
of hght and the primary colors of pigments.

PRIMARY AND SECOGNDALRY COLORS

The primary colors of licht ired. green and blue!
can be added to produce the secondary colors of
light - magenta {red plus bluey, evan (green plus
bluey, and vellow ired plus greenis Thus. the colors
of light arc called “additve.” A secondary color of
light muxed in the right proportions with s oppo-
site primary will produce white licht. For example.
a mixtare of vellew and blue light will result in
white lLight. Thus. vellow and blue are complemen-
tary colors of light - as are cvan and red. and
magenta and green.

b4 ¢

PRIMARY AND SECONDARY COLORS

s

OF T AND PIGMENT

/2 -

In pigments or coloramts. however. a primary
color i» defined as one that subuacis or ahsorbs a
primary color of hght and reflects or transmits the
oibier two. So the priimary colors in pigments {some-
times calied subiractive primaries] arc magenta,
cvan. and yellow - the secondary colors of hight,

This subtractive nawre of pigments is easily
demonstrated by placing magenta. cvan, and vel-
low pigment filters over a source of white bLght
fsce adjaceatr illustration). Each of the pigment
filters absorbs or subtracts one of the primary
colors from the fight. Where two filters overlap. onc
of the primaries of light & transminted. For ex.
ample. the vellow filier absorbs blue (transmitting
red and green} and the magenia filter absorbs
green {transmitiing red and blue). Together. the
filters wransmit only red - having. in effect. sub-
tracted the other two primary colors {rom the
white light. Where the three pigment {ilters are
superimposed at the center. all light is absorbed.
Complementary pigment colors are the same as
those in light - vellow and blue. cyvan and red.
magenia and green.

Color television recepiion is an example of the
“addiuve” nature of light colors. On the interior
face of the piciure tube is applied approximately
10G.0MK) triangular dot patterns of electron-sensitive
phosphors - each wriad consisting of one phosphor
dot ecach that will radiate red light. blue light, and
green light. respectively. In operation. all red-
emitting phosphor dots in all triads are stuimulated
by electron pulses from an eleciron gun nside the
picwure tube which generates “'red’” pulses corres.
ponding to “red” encrgv seen by the TV camera,
Biue and green electron guns inside the picture
tube stimulate the blue and green triad phosphors
in the same manner.

The effect. viewed on the home color TV re.
ceiver. 15 that the three primary colors [rom the
phosphors are “"added” togeiher and received by
the color sensitive cones in the eve. and a full
color image s perceived. Thirty successive tmage
changes per second - in all three colors. complete
the.motion illusion in color television.

THE COLOR TRIANGLE

Although black and white pigments are not con-
sidered true colors. their addition to colored pig-
ments produce tints. shades, and tones. The ad-
jacent diagram illustrates the triangular relation.
ship involved here - thai adding black to a pig-
ment color produces a shade. whereas adding white
produces a tint. When gray (a mixture of black
and white pigments) is added to a2 color pigment.
a tone is produced.



OSTYALD COLOR SYSTEM

Stmilar in arrangement 1o the Color Triangie is she
Ostwald Color Svetem which arranges lettered color

purity.  whiteness, and blackness {adjacent chart
prinwed with permission of Container Corporation
of America). The purest colors {or hues) contain no
white or black piginents. The system as originally
published divided the spectrum of colors into 24
binsic numbered hues with 28 variaiions of each in
Hightness or darkness (tints. shades. and tones).

MUNSELL COLOR SYSTEM

The Munsell systemn of color notation s based en a
theoretical selid form - much like an irregular
giohe. The vertical axis is graduazied into nine
shudes of grav - with black at the bouem as zero.
and white at the top as ten (sec adjacent ilus-
tration. prinied with permission of the Munsell
Color Company). The colors of the specirum Tare
divided into 20 basic hues which are represented
as verucal pie sccuons of the solid with ther purest
colors located around the perimeter. or eguator.
The Munsell svsiem also uses a set of coded.
standardized color chips for each color. Variables
in the Munsell svstem are hue, value. and chroma,

Hue is 1the classification of a color by which the
eve sees it as red, blue, green. vellow. etc. A
Munsell hue s designated by a single letier - R for
red, G jor Green. or pairs ol letters. such as YG.
for vellow-green.

“OLOR

I'alue (similar to the grav scale in the Ostwald
Svsiem) indicates lightness or darkness of a color on
a scale ranging from 0 for black to 10 for white.
Thus. a color can be dark or light red. indicating a
posiion in a tlight-to-dark scale. (Mursell value
is approximately equal to the square root of the
percent reficciance of the color.)

OSTWALD SYSTEM
The Cstwaic netatior for
' DEE Diue wowZoe 15

Chrumg indicates the purity or saturauon of the
ca Trhe ifieen gencies
"
"

color. or conversely. its freedom from diution.

ne ¢ cenoles the per. BLACK Chroma is indicated by a number preceded by a
centage of white, ancine slant line. following the value notation.

"a’l genotes the perZent-

aze of lack,

MUNSELL SYSTEM

Form of the Munseli
color sohd show:ing
color noiavon scales for
hue, value, and chroma
and a sample color hue
chart. A very greyed
tlow value! yellow wouig
be identit.ec Dy the no-
tation 5Y 3 2.




Rt L

ISCC-NES COLOR SYSTEMN

¢

The Inter-Society” Color Council - Nationa! Bureau
of Standards (ISCC-NBS) has standarized 207
names for describing the colors of paint. Each
name is maiched 10 a color chip. with the bound-
anes of cach name fixed with limits defined in the
Munsell color notation system,

/9-

The following 28 basic hue names are wsed:

ISCC-NBS STANDARD HUE MNAMES AND ABBREVIATIONS

Abbre.
viatien

Abb-e.

vigtion

Nome Nome

RED RANGE
4R-6R

red

sh eronge
c . ge
sronge yellow
yeliow
greenish yellow
yellow g-een

rellowisth green

rw'ple
reddish purple
pwplth red
purplish pisk
pink

yellowigk pink
Ero=nish pink

brs~nish orange

P
rP
pR
pPr
Pk
y P
krPk
brC

reidish Brown rBr

green G

LIoeT

2 EA bluish green G Erown Br

= . greennk blue g8

yello~ish brcwn yBr
. OIBr
\/ . N .
porptish blue pB alive []] .
oIG

blue B clive brown

violet v olive green

b us-T

GEAY

LAY

VD
YILLTWISH
Piten  ©

[ ML ENY

Additional adverbs. and adjectives are used in

5 = combination with the above hue names to com-

pletely identify the. 267 basic ¢olor chips in the

system. The additonal modifiers are:
Light Very
Modium Gravish

v Dark Modgrate
Deep Pale

The adjacent chart illusirates the application of the

ISCC-NBS color designation svstemn as, applied 1o

the Munsell notation for Red ranging from 4R

10 bR.

: L rl:lz}\:—: Ty pEse DEEF
4 GR2YIS~ Pitin Finr YELLDW:5m
RED Pltye

Strong
\ivid

Brilliant

sy
1Ay

VALUE

- GF&v.S~ MODLRaTE STEING
T REC RID

LAY

DAL DR

C. 1. E. COLOR SYSTEM

GkPr RED DELF VIviD
RED RED

The C.1.E. color svstern was devised and adopted
z by the C.I.E. {(Commission Internationale de
' I"Eclairage - the International Commission on [l-
lurnination} in 1931 and has since become an inter-
national standard for measuring. designating. and
matching colors.

VERY DARK . veey
Ry DEEF

RED

BARISH R

HEOI S HE ALk

: In the C.1.E. svstem. the relative percentages of
each of the theoretical primary colors {red. green.
blue) of a color to be identified are mathematically
derived. then plotted on a Chromaticity Diagram as
onc chromaticity point. From the chromaticity
~— point. the dominant wavelength and purity can be
determined. All possible colors may be designated
on the Chromaticity Diagram. whether they are
emitied. transmitted. or reflected. Thus. the C.I.E.




svstem iy e coordinared with all othier mlnr/

designation sestems,

o specibvthel chromaticin_of s —colombv_tli

color ‘}r((I.U})h(ﬂ(ln|(‘:ru v 'l\-l{‘ i -|f('5111(f- (SN

tance, or taansiitiance ot cach waveiengibn Thes

values then must be \suz..{((. by the values of the
three theorenical primarios vsee adineen: chart L and

the resehoant computaton will re W
of the theoreiicad primarics srec. areen. aned biue:
necded o produce for the standard olsorver the

L
color of the speaininm ot that wavel e,

% eatil L

The siems of e

ch oi' these enleuiaterd red, green
and blue caleulztions are called the s
for that coler Trisumulus values are denoted by
capial letiers. Nofor redic Y (Tor ereent. and 7 (for
bieet. The Y rerceny value olsa e that colors
faminesitv, The tristimulus values are then esed o
catculate the eolor’s chramaticity coreatuees.

A color’s chromaticitv coordinaies represent the
relaive pereenteges of cach of the primary colors
present ina given color. Lo cair leiters are used
1o designate the coordinate vilues: x = red, Vo=
green. and 2z = blue. The frucional vilues are
casity computed from the mstmuluy values, XU Y.

Z. by the follow ing equation:
x N !
= x
XN+Y+2

By subsiiiuting Y and Z. respectively. in the
numerator of similar equations. the chromaticity
coordinistes for green vy and blue (z) mav zlo
be calculited. Since' the coordinates represent frace
tional vatues. then the sum of x. v, and z will
alwavs (*qu:al unitv. 1.0 The x, v values are plotted
on the Chromaticiiy Diagram (see p. 18).

Weighieco functions used to
reduce  SOEcCirophotometric
ga'z 10 color meing ierms
aristmulus values XY .20

These functions define the
- BLyg ~Standarc Opserver’” rec-
’ ommended for colonmerry
by the international Com.
T mission on  lHuminaton -
r the 1931 C.1.E standare
7 . oDServer
“
= GREEN
= i
= i}
<
!

o S 807 i

WAVELENGT A (Nanometers)

= When

Gt s leille=l=i=firsi=nee s n=tomesn ur=he———t i

chronumncty coordinae values for s
;n‘nlu'(’ on the COLED Chrosaticin
[h.‘:f_"";l'la- the isieracction point will by oo craphic

and v

1norefation o the three theoreticn Prmiary colos
of the ey Novice onothe CU E dinernn an
the folion ;:f_‘r i the pomi of eqgual enerey
(vt i oA o the xorredy anis, and
S on '.?u j.' ereerr axic he chromaticiy pad
Hapocolors anr

B nest e

also shicw s

v opeint of oocolor hus been
(r"zm auneny Dhiacram, i s
sve thin color’s dominan
A e drawn from e
- through the color’s clire
v wiih b :;'u'u:':ni '
wovelengtin, And s
proescints oot ;:L::.
the poinn of equat enorgy represents 07 ,)d..
then the disince between the point of equ 1! enerey
and the diromaticiny point - as & ee of the dis
tance between equal energy and the locus poing -
beromes pereentave of pusiy for the color to by
L8 (R

imim of cauni ene
minticiinvgg

Tocus wt e doninan

specirnd cnoroy locuas 1t

ified,

The designation of a color on a C.LE Chro
maticity 1)1;1"1’:::11 eives no  infonination on the
speciral enerey deicdlunen of the Tight, source or
ehject. tEven though the firs inputs 1o the chro-
maticity formula are the enerey ar cach waves
length, thev are concealed as soen as they are
:}\C"'t"((.l Thercfore. identifving the pereentages
of the primarics 1 a color & not a complete color
identification svstem since many different combin-
auens of speciral energy miniwes can revult in the
same apparent colar,

The present CLLE svstem i, however, imore
accurate than  both the Ostwald and Munsell
svstems becouse 1t specifivs color on a physicad
hasis - eliminzting the need for hwman or suly
jrcuve comparisons or juduments. Fhe mos com-
plete measurement of color, then, would necessariiv
wve to include the C1LE. chromaticity, dominant
hue. and purtty data together with the specurald
cnergy distribution data in order 1o pinpoint all
kev variables

COLOR TENMPERATURE

All objects will emit lnqht if thev are heated o a
sufficiently high temperature. Also. as an object
is rawed in tempuriature. the color of the light
emitted from 1t will change. An iron bar. for
example. appears dull red when first heated. then
red-orange. then white, and finally blue-white as it
is heated hotter and hotter. In the same way. a
tungsten filament in an incandescent lamp changes
color when different wvoliages are applied. This
phenomenon was studied by Max Planck in 1910
and is the basis for his law of blackbodv radiators.
This law. in essence. predicts the disiribution of

niatigneo _thechroms siemyv-olthe-given-coler—=

Ak
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WARM WHITE |

COOL WHITE

;/'

DAYLIGHT -%-— \
/ POINT

.
iht‘"m'\l radxauon as a lunction of temperature,

nd dcfmcs""the;.uppcr limit of thermal radiation.
\ blackbody ™is . defincd as onc which will absorb
al! radiation falhng on it

This law can .be used to designate the refative
color wmperature of anv heated object. A color
temperature designation, applied 10 a light source,
refers 1o the absolute temperature in degrees Kelvin
of a theorectical blackbody or full radiator whose
color appearance matches that of the source in
question. Such a body is black at room temper.
ature. red at B0OK. vellow at 3000K. white at
5000K. pale blue at BOOOK. and brilliant blue at
60.000K . Tungsten filament lamps used for general
lighting have color temperatures 1in the 2600K 1o

30K range. Low wattage lamps used where lumi-
nance is not 100 imporiant operale a1 abour 2000K.
Such lamps as TV and studio floods operate in the
3100 - 3400K range. just short of the tungsten
melung point of 3500K. In most cases. actual
filament temperature is slighty lower than the
apparent color temperature.

Technicallv, a “‘color temperature”” designation

can only apply 1o incandesceni sources. and. as.

such. 1t is a specification of both the degree of
whiteness and the spectral energy composition of
the source. However. the term '‘apparent color
temperature’ is often used to specify the degree of
whiteness of fluorescent lamps as well as sky light,
mercury vapor lamps. etc.



Tvpica!l examples of

are

GENERAL
LIGHTING
INCANDESCENT
LAMP RANGE
2600K-~3100K

SOURCE "A"

WWX-3000K
CWwX-4200K

DAYLIGHT-7000K _k_ '

SOURCE

BLACK
BODY
. Locus

490

apparent
values are as follows:

uc-

color tempera-

Warm White (WW) and Deluxe Warm White

tWWXDY Fluorescent Lamps

Cool White (CW3 and Delux
(CAWN Fluoresceni Lamps

White (W) Fluorescent Lamp
Davlight {2} Fluorescent Lamp
Sunlight at sunrise
Sunlight at noon
Sky -

Skyv - extremely blue {clear north

overcast

NN
White
FH0K
3300K
TOOOK
1E00K
SIKOK
6500k
west) 25.000K

e Cool

A few of these lamps are shown wogether with the
blackhady locus on the adjacent C.i.E. Chromati-
city Diagra:

Unfortunately. the apparent color temperature
designation for any light source doss not give
information on its specific spectral energy disini-
hution. For example. Cool White and Deluxe
Cool White lamps appear to be the same color
but their spectral distribution curves are quite
different and their effects on colored objects and
materials are definitely different. The same Limit
ation applies in using color temperature notations
to speeifv sky light. mercury vapor lamps. eic.
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STANDLRD LIGHT SOURCES

Three sources have been seleeted v the CU1LELD oy standards
for use in colarimerry. These sources are desienated souree
A B oand (L
Nodona! Burenu of Sumdards.

Seurce A i o tengsten filinens Buanp operating m 289K,
Souree Boushizes a damp hovine the ecis! quasihiv of sourc
A in combmnntion with o spedihed filier. The apparent colar
ioii
the tunwsten-filament souree.
comhination
davitehn at

tengaerature ol source Boapproviates that of noon susl
H8T0R Source O i sourec .
wit o with a didfererns Oilier, The

! fiter nnd honp

produces & conor guichne which Prnates

by e Ui

.'li)!-‘{'h.‘.

The sdjacent chart gives the relative spectrat energy distri-
Lution of these three sandard el soures,

RECORDING SPECTROPHOTOMETER
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o T
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. CUFVE Co.0R
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TiGHT
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;
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= [N = S— SOURCE ——5<
= f e
S F ./
.
N
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WEVELENGTH {Nanamelers)

COLOR MEASURING INSTRUMENTS

The two most common color measuring
instruments  in use oday are the spectro-
pli:wotometer and the colorimeter. Their oper-
ating principles are quite different. as
Hlustrated on the adjacent diagrams,

The specuophotometer gives the radiam
energy at cach unit wavelengih across the
entire visible specirum. while the colorimicivee
gives only the sum of radiant energy for
cach primary, Specural energy data from
either may be used 10 calculate the C.ILE.
chromaticity of a color, but it is obvious
that the specurophatometer calculations will
be more accurate since the input dow arc
more completc.

Spectral energy distnibution curves from
spectrophotometers are ofien used for color
matching where high accuracy iv essenuial.
Converselv, colorimelers are not as accurale
as spectraphotometers over broad ranges. but
they are clfective for general color mawching —
where minor color variations are immaterial,
Colorimeters are guiie accurate within narrow
color ranges. though. and are often built into
production color control operations.

Both devices will perform in cither additive
or subtractive modes. and thus will provid
color measurements from similar light source
or object colors.
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WHITE LIGHT SOURCES

m(‘ﬂ\i_":1|:sm;rc‘-u:-:i::_vv-lc veloens

ereaihy Fliorescent, ncandescent, and hiyg

Bt os wed ae nacarn

GeosQUTCEs OF Wil b,
bk
what they seemn - vack v
S ospecirad

o the obagrver Becatse of

srevious seciions of this

Lo

WA COe i -

ol the bram and pavohios
NS IAHEN
The gond e desieners hos
condh conmer v sources of white b The
: rements are 1y oeflaenev. or the
doflar, 2, ¢ orv ;
Sobiects appesy in dir snost Danitiar

coturs, anied, 3 whitenese or abience of color tnts.

Comprinun? research and development wid lighs
his produced renme rabie proves
miess in vedav’s light sources, but o v the

SOMTOC naey

v
b
P

porfecidy holinced Temp has not been achieved.

H'l( hest of

vaitable are the resulls of
w three prime eritenia, The
holi sources known are deficient in
' Teo tmprove color ren-

: must be added - but
cificiency, .\:1(. ohia

]
ik

-

the 3 : a lamp
th white, can only be achicved by

affeciing hotly efficieney and cotor rendinon. How-
ever. owach wpe of l.g source has special ad-
vantages which are useful and imporiant in diffcrent
waes of applications.

TYFES OF LIGHT SOURCES

There are thwee basic wvpes of Hight sources used
Wiy - incandescent, Huorescent and high in-
tematin dischinree 1:\'11-'» Incandescent lamps pro-
duce Drwhe by clecincadiy heaung highoresistance
tuncsien Binments o intense hrighiness,

Fluorescent lumps produce light by establishing
an arc between two clectrodes inoan aimosphere
¢l venn dow presgure mercury vapor inoa chamber
fthie ciass wher This low pressure discharge pro-
duces  uibtrmvielet radiation ot wa\'clc-n::h: which
N H OGRS & "- of phosphor (the white powder; lining
the tube wall, The phosphor fluoresces. ¢ omcmng
Liiravioles L-ncrg\_' into visible energy - light

Moercwy, Multi-Vapor*. and Lucalox * lamps
are hich intensiiv discharge tpes. They also produce
licht by extubinhing an are between two clectrodes
b the elecuodes are enby a few dnches apart - in
oppenite ends of a smalll sealed. toarelucent or
transparent are auabe. Anoarc of eleciriquy spanning
the gap between the electrodes generates heat and
pressure much higher than in fluorescent Jamps -
high enough to vaporize the aioms of various metal-

Trademark of the General Electric Company.,

cury i.~ adde

lICt(]r:‘..( nis=conrameri=withim=thearcmahe i = -
\‘:;l()rlr’.l\i(l!‘. Catines the oiorms 1o e lar FOC AUt

O cleciromavncic cnerey it ihe visthle rance.

The metiie clement i omercury

Bonereurys T Mo Vo ]:‘:1:4». shad quantis

sechiinn, e ane added
Basic morcurye in Luesdos Bage sodivm §

i T :
Hoary clvment bunooosmel ameunt of e

uint, and indiun e

Incaniesc
17 o 2% Lunens
sumed - depending on o wattage, Nes and plivsics
chisinn fn.n:-.l(-: The huik of thee radised coeres
framy dncandescent lan

ceneral lichiiing lampe ],.»u!uc( iram

of Jight per wail ol power con-

I

g Jies o the s inviible e
frared recion of the speciruny (see chart on next
paced. Typical white fluorescent lunps produce
ahboui S0 — &0 lumens per watt — depending on
thetr sive and e Mercury lampe cmit abony 50 —
Shipe s Muln-Voapor lamye ahour 80— 900 Ipw
and Lucalox lamps. the most oflicient of all over
FOOH o, et

2l
-
INCANDESCENT LAMPS: :i: Pressec cglass PARY
10aranehc alemun-zes refteian v 2aitherprad! soot or H004a. .

21 Genergt pu'pnse &-hne 2. Biown glass eliecton
spotor fipod <0 300-wan Cuarnizling #

FLUORESCENT LAMPS: (1: Powst Goove® hign
Current 123C Siatt 12 High outpul rapd stars 03 Stim-
hne ipstant start, &) Siangare < 0-watl pie-heat rapc
stari

HIGH INTENSITY DISCHARGE LAMPS: 11} Multi-
Vapor. 12) Pnosphor-coated mercury. (3} Lucalox lamp.

© The lumen is the unit eof luminous flux equal to
the flux in or unit solid angle from a uniform
puint source of one candela, . o

Pal
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SPECTRAL ENERGY DISTRIEUTION

A graphic presentation of the energy cmatted by o
Bl i o

Heht source ot cach wavelenoih in the specirnn is
called o spectral energy divinibution (5. E D curve,
The S EIY dat are derived thoough o speetro
radiomerer. and are wualhy adpusied o some com-

mn reforence (such s output per beineni o provide

d haste ol comparisen among sources. The curves
en the adjneent ehart represent sach data for one
phise of noural doviieht and for manv of the most
cotnon coneral obiing sources,

Incandecent laomps obev established physical Thws
of thermal cmussion: cacrgy b distribuied g
sinootiy curve boewinning in the nenr UV range with
verv hitde deop bioe radistion. increasing withwave:
leneik into the deep redl Eoergy actually peaks in
the near infrared. Dt are shown for color temper-
atures common i general lghting Tamps $3000K)
and shotoflood or studio lichiing Linps 13300K0,
Becouse it has relaiively more blue antd less red
enerev. the 300K source appears much U whiter”
than the slighily vellowish general lighting tamips,

R0 -

Flich intensity discharge lamps produce peaks of
cacrey at o specific wavelengths, These are deter-
manerd by specific shifts in clectron orbiee within the
aioinic struciure of the meal. Thus, energy s
cittted an Tresonance lines” that are differem for
cuch meial,

For clear mereury lamips, major resonance radi-
aton occurs at 05 436, 330, and ATE nanomelers
in the visible spectrum. and also ar 2530 296, and
Shd nanomeiers in the ubiraviolet,

A The outer bulb of the mercury lamp ahsorbs
maost of the shortwave UV Phosphor-coatings ap-
plicd 10 the inside of the bulb absorh this ulira-
violet. and radinte energv with continuous char-

“acteristics 1o improve the color of the clear mercury

loinp. as i the Deluxe White lamp iHusirated.

The Multi-Vapor lamp also contains mercury.
but several mewallic lodides (c.g.. sodium. thallium
and indium) have been added. The mercury reso-
nance radistion is subordinate. and most of the

pal
DELLIE SOFT weTE [ RECONSTiT TED |
OO0, wWmTE oELULE NATURAL | NETURAL
FLUORLSCENT WERN WHITE FLUDRESCENT I DRy IGHT
FLUQRESCENT (000K —
COQL wHITE WARN W= t[ WHITE DAYLIGHT I
FLUDRISZENT FLUORESTENT FLUDRESCENT ELUQRESTENT
"
-
Cilafk MERTUR DELLXE wWHITE WMERCURY MULTI-vAPOR LUCALOX
-
N
S I
8
".‘ Ed
"
-3
,’. L “
By I
2 1 00 =0 vl ]
= .
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Qiehit comes from the four Pnes cdio, 4510 335, and
24 nanometers: characieriziie of the odide addi-
tves, e spacing of the Hnoes and relative ener
of cach 1 the Muio-Noapor speciru

v

- winn vields whiter
iwht and betier colur rendering than the clear
mLercury s, :

The T.ucalox lamplis hasicaliv a sadium arc,
Sodium™s normal resonance  rodinton 1 out HEY
nanomeiers cactualive @ Udoubict’ or two Hnes at
384 and BRYU.G. catied the sndium D7 line . How-
ever. the tomperatures reached in the Lucaiox
lamp's are causes 3 remarkable reversaly The Deline
radintion i3 absorbed. and the energy s re-radiated
at shorter and longer wavelengths, This produces
a reiauvely contnuous S ED. curve with 2 dip at
584 nanomcivrs. A amall ameount of mercury 1 also
in ihe arc wabe. and traces of the mercury lines are
radiated.

In the fivorescent lamp. mosi of the ar
s ai the 2337 nenomeier uitraviolet line. but
phosphors selecred for semsitivitey 1o this UV line
ahsorb and re-radiate the energy in variows con:
tnuous specira as shown. In addition. there s a
: amouni of radiziion in the mercury resonance

radiation

COLOR EFFECTS OF WHITE LIGHT SOURCES

Seiccilng a white” light source on the basis of it
color appearance or its color rendering” propertics
alone 15 rarely done for general lighting. Often.

* The term color_rendering with reference to light
sources is @ measure of the degree to which tne
percewved colors of objects illuminated by various
light sources will match the perceived colors of
the same object when illuminated by standarg hight
sources, for specified viewing conditions. {These
cona:tions include an observer with narmal coler
vision who has adapted to the ervironment, illumi-
rated Dy each source in turn)”

elficiey (Jumen output per watt consumed) iy o
major consideravion. Ease of shiclding and diree-
tonal conrol. as well as maintenance and over-all

sveieni econeics also must be considered.

Incandescent lamps generally are considered 1o
have 2 shight edge oversother famps in color render-
ing - not because they render colors more naturatly,
but because through decades of usage they have
come 1o be cemidered the norm. “Good™” rendition
s generally interpreied o mean the Tiamibiar”
appearance of famiiiar objects - and objrcts assume
“familiar’ colors only by being fregquentdy seen
under certain types of light sources (davhght or
incandescent). If fluorescent lamps had come into
wide usage before incandescents. 1t is posﬂbi(' that
object colare would appear most “familiar™ under
them - instead of incandescents.

Color and color rendition are as much functions
of individual preferences as thev are funciions of
licht sources. People are familiar with the color
effects of daviight - which emphasizes cool colors.
and equally familiar with the coior ¢fiects of in-
candescent lamps - which accentuate warm colors.
TEis obviously incongruous sliuziion 3 campounded
by the effects of memory, aumosphere. environment,
and personal color preferences - 10 the point where
“true colors” and true color rendition’ are very
subjeciive at best, The choice of which lamps to use
for which situatiuns alwavs will vary according to
pursonal preferences. The color rendering properties
of lamp tvpes described on these pages may be of
considerable aid. however. in pointing out to famp
uscrs the refarize color effects of white licht sources.

Some lamps tend to flatter’” object colors -
which s anothcr way, of saying thev emphasize the
dominant color of the ochct while deemphasizing
complementary colors. For example. Warm \White
and Deluxe Warm White fluorescents and all in-
candescent lamps will bring out warm ohject tones:

23
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the nare efficient Warm White fluorescents ek
the capabilitv 1o bring out reds, bot do ciiprisize
other tones. The Deluse Warm Whane e
wsuntiv recommended for homes and athe: B
cannns where iltumination will be fairiv fose e
or lesst andd the aunosphiere will be promarih e
NI

O th hand. when o oconler aimnsphese
15 destired, Deloxe Whie mercury. - Muli-Vapor.
and Cool White and Deluxe Conl Whinte fluorescent
lamps are moss feguenthy wsed beenuse they {later
the cool colors. This resubis in o crisper o
which is wanlly rdlaied o higher illumin
maore serious activiiv, as in offices. schools, indusirl
Pl ind miany stores. With Duorescent. Dieluse
Cool White i recomuended for arcay where color
renderig o amporiant, —

Wl

viher

unosphaere

Mercury lamps are completely sadiaciary in
their rendering of bhincks. whites. and gravs. but
the scarcity of red and the conceniration of blue.
green. and vellow in a few narrow bands makes
them poor  sources for producing the Tamiliar
appearinces of warm colors. However. recent vears

Cadgnifiennt of

biave seen improved color mercury lamps achieved
by the addition of phosphior coatings. The mow
[ has heen the Dreluxe White
which wvields color renderine fuliv as
pecepinble av dae of Cool White, the most wideh
used fluorescent colar, :

these

[3308

prhiosgh

The Lucalox damp produces a sunny atmosphere
where used —hecouse of it greater amount of
vellow and orange energyv. and reduced blue. Al
theugh the current Lucalox lamp. like the Muli-
Vapor lamp. is most frequendy used where color
rendering i secondary to efficacy. its pleasant
gotden-white color offers many  new application
opportunitics for this powerful new light source.
Prospects are promising for Lucaiox lamips of much
beiter eolor rendering capability.

LAMP SELECTION-GUIDE

The table presented below is intended as a general
gu:de 1o tamp selection - giving a few indications
as o the color elfccts of the lamps on aimasphere.
people. and objects.

LAMP SE!I

FLUORESCENT LAMPS

1

; | Cool* : Deluxe” | Warm=* | Defuxe** i . i ; Soft
. Lamp Names | White | Cool White i White ! Warm White | Daylight , White | White 'Natural
: Efficacy High Medium High Medium Medium-High | High Medium
. (Lumens/watt)
} Lamp appear- Yellowish Yellowish Bluish Pale yellowish | Purplish
' ance effect on | White White white white white white white
neutral surfaces
t Neutral to Neutra! to | .
- Etfect on moderately moderately Warm Warm ! Very Cool i Maderately warm
| “atmosphere” | coal:: cool ! warm pinkish
. Colors Ofange, All nearly Orange, Red, Qrange | Green, Blue Qrange, Red, Orange-
! strengthened Yelflow, Blue equal Yellow: Yellow, Green | - Yellow
i T .
; None Red, Green - Red. Green,
. Colors greyed Red appreciably Blue Biue Red, Grange Blue Green, Blue
; Effect on ) .
!
| complexions Pale Pink Maost natural | Sallow Ruddy Greyed Pale Ruddy Pink
i Blends with Best overali Blends with Good color . Tinted Source
| natural day- color rendi- incandescent | rendition; Usuatly Usualty Usually
i Remarks light—Good tion; simulates | light—poor simulates repiaceable re_pla.-.eable replaceable
! color accept- natural day- color accept- incandescent | with Cw with CW or with CWX
| ance light ance light WW WwX

* Greater preference at higher levels,

** Greater preference at lower levels.
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=7 cooL wwITe = | : ,  REIFLECTED LIGHT color appesrance Tne
z FLUORESCENT F COLRPLEV TN :_-, H Mlusiahions snow  how
z = b= 0y z SED's of Coo! White ang
5 ) e | — Delure Cool White lamps
= ’%l : =z are modil'ea by refiec-
=T — tance of typicai human
¥ - complexion. Unger the
. = cening lamp, much more
B red 15 reflecied 0 the
2o =y e N 7o Eve Resuli Ao hesith
181, mEore raturadl appear-
WAVILENG TH (Nanometers) arga This i 1Tue INouUgh
C oima OWX lamos
; 107 i ; T Ras  aLDrovmalely the
DELUXE . AL L 1 REFLECTED LIGHT same wniieness. De
% COOL WHITE =} CoMr LE"':’\‘. o] CFLECTER LIGHT ture Warm Wite, whigh
z ‘L'JO“FSCS"T Z i {\ , X Ge.emMDRESIZES Diuls
= | = I I < SOMewna, 15 even more
_ f p = =\ Haltlenng 10 compies-
z ( 3 =z ons.
< & 2
& LG ) FLs O NN 6O s 500 630 700
- WEVELENGTE Nagnamaters)
N or
L
INCANDESCENT HIGH INTENSITY DISCHARGE LAMPS
] : ! Clear White Defuxe White" 1 !
| Lamp Names Filament** Mercury Mercury Mercury Multi-Vapor*® Lucatox"* .
Efficacy Low Medium Megium Medium High High . pX
{Lumens ‘watt) .
; Lamp appear- Yellowish Greenish Greenish Purplish Greenish
| ance etfect on white blue-white white white white Yellowish
i neutral surfaces
|
Effect on Very cool, Moderately Warm, Moderataty Warm.
"atmosphere’’ Warm Greenish cool.Greenish Purplish ceol Greersh Yetlowish
Colors Red Yellow Yellow Red Yellow Yellow
strengthened Orange Green Green Yellow Green QOrange
Yetiow Blue Blue Blue Bilue Green
i
! Colors greyed Biue Red. Orange Red. Orange Green Red Red, Blue
! Effect on Rugdiest Greenish Very pale Ruddy Greyea Yellowish
| complexions
i Good Yery poor Moderate Color Color Color
| coior color color acceptance acceplance acceplance
i Remarks rendering rendering rendering similar to similar to approaches
- Cw CW that of WW
flugrescent flucrescent fluorescent
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The mierpretzuon of the color renelering abilities of
aght seurces has not been widely agreed upon in
the Huminavoen industry. and the resulting con-
fusion wnong Jamp users i undersiandably great.
Addiniona! confusion has been generated by cliims
of lamps which are said to duplicate sunlight. dav
licht or some other arbitrary comparison source. In
Yans. an indusiry standard was adopted as o step
toward extabivhing a uniform basis for determining
the color rendering abilivie of all light sources. This
rating svstem s called the Color Rendering Index.

INDEX CONCEPT . - The Color Rendering
Index is a two-part concepi. The first part estab-
I:hes the real or apparent color temperature of a
given light source on the CIE chromaticiy dia;
gram. If the color temperature of the given source
w S000K or less. then the reference or comparison
source 18 that Planckian radiator of the nearest
color temperaiure - or, ii the color temperature of
the given source 13 above SUO0K. then the reference
sgurce is the nearest reconstituied daviight source.
sReconsinuted davlight represents a series of mathe-
rmuancaliv derived curves representing the weighted
average of davhight at a given color temperature
meusured at different locations. elevations. times.

etc.t These Planckian radiators and reconstituted

deviight curves then become the standard light
Csources against which 1o compare any given light

SOICUs,

The seconel part of the Color Kendering Incdex
concept s establishing a eomparisen hetween a given
licht source and the reference licht source - and
denoting this comparison by an R factor. which is
a rtusio or percentace of how closely a given Hght
source matches the color rendering abiiity of the
reference light sources. The index for the R facior
is hased upon an arbitary scale which places a
specific Warm White fluorescenmt lamp at R=530,
and the reference source at R=100L The reference
source alwavs has an R=100 since it micans (theo-
reticallvy that it is the reference standard for cach
color puint.

ENAMPLES - The induwdtry swndard Color
Rendering Index denotation for o specific wanm
white fluorescent lamp is R=30 at 30Kk, Color
Rendering Indexes are listed below for some of the
mere popular current General Electrie Muorescemt
lamips. ‘

Apparent Color
Lamp Color Name Color Rendering

Temperature Index

Warm White 3000K k=52
Deluxe Warm White 2900K R=73
White 2500K R=60
Cool White 4200K R=66
Deluxe Cool White 4200K R =89
Sign White 5200K R=86
Daylignt 7000K R=79

METHOD - Determining the Color Rendering
Index. R. for anv given light source requires pre-
cise spectroradiometric data. The spearal distri-
bution curve must be determined for the given
light source and its apparent color temperature
calculated. In the approved method. eight arbitrary
standard color samples are used and their apparem
chromaticities - under the referns source - arc
calculated. A similar set of calculations under the
given licht source - will produce eight aifierens
apparent chromaticitics. The differences between
these two ses of data indicate the color shift™” of
the given light sources Iin relation 1o the reference
source. The final calculation results are then aier-
azed 1o arrive at the Color Rendering Index, R.

INDEN LIMATATIONS - There are shortcom-
ings in the Color Rendering Index rating which
must be recognized 10 prevent its misuse. Tt will be
noted in the calculation of R othat each light source
has a specific color temperature reference. There-
forc. two light sources cenmer be compared unless
their reference s similar (within 1IWK 10 300K of
cuch other - depending on their location on the

“color 1emperature scaic).

Also. it is important 1o note that two lamps may
have the same reference source and Color Rendering
Indexy - and sull have drastic differences in their
ability 1o render one or all colored materiab iden-

B R .
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ucalls - hecouse the R an acerage of the color or tints or shades. For example, hatches of whire
/{’ rendering of ache or nore specilien cofors - Gind chinaware in the process of being heked o0 hiln
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adex iy based upon arbirany raferences are actuzily diterent i spectral congpusivion. Hw‘\.c
o reconsiiuted daviichi, colors are culledd metzmeric. 10 the ticht souree s
convenionee - ang dies changed, however, the objeer color differences hee
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: comue readily apparent. Oy color sainples which

ce source 1s Lhe g
CUrves \\IH contnue 1o maich
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colur rendering €y ahilities of It ! ! i ;
: value 1o the lamyp indusiry and 1o users - viewer. since people differ considerahily

that all of the restctions meniioned they see colors which are complicated in this
ahove are adhered 10, : ner. The comparison and nterpretation of the
curves of metameric colors constituies a complex

proviching

- phase of colorimeiry. )

{ . : A ) r T
LT, S R [ - 1. L CR— [
In the pasi the Twdeal” hight sources for color

mplies. 2 process matching were theusht 1o e the sun and sky,
partcularly becxuse o their presumed color con-
varies from about 180K

Color marching oo the torm

fabwics o other cofored materiads are

by ki
fabirics or with cemplewcly staney. Actuably. sunlich

woached with other
i s . I P el
b ETORE L ‘l‘ atly desiribie 1o muich 40 cunrise 1o 330K at noon. Skv light ranges from
such maierials under Hehiing conditions idendcal TONOR. (uniform overcast) to 28000K for an ex-
Because of these .

how under which o ¢ ar ‘
hose under which the p.wluct> are 10 be used remely blue clear northwest sk,
variations, sky light and sunlight are not the best

or displaved.
ol color maiching sources.

olor muatching 8 done in various wavis. An

arhismey begin with a pure pigment colorant. - When the exact licht under which maierinls are

adding white, bluck, or ather colors. A printer, o he secn s not knewn. or when the materiak e

on the other hoand, mav alier the size ofthe halis suspecied of being mciamieric. fon Heht sources of

tone dots o chaner e ik color tone i which wedidy different soeciral characior shonld be useed -
the picture s printed. or add an addidonat da one at 2 thme - 16 examine the sang Chue ol ,'—
woscreen: 16 o difierent color 1o change the the two sources wsed should be predominantly Blue .

ht fua-

i it speciral characierisiies, such as davhg
rescent lamp: the other should be pudum.n;.m]_\-
red such as z tungsien {iloment lamp.

nalcotor.
gracding and colar shading arc processes by

Clolor
are divided into groups of colors

Shich msteriads

-

1'meont)
w

REFLECTANCE

-
"

2
g
P

WAVELENGTH {Nanometers!

METAMERISM - Chart at left shows absolute spectral reflectance of two metameric wool samples (measured by
The same samples under tungsien filament lamps (center chart! appear 10 be the same color.

Specticretieclometer). _
Under Daylignt flvorescent lamps {chart at rignil, they exhibit noticeable mus-match of color.
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There dre o few mocerials thar Fuoresec, or pro-
duce visible light. when hradizied by uloaviela

encrgy. For this reason. ene inspection light source

that 1+ predomineamly blue should be used - e
proisliv one b abo contains cnougls uliraviolei
vadiciion so thar thoese fluorescent ofivcs can be
produced. The sccond Heht sowree - predominamly
red - should not enie ultraviolet energy.

it 1 not feesihle 1o we two hieht sourees for
oM pardd color maichine job. the best sin-
cle sowce avnilable todee s the Deluse Cool Whiie

fuorcscent lomos oy b lamp has reintively bals

snecd mnount of envrev o alb poruons of ihe
spoectru, This menns thae alt colors receive abow
sathe treatmenn, without undue cmphasis on

anv ene perton of the visible spretrum.

1M the color marching is confined te o particular
color. o mighi be the ease for o monufacturer of
biue denbm testles. the ot single source under
theatr conditions is:. onc that i» essentiadly comple
v in cu]c‘iﬁ“:jt'o that of the product. For the
Bine denin, ifcandescent kiinps would sllow the
cedor maicher ;ofggﬂ more subde differences in
tnan would be the case with most other tpes
of luminants.

colur

For colur-discrimination work awhere the aracler
carries the standard i his head, so to speak. 1t b
most inportant that the illuminant mateh as closely
as posible the source under which: the grader was
wianed, and to which he s accustomed. He remem.
bers his stundard somples as he saw them under 2

particular Muminant, However.o if 21 1 not passible
to arain the grader, then the best source is the

Deluxe Cool White fluorescent famyp.

For most tvpes of color maiching. 2000 to 4K
footcandles are probablyv adequate. When dealing
with very dark colors. more than 1000 Joorcandles
are desirable,

Color maiching booths provide a controlled ¢n-
viFonment necessary for critical inspection of many
objects. The dntertor should be matte finished in
neutral tones - gray or white for objects having
diffuse surfuces. bluck for those with specular or
polished surfuces. Matte black ciiminates masking
reficctions that would obscure the wrue color of the
underlving pigmenc. Inoall cases. the neutral ones
have litde or no influence on the color of the ob-
iect.

In .addition o being @raded for color. fabrics
having shiny surfuces are inspected for uniformiy
tud ameouni of sheen. For this purpose. the light
source should be of high fuminance. and should be
carcfully positioned so as 1o revesl any variauon n
the specularity of the material,

For critical color grading and maching, o s
desivable 1o position the light source in such a man-
ner thut reflections of the source are direcied avway
from.the fnspector. With three-dunensional oljects.
however. climination of all reflecied images of the
source may not be possible. Therefore, a luminaire
relatively large in area and uniform in brightness
is the boest choice for this application.
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HOW LAMP COLORS ARE CHANGED

e

Colored tichn can be produced by siariing with white light and
fikering out or subtraciing the undesived portion of ihe specirum.
A cotured or flwered incandescem lomp uses thls principle. Or
cofored huln can be produced by o light suuree which cenerates
the desired portion of the specirum - such as fuorescent
ptovhach variations an phosphor produce varving coors of
\ .

Ro-walled notural colored inceadescent lamps heve bulbs of
iraneparent colored gl But the bulbs of most colored sign and
decorative famps becin as clear glasst then are couted with finely
ground colored glass tviiveous glass enamely: and finalle, they arc
fired o fuse the coating into o hard. colored enamed finish. The
cosiings contuin a white picmient. a8 well as colored ohes. for
hewier diffusion of light. The tinied Coloramic & lamps
e i samilar manner.

e

[

exan® color sign lamps have a wansparent polvearbonate
resty plusiic coattng. They oficr more sparkle. gresior brichines.
and higher saturation for anv given color. For instance. the blue
and green Lenun-couted lamps are freer of red. and have a more
distinct stparation from cach other. For this reason. the canrasts
beivween warn: and cool colors are also arenter, such as between
redt and blue.

Colored reflecror lamps (R-4(Fs and R-30's) also have fired
cnamel finishes. Bul these colored glass coatings contain no extru
diffusing muaterial - 10 preserve the transparency so the light
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Beam will not be bronder than desired. The

Tovawi PARC3K lamps have a coating of dve.
impreensted silivone plistcs st 10 the Lesan.
conted Lenpe. There are Dhiwarn PARGIR red,

coand veilow Tamps winh staaned, wlass faoes

ade of the wliss, The elaas s then baked, caosdng

ver of the cover plate

e color o sy

Lverieronee filters nvodve one o more very thin

lavers of seiccwed n

by deposited

{100 Vaculin
sthum technigue sy as a filison a
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o wsuniv Jess than one wovelengih of
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base smerial such we ¢
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fchin The fitters miske use of the optical princple
of tuterference o pass o dimited band of wave
teneihis, The center wavelenoth and spread of the
transonited band are deiermined largely by the
thickness and nomber of lovers in the film. How-

ever, unhke other fiien, the waoveleneths not tans

mitted are refiected. as from o mirror. rather than,

abrorbed. Therefore,

cool,

these Dihers siav relatively
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COLORED FILAMENT LAMPS: Repre-
sentauve sign, floodlightng, decorative,
and display lamps.

Broad-band interlerence filiers are often called
dichroic tiworcolored) because thev transmit one
part of the spectrum and reflect the other. Some
PAR lumips make use of these filiers - Cool-Beam
fampe that separaté much of the visible from the
inrured  wavelengths:  and  Dichro-Color  lamps
-that use the interference principle to produce a full
range of saturated colors.

Fiuorescent lamps produce colored light by the
usc of spceial phosphors. These interior coatings
convert the ultraviolet energy génerated within the
lamp to visible light of the desired wavelengths. In
two colors (Decp Blue. and Red). colored filiering
materials arc added 1o the  outside bulb wall 10
produce more saturated colors than can be pro
duced by the phosphors. The gold fluorescent lamp,
however. achieves i color by subtraction - since
no phosphors emit primarily vellow light. A vellow

Coae o coloring moteriad > apphed o one

B

i A PB4 bt £ b

COLORED
Reading teft t¢ right — green, deep blue,
goid, pink, blue, and red.

FLUORESCENT LAMPS:

fiher coating on the inside of the tube absorbs the
unwanted wiavelengths from a warm white phos-
pher.

Blacklight {BL) fluorescent lamps uiilize a special
phosphor that emite primarily near-uliraviolet ener-
gy with a small amount of visible blue light. But
for many BL eflects. even 2 smali amount of
visible light 15 undesirable. For these situations.
BLB lamps - made of a special dark filter glass -
transmit the near UV energy but absorb viriually
all of the visible encrgyv.

EFFICACY OF COLORID LIGHT SOURZE

e

Luminous efficacy is reduced whenever subtractive
{filkering) techniques are used. To obtain any sirong
color with filament lamps. it is necessary to remove
most of the light emitted by the filament. The more
saturated the color. the lower the efficacy of the
source-plus-filter combinations. Because it is nec
essary to remove the greatest amount of encrgy
to obiain the correct hue. cool color lamps. such as
blue. - have the lowest efficacy of filiment tvpes.
In the case of fluorescent lamps. the phosphors are
usually selecied 10 generate the desired hue — a
substantially more efficient process.

The following table shows a comparison of the
efficacy of fluorescent and filiered filament lamps
producing colored hight of approximately the same
saturation. :

Efficacy of Flucrescent and
Filtered Filament Lamps Producing
Colored Light of Approximately the Same Saturation

40-watt Fluorescent Filament®
Hue {Lumens per watt) (Lumens per watl)
red 5 23
pink 28 6.8
yellow 55 1012
green 100 1.5-2.5
deep blue 11
blue 28 1.2
light blue 63 (Daylight color) 4.5

* Uncolored lamp assumed toc be 16 lumens per watt



SCCIEDAD MENTCANA DE INGENIERIA DE ILLIMINACION A.C. /
CURS0 FUNDAMENTAL DE TLUMINACTION COMERCIAL E INDUSTRIAL;
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Fonencia
I: INTRODUCCION. DR. AGUSTIN SERRANO SANCHEZ

Quisiera antes de iniciar esta que serd wi pricera participacidn coro So-

cio activo en la Sociecdad llexicana de lluzinacidn,agradecer a la ctesa Directiva

y a los organizadores ce este Curso, el haberre invitado a colaberar en la rea
lizacidn del wiszo, a lo qee no podria haterce negaZo ni ahora ni en futuras opcr
tunidades que se me brincen, ya que estoy plenamente identificado por aZos en -
la actividad docente y no obstante los esfuerzos que el ensefar implica, me re-
sulta particularmente grato el compartir todo conocimiento o ingquietud cienti-
fica gwe desarrollada en ri siempre apreciada profesién. ’

Es mi deseo explicito en esta primera ocasidn en que tenfo el honor de pre-
sentarwe ante Ustedes v dada la oportunidsd de su amable atencién, intrécducirnos
en los aspectos Biomédicos de la llucinacién,reinstalando al hombre,ser biopsico
social como el verdadero centro de nuestras reflexiones y avances tecnoldgicos
llegande,de ser posible a integrar lo que bien podrizmos denominar como Orto-
iluminacidn, es decir’'la Iluminacidn correcta para un desecpeno laboral; escolae
O rTecreativo optimo y saludable.

Espero que al termino del breve lapso de tiempo de que disponerccs,. lograr mo-
dificar las caras de naturel ex:iraneza que este selecto grupo de Ingenieros .y =
Tecnicos en lluminacidn, muestran hoy al tener frente de si, no a un conocido -
colega que hable su propio lenguaje tecnico siné a un Médico y por anadidura-
Cirujano Oftalmologo, que conciente de su aparente intromisidn en un terreno
que no le compete, desea afircar todo lo contrario y desea llegar a establecer
un solido puente de comunicacidn entre nuestros respectivos campos de trabajo
del que en forma reciproca ohbtengamos un enriguecimiento academico para los -
mismos.

Es un hecho costatable y lamentable nuestra real desvinculacidn. Ejezplos mul
tiples podrian enuzerase a este respecto tanto en el Ejercicio M&dico como - |
en el del Ingeniero o. Técnico .

Nuestros acercamientos profesionales se limitan a ciertas arotaciones rela
tivamente superficiales tanto en los libros de Iluminacidn cozo en ics de Me-
dicina y en los propios de la especialicdad Oftzlmoldgica. Interesante habrd de -
resultar el analisis de las causas de nuestra actual desvinculacidn v de sus
posibles correcciones, asi como entender la necesidad de una mayor corunicacidn
profesional. Tengo la firme coaviccidn de que la Interdisciplinariedad es y serd
siempre una banda fronteriza fertil para el trabajo conjunto.

Esa extraordinaria y en muchos aspectos extrafa manifestacidn dela energia
Electromagnetica que es la Luz, nos vincula de wanera conatural. El Ingeniero
en Iluminacidn colocado al otro lado del puente, desarrolla los scfisticados
sistemas de gplicaciGn de los Emisores luminosos , mientras que de este lado del
mismo puente radiante se encuentra el M&dico Oftalmblogo cuya funcidn explicita
es la de preservar y optimizar con todos sus recursos terapeuticos al Recep-
tor de dicha energia radiante, que es el complejo sentido de la Visidn.

Resulta factible que nuestras jovenes ciencias al vincularse interdisciplina-
riamente, refuercen wmutuamente sus argumentos para cotivar no solo con razonamien
tes técnicos sino tambien con bases Biomedicas, a los industriales,comerciantes
directivos escolares, acdministradores piblicos y privados asi como piblico en ge-
neral,-acerca de las reales ventajas no solo en el rendimiento laboral sinc en la

salud Psico-visual que representa el aceptar e implementar un programa aplicativo
de Ortoiluminacida.



Debo anticipar una disculpa si es que esta introduccidn resultase m3s exten-
sa de lo habitual,guardo conciencia de ello, pero tengo al escribir las presentes
lineas la sensacidn de estar escribiendo una de esas cartas especiales que van
dirigidas al wmas apreciado de los amigos, que ha permanecido por mucho tiempo dis-
tante y al que en una sola hoja de pepel se deja verter todo un mundo de vivencias
e inquietudes no comunicadas. La disculpa resulta pertinente y necesaria ante un
auditorio acosturmbrado a un estilo distinto en el que formulas matematicas y ecua-
ciones hacen su aparicidn desde el miscmo prologo. Tal ausencia ratematica serd
manifiesta en mi escrito y no dudo que ello habr3d de frustrar sus naturales incli
naciones concretas, pero es aqui justamente donde da pricipio el terreno de la inter
ciencia .

Ahora si Colegas Mios, Profesionales de la Luz... a construir el Puente...

IT; MANEJO DE LUZ GALACTICA: PRECURSORES DE LA INGENIERIA DE ILUMINACION.

La serie de transparencias como apovo visual a la presente ponencia, se inicia
con un simbolo. El Vitrazl norte de esa extraordinaria muestra de la arquitectura go-
tica francesa que es 1la catedral de Notre Dame en Paris. He tratado con ello de re-
presentar una bella muestra del manejo cientifico-tecnico y artistico que de %2 Luz
hacian gala, los que si se me permite calificaria de precursores a partir del siglo
X de la Ingenieria de Iluminacidn, los Disefiadores-Constructores de Vitrales.

Proveniente de lejanas estrellas de nuestra Via Lactea, la Luz debe haber sen-
sibilizado a los realizadores _.de catedrales Goticas con ideas tan elevadas como
ellas mismas, ya que parecen erigirse para honrar a esa energia radiante prove-
niente de distancias colosales, como digno recinto,morada ultima a donde deberian
llegar a descansar de su largo viaje los fatigados fotones.

Antd tales obras cabe Suponer que dichos profesionales contaban ya con amplios
y valiosos conocimientos acerca de la luz, de su comportamiento fIsico en la Re-
flexion, Refraccidn,Difraccidn, asi como de Optica Geometrica y probablemnete de
Optica Fisiologica inclusive. El dominio que exhiben de arte crometico asi como de
la tecnélogia del vidrio complementaban Jlas posibilidades para modificer la longitud
de onda luminosa segun las exigencias que el disefio impusiera.

Para desgracia nuestra de ese Arte-Ciencia, no contamos con suficientes docunen-
tos, va que concientes de su incalculable valor eran celosacente guarczdos y solo
transpitidos verbalmente a un grupo autoseleccionado de familias, habiendose perdi-
do en el tiempo.

Tratando de imitar a la naturaleza , el Hombre y su Ciencia han logrado desarro-
llar fuentes luminosas artificiales suficientecente utiles y en cénstante evolucidn,
de las gque se vale el moderno Ilunirador , que asi como sus predecesores habri de re-
querir wun cﬁqg;p de conocimientos acorde a la tecnologia vigente.

i ‘

.
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111: Primero fué; HAGASE LA LUZ" ... m3s no resultd suficiente Yeuo
Despues fud; VEASE LA LUZ" ... y entonces fue creada una funcidn de tan aita
estatura como la propia Luz... LA VISION.

En muy alta estima dbe tener la Naturaleza la captacifn de Fotdnes provenieter
espaclo galactico, para haber creado uno de los Sentidos que sin duda es uno de 1c
m3s complejos y desarrollados como es el de la Visidon. Baste para ello detenerse a
observar el asombrosoc disefio estatico-dinamico del globo ocular . ya no-solo de la
especie humana sino de cualquler otra que se con51dere. Mecanismos automaticos de
una increible eficiencia asi como detalles finos alin no comprendidos por la ciencia

o
T 1)

‘1
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moderna son el sello inconfundible del perfecto disefiador, que ha pensado en
todas las posibilidades fisiologicas ¥y ce ellas ha seleccionado la mejor como

. @nalizaremos a continuacidn de.manera somera dadas las limitaciones de espacio

y—tieopo-a-que-estamos—sujetoss—no—sin—antes=invitar—al~lector atento & revisar
con detalle 1a bibliografia recomendada en el presente escrito.

' La Unidad Visual , como habrecos de llazar al sistema se integra por varios
elementos organofuncionales, Dos Globos Oculares que son en realidad procidenci-
o extensidn del propio cerebro, misros Gue son los elecentos Recepteres de los
quantos de luz y que se comportan en cierta forma cemo las antenas parabolicas
de un raciotelescopio astrondmico que al igual que los ojos han sido disefados
para la adecuada captacidn de ciertas longitudes de onda del explio espectro
electromagnetico, magnificacidn y transduccidn.

La Historia de la Medicina demuestra las grandes dificultades que se han pre
sentado para dilucidar la estructura y funcién de los ojos y no es sinoc a pequ;
fios saltos como cada centuria y en especial las ultiwas de nuestra era han con
tribuido a integrar un concepto mas cercano al real. Curiosas resultan en verdad
las antiguas concepciones del fencmeno visual. De ellas algunas resuvltan in-
quietantes alin en nuestros dias, como es el concepto eq§ipcio de considerar al ojo
como Emisor de una "energi3d" «con la cual se escudrifian los objetos y demds seres.
S1 bien esta concepcidn resulta susamente interesante c¢omo lo atestiguan algunos
estudios cientificos en centros neurofisiologicos de los Estados linidos, los que
al parecer explican ciertos fenomenos en la comunicacidn interpersonal, solo deben
considerarse por ahora como preliminares.

Resulta ya clasico el simil entre el ojo y una camara fotogrifica, lo que nos da '
una idea grafica del complejo mecanismo &ptico qte implica el fencmeno de "ver",sin
embargo tal ccmparacidn’ no es justa si se obsreva la extraordinaria movilided y
sincronismo binocular cuyo gobierno se encuentra en un centro cibernetico a nivel
mesencefdlico. Tal dind3mica asi como la captacion de imagen en movimiento m3s nos
permitiria hablar de un simil con el sistema de televisidn,

De continuar 1la busqueda de una exacta equivalencia de nuestra extraordinaria
Unidad Visual, con nuestros avances tecncldgicos , tendriamos que representarla como
una inexistente hibridacidn tecnoldgica que combinara ciertas caracteristicas de la
camara fotogrifica, de la T.V. con un gobierno Cibernetico asi coro elecentos de la
antena parabolica de un radiotelescopio y de resultar cierta la concepcion de la
Unidad Visual como Enisora se tendrfan que adicionar caracteristicas del mismo radar.

Como puede facilmente adivinar el lector, nuestro pretendida hibridacidn tecno
1l6gica queda muy por debajo de las reales p}encialidades de nuestro Sentido de la
Vision. :

Adec3s del sistema Optico y del sisterca Neurosensorial y Neuromotor que gobierne
la motilidad binocular intra y extraocular, existe wun sistema hidrauvlice de alta
complejidad de cuva eficiencia dpendera el equilibrio entre 1la produccion de liqui
dos intraoculares y su correspondiente desalojo. La falla de este sisteza conduce
a8 la conocida enfermedad denoczinada Glaucora en donce la Presidn intraocular supera
las cifras normales de 10-20mn de Hg. que de no ser modificada favorablemente habrd
de llevar inexorablemmete al paciente a la ceguera.

Si todos los sistemas se han orquestado adecuadamente, la luz proveniente de
fuentes naturales o artificiales, habr3d de concentrar la energfa radtante en uno
o varios puntos de la retina, en los que los fotones o cuantos de energia la trans
mitirdn a los Fotoreceptores, los que a su vez 'y mediante diversos pasos bioquimi
cos de los pigmentos visuales (Rodopsina y pigmentos de los conos, todos relaciona
dos con la Vitamina A) transduciendo de esta manera la energfa lucminica en un de-
bil impulso electrico el cual mediante diversos neurotransmisores serin procesados
y codificados en la computadora retiniana que es el primer nivel de actividad ci-
bernética . Dichos mensajes electricos seran enviados por la Via Visual hasta la
segunda estacidn de procesaniento precortical que son los cuerpos geniculados.
La tercera estacidn esta representada por la propia corteza visual en el lobulo
occipital asi como las areas corticales de asocxac1on.

-
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Sorprende en verdad lo intrincado del sistema cibernetico Visual, pero -
mis complejo aln resulta el fenomeno Psicofisico de la percepcidn Visuval en
la que simples seftales electroquimicas llegan a conformar. imagenes con un Sig
nificado concreto tridirensional que permite asi mismo 18 integracidn de For
mas, del espacio , el rwovimiento o inclusive de las wi3s atrevidas abstraccio
nes. En este terreno falta mucho por estudiar ya que el fenoceno Psico-cere
bral de "ver" esta lejos de un perfecto entendimiento, asi como sus sus di-
versas interacciones con otros sitemas sensoriales, intelectivos ,afectivos
y de memoria.

Debemos mantenernos bien informados v alertas ante el avance de. la investi-
cion Biomfdica y Psicofisica en esta drea y de ser posible contribuir de al
guna manera a su proplo desarrollo. Esperemos que en el futuro cercano llegue
mos a cosprender con plena exactitud como influye 1la Luz en el comportamien
to individual y colectivo y de como puede 1la calidad de la Iluminacidn in-
fluir en la propia calidad de vida asi como del desempefno humano.

IV: PRIORIDAD Y VULNERABILIDAD DE LA UNIDAD VISUAL.

Resulta interesante v significétivo el hecho de que los ojos .y probable-
mente el resto de la Unidad Visual wmuestren una destacdada prioridad en la con-
formacidn del ecbridn de cualquer especie. Desde los primera secnas de gestacidn y
ya se esbozan los acumulos caracteristicos de pigmento visual, que en el humano
hacia el dia sesenta ya demuestra un alto grado de diferenciacidn morfoldgica.

El delicado :zamino de la morfogenesis ocular puede por desgracia verse desvia
do por un simnumero de factores agresores que pueden conducire la misma ausencia
del organo , Anoftalmia, una falta de desarrollo; Microftalmia o bien graves t
tornos oftalmicos como es la Ciclopia condicidn que impide la-sobrevida pc
los multiples defectos cerebrales asociados. E£jemplos de tales entidades mé&dicas
se han mostrado en la serie de trasparencias de apovo.

Amplia es la gama de agentes agresores que en cualquier momento pueden dafar

gravemente la Unidad Visual , conduciendole a la Amaurosis & cancelacidn de la
funcidn receptora de quantos de luz. Ellos pueden ser de naturaleza traumitica,
Infecciosa-Parasitaria, Inflamatoria,Toxica,Degenerativa y neoplasica. Hasta el
propio espectro electromagnetico provedor de la materia prima .de la visidn que es
la Luz y ailn esta misma en ciertas condiciones y en determinacda longitud de onda
pueden provocar lesiones irreversibles en la vulnerable Unidad Visual.

La prioridad que la naturaleza ha otorgado al sentido de la Vista no se li-
mita a la etapa Morfologica sino que se manifiesta en la Psicologica inclusive.
Todas y cada una de las sociedades hucanas adn las md3s primitivas ofrecen muestras
de la alta regresentatlvxdad que ha tenido siempre la Visién para el hombre. Cere
monias y rztuales mds o mwenos elaboradas hablan de una mezcla de respeto, magia y
temor acerca. de los ojos como puerte entre la Obscuridad y la Luz.

Si el sufrimiento de un enfermo pudiese cuantificarse y compararse, no dudarfa
en colocar en primer termino el de aquel que se le ha planteado la necesidad im-
periosa dev extirparle uno o los dos ojos. El impacto psicologico-filosofico es
de tal magnitud que no se limita al propio paciente sino a todo el nucleo familiar
y perifamiliar., habiendose de requerir de cierta labaor de apoyc simultaneo.

De acuerdo a lo antes dicho bien podriamos concluir que si el ojo es una ex-
tension o exteriorizacidn preferenc1a1 del cerebro y aquel se alicenta de luz
ya se.entenderd el por qué la Luz tiene una importancis Psicologica vital. Por 2
no debemos conformarnos con dar solomigajas" de luz a las escuelas y centre
de labor, porque estaremos con elle mal nutriendo o“inclusive aniquilando cere-
bros. Por extensidn e imitando una frase popular se podria decir inquiriendd "Diwme
como es tu Iluminacidn y te dire quien eres'
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V: " ORTOILLMINACION “ : PUENTE ENTRE LA OFTALMOLOGIA Y LA LUMINOTECNIA.

Ante la ausencia de un-termino gque indicara o significara "Correcta Ilumina-

— 10" me he pertitido por esta ocasion y para el desarrollo de la presente po—

nencia integrar uno, wediante el ecpleo de un prefijo frecuentemente eopleado en
Hedicina derivado del griego ORTHOS, que significa recto,derecho,correctc,normal.

Espero en el transcurso de futuras participaciones se me indique si en su.
terminclogia tecnica exlste otro mejor ¥ a la vez ofrecer los arguzentos en favor
de est» ternino que por principio, habrd de facilitar la integracidn en un cuerpo
toda .. serie de conceptos Biowmedicos, ,Psicofisicos y tecnicos en favor de una
Iluminacidn Sana, para el adecuado desempefio humano.

Unco de los curiosos imperativos de nuestra "civilizacidn" y que en cierta forma
ha dado pie para la aparicidn vy desarrollo de la Luminotecniaed el de tratar de
romper el perfecto ciclo de lluminacidn natural Dia-Noche que se corresponde de
manera estrecha con los ciclos circadianos que a su vez gobiernan el binomio Acti-
vidad-Reposo. El hozbre, valiendose de los inumerables recursos de la llumina-
cidn artificial le ha robado a la noche la mayor cantidad de horas que ha sido po-
51ble fara fines laborales, escolares y recreativos. Como esta tendencia del
humano parece continuar, el horizonte aplicativo de la Luminotecnia se magnifica
con el tiempo.

Si el rozper el ciclo natural es por sI mismo una grave infraccion a nuestra pro
pia naturaleza, resulta un deber ineludible el impedir por todes los medios apro-
piados el impesdr un maycr detericoro empleando fuentes de iluminacién mal estudia-
das o peligrosas, que le€jos de crear un ambiente propicio se conviertan en un con-
taminante mas de los muchos que por desgracia el hoobre no conciente ha arro-
jade a su paso. Debemos exigir y autoexigirnos el debido cumpliciento no solo
a normas Yy reglamentos de ingenieria de construccion y eanitaria, por desgracia
siempre anticuados ¥ obsoletos, sino wpediante estudios cada vez mas profundes tan- -
to en la Psicofisiologia Senscrial aunados a los avances de la Tecnologia llegar '
a‘establecer las especificaciones a que debe someterse todo recinto que haya de
requerir de Iluminacion artificial y en donde el hozmbre centro de nuestras reflexio-
nes deba’ ejecutar algun trabajo.

Existen evidencias de que el empleo de ciertas lamparas implica un riesgo potencial
sobre todo en aquellas en que la banda espectrsl opera en una longitud de onda entre
280-320nz correspondiente al rango del U.V., En el 2%c de 1974 en el —es de Noviecbre
una escuela piblica de Marvland reportd lesicnes der~icas y oculares en algunos de
sus alumnos. La 1nvest1gac1on reportd que la cubierta interior del cristal de cuarzo
de las lamparas alif expleadas y que nabitualrente limita el paso del U.V. estaba por
alguna razdn roto. En otro reporte ce 460 perscnas lesicnadas se encontrd que una
sola lampara defectuosa de Vapor de Mercurio afecto a 69 persouas.

Si bien los anteriores son los primercs reportes publicados, deben existir un
nizero mayor de observaciones que de ser conocidas avudarian de tanera importante
a a comprender la posible fisiopatnlogia que icplica una mala iluminacidn no selo
en el dafio directo de la Unidad Visual sino en algo =3s sutil y dificil de evaluar
y cuantificar de como una iluminacion deficiente , de baja calidad o mal estudiada
puede modifjicar el propio comportaciento del sujeto expuesto.

El campo ,los alcances y prospectiva de la Ortoiluminacidn son enormes y muy
estimulantes. De su avance sostenido, a pesar de las inherentes adversidades en el
nuestro y en otros medios, seremos nosotros los responsables, los que desde el punto
de vista Médico o tecnico nos apasiona el estudio de esa intrigante y no pocas veces
voluble energia radiante que es la Luz. '
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El espacio y el tiempo que nos rigen ha cerrado por ahora su ciclo y toca el
punto de cerrar esta presentacidn cuyas aspiracidnes m3s filosoficas que tecnica
espero hayan despertado su interés y que nos permitan tender lazos firmes que
vinculen nuestras respectivas profesiones, que si bien las actividades de rutina
habran de ocupar el mayor tiedpo, cuando contemos con ese tiempo preciado de que
a veces disponemos, demos rienda suelta a nuestra creatividad y nos permitaros com-

partirla en esta desusada hibridacion de M&dicos e Ingenieros, en favor de una
mdxima salud visual y de un desempefic humano m3s pleno.

Asi cowmo dimos entrada a nuestra presentacidn exhibiendo - esa real maravilla del
arte gbtico que es el Vitral Norte de Notre Dame en Paris, nos despedimos mostrando

a ustedes el Vitral opuesto, igualmente rico en la capacidad de atrapar y acariciar
la Luz .. , ‘

DR. AGUSTIN SERRANO SANCHEZ

et
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I ntrodueccién.

|

En las técnicas y procedimientos utilizados en Luminotecnia
es frecuente - especialmente para el principiante - encontrar-
se con complicaciones al realizar tanto las evaluaciones prelimi
nares como la determinacidn exacta de paréﬁetros para el desarro
llo de los diversos métodos de solucidn de los sistemas de ilumi
nacidn, -

Una de las principales causas de estas complicaciones és la
carencia de fundamentos sdlidos sobre Ingenieria Eléctrica en

general y sobre Ingenieria de Iluminacidn en particular.

La adquisicidn de estos antecedentes se hace generalmente_
tedioéa debido a la propia naturaleza drida vy no pocas veces abs-
tracta de las definiciones y conceptos fundamentales, El trata--
miento para este estudio y en general para cualquier otro rela--
cionado c¢on alguna especialidad técnica o cientifica puede hacer

se de tres diferentes maneras:

a) Como Fendmeno Fisico
' b) Como Modelo Matemitico

c) Como Problema Ingenieril

A grandes rasgos, estos tratamientos consisten en:

a) Como Fendmeno Fisico.- Se explic;h, mediante palabras y fi~-
guras, las relaciones entre los diferentes parédmetros asi ' como
los fendmenos en que éstos intervienen. SE utilizan enunciados,
definiciones y conceptos utilizando como apoyo analogias con o-
tros fendmenos fisicos mads comunes y por tanto mds fidciles de_
comprender. Como es obvio, se '‘gana en tiempo, visidn y facilidal
de comprensidn pero se estd limitado en cuanto a las posibilidg
des de modificacidn y control del Sistema.

b) Como Modelo Matemitico.- Mediante las relaciones entre los



parametros bdsicos se establecen las ecuaciones - llamadas e
cuacipﬁes de estado del sistema - que pfedicen y/o-explican_
el'comportamiento exacto del sistema béjo diferentes condicio
nes, Sin embargo en este método es comiln sumergirse en un mar
de complejas ecuaciones donde en ocasiones se corre el riesgo
de perder parte de la aportacidn subjetiva del disenador. Evi
dentemente, para usar este método se requiere de dos condicio
nes indispensdables: tiempo considerable y sélida formacidn ma

temitica.

c) Como Problema Ingenieril.- Mediante la combinasidn de la _
clara comprensidén del fendmeno fisico y las ecuaciones funda-
mentales se establecen las bases que servirdn para la solucidn
del problema. Se utilizan s6lo las matemdticas indisbensables
por ser insustituible herramienta pero apoyadas por ei'crite-

rio y visién ganados al analizar fisicamente los fendmenos.

Es evidente que cada método tiene ventajas y desvéntajas.
Por la naturaleza de este curso se tienen dos limitantes impor
tantes: tiempo reducido y grupo heterogéneo. Por estas razones
utilizaremos el tercer tratamiento ya que en él se combinan
las ventajas de los dos anteriores sin desventajas apreciables.

1

TERMINOLOGIA Y UNIDADES DE ILUMINACION .

En Luminotecnia 1intervienep dos elementos basicos a___
considerar: la fuente productora de luz y el objeto a ilumi--
nar. Las unidades y magnitudes fuidamentales empleadas para
valorar y comparar las cualidades y los efectos de las fuentes

‘de luz son las siguientes:

- FLUJO LUMINOSO (POTENCIA LUMINOSA)
- RENDIMIENTO LUMINOSG (EFICACIA)

- CANTIDAD DE LUZ (ENERGIA LUMINOSA)
- INTENSIDAD LUMINOSA .

- TLUMINANCIA -

- LUMINANCIA .

’



A continuacidn describiremos brevemente cada uno de los an

teriores conceptos: .

FLUJO LUMINOSO

La energia transformada por los manantiales luminosos no
se puede aprovechar totalmente para la produccién de luz. Por e
jemplo, una ldmpara incandescente consume una determinada ener-—
gia eléctrica .que se transforma en energia radiante, de la cual
sb6lo una pequena parte es percibida por el ojo en forma de luz,

mientras que el resto se pierde en calor (Fig 1). )

6 % - calor conducciéon
casquillo y ampolla

12 % calor conveccion
gas '

Luz \

10 % 72'% calor radiante 18 %

FIG 1.- TRANSFORMACION DE ENERGIA ELECTRICA PARA LA
' PRODUCCION DE LUZ EN UNA LAMPARA INCANDESCENTE.

A la energia radiante de una fuente de luz que produce u-
na sensacidn luminosa se le llama Flujo Luminoso o Potencia Lu-
minosa. El flujo luminoso se representa por la letra griega ¢ y_

su unidad es el LUMEN (lm). Un lumen”es el flujo luminoso de la _
radiacién monocromdtica que se caracteriza por una frecuencia f _
de valor 540 «x 1012 Hertz y por un flujo de energia radiante equi
valente a 1/683 watts. Un watt de.energia radiante de longitud de
onda de 555 nm en el aire equivale a 683 lm-aproximadamente.

La medida del flujo luminoso se realiza en laboratorio por

medio de un fotoelemento ajustado segin la curva de sensibilidad_

fotdépica del ojo a las radiaciones monocromiticas, incorporado a_
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una esfera hueca a la cual se le da el nombre de esfera integra
dora de Ulbricht, y en cuyo interiocr se coloca la fuente a medir
En la tabla siguiente se muestran algunas de las lamparas

méds usadas y su flujo luminoso caracteristico,
Flujo luminoso

Tipo de lampara Im

Eftuvios :................ e e 0,6
Veladecera. .. ... oot e e ' 10
Bicicleta. . ... ... e : 18
Incandescente Standardde 100W. ........ ... 1.380
Fluorescente L 40 W/20 (Blanco frio}....... ... 3.200
‘Mercurio a alta presion HQL400W ........... 23.000
Halogenuros metalicos HQI 400W........... 28.000
Sodio a alta presion NAV-T400W ............ 48.000.
+  Sodio abajapresion NA18OW .............. 33.000
" Magnesic AGAB. . ... . i 450.000

TABLA I.- FLUJO LUMINOSO DE LAMPARAS COMUNES

EFICACIA O RENDIMIENTO LUMINOSO .,

El rendimiento luminoso o eficacia luminosa de una fuente
de luz, indica el flujo que emite la misma por cada unidad de_
potencia eléctrica consumida para su obtencidn.

El rendimiento o eficacia se representa por la letra grie

ga ETA (ﬂ‘) y sus unidades son liimenes por watt (lm/w):

le 8 [1m]

W [watt]

Si se lograse fabricar una lampara que transformara sin _

. pérdidas toda la potencia eléctrica..consumida en luz de una lon

gitud de onda de 555 nm, esta lampara tendria el mayor rendimien
to posible, cuyo valor seria de 683 lm/w, pero como sélo una pe
quena parte es transformada en luz, los rendimientos luminosos _
obtenidos hasta ahora para las distintas lamparas quedan muy a-
bajo de este valor, presentando diferencias notables'entre las
mismas, como puede'apreciarse‘en la'TAbla II.

Por ejemplo,'una lampara incandescente estindar de 40 watts

produce 440 limenes, por lo que tiene una eficacia de 11 1lm/w., U



. 7 ~ . =3 =

na lampara de sodio baja presidn de 180 watts produce en cambio

3294 limenes por lo que tiene una eficacia de 183 Im/w.

Potencia nominal Rendimiento luminoso
Tipo de lampara w Im/w N
Efluvios. .. ....ovviennennn. . 0,3 2
incandescente Standard 40 Wi220V | 40 11
Fluorescente L 40 W/20 (Blanco {rio). 40 80
Mercurio a alta presién HQL 400 W 400 . 58
Halogenuros metalicos HQI 400 W . 360 78 -
Sodio a alta presion NAV-T400W. .. 400 - 120
Sodio a baja presibn NA180W .. ... 180 183

TABLA II.- EFICACIAS PROMEDIO DE DISTINTAS LAMPARAS

Cabe aclarar que las eficacias de la Tabla II se refieren
exclusivamente a las laAmparas; para las lamparas de descarga co
mo sistema completo incluyendo instalacidn y accesorios de co-

nexidn dichas eficacias pueden variar sustancialmente.

ENERGIA LUMINOSA O CANTIDAD DE LUZ.

De forma andloga a la energla eléctrica que se determina por
la potencia eléctrica por unidad de tiempo, la cantidad de 1luz
] epergia luminosa se determina por la potencia luminosa o flu-
jo luminoso por unidad de tiempo.

La cantidad de luz se representa por la letra Q y su u
nidad es el LUMEN_HORA (lm-h). Su férmula es: v
Q= 6.t

C

Esta magnitud es importante en las lamparas de relampago em
pleadas en fotografia, pues su valor es decisivo para la ilumi-
nacidn de la pelicula. Debido al cortg tiempo de la descarga, la
‘cantidad de luz suele darse en limenes por segundo (lms). En la
lampara que emite una cantidad.de luz-de 2.1 lmh, esta magnitud_
por segundo sera 2.1 lmh x 360Q seg & 7560 lms,

También tiene interés conocer a efectos de calculos econd
micos la cantidad de luz gque emite una lampara durante su vida.

Una lampara incandescente de 40 watts que emite un flujo luminoso
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de 440 limenes, durante su vida prdmedio de 1000 horas emitira u
na cantidad de luz del440,000 lmh. De este valor habrad que descon-

tar la pérdida de flujo que se produce en el transcurso de su vi

da, ya que este valor no es constante,

INTENSIDAD LUMINOSA .

Este parametro se entiende Gnicamente referido a una deter-
minada direccién y contenido en un angulo s6lido w (Omega Minis-
cula). Al igual que a una magnitud de superficie corresponde un
angulo plano que se mide en radianes, a una magnitud de volumen _
le corresponde un &ngulo sdlido o estéreo que se mide en estéreo
rradianes.

El radiidn se define como el Angulo plano que corresponde_
a un arco de circunferencia de longitud igual al radio. El este-
reorradidn se define entonces como el Angulo sb6lido que correspon-
de a un casquete esférico cuya superficie es igual al cuadrado_

del radio de la esfera (Figuras 2 y 3).

1ed

a =
1 radisn

$: 1Lm
E=1Lux
S=1m*
1ed
@ totsll = 2 n radianes <o ltotal}) = 4n estereorradianas
FIG 2.- ANGULO PLANO : FIG 3.- ANGULO SOLIDO Y RELACION

ENTRE FLUJO LUMINGSO,IN-

TENSIDAD LUMINOSA E ILU-
. : MINANCIA.

La intensidad luminosa de una fuente de luz en-una determi-
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-nada direccidn es igual a la relacidn entre el flujo luminoso_

contenido en un &ngulo sélido cualquiera cuyo eje coincida con
la direccidn considerada y el valor de dicho dngulo sélido ex-
presado en esterecrradianes.

La Intensidad Luminosa se representa por la letra I y su
unidad es la CANDELA (cd). Su férmula es: '

I = =

W
La candela se define como la intensidad luminosa de una
fuente puntual que emite un flujo luminoso de 1 lumen en un an

gulo s6lido de un estereorradién:

1
cd = -
sSr

DISTRIBUCION LUMINOSA. CURVA FOTOMETRICA.

El conjunto de la intensidad fuminosa de un manantial en
todas direcciones constituye lo que se llama distribucidén lumi
nosa. Las fuentes de luz utilizadas en la préctica tienen una_
superficie luminosa mids o menos grande, cuya intensidad de ra-
diacidn se ve afectada por la propia construccidn de la fuente
presentando valores diferentes en las distintas direcciones.

| Con aparatos especiales se puede determinar la intensidad
luminosa de un manantial- en todas direcciones del espacio con
relacidn a un eje vertical. Si representisemos por medioc de vec
tores la intensidad luminosa de un mananatial en infintas direc
ciones del espacio, obtendriamos un cuerpo llamado S6lido Eoto-
métrico (fig 4).

Haciendo pasar un plano por el eje de simetria del cuerpo
luminoso se obtendria una seccidén limitada por una curva que se
denomina Curva de Distribucidn Luminosa o Curva Fotométrica. Me
diante la curva fotométrica de un manantial se puede determinar
con exactitud la intensidad luminosa en cualquier direccibn, da

to necesario para los cilculos de iluminacién,
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FIG 4.- SOLIDC FOTOMETRICO DE UNA LAMPARA INCANDESCENTE

Las curvas fotométricas sé dan referidas a un flujo lumi-
noso de 1000 ldimenes y, como el caso mids general es que la fuen
te de luz emita un flujo mayor, los valores de intensidad lumi-
nosa correspondientes se encuentran mediante una simple relacién.

Por ejemplo, si una lampara de mercurio de alta presidn _
tiene un flujo luminoso de 23000 limenes, los valores de la inten
sidad luminosa deducidos de su curva fotométrica dada para 1000
limenes, habra que'multiplicarlos por el factor 23 hallado. de _

la relacidn 23000/1000, para obtener el verdadero valor,

MEDIDA DE LA INTENSIDAD LUMINOSA.

La medida de la intensidad luminosa se realiza en el labora
torio por medio- de aparatos especiales, de los cuales existen
diversos modelos fundados en la Ley Inversa del Cuadrado de 1la
Distancia -la cual se discutiria postéYiormente - usando una luz
patrdon y otra desconocida, situadas una.frente a otra en .un hig
mo eje e intercebtadas en una pantalla en la que se igualan las
iluminaciones captadas en ambas caras de la misma mediante un
objetivo apropiado.’

En las figuras 5, 6 y 7 se dgéstfan las curvas fotométri-

cas tipicas de algunas de las limparas mas utilizadas.
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FIGS 5,6,7.- CURVAS FOTOMETRICAS TIPICAS DE LAMPARAS COMUNES

5) LAMPARA INCANDESCENTE ESTANDAR
6) LAMPARA FLUORESCENTE -
7) LAMPARA DE MERCURIO ALTA PRESION CON LUMINARIO

TLUMINANCIA.

La iluminancia © iluminacidn de una superficie es la rela-
cibn entre el flujd luminoso que recibe la superficie y su exten
sién. Se representa por la letra E y su unidad es el LUX en el
Sistema Internacional de Unidades. Su ecuacidn es:

-

E =

>[e.

-

De esta ecuacidn se deduce que cuanto mayor sea el flujo_
luminoso incidente sobre una superficie, mayor serd la iluminan
cia, y que, para un mismo flujo luminoso incidente, la iluminag.
cia serd tanto mayor en la medida en que disminuya la superficie.

El lux, unidad de luminancia se define como la iluminacidn

N
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-de una superficie de un metro cuadrado que recibe uniformemente

repartido un flujo luminoso de un lumen (Fig 8).

1 Lumen

FIG 8.- UNIDAD DE LUMINANCTIA. LUX.

1 Im-
LUX = ——
I m’

La iluminancia constituye un dato importante para valorar_
el nivel de iluminacibn que existe en una oficina, en la super
ficie de un recinto, en una calle, etc.

La medida de iluminancia se realiza por medio de un apara
to denominado luxdmetro, que-consiste en una celda fotoeléctri-
"ca que, al incidir la luz sobre una superficie, genera una débil
corriente eléctrica que varia en funcidn de la luz incidente.
Dicha corriente se mide con un miliampérmetro cuya escala estd.
calibrada directamente en lux. La Tabla III muestra distintos

.valores aproximados de iluminancias.

~

T A B L A III

Mediodia de verano al aire libre, con cielo despejado ......... 100,000 lux
Mediodia de verano al aire libre, con cielo cubierto .......... 20,000 lux

Lugar de trabajo bien iluminado en un recinto interior ........ 1,000 lux
Buen Alumbrado PUBLicoO ..ovverrnirineeernenanrsavonocrennnsean=s 20-40 lux
Noche de Luna LLena ......veveverrcsverenrenccnnnsaaiorasaasaas -~ 0.25 lux

Noche de LUna nueva (Luz de estrellas) ......veeuieenrnroncansen 0.01 lux



LUMINANCIA.

La luminancia de una superficie en una direccidn determi-—
nada es la relacidn entre lalintensidad luminosa en dicha direc
cidn y la superficie aparente (superficie vista por el observa-~
dor situado en la misma direccidn).

La luminancia sé representa por la letra L y su unidad es
el NIT (nt) o candela por metro cuadrado (cd/m’); tiene un sub- )
miltiplo que es el STILB (sb) que es candela por centrimetrdcug
drado (cd/cm’), empleado para fuentes con elevadas luminancias.

La ecuacidén que expresa la LUminancia es:
I
S cos o<

donde: S coso<  es la Superficie Aparente
. v -

La Luminancia es midxima cuando el ojo se encuentra en la
perpendicular a la superficie luminosa. ya que entonces el an-
gulo = es igual a cero y el coseno de®™ igual a uno, correspon
diendo la superficie aparente a 1la real,

La luminancia puede ser directa o indirecta, correspon--'
diendo la primera a los manantiales luminosos y la segunda a _

los objetos iluminados (Figuras 9 y 10).

.00 "
L. ..‘ XN Superfitio aparente
Supedficie aparents XK R RS -
7 AN %t
Superficie tumingsa - ( w Superficia lluminada
FIG 9.~ LUMINANCIA DIRECTA DE UNA “FIG 10.~ LUMINANCIA INDIRECTA DE

SUPERFICIE LUMINOSA. «UNA SUPERFICIE TLUMINADA.
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La luminancia es lo que produce en el 6rgano visual la sen
sagidon de claridad, pues la luz no se hace visible hasta que es
reflejada por los cuerpos. La mayor o menor claridad con que ve
mos los objetos iluminados, depende de su luminancia. E1 libro y
la mesa de la figura 11 tienen la misma iluminancia, pero se ve
con mas claridad el 1ibro pordue su luminancia es mayor que la _

de la mesa.

FIG 11.- DIFERENTES LUMINANCIAS DE DOS CUERPOS
CON IGUAL ILUMINANCIA.

Ls percepcidén de la luz es realmente la percepcidn de di-
ferencias de luminancias. Se puede decir, por lo tanto, que _

el ojo ve diferencias de luminancias y no de iluminacidn.

En la Tabla IV se dan algunos valores de luminancias.

T 4 B L A IV
5 3 A e eeaas 150,000 cd/cm’
Cielo despejado .u.everreirnnnneensennnnn et aeseancannnnes 0.3 -0.5 "
Cielo Cubiero .vvveeverveneencnnoneanns P 0.03- 0.1 "
Luna ...... St eeat s teas et reacan e asenrana e anan veee. 0250
LLama de una vela de Cera .......civuvievuinsrrensnasncansnnnsans 0.70 "
Lampara Incandescente Clara ...veeessrscrnossareareseasaess 100 =200 "
Limpara IncandeSCente MA@ ....e:eouveecnsonseecansnsaassnansns 5 =50 "
Limpara Incandescente Opal ....cciveriiireiuncnsrninansonosnanes 1 -5"
Lampara Fluorescente LAOW/20 .. ..iiuiiiiiiiiieniennniennannrenas 0.75"
Lampara de mercurio a alta presidn 400 W ... ..occviiirinneinnnen, 1t
Limpara de Aditivos Metdlicos 400 W ... . i iviiviivinnnennennns 700 "
Limpara de sodio a alta presidn 400 W..vvivrienireninonnnnnnns 500 "
LAmpara de sodio a baja presion 180 W ............ et 10 "
Piipel Blanco con Iluminacidn de 1000-lux ......... et 250 ¢d/m’

Calzada de una calle bien iluminada .............. Cieentananana 2 "

.t
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La medida de la luminancia se realiza por medio de un apa

—rato—especial—llamado~Luminancimetro—o—Nitrémetro;—de construc-

cidn similar al luxémetro, del que igualmente existen diversos

modelos..

SISTEMAS DE UNIDADES.

. El sistema inglés de unidades tiende a desamnecgr, por lo
que en un futuro prdéximo todos los paises utilizarin el Sistema
Métrico, mlds propiamente llamado el Sistema Internacional de U
nidades, abreviado SI. Las principales razones para adoptar el SI_
son las siguientes: 1) Su‘extenso uso en la mayor parte de los
paises del mundo, 2) Son las unidades primarias en el campocien.
tifico, y 3) La necesidad de uniformizar los campos de ciencia
e Ingenieria. ‘

En la Ingenieria de Iluminacidn sbélo aquellos términos _
que involucran unidades de longitud o &rea se ven afectados _
por la conversidn. Las unidades de lﬁmehes, candelas, estereo-
rradianes y eficacia permanecen igual. Por lo tanto sdlo las u
nidades de Luminancia e Iluminancia se ven afectados por esta
conversinn:

En el sistema Inglés la unidad de Iluminancia es el foot
candle (fc) y equivale a un lumen por pie cuadrado, o sea:

1m

fc =
. 2
pie
La conversidén entre Footcandles y Lux se reduce a una sim

ple conversién de pies cuadrados a metros cuadrados porque los

limenes son comunes: = - . ,
1 pie = 0.3048 metros ; - 1 pie? =°.0929 m’
. 2
1 footcandle = —0 - P& _ 19 7639 Lyx

pie’ . 0.0929 p?

1 fc_ -
10.76 lux

¢ también:
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En el Sistema Inglés la unidad de Luminancia es el foot-
candle (fl) y egquivale a una candela por pie cuadrado, o sea:

_ cd
fl =

pie’

"La conversidn entre footlamberts y Nits se reduce-también

a una simple conversidn de metros cuadrados a pies cuadrados pe

ro se debe incluir el valor :
B 1 cd . pie’ _ d o
fl = %7 Tie’ 0.0929 @@ ~ 3:4%62 — = 3.4262 Nits
o tambign : fi- ™ _ 1
3.426 cd

La relacidn entre candelas, liimenes, estereorradianes y _
footcandles puede encontrarse facilmente utilizando una esfera
unitaria de 1 pie de radio con una fuente puntual uniforme de

1 candela en el centro de la esfera (Fig 12):

As=1 Piel
FUENTE
PUNTUAL

UNIFORM -
DE Lcd. \.1; e

{a) ESFERA UNITARIA

( b) SEGMENTO DE UNA ESFERA UNITARIA

' FIG 12,- ESFERA UNITARIA
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Para un &rea de un pie cuadrado en la superficie, el &n-___

gulo sb6lido obtenido serd un estereorradiah (sr):

A 1 pie’
W= = ——— = 1 s7T
R’ 1 pie’

La fuente puntual de una candela producird un lumen an la

unidad de angulo sbdlido:
6 =1 w=1ocd . sr =1m ’
La iluminécién producida en la superficie interior de la
esfera serd de 1 1lm en un pie’ o un footcandle: .
6 1 1m

E=_"_-= = 1 fec
A 1 ft?

El &rea total de la superficie de una esfera es 4 R?.Por
lo tanto, el &rea total de la superficie de la esfera unitaria
es 4T o 12.57 ft’. Si el flujo luminoso de 1 1lm llega a cada_
pie cuadrado, la fuente puntual uniforme produce un total de __
4T 1m o 12.57 1nm. '

Ademds de las unidades estudiadas hay otras que se usan re
gularmente. Algunas de éstas son las siguientes:

Cuando la intensidad luminosa estd en candelas y el &rea _
estd en pulgadas cuadradas, la unidad de luminancia es candelas

por pulgada cuadrada, por tanto:

1m 1 _ 1 cd _ 1 cd
1 f1 = 7 " - = T rl :
ft ™1lm A fr’ 144 pul’
cd -
El nimero de footlamberts es igual a 1/144 veces el nime

ro de candelas por pulgada cuadrada, es decir:
1 f1l _ lasm. pul?® . f1 -
(1/144W)(cd-pul’) - 1 cd - . -

Haciendo un andlisis comparativo entre dos esferas unita-
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rias para cada sistema de unidades, es decir una con radio de
1 pie y otra con radio de 1 metro se pueden comprobar varias_

de las relaciones encontradas (Figl3).

SUPERFICIE DE UNA ES.FERA
. 1 Metro cuadrado de orea

SUPERFICIE DE UNA
ESFERA (1 Pie "
cuodrodo de area }

- .-_-'-l‘
FUENTE DE Luz  “[LUMINACION .V
de 1 condela 0 12.57 4 ) on /pie ILUMINACION
LUMENES . cuadrado ¢ 076 lux 1 lux o

1 lumen /mefro cuodrodo
! ¢, 0.0926 foctcandle

FIG 13.- UNIDADES DE ILUMINANCIA. |

En la Tabla VI hacemos un resumen de las magnitudes y unida-
des luminosas fundamentales para los sistemas Inglés e Interna--
cional y en la Tabla V se incluyen algunos factores de conversién

entre unidades comunes.

T A B L A \'

pul X I cm

pie X 3048 L Liiieeneans m

lux X m’ rveseeaanns 1m

fc X pie’ Li.iiiie..... im

fe X 10,765 .. vvevnvanes lux

cd X sTr Cieesatrsanes Im

fl X 452 L.iiiveeve..  cd/pul’

£1 - x 3.4262 .....cev.v..  Nits (cd/m?)
cd/pul’ X

.55 ..... veeeess Ked/m®




RESUMEN DE LAS MAGNITUDES Y UNIDADES LUMINOSAS FUNDAMENTALES

MAGNITUD SIMBOLO UNIDAD DEFINICION DE LA UNIDAD RELACION%S
: !
FLUJO LUMINOSO ¢ Lumen (1m) Fluj6 luminoso de la radiacidn- 6 =i, i
monocromidtica de frecuencia 540
x 10E12 HZ y un flujo de ener-
gia radiante de 1/683 watts.
RENDIMIENTO n. ' Lumen/watt Flujo luminosc emitido por u- VL== é/w
LUMINOSO (1m/w) nidad de potencia
Lo )
CANTIDAD DE Q Lumen por segundo Flujo LUminoso emitido por uni Q=¢ .t
LUZ (Ims) dad de tiempo. :
Lumen por hora
(1mh)
— |
INTENSIDAD I Candela(cd) Intensidad luminosa de una fuen I =d/w |
LUMINOSA te puntual que emite flujo lumi
noso de un lumen en un Angulo _
"s0lido de un estereorradian.
ILUMINANCIA E Lux (1x) Flujo luminoso de 1 lumen gue re E = 4/a
footcandle (fc) cibe_una superficie. de 1 m
LUMINANCIA L Nits(Cd/m”) Intensidad luminosa de una can L=1I/A
: dela por. unidad de superficie. :

. Stilb(cd/em’)




LEYES FUNDAMENTALES DE LA ILUMINACION
e LEY DEL CUADRADO INVERSO DE LA DISTANCIA

Para una fuente luminosa, las iluminanciﬁs en dife-
rentes superficies .situodos perpendicularmente a
la direccion de la radiacion son directamente pro-
porcionales a la intensidad. luminoéo" de! foco,
- e inversamente propo'rcionoles- al cuadrado de

la distancia que las separa del mismo.

I
E =
EZ_

Lanley de! inverso del cuadrado de la ﬁdistancio
se cumple cuando se trata de una fuente pun-
“tual, de sUperfici.es’ -p&'rpendiculares- a la direc-
cion del flujo luminoso y cuando la distancia es
grande en relacion a! fcrhaﬁo de! foco, se conside-
ra sufici.entemente aplicable, si.la distancia es por
lo menos cinco veces la mdxima dimension de la

luminaria. s



- Segun esta ley una fuente cuya intensidad

. luminosa es de 36 candelas, producira sobre
una superficie situada perpendicularmente a
la direccion de radiacion, a las distancias de |, 2

y 3m, las siguientes iluminancias:

En la superficie a I m EI’E‘IZ" —3-?—'36 lux
| | - | | o
En la superficie a 2m E,* ‘12 = 32—-- 9 lux
o d2 2 o
En la superficie a3m ks 12 s 33 z 4 lux
d:5 3

/7



LEY DEL COSENO

En el caso anterior la superficie estaba situada perpen-
dicularmente a la direccion de los rayos luminosos,pero
cuando forma con esta un determinado q'_nqubo<, @
‘formula de la ley del cuadrado inverso de la distancia
hay que multiplicarla por el coseno del angulo corres-
- pondiente cuya expresion constituye la !lamada "Ley
del coseno” “

E =—gr— cos o

La iluminancia en un punto cualquiera de una su-
- perficie es proporcional al coseno del dngulo de-

incidencia de los rayos luminosos -en el punto ilu-
minado.



~__LEY DEL-COSENQ="——-

1 DIRECCION ViISUAL P

En la figura se representan dos fuentes F y F'
con igual intensidod luminosa y a la misma diston —
cia del punto P A la fuente F con un dnguio de
incidencia o< igual a cero, corresponde un cose-
no 0°=1 y produce una iluminacion en el

| punto P de valor. ;t X1

De la misma forma el F' con un cnquloo(rGO’
corresponde el cos 60°=0.5, producird en el mis-
mo punto una iluminacion de volor. Elp= ;: <05
Es decir que Ep =05 Ep 0 que para obtener la
misma iluminacion en el punto P, la intensidad
luminosa de la fuente F' debe ser doble de
la F. | |

En la proctlca generolmente no se conoce la
distancia 'd" del foco al punto considerado, sino

su altura "h' a la horizontal del punto y al ser

L. h . h :
COs ™<= — . . d " o5 substituyendo este

-~ valor en la formula onterlor se obhene la

Ep=

~ siguiente . 1

= —— C0S3 o<
Ep= h? =/
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FUENTES LUMINOSAS.

Las fuentes de lpz (l&mparas) que se utilizan actualmente --
para la iluminacidn artificial, pueden ser divididas en dos-
categorias principales: Incandescences Yy de, descarga. Las --
iamparas del tipo de descarga pueden ser de alta 6 baja pre-
sifén. Las fuentes de descarga en baja presién son las fluores
centes y las de sodio en baja presibn. Las l&mparas de vapor
de mercurio; aditivos metdlicos y sodio alta presién son con

sideradas l&mparas de descarga en alta presién.

Esﬁas son las fuentes de luz mds comunmente usadas en el cam
po de la Ingenierfa de Iluminacién. Cada fuente de luz seré&-
descrita en términos de sus tres componentes primarios: (1}~
Elemento productor de luz, (2} Bulbo y (3) Conexibn eléctrica
El capftulo esta.dividido en dcv secciones: (1) fuentes in-

candescentes, (2) fuentes de descarga
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Figura 3-22 Lémpara Incandescente

3.3.1 FUENTES INCANDESCENTES.

-~

3.3.1.1. LAMPARAS INCANDESCENTES ESTANDAR
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Elemento productor de luz.

La luz es producida en la lampara incandescente (figura -
3-22) calentando un hilo o filamento a altas temperaturas,
lo cual causa que el conductor se haga incandescente. Lo-
incandescente del hilo es .resultado de la resistencia al-
flujo de corriente eléctrica a través del conductor. El -
tungsteno es usado como material para el filamento. Ningu
na otra substancia es tan eficiente en convertir energia-
eléctrica en luz eﬁ la base de vida y costo. El tungsteno

tiene cuatro caracteristicas importantes:

l.- Alto punto en fusién
2.- Baja evaporacién
3.~ Alta resistencia y ductilidad

4.- Caracterfsticas favorables de radiacién

Las designaciones més comunes de letras para filamentos --
son "S", "C", y "R". Los filamentos bobinados son los m&s-
eficientes y ampliamente utilizados en las lémparas encon-
tradas en Ingenierfa de Iluminacién. La resistencia del --
tungsteno frio es baja, comparada con su resistencia opera
cional: por lo que hay gran cantidad de corriente inicial-

de encendido, -en una ldmpara fria.



Bulbo.

El bulbo o cubierta de vidrio es'usado para evitar que el
aire togque el filamento. Cuando el filamento se expone al
aire la evaporacién ocurre mi&s répido. El bulbo se llena- |
con gas inerfe de argbn y r.trbgeno para retardar la eva-
poracién del filamento; Las l&mparas con gas designadas -
tipo C son de 40 watts y mayores. Las l&mparas de 25 watts.
y menos son lamparas en vacfo, las cuales son designadas-
tipo B. Los bulbos también son designados de acuerdo a éu

forma (ver figura 3-23).

0V

Cono Pera

nGu "CA" ..A.. n-T-.
Globo Decorativa Estandar  Tubulor

HGTI' -R'O usnn
Chimenea Reflector Refiector Pera
parabolico cuello lorgo

Figura 3-23 Formas de Bulbos de l&mpara Incandes-
centes y de Tungsteno Halbgeno. .
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aparte de la designacién con letras, los bulbos también -
tienen una designacidp numérica, la cual representa el dij
metfo dei bulbo en octavos de puigada. Por ejemplo, una --
designacibn A-19 indica un di&metro de 19/8" &6 2 3/8" de -

pulgada.

Los acabados de las superficies del bulbo pueden ser claro,
esmerilado u opqlino, de color o superficies interiores --
plateadas. Las ldmparas normalmente en el mercado son las-
claras, esmeriladas u opalinas, blancas y plateadas, los -
bulbos de color pueden ser de vidrio en color natural, pin

tura exterior o filtros.
Conexifn Eléctrica.

La base proporcibna la conexién eléctrica, montaje y posi-
cionamiento de la l&mpara. Hay ocho tipos difereﬁtes de ba
ses, Las lamparas para servicio general de menos de 300 --
watts normalmente usan la base roscada mediana; de 300 a -

500 watts las lamparaé usan la base roscada mogul.
Caracteristicas de Operacibn.

Variacién de voltaje.- La variacibén el voltaje en una lé&nm

para incandescente, arriba o abajo del voltaje nominal, --



7.
afectar8 las caracteristicas de la ldmpara. Por ejemplo, -
8i una lampara para 120 volts nominales es operada a 125 -
volts (4% de incremento), la l&mpara produciri 16% mis 1G-
menes, 7% mis watts, y 3B% menos de vida. Una l&mpara de -
120 volts nominales operada a 115 volts (4% menos), propor
‘cionard 13% menos ldmenes, 6% menos watts y 62% mis vida -

(ver figura 3-24).
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rigura 3-24 Efecto cdel Voltaje en la
Emisién Luminica y Vida de la L&mpara.




Depreciaci6n.de.L6menes.-_La-resistencia-del_filamento—-—————
aumenta con el tiempo debido a la evaporacién, dando como
resultado una disminucién del didmetro del filamento. Es-

te incremento en la resistencia del filamento, causa una-
disminucién en los ldmenes, amperes y watts. Una reduccifn
adicional en la salida de lfmenes es debida a la absor§i6n

de luz por el tungsteno depositado en la superficie inte-

rior de la l&mpara (ver figura 3-25),.

' || ¥ L] ¥ L]
" i . ..
© . Lomparoc de tungsteno- haiogeno
2 0 P 9 9
o
£
w BOF
[ ']
[
[
£ wf
39 70 1 1 1 1 1
+] 20 40 &0 B0 100 120

% vida nominol

Figura 3-25 Depreciacidn de LGmenes en las L&mpa-

ras Convencionales y de Tungsteno Halbgeno.



3.3.1.2. LAMPARAS DE TUNGSTENO - HALOGENO. 67'

Una deficiencia de las lémparas incandescentes normales =
ha sido su mantenimiento de lUmenes a lo largo de su vida.
Cuando el filamento se calienta, este se evapora lentamen-
te y se deposita en la pared interinr del bulbo. Esta capa
de tungsteno entonces actGa como un filtro, aﬁsorviendo --
algo de luz y disminuyendo la salida de 1luz, Esto fué supe
rado con el desarrollo de la l&mpara de ciclo tungsteno --
halSgeno, la cual tambi&n ‘es llamada l&mwpara de cuarzo. La
ldmpara de tungsteno - halégeno contiene un halSgeno como-
el iodo de bromo y un gas de relleno. El blGlbo est& hecho-
de cuarzo péra soportar las alfas temperaturas requeridas—
‘por 2l ciclo paré trabajar. A altas temperaturas, el tungs
teno evaporado se asocia con una molécula de hal6geno. En-
vez de depositarse en las paredes del bdlbo, la molécula -
combinada de tungsteno halégenc retorna al filamento ca---
liente, liberando al hal6geno para permitirle combinarse -

con otra molécula de tungsteno evaporado.

Esta accifn de limpieza minimiza el deposito de tungsteno--
en la pared del bflbo, y da-como resultado un incremento -
en la salida de lﬁmenés a través de la vida de la lémpara.
En la figura 3-25 se muestra la salida de lGmenes de una ==

limpara incandescente normal y la de una l&mpara de tungs-

teno - haldgeno cdurante la vida de cada una de ellas. .



"El principal objeto al desarrollar la lampara de tungsteno

/0~

- halbgenc fué el mantener la salida de lGmenes, peroc se -
hicieron otras mejoras. La vida de la l4mpara aumentd un -
poco, asi como su eficacia. Para operar apropiadgmente las
ldmparas de tungsteno - halfgeno requieren de relativamen-
te altas temperaturas, el filamento tuvo que ser compacta-
do y el bfilbo se hizo m8s peguefio. La fuente como es mds -
pequena se acerca m&s a la fuente puntual ideal, necesaria

para un buen control Sptico.’

La limpara de tungsteno , halégeno es un tipo de lampéra -
incandescente y por lo tanto es f&cil de atenuar. Sin - --
embargo el atenuarla provoca una reduccién en la temperatu
ra de las paredes del bfilbo, lo cual retarda la unibn de -'

las moléculas de tungstenc - halégeno, .dando como resulta-

do un enegrecimiento de las paredes del btlbo y reduccidn-

en la salida de los lGmenes de la ldmpara. Cuando la lémpgp
ra cs regresada a un nivel de temperatura suficiente, algo
del tungsteno depositado en el bflbo es removido.
CARACTERISTICAS GENERALES DE OPERACION.

Eficacia y viada.

Una de las caracteristicas m“as importantes de cualquier --



fuente de luz, es su haﬁilidad para cdnvertir la energfa -
eléctrica en energfa luminosa. A esto se le c¢onoce ccmo --
eficacia de la lampara. Las l&mparas incandescentes tienen
eficacias que andan en el orden de los 4 a los 24 lumenes/
Watt. Para propositos de comparacién, a la l8mpara incan--

descente se le asigna wna eficacia de 20 lumenes/Watt.

El costo de la luz depende no solp de la eficacia, tamcién
depende de la vida de la fuente. Las l&mparas incandescen-
tes tienen una vida promedio de 1000 hrs., o sea alrededor
de 5 meses con un perfodo tipico de encendido de 8 hrs. --
diarias (52 semanas/afc x 6 dias/semana x 8 horas/dfia = -
2496 horas/ano). La vida de la l&mpara es funcién de va---
rios factores, incluyendo la forma del filamento y su so--
porte, el gas de ;elleno, los ciclos de encendido-apagado-

y la potencia.
Caracteristicas de color.

El sistema visual humano responde en forma diferente a las

diferentes longitudes de onda de la radiacién. Nuestra men

te interpreta estas diferentes longitudes de onda como co-

lor. Las fuentes de luz son importantes en la visién del -

color ya que proporcionan la energfa radiante y por lo tan

/-

to la respuesta al color. La distribucién de las longitudes




de onda emitidas por una fuente, es conocida comc la dis-

tribucién de potencia espectral (DPE).

La DPE de una ldmpara incandescente se muestra en la figu

ra 3~26

Note la tremenda cantidad de rojo o grandes longitudes de-
"onda presentes; Esto es normal para una fuente que produce
energfa luminosa por calor. La DPE de la l&mpara de iodo--
cuarzo es similar a la de la l&mpara incandescente pero =--
contiene ligeramente més longitudes de onda corta (azul).
Esto es resultado de las altas temperaturas de operacién.

N

- Las lamparas incandescentes tienen un redimiento de color-

aceptable.’
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Figura 3-26 Distribucibn de Potencia Espectral
‘'de una Lampara Incandescente, '



3.3.1.4

Distribucidn de energfa

La distribucibn de energfa de una l&mpara incandescente -

se muestra en la figura 3-27

Potencic de entrado
1005
1
m Perdidas no ro-
Radiacion . dioctivas
ax 18% ,
‘ ; |L
- . Pérdida de
qul~0ClOﬂ . Radiacion infrarcja "~ polencig
visible : 18%
0% ™
Figura 3-.  Distribucifn de Energfa de una L&mpara

,Incandescente.

RESUMEN.

A pesar de que las fuentes incandescentes tjienen una vida
corta y baja eficacia, tienen ventajas que las hacen ser-
seleccionadas comunmente como fuentes de luz. Entre estas
ventajas estan el bajo costo inicial de la limpara y su =
relativamente pequefio tamafio, lo que facilita dirigir la-

salida de luz ya que se aproxima al modelo ideal de una -

/3
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3.3.2

fuente puntual. El rendimiento de color es aceptable. Algu
nas veces se selecciona un sistema incandescente debido a-
su facilidad y bajo costo para atenuarlo, lo cual es una -

consideracibén importante en muchos disenos.

Lac ldmparas anorradoras de enexrgfa en el mercado, hacen -
uso de diferentes gases de relleno. Estas ldmparas utili--
zan mds el Krypt6n que el Argén utilizado en las lamparas-
normales. El resultado es una disminucifn en la potencia -
consumida sin aisminucibén de la eficacia. Como un benefi--
clo adicional, 1la Qida-se incrementa. La lampara incandes-
cente es afin pOpular debido a su bajo costo. Las lamparas-
ahorradoras de energfa cuestan alrededor de 10 veces .mds -

lo gue cuesta una l&mpara incandescente convencional.

FUENTES DE DESCARGA GASEOSA.

Las idmparas de descarga gaseosa son comparadas con un ele
mento de resistencia cero o de resistencia negativa. Cuan-
do los aditivos dentro del tubo de arco se ionizan, la re-
sistencia dentroc del tubo de arco disminuye. Esto provoca-
gue la resistencia se aproxime a cero, mientras gque la co-

rriente se aproxima a infinito.

I-—-%- R—» 0, I — oo



Sin un dispositivo gue limite la corriente, los electrodos
se destruirfan en cuestidn de sequndos. Debido a lo ante--
rior, todas las fuentes de descarga gaseosa requieren de -

un balastro.

Un balastro es un dispositivo eléctrico que sirve para ---

tres funciones primarias:

l.- Limita la corriente (caracteristica de elemento de re-

sistencia cero),
2.- Proporciona el voltaje de encendido.

3.- Proporciona correccién del factor de potencia.

El balastro actfia como un autotransformado:'para proporcio

nar el voltaje de encendido. Por lo tanto, contiene devana

15~

dos Jue provocan una carga de reactancia inductiva. La reac

tancia inductiva causa un defasamiento entre las ondas de-
corriente y voltaje, el cual es corregido con la adicién -
de un capacitor en el balastro. El balastro se describiré

con mds detalle al final de este capftulo.

Posicién de operacién.- Las limparas de descarga gaseosa -
son usualmente sensibles a la posicién de operacién. El --

Ingeniero debe tener precaucién al seleccionar las léampa--
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3.3.2.1

ras, ya que si Be operan en una posicién diferente de la
especificada, estas pueden cambiar su salida de lﬁmeneg,
su vida y sus caracteristicas de color. Algunas l&mparas
pueden 2xplotar o implotar si no se instalan correc-
tamente. -Se deben consultar las especificaciones del fa-
bricante para obtener informacién de la posicibén de - -
operacifn. Las letras tipicas para designar la posicién-

de operacién son:

A

BU: base arriba BD-HOR: Base abajo a horizontal

BD: base abajo VER-BU: Vertical a base arriba
BU~HOR: base arriba a VER-BD: Vertical a base abajo
horizontal HOR: Horizontal solamente

FUENTES DE DESCARGA GASEOSA DE BAJA PRESION.

Lamparas fluorescentes.

La primera instalacién importante de l&mparas fluorescentes

fué hecha en los anos de 1938 - 1939 en la fé&ria mundial -

de Nueva York. Las lamparas fueron instaladas en racimos

verticales en las astas, a lo larc~ de la avenida de las --

banderas. En la figura 3-28 se muestra un esquemitico de la

ldmpara fluorescente.

"
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Elementos productores de luz.- La l&mpara fluorescente --
reqﬁiere de tres elementos o componentes para producir luz

4

visible: (1) electrodos, (2) gas y (3) fésforo.

Electrodos (c&todos).- Los electrod s son 10s dispositi--
vos emisores. Actualmente se utilizan 2 tipos de citodos.
El c&todo caliente es un filamento de tungsteno con doble

o triple arrollamiento, cubierto con un oxido de cierra -

alcalina que emite electrfnes cuando se calienta. Los -
eléctrénes son emitidos a una teméeratura aproximada de -
900°C. Los electrbnes estin sujetos a un voltaje mayor, -
emitiendo electrénes a 150°C aproximadamente. El cdtodo -
calieﬂte es el tipo de electrodo mis comunmente usado en-
lamparas fluorescentes, para la mayoria de las aplicacio-

nes. Por lo tanto, no se describirdn las ldmparas de cito

do frio.

Gases.- Una pequena cantidad de gotas de mercuric se éolg
ca en el interior del tubo fluorescente. Durante la opera
cién de la lé&mpara, el mercurio se vaporiza a una presién
muy baja. A esta baja presién, la corriente fluyendo a --
‘través del vapor provoca que el vapor radie energia,prin-
cipalmente a una sola longitud de onda en la regién ultra
violeta (253.7 nm) del espectro. ﬂa presién del mercurio-
es regulada durante la operacién, por la temperatura de -

la pared del bulbo. '



La limpara también contiene una pequeﬁa‘cantidad de un gas
raro altaménte purificado. Los m8s comunes son el Argbn y-
el Argbn-Nedn, pero algunas veces también se utiliza el ~--
Kryptébn. £1 gas de ioniza ré&pidamente cuando se aplica un-
voltaje suficiente a la l&mpara., El gas ionizédo decrese -
ripidamente su rgsistencia, permitiendo que la cofriente -

P

fluya y el mercurio se vaporize.

F6sforo.- Este es el recubrimiento quimico en la pared in-
terior del bulbo. Cuando-el fésforo es excitado por radia-
cifn ultravioleta a 253.7 Nandmetros, eéte produce luz vi-
sible por fosforecencia. (ver figura 3-28). Es deéir, la -
luz visible de una l&mpara fLuorescente'es pfoédéida por -
la accién de la energfa ultravioleta en el recubrimiento -

de [f6sforo dentro del bulbo.

Envolvente.- El bulbo es el envolvente de vidrio gue con--
tiene los gases y proporciona una superficie a la cual pue

de aplicarse el f&sforo . Los bulbos se designan de acuer-

do a su forma, difmetro y color (ver figura 3-29). Por ejem

plo, 7T-12 indica una forma tubular (T) y un didmetro de --
1 1/2 pulg. (12 representa el didmetro en octavos de una -

pulgada: 12/8 =. 1 1/2 pulg).

Tubular dentado - _ (C .
_ . . [
j_i ' 1; Circul_cr "u"
Tubular

rigura 3-29 Formas de Tubos Fluorescentes.
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Conexién eléctrica.- La base proporciona la conexifn eléc-
trica entre la limpara y el soquet y sirve como soporte =--
y alineamiento de la l&mpara. Hay tres tipos de bases aso-

ciadas con las ldmparas fluorescentes:

1.- Déble alfiler (miniatura, media, mogul): Se usa -
en todas las de precalentamiento y la mayorfa de-
.lémparas de arranque rdpido.

2.- Doble contacto embutido: Se utiliza en las l&mpa--
ras de alta emisién y Power Groove. Su propSsito-
es proteger a los usuarios del alto voltaje en -~
los contactos.

3.- Contacto sencillo: Usado en ldmparas de arranque -
instanténeo.

Caracterigticas de color.- El color de una lampara fluores
cen.: depende del recubrimiento de f6sforo en la pared in-
terna del bulbo. La curva de Distribucién de potencia Es--

pectral consiste en dos componentes:

(1) una porcibn continua, y (2) una lfnea de espectro. Las
lineas o barras en la curva DPE representa la. luz visible-
gue es generadaa directamente por el arco de mercurio; la -

porcién continua es debida a la accidén de la energia ultra
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violeta en el f&sforo. La DPE de una l&mpara fluorescente -
puede ser cambiada modificando el tipo de' mezcla de fb6sforo
usados en el recubrimiento de las l&mparas. Hay seis lampa-

ras fluorescentes blancas en el mercado (ver figura 3-30).

CW: Blanco frio CWX: Blanco frfo de 1lujo
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rigura 3-30.Distribucién de Potencia Eépectral de lac

Lampgras Fluorescentes Lstandar.



Esta variedad de lamparas fluorescentes blancas ha sido
desarrollada para satisfacer casi todas las necesidades
de luz blanca. Estas’lamparas se conocen como lamparas-
blancas estandar, ya gue las seis se pueden obtener con
todos los grandes fabricanteg de lamparas. Adem8s de --
estas seis blancas estandar, cada fabricante vende blan

cos especiales y tubos fluorescentes de color.

La seleccién entre alguna de las ldmparas fluorescentes
siempre significa un compromiso entre eficacia y color.
La seleccifn del mejor rendimiento de color usualmente-
significa una reduccidén en la eficacia. Las ldmparas --
CW, WW, W y D tienen eficacias altas, pero son pobres =~
en rojos; dando como resultado una caracteristica de po
bre rendimiento de color. Las iamparas CWX vy WWXlson --
las quéwﬁroporcionan el mejor rendimiento de color a =--
lbs objetos y personas, con una razonable eficacia. Es-
to se obtiene con la adicibn de f6sforos rojos en la --
mezcla. Sin embargo, ya que el ojo tiene menor respues-
ta a la energfa roja, la eficiencia luminosa se reducg-
alrededor de 30% de la salida de luz de las l&mparas =--

CW v Ww.
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Circuitos de c&todo caliente.- Hay tres tipos de l&mparas
fluorescentes de cdtodo caliente y se definen por los cir

cuitos para los cuales han sido disenadas:

1.- Precalentamiento
2.- Encendido Instanténeo

3.- Encendido }&pido

Circuitos de precalentamiento.- El circuito de precalenta
miento fu€ el primer tipo en ser desarrollado. Requiere -
un arrancador sepdrado que precalienta los electrodos, =--
provocando una emisifén de electrénes. Esto causa que la -
resistencia internz disminuya, lo cual permite establecer
el arco. El proceso de precalentamiento requiere de algu-
nos segundos, de aquf lo lento del encendido que es carac
teristica del circuito de precalentamiento. El precalenta
miento puede ser efectuado por medio de un botén manual -
de arranqué o por un arrancador automdtico. El arrancador
héce circular corriente por los electrodos de la lampara-
por un tiempo.suficiente para calentarlos y entonces auto
maticamente (6 manualmente) interrumpe la corriente en --
los elgctrodos, causando gue el voltaje aplicadc entre =--

los electrodos establezca el arco.

Circuitos de encendido instantaneo.- En 1944, el circuito

de encendido instant&nec fué introducido para mejorar el-

“lento encendido del circuito de precalentamiento. El cir-



cuito de encendido instanténeo elimina la necesidad de un
arrancador y por lo tanto.simplifica el sistema y su man-
tenimiento. Se apliéa un alto voltaje entre los eleétro-r
dos suficiente para vencer la resistencia de la ldmpara -
Y establecer el arco, Ellarco calienta rdpidamente el fi-
laﬁento de los electrodos, lo cual hace que se emitan - -
electrbnes para sostener el arco. Ya gue no se reguiere -
de precalentamiento en las ldmparas de encendido instantd
neo, c¢con un solo alfiler de contacto es suficiente, A es-

te tipo de l&mpara se le llama también ldmpara Slimline.

Circuito de encendido répido.=- En 1952, se desarrollaron-

el circuito y la l&mpara de encendido r4pido. Esta encien

de ré&pidamente sin la necesidad de un arrancador separa--
do. Un balastro para encendido rdpido es de menor tamano-
y mas eficiente que un balastro de encendido instantdneo-
para la misma potencia. El circuito de encendido r&pido -
utiliza electrodos de baja resistencia los cuales son ca-

lentados continuamente con muy bajas pé&rdidas.

La lampara de encendido r8pido es la l&mpara m&s comGn -
y €s adecuada para la mayorfa de aplicaéiones. Los circui
tos de arrangue ripido pueden ser intermitentes o atenuar

se eficientemente.
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Las ldmparas circulares estdn disponibles para operacifn
-en circuftos de encendido r&pido. También estan disena--
das por usarse en circuitos de encendido r&pido las l&m-
paras en forma de "U", Las limparas de encendido rdpido-
pueden usarse tanto en circuftos de precalentamiento co-
"mo en circuftos de encendido répido. Sin embargo, una --
lampara con designacién de "precalentamiento" no puede -
usarse en ug circufto de encendido répido. Los circuftos
de encendido rdpido son clasificados de acuerdo a la co-

rriente de la lampara:

RS = = = = = = = = = = = 430 Ma

Circular = = = = = = = = = = - 390, 420 430 MA
HO = = = = = = = = = = = 800 MA
XHO, PG, VHO, SHO, T10 = =« = = = = = _1500 MA

Nomenclatura de l&mparas.- La nomenclatura de una l&mpara
es de acuerdo a su‘Potencia o Longitud, Forma, Diametro‘—
en octavos de puigada, y color. Las l&mparas de precalen-
tamiento. y encendido ré&pido utilizan la potencia nominal-
de la l&mpara en su nomenclatura, mientras que las l&mpa-
ras HO, VHO, encendido instantdneo y PG utilizan la longi
tud nominal en su nomenclatura. Algunos ejemplos se mues-

tran a continuacién:



Precaientémientor
FZOTIZZCQ, fluorescente/Watts/Tubular/Difmetro/Color
Encendido rapido; 30 y 40 Watte

F30CW j,F4OCW, Fluorescente/Watts/Color

Encendido rapido‘(HO)

F96T12/CW/HO, Fluorescente/Longitud/Tubular/Difmetro/

Color/Encendidc rapido
Caracterfsticas de funcionamiento.-

Vida.- La vida de la l&mpara depende del tiempo de opera-
cién/encendido. Los valores de las l&mparas estan dados -
en la base de un ciclo de 3 horas por encendido. En 1973-
se ihtrodujo en las l&mparas un nuevo gas colectar. Este-
gas previene la combustién del material emisor de los - -
eiectrodos, cada vez que la lf&mpara es encendida; por lo-
que, la vida de la l&mpara no es grandemente afectada por
los ciclos més frecuentes de apagado-encendido de la l&m-
para. Sin embargo, la importancia del tiempo de encendido
puede verse en la operacién por mis tiempo de las l&mpa--
ras en términos de los factores de vida:
6-h Operacién/Encendido: 1.25 x Vida
12-h Operacibn/Encendido: 1.60 x Vvida

Operacién Continua 2.5 6 mds x Vida
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Efecto estroboscbépico . Estroboscépico es una palabra grie
ga que significa "ver movimiento". El arco se extinéue du-
rante céda-paso por cero (120 veces/seguﬂdo) de la‘onda --
senoidal de Corriente Alterna; sin embargo, el recubrimien
to de fésforo contintGa radiando luz durante este pegueno -
periodo. Generalmente, esto no es notorio, pero puede en -
algunos casos hacer parecer a la maquinaria de alta veloci
dad estar estdtica. El uso de ba'astros de secuencia serie
en circuftos de encendido rdpido elimina este problema. -~
Otra solucibn es el usar balastros adelantado-atrazado, el
cual pone una lampara fuera de fase con respectola la otra
en una unidad de dos lamparas. Esto da como resultado que-
unad ldmpara esta al méximo de salida de lué mientras la --
otra estd en cero., El efecto resultante es la eliminacién-

del parpadeo.

Efecto de la temperatura.- La operacifén mis eficiente ie -
la lampara se obtiene cuando la temperatura ambiente est&-
entre 70 a 90°F..(21 a 32°C). Temperaturas menores causan-
una reduccién en la presién del mércurio, lo cual signifi-
ca que se produce menor energfa ultravioleta; por lo que -
al haber menos energia‘ultravioleté‘que actle en el f6sfo-
ro se pr;duce menos luz. Altas temperaturas causan un cam-
bio en la longitud de onda producida, haciendola mds cerca

na al espectro visible. Las longitudes de onda mds largas-
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tienen menos efecto en el f6sforo, y por lo tanto hay --

menor salida de luz (ver figura 3-31)

Grodos celcius

0 40 30 20 10 O -10 -20
100 T T

Y% idmenes

0 1 1 1 1 1 1 1
140 120 "W 80 &0 40 20 0 -0
{Grados fahrenneit)

Temperotura de 10 pored del .
. . bulbo

Figura 3-31 Efecto de la Temperatura en
las L&mparas Fluorescentes.

Las ldmparas fluorescentes estandar pueden operarse a una
temperatura menor de nasta 50°F (10°C) sin un balastro --
especial. Sin embargo, como indica la fiqura 3-31, la sa-
lida de luz (lfmenes) ser& menor si la temperatura ambien
te esta fuera de los 70 a 90°F (21 a 32°C). Existen balas
tros especiales de baja temperatura para encender Yy ope--
rar l&mparas a 0 y 20°F. Estos balastros proporcionan un-
Qoltaje‘mayor de encendido y usualmente contienen un inte

rruptor t&rmico de encendido.
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Efecto de la numedad.~ lLos requerimientos de voltaje de -
encendido son afectados por la carga electrostdtica en la
superficie exterior de una limpara fluorescente. El polvo
y el éire humedo tienen efectos desfavorables en la carga
de la superficie. Este factor debe ser tomgdo'en conside~
racién cuando la humedad relativa excede del 65%. Un re--
cu-rimiento de silicén en la superficie exterior de la =--
l8mpara y la adecuada distancia entre la l&mpara y el lu-
minario, normalmente resuelven 165 problemas de encendido
bajo ‘ualquier condicibn de humedad. Sin embargo, la acu-
mulacifn de pdlvp en la lampara nulifica los efectos del-
recubprimiento de silicén y provoca dificultades dé encen-
dido. No se debe limpiar la l&mpara con un abrasivo, ya -

gue este también eliminar8 el recubrimiento de silicén.

Distribucifn de energfa.- Del total de energifa de entrada

a unz limpara fluorescentes solo el 22% se convierte en -

luz visible (ver figura 3-32)
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Fig.ra 3-32 Distribucién de Energfa en una LA&mpara

Fluorescente con 78.8 Im/watt (40 watts) y con
22% de Radiacién Visible.

"~

Eficacia.- La eficacia de las l&mparas fluorescentes para -
la mayorfa de los tamafios comunes de lamparaé es de 75 a --
80 l@menes/Watt sin incluir las pércidas en el balastré.-

Para circuitos de dos l&mparas F40 CW, la eficacia total -

(l&mpara m&s balastro serd de 68.5 1lm/w.
2F40CW: 2 x 3150:= 6300 1lm

balastro con 2 l&mparas encendido répido, alto factor de -

potencia = 92 W.



Eficacia = = 68.5 lm/w 37-

La l&mpara F40 CW sola, tiene una eficacia de 78.8 1lm/w.,

Dispositivos ahorradores de energia.- Las lamparas ahorra
doras de energfa estan diserfiadas para operar a una menor-
potencia cdn el mismo balastro para ldmparas convenciona-
les. La eficacia de algunas es menor, otras tienen una --
eficacia mayor. Recientemente se ha descubierto que las -
lamparas ahorradoras de energfa, pueden ser la causa de -
la falla prematura del balastro debido a sobrecarga del -
capacitor. Un balastro de alto factor de potencia para ~--
dos limparas contiene un capacitor de encendido y un ca--
pacitor para corregir el factor de potencia. Un incremen-
to de 6 pérciénto en la corriente del capacitor de encen-
dido es la causa de falla del balastro. Nuevos disenos --
de balastros han eliminado el problema; sin embargo los -
kbalastros antiguos o balastros defectuosos pueden atin ---
mostrar un alto indice de falla. Las ld&mparas ahorradoras
de energfa deben sblo ser consideradas para remodelar una
iﬁstalacidn existente, la cual fué mal disefiada y esta --
éropﬁrcionando luz en exceso; no se deben utilizar para -

instalaciones nuevas.

Por razones econfSmicas, el luminario con dos lamparas - -

fluorescentes se prefirif al luminarid con una lampara --
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antes de-la-crisis—energética,. El-luminario-de-dos—l&mparas—- -

podia proaucir niveles mdyores a los requeridos, pero en --
ese tiempo el costo de la energfa era muy bajo. Debido al -
bajo costo de la energfa, era mﬁs econbmico comprar un lumi
nariolque operara dos l&mparas con un solo balastro, gque --
comprar un luminario con un’ balastro para una limpara. El1 -
balastro(para una sola iémpara cuesta casi lo mismo gue uno

para dos I&ﬁparas, péfn se podia pfodu;ir m&s luz con mencs

‘energfa con el luminario de dos l&mparas.

F 40 CW: 3130 lm/l&mpara

-

A

baias;ro alto factor de potencia para .una lédmpara = 52 W

. . A _ 3150 _
-Eficacia del 51stema_: =5 = 60.6 1lm/w

]

Balastro alto factor de potencia para 2 ldmparas = 92 W~
6300

Eficacia.del sistema = 55 = 68.4 1lm/w

Con el desarrollo de nuevos circuitos de balastros y ei'ca-
:lenyamien;o poptinuo de los cétodos, el efecto estrobosclpi
co asoc}ado con las unidades de una sola l&mpara debe ser-
minimizado. Con el aumento a las tarifas de energfa eléctri
ca (costo de opefacidn) y el énfasis en la reduccibn del --
consumo de energfa, el uso de luminarios con una sola ldmpa
ra se hace m&s importante . El eliminar una l&mpara de un -

luminario de dos l&mparas, puede parecer una solucifén sim--

ple para reducir el -consumo de energia en un edificio exis-

tente, donde existe un nivel alto de iluminacifén para tareas

no crfticas. Pero debido a que las dos lamparas - - - = - =



| 3
Caracterfsticas de funcionamiento.- Depreciacibn del flujc¢
luminocso. El flujo luminoso aumenta ligeramente durante la
vida de la lémpara. Se dice que el flujo luminoso es cons-
tante éon un rango de temperatura de operacién de - 10°C a

+ 40°C. El efecto en el flujo luminoso cuandoc la l&mpara -

ge opera fuera de este rango de temperatura no ha sido pu-

.blicado.

Vida.=~ El tiempo de vida para todas las potencias es de --
18,000 Horas, basadas en un ciclo de encendido de % horas.
La posicibn de encendido de la l&mparé es critica para la-
vida de esta, ya que ésta falla debido a la migracién de -
sodio hacia los electrodos. Esta migracifn causa un aumen-
to en los watts consumidos por la limpara durante su vida.

lo cual da como resultado que falle el electrodo.

POTENCIA DE ENTRADA
00%
1 ) 1
P,‘;’%‘f"_ Potencia en el orco
hdﬂl‘ : nx
1 . L
Perdidas no radiactivos || Radiacion de 1o descorga
B1.7% 40.0%
‘ , | }.
) R o o R&dln-
Pardidas de potencig . Radigcion visibl ?r :‘ '2'
60.0% 35.5% i,

Figura 3-34 Distribucifn de Energfa de una L&mpara d’
Sodio Baja Presién con 180 lm/watt y 35.5% de ra-
diacifn Visible. ' '
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WATTS WATTS DE = EFICACIA WATTS DE EFICACIA
NOMINALES  LUMENES LAMPARA LAMPARA LAMPARA LAMPARA

(100 h) © (100 h) (18000 h) (18000 h)
35 4,640 36 . 129.2 44 105.7
55 7,700 53 '145.3 62 124.2
30 12,500 90 | 138.9 122 102.5
135 21,500 130 165.4 178 120.8
180 33,000 176 187.5 241 136.9

T

3.3.2.2, FUENTES DE DESCARGA GASEOSA DE ALTA PRESION (FUENTES DE DES-
CARGA DE ALTA INTENSIDAD). ' ’

Lampara de Vapor de Mercurio.

Elemento productor de luz.- El elemento productor de.luz --
es un tubo de arco. El tubo de arco es construide de cuarzo,
"el cual permite transmitir la radiacién ultraviéleta ( ver-
figira 3-55 ). E1 tubo de arco contiene mercurio y una ---
pequena cantidad de argén, nefn y kryptén. Cuando la l&dmpa-
ra es energizada, se genera un arco entre el electrodo prin
cipal y el de encendido, en cuanto se ioniza el mercurio,--
la resistencia dentro del tubo de arco disminuye. Cuando la
resistencia interna del tubo de arco es menor gue la resis-
tencia externa, el arco se establece entre los electrodos -
principales. El mercurio continua'ionizandose, incrementan-

dose la emisién luminosa, la luz producida es tipica de --
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Figura 3=35 Lampéra de Vapor de Mercurio y Tubo de Arco.
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- las

Iffieas de mercurio (404.7, 435.8, 546.1, 577.9), --

ademds genera energfa ultra violeta.

El tubo de arco es operado desde 1 a 10 atmfsferas de --

~

presién.

1

TIEMPO DE ARRANQUE = 5 min. (80%) 7-10 min. (100%)

TIEMPO DE REENCENDIDO = 7 min. (80%)

. Bulbo exterior.- Las funciones-.principales del bulbo ex-

- terior son tres:

1.- El vidrio primario actua como un filtro de rayos ul-

travioleta, el cual previene contra gquemaduras en la

‘piel y ojos. !

. Sy

Proporciona también un ambiente constante para el --

tubo de arco, La presibén del tubo de arco es afecta-

t

da por el rdpido cambio de temperatura y el movimien

to del aire.

Este proporciona una superficie para el recubrimien-
to de f&sforo, el cual es’ colocado en el interior --
adel bulbo exterior para corregir el rendimiento de -

color de la lémpara de vapor de mercurio: Una lé&mpa-

‘ra con recubrimiento de f8sforo requerir& de un lumi

- e
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. de lumenes més razonable (ver fig. 3-40) .

.
Iy

s

o)

4
La posicifn de encendido es funcién de la posicién del ----

electrodo de arrangque, El eIecpgodo de arranque debe es--
tar siempre colocado en la parte superior de la l&mpara -
para evitar que el mercurio se depqsite en el electrodo -

de arranque.
Caracteristicas de Funcionamiento.- .

Depreciacién lumiﬁica. La gr&fica de depreciacién lumini-
ca para una ldmpara de vapor de mercurio es algo drastica
y es funcibndel balastro y de la potencia. (ver figura --
3-3é). La_lampaia de vapor de mercurio es la Gnica lampara

gue se publica su vida nominal y su vida Gtil. ‘Q)

La emisién lumfnica también es funcién del suministro y re

gulacién del voltaje a la l&mpara- (ver fig. 3-39).

Vida.- La vida de la lampara de vapof de mercurio puede -
ser descrita en términos de su vida fitil o de su vida no-
minal,tipigamente. la vida,homina; de las iamparas se es-
tablece en base al 50% de la curva, de mortandad. Debido-
a su répida depreciacidr de lumenes, la vida de la lampa-

ra de vapor de mercurio se establece cuando aGn hay més -

del 50% de lamparas encendidas, para mantener una salida-

¢
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Distribucién de energia;- La distribucién de energfa para

las ldmparasg de vapor mercurio se muestra en la fig. 3-41

Eficacia de las l&mparas.- La eficacia de la l&mpara - --
varfa con la potencia de esta. A méyor potencia de l&mpa-

ra, maybr éffcacia.

40/50 W : 25 a 30 Lin / W
75,100,175,250 W :' 34 A 48.4 Lm / W
400 W

55 A60Lm /W e
1000 w

57 A 63 Lm / W. v
H 33 GL - 400 / DX CON 22,500 Lm

EFICACIA

22,390 = s6.31n /W

Lamparas de’vapor de mercurio autobalastradas.- Las lampa- v
ras de vapof de mercurio autobalastradas contienen ya sea-
un componente de estado sélido‘para arranque, o un filamen
' to incandescente que actua como balastro. La lampara con -
componenté de estédo 86lido no debe utilizarse en un 1€Gmi-
nario totalmente cerrado, debido al calor generado por este
tipo de l&mpara. En general, la l&mpara de vapor de mercu-
rio autobalastradas, son 50% menos eficaces en comparacifn
con las l&mparas normales de mercurio, perc 50% m&s‘efica-

ces que las lamparas incandescentes.
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Figura 3-41 Distribucidn de Energfa para Lé&mpara de
Vapor de Mercurio con 56.3 1lm/watt (400 w).
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descentes, dénde el cambio de ldmparas es diffcil y el --

adicionar un palastro es imprédctico.

;

wﬁstas—i&mparas—debén—limitarse“a_sustffﬁir l&mparas incan

Dispositivos -ahorradores de energfa.- Recilentes desarro--

-

lios en\lbs balastros electrénicos para lamparas de vapor
de mercurio permiten atenuarlas actualmente. Los balas---
tros electrénicos han sido estudiados desde qué aparecié-
la lamﬁaré de vapor de mercurio. Existen todayia varios -
problemas, entre ellos el alto costo; pero se sabe que --
con un balastro electréﬁiéo la eficacia de la ldmpara y -
la eficacié,total'del sistema aumentan considerablemente.

-

Otras ventajas gque se esperan del balastro electrbnico --

son: el menor tamafo y peso, menor ruido, aumento de la -

vida de la 18mpara y mayor facilidad para atenuar.

Limparas de Aditivos Metdlicos.-

Elem::;to productor de luz.- El elemento productor de luz-

es un tubo de arco. El tubo de arco tiene los mismos prin -

cipios de operacifén y tipo de construccidén del de la lam-
para de vapor de mercurio (ver fig. 3-42). El tubo de ar~

co contiene ademis del mercurio, argén, nedn y kryptén; -

- yoduros de metales. (Los aditivos primarios son el mercu-

. rio, sodio y escandio; otros son el talio, indio y cesio)

Estos aditivos proporcionan colores adicionales a las - -
lineas tipicas del mercurio, esto es, rojo, naranja y ama

rillo. El color de la ldmpara de aditivos metdlicos esta-
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balanceado a través del espectro. Debido a que la lémpa-
ra de aditivos met8licos mejora el color sin necesidad -
de un rocubr;miento de fésforo, la llﬁpara se apfoxima -
a una fuente puntual, lo cual da como resultaao que se -
facilite su control dpfico. Para la posicién horizontal-
da encendido, el tubo de arco es curveado ligeramente, -
" para tener una temperatura mis uniforme dentro del tubo-

de arco (Qer fig. 3-42).

Tiempo de encendido = 9 minutds-(BO%)

Tiempo de reencendido =10 a 15 minutos (80%)

Cubierta.- ﬁa_cubierta exterior (bulbo) sirve solo para dos

funciones,

l.~ Filtro de luz ultravioleta
2.~ Ambiente constante para el tubo de arco (mantiene

la temperatura constante y evita las corrientes -

de aire).

NO s& necesita un recubrimiento de fgsforo para el buen --
rendimiento de color y ademds debe evitarse ya que afecta-
en forma negativa el control 6ptico; esto es la l&mpara ya

no se aproxima a una fuente puntual.
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Conexifn eléctrica.- La l&mpara de aditivos met8licos usa
una base mogul éara todas las potencias. Las lamparas pa-
ra posicién de opéracibn horizontal que contienen el tuﬁo
de arco curvo (ver fig. 3-42), tienen-un'pasador en la --
base para posicionarlas, Existe un portal&mpa;a especial-
gue asegura el posicionamiento adecuado del tubo de arco-
cuando la l&mpara es asegurada en el portaiampara adecua-
damente. El tubo de arco curvo siempre depe ser colocado-

con la curva hacla arriba en un plano vertical,

S

e
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3-42 Variaci6n de Temperatura Interna y Temperatura de la Pared, de

una Lamparade Aditivos Met&licos..
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Caracteristicas del color.- La limpara de métales aditivos
produce energia en todas las longitudes de onda a través -
del espectro visible. Esto es, su distribucién de energia-
espectral esta bien balanceada, lo que significa gque la --
1&ﬁpara produce un buen rendimiento del color sin la nece-
sidad de una pantalla de f6sforo (ver fig. 3-43). La apa--
riencia del color es una funcién dei control gde calidad -
de los aditivos dentro del tubo de arco. La consistencia -
del color de una lamparaa‘otra es funcién del balastro, --
del volﬁaje aplicado y edad de la ldmpara. Donde es una --
- consideracién importante de disefio el tener igualdéd de --

color entre las l&mparas, estas deben cambiarse en grupo,-

debido al cambio de color con el tiempo.

d 2l u
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Longitud de onda en ngndmetros

Figura 3-43 Distribucién de Potencia Espéctral de
una Limpara de Aditivos Metédlicos.
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Designacisn de la l&mpara.- Las designaciones para l&mpa-

ras de métales aditivos no han sido normalizadas. El inge

niero debe tener cuidado al eapecificar las l&mparas con-
designaciones no standar para evitar que alg@n fabricante

sea descartado.

La designacién de la letra M 6 MH debe ser usada para - -

identificar una l&mpara de métales aditivos.

MH 400 / BU
4 <

M&tal aditivo Watts Posicién de operacibn -
de la lémpara

lLas limparas de métales aditivos son éspecialmente sensi-
bles a la posicifn de encendido. Los datos de los fabri--
cantes debén ser consultados para conocer los requerlmlen

tos de la p051c16n de encendido. f

b
El bulbo es designado por una letra y una combinacién de-
nfmeros., Las ld&mparas de métales aditivos se fabrican con

bulbos BT y E (ver fig. 3-37). El n@merc representa el --

didmetro exterior m&ximo del tubo, en octavos de pulgada.:|;

37"

BT = 37 Di&metro -e—— = 4 5/8"

By ¥



Caracterfsticas de operaciéin.-

Depreciacifn de lfmenes. La curva de depreciacién de lGme

nes para una l&mpara de métales aditivos es sustancialmen

‘te mejor gque la curva para una l&mpara de vapor de mercu-

rio. La salida de 1ﬁﬁenes al final de la vida de una 1l4m-

para de alta potencia es 75% (ver figufa 3-44).

—TTT7
100 -
s ® 7
.g B0  Continuo - ..
T o} horas /arranguel
0 60 8 horas/arronque |
c w»— -
o
E ‘o.. - 5!.
- mv— -
2 2o} -
10} -
Y I E R T N SN N Y M G T S I
01 23 4 6 &6 7 8 9 10111213 1415

Horos de sncendido (miles)

Figura 3-44 Depreciacifén de LGmenes en la Limpara
de Aditivos Met&licos.

Vida.- La vida varfa como una funcifn de los watts de 1la
. . '
ldmpara y el lapso del tiempo que la ldmpara ha estado -
en el mercado. Por ejemplo, la l&mpara MH 175/Hor estaba

comercialmente disponible en 1972.



La prdctica normal en la industria de las lé&mparas es intro

ducir todas las l&mparas nuevas al mercado con un promedio-

ae 7,500 hrs. Cuando los informes sobre mortandad y vida --

sean desarrollados, lo cual requiere pruebas a largo plazo,

la viaa de la l&mpara se espera se incremente a un mfnimo -

de 15,000 hrs. Los caﬁ&logos de la&mparas usuales de todos -

los fabricantes, deben ser consultados para cbtener el pro-

medio de vida de las lamparas.

Distribucién de energfa.- La distribucién de energfa para -

una limpara de aditivos metflicos se muestra ?n la figura -

3-45,
Potencia de entrodgo
100%
1 " 4
d:r'c‘}'og?r: Enasrgio para el arco
"
L 1
Perdidas .4
noradiactivas D"“":;:: radiocidn
38.5% .
1
Rodiacion
utrgviolsto
irm
i 1 [
. . .
Perdidas de energlo Rodiacion Ragdiocion
! B1.2% ’ visibie infrarrojo
i 24.3% 24.5%

Figura 3-45 Distribucién de Energfa en una Lémpara de Adit
Metdlicos con 100 1lm/watt y 24.3% de Radiacibén Visible
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Eficacia de las ldmparas.- Las eficacias de las lamparas

varian con’ la posicifén de operacién y los Watts de la --

3 ldmpara. Mientras mayor es la potencia, mayor es la efi-

~cacia,

175 W : 80 a 85.7 Lm/W
250 W : 82 Lm/W

400 W : 85 a 100 Lm/W

1000 W : 100 a 115 Lm/W

1500 W : 96.7 a 10.33 Lm/W
X
NOTA: Los rangos de valores son debido a variaciones entre

fabricantes.

Dispdéitivos de ahorro de energfa.- El atenuado de léampa-
raé de métales aditivos es un desarrollo reciente. La ldm
para der400 W puede ser atenuada (5 min.} en un 47% del -
total de energfa consumida, lo cual resulta en un 22% de-
reduccién en lfimenes. La l&mpara de métales aditivos de -
1000 W puedé ser atenuada (15 min.) en un 35% de su ener-
gfa total consumida, © 14.6 de su rendimieﬂto de lGmenes.
Cuando ocurra un desarrollo tecnol6gico adicional, el ---
costo de atenuacién deberd disminuir y el rango incremen-

tarse.
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L&mparas de Sodio Alta Presién.

Elemento productor de luz.- El elementc productor de luz
es un tubo de arco. El tubo‘de arco es pequefrio en difme-
trc para mantener una tempefatura de operacién alta. De-
bido a que el difimetro es pequehio, no hay electrodo de -

arrangque dentro del tubo de arco, El sodio operando a --

una pres-°6n alta y a alta temperaturs tiene un efecto -

corrosivo sobre el vidrio ordinario ¢ cuarzo. Por eso, -
el tubo de arco est8 hecho de cerfmica de aluminio, E1l -
tubo de arco contiene Xenén, una amalgama de mercurio, y

sodio operando a una presién de 200 mm., de mercurio.

3 min. (80%)

Tiempo de encendido

reencendido 1 min. (B80%)

Envolvente (bulbo).- La envolvente ayﬁda a mantener el --
tubo de arco dentro de ‘una temperatura ambiente constante

Yy protege al tubo de arco de corrientes de aire.

Conexifén eléctrica.- La conexifn eléctrica es una base mo

gul. La lampara requiere un pulso de energfa de 2500 a --

5000 V para el encendido de la l&impara. Esto se realiza -
por medio de un pequefio dispositivo de arranque electrfni
co, que suministra el pulso de alto voltaje para abatir -

la resistencia y encender la lampara.

7
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Caracterfsticas de celor.- La l8mpara de sodic de alta --
presién produce energfa en tﬁdas 1as'longitudes de onda -
(fig. 3-46). Sin embargo la mayor porgién de energfa estd
concentrada en la parte amarillo-naranja del espectro. ==
Las caracterfsticas de color de la l&mpara cambian los --
objetos rojos a naranja y obscurece el color aparente de
los objetos azul y verde, incrementando la presifén en el
tupo de arco parece mejorar la apariencia de color de ---
rojos, azules y verdes. La consistenciadel color de una -
l&mpara a otra es mejor que con las l&mparas de métales -
aditivos. Sin embargo, los cambios de color pueden ocu---
rrir debido a las variaciones de voltaje y diferencias --

en balastros.

violeto
Verda
Amarillo
Naranja

Uitra-
Indi
Azul
Rojo

~{ violeto

.1

Energlo emitida

00 350 400 450 ‘500 BS0 600 650 700 750
Longitud de onda en nandmetros

Figura 3-46 Distribucién de Potencia Espectral

para una Ldmpara de Vapor de Sodfo alta -~
Presifn, .
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Designacién de las lé&mparas.- Las designaciones de las =~
ldmparas de sodio de alta presién no h#q sido normaliza--
das por la Industria de ldmparas. El ingeniero debe tener
precaucién en no especificar o usar nombres comerciales -
gue provoguen gque lamparés aceétables queden descartadas.
Las ldmparas de sodio de alta presidn estan disponibles - .
en bulbos, E, BT, vy T (ver fig. 3-37). Se utiliza una - -
combinacién de letras y nfimeros para designar la configu-

racién del bulbo.
Caracteristicas de operacién.-

Depreciacibn de lumenes.- La curva de déprecigcién de ---
lmenes de la ld&mpara de sodio alta presifn es una de las
mejores de las l&mparas del tipo de descarga de alta inten
sidad. El ‘rendimiento lumfnico al final de la vida de la-

misma, para altas potencias es 80% (ver fig. 3-47).

100 T T T 1 T -
°
° [ 400W |
g ®
£ 250 1000 W
° 80 -
g
. w.— —
|
58 20- -

0 I [ T S L1

6 2 4 6 8 10 12 ' 16 18 20
' Horas de operocidn (en miles)

Figura 3-47 Depreciacién de LGmenes en una Lampara
de Sodioc alta Presién., '
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Vida.- La vida varfa en funcién de la potencia, el circui

to del balastro y del fabricante. El rango es desde - ---

15,000 a 24000 nrs. para ‘'las l&mparas de alta potencia --

ma&s comunes.

Distribucién de energfa.- La distribucién de energfa para
las ldmparas de sodio alta presién-es mostrada en la fig.

3-48

Eficacia de las ldmparas.- La eficacia de las lamparas --
de sodio alta presién varfa como funcién de la posicibén -

de operacién y de la potencia de la misma.

70 W : 77 a 82.9 Lm/w
: . 100 W : 88 a 95 Lm/W
150 w ¢ 100 a 106.7 Lm/W
250 W : 102 a 120 Lm/W
400 W : 118.8 a 125 Lm/W
1000 w : 1/40 Lm/W

Las lé&mparas de sodio alta presifn también estan disponi
bles en potencias que pueden ser operadas con balastros-
de mercurio. Las potencias disponibles son 150, 215, 310
y 360 W. Los informes de los fabricantes debén ser con~=
| ' sultados paré una adecuada seleccién del balastro para -
".' | .

la lampara.
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Dispositivos dé ahorro de energfa.- Es posible atenuar --
algunas potencias de l&mparas de sodio alta presibdn, La -
l8mpara de 1000 W puede ger reducida en un 38% de su po--

tencia total en aproximadamente 15 min., con una reduccién

en la gsalida de luz en un 20% de los lGmenes nominales.

Energlo absorbido, potencio de entrado
1box

Perdidas en}
los eidctrodod : N"mw o areo
%
Perdidas Rodiacion de la descargo
mﬁeim 50% '
1
Rodiocion
ultraviole-
0.5% fa
[ ] |
- Rodiacidn Radiacidn
Perdidos de energla visible infrarroja
S0.% 205% 0%

Figura 3-438 Distribucién de Energfa p&ra la Limpara de
Sodio Alta Presifn con 125 lm/watt y 29.5% de ra--
diacién Visible.




Technology
Description

Fluorescent lamp technology has
made significant advances over
the past few years. The trend has
been from lamps with high energy
use and/or poor color rendering
ability to energy saving products
wiih excellent color rendition. New
famp phosphors have created the
color qualities and smaller

diameter lamps have created new

opportunities for efficient luminaire
designs that focus the light where
it is needed. .
The tiuorescent iamp is a glass
tubre with a fluorescing phosphoer
material coating the inside walls.
The tube is filled with a gas and a
small amount of mercury and is
sealed. When a suitably high
voltage is applied between the

dvanced Lighting Technologie$ Application’ Guidelines  :-

Full-Size

Fluorescent

glectrodes, at each end of the
tube, the gas ionizes resulling in
an electric current flowing through
the tube, The current excites the
vaporized mercury which returns to
its initial state by the emission of

" ultra-violet (UV) radiation. When

.the UV radiation reaches the tube
wails it is absorbed by the
phosphar coating and re-emitted
as visible light.
~ There are three basic types of .
fluorescent lamps:

= Preheat lamps employ an
external starier t0 energize the
cathodes {electrodes) prior to
exciting the lamp.

» Rapid start lamp ballasts
energize the cathodes prior to
exciting the lamps and during
normal operation,
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Lamps

:March’ 1930

» Instant start lamp ballasts do
not energize the lamp's
cathcdes prier to starting or
during normal cperation.

Fluorescent tamps require a ballast
to apply a high starting voitage and
then to limit the current through the
lamp. For optimum operation each
lamp type is maiched with a
particular ballast.

Manufacturers can vary the
lamp current, veitage, phospher
content and tube Iength to achieve
different lamp characteristics. This
has resulted in a wide range of
lamps being designed and sold.

- The smallest standard lamp is the

six-inch, four-watt preheat lamp;
the largest and most powerful
lamps are the eight-foot, 1500 ma
very high output rapid start lamps.

The standard four-foot rapid
start fluorescent lamp is the most
common light source in
commercial facilities. It employs a
T-12 glass tube (T for tube, 12 for
12/8's of an inch diameter). There
are about ten times as many
F40T12-type lamps in use than all
other types combined. Therefore,
any improvement in energy
efficiency in this lamp type will
have profound impilications.

'Y
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Standard Lamps

The standard 40 walt F40-type
lamp is argon gas-filled. The most
¢ommon phosphor is the
‘halophosphate "cool white™. The
standard cool white lamp is ratec
at 3050 lumens when operated on
a laboratory reterence ballast in
free air at 77 Fahrenheit, (These
ratings have recently been
reduced by about 3% due to
removal ¢f some minor
constituents that have been

" declared toxic.)

The large demand for the 40
watt F40 lamp resuited in mass
production and low cost. The most
popular configuration inthe 1570's
was two F40T12 lamps on a
ballast that draws approximately
86 walls, including ballast losses,
and generates at least 32.5% of
the rated light in open air at a
temperature of 77° Fahrenheit.

The ballast manutacturers’
design parameters establish a
minimum percentac i the
reference light output that is called
the "ballast factor”. The ballast
factor is defined as the ratio of the
actual light produced by the lamp-
ballast system to the reference
light output of the same lamp on
an ANSI reference ballast.

Q¢

Common Fiuorescent Lamps

In 1982 California required that
mere "energy-efficient” {(=E)

- ballasts be used reducing the

power ¢f the 2 lamp 40 watt F40
tamp-ballast system wouid draw 10
about 86 watts with the same lighs
output. Federal law will require
these ballasts to be used
throughout the U.S. in April 1991,

"Energy Saving"” Lamps

" response to the energy crises of

"2 1970's, lamp companies
introduced halophosphor F40T12
lamps filled with an argon-krypton
gas mixture, rather than enly
argen. These lamps may be
operated suitably with a 40 watt
F40 T12 ballast, but because of.
the different gas mixture, draw
about 34 watts per lamp. These
lamps are coated with a
transparent conductive coating to
lower the high starting voltage and
have a lower light output rating.
With the 40 watt F40 ballast, light
output is futher reduced since this
system has a lower ballast factor
(about 87%) compared to the
standard lamp-ballast system
{92.5%). By usingthis lamp as a
retrofit in over illuminated spaces
the savings of 5 or § watts per
lamp reduces energy use by 7%.

The "energy saving”

halophosphor lamp (34 watt
F40T12/ES) is intended as a
retrofit solution 10 the energy
problem. Although its unit wattage
is reduced, it also has a lower light
output. When operatedon a

Fluorescent Lamp Designations

F(B)n(Td}()colar(/mad)

whera

F means flugrescent

(8) means “bent* or U- .
shaped ~

n wattage fama‘ly‘or fength;

by convention

(Td)  means iwbular, d/8's of
an inch diameter

color  color temperature in Kelvins

mod  is somae variation like
‘energy saving”or
“extended output”®

{)  means opticnal (doesnt
always appear)

Al manufacturers use variations of this
nomenciature, mostly for advertising or
“trade name” idemtification

standard or enerqy efficient
magnetic ballast it only generates
about 87% of its reference light at
77° Fahrenheit. This lamp-balfast
system is less energy efficient than
the standard argen-gas lamp-
bailast system, since i generates
fewer lumens per watt. This is due
to increased ballast losses. [n
addition, these lamps cannot be
dimmed as easily as standard 40
watt F40T12 lamps, and they are
more sensitive to temperature.




FULL-SIZE FLUORESCENT LAMPS

&9

E— \—Efficient—T:12 -

e’

i Tri-Phosphor Lamps

More efficient versions of the
standard size F43T12 lamps are
gvailabie that use "rare earth” tn-
phosphors to achieve higher lumen
output. Two types are offered:

« thin coat that raises output
about 3%

+ thick coat that results in a 5%
light output gain.

See the table "Lamp/Ballast
System Comparison - Two Lamp®
for performance benefits of the iri-
phesphor lamp types compared to
the halophosphor “cool white”. In
addition to the increase in
etficiency, these lamps offer
superor color rendering i
capabilities; above 70 CRI for thin

~ coat and above 80 CR! for thick

coat. The standard cocl white
lamp has a CRI1 of 586.

"Energy Saving Plus”
Lamps

tn a rapid start lamp, it is possible
to disconnect the lamp heater

. filament afler the lamp is

operating. This saves the cathode
heater wattage, about 2.5 walts
per lamp, with only a slight loss in
light output.

If the disconnection of the

_heater occurs in the ballast, any

lamp can operate this way. (See
Heater Cutout Ballast in the
Energy Efficient and Electronic
Ballast Guideline) For retrofit
apptications a special lamp with a
cut-out device in the lamp is used.

as "energy-saving plus"{32 watt
F40T12/ES/pius) lamps.

All energy saving plus lamps are
argon-krypton gas-filled {34 watt
F40T12/ES) lamps with the added
cutout device. The lamp cost
increase is amortized quickly.
Reduced wafttage may resultin a
slightly improved fixture efficiency
due to improved thermal
performance.

An operaticnal drawback of this
product is that a restrike time of
about 1-2 minutes exists if the
lamp is extinguished and then
immediately restarted. Some
manufacturers, but not all, have
derated the lamp lite by 25% when
operated without energized

" cathodes. in general, the energy

savings make this a cost-eftective
trade oft even with the reduced life.

"Extended Output™
Lamps

Another product worth considering
is the "extended output” version of
the standard F40T12 lamp,
designated here as an

F40T12/EQ. (The "EQ"
nomenclature is not used by any
manifacturer; current products use
some sort of manufacturer's trade
name or designation.) These are
premium versions of the standard
lamp which, due to gas fill and
more efficient phosphors, generate
more light with a slight increase in

lamp wadtls. These lamps typically .

deliver about 7% to 9% more light.

These-lamps-are-commonly known—Current-Products—

There are two new types of lamps
that have improved efficacy
{lumens per watt) compared ¢ the
standard fluorescent lamp/balast
system. These are the T8 and 710
lamp families.

By using a smailer diameter
lamp and a ballast specificaity
designed for it, the potential tor
greater energy efficiency exists,

.

1" T-8
1 174" T-10
1120 T-12

Medium B)'pin Based Lamps

T-8 Lamps

The latest efficient product is the
T-8 lamp system. Introduced in the

" American market in 1982, these

lamps are now made by the major
U.S. lamp manufacturers, and
have the medium Bipin bases of
the T-12 lamp allowing them to fit
the same sockets.

The T-8 lamp operates at 265
milliamperes current, so it will not
be properly matched if operated on
a standard F40 T-12 type lamp
ballast designed for 430
milliampere operation. However,
there is only a minor cost



ADVANCE( LIGHTING TECHNOLOGIES APPLICATION GUIDELINES

difference between a T-8 (
d d Fi jos -
lamp-ballast system and a 40W Advanced Fluorescent Lamp Technologies - Data ' .
F40 T-12 lamp-ballast system. Nominal
A manutacturer of an electronic Lamp Style Watts Lumens Length
ballast fer 7 3 lamps makes a Straight T-8 Bipin Lamps
version with 2 level (Of-50%- Requires specific T-8 265 mA ballast .
S F17T&/color 17 1350 2
100%) lighurg controf of all lamps. F25T2/color : 25 2150 7 .
This alternatve to alternate ballast F32T8/coler 3z 2900 4
switching will 2iso meet Title 24's Fa0T&/color 40 3630 5
mandatory rultiple lighting level U-Shaped T-8 Bipin Lanps
control requirzment. Requires specific T-8 265 mA ballast
. . FB16T8/cclor 16 1250 1
T-8 famps: 2an aiso be dimmed. FB24T8/color 24 2050 15
These requi; 2 specialized dimmers FB.31T8sccler 31 2800 z
: llasts narder to work
and ballasts o t i Straight T-10 Bipin Lamps
property. Dimming range Is Operate on Standard F40T12 ballast
typlcauy down to 5% of lamp F40T 10/color 42 3600 4
output. '
The advar:ages of a T-8 lamp
over T-12 are - The heavier power loading of ~
« The two lap F32 T-8 system the small diameter lamps (more // ;
with an €< ~atlast has an light per lamp surface area) ////
e”‘lcacy ot 77 lumens per watt. requires that T-8 lamps use the o /’1//" //’2:-\,
The two ;70 F40T12 famp rare earth (tri-stimulus) LT e
system et 2acy is 69 lumens phaosphors to maintain lamp e N
,,/'// /ﬁ/(/’/ —

per watt 12 the F40TIZ/ES
lamp sysic ™ efficacy is 68
lumens o watt,

The two la~D F32 T-8 system
with an eleoironic ballast has an

efficacy ¢t 33 lumens per watt.

Given opti—um electrenic
hallast des 3ns, the maximum
efficacy fc: a two lamp F40T12
system is 3+ lumens per watt
and for a ‘w2 lamp F40T1Z/ES
lamp syste— is also 84 lumens
per watt.

The T-8 130 may even
increase Iu.~inaire efficiency.
Forexamp 2. the use of T-8
lamps incr: 15es the efficiency
of a comr 3-lamp, high-
efficiency v.:-abolic troffer from
about 75° . <2 78%.

lumen depreciation within
accepted limits. ,

« Recent quotations involving
orders of T-8 lamps show no
cost premium being paid for T-8
in large quantities, as compared
to a high color rendering T-12.
T-8 lamps can actually cost less
than 34 watt 4 fogt F40T12/ES
high color rendering lamps. On
a life-cycle cost basis, a T-8
system is usually a tetter
investment than any T-12
system.

T-8 lamps are currently oftered in
standard 2, 3, 4 and 5-foot-straight
lamps, aswellas 1, 1-1/2 and 2-
foot-long U-shaped lamps.

2, 1.5"and 1° U-Shaped Lamps

T-10 Lamps

These lamps are primarily
designed as a retrofit for the 40
watt F40T12 in the situation where -
a retrofit or delamping recuced
light levels too much, but they
should also be considered for new
construction. They operate directly
on a 40 watt F40 T-12 balast,
making them interchangeable with
any 40 watt T-12 lamps.

T-10 lamps offer higher
efficacies, increased light output
and longer lite, compared to
standard lamps.
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tri-stimuius phosphor]-

cperation.

Four-Foot Fluorescent Lamp-Bailast System Efficacies*

{Based on two lamp ballast systems, for lamps coated with the 410G Kelvin (75-75 CRI)

Sysiem £ iacy

flumensiwatt} Electronic
Lamp Type Magnetic EE Ballast Ballast
dOW FIQT-12 - 69 83
34W Fd0 T-12 (E5} 69 83
34W F40 T-12 (ESiplus) 79 -
40W Fd0 T-12/E0 73 85
Advanced Technologies .
32WF32T-8 76 g1
40W F40 T-10 76 - 83

* Measured under standard ANSI conditions. open air at 77°F ambient temperature.
" Cathode voltage removed during cperation. not recommended for high frequency

The only T-10 lamp size being
offered is the four-foot-long lamp
replacement for the F40T12. It
actually consumes about 43 watts,
but due to its higher voltage it
actually draws slightly less current
{about 400 milliamps), and the
ballast losses are lower. An
energy-efficient magnetic ballast
for (2} F40T10 lamps will draw
about 88-92 watts, while each
lamp provides 3420 lumens for a
baliast factor of at least 32.5%.

T-10 lamps' greatest advantage
is as a retrofit for T-12 lamps when
no ballast change is needed and
where increased light output is
required. Some T-10 lamps may
* not start properly with the 40 watt

T-12 ballast over the entire voltage

input range. One manufacturer
makes a batlast to match the T-10
lamp. Atpresent, T-10 lamps are
premium priced products.

Most manufacturers now make
T-8 lamps, but only a few make
T-10{amps. The U-shaped T-8
tamps are considered competitors
1o higher-wattage compact
fluorescent famps, so U-shaped
T-8 lamps are not presently
manutactured by companies
making the 18-40 watt rapid start
compact twin tube lamps.

T-8 Medium Bipin 17 —T=
T-10 Medium Bipin { =
T-12 Medium Bipin a B4

T-8 U-Bent { ))
4
Straight and Bent Lamps
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Lamp-Ballast System Comparison Two Lamp
Yest System Comparative
Ballast Rated Waits Efficacy Watts Lumen System
Lamps Ballasis Factor Lumens Input LPW Input Qutput Efficacy
Fa0 T-12 Magnretic EE 54 5734 88 65 Base 1002  Base 100% Base 1003
4100K 40W :
Halophosphor
Cool White .
3050 Lumens
Fa0 T-12 Magnretic EE .84 8110 88 89 100% 107% 107%
4100K d0W Heater Cutout .83 5395 72 7 82% 94% 115%
Thin Coat Electronic .85/.88 5525/5720 £8/74 77183 78%/84% G6%/100% 118%/128%
Tri-Phosohor
3250 Lumens
Fa0 T-12 Magnetic EE .94 6204 88 71 100% 108% 106%
4100K 40W  Heater Cutout | 83 5478 72 76 82% 96% 117%
Thick Coat Eiectronic .85/.88 5610/58C8 63/74 78/84 78%/84% 98%/101% 120%/129%
Tr-FPhosphor
3300 Lumens
FA0 T-12ES  Magne:ic EE 87 4952 72 69 - 82% 86% 106%
4100K 34W Heater Cutout .80 4560 58 78 56% 80% 121%
Thin Coat Electronic .B2/87 4674/4559 57/63 74/83 65%/72% 82%.86% 114%/128%
Tri-Phoschor
2850 Lumens
F40T-12ES Magretc EE .88 4928 87 74 76% B86% rid% )
Plus
4100K 32W
Thin Coat
Tri-Phosghor
2800 Lumens -
F40 T-10 Magnetic EE .85 6840 g0 76 102% 118% 117%
4100K 42W  Heater Cutout .84 6048 78 80 86% 105% 123%
Thick Coat Electronic .84/.88 " 6049/6336 72/76 84/83 B2%/86% 105%/110% 1289:/129%
Tri-Phosphor
3600 Lumens
F32T-8 Magnetic EE .94 5452 72 76 822 95% 116%
4100K 32W  Electronic 86/.87 4988/5626 £2/66 77/91 70%/75% 87%/98% 118%/140%
Thin Coat .
Tri-Phosphor
2900 Lumens
Note: Open air bare lamp tests as per ANS! C82.2
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Color Rendering

Both T-8 and T-10 technologies
use the rare earth tri-stimuius
phosphors which give better celor
rendesnng qualities than the
standard T-12 lamp. The standard
T-12 cool white [amp uses
halophosphate phosphors with a
CRl of 50+ and color temperature
of 4100K. The variety of color
temperatures now available with
rare earth phosphers requires the
designer to specily a lamp color
temperature as part of the lamp
nomenciature. '

Manutacturers presently ofter
either high color rendering {CRI
above 80) or moderately high color
rendering (CRI betweean 70 and
75). Ingeneral, the higher color
rendering lamps cost more than
the moderately high color
rendering lamps.

Not all manutacturers offer all
tamp colors, nor do all
manufacturers offer both high color
rendering (CRI 80+} and moderate
color rendering {CRI 70+) in a
similar product. Infact, at present
all T-10 lamps are high color
rendering (CRI 80+) and each
manufacturer of T-8 lamps offers
either moderate color rendering or
high color rendering, but not both,

Specifying Lamp Colors

Color
Temp.
Kelvins

3000

3500

4100

5000

CAR!

70+

80+

70+

70+

80+

70+

80+

80+

‘Various .
Tradename
Designations' Matches
S5P30 Incandescent
030 Halogen
Spec3d

SPX30
0830
Jou
AX30
30K

31K Incandescent
Halogen

5P35 Halogen
Das

Specds

35K

SPX35
Dg3s
3su
AX35
35K

SP41, Metal
D41 Halide
Specd?

41K

SPX41
D841
41y
AXdT
41K

S04 " Daylight
AX50

* These are some designations of selected major manufacturers. To be assurse f the

_proper color temperature and CRY, check each manufacturer's dala to determine the exac!
color dasignation.




ADVANCED LIGHTING TECHNOLOGIES APPLICATION GUIDELINES

>
"]

Application
Guidelines

Advanced technologies in full:size
fluorescent lamps are used in
making rapid-stan straight and
iJ-shaped lamps with unit lumen
output comparable to the standard
40 watt F40T12 lamp. Applications
generally include all situations
where an F407T12 [amp would
have been suitable.

T-12 Lamps

Retrofits Consider use of "Energy
Saving Pius" lamps in applications
where a 1 t¢ 2 minute restrike time
can be accepted.

New Construction Consider use
of effii2nt tri-phosphors and
"extended output™ lamps when
their extra cutput ailows design
with fewer luminaires or fewer
lamps per luminaire.

T-10 Lamps

Retrofits Good applications for
T-10 lamps are existing situations
where delamping (alone. or
combined with other retrofits like
imaging reflectors) may praduce
unacceptably low lighting levels.
T-10 lamps are designed
specifically for these situations.

New Construction Although T-10
lamps were initially introduced as a
retrofit they can be considered for
new construction applicat’~ns
where a higher lighting le 5
required. For example, cor.mon
lighting design problems can be
solved using standard luminaires
and T-12 EQ tamps. Without
changing the lighting design, a
13% increase in lighting level, with
only a 5% increase in power, can
be obtained by using T-10 lamps
and appropriate luminaires.

T-8 Lamps

Retrofits In retrofit situations

involving F40T12 lamps, where the )

existing ballast must be changed
the T-8 lamp/ballast retrotits are
often very cost eftective. However,
if the existing ballast is an F40T12
energy efficient, in goed condition,
then a T12 system retrofit is cost
benelicial.

New Construction T-8 lamps are
excellent for all new installations

including:

« offices
« retail Stores

« commercial and Industrial.
Lighting

« special applications like task
lights, undercabinet lights, cove
lights, and surface and
decorative lights

T-8 lamps are generally superior to
any T-12 technology based upon
efficacy and color rendering.
Considering that T-8 lamps could
make many popular luminaires
more efficient, a T-8 system with
magnetic ballasts will typically
provide 8% to 9% more light at 4%
to 9% fewer watts than a system
using F40T12/ES lamps wilh equal
color rendening. The lamp cost for
larger commercial projects in major
metropoiitan areas is about the
same.

ot
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Examples

New General Lighting
Systems

A typical general ighting system
using standard 3" deep cell, semi-
specular, competitive parabolics
utilizes three-lamp troffers on &' by
10" centers. The following results
can be obtained using non-air
handling, high-efficiency parabolic
troffers in a room with white tile
ceiling, light-colored walls and
nermal carpet color.

A'Retrofit Situatidn

A traditional lens trofter design
from the ear@ 1970's utilizes 4-
lamp troffers on 8' by 8’ centers.
The resulting system generates
about 88 footcandles maintained,
{RCR=1) at 2.7 w/sf using F40T12
lamps, and about 84 footcandles at
2.4 wisf using F40T12/ES lamps.
A survey of office spaces would
reveal that the fighting levels are
excessive for some oflice lighting
siluations. Average illuminance
levels-between 50 and 70
footcandles are presently
considered appropriate for most
office tasks. Therefore, an
excellent energy-saving
opporiunity exists. The designer
examines several options:

Small Large

Room Room
Lamp Ballast (RCR=5) (RCR=1) Relative
Type Type Fooricandles® Footcandfes® Wisf Efficlency
Fda0T12 Magnetic 41 59 1.65 1.00
Fa0T12 Electronic 40 58 1.22 1.32
FU0TI12Z/ES Magnetic 36 52 1.35 1.08
F40TI12/ES  Electronic 35 51 1.13 125 °
FA0TI12/ES+  Magnetic 33 49 1.25 1.06
Fa0TI12/EQ Magnetic 46 86 1.68 1.10
F40T10 Magnetic 48 69, 1.68 1.15
F3278 Magnetic 39 59 - 1.31 1.20
F32T8 Electronic 44 67 1.12 1.58

" Consult IES recommended lighting levels.

** This table will be updated as the blank tables in the Luminaires and Lighting Systems

Guideline are completed.

Calculated using Lumen Method. See Computer Aided Lighting Design gu:de!me for
discussion of benefits of Point-by-Point Calculations.

Lamp/Ballast
Action {All mag.=ES type)
Delamp F40T 12/Magnetic
Delamp F40T12/Electronic
DelampsReflect. F40T12/ES - Mag.
Delamp/Reflect. F40T12/ES - Elec.
Delamp Fa0T10/Magnetic
Delamp/Reflect. F40T 10/Magnetic
DelampsReflect. F40T12/EO - Mag.
Delamp F32T8/Magnetic
Delamp F32T&Electronic
Defamp/Reflect. F32T8/Magnetic

" Consult IES recommended lighting levels.

Smalf Room Large Room
(RCR=5) (RCR=1) !
Footcandles* Footcandles* . !
30 44 'l
29 43 , s
39 57
40 80
35 53
54 81
50 75
28 42
32 48
37 55

Check the ballast. If itis not an
"energy-efficient” type, it almost
always pays to replace with a
new ballast. Options include
T12 energy efficient, T12
electronic, T-8 energy efficient,
or T-8 electronic,

» Luminaire efficiency can be
increased by 10% to 15%
through the use of a specular
imaging reflector retrofit.

-

» Delamp, leaving 2 lamps in
each luminaire. {Caution:
disconnect unused ballast from
line))
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Guideline
Specifications

Specitying any ¢f the more
energy—saving fluorascent lamps
is not difficuit. Most of the
products are now generally offered
through major electrical distributors
across the U.S. Inthe case of T-8
lamps, many manufacturers of
commaercial lighting equipment
consider T-8 to be a standard
option. ‘

Lighting Fixture
Schedules

Most lighting designs 'ist fixtures
by type or "tag” in a schedule.
This schedule often contains all
informaticn needed for lamps and
ballasts. To properly speciiy
fluorescent lamps, however, itis
recommended that a few special
notes be included to clarity the
designer's intent. Please refer to
the suggested "Lighting Fixture
Scheduie”. '

Using lighting fixture schedules
is an excellent method to properly
specify lamps. There are several
reasons:

- Lighting tixture schedules are
used to quickly identity
luminaires.

« Lighting fixture schedules
contain most of the necessary
information for complete
specification of lighting on most
projects.

» . Mosl contractors and

_ distritutors actually read the
fixture schedule, whereas
written specifications are
seldom read or referred to,

10

except by the contractor's office
personnel.

Standard Specifications

Most commercial protects use
variations of standardized
specifications frem the

. Construction Specifications

Institute {CSI) recommended
format. This shorter specitication
format i5 better for smaller, lg °3
complex projects. It contains &ll
the basic information to assure
proper provision of the required
lamps.

Specitiers should be diligent as
minor cost advantages and "value
engineering” may ke used to
substitute the less efficient T-12,

A Recommended Basic
Specification -

The following specificaticn may be

used ior T-8 lamps with a magnetic

ballast. See the applicaticn
guideline "Energy Efficient and
Eiectronic Ballasts” contained in
this handbook for a specification
guideline for electronic ballasts.

2.n FLUORESCENT LAMPS

1. Meet applicable sections of
ANSI C82 and C78.

2. Ingeneral, lamps shall be 265
mA "T-8" rapid start type as
follows:

a, 2'lamps shall be
17 watt F1778

b. 3'lamps shalibe
25 watt F25T8

c. 4 lamps shall be
32 watt F3278

d. 5 lamps shall be
40 watt F40T8

e. 1"MOL U-lamps
shall be 16 watt
FB1678

f. 1.5 MOL U-lamps
shall be 24 watt .
FB24T8 ’

g. 2 MOL U-lamps
shall be 31 watt
FB31T8

w

Color: lamps shall be
{3000)(3500}{4100) Kelvin
correlated color temperature.

4. Color rendering index: lamps
shalt have a minimum CRI of
(70)(80) through the use of
rare earth tri-stimulus
phosphors or in combination
with halophosphate
phasphors.

5. Lumen output, lamp life, and
lumen depreciation, as a
function of mean lumens, shall
be determined in accordance
with IESNA testing procedures
and according to the ratings
published in XYZ Manufacturer
Catalog dated 1$380.

6. Replace defective lamps |
occurring within 90 days of
beneficial cccupancy.

7. Approved manufacturers (list).

9. Any other project-specific data.

Extensive Specifications

CSl recommends that more
extensive technical specifications
be written for complex projects or
projects being built overseas.

A
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FULL-SIZE FLUORESCENT LAMPS

FLfgh:ing Fixture Schedule for Profect XYZ

Tag Description Lamp Ballast Voit
F1 2°X 4’ Parabolic (3)F3278 Magnetic 277
Troffer, 18 celf /3500K Energy Efficient
floating door semi- {1) 2-lamp
specular 3" ceep in“slave” and
louver heat extract (2) 2-amg in
air hancdling NEMA G ‘master”
tandem ballasted pairs
per Title 24
FIA Same as F1 Same as F1 Magnetic 277
energy saving
{1} 2-lamp and
(1) t-lamp ~
F2 ZX 2' Parabolic (2)FB31T8 Electronic 277
troffer 16 ceif /3500¢ instant start
floating door type ABC 123
specular 4° deep {2) lamp baflast
fouver static NEMA F
General Requirements
1. Larmps and bailasts shail meet applicabie standards of the American National Standards Instituta

3 Lamps shall be made by EEE, FFF, or GGG. Do not mix manufacturers of same type lamp.
4. {Insert any special project requirements here.}
5. Power (watts) includes ballast losses.

Power(5)

100

103

(ANS), National Electrical Manufacturers Association (NEMA), and Underwriters Laboratories (UL),
Luminaires skall be UL listed, or listed by other recognized lesting agency. Ballasts and other materials
shail be UL listed or recognized, as appropriate, ballasts shall meet California Energy Standards.

2. Electronic ballasts shall be made by XXX manufacturer and shail be warranted for 3 years including
material cost and a labor allowance,

Product

LLL 123/ES PAIR

LLL 123

LLL 234

Although significantly longer and
more work for the specification
writer, these specifications protect
against substitution with infenor
cepy-cat products made by
manutacturers over whom the
designer has no influence. At
present, world-wide specifications
are reasonably standard.
However, the cost or unusual

nature of an advanced technology

famp may be a cause lor
substitution with the less efficient.
T-12 lamps

Manufacturer/Product References

Manufacturer

General Electric
Mitsubishi

Osram

Panasonic (Matsushita)
Phitips

Sylvania

Produci(s)

Lamps, most types
Lamps, some types
Lamps, most types
Lamps, some types
Lamps, mosttypes
Lamps, most types

(Inclusion in this list does not infer applicability or endersement.
Additional companies may also manufacturer these products. )

11



Technology
Description

Metal halide and high pressure
sodium are types of High Iintensity
Discharge (HID) lamps. Until
recently, metal halide lamps were
generally only manufactured in
high wattages {175-1500} and

, large envelopes with mogut bases.

"~ Most high pressure sodium lamps

suffer irom poor color rendition. -
Compact varsions of both types of
lamps offer the possibility of high
efficacy {from 50 to 60 lumens per
~watt) in lower waitage packages.

Compact metal halide lamps are
the result of new developments in
manufacturing methods allowing

smalier wattage lamps to be made
with smaller envelopes and bases.

1w
o

Compact Metal
Halide and White

Advanced Lighting Techiiologies Application Guidelines ™ 3+

HPS Lamps

They produce brilliant white light in
a comparatively small arc tube.
Current products include:

+ Single-ended lamps with
medium bases (32-175 watts)

+ Single ended bi-pin bases (35-
150 watts) ‘

» Double-ended recessed single
contact (RSC and F¢2) lamps
{70-250 watts)

Each of these lamps uses one of
several possible chemistries. The
rare earth chemistries typically
found in most double-ended lamps
generally provide excellent color
rendition, but at the expense of
efficacy. The sodium scandium
chemistries of medium based
lamps provide good color rendition
and lower cost. All metal halide

Contents

Technology Description, . . . . ..
Current Products ., . . . ... ...
Application Guidelines . . . .. ...
Guideline Specifications . . . . . ..
Example. . . .. .. ... .. ...

Manufacturer/Product References

-----------------

.................
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tamps are susceptible to lamp-to-
lamp color differences, color shift
over fife, and meoderate rated lives
of 5000-10,600 hours for most
compact lamps.

White high pressure sodlum
{(HPS) lamps are moderately long-
life lamps, {10,000 hours). While a
major drawback ¢of conventional
HPS lamps is poor color rendition,
white HPS lamps have very geod
incandescent like color rendition,
(2600-2800K, 70-80 CRI).

T-95 Al S

R-38

Common High Imtensity Discharge Lamps
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Current products are all White high pressure sodium Electronic Ballasts There are .
compact lamps. The compact lamps generate a3 warmish white three electronic bailasts types J

lamp wattages of signiticant
inerest are 35, 50, 95, and 100
watls, using medium based
envelopes. These products
generaily have a color rendering
index {CRI} of 80 or mere and a
correlated color temperature of
2600-2800 K, making them appear
very similar to incandescent fight.

Efficacy and Efficiency

Both metal halide and white high
pressure sodium lamps have
reasonably high efficacy,
generating 50 to 90 lumens/watt.
in addition, the compact arc tubes
allow optically efficient reflector
design in luminaires of accepiable
small size.

3
-

Color

Metal halide lamps generate a
white light. Most compact lamps
have clear envelopes, although
some lamps are available with
phosphor coatings. Metal halide
lamps tend o be either warm tone
{about 3000 K) or cool tone (about
4100 K). Color rendering indices
(CR!'s) vary from 65 to 93.
Compared to incandescent or
halogen lamps, low color
temperature metal halides will
often appear slightly pinkish, and
high temperature metal halides will
appear slightly greenish.

light. Color temperatures of 2600-
2800 K appear similar to slightly
dimmed incandescent lamps.
Note: White HPS lamps can have
color-life, after which the color
quality and the cokor decay are
similar to standard color HPS
lamps.

Ballasts

All HID tamps require ballasts to
operate. In addition, some lamps
require an external starting igniter
to generate high-voltage pulses
needed to begin the famp arc. The
distance between lamp and ballzgt
depends on the starting method.
Some manufacturers of smaller |
lamps, ballasts and igniters do not
recommend remote baliast
locations.

The American National
Standards Institute (ANSI)
publishes standards for metal
halide and high pressure sodium
ballasts.

ED-17 Buib

available:

« DC electronic ballast designed
to drive a specific, proprietary
compact metal halide lamp (not
ANSI standard) '

» high-frequency electronic
bailast to drive a specific
compact metal halide lamp
{ANSI standard lamp) .

» electronic regulating ballast
for white high pressure sodium
lamps

Electronic ballasts, which are
expected to evolve slowly into the
HID marketpface, provide superior
color consistency over the lamps
life by maintaining constant arc
power.

e

Electromagnetic Ballasts Most “*
ballasts are electromagnetic types' '
such as reactor, autotransformer,
regulator or constant wattage
autotranstormer.

)7

Burning Position

Most metal halide lamps have a
limited number of acceptable
burning positions. Lamps are
designated BU for base up, BD for
base down, HOR for horizontal
(45 degrees), or U for universal.
This is a function of the lamp
chemistry and how metal vapors
enter and stay in the arc stream.
Disregard for operating position
ratings will result in short lamp life
and poor color rendering.
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Fixtures

All metal halide lamps require an
enclosed fixiure or other protective
measures. This will protect
against possible end-of-life lamp
rupture and can aiso provide UV
filtenng when required.

Other Applicabie
Technologies

Compact white HPS and metal
halide lamps are the highest
efficacy point-sources in moderate
lumen packages. However, in
certain situations, other sources

might e more applicable, such as:

= halogen capsu!e and infrared-
reflecting halogen lamps,
especially in wailwashing, and
display lighting situations

« compact and fuil size
fluorescent lamps, especially in
area lighting and wall-washing
situations

« high-wattage metal halide,
standard HPS and white HRS
generally offer much higher
efficacies than compact HID
lamps and would be used for
large area lighting

Current Products -

Current products are limited but
growing in number and
manufacturers. Each
manufacturer has determined the
best products for its market.
Uttimately whele series of
universal replacements in all
wattages are expected 1o be
available.

Application
Guidelines

Typical Applications

Compact HID lamps are point
sources which lend themseives to
projection and floodlighting
situations as well as general
illumination. The best interior
appiications are those where lights
are left on for long penods, or
switched on a time clock, such as
corridor or display lighting. Small
HID's are especially good choices
for all kinds of outdoor lighting,
including architectural, landscape,
parking, and security lighting.

All HID lamps require warm-up
and restrike periods, so frequent
switching instaltations shouid not
utilize these HID lamps. The warm-
up period is from 2 to 4 minutes
and the restrike period is from 10
to 15 minutes. In addition, lamps
of these types can only be dimmed
with highiy-specialized dimmers
and ballasts. The effect of
dimming is not nearly as appealing
or as extensive as incandescent or
fluorescent. Lamp eflicacy and
color stability suffer when HID's
aren't operated at full light.

In general, compact HID lamps are
best applied in one of the following
ways:

- Energy-efficient Flood and
Display Lighting In suitable
"modern luminaires, HID lamps
can be used for a wide variety ot

retail display and floodlighting
situations, including track,
recessed, and surface
installations.

- Energy-Efficient Lamps in
Conventional General
Lighting Luminaires As long
as switching is not a concern, a
wide variety of opportunities
exist to use compact HID lamps
for area lighting in both interior
and exterior situations.,

Double Ended Lamps
with Fe2 and RSC ends
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Because frequent switching is
common to residential operation,
HID's aren't often used in homes.
But the low wattage HID lamps are
useful in outdoor securty lighting
situations. '

Commercial
Applications

The compact HID lamp finaily
offers the designer an alternative
to incandescent downlights,
uplights, and accent lights. Uniike
fluorescent altemnatives, HID lamps
are point sources, giving sparkle to
polished surfaces and dramatic

shadowing when used to accenta ~

display. The compact lamp size
allows for the use of many
traditional luminaire types and
shapes while employing a
reasonable lumen package.

Interior Applicétions

The best applications are corridor
and lobby downlighting,
commercial wallwashing, fobby
and office uplighting. Also, a
number of commercial and
industrial luminaires can be
equipped with these lower wattage
lainps, making them more suitable
for smaller spaces than the larger
lamps previously used. Even
some types of highly decorative
fixtures, like wall sconces or
pendant chandeliers, can be
designed for compact HID lamps.

Exterior Applications

There is a wide range of exterior
applications such as bollards, tree
uplights, wall lights, step lights,
and architectural floodlights. New
luminaire innovations based on
these famps include exterior
asymmetric wallwashers and
precision outdoor spot lights.

Fe2  [OIJE
RSC @—@
MED @s
R-38 <D
G112 {I_
T-10 €

T-7 =K1

Lamp Shapes and Bases
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Lamp Style

Compact Metal Hallde Lamps

Medium Based Universal
Burning Position
Lampsin ED-17
{Compact) Envelopes
Aillamps 60-85 CRI

and 4100-4300K

aexcept as noted

Medium Based Base-Up
Warm-toned lamps

in ED-17 or similar
{Compact) Envelopes
All lamops 3200K and
68570 CRI

Jouble ended clear lamps; -
require glass UV fiter
Lamps 4300K 80-90 CAI
except as noted

Medium Based Universal
Burning Position

Lamps in R-38
Enwvelopes

All Lamps 4300K

Single Ended, G12, Bi-Pin
T8 Lamps. require glass UV
fiiter; 3200K 80-90 CRI

.

Whita High Pressure Sodium Lamps

Medium Based Universal
Burning Position Lamp
50 warttin T-9.5 shape

Medium Based Universal
Burning Position Lamp
90watin T-10

Bi-pin PG-12 Based
T-10 Lamps

1 3200K

2 3200K or 4300K
3 3200K 60-70 CRI
4 4300K 60-70 CAR!

Watts

35
50
70
100
100!
150
175

70
150

50

95

S8R

5 Lamps requiring a proprietary electronic ballast

n.a. Not available

Lumens
(Clear}

2300
3400
5000
7800
8500
11,500
14,060

na.
n.a.
na,
SECO
8500
13,500
na.

5000
5000
6800
8500
11.000
12,000
14,000
20.000
20,000

na.

na.
na.

5200

12,000

2500

5200

1250
2300
4700

Lumens
{Coated)

2300
3400
5000
7800
8000
11,500
14,000

2500
2300
3400
5200
8000
12,700
14,000

na.
n.a.
na,
n.a.
n.a
na
na.
na
na

3000

8000

na.
na. .

na.
na.

na
2190
4470

Life
{Hrs)

5000
5000
5000
10,000
10,000
5000
7500

10,000

5000
5000
10,000
10,000
7500

10,600
10,060
10,000
10,000
10,000
10,000
10.000
10,000
10,000

5000

7500
10,000

6u00
6000

12,000

10,000

10,000
10,000
10,000

ANS!
Designation

Pending
Pending
Mag
Mog
Moo
M57.
M57

M1oo
Pending
Pending

M101

Mao

Mr102

M57

Ma5s
M85
Ms0
M3t
Ms1
Mat
M35
MBo
MS7

Mo

.MS0
M57

M85
Ms1

Sea8

Special

599
Special
Special

Lamp +
Baliast
Watts

45
62
88
115
115
175
185

38
45
62
a8
115
175
195

94

94

121
121
175
175
195
295
290

115
195

175

&2

n.a.5
fna.
n.a.
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Specifications

In order to specify compact metal
haiide and high pressure sodium
lamps, it is important to determine
whether a proprietary specification
designating the acceptable
vendors of lamp and ballast is
required. Although ANSI
designations apply to most
products in this category, there are
impontant exceptions.

The lamp designation can be
specified as follows:

Metal Halide or Sodium/Wattage
Group/Lamp Shape-Size/MED or
RSC base/{phosphor or diffuse
Coated)/(Warm or
Neutral)/(standard or DX color)

Example: A 70 watt double
ended metal halide (3000K) in
deluxe 81 CRI color would be

M8S5/T-7/RSC/WDX

A common designation is not

possible for white HPS lamps
because most products in this
category are propriet‘ary.

Example

Lobby Downlighting

An office.buitding lobby and
corridors typically use downlights
on about &' centers using about _
75-watt incandescent lamps. .
Using metai halide lamps, the
design could be spaced further
{about 8' centers) while using 50-
watt HID lamps. Including ballast
losses, the HID design uses less
than halt of the wattage of the
incandescent design while
providing an essentially simifar
aesthetic. The increased luminaire
cost is mostly offset by the
reduced quantity of luminaires.
Savings potential: The per unit
reductions are about 25 watts per
socket, or 30% plus 20% for the
increased spacing.

Manufacturer/Product References

Manufacturer Product

General Electric Compact metal halide lamps
White HPS lamps

lwasak/ White HPS lamps

Osram Compact metal halide lamps

Philips Compact metal halide lamps
White HPS lamps

Sylvania Compact metal halide lamps

Venture Lighting International Compact metal halide lamps

{inclusion in this list does net infer applicability or endorsement.
Additional companies may also manufacturer these products. )}

S
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Technology
Description

Compact fluorescent lamps are an
energy-efficient, long-iasting
substitute for the incandescent
lamp. For example a 13-watt
compact fluorescent lamp {about
17 watts with the ballast) provides
- about the same illumination as a
60-watt incandescent lamp and
lasts up to 14 times lenger.

Compact fluorescent lamps
have excellent coler rendenng and
are available in a variety of sizes,
shaces and wattages to meet most
any design application.

The new compact lamps are
easy to install and use. Many
have a starter in the plug base so
that maintenance is generatly
limites to perodical lamp

Shapes of Common Compact Fluorescen!s

" replacement. Previous small

fluorescent lamps were like smaller
standard fluorescent tubes with
double-ended bipin bases which
made thern hard to install.
Furthermore, they reguired
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external starters, as well as a
ballast, to operate them.
Compact fluorescent lamps
were developed in the late 1870's
and introduced to the U.S. market
in the early 1980's. '
Compact fluorescent lamps
have significantty higher lumen

" output per unit length than

conventional small fluorescent
lamps. This is due to the high
phosphor loading whic> ;
necessary because of their small
diameter and sharp corner, twin-
tube bulb shape.
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high lumen output because they
utilize high efficacy, high color
rendering rare earth phosphors.
Color temperature is varied
according to the relative balance
among the phosphors.

All compact fluorescent lamps
have good color rendering, with
many choices of color temperaturs
{warmth or coolness) available to
the designer. The 2,700 Kelvin (K}
coler temperazture is generally
employed since it simufates the
color of the standard incandescent
lamp. L

They all have a single ended
base rather than the more
awkward, double ended bi-pin
bases oi the conventional small
fluorescent lamps.

There are four major tamilies of
compact fluorescent lamps:

« T-4 diameter twin-tube prehear
lamps with starter devices in the
base of the lamp. These lamps
can use inexpensive reactor
ballasts resulting in an
econcmical altemative to
incandescent lighting.

+ T-4 or T-5 diameter quad-tube
preheat lamps (doubie twin-tute
and four-finger}, also having
plug bases and integral starters.
Some of these lamps use
reactor ballasts; others require
autotransformer/reactor types.
These are designed to be a
more compact, higher lumen
output variation of the twin-tube.

—T-5 diameter-twin-tube-rapid———Typical-Applications

start/preheat lamps dzsigned for
use with external rapid start and
electronic ballasts. These
lamps are generally higher-
output lamps, designed to
provide the lumen output of
conventional fluorescent lamps
in smaller packages. These
lamps can be dimmed with the
appropiiate electronic ballast.

« Special T-4 diamets rapid start
famps without an integral starter
in the base of the lamp. These
can be used with special
dimming or low temperature
ballasts.

Other Applicable
Technologies

The rapid start compact
tluorescent lamps are capable of
generating about 50-70 lumens per
watt, not including ballast losses,
when operated with a magnetic,
electronic or dimming ballast. Their
advantages notwithstanding,
compact fluorescent lamps have
similar overall energy efficiency as
several other technologies of equal
lumen output including:

« compact low wattage metal
halide and white high pressure
sodium lamps

+ conventional, straight or bent, T-
5, T-8, and T-12 fluorescent
larmps

.

The low-wattage compact
fluorescent lamps are designed to
be used in place of incandescent
lamps in a wide variety of luminaire
shapes and types. The twin-tube
style is especially good for task
lights and some wall sconces." The
quad tube is generally betterin

downlights and wallwashers, asits -

shape better approximates the
envelope of an incandescent lamp.
The farger, T-5 twin tube lamps
are well suited for most fluorescent
applicaticns, ranging from
recessed troffers and indirect
lighting to exterior garden and sign
lights. The lamps are designed for
fixtures having a 12" to 24"
maximum illuminated lengths.

Retrofitting

The compact fluorescents with a
medium edison screwbase socket
are generally not as efficient, but
do offer a means to upgrade
existing incandescent lighting.
This lamp type is available with
gither an electronic ballast or a
magnetic ballast. The electronic
ballast operates at a higher
efficiency and without noise or
flicker.

imegral Ballast Screw-Based Compact
Fluorescent



<

L

e

|
o
!

COMPACT FLUORESCENT LAMPS

r

They are available either as a
single unit consisting of the starter,
the ballast and the lamp or as an
edison screwbase socket adapter
that includes the baltast and a
separate lamp. The adapter unit
permits replacing the lampg when it
burns out whereas the single cnit
must be replaced entirely.

Screw-Based Compact Flucrescent

Fixture Design

The exciling energy saving
possibilities of compact lamp
fixtures have caused many
manufacturers to rush products to
market that are incandescent
fixtures with fluorescent sockets.
Specifiers should be cautious of
the following potential problems:

» overheating which causes short
. lamp and ballast life and low
output (fixture design problem)

» bailasts and lamps making
acoustic noise (fixture and
application problem)

« ynusually low or high bulb wali
temperature causing significant
departure from rated lamp
umens (fixture design and
application problem)

» ballast factor and power factor
¢l paricular lamprballast
gcompinations

Ballast Options

Normal Power Factor (NPF) Reactor Ballasts: Available for the smaller internal starter
lamps sizes. The 120 voit version is generally the least expensive and smallest baliast
option. They exhibit very low poewer faciors (.45 for 120 velt, .25 for 277 volt) so extra
caution must be 1aken to correctly calculate circuit leading when designing the electrical
circuls. . '

High Power Factor (HPF) Reactor Ballasts: Also for-the smaller iniernal starter lamps,
these ballasts conlain capacitance to raise the power factor to .90, More expensive and
larger than the NPF type, but they allow for conventional branch circuit design and lower
instaflation costs.

Conventional Magnetic Energy Saving Ballasts: The higher waltage lamps designed
for rapid start cperation generally operate on single or multiple lamp ballasts similarly to
standard fluorescent famps types. Most ballasts are “energy efficient” type consistent
with California and national ballast standards.

Electronic Ballasts: Some of the higher wattage T-5 twin tube lamps can be operated
by elacironic baliasts designed specifically for these lamps or that are rated for these
lamps and 265 mA T-8 jlamps.

Dimming Ballasts: The starterless quad-tube lamp can be used with either a magnetic
dimming baflast with appropriate wallbox dimmer, or a special electronic dimmer and

electronic dimming ballast. Some larger lamps will aiso eperate well on electronic
dimming and adjusiable output ballasts. Check with the manufacturer.

Ballasting

All fluorescent lamps require a
ballast in order to start and operate
property. Medium-based screw-in
compact tiuorescent lamps and
compact fluorescent lamp adapters
have a ballast in the base. All
other compact fluorescent lamps
are designed !o have an exiernal

ballast which needs to be specified -

for each individual lamp type and
wattage.

Special attention is called to the
power factor of the ballast. Nomnal
Power Factor (NPF) ballasts have
a low power factor. Power factor is
the ratio ¢f ine actual power of the
lamp and ballast to the total
volt-amperes {VA) of the lamp and
ballast. So a 13-watt lamp having
a total lamp plus ballast load of 17
watls at a power factor of .45
actually draws .38 VA. Branch
circuit current and overcurrent
protection are based on VA,
Whether using high power factor or
low power factor ballasts, the input
current instructions of each ballast
should be followed, and added, to
design the circuit loading.
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—cCcurrent Products

Laimp products are ¢lassified by
tre American National Standards
(r=iitule (ANSI). Fluorescent
1zn1ps fall into two classifications
which establish dimensional and
e-ectrical characteristics:

. standard C78.1 for rapid start
amps

. standard C78.2 for preheat
amps

Ezch manufacturer {ends to create
“mdarketable” product names and
jgentifications. These nhames -
mza€ for better marketing but are
myre difficult to specify. Cngoing

- ANSI committee work has |
deeloped the proposed standard ™
nernenclature used here. In most
caes the specifier will easily relate
the-Dopular product to the ANSI
coi2. For greater ease in making
thiz correlation, remember a lamp
tuie diameter of 10 mm is about a
T-+ and a lamp tube diameter of
18 nmis about a T-5.

Switching

Al compact fluorescent lamps, like
ars dther fluorescent lamp, are
typwally controlled by switching the
bg st and lamp circuit on ang off.
Tt = rated lite given in the tables is
3 « nction of the average time per
sz 1. In frequently switched

sit. ations, lamps will 1ast tewer
op+: ating hours.

—Some-of the-largerrapid-stant
famps operate on 265 mA ballasts
originally designed to operate 4'
F32 T-8 lamps. A manufacturer of
an etectronic ballast for T-8 lamps
makes a version with 2 level {Off-
50%-100%) lighting control of all
lamps. This alternative to alternate
ballast switching will also meet the
California Code of Regulations’
Title 24 mandatory multiple lighting
levet control requirement.

Dimming
Certain versions of the smaller
quad-tube lamps can be dimmed.

These require specialized dimmers

and ballasts in order to work
properly. At least two major
dimmer manufacturers have
offered products to dim these
lamps. Dimming range is typically
down to 5% of lamp output.

The T-5 diameter 270mA lamps
can be dimmed with electronic
dimming ballasts already on the

‘market. Conventional fluorescent

dimming equipment having a
ballast and solid-state dimmer are
not used. Instead, the ballast
varies the lamp's high frequency
operation while maintaining
filament power. Itis important that
filament power be maintained in
the dimmed mode to preserve
lamp life.

R
Residentlal Applications for Compact wi

Fluorescent Lamps

‘Living Rooms

Task lights
Swing-arm lights

+  Undercabinet lights
General downiighting

Bedrooms
+  Tasklights
. Closet lights
Bathrooms
«  Mirror (makeup) lights
General downlighting

+  Showerstub light

Utitity
+  Stairs
. Laundry areas
¢ Attics/crawl spaces

Exterior
. Lanterns
+  Garage lights
Landscape lights
Security lights
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A

Guidelines

In generai, compact fluorescent
lamss are best applied in one of
these ways:

«As an energy-saving alternative
to incandescent lighting The _
smaller lamps are generally
applied where incandescent lamps
would typically have been used
before, such as in desk lights. wall-
mcunted area illumination fixtures,
undersheif tixtures, landscape
floodlights, and a variety of other
apclications. In most instances,
approximately 1 ¢ ~zact
fluorescent lamp wu; replaces 3 to
4 incandescent lamp watts.
Therefore, a 13 walt compact
fluorescent provides approximately
the fight of a 40-69 watt
incandescent lamp.

+As an aiternative to other
fluorescent lamps |n the lower
wattages, other types of
fiucrescent lamps fack the

" convenient single-ended plug base

and the consistent good color
rendering of compact tlugrescent
lamps. Many typical fluorescent
applications for smaller lamps, like
task lights and corridor lights, will
be better served using compact
famps. -

In the higher wattages, T-5 twin
tube compact famps can be used
instead of conventionat straight
and U-shaped tubes to provide

greater amounts of light in a
smalier area. and to gain optical
efficiency. These higher watlage
compact fluorescent lamps are
designed to operate betterin
normal lighting fixture interior
ambpient temperatures. Also, the
high color rendering quality of the
compact lamp is maintained with
gvery lamp replacement.

In new concepts and
applications The long lite and
high quality light of the compact
lamps aflows lighting effects which
were formerly ditficult to achieve

' due to heat problems.

Residential Applications

Compact fluorescent lamps should
be used carefully in residential
lighting design. The benefits of
energy efficiency and long life are
sometimes outweighed by
concerns for the acoustic noise of
some ballasts, or by a negative
reaction to the starting flicker of the
preheat lamps.

in general, use compact
fluorescent lamps for all utility
lighting applications, and as
extensively as possible in the
kitchen and bathrooms. Use them
in enclosed fixtures ocutside
{except in cold climates) in
lanterns and security lighting. Use
them in hard-to-reach places. And
use them in task lights, especially
those types designed for the shape
and light of the compact
fluorescent lamps.

Coler
Temp.,

2700K

3600K

3I500K

4100K

5000K*

Color Options of Standard.Compact
Fluorescent Lamps

Typ.
CRI

80-83

80-83

80-83

80-83

85

* not as many products available as
other colors. '

Matches ,

Warm White
Incandescent

Warm White
Incandescent
Halogen Other
3000 Kelvin
flucrescent and
HID lamps

Halogen Other
3500 Kelvin
fluorescent
lamps

Cool white
Metal halide
Other 4100
Kelvin
fluorescent and
HID lamips

C/D50 and all
other high color
temperature
fiucrescent and
HID lamp

The net result of a commitment
to using cfnmpact fluorescent
lamps could be important: 5-10%
of the hghting electrical energy
used by every home c¢ould be
saved if advantage was taken of all
acceptable fluorescent
applications.
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Comp~1 Fluorescent Lamps with Integral Base Slarters
Rated
ANSt 1 -np Code Rated System
(war:'l---?fh and Typical Typical Lamp Efficacy
tubin.~ZeTwin Lamp+ Ballast Life Lumens/
or Qu=-bDaseFre- Ballast Rated Factor Hours @ ; watt,
Heat - -18pid Start) Watts Lumen 120 v. 3 hrs/start Ballast @25¢C
Swar 1GZAPH . 9 250 95-1.0 10000 5W Reactor® 26-28
7WisT. G23iPH? 11 400 89-50 10000 7W Reactor® 32.33
owseT. “G23/PH! <13 600 .79-.83 10000 9W Reactor 36-38
13wy GX23PH! i7 500 95.1.0 10000 13W Reactor 50-53
QW™ 4 G23-ZPH 13 600 7983 10000 $W Reactord 36-38
19Wyey (FGX23-2/PH2 17 860 95-1.0 ' 10000 13W Reactor 50-53
1owye v /G240 1/PH .16 600  .90-1.0 10000 . 10/13W Autotrans.?  34-38
13 10/13W Reactor® 4248
13w YG240-1/PH - 18 500 §0-1.0 10000 10/13W Autotrans.? 45.50
16 10/13W Reactor® 51-56
1gwye UG240-2/PHR 25 - 1250 90-10 10000 18W Autorrans.? 45-50
22 - ' 18W Reactor* 51-57
25wWiE T VG240 3IPHR 37 1800 .90-1.0 10000 26W Autotrans.? 44-49
31 26W Reactor* . 5258
15Wye T D GX32d 1/PH 20 800 90-1.0 10000 156W Reactor 41-45
20Wre T YGX328-2/PH 27 1200 .80-1.0 10000 22W Reactor 40-44
27N G GX320-3PH 34 1800 .90-1.0 10000 28W Reactor 48-53
Notes
1 Mo - 2mmon lamps when standard twin-tube lamps are specified
2 Mc- - -mmaon jamps when standard quad tube lamps are specified
3 12--Feravon :
4 277 -ceravon
5 Mui+attage ballasts are available but may resuit in low lumen output and short lamp life.

G23 G244d-1 GX32d-1

G23-: G24d-2 GX32d-2
1]

GXe2: G244-3 (:] GX32d-3
1 H i
GX23 Compact Fluorescent Lamp Bases
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Compact Fluorescent Rapld-Start/Prehest Lamps

Rated
Average System‘?
Typical Lamp . ‘ Efficacy,
Lamps Ballast Life lumenas/
Baflast | Rated Factor  Hours @ ’ watt
ANSI Lamp Code . Watts Lumens 120v. 3 hrs/start Ballast @25Cc
18-20W.8T5T/2G11/PH-AS 22 1250  .§0-1.0 10000 18W 370mA Preheat 51-57 *
18Wr10T5/T/2G11/RS 23 1250  90-1.0 20000 18W 270mA Rapid Stant 49-54
17 1250  .85-1.0 15000 265mA 2 lamp elect.! 70-74
24.-27W32T5/T/2G11/PH-RSS 32 1800 .925 10000 27N 340mA Rapid Start 52
21 1800 .810 15000 265mA 2 lamp efect.! ¢ 69
36-39Wa/16.5T5/T/2G 1 1/PH-RSH .51 2500 825 10060 39W 430mA Rapid Start 53
26 2900 .690 15000 265mA 2 lamp elect. | 77
Fs
40W/22 5TS/T/2G 11 . 50 3150° 825 20000 40W 265mA Rapid Start 58
36 3150 960 15000 265mA 2 lamp elect.! 84

Notes:

1 Specific data from one manufacturer using an instant-start ballast. Ratings per lamp.

2 Rated lamp lumens times ballast lactor gives actual lamp lumens at 25 degrees Cenligrade (77 F}. This
value is actual lamp lumens divided by (famp+baliast) wats.

3 24 wans with preheat ballast

4 36 watts with preheat ballast

TWIN TUBE

QUAD TUBE

QUAD TUBE

LONG TWIN TUBE
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Applications

ANS! Lamp Code Lamp
Watts
1OW/ST4 QG 24a-1 10
13WET4QYG24qg-1 13
1aW/TT4Q/G24q-2 18
26W/BT4Q/G24q-3 26

Four Pin Base Compact Fluorescent Lamps for Electronic Ballast and Dimming

Rated
Lumens

500

960

1250

1800

These lamps can only be dimmed with speciafly designed ballasts and specially designed
controf or dimmer devices. Do net dim compact flucrescent lamps any other way.

Commercial
Applications

Commercial lighting represents the
best application for compact
fluorescent technology. With the
advent of the dimmable compact
lamp, most incandescent
applications can be replaced with a
fluorescent equivalent. ttis now
possible to design a first-class
project using compact tluorescent
in place of most incandescent
lamps.

Itis difficult to tell that compact
fluorescent downlights and wall
washers have been usedin a
butlding lobby unless one looks up
inside the fixture from directly
below,

Compact fluorescent lamps can
be used in most design situations.
For example, when a more
concentrated light source is
desired, the 3-lamp 2'x 2’ troffer
provides almost the same amount
of light as the 3-lamp 2'x 4' troffer,
but with a smaller ceiling opening.

In oftice lighting design, not
every incandescent luminaire has
a fluorescent counterpart, bul
m'any do. By using fluorescent
troffers, downlights and

8

wallwashers, offices and other
types of commercial and
institutional spaces can be
designed to lock good and operate
efficiently. In doing so, most
designs will more easily comply
with the applicable Title 24
stanaard contained in the
California Code of Reguiations.
incandescent lighting is saved for
the few key situations, such as the
board room, where the wider
dimming range of incandescent
lamps is really needed.

In retail lighting design,
flugrescent is appropriate for
general illumination, wall washing,
and some types of case lighting.
The prudent designer only uses
incandescent or halogen sources
where point-source sparkle or
candlepower are really needed,
such as display lighting, jewelry
case lighting, etc.
in restaurants and hotels, most of
the circulation area lighting and
other public spaces can be
illuminated with compact
fluorescent (or- HID in certain
instances), and some chandeliers
can be equipped with fluorescent
tupes. Incandescent lighting can
then be used where it's really

G2dar1 | !
1=

—
|::
Gzag2 il {0
15 3 =

Ga4a-3 I@L :EE

Four Pin Lamp Baseas

needed, where dimming and
special effects are impontant.
Many fast {ocd/fast action spaces
can take advantage of the smaller
general illumination fixtures made
possible by compact {luorescent.

In hospitals, laboratories,
schools, and other institutions,
compact fluorescent lamps can
generally replace mast
incandescent applications. One
advantage of compact fluorescents
is size; a standard 40W compact
lamp is 22.5" long, and occupies
less than 1/2 the volume of a
normal F40T12 4-foot lamp. The
result is significantly smaller lamp
stock storage rooms, and much
greater ease of maneuvering
tamps around facilities tor spot
relamping maintenance.

In industrial lighting, compact
fluorescent lamps have limited

~ applications. But the low heat of

compact fluorescent lamps make il
worth using in hazardous
environment luminaires, task
lights, and a host of ather

" applications where a relatively

smalt amount of light is needed for
a localized lighting problem.

(S ')"""'." -r

S
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™~ Examp Ies ) Added benefits result from a much appropriate. In this case, the 33-
. lenger lamp lite. The incandescent  watt twin-tube fluorescent. which is
burns out approximately 18 times '8-1/2" long, is passibly a good
General Downlighting during the jife of one compact choice. The specitier also gains
fluorescent thus reducing the advantage of color options to

Many corridors and lobties are
downlighted with round. recessed
fixtures. Typical designs call for

maintenance costs. match the flocodlight with other
sources in the area. .
Savings potential is significant.

incande "cans” or "tophat” i
:uminairzzen;hzamze ene?gy‘?t - Outdoor Floodlights The Huorescent provides a better
efficient so-lution uses downiights Many floodlighting schemes for fight for floodlighting and uses 45
designed specifically for compact shorter walls, signs, etc. use a walts less than a halogen PAR and

. PAR-38 flood lamp. In many 105 watts less than a standard

fluorescent twin-tube or quad-tube
lamps. By caretul selection, the
specifier can choose a fluorescent
luminaire which appears similar'to
standard incandescent downlights.
A general rule-of-thumb is to use
about 25% of the required
incandescent lamp wattage. In
other words, use a downlight with
two 13-watt lamps to replace a

situations, a short fluorescent tloog ~ PAR at every fixture.
lamp luminaire would be better

when ambient temperatures are

high enough for proper operation.

Four-foot fixtures would be too

long; a shon, powerful flucrescent

providing about 25% of the

incandescent wattage would be

_100-watt incandescent lamp; two - ~—- ;
- 18-watt lamps to replace a 150- Commercial Applications for Compact Fluorescent Lamps
7 wattincandescent lamp; and two General Lighting
26-watt lamps to replace a 200- *  Recessad 2% 2'troffers
. . . Recessed 1'x 1" troffers
walt incandescent lamp. Avoid *  Recessed 6" to 9° dia. downlights
using compact flugrescent edison *  Suspended designer luminaires
socket screw-in adaptors in new * Indirectiighting
construction, as they are not as Accent and Specialty lighting
efficient and can be easi Iy . Racessed and track wallwashers
. . +  Undercabinet'under-shelf lights
compromised by having . Cova lights
incandescent lamps screwed in _ < Modular strip outlining
later ' ' +  Sign and display internal/backlighting
) . . - «  Case display lighting
Whereas small differences in
illumination may occur, savings Decorative and Portable lighting
. . . Wail sconces
potential with the fluorescent . Chandaliers
system is significant. For example, - Table and floor lamps
to provide 15-20 footcandles in a " Makeup and dressing lights
cornidor, fixtures are provided Utility Lighting
about every 30 square feet. The ’ gfc'-’;”); :‘9”""9 .
. ep hghts '
tluorescent scheme operates at . Exitsigns
about 1.0 w/sf, whereas the «  Tasklights
incandescent schemg operates at Exterior Mumination
over 3 w/sf, The savings of over 6 «  Landscape floodlights
kWhr/st/yr saves $0.60/st/yr, or «  Pedestrian post-top and bollard lights
. +  Step and under-rail lights
_ about $18/yrifixture {1990 costs). . - Vandal resistant securty lights
|
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Designers should consider
compact fluorescent lamps in
tragitionai luminaire shapes and -
styles, For example, the use of 1'x
1" troffers in lieu of other types of
downlights allows the use of
efficient sources and ‘electronic
bailasts with good performénce in
recessed luminaires {peak light

output is achieved in a normal non-

ventilated troffer luminaire).
Similarly, 2'x 2' and other types of
general lighting luminaires may be
able to be used in a variety of -
applications with no major
drawbacks, keeping in mind that a
22.5" compact lamp generates as
much light as a two-foot U-lamp.

" Decorative Lighting

Many chandeliers, sconces, and
other types of decorative lamps
can be fitted with fluorescent
sources. For example, replacing 4

~watts of incandescent or 3 watts of

halogen with 1 watt of fluorescent
in appropriate fixtures works out
fairly well. Dimming is probably
the only situation where this type

‘of replacement isn't recommended

with 1990 technology (expected to
be worthwhile by late-1990's).

10

Guideline
Specifications
Specifying compact flucrescent

lamps is not difficult. There are
several ways 10 make the

‘preferred lamp and ballast

selection clear.

Lighting Fixture
Schedules

Most lighting designs list fixtures
by type or "tag" in a schedule.
This schedule often contains all
information needed for lamps and
ballasts. To properly specify
compact fluorescent lamps,

- however, it is recommended that

slightly more information be
contained in the schedule than
often encountered.

Itis recommended that the
specifier identify one manufacturer
who makes all lamp products and
use this nomenclature throughout.
This way, the competitive bidder
¢an easily list his/her
corresponding lamp numbers in a
general letter of proposed
substitution.

QOccasionally, there may be a
specific lamp type which is unique
to the specifier. For example, only
one manutacturer makes a
“dimmable” quad lamp in 1990 it
may help to separately identify and
list this lamp by naming the
manutacturer in the lamp
specification column.

Standard-Specifications

Most commercial projects use
variations of standardized
specifications based on the
Construction Specifications
institule (CS3I) recommended
format. This shoner specification
format is better for smaller or legs
complex projects:

2. COMPACT FLUORESCENT
LAMPS

a. Rapid Start lamps per ANSI
C78.1.

b. Preheat lamps per ANSI C78.2.

¢. Tri-color phosphor having a
minimum CRI of 80 with a
correlated color temperature of
{2700) (3000) {3500) (4100)
{S5000) K unless scheduled or
noted otherwise.

d. Lumen output, rated lamp life,
and lumen depreciation
determined in accordance with
IES testing procedures and
equal to published values in
(XYZ Manufacturer)
(year/edition) catalog.

e. Replace defective lamps
occurring within 90 days of
beneticial occupancy.

f.. Approved Manutacturers: {List)

h

r
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Lighting Fixture Schedule for Project XYZ

Tag Description Lamp Ballast Voit Watt Product

F1 Downlight 7" dia. {2) 000K : HPF 277 35 LLL #333
clear alzak _ 13W/PT4 T/GX23/PH

F2 Downlight 1'X 1 {3)3000K - Electronie 277 51 AAA #222
parabetic clear 18WH 0TS T/2G 11 : )
afzak semi-

specular louver

F3 Downfight 2X 2 {2} 3500K Standard 277 87 CQQ w222
stotted-T lay-in 40Wy22 5T5/T/2G 11 Energy
parabolic clear Efficient
alzak semi-

specular icuver

General Requirements

1. Lamps and ballasts shall meet applicable standards of the California Energy Commission {CEC), ‘
American National Standards Institute {ANSI), Naticnal Electrical Manufacturers Association (NEMA),

and Underwriter's Laborateries (UL). Luminaires snah' be UL fisted. Ballasts and other materiaiz shal

be UL recognized or listed as appropriate. . :

Electronic ballasts shall be Brand X, model a, '

2.
3. Lamps shall be made by EEE, FFF, or GGG. Do not mix manu!acturers of the same type lamp.
4. {insert any other project requirements here.)}

Extensive Specifications  Manufacturer/Product References

Construction Specifications M ) : rod

Institute (CS1) recommends that anufacturer roduci(s)

more extensive technical General Electric Lamps, most types

specifications be written for Mitsubishi Lamps. some rypes

. ) . . Osram Lamps, most types

complex projects or projects which Panasonic (Matsushita) Lamps, some types

are being built overseas. Although Phitips Lamps, most 1ypes

significantly longer and more work Syhania Lamps, most fpes

for the specification writer, these Advance Baflasts, magnetic and electronic

specifications protect the desian Electronic Bailast Technology Ballasts, electronic

P . _p R , i g Magnetek ' Ballasts, magnetic and electronic

against substitution by inferior Quality Service Electranics Ballasts, magnetic

copy-cat products made by Radionic Bailasts, magnetic
Robertson Ballasts, magnetic

manufacturers over whom the Schumacher Ballasts, magnatic

designer has no control. Yaimont Electric Bailasts, magnetic and electronic
{Inclusicn in this list doas notinfer applicability or endorsement.
Additional companies may also manufacturer these products.)

11
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SECTION

Consideraticns/2-1

Thermal Considerations/2-

As an introduction to the subject of lighting
design, Section 1 discuases lighting design and
lighting systems in general terms. On the other
hand, Sections 5 through 18 provide specific de-
sign and evaluation information for the most
common interior and exterior facilities, and Sec-
tions 3 and 4 cover economics and energy man-
agement, in depth, as they relate to lighting. This
section is presented as a bridge between the
general design and the specific application dis-
cussions by providing material on design consid-
erations that apply to each of the application
sections that follow. The 1981 Reference Volume
provides the basic data and procedures as refer-
ence for design purposes.

PSYCHOLOGICAL CONSIDERATIONS

In the planning of lighting systems, lighting
designers should be sensitive to more than simple
task requirements for reading, typing, sewing,
shaving, cooking, etc. They should, of course, be
sensitive to the adverse effects of glare. They
should also become sensitive to the uses of sil-
houette, sparkle, focal emphasis, color, and other
patterns of spatial light, and become sensitive to
the fact that the correct usze of these patterns is
fundamental in satisfying some space-activity re-
quirements—as when thev need to reinforce at-
traction or attention, reinforce impressions of
spaciousngss, stimulate sensations of spatial in-
timacy or warmth, and reinforce impressions of
cheerfulness or plavfulnebs

Categories of Environmental Lighting. In
consideringy  the space-activity requirements

My, Heterenons e '

mentioned above, there are basically two kinds
of environmental lighting systems as discussed
below:

1. Lighting systems that flood a space some-
what indiscriminately with permissive illumi-
nation from general overhead luminaires. These
systems tend to be behaviorally neutral, in the
sense that they tend not to exert an intentional
reinforcing or guiding influence on user impres-
sions or behavior. Instead, these systems are
usually intended to permit

a. Easy perception of reading or manual tasks.
b. Random circulation and unguided attention.
c. Flexible relocation of furniture and work cen-
ters without changes in the room lighting.

This type of system may, therefore, offer many

advantages in regard to utility, flexibility and
general clarity. But for some types of activities,
the resulting diffusion and uniformity are rather
significant shortcomings due to the often bland
psychological effect of the room when it s lighted
in this manner. (It should be recognized that this
blandness can often be relieved by a sensitive
use of surface color.)
2. Systems that develop specific patterns of light
and shacde to reinforce selected information or
room cues. This kind of lighting is much more
active hehaviorally, in the sense that such sys-
tems are generally intended to reinforce a specific
pattern of user impre%a‘iun or behavior. As such,
this approach requires more specific design in-
tentions.

These designs are often based on the idea rhat
llght can be a vehicle that influences users’ s
tive atténtien or alters the information cons
in the visual field. As such, these lighting dest

should be carefully evaluated for their ro!e in
s~ hlishing cwes that reinfrree users’ uncler

~ondding of their enviranr e o the activities
anged e '
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In this regard consideration should be given to
the following categories of visual experience:

a. The effect of light on user orientation and
room comprehension. Some lighiing patierns
seem to affect personal orientation and user un-
derstanding of the room and its artifacts. For
example, spotlighting or shelf-lighting affects
user attention and consciousness: wall-lighting or
corner-tighting affects user understanding of
room size and shape., Together, these lighting
elements can establish or modify the users’ sense
of visual limits or enclosure.

b. The effect of light on impressions of activity
setting or mood. Other lighting patterns seem to
involve the communication of ideas or impres-
sions—with the suggestion that light is, in part,
a medium that assists communication of spatial
ideas and moods.

In this sense, spatial lighting patterns are be-
coming recognized as part of a visual language
that can assist the designer in implementing
impressions such as “somberness,” “playfulness,”
“pleasantness,” “tension,” etc. Similarly, the de-
signer can use light patterns to affect psychoso-
cial impressions 'such as “intimacy,” “privacy”
and “warmth.” In other words, lighting can be
used in one way to produce a carnival-like at-
mosphere and in another way to produce a som-
ber place for quiet meditation. Lighting can be
used to produce a cold, impersonal public place

NONUNIFORM

UNIFORM

Fig. 2-1. Light structure model indicating
lighting design decision for affecting
impressions of relaxation {and tension).
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or conversely, a warm, intimate place where one
feels a greater <ense of privacy. More than es-
thetic amenitizz are to be considered here, be-
cause these impressions or moods are often fun-
damental in sati=fving some experience and ac-
tivity requirements in a designed space.

“Light Structure’ Models. There is consid-
erable evidence that light can (and does) make
an identifiable conwribution to the quality of a
room—and thiz ¢conirtbution clearly goes beyond
simplistic conceptz of task visibility,

Qualitative intiuences can be identified
through the use of “light structure” models that
are developed with contemporary research meth-
ods in the behavicral sciences.'™ This concept is
based on the theory that the experience of room
lighting is, in part, an experience of recognizing
and assimilating communicative patterns. There
is the suggestinn that patterns of light can convey
information: and that the brain constructs an
impression of ihe phenomenal world from this
information. This concept of information content
and “meaning” further suggests that lighting
should he considered not merely as a stimulus
but also as a “structure.”

An example of a “light structure” model is
shown tn Fig. 2-1. Models have been developed
to serve as a partial guide for the use of lighting
effects appropriate for various task and non-task
applications. -
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Impressions of Relaxation. Impression of
relaxation is an impertant subjective factor to be
considered in the design of more casual areas,
such as waiting rooms, loungesz, some restau-
rants, etc. It 13 a subjective vizual impression
that appears to be reinforced by the fullowing
lichting influences (see Fig. 2-1):

1. Uniformity (i.e., reinforced by nonuniform
highring). .

2. Distribution (i.e., reinforced more specifically
by nonuniform wall lighting}.

3. Color (ie, some studiez indicate reinforce-
ment by warm colors of whiie light).

Ongoing research in the behaviorial sciences
will provide valuable knowledge about the influ-
ences of lighting quality and quantity on the
human organizm. Lighting dezigners should seek
the results of these studies for guidance in their
design.

Impressions of Perceptual Clarity. Impres-
sions of perceptual clarity are an important sub-
jective factor to be considered in the design of
work spaces. It is a subjective visual impression
that appears to be reinforced by four lighting
influences:

1. Luminance (i.e., reinforced by higher lumi-
nance on the horizontal plane).

2. Locational (i.e., reinforced by luminance in
the central part of the roomy).

3. Color (i.e., reinforced by cool tone, continuous
spectrum light sources).

4. Distribution {i.e., reinforced by peripheral
wall brightness).

Impressions of Spaciousness. Impression of
spaciousness is an important subjective factor to
be considered in the design of circulation and
assembly spaces, such as corridors, lobbies, as-
sembly halls, etc. It is a subjective visual impres-
sion that appears to be reinforced by uniform,
peripheral lighting. Color of white light {warm or
cool) appears to be a negligible subjective factor.

ILLUMINATION CONSIDERATIONS

In this section, illuminatien considerations in-
clude: luminance, luminance raties, visual com-
fort, reflected glare, disability glare, veiling re-
flections, color and shadows. Each is an impor-
tant consideration and no emphasis is intended
by order of presentation or length of the discus-
sinna that foillow (some have additional coverage
vvother sectinns of thi- “wlume and in the 1981

. :;'.L'l"t'[!'.'e_‘ \-'(/‘15:'.

ILLUMINANCE SELECTION 2-3

lliuminance Selection and Application

A New INuminance Selection Procedure,
Since 1958 the Society has been publishing sin-
gle-value illuminance recommendations based on
a method established at that time.” In recent
vears it became apparent, through on-going re-
search and design experience, that it was time to
move away from the single-value recommenda-

-tions to a range approach--illuminance ranges

accompanied by a weighting-factor guidance svs-
tem reflecting lighting-performance trends found
in research. In 1979 the Society established such
a new procedure.®

Since early 1979 the Society’s committees have
applied the new procedure in preparing new in-
terior illuminance recommendations* for this
Handbook and for the Society’s recommended
practices and committee reports.

It is intended that this new procedure will
accommodate a need for flexibility in determin-
ing Hluminance levels so that lighting designers
can tailor lighting systems to specific needs, es-
pecially in an energy conscious era. Such flexi-
bility requires that additional information be

. available to effectively use the new range ap-
proach—a lighting task must be considered to

be composed of the following:

1. The visual display {details to be seen).

2. The age of the observers.

3. The importance of speed and/or accuracy for
visual performance.

4. The reflectance of the task (background on
which the details are seen).’

The visual display is the object being viewed—
it will present some inherent visual difficulty.
The age of the observer is a predictor of the
condition of the observer’s visual system. The
importance of speed and/or accuracy distin-
guishes between casual, important and critical
seeing requirements. The reflectance will deter-
mine the adaptation luminanee produced by the
iluminance. These characteristics, considered in
concert, determine the appropriate amount of
light for the flighting task. All four must be
considered as comprising the lighting task.

In applying the new procedure the first step is

to determine a range of illuminances appropriate

for the visual difficulty presented by the visual
display, the first of the above characteriatics; and
then to determine a target value from that range
on the basis of the remaining three characteris-
tics. The Society’s application committees, on a
consensus basis, have established appropriate

in applications

centine e b L tazions esyahiished
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ranges of iluminances for various types of visual
displays. Experience and judgment plaved an
obvious, important role in ithe pairing of visual
displays and these ranges. Nise ranges, called
Illuminance Categories, have been established,
patterned after those in the CIE Report No. 29
These are designated “A” through "1, covering
illuminance levels from 20 to 20,000 lux [2 to
2000 footcandles]). See Part 1 of Fig. 2-2, Further
work of the applicaiion commitives resulied in
recommended ranges of illuminance for specific
visual displays (tasks) and areas (see Fig. 2-2,
Parts 11 and IIT).

Alternatively, if the inherent visual difficulty
of a visual display has been measured in terms of
115 equivalent contrast, C, the Illuminance Cate-
gory can be determined from Fig. 2-3.° This table
of equivalent contrasts and [lluminance Cate-
gories was established on a conzensus basis by
the Society’s Committee on Recommendations
for Quality and Quantity of Illumination.

For a given visual display, a specific value of
illuminance can be chosen from the recom-
mended range only if the second, third, and

fourth characteristics of the lighting task are -

known; Le., observers age, importance of speed
and/or accuracy, and task reflectance. These
should be determined at design time, by the
designer in conjunction with the user. Specific
target values of mantained illuminance cannot
be determined before hand by the Society. Thus,
the recommendations for most interior lighting
tasks consist of an Mluminance Category deter-
mined by the visual display.

A guide for using the second, third and fourth
characteristics of the lighting task, to determine
a specific target value of illuminance, takes the

form of a table of Weighting Factors (see Fig. 2-°

4). The designer or user determines the weight
of each characteristic. A combined weighting
factor then indicates whether the lower, middle
or upper value of illuminance in the range is
appropriate (see the procedure outlined below).

It can be seen that over-all design of this
procedure makes it an illuminance selection pro-
cedure, where consensus-determined recom-
mended ranges combine with user supplied in-
formation and judgment. The result is the deter-
mination of a specific target value of lluminance
appropriate for the lighting task under consid-
eration. -

Limitations of the New"Selection Proce-
dure. This illuminance selection procedure is
intended for use in interior envirenments where
visual performance is an important considera-
tion. 1t has been developed from a consideration

TEM DESIGN CL/. 2l 2= 4T

of experience and rvscarch results from visual
performance experiments. Its use is then limited
to applications where this information can be
applied directy. Thus, the illuminance selection
procedure® is not used to determine the appro-

‘priate lluminances when:

1. Merchandising is the principal activity in the
space and the advantageous display of goods is
the purpose of lighting.

2. Advertising, sales premotion or attraction is
the purpose of lighting.

3. Lighting is for sensors other than the eve, as
in film and television applications.

4. The principle purpose of highting is to achieve
artistic effects. :

5. Luminance ratios have a greater importance
than adaptation luminance, as when it is desired
to achleve a particular psychological or emo-
tional setting rather than provide for visual per-
formance.

6. Minimum illuminances are required for safety.
7. Maximum illuminances are established to pre-
vent nonvisual effects, such as bleaching or de-
terioration due 10 ultraviolet and infrared radia-
tion int a museum.

8. Nluminances are part of a test procedure for
evaluating equipment, such as for surgical light-
ing systems.

Procedure for Selecting [luminances. The
procedure provides a method for determining a
target maintained illuminance value for a single
visual task, and as such will not assure an ade-
quate illuminance level for a given space. This is
especially true for those spaces in which a variety
of visual tasks occurs. To help assure appropriate
task illuminance as well as provide potenual for
increased energy savings, the designer should
consider an ilumninance target as the quantity of
light required on the plane of the task.

The designer should be aware of, or assume,
the potential visual tasks to be performed within
the space. The illuminance level determined us-
ing this procedure is a funciion of the visual
characteristics of that task. Therefore, the im-
portance, duration and difficulty of each task in
the space must be considered as each may dictate
a different illuminance level. The importance of
providing various illuminance levels can then be
rated accordingly. Multiple level lighting sys-
tems, segregation of certain vizual tasks, nonun-
iform lighting svstems, or single level systems to
meet the commonly occurring most critical visual
task requirements, are options the designer must
consider for syvsiem optimization. )

The four step procedure described below re-
quires the designer to select an THuminance Cat-

Cortinued an fage 2-20 .
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ILLUMINANCE CATEGORIES AND V;QLUES _é—s

Fig. 2-2. Currenlly Recommeznded llluminance Categories and llluminance Values for Lighting Design—
Target Maintained Levels

The tabulation that follows is a corsciicated listing of the
Scciety’s current illuminance recom 2ndaticns. This listing
is intendad to quide the lighling c=zz/zner in selecting an
apprepriate illuminance for design and evaluation of lighting
sysiems,

Guidance is providad in bwo forms: (1), in Parts |, Il and I
as an llluminance Catzgory, repressnting a ranga of illumi-
nances (see page 2-4 for a meihod cf selecting a value
within each illuminance range); and (2). in paris IV, V and WV
as an Hluminance Valus. illuminancs Czlegories are repre-
sentad by letter dasignations A through ). lluminance Values
are given in lux with an approximate sguivalence in footcan-
dles and as such zreintended as targ st (nominal) values with
deviations expected. These targzi valuss also represent
maintained values (see page 2-24).

This table has been divided into the six parts for ease of
use. Part | provides a listing of both llluminance Calegories
and llluminance Values for generic types of interior activities
and normally is to be used when llluminance Categories for
a specific Area/Activity cannot be found in parts H and 1.
Parts IV, V and V! provide target mainlained llluminance
Values for outdoor facilities, sports and recreational areas,
and transportaticn vehicles where special considerations
apply as discussed on page 2-4.

In all cases the recommendations in this table are based
on the assumpltion that the lighting will be properly designed
to take into accound the visual characteristics of the task.
See the gesign infermation in the particular application sec-
tiens in this Apgplication Handbook for turther recammenda-
tions.

I, WMuminance Categarizs and lluminance Values for Generic Types of Activiies in Interiors

Ranges of Iluminances

. iluminance
Type of Activity Relerence Wark-Plane
Category Lux Footcandles
Public spaces with dark surroundings. A 20-30-50 2-3-5
Simple arientation for short temporary B 50-75-100 §5-7.5-10 General lighting
visits ' throughout sgaces
wWorking spaces where visual tasks are C 100--150-200 10-15-20"
only occasionally performed
Performance of visual tasks of high con- D 200-300-500 20-30-50
trast or large size
Perfarmance of visual tasks of medium E 500-750-1000 50-75-100 Nluminance on task
contrast or small size
Performance of visual tasks of lew con- F 1000-1500-2000 100-150-200
trast or very smalf size ,
Perizrmance of visual tasks of low con- G 2000-3000-5000 200-300-500
trasl and very small size over a pro-
lenged period luminance on task,
obtained by a com-
Performance of very prolonged and ex- H 5000-7500-10000 £00-750-1000 bination of general
acting visual tasks and local (supple-
Pertarmance of very special visual lasks 1 10000-15000-20000  1000-~1500-2000 mentary lighting)
of extremely low contrast and small :
size

Il. Commercial, Institutional, Residential and Public Assembly Interiars

e lluminance lluminance
Arza/Activity Category Area/Activity Category
Air terminals {see Transportation terminais) Barber shops and beauly parlors . . E
Armories ... ... ... T o1 Churches and synagogues . . . ... .. {(see page 7-2)
Art galleries (see Museums) Club and lodge rooms

Lounge and reading . . ... . D
Auditoriums i
Assembly o _ c! Conferenc_e rooms .
3zcial activity B Canferring L o
\ Critical seeing (refer 1o individual task)
Bacgzé‘also see Reading) Court rooms A
Y c Seating area ) C
X - 3
D Caurt activity area E
. E’

Carae h:'- :nd discotheques B

~

- — »—4*&-—-" ————— |~ —— -
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Fig. 2-2. Continued

1. Continuag

Area /Aot luminance frea. Aenany liyminance
a/Aclvey Catzgory miEA. SLUY Category
Depots. terminals and stations Health care tacilities )
(see Transportation terminais) Ambulance (iocalh) E
Dr‘amng Anesthetizing g E
iylar Aulopsy and morgue -
High contrast media; India ink, plastic leads, TF;OESY'IQZTBMI CEi
soft graphite leads . . E? ;-\‘.;:J.JS; aenz al 0
Low contrast media; hard graphile leads .. F* “orgue, general

Vellum Luseum E
High contrast . .. . . .. E? ga;cf'af ftur:_cl:hon !a'la E
Low contrast . | S . F? eh';i s;{:oine supp :” e

Tracing paper Iln ‘:ECtron' general .. =
Righ contrast . ... . .... .... ... E* nseechion L

3 At sinks L E
Low contrast e F o s
s Vork areas, general oL D

Overlays ' . Processed st e D

Light table R e . ... C } es’sr storage ..o

Prints Cerridars

. : Nursing areas—day . ...... ........ .. .. o}
Blueline ... ... ... .. ... . ... ... E . B

. lwursing argas—might .. ... ... L B
Blueprints . .. .. ... ... .. ... .. E a :

. h Qperating areas, delivery, recovery, and labo-
Sepia prints e F . ;
) ratory suiles and service .. .. . E
Educational facilities Critical care areas’’

Classrooms General . . 0 L. C
General (see Readlng) Examinztion . ... .. .. . ... ... E
Dratling (see Drafting) Surgical task lighting H
Home economics (see Residences) Handwashing * ... .. ... ..., . F
Science laboratories .. ..., ... .. L. E Cystoscopy room™™'® . ... [
Lecture rooms Denta! suite'’

Audience (see Reading) General e D
Demonstration ... . ., ... ... ... F Instrument tray .. ... E
rMusic rooms (see Readmg) Oral cavity .. ... ..., o . H
Shaops (see Part 1, Industrial Group) Prosthetic labaratory, generai . D
Sight savingrooms . ... ... .. ... ...... F Prosthetic laboratory, work bench . . 7. . . K
Stu@y halls (see Reading) Prosthetic laboratory, locai . . . .. .... F
Typing (see Reading) Reccvery room, general . .. ....,....... c
Sports facilities (see Part V, Sports and Recrea- Recovery room. emergency examination .. .. E
ticnal Areas) Dizlysis unit, medicat'’ .. .. = ... ... “F

Cafeterias (see Food service facnlmes) Elzvziors : C

Dormitories (see Residences) EKG and s:ecmen room’

. weral B
Elevators, freight and passenger . . AU ol Gensra
d P 9 Cn ezLipment | e C
£xhibition halls ... .. B Ersrgency cutpatient'’
Fire halls {see Municipal buildings) General o R E
. . Local ..
Fo;?n?negr\:;::arsacmnes Erccscocy rcums"-”’ )
_ sneral E
g?;;r:i:g S cee g Peritznzoscopy o]
L e e P D
&
Gining TS B =6 and treatment rooms'”
Food displays (see Merchandusmg SpACes) Tereral S D

Kitchen . ... .. . ... R E Local E

Garages—parking ... .. ..... {see page 14-24) E,2 Sufg*:-ry'T , F
. ) Fracivre room’

Gasoline stations (see Service stations) y £

Graphic design and material | Lecal L0000 oo F

Cclor selection e N S D

Charting and mapping e .. ... F

Graphs .. . ... ...... ... E mEnocsiecting L. E

Keylining . R, ... F Tissue leberetories ... . e F

Layout and artwork .. F Wiorossepic reading room L L L B

Photegraphs, moderate detail . .. ., ... E™ Gress sL3Cimen review | L i F

For fuutnoles, see page 2-14. For iluminance ranges for each lluminance Crieriry, sow page 2-3
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Fig. 2-2. Continued

. Continued
Numinance . lluminance
Araz L oy Caegory Area/Aciivity léategory«
E Radiological suite'’
Diagnestic section
a E General" A
ng culture flates F Waiting area RN A
aiogy E Radlograph\c,ffluoroscoplc room A
Film sorting ... . .. ... . ..., F
S 3 soiled linen D Barium kitchen . . ... E
al {clean) linen rcm D Radiation theraoy section
3 room, genaral D General'® 8
5 ro0m, wWork arsa E Waiting area . B
Lirzn closet B Isotopa xitchen, general E
Letzo, C Isctope kitchen, benches E
Locher rooms C Computerized radiolomography section
a1 llustration studis’™™ ** F Scanning room B
E Equipment maintenance room E
Solarium
C General c
Ccsarvation and treatmeni E Local for reading 3}
Nurs.= g stations’” Stairways o
G"“ral D Surgical suite’”
Desk E Operating room, general'a F
Cerridors, day C QOperating table (see page ? 12)
Ccrridors, night - A Scrub room’™ . L L. ‘
Melication station E Instruments and s(erlle supgly room . D
Obsiziric delivery suite'” Clean up room, instruments ... ... ... ... .. E
{ator rooms Anesthesia storage .. ... ... ... ...... c
Careral Cc Substerilizing room ... .. 00 L C
Locat E Surgical induction room'™'® . ... : E
Birthing room ... .. F’ Surgical holding area'™'® .. .. ... . E
Delivery area Toilets . . .. ... .. Cc
Scrub, general G Utility room . ... D
General .. G Wailing areas'”’
Deiivery table . {sz2 pag 3) General FE C
Rasuscitation G Local for reading ... ... ... .. ... .. ..., D
Pesicelivery recovery area E Homes (see Residences)
Substerilizing room B
QOccupational therapy'’ Hospitals (see Health care facilities)
Werk area, general D Hotels
Vfork tables or benches E Bathroems, for grooming o
Patiznis’ rooms Bedrooms, for reading .. .. ............... D
Gar=rai’® 8 - Corridors, elevators and stairs .. ... .. c
Otszrvaticn A Front desk ... .............. E*
Critical examination E Linen room !
Reading D Sewing F
Toilels , D General . . ... . o
Pharmacy' Lobby
General E General lignung . C
Alcchol vault 0 Reading and warking areas . o
Laminar flow bench F Canopy (see Part IV, Qutdoor Facnlmes)
Night light A )
Parznteral sclution rocm D Kitchens (see Food service lacnlmes or Resi-
Physical therapy departments dences)
Gymnasiums D Libraries
Tank rocms D Reading areas {see Reading)
Treatment cubicles D Book stacks (vertical 780 millimeters (30 inches)
Postanesthetic recovery room'’ above floor)
Gereral'? E Aclive stacks 0
Leeal H Inactive stacks B
Putmenary function laboratories™” E Book repair ang bincing D
For fimtnotes, sew page 2209 Fourdluminanoe 2o Cestor vaon Blianenanes Udlegory, see page 23
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-Fig. 2-2. Continued

. Continued
Area/ Activity "2’:::;? Area, ATty ”g?g;n;e |
Cataloging . . ... ...... o* Electronic data processing tasks
Card files e R CRT screens g2
Carrels, individual study areas (see Reading) impact printer
Circulation desks . .. D good ribbon D
Map, picture and print rooms (see Graphic design poor ribhon | . R E
and material) 2nd carbon and greater | E
Audiovisual areas . ... . ... ... ... D Ink jel printer . D
Audio listening areas . . ... ... ... D Keyboard reading . ... ...... D
Microform areas (see Reading) Machine rooms
Locker rToOms . ., ... .. .. ... c Active ogperations ... .. b
Tape storage . . ........ ... D
Merchandising spaces ¥achine area . .. e .. C
Alteration room ... L. F Equipment service .. .. ... .. ... .. [
Fitting room . Thermal print . ... ... ... ... ... E
Oressing areas . ... ... ............ .... D Handwritten tasks
. Filing areas . . ... ... ............ F #3 pencil and softer leads . . ... ... .., . E?
: Locker roDMS . ... ... .. € #4 pencil and harder leads ... ... F?
I SIGCK rO0MS . . . ot D Ball-point pen ... ... .. ... ... o*
; Vrapping and packaging . ... ... . ... ... .. . D Feli-tippen .. ... ... .. .. ... ... . D
' Sales transaclion area . ... .. .. .. ...... ... E Handwritlen cartboncopies . ... . . ... E
}! Circulation .. ... ... .. ... .. (see page 8-6)° Non photographically reproducible colors F
i Morchandise .. ... ... .. ... (see page B-8)° Chalrboards . .. ... ...  ...... g?
i Feature disptay .. .. ... .. ... (see page 3-6)° Prinied tasks
i Show windows .. ... ......... (see page B-6)° Epoint type ... E?
) ‘
! Motels (see Hotels) : §and i0poinltype .. ... S DL
Glossy magazines . ... ... ... . . D
E Municipal buildings—{ire and police MEDS . E
Police ) Newsprint . ... L. L D
: Idgntﬁrcahon r.ecords e F Typed odiginals .. ... ... . ... o)
i‘ , Jail cells and interrogation rooms . .. .. ... D Tyod 2n6 carbon and later £
i Firenalt ... ... . .. ... . L o Telephone books ... .. ... .. .. E
; Museums Residences
’ Displays of ncn-sensitive materials . . . . . ... D General lighting
Displays of sensitive materials . (see page 7-29)° Conversation, relaxation and entertainment .. B
h Lobbies, general gallery areas, corridors . . .. .. C Passase areas ... ..... B
: Restoration or conservation shops and labora- Specific visual tasks™
: tories .. ... Lo E Dining ... ... c
Nursing homes (see Health care facilities) Grooming
. Mareup and shaving ... .. .. ... ... D
Otfices Fulldength mirror .. 00 L L. o
Accounting (see Reading) Handzratts and hobbies
Conference areas {see Conference rocoms) VWearkbenc i hobbies
Drafting (see Drafting) Ordinary tasks .. ..... »]
General and private offices (see Reading) Ditficult tasks . ... ... ... ... E
Libraries (see Libraries) Critical tasks . ... .. F
Lobbies, lcunges and reception areas C Ezeel hobbies . . .. .. £
Mail sorting .. ... ... ... .. ... .. .. ... E FORING . D
Off-set printing and duglicating area . .. ... ... D Kit=hen duties
Post offices {see Dffices) Kitchen counter
. Critical seeing .. . .... ..  ....... E
Reading Koncritical .. ..., ... D
Copied !ESRS Kitzhan range
Diftocopy . ..... . .. ..... J E? DiHicult sesing E
Micro-fiche reader . ... .. ... .. .. ... B2 Nancriticat D
Mimeograph .. ... ... ... ... D Ki‘.ﬁt;en R o
Photographs, moderate detail . . ... ... . . EM Eviffi(:un seeing E
Thermal copy, poor Copy . ... .. PR ~ F? Vioneritical ... o
Xerograph ... .. ... ... .. L. D Leunzry o
Xerography, 3rd generation and greater . ... E Precarationandtubs .. .. ... ... ..., D
Washer anddryer ... ... . ... .. o

For fooinotes, see page 2-19. For illumninance ranges for each Muininance Caleg: m. rex page 2-5.
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ILLUMINANCE CATEGORIES 2-9

Fig.  2-2. Continued

. Coritinued

Hluminance

s A eaige . liluminance
Arza Aztliany Carzgory Area/Activity Categary
Music siucy (piano or crgzn) Schools (see Educational facilities)
Simple scores D .
L . Service spaces (see also Storage rooms)
Advanced sceores E Stairwa i c
Substand size scorss F ¥s, comidors oL
Reating Elevators, freight and passenger . .. .. ... ... C

in a chair Toilets and wash rooms ... ..., ....... .... c
Books, magazings and rzasgacers .. D Service stations
Handwriting, regrocoecicns ar2 poor Service bays (see Part lll, Industrial Group)

copies : E Sales room (see Merchandising spaces)

In bed Show windows see page 8-8)
Normal . 0 W WINEOWS R 0ag
Prolonged sericus or crizcal E Stairways (see Service spaces)

Desk Storage rooms (see Part U, Industrial Group)

Primary task plane, casuzl D . !
Primary task plane, stumy E Stores (see Merchandising spaces and Show win-
Sexl.-ing dows)

Hand sewing Television .. .. .. ... ... ..., (see Section 11}

Dark facrics, low centrest ... .. F \ , .
Light to medium fzarics £ Theatre and motion picture houses (see Section 11)
Qccasional, high contrast D Toilets and washrooms ... .. ... .. .. ... G
Machine sewing . .
Dark fabrics, low contrast F Transpfndatnon terminals
. ) g Waiting room and lounge .. ...... ......... C
Light to medium {zbrics E )
. . . Ticketcounters . .. ....... ... ... ..... E
Occasional, high contras D .
Tabl s 0 Baggage checking ... ... ... . ... .. ... D
able games ....... Restrooms .. ... ... .. ... ... ... .. .. ... c
Restaurants (see Food service tacilities) Concourse .. ... ... B
Safety . ... ... .. .. (see page 2-45) Boardingarea ............. ... ....... C
. Industrial Group
Hlyminance . liluminance
Area/fActivity Categary Area/Activity Category
Aircraft maintenance {se2 gage 9-12)%' Book binding
, . Folding, assembling, pasting . ... ........... D
A t zge 9-12)% A . oy g
ircraft manufacturing ... (see page 9-12) Cutting, punching, stitching . . ... ... . .. ..... E
Assembiy Embossing and inspection % ... .. ... F
Simple ... ~..... D Breweries
Moderalely difficult . ... ... . . E rewe
P Brew house ... ..... ... ... . .......... b
Ditficult ... . ... . .. .. ..., F e ;
e Boiling and keg washing ., .. ......... .. .. D
Very difficelt ... ... .. .. .. . ... . G Filling (bottl cans, kegs) D
Exacling ....... ... H illing {bottles, . keg
Automobile manufacturing (see page 9-17) Building t::eosc;structscm (see Part IV, Qutdoor Facili-
Bakeries indi i Part IV, Quidoor Facilities)
Mixing room ... ... D . Building exteriors (see Pa , Qutdgor Facilities
Face of shelves D Candy making
Insice of mixing bowl D Box department ... .. .. ..., .. D
Fermentation room . . . D Chocolate department
Make-up room Husking, winnowing, fat ex!raction, ¢rushing
Bread - . D and refining, feeding .. . . ... Lo D
Sweet yeast-raised products [n] Bean cleaning, sorting, dipping, packing,
Proofing room | D wrapping . ... ... ... .. .. .. D
Oven room .. D Milling ... .. E
Filings and other ingredients D Cream making
Cacorating and icing Mixing, cooking, moiding o
*techanical ' D Gum drops and jellied forms o
n ‘ E Hand decerating D
23 and thermometers o} Hard candy
cing D Mixing, cooking, molding . ... .... .. O

209 For dluminanee rang== 7o pach lihiminance Category, see paes 225,
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Fig. 2-2. Conun

. Continusd
. P * luminance bien: hmtiege fllurminanss
Area/ Activity Caiegory RigassIialy Category
Oie cutling anc sorting . L E Control rooms {see Electric generating stations—
Kiss making &nd wrapping . . . .... E interior}
Canning and preserving Corridors (ses Service spaces)
Initial grading raw material samptes ., .., D Cotton gin industry
. éon:”utoesd C d Hi 0 . . E Overhead scuipment-——separators, driers, grid
r b oorxgra g anc cuiling rooms ... .. clzaners, stick machines. conveyers, lzed-
: reparation . ers and catwalks o]
: Pretiminary sorting ‘ Gin stznd 0
i Apricots and peaches . ... .. .. ..... D Centrol censola P
: Owes o Lint cleaner 0
: . . L al
. Culling and pitting .. .. ... ... ... .... E ale press
¥ Final sorting .. ... ... ... ........... E Dairy farms (see Farms)
: Canning ) Cairy products
: Continuous-belt canning ... .. ... .. ... E Fluid milk industry
Sink canning ... ... E Boiler room ) D
| Hand packing ... L Botile storage .. ... ... .. ... D
‘ Olives .. ooe E Bottle sorting . ... .. .. . ... .. E
Examination of canned samples ... ...... ... F Bottle washars ... 22
Container handling Can wasters .. D
Inspection ... ... F Cooling equicment ... ... ... 0
Canunscramblers ... ... ... ... .. .. E Filling: inspection .. .. .. ... £
Labeling and cartoning ... ....... ... .... b Gauges {on face) . ... ... ... ... E
il Casting (see Foundries) ' Laboratories E
: X . teter panels (on fa ce .......... E
: Central stations (see Electric generating stations) pan ¢ ace) 0
' Chemical plants {see Petroleum and chemical D
‘ . plants) D
! B Clay and concrete products c
Grinding, filler presses, kiln rooms . .. .. ... .. C D k intericrs E
Molding, pressing, cleaning, trimming . . .. .. .. ) T r__]om;f: (ron tace) E
Enameling e E ,':I"rm room ' o
Color and glazing—rough work .. .. .. .. .. E e . 9
Color and glazing—fine work . ... .. ... .. F Sceles E
Cleaning and pressing industry Dispatch ::‘:oards_ t(s.—;—e Electric generating
Checking and sorting o E stalions—inter;on
Dry and wet ¢ieaning and slearnmg . E Dredging {sze Part IV. Quideor Facilitizs)
Inspe;hon and spotting ... ... ... G Electrical eguipment manufacturing
Pressing . ... ... ... ... ... F Imprzseating D
Repair and alteration ... .. .......... ... .. F : 1 il winding ...~ E
Cloth prr._\ducts ) Electric generating stations—interior (see also Nu-
Clott_w inspection .. .. ... ... ... L. | ciear power plants)
gg:::g """""""""""" s g Airconcitizning e3uipment, air preheztar and fan
o ssig - S 3 fiaor, ash siuicing B
BSSING .. fuxiliarizs, pumos, 1anks, compiessIts, gauge
Clothing manufacture{men'sy | arza . ... &
Receiving, opening, storing, shipping ... ... .. D Szvery rooms L L. b
Examining {perching) .. ... ....... ... ... . i Soiler glatforms L. L L. B
Sponging, decating, wmdmg, measuring . D =3 izrms . L. Cc
Piling up and marking . . ... .. ... ... ... E C B
~ Cutting .. ... ... ... ... .. G [0l ing SysiEMS B
Pattern making, preparation of trtmmmg p:plng. C izer . . C
canvas and shoulderpads . . . .. ... E Cer s, c-"'atcr floor. evaotizior ﬂoor,
Fitting, bundiing, shadmg stitching . D B
Shops e e F
Inspection . . ... ... .. ... . ... .. G D2
Pressing .. ... ... .. ... ... F D'_\J
Sewing .. .. . . ... ... G . E

For footnotes, see page 2-19. For itluminance ranges fur each fluminznse Crlepom see fage 2-5
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Fig. 2-2. Continued

ILLUMINANGE-CATEG ORIES-(INDUS TRIALI—2 =1~

. Continued
. Hluminarce o L llgminan
Arca fActivity Categery Arga/ Activity . éategorie
Maintenance and 3 D Gereral shop arez {machinery repair, rough
Emeargency cp=ratir h3hurs; Cc sawing) . O
Gauge reading ... . D Rough bench and machme work (palntmg fine
Hydrogen and carten Cigeiza rrami*z’zarea ... C storage, ordinary sheet melal work. weld-
Laboratoey . L. £ ing. medium benchwork) D
Preciptators . ... B Medium banch and machine work (fme wood-
Screen house c working, drill press, metal tathe, grinder) E
Scot or slag blowsr platicem C Miscellaneous areas
Steam headers and throti! B Farm office {see Reading)
Switchgaar and molor cor D Restraoms {see Service spaces)
Tetephone  and  comm Pumphouse . ., .. . ... Cc
rgoms . .. D
Tunn_els or.g;llenes. pizirg znl glscivizal ... .. B Farms—poullry {see Poultry industry)
Turbine building
Qperating flocr L V] -
Below ogereling ficer L ¢ Flour mills ) o
Visitor's gallery S c Rolling, sifting, purifying . . ... ... ... E
Water trealing area D Packing . ... .. .. ... .. . ... ... D
Product control ...................... F
Electric generating stations—exterior {see Part IV, Cleaning, screens, man Lifts, aisleways and walk-
Outcoor Facilities) ways. bin checking .. ... .. ... D
Elevators (see Service spaces) Forgeshops . . .. .. ..... ... ... . ... E
Explosives manufacturing Foundrtes
Hand furnaces. boiling tanks, stalicrary driers, Annealing (furnaces) .. ... ... . ... ... . D
stationary and gravity crystallizers . . ... D Cleaning .. .. ... .. D
Mechanical furnace, generaicrs and stills, me- Core making
chanical driers, evagcralors, fitration, me- Fine ... .. F
chanical crystaliizers ....... D Medium R E
Tanks for cocking. extractOfs percolators, Grinding and Ch|pp|r‘g ___________________ F
nitrators . . .. L. D Inspection
Farms—dairy Fme‘ .......................... ... G
Milking operaticn area {milking parizr and stall Medium .. ... F
barn) Molding
General .. . .. L c Medium ... .. e F
Cow's udder ... .. 0 Large E
Milk handiing equipment t and siorage area (milk Pouf‘”g -------- T -
house or milk room) SO(TIHQ ..... e e e E
General . ... .. c Cupola .. ... . e Cc
Washing area . . . ... E Shakeout . ... . ... .. ... .. . Lo D
Bulk tank intericr ... ... E Garages—service
Loading platiorm .. . . ..., c Repairs . .. ... . E
Feeding area (stalt barn feed alley, pens, loose Active traffic areas ... ... ........ ....... C-
housing feed area) . ... . .. ....... o WAte-UP ..o . D
Feed storage area—forage
Haymow . .. . A G!as§ works .
Hay inspecticn area . .. .. . .. . c Mix and fur_nace roor.'n& pressing and lehr, glass-
Ladders and stairs . ..... .. c blowing machines .. ............. .. c
Silo A Grinding, cutting, silvering .. ... ... .. D
Silo room c Fing grinding, beveling, polishing . .......... E
Feed storage area—grain and concznirate Inspection, etchiag and decorating .. .. F
Grain bin . A Glove manutacturing
Concentrate storage area . .. .. .. B Pressing . . ... ... ... . G
Feed processing area . . .. B Knitting . .. . .. . . F
Livestock housing area (community, maternity, in- Sorting ... .. . F
dividual calf pens, and loose heusing hold- Cutting . ... ... L G
M ‘ing and resting areas) . B Sewing and mspechon . ]
aChlfs]: storage area (garage ari machine Hangars (see Aircratt manufacturing) '
ed) B8
Farm shop area Hat manufacturing
Active storage area 8 Dyeing, stiffening, Eraiding, cleaning, refining E

For foutnoges, see Puae S0 For iluminunoe rineeap g v

o Daminance Category, see pags 2-3,




[N

2-12  LIGH, = SYSTEM LE31GH CONSIDERATIONS

Fig. 2-2. Ccntinued ) .

115,
. . ilurminance . lumirance
Area/ Activity Catesory dreaACinaly Calegory
+ Forming, sizing, pouncing. ftanging, finishing, Storage room C
ironing . ... ... R . F Engineered saiely teatures equipment D
Sewing . . . . G Dizsel generztor building D
Inspection Fuel hanciing pui!ding
Simple ... . ... .. PP D Operating hoq D
Moderately difficult .. ... . - Belzw operaling floor ¢
. Difficult .. . F Off gas buiiding : c
. Very difficult . ... ... ... .G Racwaste buiding ... o
[ i Exacting . . e H Reactor building
i ! Operating ficor D
- Iron and steel manutacturing . . {see page 9-63)% Below operating flaor o ) C
i Jewelry and watch manufacturing ... .. ... .. .. G Packing and bozing (see Materials handiing)
i Laundries ' Paint manufacturing
s . Washing .. ... .. ... ... .. ... D Processing L i
! Flat work ironing, weighing, listing, marking . ... D Mix companson ... . F
. Machine and press finishing, sorting ... ... ... E R
! i Fine hand ironing . .. ... ... . ... ........ E Paint shops
. : Dipping, simple spraying. firing ... .. ........ D
; Leather manufacluring Rubbing, ordinary hand painting and finishing art.
. Cleaning, tanning and stretching, vats .. .. .. ., "D stencil and special spraying .. .. .. D
! ) Cutting, fleshing and stuffing .. ... ... .. ... D Fine hand painting and finishing .. . . .. .. E
' Finishing and scarfing . ... .. ... S E Extra-fing hand painting and finishing .. ..,. .. G
i Leather working Paper-box manufacturing ... ... .. ... ... .. E
! Pressing, winding, glazing . .. ... ... ... .. F .
Grading, maiching, cutting, scarfing, sewing ... G Paper manufacturing
. Bealers, grinding, calendering . . . . . D
' t.oading and unicading platforms {see Part IV, Qut- Finishing, cutting, trimming, papermakmg ma-
‘ ' door Facilities) : chines ., ..., ....... E
' ! Locker rooms . .. ..., ... ... ... ... ... c Hand counting, wet end of paper machine. E
; . . Parcer mezchine reel, paper inspection, and
! ; Logging (see Part IV, Cutdoor Facilities) lzhoratories .. .. .. L
' . Lumber yards (see Part IV, Outdoor Facilities) Rewincer ... .. ... ..., R . . F
; i . Machine shops Parking areas ... .. .. (see page 14-24)
| . Rough bench or machine work . . .. ... .. D Petroleum and chemicat plants . . . (see page 9-51)'
i ! Medium bench or machine work, ordinary ?u!o— .
matic machines, rough grinding, medium Plating . R o
: buffing and pelishing . . .. ... .. E Poiishing and burnishing (see Machine shops)
3 e e HTSQI‘.E’QE;?.‘;Z‘.“;'”?.f:‘é’ﬂ?ﬁfl; and Power piants (see Electric generating stations) :
polishing ... ... .. .. .1, . ...... .. G Poultry industry (se¢ zlso Farm—dairy) X
, Extra-fine bench or machine work, grinding, fine Broxsing. producticn, and laying houses
work L H ing, inspection, cleaning . . .. C A
Crzts and records . D 1
Maierials handhng Thermometers, :..ermvctats hme clocks . D.
K Wrapping, packing, Iabelmg e .... D .
] Picking stock, classitying .. .. .. . .. ... D C
= Loading, inside iruck bodies and frenght cars ... C |  |rgi=s imcumators . L 0o 3]
: Meat packing Dubbing station o ... F
Slavghlering .. ... ... ... . .. ... ... ... .. D Sexing oo H
Cleaning, cutting, cooking, grinding, canning. Egj hansiic g, packing. and Sh‘pp'”g H
packing ... L o Ge':»r—! cleanhness . S e - B
X cuaity insgection L. L. U
Nuclear power plants (see zlsc Electric generating 2 e \zH i, egg storage area, eu; (o
stations)
Auxiliary building, uncontrolied access areas ... C | Gsrersl fighiing L. L L L E
) Conteolled access areas cssing £lant
' Coumt room ... .. ... E® al {exciuZing killing and unioading
“laberatory ... ... E e e e
Heallth physics office . ... ... .. ......... F emoent irspection station and grading
Medical aid room . ... . . .. ,........ F . SRS e E
Hotlaundry . ... ... .. ... ... . ... ... . D U ng and kil urg area L ...... C
For footnotes. =ee page 2-19. For llurninance ranges for each luminanie Cotefin. v page 2-5. '
r

i
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Fig. 2-2. Continued
Iti. Continued
o f i Numinance N .. lluminance
Area/ Activity Gategory Area/Activity Category
Feed sicrags Punches = . ............. ... ..... E
Grain, fead raticns . . . ... C Tin piate inspection, galvanized F
Processing . . ... C Scriting ..., . ..., .. F
Charts and records . .. o .
Machine storage area (garage ard machine Shoe njanufactu_rlng——leather
shed) B Cutting and stitching
"""""""" Cuttingtables ... ... ........ ...... G
Printing industries Marking, buttonholing, skiving, sorting, vamp-
Type foundrigs ing, cousting . .......... G
Matrix making, dressing type E Stitching, dark materials G
Font assembly-~sorting .. . ... .. . D Making and finishing, nailers, sole Iayers we[t
Casting . ....... . ... ... . ... .... E beaters and scarfers, trimmers, welters,
Printing plants . lasters, edge setters, sluggers, randers,
Color inspection and appraisal ... . . I F wheeiers, treers, cleaning, spraying, buif-
Machine composition E ing, polishing, embeossing ... ... ... ... F
g?en;;;g:ng eom L E Shoe manufacturing—rubber
SES, o Washing, coating, miil run compounding O
Imposing stones | F o L .
) Varnishing, vuleanizing, calendermg, upper and
Proofreading ... .. ... ... .. ... ... F . )
Electrotyping | sole_ cumng ....... k ........ 1. h
Molding, routing. finishing, leveling molds. Sole rolling, fining; making " and finishing
Lo PrOCESSesS . ... ... . . .... E
trimming .. .. ... ... ... . ... ... E
Blocking, tinning ... ... ... ... D Secap manufacturing
Electroplating. washing, backing . ... .. D Kettle houses, cutting, soap chip and powder . D
Photoengraving Stamping, wrapping and packing, filling and pack-
Etching, staging, blocking .. . ........... [s] ing soap powder ... .. .. .. D
HAoutlng‘, flntshmg: proofing .. .......... E Stairways (see Service spaces)
Tint taying, masking e E
. N . . Steel (see Iron and steel)
Receiving and shipping (see Materials handling) o
. o Storage battery manufacturing . .. .. .. . ...
Railroad yards {see Part IV, Qutdoor Facilities) 9 4 9
’ Storage rooms or warehouses
Rubber goods—mechanical ... . (se2 page 9-56)° Inagtive ____________________ B
Rubbar tire manufacturing . . ... .. {se2 page 9-56)*" Active
Rough, bulkyitems ... ... ... ... ... ..... C
Safety . .. ... ... ... ... (see page 2-45) Small items o
Sawmills -
Secondary log deck . ... ... . ... ... ... .. B Storage yards (see Part 1V, Outdoor Facilities)
Head saw (cutting area viewed by sawyer) .. .. E Structural steel fabrication ... ..., . ... .. .. E
HMead sawoutfeed ... ... ... ... ... ... .. B Sugar refining
Machine in-feeds (bull edger, resaws, edgers, Grading ..... ... ... ... E
trim, huia saws, planers) . ........... B Color inspection . ..._.......... .. ... .. F
Main mill floor (base lighting) .. .. .. ... A .
Soding tables . ... ... ... ........ .. .. .. D Testing .
Rough lumber grading .. .. .. ............ b General D
Finished lumber grading .. .... F Exacting tests extra-fme instruments, scales,
Dry lumber warehouse (planer} . C BlC. ... F
Dry kiln colling shed . . ................ .. B Textile mills
Chipper infeed . ... ... ... ... ... ... .... B Staple fiber preparation
Basement areas Stock dyeing. tinting . . ... . .. o
Active . ... L A Sorting and grading (woo! and cotten) . . .. .. E'®
Inactive A Yarn manufacturing
Filing room (wark areas) . .. .. E Opening and picking (chute feed) D
. . 24
Service spaces (see also Storage rooms) Card|_ng (m_:r‘!wove_n web _formauon) ........ D
Stairways, corridors ... B Drawmg (gilling, pin drafting) . ... ...... D“-
Elevators, freight and passenger . .. .. ... .. a8 C'O"Tbmg I T O
Toitets and wash rooms c Roymg (siubbmg.' flyv frame) R E
Spinning {cap spinning, twislting, texturing) E
Shee.t metal works Yarn preparation
Miscellaneous machines, ordinary bench work . E Winding, quilling, twisting . . ........ .. .. E
Presses, shears, stamps, spinning. medium bench Warping (beaming, sizing) . ... ... .. Fe
work ... E Warp tie-in of drzwing-in (automatic) . E

“ei, see page 2-19, For dla

iminance runges for wach Hluminance Categoey, zew 1 0 Lo
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- Fig. 2-2. Continued '

. Conuriusc

, Murmirance et R v Wemirance
AreasActivily Category Lrezfhginay Caegory
Fabric production Upholstering . . F
V/eaving, knitting, tufting .. .. F
Inspection - . . L. LGt Warehouse {see Storage rooms)
Firishing
Fabric preparation {desizing. scouring, bleach- Welding
ing. singeing, and mercerization) D Orientation .. . .. L . D
Fabric dyeing {printing) .. .. ...... . D Precision manual arc-welding . H
Fabric finishing (calendaring, sanforizing, sued-
ing, chemical treatment) ... .... ... .. E'® Woodworking
Inspection . . .. . ... G Rough sawing and bench work D

Sizing. planing, rough sanding, medium quality

Tobacco products maching and bench work, gluing, veneering,

" Drying. stripping . ... . .. . .. D
F

Gradi d i cooperage . . ..... ... D
ading and soring . Fine bench and machine work, fine sanding and
Toilels and wash rooms (see Service spaces) finishing . ..., . _ ... ....... ... E

IV, Outdoor Facilities

Area/Activity Lux Foctcandles Area/Activity Lux Footcandles
Building (construction) Stairs and platforms | 50 5
General construction ... .. 100 10 Ground level areas includ-
Excavation work ... ... . 20 2 ing precipitalors, FD
Building exteriors and 10 fans, botiom
Entrances _ ash hopgers . ... 50 5
Active (pedestrian and/or Cooling lewers
conveyance) . . . o 50 5 Fan _deck, platforms,
. stairs, valve areas . . . 50 5
Inactive (normally locked, PumD areas 20 2
infrequently used) . . . 10 1 Fuel h" :‘1. ‘ T
Vital locations or structures 50 5 ver hanz ng
Building surrounds .. ... .. 10 1 Barge urilcacing, car .
dumper, unloading
Buildings and monuments, hepoears, truck unload-
fioodlighted . ing, pumps, gas
Bright surroundings rmetering . 50 5
Light surfaces . .. ... - 150 15 Conveyors 20 2
Medium light surfaces .. 200 20 Storazz tarks 10 1
Medium dark surfaces .. 300 30 Coal sizcrzze giles, ash
Dark surfaces . ... .. 500 50 cumps 2 0.2
Dark surroundings Hydroslzctric
Light surfaces . ... . 50 5 roof, stairs,
Medium light surfaces . 100 10 aerd intzke
Medium dark surtaces .. 150 15 . 50 5
Dark surfaces ... .. 200 20 Inlet arnd cischarge water '
Bulletin and poster boards . erea 2 0.2
Bright surroundings Intake structures
Light surfaces . ....... 500 50 Dezk and layzcwn area 50 5
Dark surfaces ... .. 1000 100 vale pits 20 2
Dark surroundings Inlz: ziea : 2 0.2
Light surfaces ... .. .. 200 20 Parkur':; Srezs )
Dark surfaces ........ 500 50 Mais glant parking 20 2
Secorzzry parking . 10 1
Central station (see Electric Subsizton
generating stations— 20 - 2
exterior} 50 5
Coal yards (protective) . . . . 2 0.2
, 20 2
Dredging . ... ...... .. 20 2 50 . 5
Electric generating stations—
exterior 20 2
Boiier areas ’
Catwalks, general areas | 20 2 30 5

For footnotes. sev page 2-19. For illuminance ranges for each {liuminance €
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Fig: 2-2. Continued

V. Continued

Arpa "Activity

Luv

Foolcandies

| Area/Activity Lux Footcandias
Entrances, stairs and X Hump and car rider classifi-
platiorms 557 5% cation yard
Flags, floadlighted (322 Bulle- Receiving yard
tin and poster boards) ' Switch points 20 2
Body of yard 10 1
Gardens'® Hump area 50 5
General lighting 5 Q.5 Flat switching yards
Path, stzps, away from Side of cars {vertical 50 5
house 10 1 Switch points 20 2
Backgroungs-—ferces, Trailer-on-flatcars :
walls, trees. shrub- Horizontal surface of
bery 20 2 flatcar . 50 5
Flower beds, rock gardens 50 5 Hold-down points
Trees, shrubbery, when (vertical) 50 5
emphasized S0 5 Containes-an-flatcars . 30 . 3
Focal points, largsa 100 10
Focal poinls, smeall 200 20 Roadways (see page 14-8)
Gascline station (see Service Sawmills (see also Logging)
stations in Part 1t) Cut-off saw 160 0
Log haul } 20 2
Highways (see page 14-8) Log hoist (side lift) 20 2
Loading and unloading Primary log deck . 100 10
platforms 200 20 Barker in-feag . 300 i 30 .
Freighl car interioes 100 10 Green chain 200 to 300%* 20 to 307
. Lumber strapping 150 to 200°* 15 to 20°%
Logging (see also Sawmills) Lumber handling areas 20 2
Yading ... . 30 3 Lumber loading areas 50 5
Log loading and urlaading 50 5 Wood chip storage piles 5 05
Log stowing {water) 5 Q.5
Active tog storage area Service station (at grade)
{land) 5 0.5 Dark surrounding
Log booming arza (waler)— Approach .. ... .. 13 1.5
foot traffic .10 1 Oriveway ... .. 15 15
Active Jog handling area Pump island area 200 20
(watar) . ) 20 2 Building faces (exclusive
Log grading—water or land 50 5 of glass) 100 0
Log bins {land) 20 2 Service araas e 30 (23
. Landscape highiights | 20
Lumber yards ... . 10 1 Light surrounding
Parking areas (see page 14- Approach 30 3
24) Oriveway ... ... ... - B0 5
Piers Pump island area .. .. 300 30
Fraight 200 26 Building faces- (exclusive
Passanger ... ) 200 20 of glass) ... ... 300™ 30,
Active*  shipping area Service areas ... .. 70 7
surrounds 50 5 Landscape highlighis 50 3
anOn‘yardS ....... 50 5 Ship yafd:—;
Quarries 50 Genera! 50 5
Railroad yards Way_s i B ;00 ;8
Relarder ciassification yards Fabricatizn areas 00
Receiving yard Smokestacks with advertising
Switch poinis 20 2 messages (see Bulle-
" Body of yard 10 1 tin and poster boards)
g::tfma;zi i\:eng:ai)' 200 20 Storage yards
area (v e o Active 290 2
H ertical) . 100 10 Inactive 10 1
ead end 50 5
Body 10 1 Streets (sze z272 14-8)
gl.J”'OUl end 20 2 Water tanks with advertising
Spatch  or  forwarging messages (see Bulle-
yard 10 1 tin and poster boards)

For fontnore,, o -
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V. Sports and Recreational Areas

Arty Azt Lux Footcardi=s Area/Activity Lux Footcan tes
Archery {indoor) Bowling on the green
Targst, tournamant 500" 50" “Tournament .. ... ...., .. 100 10
Target, recrzaticnal 300 3o Recreational . . .. .. ... + 50 5
Semrsiretowmanet 20 2| sowngor westing e
' o * Championship .. . .... .. 5000 500
Archery {outdoor) Professional ... .. ... ... 2000 200
Targat, tournament 100" 10 Amateur .. ... ... ... 1000 100
Targal, recreational 50'* 5' Seats during bout . ... 20 2
Shecting ling, tournamant 100 10 Seats before and after bout . . . 50 5
Skocting line. recreatrsaal 52 5 Casting—bait, dry-fly, wet-fly
Badminton Pier or dock . .. ..., 100 10
Tournameant 360 3C Target (at 24 meters [80 feet] for
Club 200 20 bait casting and 15 meters
Racreaticnal 100 10 (50 feel] for wet or gry-fly
Basaball casting) L 50 5'*
Major league Combination (cutdocr)
Infield 1500 150 Baseball/feotball
Qutfield . 1000 100 Infietd .. .... ..... .. 200 20
AA and AAA Ieague Outtieid and footbalt . . .. 150 15
Infield . ... ..., . ... 700 70 Industrial sofiball /foothall
Qutfieid 500, 30 Intield ..~ ... . Cee 200 20
A and B league Qutfield and football L 150 15
Infield e 500 50 Industrial softball/6- man fool-
Qutiield . . - 300 30 ball
C and D league Infield .. ... . ..... . 200 20
Infield ... ... ... .. 300 30 Qutfield and football . . .. 15C 15
Outficid ... ...... 200 20 Croquet or Roque
Se;;‘hglff and municipal league 260 20 Tournament . ... ........ 100 10
Qutfield ... ..., 150 15 Recreational ... ..... ...... 50 5
Recreational Curling
Infield ... ... ... ... 150 15 Tournament
Outiield ... ... ... ... 100 10 Tees ..... REE I 509 50
Junior leagus (Class 1 and Class Rink .. ................ 300 30
) Recreational
Infield ... Klela} 30 Tees ... .. ... .. 200 20
Qutfietd . ... ... ... 200 20 Rink ... ......... ...... 100 10
On seats during game . . . 20 2 Fencing
On seals tefore and after game 50 5 Exhibitions . . . . ... . ... .. 500 50
Basketball Recreational .~ ..... .. ... 300 30
Coilege and protessicnat . ... 500 " 50 Football r
Coliega intramural and high : Distance from nearest sideline to
school . ...... 300 30 the farthest row of specta-
Recreational (ouidoor) 106G 10 tors .
Bathing beaches Class | Qver 30 meters (100
Onland ... ...... . ... 10 1 feet] ... . ... ... ... ... 1000 100
150 feel from shore ap'™ 3" Ciass Il 15 to 30 meters [50 to
S 100 feet] . ..... .. 500 50
Billiards (an table) Ciass 19 to 35 meters [30 to 50
Tournament 500 50 feet] . . 300 30
Recrealional 300 30 Class IV Under 9 meters [30
Bowling feet] .~ . L 200 20
Tournament Class V. No 1|xed seating
Approaches 100 10 facilittes . . ..., . . 100 10
Lanes . ... 200 20 It is generally conceded thai the distance be-
Pins 5007 50 tez2n the spectators and the play is the first
Recreaticral cansiceration in determining the class and light-
‘Appreaches 100 10 ing recuiremants. However, the potential seating
Lares 100 10 cacasity af the stznas should also be considerex:
Pirs 300°* 30" and tne fsilowing ranuc is suggested: Class | tor

I3 R I NS

-
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ILLUMINANCE VALUES (SPORTS)

Fig. 2-2. Coantinusd

2-17

V. Continusd

Areal Acuvity .t Fogicandiss Ar-sa.fr\;:i-.'it‘,' Lux Foolcandlas
over 30.000 spectatars: Class Il for 12 002 1o Dragstrip
30.000; Class Ul for 5000 0 10000 2-- 2 =55 Staging area A 100 10
IV for uncer 5000 spectalsrs, . Acceleration, 400 melers
Co [1320 feet) S, 200 20
FootbaF!i‘;osbaari\Sdlan rugby (se= Deceleration, first 200 melers
[660C fest] ... ... ... 150 15
Football, six-man Deceleration, second 200
High school or college 200 20 meters [860 feet] . ... .. 100 10
Jr. high and recreaticnal 102 10 7 Shutdown, 250 meters (820
feet] ... ... .. . 50 5
Gotf Horse . .. ... 200 20
Tes ... ol ) 5 1 Mator (midget of motorcycle) . 200 20
Fairaay 10. 39 1,3 .
Green ... ... 53 5 Racquetball (see Handball}
Driving range - e Rifle 45 meters {50 yards]—out-

Al 180 meters {200 yards} S 5" door} :

Over tee area 1032 10 On targels .. 500" 50t
Miniature 140 10 Firing point .. ., ... 100 10
Practice putting green 100 10 Range 50 5

Gymnasiums (refer to individual Rifle and pistol range {(indaor)
“sports listed) On targets . .. 1000 100"
General exercising and Firing point ... ...... ... .. 200 20
recreation 300 - 30 Range . ................. 100 10
Handball Rodeo
Tournament 500 50 Arena
Cilub Protessional ... .. .. 500 50

Indoor—four-wall or squash 300 30 Amateur . ... ... ... ... 300 30

Qutdoor—twe-court . 200 20 Recreational . ., .. . 100 10
Recreaticnal Pensandchutes . .. ... .. . 50 5

Indoor—four-wall or sguash 200 20 Rogque {see Croquet

Outdoor—two-court . 100 10 s qm(b a qd ))

" huttieboard (indoor

Hockey, field 200 20 Tournament . .. ... ... .. .. 300 30
Hockey, ice (indoor) Recreational .. ... ....... .. 200 20

Collage or professional 1250 100 Shutfleboard {outdoor)

Amateur ... 560 50 Tournament .............. 100 10

Recreational .............. 200 20 Recreational .. .. ......... 50 5
Hockey, ice (outdoor) Skating

College or professional . . . 500 50 Roller trink .. .. ........... 100 10

Amalteur ... ... 200 20 lce rink, indoor . .. .. ... ... 100 10

Recraational .. .. 100 10 ice rink, outdoor .. ... ... . 50 5
Horse shoes Lagoon, pond, or flooded area 10 1

Tournament ., .... 100 10 Skeet

Recreaticnal ... ... .. 50 5 Targets at 18 meters [60 feet] . . 300" 3o
Harse shows .. ... . ... 200 20 Firing points ... 50 5

* Jai-alai Skeet and trap {(combination)
Professional 1000 100 Targets at 30 meters [1(6)0 Eeet]
Amateur 700 70 for trap, 18 meters (60 feet] " N
""" forskeet . . ... . ... ... 300° 30

Lacrosse 200 20 Firing points .. ... ... ... 50 5
Playgrounds 50 Skislope .. .........._... . 10 1
Quoits 50 Soccer (see Football)
Racing (outdoor) Sotthall

Aute . 200 20 Protessianal and championship

Bicycle Inteid 500 50

Tournament 350 30 Quttield ... 300 30

Competitive elote] 20 . Semi-protessicnal . )

Recreational 1D 10 Intieid 300 30
Bog R ) Qutfielz 200 20
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V. Continusd

ArearAgiiny Les Footcandles Araa/fActivity Lux Foolcandles
Industrial leagu= Tennis (indoor)
Infield 2C0 20 Tourmament .. .. ... ..., 1000 100
Qutfield ‘ 150 15" Cub ... .. 750 75
Recreational (8-polz2) Recreaticnal . ... ... .. .. 500 50
Intield 1CQ 10 .
Qutfield 70 7 Tennis (outdoor)
Slow pitch, lournament—szz2 in- Tournament ... ........... 300 30
dusirial league Club .. . 200 20
Slow pitch, recreal (& Recreational ... .. 100 10
pola)—see recreatzral (2
pols) ‘ Tenni
ennis, platform . . .. . .. 500 50
Squrash {see Handball)
Swimming (indoor} Tennis, lable
Exhibitions | 500 50 Tournament 500 S0
Recreational . 300 30 Club S 300 30
Underwater— 1000 [1C0] larmo Recreationat ., .. . . 200 20
lumens per square msai=r
[foot] of surface arza Trap
Swimming (outdoor) Targets at 30 meters [100 fget]  300% ac"™
Exhibitions .. .. ..... 200 20 Firing ponts . ... .. 5C 5
Recreational ... ... 100 10
Underwatar—600 [B0) lamp Tu- Volley ball
mens per square matar Tournament ... ........... 200 20
[fool] of surface area Recreational ... ... .. ... .. 100 10
Vi. Transportation Vehicles
Area/Activity Lux Footcandles Area/Activity Lux Footcancles
Aircraft Road Conveyances i
Passcnger compartment Step well and adjacent ground !
General .. ... 50 5 area . ........... 100 10 i
Reading (at seah) 200 20 Fare box .. ....... .. .... 150 15
Airports General Ii_ghting (for seat selec- f
Hangar apron .. ..  ..... 10 1 _ fion and movement) :
Terminal building apron City and inter-city buses at i
Packing arza .. 5 0.5 ntercity bus a coumiy h 4
. 14 14 - '
Leading area . . . .. 20 2 stop 20 2 .
Rail conveyances School bus while moving . . 150 | 15 :
Boarding or exiting . . 100 i0 School bus at stops .. 300 30
Fare box (rapid transit train} . 150 15 Advertising cards ... ... .. 300 30 :
Vestibule {commuter and inter- . Back-lighted advertising cards [N H
city traing) . . .. 100 10 {see Rail conveyances) i
Aigles .. ... ... ... 10 10 Reading ....... e 300° ey -
Advertising cards {rapid transi! Emergency exit {school bus) . 50 5 u.
and commutzar trains) 300 30 £.
Back-lighted advertising cards Ships i“
(rapid transit and com- Living Areas
muter trains}—860 Staterooms and Cabins
cd/m? (250 fL) aver- General lighting X 100 10
age maximum. Reading and writing . . . . 300'*? 3053
Reading o ) 300° ag? Profonged seeing . ... .. 700'% 70'%?
Rest room (inter-city train) 200 20 Baths (generai lighting) . 100 10
Dining area {inter-city train} 500 - 50 Mirrors {personal
Food preparation {inter-city groomingy . .. ... 300 50
train) . . . 700 70 Barber shop and beauty
Lounge (inter-city train) parlor 500 50
General lighting 200 20 On subject 1000 100
Tacle games . 300 3o Day rooms
Slezping car General lighting 200'* 20
General lighting 100 10 Desks 50053 50143
tirereal resding 300 307 Jining rooms Sl
Fr 7007 707 ma33rComs
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Fig. 2-2. Continued

VI. Continued

Arga. Actnily . Lox Fectcendiss [ Arca ,r’A.c:iE_ - Lux Foolcangias
Enclossd cromanaiss Service Argas
aral 1CC 10 . Food preparation
Enirances and passazsas,s General -, ., . . 200" 20"G
General 1CO 10 Butcher shop . . . 200'® 208
Daytime smbarkatizn 300 30 Galley .. . . ... .. . 300::_ 30":3
Gymoasiur s Thaw reom oo a0
Genaral lightin 300 0 w SR .
o 9 3 3 Scullerigs B 200 208
eseisl . Food storage (non- .
Dispensary (ger=ral . s refrigerated) . . 100 10
lighting) 560 - 30 Relrigeratad spaces (ship's
Qgerating rocm ) - stores) 50 5
Generel lighting 50G0* 50'¢ L tores) ... ..
. . .5 18 ayndries
Doctor’s office 300°° 30 Generai 200'8 20’5
Oreraling takla 20CCO 2000 Machine ahd press fiﬁish-
Wards . .
N rng, soriin . - 00
Generai lignling 160 10 - Locke'rsg ning 550 sg
Reading . 300 30 Offices o ’ ’
. Torlels o 200 20 General .. .. ... . 200 20
Libraries and lounges _ Reading  ....... 500" 5082
Gene‘ral lighting .. 20-0‘; ] 20‘” Passenger counter .. 5005 50183
Reacing S - 3006; 30;5-; Storerooms . ... ... ... .. 50 5
Prolpnge_d seeing - 70@:_}‘ ’ 7015- Telephcne exchange ... . 200 20
Purser’'s office .., ... . 200° 20 Ogeraling Areas
Shopgmg areas . . ..... 200 20 Access and casing .. .. ... 100 10
Smaking rooms : 150 15 Battery room .. ........ 100 10
Stairs and foyers : 200 20 Boiler 100MS . .. ... ... 200'® 20
Recreation areas Cargo handling (weather
Ball rooms e . 150°* 15'8 deck) ....... .. .. 50'® 5
Cocktail lounges . . . 150" 15" Control stations (except nav-
Swimming pools igating areas)
General .. o 150 . 15'% General AU
Underwater Control consoles ... . " 200 20
Outdonrs—B00 [60] lamp lumens/square meter Gauge and conlral 300 30
[foot} of surface arca boards ... 300 Klg
Indoors— 1000 {100} lamp lumens/square meter Switchboards ... .. 300|G 30
[foot] of surface area Engine rooms . . S 200 20
Theatra Generator and switchboard " .
Auditorium rooms ... .. . 200 20
General ) 100'S 10's Fan rzgr:smg;i?‘:ilinon & air 160 o
Ouring picture : ' 0.1 Motor rooms . 200 20
Naggahng Areas Motor  generator  rooms
hért roorln 100 o {cargo handling) . .. 100 1C
eneral . . o a3 ! 8.3 Pump room . ... ... . 100 i
On chart table .. . s S00H 50'% Shaft atley .. ... .. _ 100 10
Gyroroom .. ... L 200 20 Shaft alley escape . ... 30 3
Rad_ar room oot 200!5 20,5 Steering gear room .. .. 200 20
Radio room ... ... : 100 30 Windlass rooms . .. . . 100 10
Radio room, passenger Workshops
toyer e 100 10 General ... .... .. 300 307
Ship's offices - On top of work bench . 500" 50"
Gengral .. 200"t 20" Tailor shoep . ...... ... 500" go'e
Cn desks and work ‘ _ Cargo holds .
tables : 500'%* 5082 Permanent luminaires . 30 3"
Wheelhguse 100 He Passageways and trunks 100 10

"tnzluce provisions for higher Jevels for exhibitions.

? Specific limits are provided to minimize deterigration effects.

* Task subjsct to velling reflections. llluminance listed is not an ESI vaive. Currently, insufficient expertence in the ugz oi
ESl target values precludes the direct use of Equivalent Sphere llluminaticn in the present consensus approach to recommernd
ituminance vaiues Equivatent Sphere liumination may be used as’a i 11 in determining the effecliveness of contrelling veiiing
reflections anc as & cart of the evalualion of lighting systems.

Muminancs solves are hsiad Based on erperence anc 1. - w3 Valuss relate to nesds Ticing wariaus religious
CErEmaomes,

g Desracaticn factors - — L Cegtacrer for - Leeehiy
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Fig. 2-2. Continued

® Provide b ishar le

*Or ncl I st it at arsas.

'Y Only whsn agtual
poriatlia gquicment.

"' For colne matching. the spectral gu

iaction areas.
3t b2 avaiahkia,
=5 of store area actlivity

iz in process. May be achizved by a general lighting system or by localized or

ry cf the cotor of the light source is important.

2 Veiling reflections may be produce? on glass surfaces. It may be necessary o treat plus weighting factors as minus in

order to chtain groper illurinance.
I Especiaily susiect to vsiling ref

crs, It may be necessary 1o shield the task or to recrient it

' Vertical.

" [Muminance values may vary wiZzly, dacending upon the effect desired, the decorative scheme, and the yse made of the
rocm.

'® Supclemerntary lighting sheuld £ £z, '7e3 in this space to produce the higher levels required for specific seeing tasks
involved,

T Good to high color renderin
higher coizr rendaring caoztility
care faciities.

'® Variatizs (CImming or Saitching)

" values based on a 235 per cent reflzctance. which is average for vegetation and typical outdoor surfaces. These figures -

ould be considered in these areas. As lamps of higher luminous efficacy and
zhle and economucany feasible, they should be appiied |n all areas of health

must te acjusted 1o spacific rellaciances cf materials lighled for equivalent brightnesses. Levels give satistactory brightness
patterns when viewed frem Cimly fighied terrzces or interiors. When viewed from dark areas they may be reduced by at least

%, or they may be cdoutiead when a tigh k2y is cesired.

¥ General lighting s“‘cuid not be 1255 than '3 of visual task illuminance nor less than 200 lux [20 foctcandles].

' Industry representatives have estatiished a table of singlé illuminance values which, in their apinion, can be used in
preference to employing referznca &, llluminance values for specific operations can afso be determined using illuminance
categories of similar lasks and activties Itund in this table and the application of the appropriate weighting factors in Fig. 2-

4.

22 3pecial lighting such that (1) the lumincus area is large encugh to cover the surface which is being inspected and (2) the

luminance is within the limits necessary to cbtain comtortable contrast conditions. This involves the use of sources of large
area and relatively low lummance in which the source luminance is the principal facter rather than the illuminance produced

at a given pcint,
2 Maximum levels—centrolled systam.

2 Additional lighting reeds lo be provided for maintenance only,
25 Color temperature of the light source is important tor color matehing.
2% Select upper lewvel for high spesd conveyor systems. For grading redwoaod lumber 3000 lux [300 footcandles] is required.

egory baszed on types of visual razks to be per-
formed in the design space. Each category pre-
scribes a range of lluminances permitting the
designer to establish a target illuminance respon-
sive to several task and observer characteristics,
including the importance of speed and/or accu-
racy in performing the task, and the age of the
observer.

Step 1. Define Visual Task. Determine the
type of activity for which the level of lighting is
to be selected (e.g., reading tvped originals), Also
establish the plane of the vizuz! task to which
the illuminance level is to be applied.

Step 2. Select HHluminance Category. Select
the appropriate Illuminance Category from one
of the following:

a. Fig. 2-2, Parts Il and Ill—when a review of
typical ta:ks reveals specific tas 1vpes.

b. Fig. 2-2, Part 1—if specific tasks cannot be
established, generic task descriptions must be
used.

c. Fig. 2-3--f an
heen deizrm

squivalent conirast iC) hus

Step 3. Determine llluminance Range. Re-
ferring to Fig. 2-2, Part I, and using the [Humi-
nance Category selected in Step 2, determine the
recommended range of tlluminances,

Because of the characteristics of the functions
in Categories A through C, illuminances are re-
guired over the entire area of the interior space
considered. For instance, in a lobby area, one
visual task is walking to an elevator lobby. This
visual task remains constant throughout time
and space; therefore, a general level of llumina-
tion should be provided throughout the lobby.

Categories D through F, however, are for tasks
which remain relatively fixed at one location for
meaningful visual performance, although tasks
may change considerably from one location to
another within a given space. For example, an
accounting office may have a secretarial pool
where reading felt-tip-pen hand-written notes

-and proofreading tvped originals are prominent

tasks, while at the same time accountanis may
he readiry <emouter printouts. Each ek calls

car T cduminance boemtfar o o Tactory

}
;
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visual performance, and so ezch task should he

lighted accordingly. Therefore. Categories D
through F should be applied to the appropriate
task areas only.

Categories G through I are for extremely dif-
ficult visual tazks, and may bs difficult to idlu-
minate. For practical and c—conomical reasons,

lighting systems for these tasks may require a

combination of general over-2! illumination and
task area illumination. BeceU‘e of the unusual
conditions associated with tazks in Categories G
through I, very careful analvsis is recommended.
Step 4. Establish Illuminance Target
Value. From the range of illuminances deter-
mined in Step 3, a design illuminance iz to he
established based upon several factors. These
factors vary depending upon the visual task. For
Muminarnice Categories A threugh C use step q,
below, for establishing a desizn illuminance. Use
step & for Categories D through L
a. For Categories A Through C. To establish
an appropriate illuminance target value, the
designer should be familiar with the design
space and intended occupanis, to the extent
that the following information can be deter-
mined:
(1) Occupants ages (e.g., if the design space is
an elevator lobby in a senior citizens’ housing
complex, then establish ages of the housmg
occupants).
(2) Surface reflectances (eg., if the design
space.is a building lobby, and the floor is to be
slate, with walls of teak, their reflectances
must be established).
After the above information has heen estah-
lished, the designer may determine an appro-

Fig. 2-3. lluminance Categories of Fig. 2-2, Part |,
for Measured Equivalent Contrast Values of Task Vis-
ual Displays.

Equivalent Contrast &1 llminance Category **

over 1.0 *
75-1.0 o]
B62- .75 E
50- .82 F
40- 50 G
30- .40 H
under .30 !

\ " Use 200 lux [20 tootcandles] and omit usa of Fig. 2-4 and
CC e {7 *) balow.

sk reflectanca is teteaeen 5 and 20 per cent use next
mirance catagory; r.e., 010 E, Eto F, elc. ! less than 5 per
~0 categories higher.

iined uging a vistility meter and the procedur cutlined

higry
ceng

ILLUMINANCE SELECTION 2-21

Fig. 2-4. Weighting Factors to be Considered in Se-
lecting Specmc Muminance Within Ranges of Values
for Each Category.

a. For lluminance Catagories A through C

Reoom and Qccu-
pani Characteris-

Weighting Factor

tics -1 c +1
Occupanis ages Uncer 40 40-55 Over 55
Room suriace Greater than | 30 toc 70 per | Less than
reflectances’ 70 per cant cent ) 30 per cent

b. Far liluminance Categcries D through

Task and Worker Weighting Factor

Characieristics - 0 1
Workers ages Under 40 40-55 Over 55
Speed and/or Not important Critica
accuracy* " important
Reflectance of ltask Greater than | 3010 70 Less than
vackgrcund*® " * 70 per cent 30 per cent

* Average weighted surface relflectances, including wail, floor and
ceiling reflectances, if they encompass a large portion of the task
area or visual surround. For instance, in an elevator lobby, where the
ceiling height is 7.6 meters (25 feet), neither the task nor the visual
surround encompass the ceiling, so only the floor and wail reflec-
tances would be considered.

** In detarmining whether speed and/or accuracy is not impor-
tant, important or critical, the following questicns need to be an-
swered: Whal are the time limitations? How important is it to perform
the task rapidly? Will errors produce an unsate condition or product?
Will errors reduce praductivity and be'cc::,tly? For example, in reading
for leisure there are no time limitations and it is not imporiant to reac
rapidly. Errors will not be costly and will not be related to safety.
Thus, speed and/or accuracy is not important. It howaver, prascrip-
tien notes are to be read by a pharmacist, accuracy is critical because
errors could produce an unsale ¢ondition and time is important for
customer relations.

"** The task background is that portion of the task upon which
the meaningful visual display is exhibited. For example, on this page
the meaning!u! visual display includes each leiter which cembines
with other letters to form words and phrases. The display medium, or
task background, is the paper, which has a reflectance of approxi-
mately BS per cent.

priate target-value from the Iluminance Cat-

egory by using Fig. 2-4a as follows: ‘

(a) Review each of the two characteristics and

determine the appropriate weighting factors

(—1,0, +1).

(b) Add the two factors algebraically taking

into account the signs.

{c) If the total factor is —2, use the lowest of

the three illuminances in the established range;

if the total factor is +2, use the highest of the

three illuminances; otherwise use the middle

illuminance.

b. For Categories D Through I. At this point

the designer should become thoroughly famil-

iar with the anticipated task and anticipated
- space occupants to the extent that the follow-

ing information can be established:

!D The pw—' Pz ta:k COndecd (eg lf the

T ¢
’
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sample to determirz the reflectance of the

computer paper clens—this is the task back-

ground reflectance).

(2) Occupant a; ke 1ask 15 writing

pavroll checks. znd onlyv the senior account-

ants perform this task. then establish the ap-
proximate ages of the seninr accountants).

{3y Importance of speed 12 g, if the occupants

are under abnormal time constraints, as tnha

newscopy  proafreading room. then speed
might be considered criticatr.

(4) Importance of accuracy (e.g., if accuracy

could be a life-death matter as in prescription

reading/filling. then accuracy is considered
critical).

-After the above information has been estab-
lished, the designer may determine an appro-
priate target value from the Hluminance Cat-
egory by using Fiz, 2—b as follows:

{(a) Review each of the three characteristics

and determine the appropriate weighting fac-

tors (—1,0, +1).

(b} Add the three factors algebraically, taking

into account the signs.

(¢) If the total weighting factor is —2 or =3,

use the lowest of the three luminances in the

establizhed range: if the total factor is +2 or
+3, use the highest of the three illuminances;
otherwize use the middle dluminance.

{d) When designing spaces with tasks in Cat-

egories DD through 1, it is recommended that

200 lux [20 footcandles]-be regarded as the

minimum accepiable horizontal lluminance

for the general, non-task area,

Proper determination of the weighting factors
requires information and judgment on the part
of the user. Guessed values are poor substitutes
for information and can result in over or under
design. Whenever possible, design information
should be used in determining values of the
weighting factors for each characteristic of the
lighting task.

Simplification of Steps 3 and 4. Fig. 2-5 is
provided as a means of combining the tables
referred to in Steps 3 and 4 as a short cut method
once Steps 3 and 4 are understood. In Fig. 2-5,
the Illuminance Category from Step 2 and
Weighting Factor information (age, speed and
accuracy, and reflectance} are used to directly
select the iluminances in lux (if footcandles are
desired, divide by 1. For a rough estimate of
reflectances a grayv scale marked with per cent
reflectances may prove helpful. Where surfaces
are in color, the Muns==11 value scales for judging
peeranee wit T s to he helpfull See Jeo-
ST ' Jzrence Voiu:

IES LIGHTING HANDBOO:
1987 APPLICATION YOLUKL

Example of lluminance Selection. A class.
room in a high school is to be relighted. The
designer in consultation with the teacher and
school administrators has determined the follow-
ing: .

1. The task is reading mimeograph material with
a reflectance of about 80 per cent.

2. The students are teenagers.

3. The students practice typing to improve speed
and accuracy, thus speed and accuracy are coni-
sidered to be important, but noc critical.

Using the above step-by-step procedurs:
Step 1. The visual task 1s defined abave,

Step 2. Referring to Fig. 2-2 an [Muminance
Category of D is found under Reading, Mimeo-
graph, on page 2-8. :
Step 3. Referring to Part [ of Fig. 2-2, the illu-
minance range is found to be 200-300-500 lux [20-
30-50 foorcandles].

Step 4. Referring to Fig. 2-1b and the above
information, the weighting factors selected are:
—1 for workers’ ages; O for speed and/or accuracy;
and —1 for reflectance of task background. The
algebraic sum is —1 +0 —1 = —2. Therefore, th+
luminance to be selected is the lowest valu
te., 200 lux [20 foorcandles].

If the task were reading #3 pencil handwriting
on 80 per ceni reflectance paper and the students
were older {an adult education course), the THu-
minance Category would change to E, the dllu-

" minance range would become 500-730-1000 lux

[50-75-100 footcandles], and the weighting factor
for age would be 0. The new algebraic sum of the
weighting factors is 0 + 0 —1 = —1. Therefore,
the tlluminance o be selected is the mid value in
the new range, f.e., 750 lux {75 footcandles).

By referring to Fig. 2-5 after step 2, the illu-
minance can be selected without referring to Part
I of Fig. 2-2 or to Fig. 2-4.

Application of Illuminance Values Se-
lected. The use of selected iluminance values

may be influenced by work areas invelving many -

visual tasks. The designer, usually through
client/occupant/designer interaction, must es-
tablish the task of prime importance, with the
subsequent heirarchy of remaining tasks. Simi-

larly, the time duration of each task, worker ages, .

expected task performance, and task character-
istics must be determined. If all or many of the
tasks require similar lighting qualities, then the
designer might design the lighting system to
meet one task. and will therefore meet the ¢
jority of the other tasks’ requirements. If ho
ever, the tazks vary considerahly in lighting re-
quirements, then th. :
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a. Ganaral Lighting Throughosut Room

Numinance Categories

A B c
Undzr 20 Cner 70 | 20 50 | 100
33-70 | 20 50 | 100
| Ur i 30 20 50 | 100
T 40-s3 0.2 70 20 50 ! 100
33-70 30 75 150
i Urzzr 30 50 100 200
Over 55 Cver 70 30 75" 150
s 30-70 50 100 200
T Urzer 30 50 100 200
b. lluminance on Task
Weighting Facicrs Hluminance Cateqories
Avarssa of Work- Demana for | Taza Background
ere Ages Speed and f'o: 1 Rsdezance (per o} E F G H** 1=
Accuracy cent)
Urdsr 40 NI |  Over70 200 500 1000 | 2000 5000 10000
| 30-70 | 200 500 1000 2000 5000 10000
i Under 30 | 300 750 1500 3000 7500 15000
[ | Over70 | 200 500 1000 2000 5000 10000
i, 30-70 300 750 1500 3000 7500 15000
< i Under3o 300 750 1500 3000 7500 15000
C i Over70 300 750 1500 3000 7500 15000
i 30-70 300 750 1500 3000 7500 15000
,  Uncer 30 300 750 1500 3000 7500 15000
" a0-ss NI Over 70 200 500 | 1000 | 2000 5000 | 10000
30-7¢ 300 750 1500 1000 7500 | 15000
Under 30 300 750 1500 3000 7500 | 15000
' Over 70 300 750 1500 3000 7500 15000
30-70 300 750 | 15G0 3000 7500 15000
‘ Under 30 300 750 1500 3000 7500 15000
c Over 70 300 750 1500 3000 7500 15000
30-70 300 750 1500 3060 7500 15000
Under 30 500 1000 2000 5000 10000 20000
Over 55 NI Over 70 300 750 1500 3060 7500 15000
30-70 300 750 1500 | 3000 7500 | 15000
Under 30 300 750 1500 3000 7500 15000
[ ] Qver 70 300 750 1500 3000 7500 15000
30-70 | 300 750 1500 | 3000 7500 | 15000
uncar 39 I seo 1000 2000 | s0C0 10000 | 20000
C [ Ovwer7o bo300 750 1506 | 3000 7500 . 15000
T T50 i soo 1000 | 2000 | sooc | 10000 | 20000
T Uncer 30 | so0 | 1000 | 2000 | 5000 | 10cos | 20000
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mulziple level svstems, variable control systems
or a combination of svstems in order to accom-
moedate a number of tazks of varying visual re-
quiremsants in an engrgy-economic manner.

The zarget values obiained from this proce-
dure are conventional illuminance values in lux
or fooicandles and are values to be maintained
in service. For many visual displays this is a
reazuonable indicator of display visibility. Some
dizplays, however, can exhibit veiling reflections
and zertous contrast loss as indic ared by a super-
script 3in Fig. 2-2. In thesze cazes, the illuminance
alone i3 not a reliable indicator of vigihility; the
contrast of the display must alzo be taken into
account. Equivalent sphere illumination (ESI) is
a measure of visibility that takes both illumi-
nance and contrast inte account.

Currently, insufficient experience with the use
of E=l rarget values precludes the direct use of
E3I values as part of the consensus approach
recommendation process. Thus, the recommen-
dations are in conventional units of illuminance,
However, ESI may be used as a tool in determin-
ing the effectiveness of controlling veiling reflec-
tion and as part of the evaluation of lighting
svstems.

The target values of illuminance for Tumi-
nance Categories A 1o C are arerage maintained
illuminances, and the lumen method, using
zonal-cavity calculated coefficients of utilization
for luminaires, or for dayvlighting, predicts such
average tluminance values. The target values of
illuminance obtained for visual displays in the
last six categories (D through I)-are localized
values, that is, maintained illuminance on the
task and point calculation methods are appro-
priate. In either case the procedure for determin-
ing light loss factors should be used in calculating
maintained average or point iluminances. See

‘page 9-1 of the 1981 Reference Volume.

Luminance Ratios

Luminances in the visual field which surrounds
an object or a task can have different effects on
visual ability depending upon the areas involved,
their location with respect to the line of sigh,
and their actual luminances as compared with
that of the task. These luminances may produce
a decrement in visual ability, visual comfort, or
hoth. For this reason, the luminances of the
various surfaces in the visual field should be
coniruiled and limited.

When thereis a larve differerce in luminances

Cewny Areas il snee ratio), for ex-

ample a large difference hetween the luminance
of a task and that of a bright window during the
day or a dark window a! night, there may be
losses in the abilicy 1o see the task display if one
looks away from the task to the windew and then
back at the task. This is due to transient adap-

tation and the changes in sensitivity of the eve®,

{see Secrion 3 of the 1981 Reference Volume). If
the ratio is high, there also may be a reaction of
discomfort.

As a guide for design purposes, lummance ratio’
limits have been recommended for various appli-
cations, such as offices, educational facilities, in-
stitutions, industrial areas and residences (see
Sections 3 through 10). For additional guidance,

recommended limits of reflectances {both upper -

and lower), of large area surfaces, are given for
the same applications. The use of these reflec-
tance limits. along with a selection of appropriate
colors, should help to contrel luminances and
keep within the ratio limits without creating a
bland and uninteresting environment.

Visual Comfort

Visual discomfort may occur when excessively

high luminances are within the visual field. High

luminances alse can distract and even reduce
visthility (see above).

When luminances and their relationships in
the field of view cause visual discomfort but do
not necessarily interfere with seeing, the sensa-
tion experienced by an observer is termed dis;
comfort glare. Tt usually is produced by direct
glare from light sources or luminaires which are
too bright, inadequately shielded, or of too great
an area. Discomfort glare also can be caused by
annoying reflection of bright areas in specular
surfaces (known as reflected glare). The latter
should not be confused with veiling reflections
which impair visual performance rather than
cause discomfort.

Both maximum and average luminances of a
potential glare source are significant factors in
evoking a glare sensation, but average lumi-
nances are recognized as being the more perti-
nent. A rating system based on the degree of
freedom from discomfort glare in a lighting in-
stallation called Visual Comfort Probability
{VCP), uses average luminances. This system
evaluates lighting svstems in terms of direct
glare. It is an estimator of the fraction of the
observer population which will accept the light-
ing svstem and.its environment as hsing com-
fortahle, usinz the perception « 7 siwre due to

i
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direct light fromn luminaires to the observer as a

-criterion.

Thiz evaluation of comfort is bazed on’ the
following factors which infiuznce subjective judg-
ments of visual comfort: room size and shape;
room surface reflectances: illuminance levely; lu-
minaire type, size, luminance, masimum lumi-

“nance and light dizstribution: number and loca-

tion of luminaires; luminance of the entire field
of view; observer location and line of sight; and
differences in individual glarz sensitvity.

Extensive investigations and analyses (See
page 3-12 in the 1981 Reference Volume) have
resulted in a comprehensive sitandard discomfort
glare evaluation procedure which takes these
factors into account. The final product of the
evaluation procedure is a Vizual Comfort Prob-
ability (VCP) rating of the bLighting system ex.
pressed as a per cent of people viewing aleng a
speciﬁed line of sight who will be expected to
find it acceptable.

VCP can be calculated for specific lighting
systems and given observer lines of sight (see
page 9-71 in the 1981 Reference Volume). How-
ever, in order to systematize the calculations, to
aid in the development of VCP tables, and to
permit comparison of luminaires, standard con-
ditions have been adopted:®
1. An initial tevel of 1000 lux [100 footcandles].
2. Room surfaces of 80 per cent for the effective
ceiling cavity reflectance, 50 per cent for the wall
reflectance and 20 per cent for the effective floor
cavity reflectance.

3. Mounting heights above the floor of 2.6, 3, 4
and 4.9 meters (8.5, 10, 13 and 16 feet).

4. A range of room dimensions to include square,
long-narrow, and short-wide rooms.

5. A standard layout involving luminaires uni-
formly distributed throughout the space.

6. An observation point 1.2 meters (four feet} in
front of the center of the rear wall and 1.2 meters
(four feet) above the floor.

7. A horizontal line of sight directly forward.

8. A limit to the field of view corresponding to an
angle of 53 degrees above and directly forward
from the observer. ‘

By consensus, direct glare will not be a prob-
lem in lighting installations if all three of the
following conditions are satisfied.’

L. The VCP is 70 or more;
2. The ratio of maximum®-to-average luminaire
luminance does nnt exceed five to one at 45, 53,
65, 75 and B5 degrees from nadlr crosswise and
lengthmse and

3. Maximum luminaire Iuminances crosswise and

Brivhrest 5.54 square centifinior oo feme 1ol re,

VISUAL COMFORT 2-25

lengthwise do not exceed the following values:

Aryle Above Maxinum Luminance
Nadir {candelas per
(deygrees) square meter) (fuotlamberts)
43 T 2250
55 DN 16805
683 3860 1125
-] 250 50
85 1695 195

The principal research used to establish the
VCP system involved luminances of a magnitude
compatible with fluorescent lamps. Further, the
most extensive field validification utilized light-
ing syvstems typical of fluorescent luminaires, Al-
though the mathematics can be applied to vir-
tually any situation, extrapolation to signifi-
cantly different visual fields has not been validi-
fied.

The VCP system is based on empirical rela-
tions derived from a variety of experiments. It
has been concluded that differences of 5 percent-
age poinis or less are meaningless, ie., if two
hghting systems do not differ by more than 5 in
VCP, the VCP system provides no basis for judg-
ing a difference in visual comfort. Here, it is
assumed that this entire difference is due to the
lighting systems. Artifacts introduced by using
different computational procedures for two light-
ing systems can further spread the VCP values
for two systems that are not demonstrably dif-
ferent.'? ‘

An alternate simplified method of providing
an acceptable degree of comfort has been derived
from the formulas for discomfort glare. This sim-
plified method is based on the premise that lu-
minaire designers do not design different units
for rooms of different sizes, but consider the
probable range of room sizes and design for the
“commonly found more difficult” potential glare
situation. (In rooms less than 6 meters {20 feet)
in length and width, the luminaires are largely
out of the field of view) This simplified methad
is only applicable to flat bottem lum1na1re< See
page 9-73 in the 1981 Reference Volume."

Reducing Discomfort Glare. Discomfor:
glare can bhé reduced by:
1. Decreasing the luminance of lighting equip-
ment or other sources of objectionable glare,
such as windows and overhead skylights, relative
to the over-all luminance.
2. Diminishing the area of uncomfonable lumi-
nances {with level of constant luminance).
3. Increasing the angle between the source and
line of sight.
4, Inureasing the general luminance in the room
iz o recommended luminanee rating.
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2-26 LIGHTING SYSTEM DESIGN CONSIDERATIONS

Reflected Glare

Glare resulting from specular reflections of
high luminance in polished or glossy surfaces is
known as reflected glare and, as mentioned
above, it may cause discomfort. If the reflections
are of high luminance and of significant area,
they also may produce disabilitv glare if near the
line of sight and may prove distracting to work-
ers.” Bright reflections of small size often do not
cause reflected glare but provide enhancing re-
flections, desired sparkle, such as in jewelry,
glassware or tableware on display. When specu-
lar reflections of high or low luminance veil the
visual task, this effect is known as veiling reflec-
tions. {See below.) _

There is little in the way of research to quan-
tify the visual impact of reflections in specular
surfaces. Generally, the conditions which cause
reflected glare are sufficiently obvious as to in-
dicate the lighting solution. In general, large area
low luminance sources are preferred where the
task has even a small degree of specularity. Ad-
ditional considerations in this regard are dis-
cussed in the various application- sections. For
example, finishes on office furniture and equip-
ment should be matte.

Disabitity Glare

Disability glare is caused by stray light within
the eyes, producing a veiling luminance upon the
retinal image of an object to be seen, resulting in
reduced object visibility (see page 3-12 in the
1981 Reference Volume). In most interior light-
ing situattons, disability glare does not present a
severe problem if discomfort glare and reflected
glare are minimized and luminance ratios are
controlled as discussed above. However, in the
case of roadway lighting. vehicle headlights, and
certain types of industrial lighting, the effects of
stray light may have to be taken into considera-
tion.

Veiling Reflections

For years lighting designers and those engaged
in vision research have recognized that substan-
tial losses in contrast, hence, in visibility and
visual performance, can result when light sources
are reflected in specular or semi-specular visual
tasks.">'* This has been known as the general
subject of reflected glare. The effects vary from
the reflection of an incandescent filament in a

1ES UGHTING HANDBGOK
1981 APPLICATION VOLUME

polished metal surface at one extreme, in which
case the result is annoying, distracting and disa-
bling, from the visual standpoint, to the other
extreme where there is a reflection of a large
luminous area in the surface of a magazine
printed on dull or matte paper. With the latter,
the effect may be undetectable by the naked eve
and may be almost unmeasurable by instru-
ments. The term ‘“‘reflected glare” is reserved
today for effects toward the first extreme and the
term “veiling reflection” for effects near the sec-
ond. Perhaps the greatest and certainly the most
insidious problem is the reflection of luminaires
or skylights in seimi-specular and semi-matte sur-
faces such as a printed page and pencil writing
on paper.

There are a great many factors that contribute
to veiling reflections and each of them individ-
ually has long been known. The problem is to
integrate the effects of these interrelated factors.
Much has been learned. particularly the contri-
butions made by Iluminating Engineering Re-
search Institute (IERI) research.

Factors Causing Contrast Loss. In the
study of contrast losses due to veiling reflections,
the visual task (printing or handwriting on paper
are usually considered as the visual task in the
following discussions), the workers’ orientation
and viewing angle, and the lighting system all
must be analyzed.

The Visual Task. The specularity of paper
covers a wide range of degrees and modes of
appearance. Most papers consist of rough fibers
that have been matted together. Generally the
fibers are somewhat shiny in themselves, but
because of their random orientation they reflect
light more or less equally in all directions. The
harder the paper is pressed the more specular it
becomes. Some papers are filled with clay or
other coating so that the surface is very smooth.
Some papers are actually glazed. The luminance
of the paper depends both on the amount of light
being diffusely reflected from it and whatever
bright surface may be reflected in it. This reflec-
tion may be discernible as in the case of coated
papers or glossy photographs, but frequently it is
so indistinct as to go undetected even though
serious losses in visibility occur.

The specularity of the graphic medium—open-
cil, pen, ink, carbon, etc.—again covers a very
wide range. The degree of specularity depends
on how the medium is deposited. For example, a
very soft pencil brushed lightly across rough
paper would leave a very diffuse mark. On the
other hand, a hard pencil applied with pressure
on a smooth surface can be very shiny. The

£
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Fig. 2-6. An example of biack printing on glossy paper. In
the photograph above, a spotlight is jocated behind the
camera in a position to cause minimum veiling reflections.
The upper right phatograph shows the same task lighted by
a troffer that is positioned above and in frant of the task in
the offending zone. Note the subtle character of the specular
reflections so that the loss of contrast is not immediately
obvious. Note aiso thai the specular reflections occur in
ditferent positions on ditferent letters. The photograph at the
right shows the same paper with a spotlight in the offenging
zone which creates the maximum veiling reflection effect.
This condition might be called reflected glare. The image on
the page is apparent as are the highlights in the letter stroke.
Note how highlights tend to occur along the edges of the
letter indicating that the type has embossed the paper.

luminance of the mark again depends on the
amount of light being diffusely reflected from it
and the reflection in it of luminous areas. There-
fore, when considering task contrast, both diffuse
and specular reflectance of both paper and
graphic medium should be considered as well as
the reflection of light sources in relation to the
iluminance level. Figs. 2-6 and 2-7 illustrate a
range of conditions of veiling reflections.

If the paper and the graphic medium could be
considered as being perfect planes, the problem
would be simpler than is the actual case. The
pressure applied by the pencil, pen, typewriter
key or printing type actually embosses the paper.
The groove thus created causes the reflection of
the light source to occur from positions on the
celling other than the normal angle of reflection
from the plane of the paper. Thus the part of the
ceiling that is causing the problem may not be
immediately obvious.

(Consideration should. be given to whether the
task is lying in a horizontal plane or is slanted as
is the case of a letter being hand-held, a book on
a slanted school desk top, or a pencil drawing on
a vertical drafting board. Chalkboards in class-
rooms, merchandise in stores, and signs are tasks
of prime importance that lie in a vertical plane.

.
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VEILING REFLECTIONS 2-27

The relative importance of various tasks and the
planes in which they occur alsg should be consid-
ered. For example, office lighting should really
be designed not just in terms of a task lying flat
on a desk but also for one hand-held at about 45
degrees.

The Worker. The orientation of the worker
with respect to the task greatly influences the
magnitude of the effect of veiling reflections.
First, for one eye position and one point of re-
gard, a simplified relationship between the eye,
the task, the perpendicular to the task, and an
“offending zone” can be established. See Fig. 2-
8. If the task were perfectly specular and flat, the
offending zone would merely be a point. How-
ever, since the tvpes of tasks involved here are
more or less diffusing, the theoretical offending
point becomes enlarged 1o an offending zone.
Now if the eve is in such a position that the rays
of light from the offending zone are reflected
roward it, veiling reflections will occur. The angle
of reflection is considered as the viewing angle.
As the viewing angle increases, effects of the
specular characteristics of the paper and the ink
or pencil increase.

It has been found that people work throughout
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a range of viewing angles with a peak at
about 25 degrees as indicated by the approximate
frequency distribution curves for office workers
and for school children shown in Fig. 2-9a. Fig.
2-9b shows that 85 per cent of seeing occurs
within 0 to 40-degree viewing angles, with higher
angles used for only occasional glances. This is
due to foreshortening of the task and to the
increased viewing distance (see Fig. 2-9¢) and to
the resulting increase of task difficulty as shown
in Fig. 2-9d. On this basis it seems reasonable to
use 0 to 40 degrees as the practical range of
viewing angles for design purposes,

Next the location and orientation of the worker
and the task in the room must be evaluated. A
worker with his back to a wall and facing out
toward the center of the room has the maximum
cetling area as a potential offending zone. Fur-
thermore, he has relatively little light coming
from behind him which would cause little or no
veiling reflections. A worker facing the wall
would have minimum veiling reflections (not an
appealing position psychologically). A person in
the center of the room has light falling on the
task from all directions. The ceiling may or may
not constitute the offending zone, depending on
the viewing angle.

IES LIGHTING HANDBOOK
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Fig. 2-7. The upper left photograph shows pencil steno-
graphic notes lighted by a spotlight located behind the cam-
era, It can be seen that in this case the pencil stroke is
reiatively light because even in the darker parts of the stroke,
areas of white paper show through. The photograph directly
above shows the same task with the spotlight in the offending
zene {above and in front of the task). As is frequently the
case with this type of task, negative contrast or contrast
reversal occurs where the pencil stroke can actually become
prighter than the paper. In the photograph at the left the
same task is lighted with an indirect lighting system.

A person sitting beside a window would have
greatly reduced veiling reflections because the
major source of illumination is outside the of-
fending zone. It is also true that if a person were
seated facing a window he would have potentially
serious veiling reflection conditions.

CFFENDING

___PERPENDICULAR
TO TASK

VIEWING

. ANGLE

FANGRE OF

REFLECTION}
/s

____IONE OF

ANGLE OF TICT VEILING REFLECTION

oF TASK)

Fig. 2-8. Generalized description of angular relationships
in analyzing veiling reflections.
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Pencil handwriting as viewed ot 25 degrees from the vertical—
typical viawing ongle for most people.

Same task o above viewed at 40 degrees. Tosk difficulty ia
chout 8 times that at 25 degrees.

Same task 01 obove viewed a1 40 degrees. Task difficutey is
mare than 100 times that at 25 degrees.

Fig. 2-9. Task viewing angles. a. Pecple use a range of viewing angies in their work but the peak is about 25 degrees. b.
Eighty-five per cent of seeing occurs within a range of O to 40 degrees, with seeing at large angles limited to occasional
glances due to foreshortening and increased viewing distance. ¢. Photographs of an actual pencil handwriting sample as seen
at viewing angies of 25, 40, and 60 degrees. d. Curve showing the relative difficuity of the pencil handwriting shown in ¢ as

measured with the Visual Task Evaluator.

The Lighting System. The worst condition is
represented by a highly concentrated, very bright
source with maximum candlepower directed to-
ward the task. It is also likely to be uncomforta-
ble as one looks around the room, and it may
Create shadows that interfere. with writing, etc.
Paradoxically, it is also the condition under
which the worker can most easily escape veiling
reflections by tilting the task so that the reflected
rays do not reach his eye. When the task is truly
a flat surface this is an effective solution. Because
of embossing and curvature of many tasks such

as books and magazines, reflections are not so
easily eliminated.

Another condition would be a luminous dome
placed over the worker and the task. Here the
effect of veiling reflections would be reduced, but
could not be escaped since there would always
be a luminous area in the offending zone. Fur-
thermore, through a rather wide range of illu-
minances the lighting system would generally be
considered comfortable.

Between these two conditions lies the full
range of luminaires of various sizes spaced so as

LI
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Lo occupy various proportions of the ceiling and
employing materials that produce varyving can-
dlepower distribution.

Lightung materials with reference to horizontal
tasks may be compared as follows:

Diffusing. At small viewing angles (looking
nearly straight down at the task) this material
has the minimum luminance exposed to be re-
flected in the task. At large viewing angles it
tends to have the highest luminance. This helps
reduce veiling reflections but tends to reduce
visual comfort per unit area.

Prismatic. A wide range of materials comes
under this category, but generally they tend to
expose greater flux toward the work for small
viewing angles. Many of them have good light
control at large viewing angles. Prismatic mate-
rials have heen designed to produce special flux
distributions referred to below.

Loavers. These materials expose the maxi-
mum luminance to the work at small viewing
angles. They generally have lower luminance at
large viewing angles. Transiucent louvers have
the least control: opaque louvers next; and spec-
ular parabolic wedge louvers have the maximum.

Polarizing. Available materials of the flake or
layer type have a degree of diffusion that exposes
less luminance to the work than prismatic or
louver materials. They have less luminance at
large angles than diffusing, about the same as
prismatic, and more than opaque louvers.

Polarization can reduce veiling reflections. The
effect is greatest at large viewing angles and least
at small viewing angles. For any single ray of
light, polarization in a plane perpendicular to the

- task always tends to reduce veiling reflections.

These have been termed “radial” polarizers
because in azimuth they produce the same degree
of polarization in all directions. “Linear” and
“dichroic” polarizers can also be useful—partic-
ularly for specialized application.

Special. New optical designs of luminaires and
materials have been produced with candlepower
distributions that reduce the flux coming from
the offending zone and minimize the luminance
directed to the eye of the worker. While there
are distinct variations in effective illumination
and visual comfort for various orientations and
positions of the worker, very significant improve-
ments are provided in controlling veiling reflec-
tions.

Guides for Reducing Veiling Reflections.

The Task. Where possible the written or
printed task should be on matte paper using non-
glossy inks. The use of glossy paper stock and
hard pencils should be minimized.

IES LIGHTING PANDBOOK
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The Worker. The orientation and the position
of the worker is very important, The desirable
position only can be determined by actually de-
termining CRF values (see page 9-63 in the 1981
Reference Volume). It is also true that various
orientations will produce varying degrees of vis-
ual comfort.

The Lighting System. In smaller spaces such
as offices where desk positions can bhe deter-
mined, substantial gains can be made by not
positioning lighting equipment in the general
area above and forward of the desk. Positions on
either side and behind the worker are preferred.
Where desk positions are random, as in large
general offices, it is desirable to have as much
light as possible reach the task from sources
outside the offending zone. Taken to the extreme
this will suggest the utilization of over-all ceiling
treatments.

Any decision on a lighting installation should
be made on an over-all basis rather than on any
one factor. Thus in addition to considering the
illuminance and the effect of veiling reflections
produced by a lighting svstem and the material,
the efficiency of the system and the visual com-
fort in the space should be considered as prime
factors.

Methods of Evaluation. Those tasks which
are subject to veiling reflections are subject to

the visibility criteria known as equivalent sphere -

tlumination (ESI). ESI is best used as a tool in
determining the effectiveness of controlling veil-
ing reflections and as part of the evaluation of
lighting svstems. The concept of ESI can best be
understood by reviewing some basic principles
behind ESL

The concept hegins by the establishment of a
reference lighting condition. Sphere lighting
(perfectly diffuse lighting) is used as the refer-
ence, since spheres are relatively easy to con-
struct and have repeatable illumination charac-
teristics, Sphere illuminaticn is not said to be the
best lighting condition and does not necessarily
dictate the use of diffuse light in the real envi-
ronment. It is an arbitrary benchmark type of
lighting used to measure relative visibility poten-
tial. This reference lighting condition is such that
the same amount of (sphere} illumination will
always produce the same amount of visibility.

Equivalent sphere illumination is the same
concept, except taken one step further—to the
real lighting environment. The ESI of a visual
task in a real environment is the equivalent
iluminance produced by a sphere which makes
vhe task as visible in the sphere as it is in the
real environment. That is, the visibility of the
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task in the real environment is equivalent to that
produced by a certain amount of sphere illumi-
nation. Thus, the term Equivalent Sphere [Hu-
mination, ESI is analogous to a measure of visi-
bility in the real environment and as such can be
used as a tool in evaluating lighting equipment
or alternate lighting schemes.

Erroneous evaluations can result if ESI is not
completely understood. The visual task, the ob-
servers orientation in the space, the lighting sys-

tem, and the detrimental effects of veiling reflec.

tions all plav a part in the determination of ESI
values. See Sections 3 and 9 of the 1981 Refer-
ence Volume for discussions of visibility, veiling
reflections and ESI.

Color

The importance of color in illuminating engi-
neering and particularly lighting design should
not be underestimated. An entire section {Sec-
tion 3) in the 1981 Reference Volume is devoted

- 3
e 20000 ~
3
r 31 B2 NOrN ARst Sk
11
r i
il
— 13000 — !
P !
r “‘ Bive s~y ailh e
L 4 wnte Clougs
i T i Blue sky
— 1C000 — -
L coo0 1%
. '
I300n — 3000 —
mign CRY tugrascents - — Averagde narth shy
pe—— FON0 —4 Unitgrm
- - overcast shy
Short are cenon —= 6000 —
000K l Average noon sun
~qn CRINuorescents 1-—— 3000 — L Aserage midyrecl
E UM NG Shy Nt
WL CWwX b a
“lucrescenttampos
4600 — Delute
I white mercuy
B b
r Warm
lelure mercury
A
CLgrescent lames 3000 — 100 ~ant
It | -rrardescent 'amp
1
L J 25 aar
r meandescent lump
Fign pressure -;Od\umﬁ . o
000 —1 Cungie ' yme
[

Fig. 2-10. Correlated color temperature in kelvins, ot sev-
eral etectric light and daylight sources.
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Fig. 2-11. Experiments’® have shown the preferred coilor
temperature ot light sources at various illuminance leveis (the
unshaded area). Color temperatures—illuminance combi-
nations in the lower shaded area produce cold, drab environ-
ments, while those in the upper shaded area can produce
overly colorful and unnatural appearances.

to the basic concepts of color, chromaticity, color
rendering and the use of color. The lighting de-

. signer is referred to that material, especially the

portion on the use of color on page 5-18.

There often is confusion between two color
characteristics of light sources—chromaticity
and color rendering—and especially their use. In
simple terms, chromaticity refers to color ap-
pearance of a light source, or its color tempera-
ture. (Fig. 2-10 diagrammatically shows the ap-
proximate color temperatures in kelvins of sev-
eral electric hight sources and daylight.) Color
rendering refers to the ability of a light source,
with its particular chromaticity, to render colors
of objects as one would expect them to appear at
the same color temperature. A useful tool in
selecting an appropriate color temperature is
shown in Fig. 2-11, which has been developed
from experiments by Kruithof." If in the design
process the designer has selected an illuminance
level, Fig. 2-11 can be referred to in selecting a
light source color temperature that should be
acceptable, in that it produces neither a cold,
drab nor too warm, overly colorful environment.

Shadows

The direction of illumination is especially im-
portant when viewing three dimensional objects.
As is ilustratzd in Figs. 2-12 and 2-13, shadows
can aid or hinder the seeing of details. In the
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case of curved and faceted surfaces which are
polished or semi-polished, the direction of the
lighting is important in controlling highlights.
Some shadow contributes to the identification of
form.

PHYSICAL CONSIDERATIONS

Luminaire Spacing

At one time in the past, “good lighting” was
specified in terms of honzontal illuminance with
the criterion that the point-to-point variations
did not exceed ‘plus or minus one-sixth of the
average value. Even if this were an acceptable

basis, an installation which provides uniform hor- -

izontal illuminance may still represent a poor
lighting installation. For example, if there 15 in-
sufficient overlapping of luminaire distributions
as may occur with sharp cut-off luminaires near
the maximum calculated spacings, the illumi-
nance at many points can be unidirectional with
the consequential strong shadows, dark areas
with single lamp failures, etc.

Today, with our broader understandmg of the
requirements for good lighting, it is quite possible
that the old conicept of an average horizontal

illuminance level plus or minus one-sixth will be -

violated in the process of designing good lighting.
However, usually there still will be a requirement
that the lluminance meet some degree of uni-
formity.

Many factors contribute to the total quality of

IES LIGHTING HANDBOOK
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Fig. 2-12. Harsh shadows produced
by unidirectional illumination (left) and
soft shadows produced by diffuse illu-
mination {right).

Fig. 2-13. Multiple shadows (upper left) are confusing; sin-
gle shadows (center) may confuse but can heip; diffused
light (lower right) erases the shadows.

a lighting system. Horizontal work-plane illumi-
nance represents only one aspect. Horizontal il-
luminance at other levels throughout the space
cannot be ignored. The directional qualities of
the illuminance at specific points within the room
can be considered in terms of cast shadows,'®
vector and scalar illuminance,™ vertical compo-
nents of illuminance,”! and the like. Often, vary-
ing visual tasks occur at different locations within
the space. These and similar factors must be
considered for lighting systern evaluation. In spe-
cific cases, some factors mey be extremely im-
portant while others can be safely omitted from
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consideration. Nevertheless, the lighting de-
signer must deliberately make the choice.

In those situations for which a relatively uni-
form illuminance is an accepted performance
criterion, certain guidelines can be an important
aid to the lighting designer in determining the
luminaire layout. To achieve acceptable uniform-
ity, luminaires should not be spaced too far apart
or too far from the walls. Spacing limitations
between luminaires are related to the intensity
distribution of the luminaires, placement of the
luminaires within the room, and the reflectances
of the room surfaces. The principal factor for
direct, serni-direct and general diffuse luminaires
is the mounting height above the work-plane; for
semi-indirect and indirect luminaires, it is the
ceiling height above the work-plane.

The lighting designer often is faced with the
problem of selecting luminaires that are potential
candidates for a particular design, and the Lu-
minaire Spacing Criterion (SC) is a parameter to
assist in this decision. This standard method of
classifying luminaire spread (SC) is given nu-
merically. (See the 1981 Reference Volume, Sec-
tion 9.) It is a spacing of luminaires expressed as
a fraction or multiple of the luminaire mounting
height above the work-plane.

The SC is a measure of the beam spread or
coverage of the direct component of illuminance
from direct and semi-direct illuminaires. It is a
guide to permit the designer to evaluate the
potential suitability of a luminaire before execut-
ing a complete design-analysis. The SC permits
a designer to separate luminaires into two cate-
gories for a particular lighting layout: those
which are likely to produce reasonably uniform
honzontal illuminance and those which will not
produce uniform horizontal lluminance in a spe-
cific layout pattern. It does this by evaluating

-
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Fig. 2-14. Spacing dimensions (in feet) to be used in rela-
tion to Spacing Criterion (SC). Mounting height is from iumi-
naire to work-plane for direct, semi-direct and general-diffuse
luminaires and from ceiling to work-plane for semi-indirect
and indirect luminaires.

one aspect of uniformity at a few select points.
This limited evaluartion can be based 3n a lumi-
naire characteristic alone {luminaire intensity
distribution) and consequently is a property at-
tributable to the luminaire.

The immediate use of such SC values is to
estimate the relative direct coverage of lumi-
naires. Further, there is a general trend that the
uniformity of horizontal illuminance decreases as
the spacing between luminaires is increased. Fig.
2-14 illustrates the spacing between luminaires.
The product of SC times the mounting height
(MH) gives a spacing which generally is in the
vicinity of the dividing point between a reason-
ably acceptable uniformity of horizontal illumi-
nance and a noticeably poorer uniformity of hor-
izontal illuminance.

As a general trend, horizontal illuminance will
tend to be relatively uniform for luminaire spac-
ing less than that given by the SC, and uniformity
will tend to decrease as the spacing exceeds that
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Fig. 2-15. (a) Lighting layout using equal spacing between continuous rows of luminaires. (b) Layout is changed to grovide
higher illuminance near side walls. {c) By adding four more units on each end, layout {b) can be modified to provide 80 per
cent more light near the end walls and prevent possibie scallop eftects. Dimensions are in feet.
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given by the SC. Certain luminaires* may pro-
duce a horizontal illuminance where the uniform-
ity is acceptable over a specific limited range of
spacings. In such cases the SC is not an applica-
ble measure for the luminaire. Here, the manu-
facturer states specific spacing instructions
rather than giving an SC value.

The commonly used practice of letting the
distance from the luminaires to the wall equal
one-half the distance between rows {see Fig, 2-
15a) results in inadequate illuminance near the
walls. Since desks and benches are frequently
locared along the walls, a distance of 760 milli-
meters (2% feet) from the wall 1o the center of
the luminaire should be employed to avoid ex-
cessive drop-off in illuminance. This will locate
the luminaires over the edge of desks facing the
wall or over the center of desks that are perpen-
dicular to the wall (see Fig. 2-15b). To further
improve illuminance uniformity across the room,
it is often desirable to use somewhat closer spac-
ings between outer rows of luminaires than be-
tween central rows, taking care to be sure that
no spacing exceeds the maximum permissible
spacing.

To prevent excessive reduction in illuminance
at the ends of the room. the ends of fluorescent
luminaire rows should preferably be 150 to 300
millimeters (6 to 12 inches) from the walls, or in
no case more than 610 millimeters (2 feet} from
the walls. Even the 150- to 300-millimeter (6- to
12-inch) spacing leaves much to be desired from
the standpoint of uniformity and, where practi-
cable, the arrangement shown in Fig. 2-153c is
much more satisfactory. With this arrangement,
the units at each end of the row are replaced by
a continuous row parallel to, and 760 millimeters
(2'2 feet) from, the end wall. In the example
shown, 5 units were replaced by 9 units providing
a potential increase in the illuminance at the end
of the room of 80 per cent over what it would be
with the lavout shown by Fig. 2-15b. This tech-
nigque not only improves uniformity but also
eliminates scallops of light on the end walls and
provides a uniform wash of light on all four walls.

Another excellent method of compensating for
the normal reduction in illuminance that may be
expected at the ends of rows is to use a greater
number of lamps in the end units. Still another
technique is to provide additional units between
the rows at each end. The units could be either
parallel or at right angles to the rows.

Spacings closer than the maximum permissible
are often highly desirable to reduce harsh
shadows and veiling reflections in the task as

* For example, some sharp cut-off batwing distribution luminaires.
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well as further improve uniformity. This is par-
ticularly true for direct and semi-direct equip-
ment, and spacings that are substantially less
than the maximum permissible spacing shouid
be seriously considered.

The following formulas can be used to calcu-
late the values:
1. For individually mounted luminaires, the
wall-to-luminaire spacing should be:

Wall-to-Luminaire Spacing =

Luminaire-to-Luminaire Spacing
3

2. For individual units or crosswise spacing of
continuous rows:

Minimum Number of Rows =
Room Width

Maximum Spacing
Alowed

3. For lengthwise spacing in continuous rows:

Maximum Number of Units Per Row =

Room Length — 0.3
Luminaire Length

(allows 0.15 meters end spacing when lengths are
in meters)

Room Length — 1

or Luminaire Length

{allows one-half-foot end spacing when lengths
are in feet)

Minimum Number of Units Per Row =
Room Length — 1.22
Luminaire Length

(allows 0.61-meter end spacing when lengths are
in meters)

Room Length — 4
Luminaire Length

or

{allows two-foot end spacing when lengths are in
feet)

Dimming Devices

The most practical method: of controlling light
output for nearly every purpose is to control the
electrical input to the light source. There are
several methods by which this may be accom-
plished, based on one of two principles: the input
current can be varied by changing the amplitude
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of the current, or it can be varied by changing
the amount of time during a cvcle that it is
permitted to flow.

Change in amplitude can be accomplished by
resistance dimmers. The metallic rheostatic dim-
mer, one of the earliest controls developed, is still
made and offers features which prescribe its use
under certain circumstances. A resistance dim-
mer is connected in series in the circuit and the
voltage which appears across the lamp is equal
to the line voltage less the voltage drop (IR)
across the resistance dimmer. To vary the
amount of light, adjustment to the rheostat is
made by moving a contact which adds or sub-
tracts resistance to the circuit. The dimmer ca-
pacity must be selected to match the lamp load
fairly closely if dimming control to blackout is to
be achieved. The resistance loss in the dimmer
is an appreciable percentage of the lamp load at
low luminance levels, liberating large amounts of
heat which must be dlsposed of and consuming
considerable power.

Change in amplitude can also be accomplished
by continuously adjustable autotransformers. A
single layer of copper magnet wire is wound over
an iron core to form a toroid. Each wire turn is
“bared” to form a commutator for the carbon
brush. When a 120-volt ac line is applied to this
winding, sliding the brush from turn to turn
allows tapping off the desired ac output voltage.

Wire size, number of turns, and brush dimensions -

have been carefully designed so brush contact is
made with the next turn before leaving the pre-
vious conductor, assuring perfectly smooth, flick-
erless type of light control of almost infinite
fineness from zero to full luminance. A dimmer

of such design has excellent regulation—there is-

no visual change in light intensity as lamps are
added or removed from the circuit, and it will
also dim equally well ali sizes of lamps at the
same time. Autotransformer dimmers provide
fairly good efficiency up to a maximum of 95 per
cent. Although solid-state dimmers have tended
to replace autotransformer dimmers, 1000- to
2000-watt units are still available. Larger capac-
ity autotransformers (above 2000 watts) are
available with motor drives.

The saturable reactor was the first of the elec-
tronic type or phase angle control dimmers, [t
consists of a magnetic core associated with dc
and ac windings. By adjusting the current of the
dc winding, the inductive reactance of the ac
winding may be varied smoothly from approxi-
mately zero to its maximum value. Saturable
reactors are not in much use today in lighting
applications because of their weight, size and
slowness of response; however, because they are
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“good in the control of very heavy loads, they do

fill some requirements.

Thyratron tube control is another of the earlier
electronic methods. A gating tvpe of control is
obtained from a thyratron tube when ac voltage
is applied to its plate and an ac voltage of ad-
justable phase is applied to its grid. As the phase
angle between the voltage on the plates and grids
is adjusted, the tube can be made to conduct
various length, portions of the cvcle. Two thyra-
trons are connected back to back so that each
one may conduct during each half cycle. While
response is very rapid, all filaments in this tube
system must be preheated approximately ' min-
ute or more. Should a power failure occur during
use, the need to preheat becomes a great incon-
venience.

Magnetic amplifiers or self saturating reactors
became popular as high power dimmers for a
short period. Although the performance of this
tvpe of system was generally good, it was re-
placed by thyristor controlled dimmers because
of their size and weight advantages.

Solid-state electronics has virtually taken over
the field of present day dimming equipment,
from the 600)-watt wallbox dimmer to the 100-
kilowatt or higher theatrical or architectural sys-
tem. The thymistor has become the main com-
ponent in most incandescent and fluorescent
dimmer manufacturing. The original solid-state
equipment designs utilized dual back-to-back sil-
icon controlled rectifiers (SCR). This arrange-
ment has given way to the equally reliable but
more cost-efficient tnac devices in most dimmers
rated at less than 6 kilowatts. However, many of
the larger theatrical units rated at 6 and 12
kilowarts still employ dual SCRs because of the
lack of high current triacs.

Because thyristors are fast switching devices,
some radio frequency interference will be gener-
ated unless suitable filtering is designed into the
dimmer. Extensive filtering is generally provided
in larger architectural or theatrical systems to
completely eliminate any possible interaction
with sensitive equipment. While solid-state dim-
mers are typically 98 to 99 per cent efficient, they
still have to dissipate heat. and cool operation is
the key to long dimmer lifetime.

Thytistor controlled fluorescent dimmers are
being applied in many commercial applications,
such as conference rooms, offices, restaurants,
schools and churches.

Recent advances in device technology and cir-
cuit design have made it possible to dim high
intensity discharge lamps tsee Section 8 of the
1981 Reference Volume). It has also become
practical to convert low frequency ac to high -
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frequency ac in order to improve the efficacy of
standard fluorescent lamps. Further advances
have been made in energv management of light-
ing through integrated circuit technology. Auto-
matic dimming system control by means of pho-
toelectne feedback, time programming, and
other computer controlled demand limiting are
all available. Photoelectric devices can adjust the
lighting to allow for minimurh power consump-
tion when daylight is available. Time program-
ming can auromatically adjust light levels to suit
task changes, such as from work to leisure to
cleaning or security modes. Computer operated
controls can be used to reduce light levels to
reduce the load in peak demand periods. .
Solid-state dimming offers the following:
For incandescent sources
1. Full range adjustability of light for various
tasks or moods, down to zero light output.
2. Energy savings—only 1 to 2 per cent of the
connected load is dissipated in the dimmer.
3. Increase in lamp life—lamps will last up to 20
times the rated life at 30 per cent light output
170 per cent power).
For fluorescent sources
1. Continucusly vartable light output down to a
fraction of a per cent of full outpur, with no
discernible color shift.
2. Power control—per cent energy savings equal
to the per cent light reduction down to about 50
per cent light output (see Fig. 8-46 in the 1981
Reference Volume).
F or high intensity discharge sources
. Range of light output control from 2 per cent
minimum for mercurv to 40 per cent minimum
for metal halide and high pressure sodium lamps,
2. Power control-—energy savings nearly the
same as shown in the fluorescent power curve,
down to 30 to 60 per cent light output,
Energy management devices as previously men-
tioned can be effectively applied to all sources
listed above.

Wiring for Lighting

Every electric lighting system, regardless of its
size, scope, simplicity or complexity should have
a well designed, trouble free electrical wiring
svstemn. lts size and capacity, its electrical char-
acteristics (voltages, frequencies, phases, etc.),
feeders, branch circuit layouts, and switch and
dimmer controls, must all be specifically selected
and designed to conform to the layout and design
of the lighting systems which it is to operate and
control.

LIGHTING SYSTEM DESIGN CONSIDERATIONS
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Lighting designers should know the basic fun-
damentals of electrical wiring system design to
insure that theyv can obrain the maximum flexi-
bility and efficiency from the lighting svstem.
Quite often lighting designers are the consulting
electrical engineers on the project. In this case,
they usually are qualified to 'design and specify

the electrical wiring system for the lighting. How-

ever, if the lighting designers are not qualified to
design the electrical wiring system, they should
seek the services of a qualified electrical con-
sultant or electrical contractor when designing
the lighting system, to insure that the wiring
system and controls will prowde all the lighting
variations and flexibility that is desired and in-
tended. All electrical systems must be designed
and installed in accordance with the provisions
and requirements of the National Electrical
Code and other local or state code requirements,
and the electrical consultant is qualified to in-
clude these provisions and requirements in the
design and specifications.

The first step in the design of the electrical
wiring svstem is to determine the total electrical
load for the lighting system. On large projects. it
may be desirable to break down the lighting load
into logical sub-loads, for serving individually

from separate load centers. These sub-loads can |

then be further broken down for individual
panelboard control. On smaller projects, this usu-
ally resolves itself into selection and location of
one or more lighting panels, each conveniently
located near the center of the Lighting load it
serves, compatible with the character, use, and
structural configuration of the building.

When lighting loads have been determined,
the characteristics of the electric power supply,
such as voltage, phase and frequency, must be
considered and evaluated in order to select op-
timum locations for load centers and panel-
boards.

For relatively small projects .of 100 kilovolt-
amperes or less, most utilities supply 120/208-
volt three-phase four-wire, 120/240-volt three-
phase four-wire,. or 120/240-volt single-phase
three-wire service. For larger projects, 277/480-
volt three-phase four-wire service is usually
available. Lighting loads are usually served with
120 volts or 277 volts from these systems. Low-
voltage light sources which may be incorporated
in the lighting system may be operated at their
rated voltages by using small dry-type step-down
transformers operating from any of the higher
standard voltages.

Care should be exercised in the selection of
voltage due to certain provisions of various codes
which prohibit the use or restrict the use of
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higher voltage lighting devices in various occu-
pancies.

Various techniques for switching, such as half
switching four-lamp fluorescent luminaires, or
row switching to provide various lighting levels
should be emploved for energy conservation.

The requirements of energy conservation sug-
gest the use of short three-phase home run cir-
cuits in order to minimize energy losses. For
wiring economics as well as energy conservation,
high power-factor ballasts should be specified for
discharge type lighting. )

Ouidoor lighting svstems generally employ the
same techniques for wiring system design.
Longer distances involved require voltage drop
calculations to be performed to assure adequate
voltage at the luminaire. Systems will usually
perform adequately when the voltage drop does
not exceed 3 per cent at the farthest outlet.
Higher voltage luminaires, such as those oper-
ated on 480 volts may generally be used outdoors
when permitted by codes to reduce the size and
guantities of circuit conductors. -

In the United States 60-hertz power 15 almost
universal for lighting systems. However, lighting
designers and electrical consultants sometimes
consider the use of high-frequency electric power
for the operation of fluorescent lighting systems,
especially when the advantages of high-fre-
quency operation are important {see Section 8 of
the 1981 Reference Volume). One such advan-
tage might be the reduction of the excessive
weight of normal ballasts used for 60-hertz
power. Another might be to obtain the maximum
tight output of the fluorescent lamps being con-
sidered for the project. In earlier installations,
frequencies of 360, 420, and 840 hertz were used.

"More recently, a 3000-hertz system has been

used, which reportedly converts power from 60
to 3000 hertz at about 93 per cent efficiency,
compared with over-all conversion efficiencies of
only 80 to 85 per cent for the earlier model
converters operating at the lower frequencies.

Total system efficiency, from system electrical
watts Input to system useful lumen output, must
be considered to properly evaluate a lighting
syvstem's efficiency. The evaluation of partial sys-
tems often leads to erroneous conclusions. Low-
est watts per luminaire does not guarantee lowest
lighting energy use for the system.

The total electrical load required for the light.
ing system is first calculated in rotal watts or
kilowatts. For purposes of selection of trans-
formers, main switchboards, circuit breakers, and
other similar electrical distribution considera-
tions, kilowatts (kw) or kilovolt amperes (kva)
are used. However, when converted to “watts per
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square meter (foot),” the term becomes more
meaningful and useful not only to the lighting
designer, from the standpoint of an ‘economical
lighting system. but also to the aif-conditioning’
and heating engineers. The chart shown in Fig.
2-16 shows maintained average illuminance for
each of a variety of luminaires based on their
wiring capacity expressed in watts per square
meter (foot). The data in this chart are only
approximate, and are based on a room of average
shape with a Room Cavity Ratio of 2.5 and for
high reflectances of 80 per cent for the ceiling
cavity, 30 per cent for the walls, and 20 per cent
for the floor cavity. For more accurate results,
data for specific luminaires, and for specific sized
rooms and reflectances should be used. However.
the chart is useful for quick appraisals when one
type of luminaire is being considered versus other
tvpes, especially in early stages of the lighting
design procedure.

Rooms with numerically higher Room Cavity
Ratlos will require higher loadings (watts per
square meter (foot)); with lower Room Cavity
Ratios, the loadings will be correspondingly re-
duced. With other parameters constant, the re-
quired loading for any luminaire in an area with
another Room Cavity Ratio is inversely propor-
tional to the Coefticients of Utilization associated
with the Room Cavity Ratios of the two areas.
Similarly, changes in reflectances wall also affect
the required loading in inverse proportion to the
Coefficients of Utilization associated with the
reflectance conditions. .

The wiring system should be designed to pro-
vide maximum flexibility with adequate capacity
for present and anticipated future needs. Over-
loading or excessive extensions of circuits, in
addition to the hazards involved, results in a
lowering of the light output of both incandescent
filament and fluorescent lamps. As an example,
the light output of an incandescent filament lamp
is about three per cent tess for each volt the lamp
is operated under its rated voltage. Fluorescent
lamp light output is also affected by undervoltage
operation but not to so great an extent; starting
difficulties and reduced lamp life may also result.
For further information, see Section 8 of the 1981
Reference Volume.

With gaseous discharge sources, the warttage
consumed and the current carrying capacity re-
quired will, in general, be greater than the rated
wattage of the light sources. Provision for auxil-
iary wattage losses and for power factors lower
than unity must be made in the wiring system.
Mercury, metal halide, and high pressure sodium
lamps require a warm-up period of several min-
utes. During this time, or with certain types of

-
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. ] 100 aca azoo 400 200
Fig. 2-16. Approximate wiring ca- 207 T ©
pacity to provide a given mamtained ~ SF T -
illuminance level in a2 room of 2.5 Room i ‘ /
Cavity Ratic by means of the following: 18 : : 7 130
H 1 !
A - Ingirect, incandescent filament {sil- : ////// /} /(/
vered Dow!) . 16 : ; ', i e 160
B - Diract, incandescent filament (with !
dittuser) | / P
C - Direct. incandescent filament 14 : | — | 150
{aownlight} . i ] !
O - General diffuse, incangescent fila- e . 1 i i s
: 120
ment 35 ] / -~ 1
£ - Direct. incandesceant tilament (lens) = 1 / / z
F - Direct, incaﬂdes_cem filament (in- E 9 7 ! // " 1:1c:§J
dustrial) by ////( y/ / / 2
s Ilruczrectt. !Ix:lorescent (tv:c:ve)t - g . // // % i
- Indirect, fluorescent {extra hig ¥ - i
s T L
H - Direct, tluorescent (extra high out- 4 , 7 =
put) (louvered) . >
| - Direct. tluorescent (fouvered) L]
J - Lumingus ceiling, fluarescent 40
K - Direct, fluorescent (iens)
Direct, HID (mergury) 19
L - Direct/Semi-direct, iluorescent (in-
dustrial)
M - Direct. metal halide 00 0 ) 30 %0 ?000

N - Direct. high pressure sodium

auxiliaries, the current may he as much as twice
the operating current. Wiring capacity must be
provided for the starting current where it exceeds
the operating current.

Minimum wiring capacity requirements are
given in the Nationa! Electrical Code. The pur-
pase of the Code is the practical safeguarding of
persons and buildings and their contents from
hazards arising from the use of electricity for
light. heat, power, radio, signaling, and other
purposes, and compliance with its requirements
does not insure adequacy either for present use
or future growth.

Although the National Electrical Code does
not purport to be a design manual, the lighting
designer and engineer should be familiar with
minimum lighting circuit capacities; i.e., Section
220-2 of the 1978 National Electrical Code. The
circuit capacities required are frequently far in
excess of that required by'modern efficient light-
ing systems.

Wiring design information based on current
good practice for specific applications may be
found in the following publications:

IEEE Recommended Practice for Electric
Power Svstems in Commercial Buildings—1974,
[EEE No. 241. Institute of Electrical and Elec-
tronic Engineers, New York.

MAINTAINED FOOTCANDLES

Agricultural Wiring Handbook—1971, Edison
Electric Institute, Washington, DC.

[EFE Recommended Practice jfor Electric
Power Distribution for Industrial Plants—19786,
[EEE No. 141, New York.

Electrical Svstems for Power and Light—1964,
McGraw-Hill Book Company, New York.
Standard Handbook for Electrical Engineers—
McGraw-Hill Béok Company, New York.
Electrical Engineers’ Handbook—John Wiley
& Sons, Inc., New York.

American Electricians’ Handbook—McGraw-
Hill Book Company, New York.

THERMAL CONSIDERATIONS

The Total Environment

Today, more than ever, architectural and en-

gineering design philosophy reflects conscien-

tious efforts to provide man with a "total physical

+
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environment’. To accomplish this objective all
facets of the building’'s interior systems must be
successfully coordinated since they all are de-
pendent upon one another.

The phvsical and psychological elements
which influence this design flow include such
diverse factors as sight, sound, thermal comfort,
spatial organization and esthetics. The integra-
tion of these factors cannot be realized without
the combined efforts of all those who deal with
them in their design process.

Asrecently as the late 1960’s lighting engineers
and designers utilized quantity of illumination as
the primary factor in their designs while paving
little or no atténtion to energy control and con-
sumption. However, as modern technology in the
fields of light and vision advanced, the direction
of design theory shifted toward qualitative as-
pects and de-emphasized the quanrtitative. Con-
cepts of Equivalent Sphere [lumination and Vis-
ual Comfort Probability proved that better con-
trol of the visible part of the spectrum could
reduce lighting watts and increase visual quality.
Even with these reductions in lighting watts the
part of the spectrum which is emitted as heat
still contributes significantly to a space's thermal
environment. Since it is impossible to eliminate
this heat from the light source, it is important
that it be manipulated so that it can work advan-
tageously within the environment.

Heat from light sources is useful in replacing
building heat losses during the heating season.
Since the building's thermal needs vary not only
seasonally but from area to area within the struc-
ture, control of lighting heat and integration with
the heating and cooling system are essential.
This is particularly evident when the thermal
factors dictate that the interior zones be on a
virtually continuous cooling cyvcle. Good design
today requires provision for efficient utilization
or dissipation of the lighting heat.

Comfort Parameters

Temperature. Any light source adds heat to
the interior in which it operates. This creates a
relationship between lighting and room temper-
ature and. in turn, human thermal comfort. How-
ever, comfort depends not only on the room
temperature, but other factors, as well.

Heat gains and losses in a room result from
heat transfer through walls and ceilings, heat
transfer with air changes, solar gain from radia-
tion through transp irent surfaces such as win-
dows, electric lighting, heat emitted by people,
and heat from occupational processes in the
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space, such as from production equipment, com-
puters and office machines. The proportion of
heat gain from each factor varies widely, depend-
ing on building design, use of the space, climate,
etc. Procedures for determining the magnitude -
of various loads are outlined in handbooks pub-
lished by the American Society of Heating, Re-
frigerating and Air-Conditioning Engineers
{ASHRAE). i

Any source of energy which changes the tem-
perature is termed senstble heat. Convection en-
ergy from lamps is sensible heat which raises the
air temperature. Lamps also produce radiant en-
ergy which does not heat air directly, but is
converted to sensible heat when intercepted and
absorbed by a person or surface.

Use of lamps of higher efficacy, such as flu-
orescent or high intensity discharge, will provide
a given illuminance level with less heat than with
incandescent lamps. However, incandescent
lamps frequently have characteristics which
make them a superior choice for an application,
regardless of efficacy.

Humidity. Luminaires usuallv do not impact
the humidity in the space because they neither
add nor remove moisture from the air, Since the
human body regulates its temperature by evap-
oration of moisture from the skin as well as by
radiation and convection, humidity is important.
Alr has the property of sharing space with water
vapor up to a specific amount. The variation of
water vapor below this maximum, expressed in
per cent, is called relative humidity.

Relative humidity is measured by comparing
wet bulb and dry bulb thermemeter readings.
The wet buib type has its bulb area covered with
a wet cloth. Evaporation wili lower the wet bulb
reading below the dry bulb. to a degree depend-
ing on the amount of water vapor in the air. With
the two readings and a psvchrometric chart the
relative humidity may be determined. Since a
luminaire may raise the dry bulb temperature in
a space, the relative humidity may change while
the amount of water vapor in the air remains
constant.

Relative humidity values over %0 per cent are
called extreme, between 60 and 90 per cent hu-
mid, between 40 and 60 per cent normal, and
under 40 per cent dry. These are generalizations
since ambtent temperature, air motion, and ac-
rivity make appreciable differences in the appar-
ent sensation experienced.

Comfort Limits. Human satisfaction is a re-
sponse to several interacting variables. These
stimuli cannot be considered separately; they
must be considered together as each affects the

‘action of the others. The dry bulb temperature,
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water vapor pressure, mean radiant temperature
and air velocity all affect the thermal environ-
ment. Both steady-state and non-steady state
criteria for these stimuli must be satisfied.

Research performed by ASHRAE pror to
1974 resulted in the specification™ of the comfort
envelope as shown in Fig. 2-17. This specification
covers a wide range of environmental applica-
tions such as offices, homes, schools, shops, the.
atres, etc. It applies for average clothing and
activity.

ASHRAE recommends that the dry bulb tem.-
perature be adjusted for any change in mean
radiant temperature by:

DBT + MRT-
ADBT = ____;I‘___L
where:
ADBT = adjusted dry bulb temperature
DBT = drv bulb temperature

MRT = mean radiant ;emperature®

The relative humidity should be maintained
hetween approximately 20 per cent and 65 per
cent while the air velocity, without regard to
direction. in the occupied zone is controlled to
less than 0.35 meters per second (70 feet per
minute} at any point.

Additional research has been performed at
The Institute of Environmental Research at
Kansas State University under ASHRAE con-
tract.® ™ These studies provide methods for
varving the comfort envelope for lightly clothed
persons and sendentary activity.”

Further research has been carried out by Fan-
ger” beginning in 1966 at Kansas State Univer-
sity and continued at the Technical University
of Denmark. From a comfort equation developed
by Fanger it is possible to predict a combination
of environmental factors that produce a “‘com-
fortable” environment for a clothed person per-
forming any selected activity.

The details of all these methods of defining
comfort levels are beyond the scope of this sec-
tion. The reader should consult the references
for more detailed information.

Lighting Load on Air Conditioning

Fig. 2-18 gives one example of interior load
distribution in a particular office building. The
amount of heat gain through the exterior ma-
sonry is small enough to be neglected. Fluores-
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* The uniform surface temperature of an imsaginury blac  enciosure
with which man exchanges the same heat by radiation as i1 the actual
environment:
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WATER VAPOR PRESSURE IN MILLIMETEHRS OF MERTLUIKY

‘ ]
-10] 55 h] 73 30 a3 kol 35
ADJUSTED CRY BULE TEMPERATURE IN DEGREES FARENSEIT

Fig. 2-17. Comiort envelope ??

cent lighting is provided consuming 27 watts per
square meter (2.5 watts per square foot). It is
assumed that Venetian blinds will be lowered
during corresponding sunny hours.

In tyvpical buildings, factors such as solar ra-
diation through windows, heat rtransmitted
through wall and-roofs, and cooling of ventilation
air, people, and machines comprise 50 to 80 per
cent of the total cooling load. The refrigeration
and/or air handling capacity required for lighting
may be reduced if some of the principles de-
scribed later in this section can be applied.

For the building of Fig. 2-18 the relative mag-
nitude of all heat sources at the time of the total
building peak cooling load is shown in Column A
of Fig. 2-19. For comparison, analyses of the
total cooling load for two other installations are
shown in Columns B and C. The buildings are
based on 27 and 32 watts per square meter (2.5
and 3 watts per square foot) respectively.

Electric Lamps as Heat Sources. Electric
lamps are efficient converters of electric power
to heat energy. Each watt of electric power con-
sumed by a lamp generates 1 watt {3.4’' British
thermal units per hour) of heat, just as any
electric heating device. The energy takes two
principal forms: (1) conduction-convection en-
ergyv. and (2) radiant energy (including infrared,
light and ultraviolet). From this it is obvious that
only a part of the energy generated by electric
lamps is light. However, light itself produces
heat. It does not heat air as convection sources
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do, but it raises the temperature of any surface
which absorbs it.

A knowledge of the relative amount of each
tvpe of energy emanating from an electric lamp
can be helpful in analyvzing its performance and
the effect it may have on thermal considerations,
Figs. 2-20, 2-21, and 2-22 show approximate data
for some representative fluorescent, incandes-
cent and high intensity discharge lamps, respec-
tively. These values are for lamps suspended in
space under specific operating conditions.”” Low
energy ballasts will exhibit lower ballast losses;

Fig. 2-18. £xample of Cooling Load Distribution in
One Modern Office Building

Exterior Offices®

Intencr
Heat Source Offi
Norih East South | West lces
Glass 46% 70% 65% £9% —%
Lighting 30 t8 .. 20 17 39
Occupants 20 8 " 10 55
Miscellaneous 4 4 4 4 5
Totats 100% 100% 100% 100% 100%

* Per ¢ent at time of maximum load in each office.

Fig. 2-19. Example of Cooling Loag for Several
Types of Installations

Office Chain .
Building Store C'g"c
A B

Giass 16% 6% 15%
Lighting 22 20 17
Rocf and walls 1 12 33
Occupants 21 34 6
Ventilation 35 22 19
System power 5 a4 —

100% 100% 100%

Glass and lighting 38% 26% 32%

Fig. 2-20. Energy Qutput for Some Fiuorescent

Lamps of Cool White Colar {Lamps Operated at Rated

Watts on High Power Factor, 120-Voit, 2-Lamp Bal-
lasts; Ambient Temperature 25 °C (77 °F) Still Air}

96 Inch PG17t T12
Type of Energy 40WT12 T12 (1500 (1500
{B0Q mA) mA) mA)
Light 19.0% 19.4% 17.5% | 17.5%
Infrared (est.)* 0.7 30.2 41.9 29.5
Ultravigiet 0.4 2.5 0.5 0.5
Conduction-convec- 36.1 36.1 27.9 40.3
tien (est.}
Bahast . 13.8 13.8 12.2 12.2
Approximate average 41 °C 45 °C 6C °C
bulb wall tempera- | {106 °F} | (113 °F) {140 °F)
ture

° Principally tar intrarad (wavelengths beyond 5000 nanometers).
T Grooves sideways.
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Fig. 2-21. Energy OQuiput for Some Incandescent
Lamps
100-Watt®  300-Watt  500-Watt  400-Wart

Type of Energy (750-hcur (1000-hour {1000-hour (2000-hour
life} lite) lite) lite)

Light : 10.0% i1.1% 12.0% 13.7%

Infraredt 72.0 68.7 70.3 g87.2

Conduction- 18.0 20.2 17.7 19.1
convection

* Coiled-coii fitament.

t Principally near infrared {wavelengths from 700 to 5000 nano-
meters).

1 Tungstan-halogen lamp.

Fig. 2-22. Energy Output for Some High Intensity
Discharge Lamps

400-Watt  180-Watl
Type of Energy 400-Wart” 400-watt High Pres- Low Pres-
Mercury Maetal Halide sure sure
Sodium Sodium
Light 14.6% 20 6% 25.5% 29.0%
Infrared 45,4 31.9 37.2 3.7
Uttraviolet 1.9 2.7 0.2 Ja}
Conduction-con- 7.0 31 22.2 49.1
vection .
Ballast 10.1 13.7 14.9 18.2

and although total lamp energy and bulb wali
temperatures will differ. the lamyp energy propor-
tion may be considered typical for low energy
lamps as well. Energy output for an individual
luminaire in space, or for a system of luminaires
installed in a room is likely to vary considerably
from that for lamps alone.

Luminaires as Heat Sources. Performance
characteristics of luminaires are well docu-
mented in terms of luminous efficiency, light
control and candlepower distribution because
equipment designers have been concerned pri-
marily with the purposeful distribution of visible
light. Now it is necessary to consider the total
energy distribution of any luminaire destined to
become a component of a building.

From Figs. 2-20, 2-21 and 2-22 it can be seen
that the high percentage of energy converted by
electric lamps is radiation lying predominantly
in the near infrared or far infrared regions—the
proportions depend on the light source. Because
the properties of lighting materials are different
in the range from visible to invisible radiation, it
is important to consider the underlying physics.

Fig. 2-23 shows that some materials used in
luminaires can be good reflectors of light and
good absorbers of far infrared. Several materials
used to transmit light show significant differ-
ences in the far infrared reflected.

Any quantitative analysis of luminaires as heat
sources should assume conditions of temperature
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Fig. 2-23. Properties of Lighting Materials
(Per Cent Reflectance (R) and Transmittance (T) at Selected Wavelengths)
Visible Wavelengths Near Infrared Wavelengths Far Intrared Wavelengihs
Marerial 200 500 500 1000 2000 4000 7000 10,000 12,000 15,000
nm nm nam nm nm - nm nm nm nm nm
R T 8 T R T g T R T R ¥ R T R T R T R T
Specular aluminum 87 0 82 0 86 o 97 0 94 (0 88 0 84 (¢ 27 O 16 0 14 0
Diffuse aluminum 79 o 75 0 B84 a 88 0 85 0 88 0 81 O 68 0 49 0O 44 Q
White syntheticenamel 48 0 35 0 84 0 90 0 45 0 8 0 4 O 4 0 2 0 9 0
White porcelain en- 56 0 &8 O 83 0 78 O 38 0 4 0 2 0 22 0 g5 0 9 0
amel
Clear glass-3.2 milli- 8 ;N 8 32 7 32 5 82 23 %80 2 0 0©0 0 24 O 5 0 5 0
meters (.125 /nch) .
Opal glass-3.9 miili- 28 36 26 39 24 42 12 59 16 T 2 0 g 0 24 0 6 0 5 0
meters (155 inch) .
Clear acrylic-3.1 milli- 7 92 7 92 7 92 4 90 8§ 53 3 0 2 0 2 0 3 0 3 0

meters {.120 inch)

Clear polystyrene-3.1 3 87 9 39 8 90 6 90 11 Bl 4 0O 4 O 4 0 4 0 5 0

millimeters (120
inch)

White acrylic-3.2 mili- 18 15 34 32 30 34 13 59 6 40 2 O 3 0© 3 0 3 0 3 0

meters (.125 inch)
White polystyrene-3.1
millimeters {.120
inch) .
White vinyl-0.76 milli- 8 72 3 78 8 76 6 85 17 75 3 0
meters (.030 inch)

26 18 32 29 30 30 22 48 g 35 '3 0

2 0 3 0 3 0o 3 0O

Note! {a) Measurements in visible range made with Gereral Electric Recording Spectrophctometer. Reflectance with black velvet backing for
samples {b) Measurements at 1000 nm and 2CG00 nm made with Beckman DK2-R Spectrophotometer, (¢} Measuraments at wavelengths greater

than 2000 nm madge with Perkin-Elmar §
stabilization, constant voltage, and service posi- test method in 1
tion. In this state, total energy may not follow
the distribution of light energy. However, it will
be helpful to compare total energy distribution
with the general classifications assigned to can-
dlepower distribution curves,

Thermal distnbution characteristics would
narrow the CIE classifications to (1) semi-direct,
(2) direct-indirect, and (3) semi-indirect, as illus-
trated in Fig. 2-24. Totallv direct or indirect
lighting classifications are unlikely in total en-
ergy distribution curves. Of the two general dif-
fuse lighting classifications, direct-indirect would
be more appropriate.

vironment. Visu

peclropnotomerer. (d} Rellectances in intrared reiatsve to evaporative aluminum on glass.

978 which considers the effect of

plenum temperature and air return in the light
output. The test also provides data on heat dis-
tribution and power input dependent upon re-
turn air flow through the luminaire.*

Lighting Systems as Heat Sources. Visual
and thermal conditions are two of the most im-
portant considerations in & planned interior en-

al comfort is partly due to quan-

tity and quality of illumination. Thermal comfort
is the result of a proper balance in temperature,

Several test methods have been employed to

LIGHT DISTRIBUTION CLASSIFICAHONS

assess the total energy distribution from a par-
ticular luminaire. One involves an adaptation of
photometric techniques. Two others involve cal-

0. ~ 10 15 40
mUCjo %6 50

30 1] 40 40 10 lo

DIFFUSING  DIRECT -
ENCLOSUIE  INDIRECT SEMI-
GENEAAL DIFFUSE INDIRECE

INDIRECT

GY OISTRIBUTION CLASSIFICATIONS

orimetry, mcludmg a continuous water flow cal- DIRECT  SEmi-DIRECT
orimeter™ and continuous air flow calorime- T
ters.”™ " Though procedures and equipment var- TOTAL EX

ied widely, test results were of the same order of :
Q
magnitude.”! T@%

Testing guides for determining the thermal
performance of luminaires have been published

SEMI-DIRECT

_ a0 A1) _aoh 100
40 40 40 Q

SEmi-{NOIRECT

DIRECT - INDIRECT

by ADC,* IES and NEMA. IES approved a new

Fig. 2-24. Lignht distribution curves by CIE classifications
of luminaires, compared with typical total energy distribution

types. Upward and do'vnward components are in percentage

* Air Diffusion Council. ranges.
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relative humidity and air motion. If these factors
are to be fully evaluated, consideration should be
given to the total energy distribution of lumi-
naires, their relationship to room surfaces, and
to the type of conditioning svstem contemplated.

While total energy should uitimately be con-
sidered within the building envelope, comfort
conditions will be primarily affected by that por-
tion of the energy distributed into the occupied
space. Thus, actual lighting and hearting charac-
teristics will be influenced by luminaire perform-
ance, ambient temperatures, surrounding mate-
rials and surface reflectances.

The ASHRAE Fundamentals Handbook cov-

ers the calculation of space load due to lighting
for various luminaires and ventilation arrange-
ments.” Generally, the instantaneous heat load
from the lighting system is expressed using the
relationship:

P, = P, x BLF x CLF x UF

where

P, = instantaneous heat load from the
_ lighting system in watts (multiply by
3.41 to get Bru/h)
P; = rtotal lamp power in watts

BLF = ballast load factor—
incandescent, BLF = 1.00
rapid-start fluorescent, BLF = 1.08 to
1.30
-high intensity discharge, BLF =
to 1.37

CLF = cooling load factor, a factor that al-
lows for the type luminaire, furnish-

ings, rcom envelope, length of time

lights are on, etc, See reference 33.

RADlATI07
CONRQUCTION
i

/\/\.
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UF = utilization factor, percentage of in-
stalled power in use expressed as a
decimal. For commercial applications
such as stores, UF is generally unity.

Luminaire mounting has an important role in
the distnibution of thermal energy. Fig. 2-25 il-
lustrates typical heat flows for various types of
ceiling-to-luminaire relationships. Total energy
distribution involves all three mechanisms of
heat transfer—radiation, conduction and convec-
tion. Although the illustration shows a fluores-
cent luminaire, HID luminaires exhibit similar
patterns. The input of the suspended luminaire
in Fig. 2-25 (A) would be convected and radiared
in all directions to be reflected or absorbed and
reradiated. Essentially, all of the input energy
would remain within the occupied space.

Heat transfers from the surface mounted
semi-direct luminaire in Fig. 2-25 (B) involve
radiation, conduction and convection. Assuming
good contact with the ceiling, upper surfaces of
the luminaire will transfer energy to or from the
ceiling by conduction. Since many acoustical ceil-
ing materials are also good thermal insulators, it
may be assumed that temperatures within the
luminaire will be elevated. Thus. lower luminaire
surfaces will tend to radiate and convect to the
space below at a somewhat higher rate. Unless
the ceiling material is a good heat conductor and
can reradiate above, essentially all of the input
energy will remain in the space.

A different situation exists when components
of the system are separated from the space. The
recessed luminaire in Fig. 2-25(C) distributes
some portion of input wattage above the sus-

pended ceiling. The actual ratio is a function of

luminaire design and plenum and ambient con-
ditions. For most recessed static luminaires, the

AADIATION

% /‘camvef'nor«

\\
ACIATION \“ 3 U// \ ‘f' \_?/— - \?
3 RADIATION “ x4 J\. ¥ “u
t\\_, k) el = A =
/e ) TADIATION eaoarion { \' J l \.
c:nvs‘:ncN FACIATION CoNvEcTION CONVECTIOR
A 8 o s}
“'k Aa01ATION
‘\\ % f’QN\"E"TION
—=io\ T 3 ’tf—-— Fig. 2-25. Effect of cetling-to-luminaire relationship ucon tighting system heat
zf N transfer. Fluarescent tuminaire has direct-indirect total erergy distribution classifi-

SONYECTION " \‘

RACIATION " E

cation. (A) Suspension mounting. {8) Surface muunting. (C) Recessed.
(D) Luminous and louvered ceiling. (E} Heat transfer lummnaire.
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ratio is very nearly 50 per cent above the ceiling
and 50 per cent below.

Lighting systems of luminous and louvered
ceiling types are illustrated in Fig. 2-25 (D). A
similarity with the heat transfers of Fig. 2-25 (A)
is noted. Although luminaires are separated from
the occupted space, plastics and glass used in
luminous ceilings are good absorbers of infrared.
White synthetic enameled ‘ouvers are also good
absorbers, whereas aluminum louvers reflect a
high percentage of infrared. Unless some means
of controlling the energy is employed, all of the
electrical input energy also remains in the occu-
pied space.

Heat transfer recessed luminaires are ilus-
trated in Fig. 2-25 (E). Here, the convected and
radiated component to the space have been re-
duced considerably while the upward energy has
increased a proportional amount. Under certain

conditions it is possible for the space load to .

consist almost entirely of light energy. The ma-
jority of the power input to the luminaire is
directed upward where it can be captured by the
system and be subject to some form of control.
Laboratory tests conducted in accordance with
IES procedures™ will provide energy distribution
data for evaluative purposes. However, the total
system must be evaluated because heat removal
to the plenum may raise plenum temperatures
which cause conductive heat transfer back
through the ceiling and floor to the space below
and above adding thermal load back to the space.

Task/ambient systems have a different light-
ing energy distribution. Care must be exercised
in the selection of the cooling load factor (CLF).
Depending on the installation, it may be neces-
sarv to calculate task and ambient hear loads
separately.

It is possible to have both systems completely
within the space. This would be the case if sus-
pended or surface-mounted luminaires were used
for ambient lighting with task lighting being in-
corporated into the furniture or with suspended
* or surface-mounted luminaires being used for
both. In this case, the entire input power is
instantaneous space load.

With recessed luminaires utilized for ambient
lighting and either suspended or furniture
mounted for task lighting, the heat loads must
be figured separately as only the task lighting
load is entirely instantaneous spacs: load. The
recessed luminaire heat contribution :nay be con-
" sidered less depending upon the CLF.

Systems can also utilize recessed luminaires
for both task and ambient lighting. Here, both
would impose a heat load which would be re-
duced by the CLF.

IES LIGHTING HANDBOOX
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Benefits of Integrated Designs

The benefits of integrating building heat in
lighting design are: (1} improved performance of
the air conditioning system. (2) more efficient
handling of lighting heat, and (3) more efficient
lamp performance.

The control and removal of lighting heat can
reduce heat in the occupied space, reduce air
changes and fan horsepower, lower temperature
differentials required in the space, enable a more
economical cooling coil selection because of the
higher temperature differential across the coil,
and reduce luminaire and ceiling temperature

.thereby minimizing radiant effects.

The degree to which any of these benefits may
be obtained depends on many variables such as
the quantity of energy involved, the type of heat
transfer mechanism. the temperature difference
between source and sink, and the velocity and
quantity of fluids and/or air available for heat
transfer. However, in most applications lumi-
naire temperature wiil be higher than room tem-
perature 50 fluids at room temperature can be
effective in heat transfer. Any unwanted heat
that can be removed at room temperature or
above can be removed much more economically
than at lower temperatures.

The full benefits of integrated design can be
achieved only through the combined efforts of a
design team which should include architects.
space planners. interior designers, electrical en-
gineers, mechanical engineers, illuminating en-
gineers and cost analysts.

LIGHTING FOR SAFETY

Importance. Safe conditions are essential to
any inhabited space and the effect of light on
safety must be considered. The environment
should be designed to help compensate for the
limitations of human capability. Any factor that
aids visual effectiveness increases the probability
that a person will detect the potential cause of

* an accident and act -o correct it.

In many instances where illumination is asso-
ciated with accidents, the cause is atiributed to
inadequate lluminance levels or poor quality of
illumination. However, there are many less tan-
gible ractors associated with poor illumination
which can contribute to many accidents. Some
of these are: direct glare, reflected glare. and
harsh shadows—all of which hamper seeing. iZx-
cessive visual fatigue itself may be an element
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leading voward accidents. Accidents may also be
prompted by the delayed eve adaptation a person
experiences when moving from bright surround-
ings into dark ones and vice versa. Some acci-
dents which have been arttributed to an individ-
ual's carelessness could have been partially due
to difficulty in seeing from one or more of the
above mentioned factors. The accidents might
have been avoided through the use of good light-
ing principles.

[lluminance Levels. The lighting recommen-
dations in Fig. 2-2 provide a guide for efficient
visual performance rather than for safety alone:
therefore, they are not to be interpreted as re-
quirements for regulatory minimum illuminance
levels.

Fig. 2-26 has been developed to list illumi-
nance levels regarded as absolute minimums for
safety alone. To assure these values are main-
tained, higher initial levels must be provided-as
required by the maintenance conditions. In those
areas which do not have fixed lighting, localized
illumination should be provided during occu-
pancy by portable or material handling and ve-
hicle mounted lighting equipment.

Other Factors. A visuallv safe installation
must be free of”excessive glare and of uncon-
trolled, large differences in luminances. Appro-
priate guides to limiting glare and adaptation
effects are given earlier in this Section in discus-
sions of luminance ratios and visual comfort.
Maximum luminance ratios are important to
avoid temporarily noticeable reductions in visi-
bility because of changes in eve adaptation when
alternately looking at areas of widely different
luminances.

f

Fig. 2-26. lituminance Leveis for Safety”

Hazardas Requiring

Visual Detection Shight . High
Normalf Activity
Level Low High Low High
lluminance Levels
Lux 5.4 11 22 54
Footcandies 0.5 1 2 5

° Minimum iliuminance tor safery of people. absolute minimum at
any time and at any location on any plane where satety is related to
seeing conditions. X

T Special conditions may require ditterent illuminance levels. In
scme cases higher levels may De reguved as for example where
security i a factor. in some other c¢ases greatly reduced leveis,
including total darkness. may be necessary, specifically in situations
involving manufacturing, handling, use. or processing of light-sensi-
tive materials {(notably in connection with photegraphic praducts). In
these situations alternate methods of insuring sate cperations must
te refied upon.

Note: See specitic apolication reports ot the IES tor gquidetines to
minimum illuminances for salety by area.
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Nlumination Evaluation. Although the
proper quality and quantity of illumination may
be designed for safecy in an area. it is necessary
to know whether the design meets requirements.
A standard procedure, titled “How to Make a

' Lighting Survey,”™ has been developed in co-
operation with the UJ.S. Public Health Service.
This standard procedure is recommended for use
in surveys of lighting for safety.

EMERGENCY LIGHTING

Consideration should be given to emergency
lighting needs early in the planning stages of a
building. Consultation between the owner and/
or occupier of the premises, the architect, the
lighting designer, the utility, and others con-
cerned, should be arranged when, or perhaps
before, the normal lighting planning is discussed.
The installation contractor should be made
aware of emergency lighting requirements at the

earliest possible time.

Definitions. The following definitions are
given for the terms used in this section:

Emergency lighting: Lighting provided for use
when the power supply for the normal lighting
fails, to insure that escape routes can be effec-
tively identified and used.

Fxit: A way out of the premises that is in-
tended to be used at any time while the premises
are occupied,

Emergency exit: A way out of the premises
that is intended to be used only during an emer-
gency.

Escape route: A route from a point inside the
premises to an exit or emergency exit.

Normal lighting: All permanently installed
electric lighting normally used when the prem-
ises are occupied.

Guides for the following are not provided here
but are defined so that they are dearly excluded
from this section.

Safety lighting: That part of emergency light-
ing that is provided to insure the safety of work-
ers having to remain at work when the normal
lighting fails.

Standby lighting: That part of emergency
lighting that is sometimes provided to enable
normal activities to continue.

Basic requirements for escape lighting are
specified by federal codes and frequen:ly are
strengthened by local codes. The material that
follows refers only to emergency lighting “vithout
regard for the type or location of the emergency
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power, which may be emergency motor driven
‘generators, central battery systems, ceniral in-
verter systems, unit inverters or unit equipment.

Emergency lighting is specified by the Life
Safetv Code (NFPA 101)*® to be necessary in
certain interiors where people work or meet, in
order to enable them to leave the interior safely
in the event that an emergency situation arises
due to the failure of the normal power. Refer-
ences to that code, as well as anv existing local
codes, should be made at all times.

Design Requirements for Emergency
Lighting.

When the normal lighting of an occupied build-
ing fails, irrespective of the cause, the emergency
lighting is required to fulfill the following func-
tions:

1. Indicate clearly and unamblguouslx the es-
Lape routes.

. Provide illumination and a comforting visual

environment along the escape routes sufficient
to facilitate safe movement along them toward
and threugh the exits and emergency exits pro-
vided.
3. Permit readyv identification of ail fire alarm
call points and firefighting equipment provided
along the escape routes under emergencsy highting
conditions.

Escape Route Indication. Signs are required
to be illuminated in time of emergency to insure
that from any point within the premises an es-
cape route can be easily identified and followed
in an emergency.

All normal exits should be illuminated at all
times when the premises are occupied. This light-
ing should, practically speaking, be external to
the exit signs themselves.

Where direct sight of an exit or emergency exit
is not possible, a directional sign or series of signs
should be provided. They should be so placed
that a person following them will be progressed
toward the nearest exit or emergency exit.

Exit signs cannot be counted on to be visible
to many people at distances of more than 30
meters {100 feet), and should not be expected to
be visible at longer intervals on long escape
routes.

Mumination of Exit Signs. Either of the
following methods of illumination may be used:
(a) lamps external to the sign and (b) lamps
contained within the sign. [t is recommended
that the method of illumination of exit signs
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described under (b) be used within any area
where the normal hghting may be deliberately
dimmed or extinguished, e.g., places of entertain-
ment.

In the event of failure of the supply to the
normal lighting, escape route signs should receive
the power needed for illumnination from the emer-
gency lighting supply. Power for exit signs should
be unswitched or have the switch accessible only
to authorized personnel.

Visual Impact and Legibility of Internally
Hluminated Signs. Impact and legibility of exit
signs are dependent upon luminance, size, view-
ing distance, contrast, positioning and uniform-
itv.

Luminance: Where codes exist, an illuminance
of 54 lux (5 footcandles) on the face of the sign is
usually specified. [lluminance is an inappropriate
parameter for internally illuminated signs. Cur-
rently research is being done along this line, but
a luminance of 7 to 10 candelas per square meter
{2 to 3 footlamberts) on the lighted area of the
sign seems o be a reasonable level and parame-
ter, because it appears to be adequate under
emergency lighting conditions, is measurable,
and provides better contrast under normal light.

Size: Letters must have at least a 19-millime-
ter {¥-inch) wide stroke and must be at least 150
millimeters (6 inches) high.

Viewing distance: In an emergency, an exit
sign should not be expected to be useful at a
distance greater than 30 meters (100 feet).

Contrast: Once other parameters have been
met, this is a remaining important parameter.
See luminance above. Transilluminated letters
usually provide the best visibility. Color of letters
is not an important point, so long as adequate,
light and contrast are provided. There seems to
be little differentiation between dark letters on
light background or illuminated (light) letters on
dark or opaque background: Contrast is the im-
portant consideration.

Positioning: The location of the emergency
exit sign will usually be determined by the desir-
able location under normal power conditions
since, except for emergency exits, emergency exit
signs mark the location of normal exit doors.

Uniformity: The exit sign face should be uni-
formiy lighted, with a vanation of not more than
a factor of 2 above or below the average level
over the lettered area.

All exit signs in a collective area should be of
a similar color and desngn, as an aid to ready
identification.

Externally [lluminated Exit Signs. Exter-
nally illuminated exit signs vary so greatly in
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design, material, color and printing that stand-
ards are difficult 1o establish. NFPA 101 requires
54 lux (5 footcandles) on the face of the sign.
However, consideration must be given to con-
trast. glare, veiling refleciance, as well as relia-
hility of the emergency power source for the
external light, but the minimum letter size must
adhere to that given above.

Egress Route Emergency lllumination

Nluminance. The horizontal luminance of
any escape route should be not less than | per
cent of the average provided by the normal light-
ing, with a minimum average of 5 lux [0.5 foot-
candle] at floor level.

Muminance Uniformity. [lluminance uni-
formity is more easily achieved by using a greater
number of lamps with lower light output than by
empioyving a lesser number of more widely spaced
units with higher light output.

A uniformity ratio (Eqax/Ema) of up to 20:1

along the center line of an escape route is desir-
able for safe movement. A value of 40:1 should
not be exceeded.

Visibility of Hazards. By itself, illuminance
is not a sufficient criterion of visibility, since it
refers only to the light falling on a surface and
not the amount reflected back to the eye. Lumi-
nance 1s really the only relevant measure.

[t is recommended that all potential obstruc-
tions or hazards on an escape route be light in
color with contrasting surroundings. Such haz-
ards include the nosings of stair treads, barriers
and walls at right angles to the direction of
movement.

In restricted areas such as comridors, light-col-
ored decoration throughout is an advantage and,
under emergency conditions, prominent vertical
surfaces can assist considerably in defining the
escape route.

Location of Egress Luminaires. A lumi-
naire should be provided for each exit door and
emergency exit door and at points where it is
necessary to emphasize the position of potential
hazards, sufficient to light that area to a level of
30 lux {3 footcandles).

The floor area to be so lighted should be a
square at the threshold of the point of egress
that is double the width of the egress opening, or
equal to the width of the corridor, whichever is
less. [luminance measurement should be on the
horizontal. ' :

Examples of such areas are:
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1. Intersection of corridors.
2. Abrupt changes of direction of the egress path.
3. Staircases. Each flight of stairs should receive
direct light. )
4. Other changes of floor level that may consti-
tute a hazard.
3. Outside each exit and emergency exit, and
close to it.

Addirional lamps, as required. should be lo-
cated so as to ensure that the lighting throughout

the escape routes complies with the recommen- .

dations for minimum iluminance and illumi-
nance uniformity given above.

" Windowless offices occupied by less than five
people normally should not require emergency
lighting, provided proper escape route light exists
in the corridor.

Handicapped people and other special situa-
tions could be an exception.

A room nominaily occupied by five or more
people and not otherwise requiring emergency
light, should have an luminance at the door
equal to the egress route, or a glass paneled door.
Under these circumstances, solid doors should
be avoided.

[Nlumination of Fire Alarm Call Points
and Fire Fighting Equipment, Fire alarm call
points and fire fighting equipment provided
along escape routes should be illuminated either
by emergency lighting or by normal electric light-
ing or daylight at all times while the premises are
occupied.

Length of Time an Emergency Lighting
System Should Operate Without
Recharging

The time required to evacuate a premise will

- depend upon its size and complexity but it should

normally be possible 10 complete an orderly evac-
uation, even of the largest premises, in less than
one and one half hours. An owner, architect, or
engineer, may agree that a lesser time is accept-
able.

With battery operated emergency lighting, ad-
equate light must be provided without the bat-
tery voltage dropping below 87'% per cent of rated
voltage within the required time.

In an emergency, evacuation times may be
considerably increased; for example, some of the
escape routes may have heen cut off, injured
people may have to be found and possibly given
on-the-spot medical treatment, etc. The time for
which escape lighting is required to operate will,

-
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therefore, always be longer than the absolute
minimum time required to evacuate the premises
under ideal conditions. .

Facilities designed especially for older and par-
tially or wholly incapacitated people present spe-
cial problems and special attention should be
given to this parameter under these circum-
stances.

Power Supply Systems for Emergency
Lighting

Emergency lighting is provided for use when
the supply for the normal lighting fails and must,
therefore, be powered by a source independent
from that of the normal lighting. The recommen-
dations here are confined to illumination by
means of electric lamps. Furthermore, because
this section is concerned, primarily with perma-
nently installed emergency lighting systems, the
only power sources considered are motor driven
electric generators and combinations of recharge-
able secondary batteries together with suitable
chargers.

The National Eiectrical Code section 700* spe-
cifically forbids the use of nonrechargeable (pri-
mary) batteries for emergency lighting.

Generator-Powered Systems. Emergency
lighting systems should provide the required il-
luminance within a 10 second (NFPAI101) period
of the interruption of the normal lighting. If,
therefore, such a system is to be powered by a
generator, it is essential that the generator can
be run up to its required output within the spec-
ified period. and that start-up be automatic on
failure of the normal lighting. Care should be
taken that batteries for generator starting are of
a type specially designed for standby operation
and are provided with suitable chargers.

Battery-Powered Systems. A battery-pow-
ered emergency lighting systein utilizing suitable
rechargeable secondary batteries may be de-
signed for operation from a centrally located
hatterv and charger combination {central sys-
tem) or from batteries located at the lamps them-
selves (unit equipment). The batterv/charger
combination should, in each case, be so designed
that. after the battery has been discharged for
the specified duration of the category of the
system, it should be capable of again supporting
the emergency lighting system for one hour fol-
lowing a 24-hour recharge period.

All central battery powered units should be
adequately ventilated.

IES LIGHTING =ANDBOOK
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Categories. Any emergency lighting svstem

may be designed to supply the required load for -

any desired time. However. it must be designed
to supply the minimum illuminances as estab-
lished above.

Special areas: Almost every commercial
building or apartment house normally occupied
by 100 persons or more will have areas requiring
special attention in the layout of the emergency
lighting system. Examples are heavy machinery
work areas, windowless stockrooms, restrooms
and, particularly, stairwells. Emergency lighting
for such areas only can be designed using good
Judgment and common sense.

The need for exterior emergency lighting to
light escape routes away from the building,
should not be overlooked.

Service and Maintenance

All emergency lighting svstems should be
tested and inspected at least everv 30 days, no
matter what type of emergency power is used.

For large installations where responsible semi-
skilled personnel are not available, a service con-
tract with a responsible service organization
should be provided. In some cases, this contract
can be included in the specifications for the
system, or it gay be negotiated later between
the owner and the service organization. Compe-
tent emergency lighting service organizations op-
erate in most cities.

Criteria for Measurement of Emergency
Lighting

Because of the very low illuminances provided
by emergency lighting and because only escape
routes need to be lighted, lux (footcandle) and
watts per square meter {foot) are not suitable
measuring criteria. Adequate visibility is reaily
the only suitable criteria. However, at the pres-
ent time there appears to be no better way to
specify that than in illuminance or luminance.

Caution’

Section 700 of the National Electrical Code®
contains specifications for the installation of
emergency lighting and these should be adhered
to. .
All emergency lighting equipment should carry
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the label of a nationally recognized testing labo-
ratory.

ECONOMICS

Economic analysis is an important tool to be
used in making lighting design decisions. It is
based on the economic impact of various alter-
natives, and assumes that the relevant variables
are expressible in monetary units. [n comparing
a number of different lighting systems, for ex-
ample, a life cycle cost study is not relevant
unless all systems are functionally acceptable.
There is no monetary expression that says one
alternative doesn't provide enough light, or that
another alternative is a system with a great deal
of discomfort glare. Therefore, the analvsis as-
sumes that all alternatives are functionally
equivalent.

Since money has a time value, a monetary unit
{e.g., dollar, peso, etc.) at one date is not directly
comparable with the same monetary unit at an-

-other date. It is not sufficient, therefore, to de-

termine the amounts of expenditures and re-
ceipts. It is necesary to determine the times of
these cash flows. This is the essence of life cycle
costing. All expenditures and receipts for the
anticipated life of the system or length of the
study period are expressed in terms of present
worth.

For life cycle costing of a lighting system an
evaluation is made of a series of payments which
Include initial cost, power costs, replacement
lamp and ballast costs, cleaning and maintenance
labor costs, etc. Life cycle costing is particularly
useful in determining the most economical sys-
tem when a series of costs are likely over a long
Period of time. With power costs, labor costs, and
replacement parts increasing at a rapid rate, the
system with the least initial cost may be the most
expensive alternative over the life of the system.

_For more specific information, see Section 3,
Lighting Economics.
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CONTENIDO

EL PROCEDIMIENTO DE CALCULO DE FTLUMINACION, AUNQUE MAS BIEN
FACIL PARA EL DISENADOR EXPERIMENTADO, EN OCASIONES PARECE

SER COMPLICADO PARA EL PRINCIPIANTE. EN ESCENCIA EL METODO

INVOLUCRA EVALUACIONES PRELIMINARES, DETERMINACION DE PARA-
METROS Y CALCULOS. .

UNA DIFICULTAD DURANTE EL ESTUDIO DE ESTAS NOTAS, PUEDE SER

LA CARENCIA DE FAMILIARIDAD CON LA TERMINOLOGIA. AUNQUE LOS-
TERMINOS DE E£STAS NOTAS SON EXPLICADOS CONFORME SON INTRODU-
CiDO05, OTRAS DEFINICIONES PUEDEN RECQUERIR LA REFERENCIA A O-

TRAS PUBLICACIONES.-

ANTES DE ABORDAR LAS SIGUIENTES PAGINAS, LA DESCRIPCION DEL
CONTENIDO DE ESTAS NOTAS PUEDE SER UTIL.

1.—- INTRODUCCION: UNA BREVE DEFINICION DEL SISTEMA; POR QUE
ES LLAMADO “METODO DE CAVIDAD ZONAL*, ETC.

2,- CALCULO DE 1LUMINACION; UNA EXPOSICION DE LAS RELACIONES
BASICAS ( LA 7"ECUACION™ O ~“FORMULA~ ) DE LA CANTIDAD DE
ILUMINACION A LA CANTIDAD DE LUZ QUE ES GENERADA POR UN
SISTEMA DE 1LUMINACION,

LA ECUACION BASICA DE EXPANDE PARA INCLUIR UN NUMERO DE
FACTORES LOS CUALES MODIFICAN EL COMPORTAMIENTC DE LA
LUZ ENTRE EL LUMINARIO Y EL PLANC DE TRABAJO QUE VA A

SER ILUMEINADO.,

NOTA: ESTOS FACTORES SE DEFINEN CONFORME SE PRESENTAN
PERO LA FORMA DE DETERMINARLOS ES EXPLICADA HASTA QUE
LA ECUACION ESTA COMPLETAMENTE DESARROLLADA,

3.- ECUACIONES DE TRABAJO: SON LAS EXPRESIONES MATEMATICAS
"PREVIAMENTE DETERMINADAS. ESTAS SON LAS FORMULAS “DE-
SARROLLADAS” LAS CUALES SE UTILtZAN PARA LOS CALCULOS.

4.- DETERMINACION DE FACTORES: EL PROCEDIMIENTO PASO POR PA-
SO PARA LA EXACTA DETERMINACION DE LOS FACTORES “DESCO-
NOCIDOS” LOS CUALES VAN A SER SUSTITUIDOS EN LAS "ECUA-
CIONES DE TRABAJO™. :

2




ARREGLO DE LUMEINARIOS: UNA EXPLICACION DE COMO DISTRIBUIR LOS
LUMINARIOCS QUE SE HA CALCULADO SON NECESARIOS PARA PROPORCIO--
NAR LA TLUMINACION REQUERIDA.

!

€L DESARROLLO DE CADA UND DE LOS FACTORES SE 1LUSTRA MED!IAN-
TE “EJEMPLOS” BASADOS EN EL SIGUIENTE PROBLEMA:

o S

= .
Tlr— 99§ ol

(1) LOCAL [INDUSTRIAL

(2) NIVEL DE ILUMINACION MINIMO: 1180 LUXES

(3) LAMPARA A UTILIZAR: LUCALOX DE 250 WATTS gLuzsogul

(4) LUMINARIO A UTILIZAR: N° 16, PAG. A-4

(5) CONDICION DE SUCIEDAD: “MEDIA”

(6) MANTENIMIENTO DEL SISTEMA DE ILUMINACION: CADA 24
MESES




l.-,

CALCULO DE 1LUMINACION POR EL
METODO DE CAYIDAD ZONAL.

INTRODUCC I ON

EL METODO DE CAVIDAD ZONAL PARA EL CALCULO DE ILUMINACION,
DESARROLLADO POR LA SOCIEDAD DE INGENIERIA DE [LUMINACION

( 1ES ), DETERMINA LOS NIVELES DE ILUMINACION PROMED!IO DE

LA LUZ BEMITIDA POR LOS LUMINARIOS DENTRO DE UN ESPACIO CE-
RRADO. [ESTE METODO ES PREFERIDO SOBRE OTROS NO PORQUE SEA
NECESARIAMENTE MAS EXACTO, SINO PORQUE ES RELATIYAMENTE -

SIMPLE Y FLEXIBLE. SUS RESULTADOS SON GENERALMENTE MAS -

REPRESENTATIVOS DE UNA SITUACION DE ILUMINACION REAL Y ~-

PUEDE SER APLICADO A CUALQUIER TIPO DE SISTEMA DE 1LUMINA

CION EN LOCALES RECTANGULARES O DE FORMAS ESPECIALES.

EL TERMINO “CAYIDAD ZONAL” SE DERIVA DE SUPONER QUE €L ES-
PACIO EN CONSIDERACION ESTA DI1VIDIDO EN CAYIDADES SOBREPUES
TAS ( MAXIMO 3 ) E INVESTIGA EL COMPORTAMIENTO DE LA LUZ EN
CADA UNO ANTES DE QUE LA LUZ ALCANCE EL NIVEL ( EL "PLANO -
DE TRABAJO” ) EN EL CUAL SE LOCALIZA LA TAREA VISUAL.

ESTAS NOTAS EXPLICAN ESTE FENOMENO, TAMBIEN PROPORCIONA UNA
EXPLICACION DEL PROCEDIMIENTO DE CALCULO DE [LUMINACION PA-
SO POR PASO ( CON EJEMPLOS APROPI1ADOS ).

CALCULO DE ILUMINACION

EL CALCULO DE ILUMENACION ESTA BASADO EN LA DEFINICION DE
LA CANTIDAD DE ILUMINACION: _EL "LUX".

LIMENES
AREA ( EN METROS CUADRADOS )

(1) Lux =

LA ECUACION ES BASICA: EN ESTA SE ASUME QUE TODA LA LUZ GE
NERADA ( LUMENES ) SE VUELVE {LUMINACION EN EL PLANO DE TRA
BAJO. EN REALIDAD, EXISTE UN GRAN NUMERO DE PARAMETROS QUE
DEBILITAN EL SISTEMA DE ILUMINACION. ESTE METODO DE TLUMINA

CION INVOLUCRA CUATRO DE ELLOS ~ Y EL INGENIERO DE I1LUMINA-

CION LOS COMPENSARA MEDIANTE LA APLICACION DE FACTORES ADi- .
CIONALES EN LA ECUACION ( 1 ):




—COEFICHENTE DE_UTI.UFZACIONZ(CL) i —

DEPRECIACION DE LOS LUMENES DE LA LAMPARA (DLL):
DEPRECIACION POR POLYO EN EL LUMINARIC (DPL)
DEPRECIACION POR SUCIEDAD DEL LOCAL (DPSL)

~,
!

EL PROPOSITO ESCENCIAL ( Y PROCEDIMIENTO MAS LARGO ) DEL
METODO DE CAYIDAD ZONAL ES LA DtTERNINACION DEL COEFICIEN
TE DE UTILIZACION,

COEFICIENTE DE UTILIZACION (CU)

LAS LAMPARAS DE UN LUMINAR!O GENERAN UNA CANTIDAD CONOCIDA
DE LUMENES, PERO UNICAMENTE UNA PORCION DE ESOS LUMENES SA
LE DEL LUMINARIO. EL RESTO ES AESORBIDC PCR EL LUMINARIOQ
MISMO (AL PORCENTAJE QUE ES EMITIDO SE LE DENOMINA LA "EF1
CIENCIA” DELZLUMINARIO). LA LUZ QUE ESCAPA SUFRE PERDIDAS
POSTERIORES - DEBIDAS A LA GEOMETRIA DEL LOCAL Y A LA RE-
FLECTANCIA INICIAL DE SUS SUPERFICIES. ENTONCES, EL CU ES
EL PORCENTAJE DE LUZ GENERADA- POR LA LAMPARA QUE FINALMEN-
TE INCIDE EN EL PLANO DE TRABAJO. ASI| LA ECUACION (1) SE

MODIFICA: E

LUMENES x CU
AREA

(2) LUXES =

FACTOR DE PERDIDA DE LUz (FPL)

EL TIEMPO {MPONE UNA REDUCCION GRADUAL DE ILIMINACION. LOS
LUMENES DE SALIDA DE ‘LA LAMPARA DISMINUYEN. LA SUTLEDAD DE
LAMPARAS Y LUMINARIOS REDUCE LA EFICIENCIA. LA SUTIEDAD DEL
LOCAL ATENUA LA REFLECTIVIDAD. DEE!DO A QUE EL NIVEL DE 1L
MINACION USUALMENTE ES CALCULADO COMO UN VALOR MANTENIDO --
(UN NIVEL MINIMO RECOMENDADC), EL DISEND DE 'LUMINAZION RE-
QUIERE UN NIVEL INICIAL MAYOR; POR TAMT(Q, LA ECUACION (2) -
DEBE SER MODIFICADA MEDIANTE LA INJLUSION DE “FACTORES DE -
DEPRECIACION” COMPENSADORES.

DEPRECIACION DE LOS LUMENES DE LA LAMPARA (LiL)

COMPENSA LAS PERDIDAS DE LOS LUMENES DE SALIDA. EL FAC
TOR DLL ES PROPORCIONADO POR EL FABRICANTE DE LA LAMPA
RA.




DEPRECIACION POR POLYD EN EL LUMINARIO (DPL)

COMPENSA LAS PERDIDAS OCASIONADAS POR LA ACUMULACION DE

POLYO EN LAMPARAS Y LUMINARIOS, EL YALOR DEPENDE DEL Di

SENO DEL LUMINARIO Y DE LAS CONDICICONES AMBIENTALES; POR
EJEMPLO, LA PERDIDA ES MAYOR EN UNA FUNDICION QUE EN UNA
OFICINA CON AIRE ACONDICIONADO Y FILTRADO. EL FACTOR DPL
SE DETERMINA CON UNA EXACTITUD APROX{IMADA MEDIANTE EL EM
PLEO DE TABLAS APROPIADAS O GRAFICAS.

- DEPRECIACION POR SUCIEDAD DEL LOCAL (DPSL)

COMPENSA LAS PERDIDAS QUE OCASIONA LA SUCIEDAD EN LA RE-
FLECTIVIDAD DE LAS SUPERFICIES DEL LOCAL. DPSL St DETER-
MINA MEDIANTE TABLAS. '

INCLUY ENDO TODOS ESTOS FACTORES EN LA ECUACION_(Z)

LUMENES x CU x DLL x. DPL x DPSL
AREA

(3) LUXES =

FPL ES EL PRODUCTO DE TODOS LOS FACTORES DE DEPRECIACION;

(4)  FPL = DLL -x DPL x DPSL

"ENTONCES, LA ECUACION (3) PUEDE SER EXPRESADA COMO

LUMENES x CUl x FPL
AREA

(5) LUXES =

LAS ECUACIONES DE TRABAJO

EL DISENO DE ILUMINACION IMPLICA LA DETERMINACION DEL NUMERO
TOTAL DE LUMENES (POR TANTO, LA CANTIDAD DE LUMINARIOS) REQUE
RIDOS PARA PRODUCIR UN NIVEL ESPECIF{CO DE LUXES EL CUAL ES UN
YALOR CONOCIDO. OTROS FACTORES DE_LA ECUACION (5) SON DETERMI-
NABLES. ENTONCES, ES CONVENIENTE TRANSFORMAR LA ECUACION PARA
DETERMINAR EL TOTAL DE LUMENES DESCONOCIDOS.

LUXES x AREA
CU x FPL

(6) LIMENES TOTALES =




— ————- ————CADA LUMINARTO-THENE-UN-NUMERO-CONOCTDO-DE-LAMPARAS; CADA~— —————
LAMPARA GENERA UNA CANTIDAD CONOCIDA DE LUMENES. POR TANTO, ‘
LA CANTIDAD DE LUMENES PRQDUCIDOS DENTRO DE CADA LUMINARIOQ
ES: ' '

(7) LUMENES POR LUMINARIO = N° DE LAMPS. x LUMENES
POR LAMP.
J )
EL PASO FINAL CONSISTE EN DETERMINAR EL NUMERO REQUER!IDO
(N) DE LUMINARIOS:

LUMENES TOTALES
LUMENES POR LUMINARIO

(8) I N =

ES SIN DUDA MEJOR. PARA EL PRINCIPIANTE USAR LAS ECUACIONES -
(6), (7)., Y (8) EN SECUENCIA. SIN EMBARGO ESTOS PASOS PUE-
DEN SER COMBINADOS EN UNA SOLA ECUACION:

9) | n = _ LUXES x AREA
" CU x FPL x (LUMENES/LAM) x (LAMPS/LUMINARIO)

UNA VEZ DETERMINADO "N”, EL DISENADOR DE 1LUMINACION TRANS-
LADA ESTA INFORMACION AL “ARREGLO DE LUMINARIOS”. LA GEOME-
TR1A DEL LOCAL Y/O LAS CONDICIONES MECANICAS PUEDEN REQUE--
RIR LIGERAS MODIFICACIONES A LA CANTIDAD DE LUMINARIOS.

N

4.- DETERMINACION DEL COEFICIENTE DE UTILIZACION

COMO PREVIAMENTE SE ANALIZO,'EL CU ES EL PORCENTAJE DE LUZ,
GENERADA POR UN SISTEMA DE I1LUMINACION, QUE ALCANZA FINALMEN-
TE EL PLANO DE TRABAJO. ESTE VALOR DEPENDBE DE LAS SIGUIENTES

CONSIDERACIONES: -
° LA EFICIENCIA DEL LUMINARIO Y SU CARACTERISTICA DE
DiSTRIBUCION DE LUZ.

© LAS PROPORCIONES GEOMETRICAS DEL LOCAL: LA RELACICN
DE SUPERFICIES VERTICALES Y SUPERFICIES HORIZONTALES.

© LAS REFLECTANCIAS DE LAS SUPERFICIES DEL LOCAL Y LAS
INTERREFLEXIONES DENTRO DE "CAVLDADES ZONALES™ DEFIN]

1l|' DAS.
] ; '?



EL CU APROPIADO SE EXTRAE DE TABLAS CALCULADAS Y PROPORCIONA-
DAS POR EL FABRICANTE DEL LUMINARIO. ( CADA LUMINARIO TIENE

SU PROPIA TABLA DE CU. ) LA ILUSTRACION SIGUIENTE, ES UN EJEM
PLO DE UNA TABLA TIPICA. ANTES DE QUE EL CU SE PUEDA EXTRAER,
ES NECESARIO DETERMINAR VARIOS FACTORES DE ENTRADA. ESTOS IN-
VOLUCRAN CALCULOS PRELIMINARES Y/O REFERENCIA A OTRAS TABLAS.

LOS FACTORES DE ENTRADA

SON:
1.- PORCIENTO DE REFLEC .
TANCIA EFECTIVA DE Conficiantny de Utiiiascion \
LA CAYIDAD DEL TE- ?
CHO (PCT). e gyt — 0 ro 30 b ) 0 J
2.- PORCIENTO DE REFLEC o] % 3 w|% 2 to|% 3 )% % w0l 3/
TANCIA DE LA PARED . [__ s oo wrtivacson pove 20%
(PH) . ! de refectancia oleciive de piso ipe = 20}
3.~ RELACION DE CAVIDAD | ol e o 'R j - -;;i,-y/‘
o 85 84 .54 .3 .52 ;2 .51 .
DEL LOCAL (RCL) O bl B N e R wWs u
(RCR). —] 3 | .8 .45 . " o e w .:‘:lr_“, 40
far lac Hurni s |0 3 = mw aV'? w8 e
alfu s |.e0 3 . ®» 3 3 .3
( m'c‘fd ?‘we(g’s s p 3% 32 . n X ,';‘;/.lob (ltﬁ m"ﬂd‘?an-
e%P&a}:CaL,RC mts : fs:: : ::/jﬁ‘on e é& N
ndes nd; ot < 5 0 o "
gra indican feca- | ¢ | n . /9*09 " ) " o
fes ma's pe,ucﬁo:) __'f_] B £ ﬁ,f/ 0“‘,6 ﬁaﬂ
- VAN
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LAS “REFLECTANCIAS EFECTIVAS” SE EXTRAEN DE OTRAS TABLAS Y SON
UNA MODIFICACION DE LAS REFLECTANCIAS REALES DE LAS SUPERFICIES
DEL LOCAL. ESTAS ULTIMAS SON ESPECIFICADAS, MEDIDAS O - EN OCA
CiONES - ESTIMADAS, SIN EMBARGO, ES NECESARIO PRIMERO DETERMINAR
LAS RELACIONES DE CAVIDAD, :

DETERMINACION DE RELACIONES DE-EAVIDAD

SUPONGA UN LOCAL RECTANGULAR DIVIDIDO EN TRES CAVIDADES HOR! ZON

TALES,
(1) "LA
EN

{(2) LA
UN

TORIOS, HERRAMIENTAS, ETC.).

CADA UNA LIMITADA VERTICALMENTE POR LAS PAREDES:
“CAVIDAD DEL TECHO"- ENTRE EL TECHO Y UN PLANO IMAGINARIC
LA PARTE INFERIOR DE ‘_Los LUMINARIOS.

“CAVIDAD DEL LOCAL"- ENTRE EL PLANO BE LOS LUMINARICS Y
PLANO IMAGINARY{O SOBRE LAS SUPERFICIES DE TRABAJO (ESCRI-




P1SO.

—(:3)~LA "CAVIDAD DEL PISO*= ERTRE EL PLANO DE TRABAJO Y EL

Teche

Caridad o/ leche ——

Cavidad oo/ /focal —

Cavidad e/ pigo. ——>

A A

h

Plane oe by hum;raries

NOTA: SI LOS LUMINARIOS ESTAN EMPOTRADOS EN EL TECHO, O Si
LA SUPERFICIE DE MONTAJE ES POCO PROFUNDA, NOQ EXISTE

CAYIDAD DEL TECHO. SI

EL PLANO DE TRABAJO COINCIDE CON

EL PISO, NO EXISTE CAVIDAD DEL PISO. SIEMPRE EXISTE U-

NA CAVIDAD DEL LOCAL.

DENTRO DE ESTAS CAVIDADES, LA LUZ DE INTERREFLEXION SE COM-
PORTA DIFERENTE CUANDO LA RELACION DE AREA VERTICAL SOBRE -
HORJZONTAL DIFIERE; POR LO TANTQ, EL PRIMER PASO PARA DETER-
MINAR ESE COMPORTAMIENTO IMPLICA LA DETERMINACION : LAS RELA
CIONES DE AREA VERTICAL SOBRE AREA HORFZONTAL EN CADA UNA -
DE LAS CAYIDADES. ESAS SON LLAMADAS "RELACIONES DE CAVYIDAD"

(RC).

PARA ENTENDER ESTAS RELACI0-
NES RC, SUPONGA UNA CAYIDAD
CUYAS DIMENSIONES SE MUES--
TRAN EN LA FIGURA ADJUNTA.

[Amen: L=A

xl.Y
(Msas #xA) U.nlsl-i

L

A

-

(1) EL AREA DE CADA PARED FRONTAL O POSTERIOR ES (H x A); ©
EL AREA COMBINADA ES 2 (H x A):

(2) EL AREA DE CADA PARED LATERAL ES (H x L); COMBINADA, ---

Z(H x L).

(3) EL AREA TOTAL DE PAREDES ES [Z(H x A) + 2(H x L)] o,

SIHPLIFICADO 2H (L + A).



(4) EL AREA DEL TECHO Y DEL PISO ES (L x A); COMBINADD, ---
2(L x A). |

(5) POR TANTO, LA RELACION DE AREAS VERTICALES SOBRE HOR!-
ZONTALES (LA RELACION DE CAVIDAD) ES:

2 (L+A) _ HOL+A) -
2 (L x A L x A

RC =

REFIRIENDO AL CU TABLA (PAG. § ), SE NOTARA QUE LA COLUMNA
1ZQUIERDA TIENE VALORES DE RELACION DE CAYIDAC DEL LOCAL -
(RCL) O (RCR) DE 1 A 10. SI SE SUSTITUYEN DIMENSIONES REA-
LES EN LA ECUACION, LAS RELACIONES DE CAVIDAD PARA LA MA--
YORIA DE LOCALES CAERA ENTRE 0.2 Y 2.0. LAS RELACIONES DE

CAVIDAD PARA TECHOS Y PISOS SERIAN AUN MAS PEQUENAS. PARA

ESTABLECER NUMEROS DE RC MAS CONVENIENTES PARA ENTRAR A -

LAS TABLAS DE CU, LAS RC’S ESTAN ARBITRARIAMENTE MULTIPLI-
CADAS POR 5 — UN ARTIFICIO QUE NO MODIFICA LA RELACION:

SH (L + A)
1 x A

RC =

SE PUEDE AHORA DETERMINAR LAS TRES RELACIONES DE CAVIDAD;
NORMALMENTE, PRIMERO RCL (RCR EN INGLES)

_SHCL (L + A) _ v  RCT = —HET(L + A)
I. x A \ - \q ---------
~ 1 .
- - 1;1_
J T wr T SHCP(L + A)
L + RCP = R

LA LONGITUD Y EL ANCHO SON CONSTANTES: ENTONCES, SE PUE-
DE CALCULAR RCL Y EN FUNCION DE ESTE,RCT Y RCP (CADA UNO
ES PROPORCIONAL AL OTRO DE ACUERDO A SU VALOR DE H):

- HCY PR HCP
RCT = RCL 1= | _ RCP = RCL 3=
E"emp\o: Hcr=0.61l m |, Hor=3.08 -v';_ 4y Hce= 0.91m
_ 5,305 (30.5+ €1) 30: Rer=30 &‘_-_‘.): 0.6 ; Rep=30
Res = 30.6 %6\ Q. (3-05 S

L0



— DETERMINACION_DE_LAS REFLECTANCIAS—EFECTIVASDE LAS—CAVITANES]

UN PASO MAS SE NECESITA PARA ORTENER LOS DATOS SUFICIENTES PARA
LA DETERMINACION DEL CU: LA DETERMINACION DE LAS "REFLECTANCIAS
EFECTIVAS DE TECHO Y PISO”.

ES IMPORTANTE QUE" EL ESTUDIANTE DISTINGA ENTRE LAS REFLECTANCIAS
REALES DE UNA SUPERFICIE Y LAS REFLECTANCIAS EFECTIVAS DE LA CA-
YIiDAD, CUANDO LA LUZ SALE DEL LUMIM.RIO LO HACE EN VARIAS DIREC-
CIONES. CUALQUIER RAYO DE LUZ "REBOTA” CONSIDERABLEMENTE DE UNA

SUPERFICIE A OTRA. CADA REBOTE CAUSA ALGUNAS PERDIDAS (POR ABSOR

- CION) Y LA POSTERIOR DISPERSION DE LA PORCION NO ARSORBIDA EN --

MAS RAYOS EN MUCHAS OTRAS DIRECCIONES. ESTE ES EL PROCESO DE IN
TERREFLEXION QUE PRODUCE REFLECTANCIAS EN LAS CAVICADES LAS CUA-
LES PUEDEN DIFERIR DE LAS OBSERVADAS EN LAS SUPERFICIES BASICAS
(TECHO O PiS0O) DE LAS CAVIDADES RESPECTIVAS. -

LAS REFLECTANCIAS EFECT{VAS DE LAS CAYIDADES SE EXTRAEN DE LA TA-
BLA 1 (UNA PARTE DE ESTA SE MUESTRA ABAJO)

PARA OBTENER LA REFLECTANCIA EFECTIVA DE LA CAVIDAD DEL TE-
CHO (PCT):

(1) ENTRE A LA COLUMNA 1ZQUIERDA DE LA TABLA CON RCT.
- (2) ENTRE A LA LINEA SUPERIOR CON LA REFLECTANCIA REAL DEL
TECHO.
(3) ENTRE A LA SEGUNDA LINEA CON LA REFLECTANCIA REAL DE LA
PARED.
(4) OBTENGA LA REFLECTANCIA EFECTIVA DE LA CAVIDAD DEL TECHO
EN LA INTERSECCION DE (1) cON (2) Y (3).

PARA OBTENER LA REFLECTANCIA EFECTIVA DE . LA CAYIDAD DEL Pi-
SO (PCP):

(1) ENTRE A LA COLUMNA IZQUIERDA DE LA TABLA CON RCP.

(2) ENTRE A LA LINEA SUPERICR CON LA REFLECTANCIA REAL DEL
Piso. |

(3) ENTRE A LA SEGUNDA LINEA CON LA REFLECTANC!A REAL DE LA
PARED.

(4) OBTENGA LA REFLECTANCIA EFECTIVA DE LA CAVIDAD DEL PISO
EN LA INTERSECCION DE (1) CON-(2) Y (3).
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ZELECCION DE LAMPARAS Y LUMINARIOS

E 'Ieme‘o H
Del €jem.

Rr_‘r 2 0.6
Ree= 0.9

P = BO°%
R = 50°%
Pe=10%

-, Per =-‘||"l (10‘1

fep= Wsl

EL PLANTEAMIENTO DE UN SISTEMA DE [LUMINACION PRESUPONE QUE
L DISENADOR HA ESTUD}ADO EL PROBLEMA Y HA DETERMINADO AL ME-
JS UNA SELECCION TENTATIVA DE LA COMBINACION LAMPARA-LUMINA-
R10, LOS PARAMETROS QUE DEBERA HABER CONSIDERADO PREVIAMENTE
INCLUYEN:

FUNCIONES Y/0 ACTIVIDADES EN EL LOCAL
{LUMINACION MANTENIDA RECOMENDADA
GEOMETRIA DEL LOCAL Y REFLECTANCIAS BE LAS SUPERFICIES
ECONOMIA DE ENERGIA Y DE PESOS
CONSIDERACIONES ESTRUCTURALES, ETC.

LA SELECCION DEL LUMINARIO DEBE SER PREVIA A LA INVESTIGACION
DEL CU EN TABLAS (LAS CUALES, RECUERDE,

LUM INARIOS ESPECIFICOS). AL MISMO-TIEMPO,

ESTAN CALCULADAS PARA

ES VENTAJOSO DETER-

MINAR LOS LUMENES DE SALIDA DE LA LAMPARA PROPUESTA - LO CUAL
SE OBTIENE DE DATOS PROPORCIONADOS POR EL FABRICANTE DE LA LAM

PARA.

SUPONGA QUE SE CONTINUA LA INVESTIGACION DE DATOS, ALGUNOS DE

ELLOS HAN SID0 DETERMINADOS EN LOS EJEMPLOS PREVIOQS,

SE HA DECIDIDC USAR:

Y AHORA
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(1)~ LARPARAS-G. E.—DE-250-WATTS-LUCALOX—(LU250/BU) S

(2) LTIMINARIO DE HID, CURVA DE DISTRIBUCION AMPLIA, TIPO DIREC-
TO. (N°_16 EN TABLA 2).

PARA ESTE CALCULO, INTERESA LOS LUMENES INICIALES DE SALIDA DEL
LU250/BU. DIRIGIENDOSE A LA PAGINA APROPIADA DEL CATALOGO DE LAM
PARAS, LA DETERMINACION DE LOS LUMENES ES UNA SIMPLE EXTRACCION:

LAMPARAS GENERAL ELECTRIC DE DESCARGA DE ALTA INTENSIDAD

PaAL BEARSE $8 Cudi OSIER POSICION BE EOCERRIOG EXCEPTD FN LAS ANETADAS

f\.
’ sk Legm Vs /
T BASE SavOR ONDENAR Macvo — L . LUMENES APRO
SOM 1578 A MO DE - SESCRIPTION i [0 “;'
-~ Esoquile Ca Al 060 Lan e souy & Lo "N ] o a
om

Aswnods n - o —ICIAM-QA

LAMPARAS LUCALDX ® (de Vapor de Sodio es Atta Presion} { (

e

250 WATTS - .
_ g

® Jeuw. | 22 {tew )——1 394 U SN Sy I N
— . o A S

- ] et | LL2SQE = |cLarg 227 | 116 | 2e000 | XD | 270m

2 [Ex Lu2st/d - DIFusD . 2286 ] 27| a0 | 2e000 1 23800
400 WATTS

2 ez e | woon [Lam 122000 JcLaRD U-’”EI 15 | 20000 [ s | 22 poo (De Cata-,

ChmCA . r
1

L I & e Mo - [DIFUS0 3l s 21000 | e l 22 739 o%o G E)

NOTESE, OTRA VEZ, QUE TODO £EL TRABAJO DE LAS PAGINAS PREVIAS HA
SIDO PARA ESTABLECER LOS DATOS QUE SON PRELIMINARES PARA LA OB-
TeNT ON DEL COEFICHEENTE DE UTILIZACION Y NO.SON, POR SiI MISMOS,
b: .'ARTE DEL CALCULO DE ILUMINACION. SIN EMBARGO, SE ESTA PRE-
PARADO - AL FIN - PARA REFERIRSE A LA TABRLA DE LA CUAL SE PUE-

DE EXTRAER EL. CU. -

EXTRACCION DEL CU -

UN INGENIERO NO CALCULA LOS CU'S; ELLOS SON CALCULADOS DE MEDI-
CIONES DE POTENCIA LUMINICA EN LOSTLABORATORIOS FOTOMETRICOS DEL
FABRICANTE. UNA SECCION DE LA TABLA 3 DE CU SE MUESTRA, A CONTI-
NUACION.

PARA EXTRAER EL CU;

(1) ENTRE A LA COLUMNA DE RCR CON EL VALOR APROPIADO.
(2) ENTRE A LA LINEA SUPERIOR CON PCT

-
ot
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(3) ENTRE A LA SEGUNDA LINEA CON PW.

(4) OBTENGA EL CU EN LA INTERSECCION DE (1), (2) v (3).
—{De Tabla 2, 901 A-y)
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2|7 .0 wlp m omin nm e} Eigmplo:
ot t{n o sl & |le .« .u N
«|w o g » ule s u De pags anteriores
-0 s | %0 M 0% M 50|87 .8 o
AeBectr con verciocid ¢ |5 @ 4 & 45[2 .4 Reyz=3% = (30 e )
diotribcion imrmmo 7].50 4 wlg .« ©0|l.ao a .
prifairanpaivesiiod 8|5 0 2@ 0 % .« W Pw = 30%
Seacarpe de ants esn {0 » 1|4 36 2|0 3 Pep = 5%
dad. 0 3 n .»N)}. n 3|.37 . kl,: R(R: 3-0
» m 1a jelw @ owld w0 0| e si e emplea el
1 B R DB 8 Ni.m . M e 16
7T .n LA 7_8)n \uminacio
p (:>~ﬂhdl—‘b. B 60| .68 C\)::O.Gﬁ
: ' s = sl .5 8l
By o |58 GlE 8 a|e Este valor es correcte
Raflocror con  venthackin 7 ]9 0 8|6 % 3|4 cuando Pep=10%%, Pq.ra.
pers distribucion  dihue | I T - (S % (O § N L | % . €
con Mempars claca de das- st n'nlnm este ¢-¢'“P|° Pep= 11.5
Cargs de alta inwensidad. |8 7 Mjn sario aplicar una urrmoa.(f'-. A
v—-
=l

EN OCASIONES ES NECESARIO INTERPOLAR VALORES DE CU PARA OBTE-
NER EL BUSCADO. LOS YALORES DE CU VARIAN CAS| LINEALMENTE, POR
LO QUE LA INTERPOLACION A UTILIZAR ES LINEAL.

LAS TABLES DE CU ESTAN CALCULADAS PARA LOCALES QUE TENGAN UNA
REFLECTANCIA DE LA CAYIDAD DEL PISO DE 20%. S| EL PCP QUE SE
TENSA YARIA NOTABLEMENTE DE 20%, ES NECESAR{O CORREGIR EL CU
CON UN “FACTOR DE MULTIPLICACION”,

AJUSTE DEL CU

-

LA TABLA 3 SE USA PARA ESTE PROPOSITO. EL PROCEDIMIENTO DE EN-
TRADA ES EXACTAMENTE EL MISMO QUE EL DESCRITO PARA EL USO DE
LA TABLA DE CU: RCR EN LA COLUMNA IZQUIERDA; LAS REFLECTANCIAS
EFECTIVAS DE LAS CAY!IDADES DE TECHO Y PISC A LO LARGO DE LAS

LINEAS SUPERIORES, EL "FACTOR DE HULTIPLICACION" SE EXTRAE DE

LA INTERSECCION.
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de exta
0.953%
s 0.651

o 65

—
-

la pag. Ml es 0.6%.
£l factor de mul-
ol cacion

U

tnP‘
tabla €3

I.W/
o
0044 E| CV extraide en
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E388585353

..........
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x FACTOR DE MULTIPLICACION
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LUMENES TOTALES

»ES SIMPUBMENTEEL PRODUCTO DE ESE FACTOR Y EL

Fectorca wtillzedos pers reflectancies efoctivas da plao diererites al 20% '
mmxammamam(mﬁ

EL CU "AJUSTADO

CU ORIGINAL.

CU, JusTapo ~ CYorIGINAL
Y ES EL VALOR OUE ENTONCES VA A SER USADO EN LA ECUACION (6)
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e cav-
dad de
weho, pa
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LOS FACTORES DE PERDIDA DE LUZ

EN LA PAGINA 2 SE DEFINIERON TRES FACTORES QUE CONTRIBUYEN EN LA
REDUCCION DE ILUMINACION: DLL, DPL Y DPSL. CADA UNO ES UNA PREDI
CCION, EN PORCIENTO, DE LA CANTIDAD DE LUZ QUE "SOBREVYIVIRA™ ES-
TOS EFECTOS REDUCTORES SOBRE UN TIEMPO DETERMENADO. EL PRODUCTO
DE TODOS ESTOS ES LLAMADO EL FACTOR DE PERDIDA DE LUZ (FPL).

DETERMINACION DE LA DEPRECIACION DE LOS LUMENES DE LA LAMPARA --

(OLL).

LA TASA DE DEPRECIACION DE LOS LUIMENES PARA CUALQUIER LAMPARA --
PUEDE PREDECIRSE EXACTAMENTE Y GRAFICADA Y TABULADA. EN ESTAS NO
TAS, SE CONSIDERARA DLL COMO LA DEPRECIACION QUE SE ESPERA CUAN-
DO LA LAMPARA HAYA SIDO OPERADA POR UN TIEMPO IGUAL A APROXIHADA
MENTE EL 70 ¥ DE SU VIDA NOMINAL PROMEDIO.

LA DETERMINACION DE DLL ES UNA SIMPLE EXTRACCION DE LA TABLA 4.

[ | e

TIPO DE LAMP. waTyg FACTOR®

(De Tabla % , pag. A-6)

HID
= al
H1730X39-22 17s By
H2s0DX37-5 .
Ha00DX33-1 M :
H10000X36~16"

Supon%a el uso de

Wwha lanp‘.r.- LucALax
de 150 watis (LU250)

TODAS LAS POTENCIAS

ESTANDAR . ‘
(LUso-L11000) —90- pLL = 0.1
LUH1SO ' 150 90 :

urte1s 2158 90~ 83

.

DETERMINACION DE LA DEPRECIACION POR POLVO EN EL LUMINARIO {(DPL)

ESTE ES UNA “SUPOSICION" BASADA EN LA “CONDICION DE SUCIEDAD”, -
EN EL TIPO DE LUMINARIO Y EN LA PRACTICA DE MANTENIMIENTO DEL -~
CONSUMIDOR (O CLIENTE). ES POSIBLE UNA EXACTITUD RAZONABLE ME-—-
DIANTE EL USO DE GRAFJCAS (COMO LA MOSTRADA -ABAJO) LAS CUALES EL
1ES HA DESARROLLADO PARA SEIS CATEGORIAS DE LUHINARIOS (YER TA—
BLA 5). .

i



PARA DETERHINAR DPL

(1) ENTRE A LA LINEA INFERIOR CON EL ~CICLO DE MANTENIMIENTO ASU
MIDO~ (EN MESES).

(2) SIGA HACIA ARRIBA HASTA LA INTERSECCION CON LA "CONDICION DE
SUCIEDAD” ESPERADA. |

(3) SIGA HACIA LA 1ZQUIERDA HASTA LA ESCALA VERTICAL.

(4) EXTRA1GA EL DPL,

/-(_Dg Tabla S, pag- A1)

N

7
fa

L4

r

N *
R EES Cateqoria det luminario T
\r\ '--N-':'P o -] )
=S -
Y -~ F- T& [ — . Jicion de . "mcd;‘.
[ ¥ % > - -
Ciclo d¢ manieaimiento 14 meses.
“. [ ™) " 1 e
. F - )
- - DPL=0.80

t De Tabla 2, pag. Al

DETERM INACION DE tA DEPRECIACION POR SUCIEDAD DEL LOCAL (DPSL)

LA DETERMINACION DE DPSL ES SIMILAR AL DE DPL - MAS EL USO DE —~—

DE UNA TABLA DISTINTA A LA TABLA DE CU. ESTA INYOLUCRA LA I1DENTH
FICACION PREVIA DEL TIPO DE CURVYA DE DISTRIBUCION DEL LUMINARIOQ
DIRECTO, SEHI—DlRECTO £YC.

( ) & (Definidos en la pag. 48)

PARA DETERMINAR DPSL, USE LA TABLA 6.

A. REFIERASE A LA PEQUENA GRAFICA EN LA PARTE SUPERIOR 1ZQUIERDA.

(1) ENTRE A LA LINEA INFERIOR DE LA GRAFICA CON EL CICLO DE -
MANTENIMIENTO PROPUESTO EN MESES.

(2) S1GA HACIA ARRIBA HASTA LA INTERSECCHION CON LA CURYA QUE
PERTENECE A LA "CONDICION DE SUCIEDAR” AMRIENTAL ESPERA—

DA.
7y
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(3) StGA HACIA LA IZQUIERDA HASTA LA ESCALA VERTICAL: EXTRAl~

GA EL "PORCIENTO DE DEPRECIACION POR SUCIEDAD ESPERADO~.
B. REFIERASE A LA TABLA.

(1) USE EL VALOR ANTERIOR (3) PARA -ENTRAR A LA SEGUNDA LINEA
DE LA TABLA DEL DPSL - 8AJO EL TIPO APROPIADO DE CURYA DE
DISTRIBUCION DEL LUMINARIO.

(2) ENTRE A LA COLUMNA I1ZQUIERDA CON RCR.

(3) EN LA INTERSECCION DE (1) Y (2), EXTRAIGA DPSL INTERPOLAN
"~ DO SI ES NECESARIO. :

[ : T
!g 1 t{:JP H"'“LE w ] .
% P | Ja— Condicion de suciedad “medioa
g; ""1”-55:,/&"‘_0 de moanienimiento 14 meses
Tipo de luminatio "Dicecto”
somans "ﬁ RCR = RCL= 3.0

(De Tabla 6, pag. A-7)

De paqinas 12,13, 14 4y 15 ¢
FPL= OLLx DPL= DPSL= 0.81=0.80 ~0.94= 0 62 FPL= 0.62

Ahora , ya se pueden emplear las ecuaciones (¢) 4y (8) pags. 344

e Sz M80=305x6.1 _ S44362 Lumenes.
LxA=306x6.4] (&) LumENES TOTALES 0.65-061 " é

e e 544361 _ 19.81 20 Luminarios | @
- 45 - - 1 g - mun [
cy = o (8) N= 73550 |

FpL=0.62

A minims mantenldo
N Lexes

Entonces 10 fuminarios prod
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EL SUMARIO DE LA HOJA ANTERIOR (PAG. 15) SE HA TRANSCRITO
‘A ESTA "HOJA DE TRABAJO™. AL FINAL DE LAS NOTAS SE PROPOR

CIONA UNA EN BLANCO.

J'
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L&)

=] 2.
-
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g
- 4

o
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o

-

=

o

[

=z

4

[+ 4
g
z 4
3
w o 5,
o -
-
o [
o

a
< 7
fir
»

.
@

o 9
-3

=

o

o .
< (0.
(O

NOJA DE CALCULO PrOR
EL WETODO DE CAVIDAD ZOHBAL

(LA LETRA (X) INDICA NOTA) A 22. wer: {0 6

Mcys .0

omexsiones paL LocaL: L1305 A[6.1 | . ALUTURA——{AY| _ €t 13.09
AS:  TEcwO [§0] PAREDES E Piso 10 ; -\ Hee {o.94

i o Rt (Pe) tpr}

RELACIONE ,3Ha (LeA)  823.05(%054+6.1) 3.0 .I 55 ]
o caop LiA 30.5 * 6.1 o e |
| LA 0.6! - -

® ReT » RCL(H“) 3.0 (3‘05 0.6 = 3]
. Wer 0.91
. —) - 0.9 [— P} |1.5
RCP s RCL (Hu) 3.0 (10 9 l

LUMINARIO No. 18 _TtPO
LAMPARAS

, i o0
A LAweaaa: U250y (B) Lmenes: 23500 ¢ COMINARIG

cat.0e manto I comn pe mmmm_m&
; L 0. LumEnEs /LunenARO: [23 500 |

. @) o |°-51|'® ppL x(©) oPsn. .
0.68}=x®

. @ COEFICIENTE DE UTILIZACION {CU):

0.953| *

— .
fo.e54]

CU CORREGIDO:

NIVEL DE ILLAIINACION REQUERIDO (LX) =

lll%o

LLRO = fiag‘ﬁos

LLES z AREA | s
LUMENES TOTALES * “o0= rm. 0.65(~.0.62 543,925
LUMENES TOTALES 543,625 _
z A = — 0
Ne. DE LUMINARIOS o LNARTD 27 soo 1938 2

LA PARTE IRFERIOR FALTANTE CORRESPONDE A DATOS PARA EL
“ESPACIAMIENTO DE LUMINARIOQS” QUE SE ESTUDIA EN LA SIGUIEN-

TE SECCION "ARREGLO DE LUMINARIOS” .
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ARREGLO DE LUMINARIOS

UN ELEMENTO ESCENCIAL DEL DISENO DE ILUMINACION ES EL "ARREGLO”
- UNA DISTRIBUCION DE LOS LUMINARIOS DETERMINADA POR EL DISENA-
DOR. ( EN OCASIONES, ES NECESARIO PROPORCIONAR “DETALLES"™ ADI-
CIONALES Y ~SECCIONES” VERTICALES DEL ARREGLOJ

EL LOCAL SE DIBUJA A UNA ESCALA ADECUADA (USUALMENTE 1:50 ¢

1:100). EL EQUIPO DE ILUMINACION SE INDICA FRECUENTEMENTE POR
SIMBOLOS: :

(O ( NO A ESCALA) DESIGNA UN LUIMINARIO INCANDESCENTE O
HI1D DE MONTAJE INDIVIDUAL .

1 (LONGITUD A ESCALA) DESIGNA UNA LAMPARA FLUORESCENTE

{7} ( A ESCALA) DESIGNA UN LUMINARIO FLUORESCENTE

- SE EMPLEAN SIMBOLOS ADICIONALES PARA DIFERENCIAR TIPOS DE LUMI-

NARIOS . TODOS DEBERAN SER DIBUJADOS EN EL PLANO DE TAL FORMA
QUE INDIQUE SU UBICACION EN EL LOCAL .

ALGUNAS VECES EL DIBUJO SERYIRA PARA MOSTRAR LO IMPRACTICO DEL
ARREGLO; POR EJEMPLO, PUEDE MOSTRAR QUE EL ESPACIAMIENTO SEA
EXCESIYO O MUY CONCENTRADO EN TALES CASOS PUEDE SER NECESARIO
RECALCULAR Y REUBICAR LUMINARIOS USANDO OTROS TiPOS Y/0 LAMPA--
RAS.

EL PASO INICH{AL PARA EL ARREGLO FES DETERMINAR EL ESPACIAMIENTO
DE LUMINARIOS .’

DETERMINACION DEL ESPACIAMIENTO

A. LUMINARIOS DE MONTAJE INDIYIDUAL
1.- DETERMINE EL “AREA POR LUMINAR10”

' AREA DEL LOCAL A
AREA POR LUMINARIO = il os 0F LUMINARTOS -

,:Iﬁ

2.~ DETERMINE EL ~ESPACIAM]ENTO APROXIMADO”

ESPACIAM]ENTO APROXIMADO =~/AREA POR LUMINARIO ={5=Va

<, ;‘

i
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®

POR EJEBMPLO :

AREA DEL LOCAL = 2,500 m?

NUMERO DE LUMINARIOS = 100 : /

a- _2,500  _ 25
100

S=4/25 = 5 m (CENTRO A CENTRO)

EN OTRAS PALABRAS, S1 LOS LUMINARIOS SE INSTALAN EN UN PATRON
DE 5m X 5m, EL ARREGLO SERA UNIFORME GEOMETRICAMENTE.

" TAL ARREGLO UNIFORME PUEDE SER DESEABLE PERO NO NECESARIAMEN-

TE APLICABLE: tA LOCALIZACION DE TRABES, VIGAS, VARILLAS U
OTROS IMPEDIMENTOS PUEDEN FORZAR LA MODIFICACION, ENTONCES, _
LA DISTANCIA ENTRE LUMINARIOS PUEDE TENER QUE INCREMENTARSE _
EN UNA DIRECCION Y DECREMENTARSE EN LA OTRA; SIN BMBARGO, Et.
AREA POR LUMINARIO DEBE MANTENERSE TAN EXACTAMENTE COMO SEA

"PRACTICO.

. HILERAS CONTINUAS DE LUMINARIOS FLUORESCENTES.

1.- DETERMINE EL ”"AREA POR LUMINARIO” (COMO EN A)
2.- DETERMINE EL ESPACIAM{ENTO DE LA HILERAS.

‘ . a
ESPACIAMIENTO = _AREA POR LUMINARIO e 2
LONGITUD.DEL LUMINARIO L
" POR EJEMPLO:
AREA DEL LOCAL 150 >
NUMERD DE LUMINARIOS = 56
LONGITUD DEL LUMINARIO = 1.22 m

APLICANDO ESTE RAZONAMIENTO AL “PROBLEMA EJEMPLO” EN EL QUE
SE T1ENE: ’

-,
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MH - 3.05 m
SMH = 1.5

- INSERTANDQO ESTA INFORMACION EN LA SECCION INTERIOR DE LA
"HOJA DE TRABAJO".

o —
AREA TOTAL 186.05 ' o2 -
» H z . 2¢
ggu. AREA POR LUMINARIO (AL) /L RT3 %o 9.30128% !9 30
E N
3 . 3 AC
® 12, ESPACIAMIENTO  A. PARA UNIDADES INOIVIDUALES VAL s .302% T 3.0
gs APROXIMADO : AL Vg 3 . -
a . s 3 ’
o B. PARA TIRAS CONTINUAS: ——mrrre I A /A
L UM INARSO
g DATOS FINALES: :ﬁu?ﬁahms 20 ESPACIAMIENTO: |3 08 a8 LUIE{ {180
H COMPROBACION DE ' TaFPLLCS
% ESPACIAMIENTO : _HeL X s}ln . 3:995 x 1.5 : 14.935 Lx= "L_"?gu )
{ De tinsa ¥ linges 47) ’ ESPACIAMIENTO
MAXINO O.K
LA CANTIDAD DE LUMINARIOS Y EL ESPACIAMIENTO PUEDE SER
TRANSLADADO A UN ARREGLO COMO SE MUESTRA:
U
1825 |
O O O O O O O O O 0O -
O 0O 0O 0O 000 O O O |4
: - : t 1
L3 303 m ENTRE CENTROS L525m
[ - 0
L 30.5m _ |
{ - |

®



DE ACUERDO A RECOMENDACIONES EN ARREGLOS, EL ESPACIAMIENTO
DE 1.525 = DE PARED A LUMINARIOS ESTA EN EL LIMITE (VER __
SIGUIENTE SECCION).

a= _l.sig_= 2.68 m?

s= 208 _ 519m

AQU!, EL ESPACIAMIENTO PRACTICO DE LAS HILERAS PUEDE SER _
AUN DE 2 m, (ESTA DETERMINACION DE ESPACIAMIENTO, TAMBIEN
SE APLICA A LA DISTANCIA ENTRE CENTROS).

COMPROBACION DEL MAXIMO ESPACIAMIENTO: UTILIZANDO LA RELA-

CION ”S/MH"

NORMALMENTE CUALQUIER PUNTO DEL PLANO DE TRABAJO DEBERA
SER ILUMINADO POR YARIOS LUMINARIOS -ASEGURANDO EL TRASLA-
PE DE SUS RAYOS DE LUZ. DEBIDO A QUE EL DISENO DEL LUMINA
RIO TIENE SUS PROPIAS CARACTERISTICAS DE “DISTRIBUCION DE
LUz~ (LOS ANGULOS DE SUS RAYOS DE LUZ), ES NECESARIO CONO-
CER SU RELACION MAXIMA DE "ESPACIAMIENTO A ALTURA DE MONTA
JE (S/MH). ESTOS VALORES USUALMENTE FLUCTUAN ENTRE Q.5 Y
2,0 . ESTA INFORMACION LA PROPORCIONA EL FABRICANTE DEL
LUMINARIO .

EL MAXIMO ESPACIAMIENTO ES EL PRODUCTO DEL S/MH Y- LA ALTU-
RA DE LOS LUMINARIOS ARRIBA DEL PLANO DE TRABA.IOQ :

SMAX = S/MH x MH MHZALTURA DE MONTAJE

St EL ESPACIAMIENTO DEL ARREGLO EL ESPACIAMIENTC MAXIMO .
PERMISIBLE, tA UNIFORMIDAD DE LA $LUMINACION SE AFECTARA _
(CON EQUIPO HID, PUEDE HABER SGMBRAS) E INEVITABLEMENTE
SERA NECESARIO REDISENAR.
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EJEMPLO: CONSIDERE DOS LUMINARIO (A y B) CON VALORES S/MH
DE 0.6 Y 1.5

ESPACIAMIENTO DE LIMINARIOS 3.6 m
ALTURA DE MONTAJE = 3m

A. SHMH = 0.6 : SMAX. = 0.6 x 3 = 1.8 (3.6 m DE E£SPACIAMIEN
TO ES EXCESIYD).
B. SNHH = : SMAX, = 1.5 x 3 = 4.5 (3.6 = DE ESPACIAMIEN

TO ES CORRECTO)

ESPACIAMIENTO PARED ~ A - LUMINARIO

EL ESPACIAMIENTO EXCESIYO ENTRE UNA PARED Y LOS LUMINARIOS _
ADYACENTES PRODUCEN DOS EFECTOS ADYERSOS:

(1) st REDUCE LA ILUMINACION HORIZONTAL CERCA DE LA PARED.
(2) SE REDUCE LA ILUKINACION VERTICAL SOBRE LA PARED.

A MENUDO SE LOCALIZAN EN ESAS AREAS ESCRITORIOS IMPORTANTES,
MESAS O MAOQUINAS DE TRABAJO. ESAS FUNCIONES REQUIEREN I[LWMI-

NAC!ION EQUIVALENTE A LAS OUE SE LOCALIZAN EN EL INTERIOR DEL
LOCAL.

LA REDUCCION DE ILUMINACION EN LA PARED PERJUDICA EL ASPECTO -
EN UN AMBIENTE VISUAL BUENO.

ES BUENA PRACTICA OBSERVAR LASTSIGUIENTES REGLAS,

e

MAXIMO ESPACIAMIENTO PARED-LIBMINAR D

FUNCION TIPQ DE 1 UBBMACION ESPACIMMIENTO
DE HILERAS DESEABLE MAAX [ O
OF ICINAS FLUORESCENTE ' InMM 30-50 ¢cm. 60 cm.
rum:scair: . InMMH 1/3 MH t/2 MK
MOUSTRIAL -
NID 8/MHz MK . V3 MH t/2 MH

o '




[ 2%
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UN ESPACIAMIENTO PARED-LUMINARIO EXCESIVO RESULTA EN UN BRI
LLO EN LA PARED INSUFICIENTE (AB ; 'CD) . INSTALANDO LOS LU-
MINARIOS DE LA PER!FERIA CERCA DE LA PARED SE INCREMENTA
LA ALTURA Y EL AREA DE BRILLO CON UNA MEJORA RESULTANTE EN

EL AMBIENTE VISUAL (A’B’ ; C’D’). ESTA TECNICA BRIEN MEJORA
LA CALIDAD ¥ EL NIVEL DE JLUMINACION A TAREAS LOCALIZADAS _
ADYACENTES A LA PARED,

FINALMENTE, EL PROCEDIMIENTO COMPLETO SE RECAPITULA EN-UKA
HOJA DE TRABAJO (PAGINA A-0).

SURSECUENTES PAGINAS FORMAN UN APENDICE DE DIVERSAS TABLAS
DE REFERENCIA E INFORMACIONTUTIL.

TODAS LAS TABLAS (EXCEPTO LA'No. 4) SON EXTRACTO DEL JES
LIGHT ING HANDBOOK, 1981

TABLA ' DESCRIPCHY ON PAGINAS
No ’ -

1 REFLECTANCIAS EFECTIVAS ) Al v A2
2 COEFICIENTES DE UTILIZACION A3 Y A Y
3 FACTORES DE CORRECCION CU ]

4 DEPRECIACION DE LOS LUMENES DE LA LAMPARA Ao

coy
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DEPRECIACION POR PCLYQ EN EL LUMINARIO b-}
DEPRECIACION POR SUCIEDAD DEL LCCAL : A-3
TIPO DE CURVAS DE DISTRIBUCION AR

HOJA DE TRABAJO EN BLANCO ' A-9




MOJA DE CALCULO POR
EL METODO DE CAVIDAD ZONAL

(LA LETRA_(X)_INDICA_NO.TA) _

INFORMACION DEL LOCAL

DATO S
LAMPARA/ LUMINARIO

LX

17

6.

®

DATOS DE CALCULOS

ESPACIAMIENTO

COMPROAACYIN

w0

-
o

-
-l

n

DIMENSIONES DEL LocaL: +]38.5

A

6.1 ALTURA —w= [ S}

REFLECTANCIAS: TECHO (RO PAREDES 1‘@ PI1SO |10 _{_

{ por cisnto)} {P7) {Pw) iPr)
RELACIONES A. RCL » SHot (L¥A) $13.05(30.54 6.1 ) :t | 3.0
OE CAYIDAD Lza 30.5 * . {
] Het ] a‘i) H
RCT ¢ RCL (HCL) 3.0 308 0.6
RCP = RCL [ 30 (O.QI -— .. 0.9
t HcL ' 3.05 .
CICLO DE

LUMINARIO No. L& _TiPO

A.LAMPARA: olu(e) Lumenes: 21500 ¢ _LAMPARAS

DLL x(e) orL [0.80 | x(© DPSL :

COEFICIENTE DE UTILIZACION (CU}:

LUXES x AREA .

LUMINARID

5 e o]
HeLs | 3 Bg '
Hept 0'5 l

4. '
(De

lnga 2}
— e [ 31
— kel (|5

car.oe ManTo JIL _ cOND. DE SUCIEDAD HMERIA LIMPIEZA Y MESES ___S/MH 1.9

_L_ D . LUMENES / LUMINARIO: ['23.500 ]

— FPL:

0.68 |-+ (®[0953

' CU CORREG!DO:

NIVEL DE ILUMINACION REQUERIDO (LX) ¢

|{\PO = |86.05

0.65¢

[1180]

UM
LUMENES TOTALES = TU » FPL

LUMENES TOTALES

0. &5 » p0.62

No. DE LUMINARIOS =

LUMENES POR LUMINARIO 43. %500
AREA TOTaL B6.05

54> 925

1 543,925

AREA POR LUMINARIO (AL} 3

No./LUMINARIOS A0

ESPACIAMIENTO A. PARA UNIDADES INDIVIDUALES \/ \/ .30 15 F
APROXIMADO

8. PARA TIRAS CONTIRUAS:

LONGITUD DEL

05| LUXES:

HBO

LUMINARIO
. No DE -
patos Finates: Mg lE L o | 20 | esPaciamiento: 35603
COMPROBACION DE 3 08 15

ESPACIAMIENTO v _HcL X SJHH T
{ Do linea t lineo 47)

X z

s ] N

ESPACIAMIENTO
MAXIMO O.&

A

133 ~[ 20 |

|9-3025

| 3.05
[nia]

-

LTx FPL 3 CU

REA

PcraPcr DE NOTAS _ TABLA A

DE CATALOGO DE LAMPARAS 6

DE NOTAS TABLA 4

DE NOTAS. TABLA &

®@0@®®

E

DE NO

ORERSRE)

DE NOTAS . TABLA &
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Para 305 de reflectancla sfectiva de cevidad de plso (20% = 1.00)

Fectorss utifizados pers refiectancias sfoctives de pisc diteremas al 20%
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TABLA 4:

A6

FACTORES DE DEPRECIACION DE LOS LUMENES DE LA LAMPARA

(oLL). EN ().

- LUMEN -
TIPO DE LAMP. wATTS FACTOR® DLl e

INCANDESCENTS
PSER30 s
1004 100
1S0A 1%0
1SOPAR/SP ¢ FL 150
1S0R/SP ¢ FL 150
s00M/ [F 300
300R/SP & FL 300
soo/ IF 500
1000/]F 1000
1500/ 1F 1500

amaraiine R o
a2soCl - 2%
QRsoPAR3A/SP 2%0
Qz250PAR38FL 250
Qs00T3CL 500

FLUORESCENTE
Fao CHu WM 3s
FaOl M M =
F400W/S 40
FacCW 40
Faows - &0
F 400X 40
F4OWX (SW) 40
FosT12./CW. WM 60
FosTi12/L0 W &0
FosTi12.CwW s
FosTi2ww 75
FosT12CwX s
FagT12.CHAHO 110
FosT12/Ci 110
FosT12Cu A0 95
FagPG17.CH 110
FosPG17.CW 215
FosPG17./Cu. aM 185
FagT12/ 0%/ 1500 110
FosT12Ci 1500 215

I S

MEAN

90
93
93
o4
89
91
94
91
92
84

97
93
93
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LLUMEN
GELANP TYPE WATIS EACTOR® Dilee
HID
Mrausy ¢ .
H17sDX39-22 175 (7Y T
H2s0DX37-5 250 81 s
He00DX 33~} 400 78 71
Hi10000X36-16" 1000 63 52
MeTI-VAror €
Wairs 17s rai —
WirsC 17s 73 —_—
MW2s50 %0 a3 76
WasoC 250 78 71
Wa00 400 7s &7
M/e00C 400 72 63
MV1000 1000 8c 75
W 1000.C 1000 79 70
LUCA ox & .
TODAS LAS POTENCIAS ‘
ESTANDAR N
(LUs 011000} —_ 90 az
LUH150 150 0 ‘a3
Lmz1s 215 90 “83

# USE EL FACTOR DE. LUMENES MEDIOS
CUANDO LOS CALCULOS INVOLUCREN |-
LUM INACION PROMEDIO.

(BASADA EN LA LUZ DE SALIDA DE LA
LA;PARA EN EL 40 AL 50% DE SU Vi-
DA

#% |USE DLL CUANDO LOS CALCULOS INVO-

~-LUCREN ILUMINACION MINIMA (BASA-

" DA EN LA LUZ DE SALIDA DE LA LAM-
PARA EN EL 70% DE SU VIDA.

® LOS FACTORES PARA LAMPARAS DE MER
CURIO ESTAN BASADAS EN UNA VIDA
DE 24,000 HORAS.
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DISTRIBUCION DEL LUMINARIO
CLASIFICACION DEL_TIPQ DE LUHINARIO POR_LA_COM1SI1ON_INTERNACIONAL

DEI-LUMINACTON—(CHE)~

DIRECT-IHDIRECT A,

LOS LUMINARIQS ESTAN CLASIFICADOS POR LA C1E DE ACUERDO A LOS POR
CENTAJES DE LUZ EMITIDOS HACIA ARRIBA Y HACIA ABAJO DE LA HORIZON

TAL. LA FUENTE DE LUZ Y/O EL LUMINARIO AFECTARAN LA DISTRIBUCION.

32-
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LUMENES TOTALES =

No. DE LUMINARIOS =

AREA POR LUMINARIO (AL) =

ESPACIAMIENTO
APROXIMADO

DATOS FINALES:
COMPROBACION DE

B. PARA THRAS CONTINUAS:

S NIVEL DE iLUMINACION REQUERIDO {LX) =

——

LUXES 1 AREA |

z CU CORREGIDO.

CU 1 FAL

LUMENES TOTALES

LLUMENES POR LUMINARIO

AREA TOTAL

Mo ./LUMINAR KOS

A. PARA UNIDADES INOIVIDUALES VAL : \/ s

Al

LONGITUD DEL
“LUMINARIO

-

LUXES :

No DE [ .
LUMINARIOS | I ESPACIAMIENTO:

=fﬁ\

ESPACIAMIENTO | _Hel X S,{HH z X

{ De linaa ¢

linea 4

ESPACI AHENTO
M AX!IMO

. LTs FFL 2 CU
AREA

Pct aPcr DE

DE NWOTAS

®@O@®

DE CATALOGO DE LAMPARAS 6E

DE NQOTAS.

NOTAS . TABLA {

TABLA 4

eRO®

TABLA 8

DE NOTAS _TABLA €

DE NOTAS TABLA 2

DE NOTAS. TABLA B

" COMO SE ESPECIFIQUE & RECOI:HEN'
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ILUMINACION INTERIOR: PRINCIPIOS DISENOS Y APLICACIONES

EJERCICIO

EXPOSITOR: ING. CARLOS GARCIA R,

Patacio de Mineria Calle 3¢ Tacuba 5  Primer miso Geteg. Cuauhtémoc 06000° Meéxico, O.F.  Tel: 5214020 Apde. Postal M-228%




PARABOLIC TROFFER |:
PARAMAX® 2'x 4" 3 LAMPS « RAPID START IL

At . ™,

3" DEEP LOUVER, 18 Ceils
———  ——}—]|12-16-24-0r-32 Cells-also-available——

+ Automated assembly, mitered corners. and interlock-
ING CONSIruction assure precise parabolic shape,

» Pre-anodized aluminum louver, available in specular
or semi-specular gold, specular or semi-specuiar
silver, and low-iridescent specular or semi-specular
silver,

» Louver secured by rugged T-hinges and spring-
loaded cam latches. Hinges/latches from either side.

» Floating door appearance with full black reveal,

* Air supply/return models teature optional air pattern
control diades. Fully adjustabie without toois.

* Wireway covers (reflectors) fit against louver.

SPRING-LOADED STEEL Controls light leaks into adjacent iamp cavities.
Matnc sizes avaiacie Consult lactory. CAM LATCHES THINGES
SPECIFICATIONS
Ballast Data 7/8" DIA, K.0. (2}
: IN ACCESS PLATE ' DIA. K.OQ. (2
Thermally-protected, resetting, Class P, HPF, non-PCB, UL listed, L ; . 22
CSA certified bailast standard. Sound rating A. Standard combina- o | By
tions are CBM approved. {
Wiring & Electrical '
Fixture bears UL labet and is suitable for damp iocations. AWM, 'é' . __L ‘Ti— .
TFN, or THHN wire used throughout, rated for required tempera-  23%| | [ ——13%" — (2T H
tures. All bailast leads extend a minimum of 6° through access l%"-{ —14%" : t !
plate. . '
. Materials l . !
™ Louver parts constructed of pre-anodized aluminum. Steel parts | L | |
die-tormed from code-gauge cold-rolled steel. Housing smbossed ! —
- tor rigidity. No asbestos is used in this product. ‘| et VW AT
Finish s 48"

Five-stage iron-phosphate pre-treatment ensuras supe::ar paing
adhesion and rust resistance. Painted parts finished with high-

1
gloss. baked white enamei. -—’_‘—:_—FL_E_—-
: e o Tt v
v - ‘ ;A

UL hsted. CSA cartified. Labeied LBEW. - AF. of L Guarenwed for 1 year against mechancal defects in manuiacture. Dvmensions & 3pecficancns subwct 1o change without nobcs

MOUNTING DATA te N
Colling Type FinTye (O F MT ST
Exposed grid tee G
Concealed gnd tee G, 8T
Concealed 2-spiing F.MT
Metal pan (cansut factory) ld LAYANTRIM,  OVERLAPPING MODULARFITAN SCREW SLOT
Screw siot (consult factory) ST axposed grid tee FLANGED TRIM  TRIM with swing-  TRIM, louver
Acoustical lile. plaster. with swing-gate gate hangers flush to ceding
or plasterboard on ngid F hangers
supports parallel to lamps
' ROCOMMEnded rough-n gmensions lor ¥ 1nm Rxiures: 24° 1 48° [Tolerance 1s « 14 - 0.
Swanggane range: 17 - 3- I8 from casknyg plane. span 231/ - 26-918°

.) Approvai Job Intormation

A LITHONA
VA £ UORESCENT

COMMERCIAL § WOUSTRLAL
Typs

(Soecty 120. 277 or 34TV) -~ /




PARABOLIC TROFFER

rxa.3Lamps.rapDSTART ~ PARAMAX®

R e —— o

PHOTOMETRICS Lo
COEFFICIENTS OF UTIWIZATION ZONAL CAVITY CANDLEPOWER ZONAL LUMEN SUMMARY
[ o ANGLE | ALONG | as° [acnoss TONE | LUMENS (o LAMP | FXTURE
Pec Y ™ 7 ™ ' 03 | M | 26 s
P B~ o o 00 | ¥ | €31 | %9
Pu |70% 5% % W 0% 3% % % W ¥ 10 27177 2825 2876 | . 6090 44 47 66
O RECAL O B PR B ol B Tola 6676 | 106 100 0
t|l™ 76 Ta 07T OIS NMN{I2 10 69 (69 68 67 Pl %712 2698 2783 :
TR 65 621 64 62 |66 61 60 |63 61 59 B | 2 | nm | %%
SRR IRR IR I RE 3 2 |
s|3 0 & als B & ajs 4 @7 O @ R B I o e TYPICAL VCP PERCENTAGES
6[{50 5 & %[5 5 0 Bl W Bl BB 45 1770 | 2% | 80
T]5% 4 36 2|9 0 3% 23[9 M N |w U N 9 | 1557 | e | nar ROOM HEIGHT WENGHT
ala6 37 31 22«5 3 N 2703 N 273 N 2 ks | 29 | v | e (7t ALONG ACRO3S
]2 N B Al N 27 MR D DI B D &0 1014 647 506 FEED Y ®We ey ws
Wi W 24 NIW W M |8 4 N3 M 602 315 i
Rimlel e (B3 ls RlE o8
. L
* Standard ballasts, F40T12/CW lamps (3150 lumens) 80 15 2 17 0260 | 5 m |,
) o . . 85 1 6 5 0x¥ | 84 B [ 88 8
Spacing criternia: Il = 1.2 x mounting height 3% 0 0 0 6060 | 87 B84 | 90 @8
1= 1.5 x mounting height -
Full report available. Request ERL 6730.
For photometrics on other confiqurations, see
TYechnical Data section or Lithonia representative
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s

HPM 140

PARABOLIC TROFFER
1'’x 4’ 1 LAMP @ RAPID START

PHOTOMETRICS HPM3GB 140-8"
COEFFICMNTS OF URLATION ZONAL CAWTY CAMDLEPOWER ZONAL LUMEN SUMMARY
% NG - o oLl aons | 220 | aaer | o8 [acmoss | { zosE [wombe]w Omr] % Fouae
- " . w » o 8T BE T e | a6 gga LRIET B7
2 | T 30 W [T e W | O e ] oo w | Mo we| s e | o |{0e | mm | oae| %3
i1l mmw ueln BN AN n ool naewv \ \ 15 an | ] 9 1043 1052 0-p0 2204 101 1000
[+ o0 " 490 [ 3 1039 1058
Il ne &8 ne8sae & 0 &) &8 & 9 ] 2 3 &0 rore 012 1055
duowsloews osulwssl | 2 B o) ] i | 0wl s
o W uu :::z: :gggﬁx - » B8 [ 54 | am | 868 |
| § s N .
D R wm| uun | 8o ey o S| Ml W W ] vrrica vee PERcENTAGES
H % 2 N D] 4« a»n pl 2R ¥ B Q2 s "2 553 292 414 296 A00M REXT HOBHT
8] 7 @ R N 4 7 2 A » 2 o N -1 25 43 -330 1.9 149 7] ALONS ACADSS
l ol @« ¥ A Bl 2 DN B BB RN AU g 2:12 22& 13 13; ;; Rm ey weles wmw
_ll »»ran » X B n » b nl muDn 0°, 1+ © 28 N by % Wi | 8 7 Te =
- au0 G ul Y | oelE o
*Slandard ballast, F40T12CW lamps (3150 lumens) g 2 2 2 2 \ @0ru)8 6w K
Spacing Criteria: I} = 1.2 x mouniing haight g 2 1% 00 S
4 = 1.7 x mounting height
-Full report avelable. Request ERL 7238
For photometrics on other conliguratons, see
Yochnical Data section or Lithoma Representalive
ORDERING INFORMATION Exemple: HPM3GC 140-8

Explanation of

Catalog Number: HPM3

140

Family
HPM3 - 3" Louver

TRIM TYPE

G - Grid

F - Flanged

M - Modular

S - Screw Slot

X - Surface Mounting

AIR FUNCTION

B - Static
- A Sugply Return

— . Haoat. Qamnural

VOLTAGE 120 or 277

Others available - consult lactory

LOUVER FINISH

{Biank) - Semi-Specular Silver
" S - Specular Siver
G - Specular Gold
C - Champagne Gold

Nl._JMBER OF LOUVER CELLS
: 6,Bor9

.9

-
(P 1}
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Comparacion de pantallas
comerciales tipicas

COMPARACION FOTOMETRICA

Conrrolente Refractogrid Rejilla
Convencional
Eficiencia de! : T
Gabinete 68.2% 69.8% 69.5%
Coeficiente de
q_u‘hzac:mn , 0.59 0.61 0.61
robabilidad de
contort visual 70 81 77
Lumenes en la ' .-
zona 609 g 909 B.3% 4.49%, 4.6%

Con la introduccion de este nuevo
controlente, basado en hemisferios
refractivos, desaparece la necesidad.
de sacrificar la eficiencia de 10s
luminarios para ganar en comodidad
visual: creando un ambiente méas
confertable que con cualquier otro
medio de control de uz. :

REFBRACTOGRID reduce el brillo del
juminario hasta en un 70 %, la cual
incrementa la luz atil,

" REFRACTOGRID es fruto del avance

de la ciencia de la iuminotécnia y la
tecnologia del diseno de lentes
opticos.

REFRACTOGRID ofrece nuevas
perspectivas para la expresion
arquitecténica at proporcionar un .
elemento de bajo coniraste para
techos y plafones, que se'mezcla
sutiimente con el entorng sin distraer
la atencion. ‘

REFRACTOGRID es el patron contra
el cual todos tos futuros disenos de
lentes para controf de luz seran
medidos.




REFRACTOGRID le ofrece los
siguientes beneficios;

* 70% de reduccion en luminancia
(brillantez) en 1a visién directa
comparado con los sistemas
convencionales.

* Bajo contraste que no predomina
enla apariencia de los techos.

* Configuracion refractiva
hemisférica que combina con
cualquier diseno de plaiéon.

i

* Ocultamiento total de las
lamparas en el angulo normal de
vision, que es unico en gl
mercado.

* Alio confort visual.

* Unitormidad de iluminacion
superior debido a su gran relacion
de espaciamiento de 1.4

veces la altura de montaje.

* Mas luz Util debido a sus
elevados coeticientes de
utilizacion.

* Tedos los gabinetes vienen
equipades con bases telescopicas
para asegurar una efectiva
conexidn eléctrica a pesar de las
vibraciones.

Para mayor.informacion consulte a nuestros Asesores Técnicos o
directamente a nuestro Departamento de Ventas.




Holophane siempre preccupada por
los cada vez mas altos costos de
enrgia eléctrica, le presenta la opcion
gcondmica para su programa de

" mantenimiento, en sus instalaciones
con luminarios fluorescentes de
2X40 w. que le van a proporcianar
hasta un 25% de ahorro de energia.

Esto unicamente se consigue con el
uso de nuestro paguete de arnés de
alta reflectancia (92%), balastro de
bajas pérdidas, lamparas de 34 w,
con bases telescopicas y el
controlente Refractogrid.

Pregunte a nuestros distribuidores
autorizados o directamente con
nosotros por los luminarios

tipo "IF™.

PART, DESCRIPCION
1. Gabinete Nuevo

2. Mddulo eléctrico .
Derecho

3. Mbdulo Eléctrico

L ;
lzquierdo
’ 4, i<lastro

. Bases telescopicas

. Tuerca Mariposa 3/16" @

. Tuerca Exa 316" @ .

Refuerzo con

" Tornillo 3/16" @

DATOS FOTOMETRICOS

PROTOMEIING 1131 RUPQR] s FE Omy DA
FQOFNAP(“WAHV. | Lol ' ¢
W SEARCH & CEYHCMLN Cldir AL CAMLL NG
HEW AL O, oecats | rowia |
107 - -
0 304,
) »H
4. .90 3541
b ) BT 1%
400 0 28
[ - .
/;un\ -1 3
A . % s
0% 10 A W IRET N4t
2000 - bt
s MR ~e HHr
y 290 - .
1 0 1908
an R I RR
o el |- e
- by 10
* d n B P
il OF OLOMkE No 8718 b£Y 1a
frOMNON OF Lastr Lgra Corimn 3 13| 80 ;_;
Adscn BOP D G4 Liwm ORGSO et & i 3
o Gy PR
JRIALARYY Vot OF Coals intncon) GKI O
Lomety) Ases | - 00 l“!zl:l
4
LAME & 140 | 17 CW (i aucant Dicuag | ain |
WAl 160 T L V) oe0 -t
Pt DUTANGCE 75 Fud ¢ PmAddLi ‘gm s
Ti © L2 T |
WETLO By L) -] e
CaFdl by TElpo J4HEA w0 ar

COEFICIENTES DE UTILIZACION

pic 20%

pcc 80% S0%
pw 50% J0% 10% | 50% 30% 10%
1 N B o7 65 44
2 ) o1 58 &1 59 56
3 58 54 51 86 52 50
o 4 5} 4B 45 50 .47 a4
8 5 4B .43 39 1 A4 38
(-] 4} 38 .34 a4 A7 k]
7 A9 34 i) b 3] 30
a 35 30 26 hY:| 29 26
9 A2 26 23 30 & 2}
10 % 24 20 oK 23 20




TL 80 Series Fluorescent Lamps
Electrical, Technical and Ordering Data (Subject 1o change without notice)

Product Std Lamp Color Color Nominat Ratad Approx,
) Number ' Nominal ’ Pkg Current Temp Rengering Length  Average Initial Design
\\ 046677-  Description  Watts  Bulb  Base Qy  Amps)  (Kelvinl  {CRD {Feell  Life (Hs)"  Lumens  Lumens™?
31980-6 F17T8/TLE30 17 T-8 Md. Bipin 25 0.265 3000 35 2 20,000 1400 1300
32304-8 F17T8/TLB35 17 T-8 Md. Bipin 25 0.265 3500 B85 2 20,000 1400 1300
31983-0 F1778/TLB4Y 17 7-8 Md. Bipin 25 0.265 4100 85 2 20,000 1400 1300
31984-8 F25T8/TLE30 25 7-8 Md. Bipin 25 0.265 3600 85 3 20,000 2250 2100
25798-0 F25T8/TLB35 25 T7-8 td. Bipin 25 0.265 3500 85 3 20,000 2250 2100
31988-7 F25T8/TLEA 25 T-8 Md. Bipin 25 0.265 4100 85 3 20,000 . 2250 2100
319891-3 F2278/TLB30D 32 T8 Md. Bipin 25 0.265 2000 85 4 20,000 "+ 3050 2850
31993-9 F3278/TLB35 32 T8 Ma, Bipin 25 0.265 3508 85 4 20,000 3050 2850
31994-7 F3278/TLE4 32 T-B Md. Bipin 25 0.265 4100 85 4 20,000 3050 2850
31996-2 FAQTB/TLEIG 40 T-8 Md, Bipin 25 0.265 3000 85 5 20,000 3800 3550
25799-8 F40T8/TLB3S 40 -8 Md. Bipin 25 0.265 3500 85 5 20,000 3800 3550
31998-8 F4QT8/TL841 40 T-8 Md. Bipin 25 0.265 4100 85 5 20,000 38CQ 3550

1) Average kfe unger specihied 1est cangitions with [aMns turned olf and restanted No more Lhan once every 3 operating hours,
{21 Approximate lumens at 40% of rated average hfe (BUCD Hours).

Lumen Maintenance: TL 80 vs. Cool White

For maximum lumen maintenance, T b
TL 80 Series lamps feature an -
“eleciroce guard” around each 045
electrode to effectively reduce lamp
darkening and retain a clean
appearance for thousands of hours.

Q.90

o08s

QB0

Percant Lumens

075

Q 2000 4000 /000 BOOD 10000 12000 14000 1600C 18000 20000
Operating Hours

Philips Lighting specialists are ready to help.
Philips Lighting has a team of specialists
dedicated to commercial/office and retail lighting
applications. They can provide a free lighting
analysis which demonstrates how Philips TL 80

. Series lamps can reduce energy costs in your
building and improve the gquality of light at the
same time.

Call your Philips Lighting representative for a
free flugrescent lighting analysis today:
1-800-631-1259.

TL 80 System - lamp specification
“Lamps shall be Philips TL 80 Series lamps having:
« Color rendering index of 85
« T-8 diameter bulb
» Medium bi-pin bases
« Color temperatureof . K
(3000, 3500 or 4100)
« Initial lumensof _____
(1400, 2250, 3050 or 3800)
« Nominal wattage of
{17, 26, 32, 40) .
«» Powered by electronic ballasts designed
for 266ma T-8 lamps
« An electrode guard.”
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FACULTAD DE INGENIERIA U.N.A_M.
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CURSOS ABIERTOS.

ILUMINACION INTERIOR: PRINCIPIOS, DISERQOS Y APLICACIONES.

ILUMINACICN DE OFICINAS.

ING. JAVIER VILLASEROR.

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M-2285
Teléfonos: 5128855 5125121  521-7335 521-1987 Fax 510-0573  521-4020 AL 26



CRITERIOS PARA LA ILUMINACION DE OFICINAS




FACTORES AMBIENTALES LUMINOSOS

Debido a que se utilizan grendes periodos de tiem-
po en ambientes de oficina, es importante que el total de todos
los campos visuales esten balanceados. Este balance puede in--
c¢luir extremos (limitados en cantidad o intensidad) pero deben _
centrarse predominantemente en relaéiones de ldminancia, reflecs
tancias y colores que no sean excesivas. El ambiente luminoso _
debe permitir a los musculos del ojo trabajar en todo su rango.
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La juz n;turcl es deseable en el ambiente-de una
oficina y puede ser préctico tambien una variedad en el nivel de

iluminancia y de cromaticidad.,

Tambien es conveniente, cuando sea posible propor
cionar vistas lejanas con el objeto de ofrecer una longitud

focal infinita, la cual reliaja los musculos de los ojos.

Para obtener un ambiente luminoso balanceado es

necesario tomar en cuenta lo siguiente:



* ' Acabados del local
# EJ mobiliario y el equipo

¥ El color

Las superficies del local, las cuales incluyen te-

chos, paredes y pisos, son factores importantes para determinar _
]

las relaciones de luminancia entre el equipo de iluminacién y sus

méa lejanos alrededores.

Las reflectancias de las superficies del local
tienen un efecto considerable en la utilizacién de la luz, EI
techo las paredes y el piso actdan como fuentes de luz secundaria,

y si sus acabados tienen las reflectancias recomendadas incremen-

tardn le utilizacién de la Juz y reducirén 6 atenuarsn las som---
bras. Similarmente, superficies dej jocal con menores reflectan-
cias absorberén luz, reducirén el coeficiente de utilizacién v

afectar&n las relaciones de luminancia aceptables.

Ei uso de acabados mate que tienen }as reflectan
cias recomendadas, previene contra las reflecciones especuliares _
de luz, las cuales pueden distraer o pueden provocar relaciones _

excesivas de luminancia.



MOBILIARIO Y EQUIPO

Reflectancias de planos de trabsjo en oficinas.
En un estudio efectuado recientemente en los
fstados lnidos se encontro que las reflectan---
cias de los diferentes planos de tﬁébqjo fueron

desde 20.1% para una heliogré&fica azul a 91%

para un escrito a midquina en papel blanco.

La reflectancia del plano de trabajo més conve-

niente encontrada fué de 85%,

Escritorios, Las cubiertas de escritorios pue-
den ser |las 4reas visuales més importuantes en _

una oficina.

Es esencial que estas superficies tengan acaba-
dos mate para minimizar e! deslumbramiento re--

fle jado,

Es importante que las superficies verticales de
escritorios y archiveros tengan acabados con el
rango recomendado de reflectancias ya que gene-
ralmente, estos muebles ocupan una percién sig-

nificativa del campo visual.



-~ Sistemas de muebles modulares, En oficinas
grandes, los sistemas de muebles modulares ocu
pan una gran parte del campo visual, y debido
a que los componentes estan sujetos a cambios,
su variacién de configuracién deberfa ser anti

cipada,

Con la iluminacién integrada al mobiliario se
debe tener cuidado de evitar que la brillantez
dél Juminario quede en el campo de visién de

otras personas,

- M8quinas de Oficina. Las méquinas de oficina
se comparan con la superficie de los éscritOw-
rios en importancia visual, ya que ocupan la _
parte central del campo de visién, Para lo---
grar comodidad es necesario que los acabados _
tengan las reflectancias recomendadas y que __
las superficies briiiantes sean el iminadas ya
que aln una peqgueiia cantidad de estas pueden _

distraer,

Zonas de transicién. Las zonas de transicién
y los espacios de circulacién son apropiadas _
para considerar el uso de colores, texturas y

refiectancias que estan fuera del rango descri

to anteriormente. En estas 4reas, donde la _

permanencia es por poco tiempo y la concentra-

cién en trabajos individuales es menor, se

Ay
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pueden usar mayores relaciones de luminancia,
reflejos y brillos de colores para proveer inte

res y variedad en el ambiente de ls oficina.

EL SISTEMA  DE I LUMINACION

El sistema de iluminacién produce el medio ambien
te visusl., Es una combinacién de fuentes de luz {(artificial y/o
netural) que crea las luminancias en laa cuales se trabaja. Lla-
luz de estas fuentes incide en las superficies del local inte---
rreflejandose y produciendo finelmente luminancias. Son estas _
luminancias y las luminancias propias de las fuentes, las que

se perciben cuando cualquier objeto es visto en el espacio.

E} sisteme de iluminaciédn puede seccionarse en
varios componentes que pueden ser controiados independientemente:
Estos componentes incluyen el tipo de luminario, el arreglo de _
tos luminarios, los controles eléctricos, las ventanas y traga--
juces, y el medio ambiente, es decir forma de! cuarto, Superfi--

cies y reflectancias, muebles etc.

-



EL  LUMINARIO

Un sistema de iluminacién puede tener cualguier _

nimerc y tipo de luminarios,

Un luminario esta constituido por varios componen

tes que, debido a su construcciédn fisica, determinan su funcién.

- Lémparas. Las lémparas son ja fuente de luz _
del sistema. Se cuenta con una amplia variedad
de |&mparas loas cgafea estan divididas en tres

tipos bé&sicos: Incandescentes, Fluorescentes y

de descarga de alta Intensidad.

- Conjunto fisico. Debido 2 que los luminarios _
son casi siempre visibles, su apariencia es
importante, Se dispone de una amplia gama de _
estilos de luminarios los cuales satisfacen la
mayor parte de las necesidades de los diserado~

res,

- Caracteristicas fotométricas. Las caracteristi
cas fotométricas son descritas por medio Jde la

distribucién de candelas del luminario, esto __



- nos indica como distribuye la luz el luminario.

Mantenimiento. Para asegurar que el sistema e
iluminacién funcione como fué diseﬁado,.se e _
debe dar mantenimiento al equipo de iluminacién.
Las |l&mparas deben ser cambiadas periodicamen--
te, el alambrado deber& reponerse cuando sea

necesarto y las partes opticas deben mantenersc

en un estado de limpieza Sptimo.

Integracién con otros sistemas, Llos luminarios
deben integrarse con el sistema eléctrico, con
el sistema de aire acondicionado y con el medio

ambiente,

LA DISPOSICION FISICA

L.
El ndmero de luminarios depende de la cantidad

de luz requerida para alcanzar el nivel de i1lu-

minacién adecuado.



- La localizacién de los luminarios es importan
te en donde este implicita una tarea visual,
La adecuada posicién de estos aumentard la _

iluminacién en el plano de trabajo y ai mismo

tiempo debers evitar los reflejos veladores.

- La orientacién es el grado de rotacién o
inclinacién a la que esta sujeto el luminario,
Los {uminarios pueden estar dérigidos hacia _
superficies u objetos, La orientacién es la
que determina el que un luminario sea utiliza

do en forma indirecta o en forma directa,

’

CONTROLES

Los controles eléctricos pueden ser considerados
para economizar energla y proporcionar flexibilidad. El eleva
do costo de la energla puede justificar sistemas de control muy

sofisticados y su consideracién es muy recomendable,



A

Existen numerosos aspectos de la luz natural que
hacen que su uso como fuente de luz en oficinas no solo sea
deseable, sino tambien recomendable desde el punto de vista de

economfa y estética,

El uso apropiado de {a luz natural requiere una

p!aneacién cuidadosa por parte del diseifiador,

Para el mejor aprovechamiento de la luz natural,
deben considerarse diversos factores los cuales incluyen:
Las carecterfisticas de la luz natural, su control;,

y aplicaciébn,

EL MEDIO AMBIENTE

El medio ambiente luminoso esta constituido por
todas las superficies expuestas en el espacio, su posicién,
orientacién y reflectancias caracteristicas, £s la componente
final de luminario- medio ambiente y la combinacién produce el

medic ambiente luminoso,
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£! disefador puede tener gran influencia sobre es-
tas superficies, aunque rara ver puede tener control directo so--

brc el las,

Lo anterior representa los componentes del sistema
de iluminacién, Ahora vamos & ver que tipos de sistemas de ilumina

cién existen,

TIPOS DE SISTEMAS DE |LUMINACION

E! sistema de iluminacién es una combinacién de _
factores que intervienen &l mismo tiempo para proporcionar un __
ambiente luminoso, Criterios flsicos y psicofisicos deben satis
facerse antes de que la mayorfa de disedos sean considerados co-

mo aceptables,

Existen dos tipos de sistemas de iluminacién: Ei

directo ¥ el indirecto,
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SISTEMA DE ILUMINACION DIRECTO

Las curvas e distribuciédn luminosa de luminarios

directos varfa de concentrada o amplia.

Donde la localizacién del plano de trabajo es co-

nocida, la curva de distribucién concentrada pu:de emplearse pa-

ra aumentar la iluminacién en la zona de trabajo. La curva de

distribucién concentrada puede utilizarse tambien para crear
‘un ambiente no uniformewpero ae debe tener cuidado de evftar
sombras desagradables que el sistema puede crear. Las superfi--
cies especulares tales como escritorios pueden causar deslumbra-

miento reflejado debido a luces bajas concentradas.

Los luminarios con distribucién amplia emiten més
luz & mayores &ngulos que los luminarios con distribucién concen
trada, Ffstos proporcionan més uniformidad y tfipicamente produz-
can m&s iluminancia vertical, Estos luminarios estan sujetos a

brillo directo y a problemas de comodidad,

El sistema de iluminacién directo se caracteriza
por el hecho de que las superficies de los luminarics ( contro--
lentes, reflector, rejilla, e;c.) son generalmente visibles y _
porque Jas superficies de trabajo estan directamente iluminadas

por los luminarios,



SISTEMA DE ILUM!“ACION INDIRECTO
Los sistemas de iluminacién indirecta se clasifi-
can en dos grandes categorias: de techo y perimetral. E! siste

ma indirecto de techo hace incidir la luz sobre el techo mien---
tras que el sistema perimetral sobre las paredes. Amos tipos de
sistemas pueden proporcionar la suficiente luz para iluminar su-
perficies verticales ( paredes, muebles, gente etc.) las cuales

son generalmente importantes para percibir el volumen,

Ei sistema de iluminacién indirecto se caracteri-
za porque ta luz es refle jada en la mayorfa de las superficies _
antes de llegar sl plano de trabajo, y porque la superficie del

luminario que emite luz no es vista bajo condiciones normales,

RESPUESTA SUBJETIVA

Las impresiones subjetivas estan influenciadas _
por diversos factores, perc para un espacio dado, se encentra-

ron las siguientes tendencias;:
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Amplitud de espacio.~ La impresién de amplitud dec
espacioc parece estar relacionada con Ia unifoprmi--
dad de la Iuminaneia de las superficies, a mayor

uniforhidad, es mis fuerte la impresi6én de ampli--
tud. Esta impresién se refuerza cuando el sistema
de iluminacién tiene un arreglo en forma periféri-

ca.,

Relajamiento. La sensacién de relajamiento se re-
fuerza cuando la iluminacién se mueve de |la parte
superior hacia la periferia. La no uniformidad __

tambien incrementa la sensacién de relajamiento,

Claridad visual., La sensacién de claridad visual
se refuerza mediante sistemas de iluminacién que

sean claros, uniformes y periféricos,

Privacia o intimidad., La sensacién de privacia o
intimidad es ayudada por sistemas de ifuminacién
no uniforme cuando los ocupantes estan ubicados en

&reas més obscuras,
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Y7,

Satiafaccién y Preferencia, La sensacién de
satiafacciébn y preferencia por ciertos espa-
cios es aumentada por iluminacién no unifor-

me y periférica,

Estas caracteristicas pueden ser usadas por

el disefador para el desarrcllo de alterna--
tivas. El conocimiento de los ocupantes y
el uso especlfico del! espacio ayudard al di-
sefador a formular un sistema de iluminacién

que sea mads apropiado para sus funciones.

ILUMINACION DE AREAS ESPECIFICAS

La iluminacién en una oficina deberé& propor-
cionar a la gente los medios visuales para _
e jecutar diversas Jabores con exactitud, efi
ciencia y comodidad. Las Areas a iluminar _

incluyen:

Areas Piblicas
Areas de Recepcidn
Areas de Oficinas

lluminacién Exterior.,



AREAS PUBLICAS

Las 4reas pidblicas incluyen vestfbulos de accesa,
corfedores, elevadores y escaleras. Generalmente, no se e jccu--
tar tareas visuales de gran dificulitad en esta &reas. La ilumi-
nacién es para proveer seguridad en los movimientos de los ocu--
pantes y pare establecer contactos sociales. Estas &Sreas dan ol
disefiador una oportunidad para desarrollar un sistema de ilumina
cién inovador, E| tratamiento adecuado de las &reas piblicas
puede crear una sensacién de placer y una atmosfera de bienestar

en loas espacios.

- VYestibulos de acceso.- Una buena iluminacién en
los vestibulos de acceso es esencial ya que esta _
produce una primera impresién de facilidad en cll
acceso para el usuario, Un sistema bien disenado
puede complementar la arquitectura y el decorado de
estas dreas. En ocosiones es deseable una ilumina-
cién no uniforme para afadir interes, para permitir

la adecuada circulacién y para resaltar la atencién.

- Corredores., Los corredores proporcionan los medios
para la circulacién y el movimiento de un espacio _
a otro. La buena iluminacién y el arreglo de los
luminarios puede provocar direccién y perspectiva _
al espacio, Existen diversas formas de iluminar
corredores y el disefiador puede emplear ideas inno-
vadoras. La iluminacién puede ser directa o indi--

recta. Los luminarios pueden estar colocados en



hileras continuas o espaciados.

Elevadores.- Los vestibulos de entrade a los eleva
dores deberén estar iluminados para proporcionar __
seguridad en el acceso hacia Ios’elevadores, esta _
iluminacién no necesariamente deberd ser uniforme.

El nivel de ituminacién de la cabina del elevador _

dobers ser similar al del vestfbulo.

Escaleras Eléctricas.- La iluminacién de las esca-
leras eléctricas deber8 proporcionar un nivel sufi-
ciente en los eacalones para que una persona pueda

subir o bajar sin dificultad, Los luminarios debe-
rén estar colocados de tal forma que las personas _
que suben o bajan no produzcan sombras asobre los

escalones,

Escaleras,- Les escaleras generalmente son decora-
tivas o de utilizacién, Las decorativas estan usual
mente localizadas en rutas importantes y la ilumina-
cién deberd complementar |a aquitectura. Las esca
leras de utilizacién son usadas con el fin de desa-
lojer el edificio en caso de emergencia. En este _
.tipo de escaleras de deberd tener cuidado en ls
ubicacién de los luminarios para proporcionar faci-

lidad en el mantenimiento,
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AREAS DE RECEPCION

El recepcionista frecuentemente efectia trabajox de
oficina ademés del trabajo de recepcién, La iluminacién deberé
estar disefiada para proporcionar una visibilidad adecuada y que se

complements ademés con la arquitecturas,

AREAS DE OFICINAS

Las oficinas son usadas para diversos trabajos,
tales como lectura, mecanograffa, archivo, procesamiento de datos,
operacifén de computadoras, entrevistas, dibujo, juntas, etc. Llos
espacios de oficina varian desde grandes oficinas abiertas hasta _
pequefias oficinas privadas, -
- Oficinas Generaies.- &n oficinas generales se ejecu-

tan una amplia variedad de labores, por lo que la ilu
minacién deberé tener calidad y comodidad, Cuando __
se tienen muebles modulares los luminarios pueden
integrarse al mueble para iluminar e! plano de traba-
Jo. Deberé tomarse en consideracién la localizacién
de escritorios y la futura divisién en pequeiias ofici
nas. Las paredes deberédn iluminarse cuidadosamente _
ya que los escritorios generalmente estan colocados a
jo largo de estas., Cuando el cliente no indica la

local izacién de muebles, el diseRador deberd sugerir
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la localizacién y orientacién de muebles cuyo arre-

glo aproveche mejor la iluminacién,

Oficinas privadas. La uniformidad de iluminacién _
en una oficina privada no es generalmenfe lo més
importante, Una adecuada iluminacién general debe-
r& ser disefada para cubrir las superficies de tra-
bajo. La iluminacién supléﬁentaria puede proveer

juminancias complementarias en la oficina.

Salas de juntas. Las tareas visuales en salas de

juntas varian desde casuales hasta de dificil visién,
La sala deber§ contar con un sistema general de iiu-
minacién con apagadores o atenuadores para controlar

los niveles de iluminacién,

o

Méquinaas de Qficina.- Una gran varjedad de méquinas

son usadas en oficinas, entre ellas ae tienen:

Calculadoras, migquinas sumadoras, pantallas de termi
.nales, etc, Se debers tener cuidado pasra evitar re-
flejos veladores. Las pantallas de las terminales _
presentan grandes problemas, Las pantallas se apre-
cian mejor en niveles bajos de iluminacién, EI bri-
Jlo y las imagenes refle jadas sobre las pantallas

provienen de altos niveles y de ventanas que estan a

espaldas o & un lado de la pantalla



- Salas de Computo.- En la sala de méquinas es sufi-
ciente un nivel bajo de iluminacién, sin embargo,
deberd proveerse un nivel adecuado para el manteni-
miento y el servicio del equipo, Los luminarios de
ber&n estar cuidadosamente ubicados de "3l forma

que no se produzcan refle jos veladores.

~ Salas de Dibujo.- La tarea visual en las 4reas de
dibujo requiere una alta calidad de iluminacién ya
que se requiere una discriminacién de detalles fi--
nos durante largos periodos de tiempo. Se puede
usar una iluminacién local suplementaria para pro--
porcionar las iluminancias recomendadas y para redu

cir el consumo de energlas.

- Areas de Archivo.- En &reas de archivo muy activas,
el trabajo es probablemente prolongado y la tarea
visual de mayor severidad., Cuando un local esta
dedicado exclusivamente a archivo, se deberéICOnsi-
derar el disefo y localizacién de los luminarios
para proveer las luminancias recomendadas sobre las

superficies verticales.



Sanitarios.- En los sanitarios no es necesario te-
ner uniformidad en la iluminacién. Los luminarios
deber&n estar localizados para proveer la adecuada
~ituminacién en la vecindad de los espejos, lavabos,

etc.

Areas dc servicio de aiimengos.- Los servicios que
normalmente hay en un edificio de oficinas son

una cafeterfla o un restaurant, Llas cocinas debe--

rén estar provistas de una iluminacién bien dise--

fada para proporcionar una atmosfera de |impieza e
higiene, Las énpaa de comedor deberén estar ilumji
nadas de tal forma que |a estancia sea placentera.

Deberén proveerse atenuadorea de juz en las &reas

del comedor par permitir cambiocs en la atmosfera.

Bibliotecas, La lectura es generalmente la activi
dad que més se efectua en una biblioteca, Lla ilu-
minacién selec?ionada deber& prﬁporcionar Na vi--
sién confortable y puede ser similar al equipo de
ituminacién utilizado en oficinas generales, Los
estantes para libros deberdn estar iluminados ade

cuadamente,
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- Salas de primeros auxilios,- La sala de primeros
auxilios deberd estar proviasta de iluminacién genc--
ral. Pare una inspeccién minuciosa del paciente se

requiere iluminacién suplementaria,

= Cuartos de utileria.- Se deberé proporcionar unica-

mente una iluminacién genera! que sea adecuada.

ILUMINACION EXTERIOR

La iluminacién exterior para un edificio de ofici-

nas incluye iluminacién de proteccién, iluminacién de accesos,
iluminacién de pasillos, iluminacién de estacionamientos.
= Jfluminacién de Proteccibn.- Se deterd proveer una _

adecuada iluminacién de proteccién con el objeto de

proporcionar seguridad al edificio.

- f{luminacién de accesos, La ituminacién de lus en---
tradas, generslmente ests disefiada para complementar
la estructura arquitecténica del edificic y permitir

el acceso a este con buena visibil)idad.
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- lluminacién de Pasillos,~- Se deber&§ proporcionar
iluminacién - los caminos de comunicacién exterio-

res cuando el edificio se utiliza en las tardes,

- lluminacién de Estacionamiento,~ Se debers proveer
iluminacién a los estacionamientos con el objeto de

desajentar el robo y el vandalismo.

MANEJO DE LA ENERGIA

Un disefio de iluminacién no esta completo hasta

que éste ha sido sujeto a una cuidadosa evaluacién de su empleo _

de energfa,

Habra un derroche de energla cuando existan cual--

quiera de las siguientes condiciones:
}) La fuente de iluminacién esta energizada cuando no
s necesario (esto se debe a un control pobre)
2) El sistema de iluminacién es ineficiente o de poca
calidad
3) Lla cantidad de luz es inadecuada para la ejecudién
de la |abor.

4) La cantidad de luz excede la necesaria



Las pérdidas directas en costo de energfa eléctrica
son aquellias que resultan de un contro) pobre, un sistema inefi--
ciente o un sxceso de iluminacién, Cada una de ellas puede eva--
luarse en forma cuentitativa en costo de kilowatts-hora, cusando _

se comparan Jas eficiencias de disefics seme jantes,

CONTROLES

La habilidad para gobernar la operacién de un siste
ma de alumbrado adecuadamente es el factor m&s importante en el _
consumo de ensrglfa, por lo que es necesario utilizar mayor tiempo
de ingenierfa para desarrollar ur cuidadoso anélisis de los siste

mas de control,

- Controles manuales.- La mayor parte de ia iluminacién
en las oficinas se controla manualmente, por lo que _

se deberén considerar laas siguientes cordiciones;:

.- Cada oficina o &reas deber& tener su propio control,

2.- En grandes espacios sbiertos, las &reas de trabajo
deber&n agruparse y controlarse independientemente

3.- Cuando se usan una o dos |&mparas por luminario, los
luminarios adyacentes se deben conectar en circuitos

alternos.
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4.- Cuando se usan lusinarios de tres lSmparas fluores

centes, la l&mpara central debe conectarse a un

circuito separado dol de las l&mparas exteriores.

§$.- Cuendo ss usen luminarios de cuatro lémparas fluo-

rescentes el par interior debe conectarse a un cir

cuito separado del de las 18mparas exteriores.

6.- Las &reas de trabsjo que Eequieran altos niveles de
iluminacién deben conectarse en circuitos indepen-

dientes.

Controles autosbticos.- Los controles automsticos
pueden sl iminar muchos de los problesas en e! empleo
de la energlis, debidos a fallas de los ocupantes en _
ol uso apropiado de los controles,

Algunas de las técnicas de control automético son:

Interruptores de tiempo - relevadores
Relojes - Computadores © micro
procesadores

Detectores de presencia

Controles fotosenaitivos



Esta Gitims técenica se utiliza para resolver una _
gran variedad de problemas de slusbrado. Pueden instalarss para _
mane jar grandes sistesas de alumbrado, respondiendo & una asplia _
variedad de localizecién de labores, ademss pueden wane jar otras _
labores como pua&en ser: calefacciébn, aire acondicionado, elevado-

res, stc.

- Atenuacibn de lur.- La utilidad de un nistema de ilu
minacién puede ser aumentada, instalando atenvadores
de luz en los locales donde se requiere una gran varig'

dad de niveles de 1luminacién,

= Reduccién de voltaje de operacién. El alumbrado fluo
rescente puede ser operado a voltaje reducido con el
uso de! equipoe y circuitos adecuados, logrando un

congiderable shorro de energla.

- Apagado y encendido del alumbrade Fluorescente., No _
existe situacién alguna donde e! apagado y encendido
de l&mparas fluorescentes tenga efectos econbmicos __
negativos, Una l&mpara fluorescente pierde pocos mi-
nutos de vida por cada ciclo de apagado } encendido,
Por lo regular el apagar las |&mparas Fluorescentes _
‘sirve para aumentar Ja vida util de la 1&mpara debido
a que el tiempo en que €sta permanece apagada excede
en tiempo & la reducciébn de su vida étil por el efec-

to de apagarlas y encenderlas,.
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- Apagado y encendido de l&mparas de descarga de alta
intensidad. &l alumbrado de descarga de alta inten
sidad requiere de varios minutos pars su reencendi-
do déspuea de su desconexién, Debido a que e! tiem
pe de r;encondido de estas |&mparas es entre |0 y 15§
minutos se timitan los ciclos de apagedo y .encendi-
do a las situaciones donde tales ti_enpos puedan ser
tolerados, Por esta razén Hay pocos beneficios en
el pagar y encender los sistemas con l&mparas de

descarga de alta intensidad.

EFICIENCIA DEL SISTBMA DE ILUMINACION

La eficiencia de un sistema de ilusinacién es el _
resultado de 1a combinacién de las eficiencias de los componentes

de los lusinarios y del medio ambiente.

- La mayor parte de los disefios de iluminacién de ofi-
cinas contindan utilizando |&mparas fluorescentes. |
Sin embargo a Gltimas fechas se ha empezado a incor-
porar l&mparas de descarga de alta intensidad en el
alumbrado interior. Los disefadores deberdn selec---
cionar las fuentes mis eficaces que satisfagan las

necesidades del &rea.
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La selecciébn de las |l&wparas depende de; las necesi-
dades de color, el tiempo de encendido y de la dias-—-
tribucién deseada. Lla eficacia (lGmenes/watt de en-
troda) es diferente para cada grupo de l&mparas (fluo
rescente, smercurial, aditivos met8licos, sodio alta
preﬁién, etc.) La eficacia también varfa con la po-
tencia, las l&nparas de gran potencia son por o

general mis eficaces.

Existe una amplia gama de disefios de balastros, e} .
perfeccionamiento en sus disefios da cowmo resultado _
pocas pérdidas en nucleo y bobinas lo cual redunda _
en une vida mayor debido a su operacién a wenor tes-
peratura, Tipicamente una reduccién de 10°C en la _
temperatura del balastro ocaciona un aumento al do--

ble de Ia vida esperada. .

Los avances en la tecnologfa de estado solido han
dado como resultado el desarrollo de balastros elec-
trénicos para |l&mparas fluorescentes y de descarga de
alta intensidad, estos disﬁoaitivos reducen las pér-
didas al eliminar el niGcleo y las bobinas, ofrecien-

do una gran flexibilidad pars el control .
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La tuz que sale de las I&mparas es dirigida a la ta-
rea por los diferentes elementos del sistema épti-
co. Estos elementos son; el reflector y si se usan,

los tentes o el refractor.

Coda watt utilizado en el alumbrado introduce 3.41 _
BTU’S por hora de calor‘an la construccién, Exis—-
ten sistemas para el control del calpr producido
por los Juminarios. Estos asiatemas pueden usar la
parte superior del luminario para colectar el calor
o incluir e] uso de una mane jadora de aire que aso--
ciada a ductos de aire remuevan el calor producido _

por el alumbrado.

Medio Ambiente, Tan importante es establecer las _
especificaciones de un sistema de iluminacién como

lo es el establecer un lugar de trabajo eficiente.

Llocalizacién de la tarea y colidad. Lla localizacién
de las labores deberé planesrase para proporcionar el
me jor arreglo de luminarios, Esto es posible median
te el agrupamiento de labores que tengan requerimien

tos visuales similares.



Reflectancias y Depreciacién por polvo. Se debe de
tratar de convencer a los clientes de utilizar colo-
res con reflectancia alta para todas las paredes del
&rea de trabajo. Ademd8s para lograr ahorros los cal
culos deben hacerse con los valores rea!és_y no con
valores estimados,

lluminacién con luz natural.- La iluminacién con luz
natural puede ser un factor importante en el ahorro _
de energfa. OQue tanto se shorra depende de varias __

variables tales como: la disponibilidad de luz natu--

ral, la orientacién del edificio, horario en que se _

fabore, tamaio y localizacién de las ventanas, nive--
les de iluminacién requeridos y de la utilizacién de

controles de iluminacién,

_ CANTIDAD DE ILUMINACION

€) seleccionar el nivel de iluminacién adecuado es

un aspecto muy importante en el ahorro de energfa.
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lluminacién de Sreas con labores definidas. La re-
comendacién bésica es proporcionar la cantidad de _
luz adecuada donde esta es necesaria, y evitar exce
derse en cantidad de luz en freas donde la luz no _

tenga un propSsito muy util.

lHuminacibén de &rcas con labores indefinidas. il

me jor método para disefar la iluminacién de &recas _
con labores indefinidas es el proporciona flexibili
dad a ta istalacién, Una técnica para lograr esto
es utilizar un sistema de Iu.ﬁnariéa desconectables,
el cual consiste d= una red en el techo con contac-

tos que acepte luminarios con cable y clavi ja.

Mantenimionto de la iluainacién, Se pueden mantener
los niveles Je iluminacién iniciales compensando |las
diferentes pérdidas de Jluz que ocurran con el paso
de los afos en el sistema. Para esto, el disefiador
y ¢l encargado de mantenimiento deber&n establecer
un programa de mantenimiento y reemplazo de |&mpa--
ras. Un buen programa de mantenimiento previene ___
contra la uvtilizacién de niveles iniciales de ilumi

nacién altos.
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ATRE ACONDICIONADD

Es deseable que ol disefio de alumbrado esta comple
to antes de determiner s! tameito del equipo de aire acondiciona--
do, y® que el utilizar los velores reales de disefio se puede eli-

minar un aumento significativo en el tamefio de! equipo.

ALUMBRADO DE BMERGENCIA

E! alumbredc de emergencia proporcions seguridad a
los ocupantes de un edificio cuando el aistema normal de ilumina-
cién falle. La ituminacién proporcionada por el sistema de alum-
brado de emergencia debe permitir salir en forma segura del edifi
cio en caso de emergencia. Si el salir no es necesario , el sis-
tema debe operar para proporcionar seguridad y comodidad a loa
ocupantes hasta que el sistena normal ses restablecido.

- Yipos de alusbrado.- Existen diferentes tipos de ___
alusbrado de emargencia y su uso depende da ias nece-
sidades de cada edificio.



- Sistemas en uso., Existen tres tipos.

1) Un sistema de luminarios cableados independientemente
y alimentados por un generador,
2) Un sistema de luminarios alimentedos por dos fuentes

independientes.

3) Equipo unitario con baterias individuales.

- Alumbrado de salidas.- Este alumbrado, debe proporcic
nar Ja iluminacién requerida sobre el piso, en las
trayectorias hacia salidas incluyendo la interseccién

de corredores, pasillos escaleras y puertas,

‘Cada salida debe ser claramente indentificada con _
sefiales luminosas. Lla fuente de luz puede ser propia o provenir _
de) exterior, pero deber§ operar durante las fallas o interrupcio-~

nes de la fuente normal de onergfa..

SEGURIDAD

- Importancia.- En cualquier parte de una oficina, _-
Iaa.condiciones para trabajer con seguridad son esen
ciales y por lo tanto, deben ser considerados los _

efectos de la luz. £l wmedio ambiente de una oficina

es importante diseiarlo con el objete de compensar _

las limitaciones propias de la capacidad humana.



Cualquier factor que ayude a ver -ejo;, aumenta la
probabilidad de que un empleado pueda detectar la
ceuss potencial de un accidonte de inmedisto o in-
pedirlo.

- Otros factores. Ademés de los niveles adecuados _
de iluminacién, un &rea visualmente segura no debe
tener brillo excesive ni deberta haber grandes con
trastes dentro de ella. Debido a cambios en la
adaptacién del ojo cuando mira superficies de dife
rente luminancia, 1a relacién de-iu-inancie entre

superficies adyacentes no debe exceder de 20 a |.

= Evaluacién de iluminacién, Aunque e! &rea de una
oficins puede ser disofiada con la calidad y canti-
dad necesaria para seguridad, es necesario conocer

si dichos requisitos han sido tomacos en cuenta,

MANTENIMIENTO

Se debe proporcionar suficiente informacién al _
usuario para implesentar un programs de mantenimiento., Esto es
&. suma importancia dado que of sistema de aluwbrado es disefa-
do considerando factores de pérdidas de luz que requieren de un
-antani-icntolperiodico para cumplir con los criterios bésicos

de disefio establecidos,



34

PLAN DE MANTENIMIENTO

Como una gula poara elaborar un plan de mantenimien

to se pueden utilizar los aiguientes puntos:

. = Limpiar lusinarios y reemplazar l&aparas periodica--
sante.
-~ Reviser todos los conpohantea de los juminarios

- Reemplazar luminarios viejos o dafiados por unidades
nuevas que se limpien facilmente

- Instalar lémparas de alta eficiencia
-~ Podar los &rboles o arbustos que obstruyen les luz
- Repintar las superficies del local

- Minimizar el uso de la iluminacién durante periodos
de limpiezs,
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Institution and Public
Building Lighting

SECTION

Banks/7-1 Hotel/Mote! and Food
Churches anc Synagogues/ Service Facilities/7-17
7.9 Libraries/7-25

Health Care Facilities/7-4

Museums and Art Galleries/
7-28

Banks, churches and synagogues, hotels and
motels, food service facilities, libraries, and mu.
seumn and art galleries are usually considered to

be institutions or public buildings. The lighting ’

of the spaces peculiar to these buildings is in-
cluded in this section,

Appropriate design illuminances for areas and
tasks in institutions and public buildings are
given in Fig. 2-2, page 2-5, in terms of illumi-
nance categories, and within this section in illu-
minance where specific values have been found
10 be effective based on criteria other than visual
task performance.

For the lighting of office areas, merchandising
areas, and exteriors of institutions and public
buildings, see Sections 5, 8, and 12, respectively.
For general information on interior lighting de-
sign and energy management, see Sections 1, 2
and 4.

BANKS

The various functions and tasks that occur in
a bank are mainly the same as those that occur
in offices, i.e., conference areas, accounting, gen-
era] and private offices, bookkeeping, ete. (see
Section 5, Office Lighting). There are, however,
s2veral specific areas with special banking func-
tions where the lighting needs may be different.

Specific Areas

The following are several specific banking
arcas to be considered (illuminance recommen-
dations for areas and associated seeing tasks are
given in Fig. 2-2):

Here: Heferences are fisted st the end of each section.

Lobbies. Historically, bank lobbies have had
very high ceilings, but today, because of high
building costs, they are no more than 3.5 to 4.5
meters {12 to 15 feet) high. Where very high
ceilings exist, the use of high intensity discharge
lamps should be considered, not only for energy
utilization but alao for the economy of relamping
and other maintenance procedures.

Special attention should be given to writing
areas 50 that there is adequate illumination for
the activities performed there. When promo-
tional incentives, such as merchandise, are lo-
cated in the lobby, there should be provisions for
highlighting to create a point of interest (see
Section 8, Lighting Merchandising Areas).

Tellers’ Stations. The most active areas in a
bank are the tellers’ stations. Here the lighting
should provide for fast, accurate transactions.
Because of highly polished material for the deal
plate, there ia a tendency for reflections from
lobby lights. One way to reduce reflections is to
utilize a low brightness luminous ceiling. Re-
cessed downlight luminaires directly over the
deal plates should be avoided as they tend to
cause shadows and discomfort glare for the teller.

The interior lighting at a drive-up window
should be similar but due to sloping of the win-
dow glass, luminaires behind the drive-up teller
should be of low brightness to minimize any
reflections on the glass itself.

Probably the most neglected area of bank
lighting is the outdoor drive-up area. The out-

side lighting there should be about the same

magnitude as the interior to avoid a mirror effect
on the glass, looking out from the drive-up teller's
position. The lighting should be designed to light
the person in the vehicle and the drive-up unit,
not the top of the car. In addition to the “visual”
drive-up teller facilities, where the teiler visually
sees the client, there are television or remote
units requiring lighting for camera needs.

]
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Security Lighting. Security lighting should
be incorporated in accordance with the Bank
Protection Act of 1968, whereby adequate night
lighting and exit lighting and lighting on the
vauit are on at all times. Also, there must be
adequate interior lighting for an alarm camera

system. Lighting requirements for cameras and
films used should be evaluated.

CHURCHES AND SYNAGOGUES'

Skillfully used lighting can make worship ser-
vices more meaningful and enhance the architec-
tural design of the space. The lighting can mold
and give depth, and can subdue or accentuate, or
perhaps change its accent, as the service pro-
ceeds. In certain interiors it can add a fourth
dimension: a suggestion of the infinite.

For good energy management, consideration
should be given to the use of the least wattage to
create a desired mood or to perform visual tasks,
and the use of adequate controls and mainte-
nance procedures. See Section 4,

Entrances |

In the entrance vestibule or narthex, the light-
ing should enable the quick recognition of faces,

facilitate the taking of notes of names and re-
quests, and provide a transition between the

Fig. 7-1. llluminances Currently Recommended for
Churches and Synagogues”®
Iluminance
Area
Foolcan-
bux dles
Alar, ark, reredos 1000° 100°
Choir* and chancel 3o00® 30°
Classrooms 300 a0
Pulpil, rostrum (supplemanlary
illumination) _ s00° 50"
Main worship area’ ,
Light and madium interior finishes 150° 15°
For churches with special zeal 3Jo0* a0
An glass windowa (test recommended)
Light color . 500 50
Medium color 1000 100
Dark color . 5000 500
Eapecially dense wlndowa 10000 1000

* Maintained target on tasks.

* Reduced or dimumad during sermon; pralude or modilation.

* Two-thirds this valve if interior finishes are dark (less than 30
per cant reflectance) to avoid high luminance ralios, such as between
hymnbook pages and the surround. Caretul planninq is essential for
good gasign.
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exterior and main worship area brightness. Dif-
fuse illumination should be used so that faces
appear pleasantly lighted and are not mude (o
appear lined or strained by highly directional
harsh sources.

Main Worship Areas
/

There are vast differences in the service and
liturgy of the many faiths and dencminations
and the lighting designer should be familiar with
their customs in order to assure proper lighting
emphasis at the proper time. Fig. 7-1 lista sug-
gested illuminance values for design based on
needs during various types of religious services.

General Lighting, There should be appropri-
ate general lighting for reading, moving ‘about,
visual social contact, and to help the worshipper
relate to the structure and its features. In many
churches there is a trend away from the tradi-
tional service of I:stening, watching and meditat-
ing, to a service that includes more participation,
Higher general lighting in the space can encour-
age :7 2 feeling of being part of a body of people.
Suc:: sarticipation also means more reading—
requiring particular attention to light at the pew.

Often there ar: two components Lo the general
lighting: (1) dire:t lighting foi the pews, and (2}
indirect lighting o relieve sha Jows and to create
desired brightnesses on the structure. Some-

. times, indirect lighting provides all the general

illumination—particularly if lighting equipment
cannot be mounted on or in he ceiling.

Lighting from sne direct »oint source createy
dark shadows and specular reflections. This may
be desirable to highlight an object, but it is
undesirable where people are attempting to read
or follow printed material. Also it can make the
leader of a service appear unpleasant through
deep eye and other facial shadows. An overlap of
light from direct sources or the use of indrect
lighting with direct light will soften shadows and
reduce specular ref ections

Accent Lighting. Certain parts of the wor-
ship area become ceitral a- different times in the

service, and when 8o, they should be highlighted. .

Those areas may be where the worship leader,
the choir, the Torah, tt e communion table, the

stations of the cross, ti.e Bible and the Ark are

located. Controlled beama of light should be used
that will properly rende: the features in these
areas and not create gla-e for those participating.
This will mean careful choice of beam spread,
intensity and location of spotlighting.
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The location and orientation of the congrega-
tion should be kept in mind 8o that any direc-
tional lighting will not create glare. Particular
attention Lo the shielding of directional lighting
is needed for the church-in-the-round.

Controls. Lighting can help shift attention
and emphasis during & service. By switching or
dimming, the appropriate changes can be made
in the brightness of different parts of the worship

b S o\l e
Fig. T=2. Tenl-type church. Exposed refters congeal equip-
ment which Is aimed down and forward for jighting pews and
chancel. Light from coves diffuses. balances and suppie-
ments the downlighting 0 create reverent mood desired

- dufing 8 service. )

made in tuture years.

Fig. 7-3. AsinFig. 7-2. the ceiling
design hides luminaires from lhe
sealed congregation. Incandescent
and tuorescent sources (insel) pro-
vide varied lighting effects during a
service. As the wiring is semi-ex-
' posec, lighting changes can be easily

CHURCHES AND SYNAGOGUES 7-3

area. When dimming is used it produces these
changes much more subtly than switching. This
is particularly true of general lighting or lighting
of large features.

Church Architecture and Lighting

In the nave or main auditorium the quantity
of light, and use of patterns of light and shade,
vary widely with different architectural styles.
See Figs. 7-2 through 7-5. The lighting designer
should consult closely with the architect wo un-
derstand the purpose behind the architectural
style being used and to develop the lighting ap-
proach for it. They should cooperate through the
following stages of translation: (1) the architect's
concept of the space, (2) the brightness patterns
desired and (3) the lighting equipment needed.
For a further discussion of the relationship of
light to architecture, see Section 1.

If lighting equipment is to be concealed in or
behind a structural element, space is often lim-
‘ted. If care 15 not taken, the results may be

neven illumination and excessive brightness
rrom spiil light on exposed surfaces udjacent to
the equipment. For example, incandescent light-
ing in a small cove or cornice should use a large
number of small devices rather than a few high
output units unless very compact, sophisticated
optics are used; otherwise the adjacent ceiling or
wall could be unevenly and excessively bright.
When their color, dimming and starting capabil.
ities are acceptable high intensity discharge and
fluorescent sources should be considered. See
Fig. 7-3 for ane fluorescent application.

J il N ! - LN i i e
Fig. 7-4. Unsymmetrical design. Floodlights acrass
court at - illuminete the ceiling of nave and part of
chancer. .-ner exlerior floodlights, small in size, aim light
down al a pool in the courl 8o thal retlected rays play
taintly over the nave ceiling. Chancel and pew lighting
come trom behind the ceiling beams.




Fig. 7-5. Coloniai church. The lighting designer workad
with the interior designer lo arrive al the feeling and the
imege required. Tradilion and a worshipful atmosphere are
preserved. Alter dark three systems of nave lighting provide
eflectively tor evening worship. On rainy days, mos! or all of
the evening lighting 18 used. On sunny maornings, interior
lighting may be used Lo retain attention indoors.

"

Lanterns or other suspended decorative lumi-
naires may be effectively used with many archi-
tectural styles, If they are to produce direct
general illumination, however, care should be
taked that there is sufficiently wide distribution
of light for good coverage but without discomfort
glare. This may be impossible if appearance dic-
tates a very low suspension; in this case, other
sources should be used to provide the lumina-
tion and the suspended equipment used as a
luminous decorative element.

The reflectance of some large surfaces in the
worship area—usually wood—may be very low.
Such surfaces should be lighted to make them
visible and to relieve an otherwise “too-dark”
atrnosphere, but not so much as to make them
brighter than they would be expected to appear
normally.

Art Windows

As in the architectural considerations for light-
ing, the lighting designer should work closely
with the art window designer to determine the
desired appearance of the lighted window. In all
stained and art windows, the density, diffusion
and refractive qualities of the glass or plastic will
determine the light source luminance and size to
be used.

It is not necessary to achieve a perfectly flat

or uniform lighting effect. In fact, it is often no
desirable. It is almost always necessary (o set up
a trial lighting system to see” how the glass re-
sponds to different lighting. In such trials, a great
dea] of equipment may be necessary both Lo get
sufficient light on the glass and to have enough
different lighting approaches to examine.

Generally the lighting of art windows serves
two main purposes: (1) for viewing from inside
during nighttime services, and (2} for viewing
from outside for passing traffic.

Viewing From Inside. The window can be
lighted with outside floodlighting units if the
glass has sufficient diffusion and refracting qual-
ities {from irregularities on the surface of the
glass and within the glass). 1If the glass is not
extremely diffuse, the unita should be located sc
that they are not.seen through the glass and do
not produce visual “hot spots.” Clear stained
glass needs a luminous background such as a

closed light box around the outside of the win-
dow.

Viewing From Outside. The floodlighting ap-
proach above also can be used, but with equip-
ment located inside. Spots of brightness may be
more difficult to avoid, however, since lighting
equipment is usuall:" most conveniently located
on the ceiling and th:: viewer is usually below the
window. A larger rumter of lower intensity
floodlights can make the ipots of brightness less
apparent. For clear stamed glass a movable
screen or drape can b.: usad on the inside, lighted
(either transilluminat :d ¢ r lighted from the win-
dow side) to form a luminous background for
clear glass; it can be moved away for times of
viewing from the insid..

HEALTH CARE FACILITIES®

The lighting of health cure facilities presents
many problems involving a wide range of seeing
conditions. Optimum se¢ing conditions should be
provided for doctors, nirses, technicians, main.
tenance workers and prtients. For a better ap-
preciation of the principles involved, a review
should be made of Section 3, Light end Vision
and Section 5, Color, of the 1981 Reference Vol-
ume; and Section 11, Interior Lighting Design,
and Section 2, Lighting 'System Design Consid-
erations, in this volume.

Many activities in healh care facilities are not
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| relatod directly to patient care but are necessary
an supportive institutional functions. Areas such

aa business offices and laundries are not dis-
cussed in this section (Bee Sections 5 and 9).
Some of the activities are identical or similar to
ones in other inatitutions. These include libraries
and kitchens. There will be some locations in
which there is overlap in recommendationa. For
example, the patient room may be similar in its
lighting requirements to the hotel room, when it
is used for minimal care patients, yet the light.
ing must be considered differently in the patient
room for the sick, the aged or the infirm.

Illuminance recommendations for health care
facilities are given in Fig. 2-2, page 2-6. Where
higher illuminances from localized lighting are
required as in surgery, obstetrics, dentistry,
emergency treatment and autopsies, it is desira-
ble to insure comfortable lighting conditions by
limiting luminance ratios between the task and
other areas in the normal field of view, i.e., the
luminances between the task and adjacent sur-
rounding should be limited to 1 to '4, between
task and remote darker surfaces to 1 to '4 and to
remote lighter sufaces to 1 to 5. To help achieve
these reflectances, room surfaces should be
within the following percentage ranges: ceilings,
80 to 9; walls, 40 to 60, furniture and equipment,
25 to 45, and floors, 20 to 40.

Types of Facilities

Health care facilities usually include acute gen-
eral hospitals, chronic general and chronic spe-

~ cilized institutions for the care of the physically

and mentally iil, and the extension of these ser-
vices into facilities which offer more than the
phtient's own residence in professional care.

In describing good practice in lighting such
institutions, the designer should take into ac-
count not only the immediate objectives, but also
the services which might be required in the fu-
ture. For example, a facility designed as an ex-
tended care unit in conjunction with an acute
care hospital may ﬁnd its beds recertified as
acute care beds. .-

The Acute Care Hospital. While an acute
‘care hospital might be faced with all of the
diverse lighting design considerations in a com-
Dle_te multidisciplinary one, there may be some
which will not. Obstetric and pediatric hospital

mchions are being allocated to certain hospitals .

and abandoned in others. This trend is increasing
and results in greater specialization in each hos-
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pital, This will result in greater demand upon the
support facilities.

Another trend is the expansion of outpatient
services, particularly for those functions previ-
ously considered in-hospital ones. This does not
mean complete abandonment of such functions
for in-hospital patients, but it means a major
reduction of these functions with a reduction of
space allocation. Conversely, the planning of fa-
cilities for these and other activities such as
laboratories will be partially moved to freestand-
ing clinic buildings or office buildings designed
for physicians and dentiats. All of these require
special illumination.

There are also constant transitiona in the in-
strumentation of medical, surgical and dental
practice. The computer and its application to
radiology may entirely alter that specialty’s re-
quirements,

Where once there were large multibedded
open wards now there are either single or double
occupancy rooms. Where, in intensive care areas,
there were mulitiple bed spaces individualized by
curtains, there are now either semi-enclosures
with glass observation windows or cubicles acting
as open bed bays from a central hall or work
space. By federal guideline these must have ac-
cess to windows to afford the patient access to
daylighted surroundings for orientation. The
night and task illumingtion, however, presents
the same problems for the designer.

The Chronic Hospital. The chronic long care
facility is fortunately largely disappearing. The
psychiatric institution is being repiaced by men.
tal health units often situated in general acute

hospitals. The contagious disease hospitals, in- -

cluding the sanitaria for tuberculosiz are also on
the wane. This means provision for psychiatry
and contagion in the acute care hoaspital.

The Extended Care Facility. The institu-
tions which are proliferating are the extended
care facilities: the nursing homes. Most of these
are largely inhabited by an aging population.
Many of these persons have vision difficulties:
cataracts, yellowed lenses, aphakia or presby-
opia. They, therefore, pose special problems for
the lighting specialist.

Other Facilities. F‘ree-st,andmg office build-

. ings, clinic buildings and medical teaching facil-

ities also deserve consideration as they form an
appreciable and growing part of health care. Ev-
ery physician’s office suite should contain light-
ing equipment that will provide that physician
with the quantity, quality and directionality to
permnit performance of all functions with ease.
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Lighting Ob]ectlves'

In recent years there have been many changes
in lighting concepts and in solutions to lighting
problems. Basic research has increased our
knowledge of visual requirements, industry has
provided new equipment for produc:ng light and
modifying its quality, and there is a greater con-
cern for energy conservation and management
(see Section 4).

These years have also seen great growth in the
medical techniques which have created new chal-
lenges for the lighting designer to provide the
best lighting for the new visual tasks. For exam-
ple, there is the problem of constant patient
observation in intensive care units containing
monitoring equipment, which must be constantly
under meticulous visual and auditory surveil-
lance, yet the illumination must be unobtrusive
while being fully adequate so that the observer
will not be visually fatigued.

A new appreciation of the sensibilities of the
patient is another dimension to be considered by
the designer. Although the lighting should serve
the demanda of the medical and nursing atten-
dants, it aizo should be suited to the comfort
needs of the patient, The patient must feel at
ease in this environment. The illumination in
multi-bed rooms should be designed to be unob-
trusive to one roommate while remaining ade-
quate for the other,

Lighting Design Considerations

A hospital is a very complex institution and
has almost an infinite number of functions being
carried out by persons who are normal or sick.

In designing the lighting system for a new or
renovated space, consideration should be given
to the needs of the occupant of that space—the
visual tasks to be performed, the desired appear-
ance of that space and energy and economic
restraints. The recommendations that follow are
for visual effectiveness and have been established
based upon the state-of-the-art. It is recognized
that there is still a need for further research in
many areas.

The personnel working in the diagnostic and
therapeutic facilities encompass a wide variety
of ages, as do the patients, and, consequently the
lighting should be planned to be adequate for all.
The exact need for good color rendering appears
to be obvious in most task-related areas of the
hospital.

Task Lighting. In areas where visual tasks

’ €S LIGHTING HANDBOOK
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are performed, from surgical procedures to pa.
tient reading, the tasks are the focal point with
less in the surround. Lighting for task perform.
ance depends upon (1) the importance and deii-
cacy of the particular task from both the stand-
point of time allowed and accuracy required
without undue fatigue, {2) upon the person per-
forming the task and {3} upon the task itself. See
page 2-3.

Seeing is a dynamic activity and eyes do not
remain fixed upon a single point, but move to ail
parts of the task and beyond it. For this reason,
it has been suggested that where task levels are
high, as in surgery, consideration be given to
three zones of lighting—the highest in the oper-
ative field, a second of lower level surrounding
the table, and a thu'd peripheral one grazmg the
wall,

Hoaspital areas are designated for spec:ﬁc ac-
tivities and, for these, some definitions of lighting
requirements both quantitative and qualnatwe
can be suggested.

Patients’ Rocoms—Aduit. The patients’
room lighting problema are to reconcile the need
for lighting at various times by various people
and usually to jrovide such lighting as simply
and economically as possible. The patient, nurse,
doctor and housekeeping personnel require dif-
ferent illuminan:e levels, in the same room, to
accommodate their individual needs. This range
of lighting is needed for a variety of nursing
services; it should be provided in a way that is
not objectionable to other patients in the same
room and that caters to the lighting needs and
whims of pat:enu whose only field of view may
be the ceiling.

Nursing Servtces. Since the primary purpose

of the hospital is to restore the patient to health,
lighting for nursing services and critical exami-
nations is common to nearly all hospitals. The
variation is in the provision for patient comfort
during convalescence. This may vary greatly,
depending upon the health and mobility of the
patients, the quality of services supplied by the
hospital, whethe: the hospital is public or pri-
vate, and perhaps most in.portant, on whether a
room is for gingle or mult ple occupancy.

Routine Nursing. For control of the general
lighting level in patients’ rooms to create a soft
light for the patients’ camfort, the use of vari-
able-control dimmers located at the door of the
patients’' room is suggested. The nurse should
never have to search for light to read charts and
thermometers. Should more lighting be needed,
the patient’s reading light may be used. The
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*1 - luminance of luminaires and nearby surround-
a ~_, ings should be less than 310 candelas per square
A - meter (90 footlamberts) as usually seen from any
: normal reading or the patient's bed position,

*

.- Luminaires to meet these conditions should
have low luminance,: One or more such lumi-
. naires in a single or ‘multiple occupancy room
"~ may be needed to provide general lighting 760
millimeters (30 inches} above the floor for normal
use. To prevent excessive spottiness of general
lighting, the installation should provide a lighting
level ratio of not more than 1 to 5 on a horizontal
. plane 760 millimeters {30 inches) above the floor
within a radial distance of 2.4 meters (8 feet)
from the maxlmum level on that plane
Obaervatwn of Patients. There should be
provision for local low-level illumination of a
color quality that will provide for proper diag-
nosis of the patients appearance. There should
be lighting at each bed and its floor area so that
the nurse may frequently observe the patient
- and equipment, such as drainage tubes and con-
tainers, during the night with minimum distur-
bance to patients. This light should be switched
at the door, and may also be controlled by a
dimmer, When the cbservation lighting must be
left on all night, or when higher levels are needed,
temporary screening from other patients may be
NECESEATY. L i i -
P " Night Lighting,” Wall-bracket combination
% " lighting units for patients’ use frequently incor-
iy porate a night light with switch at the bed. A
night light of this arrangement is desirable for
. the occasxonal use by patient or nurse. However,
X when it is'left on’ continuously, the luminance
produced in the surrounding field of darkness is
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sometimes a source of annoyance 1o pmwnuu
wishing to sleep.

For continuous use, t.he mght hght recom-
mended incorporates a Jow-brightness luminaire
with louvered or refractive’ cover, flush wall type,
installed 8o that its center is approximately 360
millimeters (14 inches) above the floor to direct
a low illuminance along the floor where it is
needed for walking or moving about in the room,

The important criterion for night lighting is
limiting the source luminance. This luminance
should not exceed 70 candelas per square meter
(20 footlamberts) for continuous use, or 205 can-
delas per square meter (60 foodambert.s) for a
short time.

Critical Exainlhatiou. The light'mg for crit-

ical examination of the patient should be of a -

color quality that will not distort the color of
skin or tissue and of a directional quality to
permit careful inspection of surfaces and cavities.
The examination lighting should, however, be
confined to the bed area and should provide the
recommended lighting in'the center of a circular
area 0.6 meter (2 feet) in diameter and at least
half as much at the outer edge, when measured
at a distance of not lesa tha.n 0.6 meter {2 feet)
from the lamp enclosure. |

Patient Use. Patient use unplies control by
the patient for reading, visiting, self-care or view-
ing television. This control must be limited 80 aa
to prevent annoyance to ot.her pament.a {sce Flg
7-6). ‘

The reading light should provide Ilght at the
normal reading position, assumed to be 1.14 me-
ters (3 feet 9 inches) above the floor. To allow

- the patient freedom to turn in bed without mov-

ing out of the reading light zone, the area of the
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Fig. 7-7. Both undet countor task light-
ing and celling genara! hghting are used
16 illuminate this nurses’ staticn. The
luminance general lighting system . 18
used so that palients in surrcunding rooms
would not see areas of high lurinance at
night,

reading plane lighted by an adjustable type of
unit should be approximately 0.3 square meter
{3 square feet), and for a nonadjustable unit the
area should be approximately 0.7 square meter
(6 square feet), To provide a reascnable degree
of uniformity of light over these recommended
areas, the lighting level at the outer edge of each
area should not be:less than two thirds of the
lighting level at the center of the area. To provide
comfortable lighting conditions for reading, the
luminance in candela per square meter (footlam-
berts) on the ceiling, provided by some means of
general lighting, should be &t least equal to the
illuminance in /7 lux {footcandles) on the read-
ing matter.

The luminance of the readmg lamp and of any
surfuce illuminated by it, as normally seen from
any usual reading or the patient's bed position,
should be leas than 310 candelas per square meter
(90 footlamberts). This condition is admittediy
hard to secure and entails careful choice of Ju-
minaires and built-in limitations to its move-
ments, ’

Housekeeping. A very important considera-
tion is the lighting for housekeeping functions.
Housekeepers need to see dust and dirt and to
remove it. The housekeeper must be able to see
beneath the furniture and to have oblique light-
ing over horizontal surfaces to observe dust.

Nursing Stations. In most hospitals each
nursing unit is coordineted around a nursing
station (see Fig. 7-7). At this point, charts are

atored, read and written. Thus a desk or shelf is’

invariably provided, usuelly against some type of
counter or below a hung cabinet. Lighting
mounted beneath this counter should provide for
the task lighting. It should be so arranged that it
supplements the gver-all itlumination of the sta-
tion.
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Some of this lighting will be in continuous use,
night and day. It is well to consider this in the
lighting plan for the station. Usually, although
by no means universally, when the nursing sta-
tion is not visible from any of the patient accom-
modations, general ceiling sources remain llghted
during the night hours.

The luminaires beneath counters, which are
placed so that a person sitting at the desk is
shielded from glare. should not be within Lhe
patient’s direct view, =

As the nurse must make frequent trips from~
the station to the patient facilities as well as to
service locaticns, the corridors between should
have transition lightir ¢ a higher level during the
day and switcked or dimmed to a lower level at
night. For safety, the illumination at the nursing
stations is usually on an emergency auxiliary
lighting system. .

Critical Care Areas. The term critical care
is replacing many of the former names such as
intensive care. Critical care areas are especially
designed for the very ill, and may be highily
specialized or be quite flexible in their acceptance
of patients. These accommodations have been
designed for postsurgical patients, coronary dis-
ease, respiratory disrease, burns, acute childhood
and neonatal problems, isolation units, neuro.
surgical units, etc. Basically all of these require
physical and instrument monitoring, and the ca-
pability for moun.ing emergency methods for
resuscitation, herrorrhage and other situations
which can be anticipated.

The illuminaticn should enable the observer
to note the prominence of veins on the neck and,
if possible, the presence of yellow tints in the ]
natients’ eyes. Lighting should be avoided with
a predominance of any color which may give the
patients’ compleiion & false appearance. Thus,
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only improved color fluorescent lamps should be
used, See Fig. 7-8.

While the demands for visual tasks in these
units may be greal, the payche of the patient
must alse be varefully considered in planning.
For example, the minimum requirements of con-
struction of the Health Resources Administra-
tion (79-1450} require the provision of windows
to enable each patient to be cognizant of the
outdoor environment. Yet the provision of illu-
mination by this means is not important.

The general lighting should be capable of dim-
ming. It should be located so that neither the
prone patient hor the one sitting with an elevated
backrest will be subjected to glare. In addition to
general lighting there should be lighting for ex-
aminations by the physician. Also, some type of
surgical task light should be readily available for
emergency procedures.

Most of these fucilities contain a handwashing
area.

Monitoring devices (see Fig 7-9) should be
studied so that there will be adequate illumina-
tion for reading them. This also includes a review
of their placement and whether or not- they are
internally illuminated.

Children's (Pediatric) Section. The child
admitted to the hospital for the first time may
feel dwarfed by its huge size and depressed by
the concentration of suffering. Strange equip-
ment may be frightening and alarm ill patients
or intensify anxiety. For this reason the chil-
drens’ department should be provided with am-
ple space for things for the children 1o do which
will be diverting and educational. The lighting

HEALTH CARE FACILITIES T-9

should be planned with this in mind, but should
be similar 1o adult areas.

The use of daylight is essential. There should
be 8 light and sunny atmosphere. Corridors
should be pleasant with warm colors and sur-
faces, and diffused lighting used. However, spots
of lighting patterns with interesting views
shorten times of waiting and distances for travel
down hospital corridors. Arrangements for vary-

Fig. 7=-8. Crilical care room. Wall brackets contain two
fluorescent lamps for Indirect ganeral lighling, one Huores-
cent iamp as & downlight 1or reading, and an incandescent
night-lighi for surveillance from the nurses’ station. Two 325-
walt lungsten-halogen lamps in ellipsoical reflectors are also
provided for indirect examination light.

Fig. 7-8. Nursing station in crilical care
unit, Note the lighting beneath the counter
and out of the patient’s view. Also, moni-
loring devices are easily wisible.
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' ing the lighting by multiple B.wilching or dimming

is often worthwhile.

Children play and sit on the floor, and often
use it as a table. For this reason the lighting
should be planned fur reading, looking at pic-
tures, drawing and other visual activity on the
floor.

Nurseries. Nursery lighting should be de-
signed so that infants in cribs and in incubators
can be observed easily (see Fig. 7-10). General
room illumination should be reducible for cosual
observation of the infants. J.uminaires for general

lighting should be of such a type or so installed,

that the luminance of any luminaires, ceiling ar
wall surface, as seen from working or normal
bassinet position, would b less than 310 candelas
per square meter (90 footlamberts).

There iz often a need for higher level than that
for the general lighting for careful observation,
but it is not kept at this level too long in order to
avoid retinal overexposure, for the infunt does
not have the ability to roll over or employ adult
protective mechanisms. This must be taken into
account when planning the ilumination.

In order to recugnize minor changes in the
color of the skin and sclera, light sources should
he specially chosen. It is preferable that these
sources be in the higher kelvin ranges and have
a relatively flat spectral power distribution,

There are special publications which should be
referred to for information of the treatmont of
infantile jaundice with fluorescent light, and yar-
ticularly to the precautions which are rocom-
mended for therapy,” and to the use of ultraviolet
bactericidal barriers in pediatric sections.

Mental Health Facilities. The facilities for
mentally or emotionally disturbed patients are

Fig. 7-10. Infant nursery. Windows J
night permit refatives 10 vigw (he hacies.
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genzrally either of the open type in which the
patients are unrestricted or of the closed varety
where access is controlled, Either facility may
house patients who are considered 1o be under
maximum security. For this type of patient the
lighting should be designed to be inaccessible to
the patients to protect them from injuring thetn-
selves or others, and yet designed to avold a
prison-like environment. Lighting should be pro-
vided by non-adjustable recessed, celling lumi-
naires, not only out of reach of the patient, but
protected from access to thrown or other objects.
These should be controlled by key switches pref-
erahly mounted in hallways outside of the deten-
tion area.

Most mental health facilities today handle
other than just the severely disturbed patient.
Regardless of the type of patient proper lighting
depends on knowledgeable selection of patierns
and areas of illumination most helpful and least
disturbing. A generalized, basic guideline is that
the lighting of these facilities should provide
interest, warmth, definition of spaces, and illu-
mination for tasks and safety. B

Surgical Holding Areas. These areas (sce
Fig 7-11) are designed primarily for the retention
of patients, nearly always supine on a wheeled
strotcher (gurney) after th ey have had a sedative
prermedication. Th :y are retained in this area out
of the traffic stream for periods of from a few
minutes to as mucl as 30 or more minutes.

T'he patient’s eye; shovld not be exposed to a
luminance of more han 100 candela per square
meter (30 footlamkberts). Most of the time a
subdued slumber type of illumination is advisa-
ble. and designed to e out of the line of sight of

the recumbent patient, but a higher level is.

needed for supervision and observation.
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The holding area is not usually designed for
surgical induction, however, some hospitals will
use it as such, and the planner must give such an
arrangement additional censideration. Some
tvpe of lighting is useful which will facilitate the
starting of intravenous lines, and other pre-an-
esthetic activities such as shaving, etc. This pur-
pose might well be served by flexible wall hung
bracket luminaires. One patient's preperation
will not then disturb another waiting patient.

Surgical Induction Room. The patient is
transferred here from a stretcher to an operating
table, the anesthesia started, needles placed into
the patient’s veins, and the patient maneuvered
inte a vanety of positions by manipulations of
the operating table. Connections to a variety of
monitoring devices are attached to the patient.
The positioning of the patient might take a coan-
siderable time, but for this the patient is usually
already partially anesthetized.

ldeally the patient is brought into this room
under subdued light. The anesthesta can be in-
duced after placement of a needle in the vein.
For this, a task light of some type must be
available. Once the patient is unconscious, the
illumination can be increased to serve the needed
staff tasks. The capahility of again reducing the
light in the room should be available while the
anesthesiologist inserts a tube into the trachea
(windpipe), This is accomiplished wutilizing a
lighted larvngoscope. This device provides only
a little light and thus a low ambient level is
preferred.

Surgical Suite.

‘ Opemt::ng Room. The lighting of the operat-
Ing room 1s perhaps the most important in the

MEALTH CARE FACILITIES T-11

Fig. 7.-11. Surgwcal hoiding area whare
patients are kept belcre being taken inio
the operating rcom. Note each unit here iz
separately dimmable (surgical recovery
similar). .

hospital, not in the number of people to be sat-
isfied but in the importance of the work dune
there. There should be no dense shadows to
prevent the surgeon from secing past his own
hands and instruments, nor to prevent him from
adequately seeing the patient’s tissue, organs and
blood exactly as they are. Sometimes he must
see into deep body cavities, natural or artificial.
To enhance physical comfort for the surgical
team, heat reaching the back of the surgeon’'s
head and neck from the overhead surgical light
rust be rinimized. The surgeons must be abie
to work for hours, if necessary, without any dis-
comfort end must be able to glance to and from
their work without having to take time for their
eyes to adjust to large differences in luminance.
Even more important than the comfort of the
surgeon and the surgicel team is the safety of the
patient. Body tissues exposed during an opera-
tion must not be excessively heated or dried.

Colors and reflectances of operating and deliv-
ory room intertor surfaces, dreping and gown
fabrics should be somewhat as follows: ceilings,
a nearwnite color with 90 per cent or more re-
flectance; walls, non-glossy surfaces of any light
color with 60 per cent reflectance, floor reflec-
tance preferably in the range of 20 to 30 per cent
but may be as low as eight per cent depending
on the limited selection of flooring materials
available: and fabrics for gowns and surgical
drapes should be colored, usually a dull shade of
blue-green, turquoise or pearl gray with 30 per
cent or less reflectance. Surgical instruments
should be of a nonreflecting mutte-finish to min-
imize reflected glare in the area of the operative
cavity. Any plastic materials uscd in draping
should also be of matte finish.

Equipment such as that for x-ray. anesthesia
and ventilation competes with the lighting sys-
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tem for the limited ceiling space available. There-
fore, to achieve desired general levels, it is nec-
essary to carefully pian the location and arrange-
ment of the lighting systern. Due to the vanety
of surgical procedures, it is highly desirable to
. allow for control of the general lighting system
to suit visual requirements of the surgeon and
ataff. The general iliumination in the operating
room should provide a uniformly distributed
level with provisions for reducing the level. Lu-
minaires should be equipped with elements giv-
ing diffusion to the light and to prevent glare.

As levels of general lighting have bccome
higher, luminance balance has assumed greater
importance. To achieve this, luminance ratios
(not illuminance ratios) between areas of appre-
ciable size within view of the surgeon aad his
team, should be no greater than 1 to 3 between
the wound and the.surgical field and 5 to 1
between the surgical field and the insurument
table. The surgical field to the room's lighter
surfaces also should be no greater than 1 to 5.
Visual comfort is probably greatest when there
are no excessively bright reflections in the field.

When fluorescent luminaires are utilized in the
surgical suite they should be designed to reduce
electromagnetic interference to a level that will
not interfere with operation of delicate electronic
equipment in a life support system. This gener-
ally requires welded construction te tniniinize
radio frequency leakage through openings, lenses
with an electrically grounded conductive couting,
and radio frequency filters o reduce the radio
energy getting into the electric wiring.

The appearance of the patient should not

Fig. 7-12. Surgical lignt with a tetevision
camaera fixed in the cenier ol cne of the
gdireciable units.
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chang= significantly when viewed under either
the surgical light or the general room illumina-
tion. This is best achieved by matching the spec-
tral pcwer distributions to the two types of lights;
however, usually it is only practical to match the
color temperatures. For example, if the main
surgical light has a color temperature of 4000 K,
generel room ilumination should be provided by
fluorescent lamps with similar color tempera-
ture—in this case, deluxe cool white fluorescent
lamps. In all cases fluorescent lamps should be
of the improved color type. '
The surgical task lighting system (see Fig. 7-
12) should be capable of providing a minimum of
27 kilolux (2500 footcandles} directed to the cen-
ter of a 300 square centimeters (78 square inches)
(or larger) pattern on & surgical table with the
top 990 millimeters (39 inches) from the floor.
This pattern is defined as an area within which
the illuminance tapers from center to edge so
that at the edge it is no less than 20 per cent of
that at the cent :r. For ceiling-suspended surgical
lighting systems, the illuminance and patterns
are measured 1370 millimeters (42 inches)-from
the face of the .amp cover glass, if a cover glass
is used, or the 1 ower edge of the outer reflectors
in a multiple retlector unit with individual covers
over cach lightiag source. .
The above is :ntended as minimum for general -
.surgical procecures. in many specialized in-
stances higher illuminances, various pattern sizes
and shapes, anl contral of level are desirable.
Variahle pattera sizes ire provided by moving
the lizht closer to or further from the patient,
Some lights proide, in addition, a focusing con-
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trol which varies pattern size. Users siiculd de-
termine the depth of field required {or their work
and evaluate the luminaires available that will
give B useable pattern over the degtn of field
required. All illuminanee measurements should

- be made with a color and cusine-corrected light

sensing element that wil indicate the average
level over a 38-millimeter (1%2-inch) diaumater. To
prevent obscuring shadows {roni the surgeon’s
hands, head, and instruments, the light should
reach the operating area from wide angles, For
test purposes, the light should provide a level of
10 per cent of the unshadowed level inside and
at the bottomn of a tube 50 millimeters (2 inches)
in diameter and 76 millimeters {3 inches) long,
finished flat black inside, from 5 distance of 1070
millimeters (42 inches) when the beam is ob-
structed by a disk 254 millimeters (10 inches) in
diameter, 380 millimeters {23 inches) above the
operating table, and normal to the axis of the
tube. This means that, in the testing meter, a 38-
mitiimeter (1%-inch) sensor is used. It is a very
sensitive test which means that the black finish
must have no specularity, and the disk and tube
must be correctly positioned. See Fig. 7-13.

Protection should be given against a total lamp
failure, for example, by multiple lamps in a single
lighthead, or by multiple iightheads, ete.

The radiant hear produced by surgical lights
must be minimized for protection of surgically
exposed tissues and the comfort and efficiency of
the surgeon and assistants. For most operations
the radiant energy in the spectral region of 800
to 1000 nanameters should be kept at a mini-
mum. This is the energy of infrared absorption
by flesh and water and henee results in a notice-
able heat to the surgeon, or more important may
cause drying of exposed tissues. Current research
suggests that in certain neurosurgical or intes-
tinal procedures on delicate, thin, dry or abnor-
mal tissue, the user of surgicai lights should take
care not to exceed approximately 25,000 micro-
walls per square centimeter at maximum inten-
sity in the light pattern. The manufacturer of
surgical lighting shou... provide information on
conditions under which his equipment can ex-
ceed these energy levels. An irradiance factor
(LW cm ™} per lux or footcandle would be helpful

_to determine the total irradiance of the lighting

svsiem.
For general surgery, the light from the lumi-
‘re snould have a color within an area de-
:oed by a five-sided polygon on the CIE chro-
maticity diagram (see Section 5 of the 1981 Ref.
ererce Volume). The range of CIE coefficients is

aplpropriately defined by the following x and ¥
Valucs,

VAR

————— ]

BLACK
DISK 284 MM DIAMETEH
/ AR
170 UM
(42 IN)

REMOVABLE MATTE
BLACK SCREENING
TUBE 78 MM {3 IN}

280 Mt ' X L0 MM C1A
{23 1Ny | / 12 IN)
i i
) PHOTOCELL
+

/ OQPERATING TABLE

|
|
|

Flg. 7-13. The les! for shadow reduction. Distance and
sizes ol cbjects are as shown above. Ter per cent ol the
incident light should be sean at the bottom of the tube.

X ‘ b4

310 310
400 375
<400 415
375 415
310 365

When plotied, the above points will result in
correlated color temperatures between 3500 K
and 6700 K. Spectral power distribution should
be so designed as to provide color rendering
satisfaction to the surgeon.’®

Secondary only to its unusual optical guality
is the flexibility designed into the surgical light-
ing unit. This may be mechanical on units sus-
pended frorm the ceiling or by electrical switching
arrangemerts in stationary units in the ceiling.
Directionality is sometimes achieved by permit.
ting the scrubbed surgeon to adjust a sterile

_ handle, but the asepsis of this technique has been
‘questioned. If handles are used, they should be

demountable for sterilization, smooth to avoid
glove punc.ure, and have a guard to prevent
contact witi a nonsterile area.

The requirements for directional flexibility in
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the main task lighting system will vary with the
surgeons and the type of surgical procedures to
be performed and limited by the “five-foot” rule”
imposed for the use of flammable znestistic
agents. (NFPA-56A-1973 permits breaching the
“five-foot” rule when operating rooms are clearly
defined to avoid all use and presence of flam-
mable agents.) The requiremenis for arihopedic
operations differ greatly froin those for cardio-
vascular and neurosurgical which, in turn, differ
from those of the gynecologist. Thus the selec-
tion of the lighting system cannot be simply
defined and the prospective purchaser must be
aware of the limitations of all of the equinment.

Two-team surgery is now frequencly practiced

for many procedures. For example, one team
may remove a vein from the thigh while another
implants it into> the heart. Additiona iightheads
or satellite unirs 1nay extend from the primary
luminaire mounting. On the other hand the use
of two or more luminaires on one surgical field is
to be employed only with care, See above,
. Supplemental surgical task illumination is of
two main tvpes: those with a btam encorapassing
the entire field and those which uperate by di-
recting light through a glass or plastic fiberoptic
bundle. The former, if they are to be used in an
operating room where fNammable anesthetic
gases are employed, must be ¢xplosion preal or
limited in movement to 1.5 meters (5 feat) above
the floor. The fiberoptic light source and all of
its electrical system must be in accordance with
NFPA 56A." In addition supplemental head-
lamps, self-lamped, orten project an image of a
tungsten filament, without filtering, and should
be tested for illumination safety in a manner
similar to fiberoptic headlamps {see below),
These units could produce six times the jrradi-
ance of surgical lighting for equal illuminance.

Freestanding lights must conform with satety
from tipping, as prescnibed in NFPA 56A, and
must have a reasonable ‘niemory’ for retaining
their position. No pan of the porable wide-beam
lamp housing shc.." 2 project below 1.5 meters (5
feet) from the [iuur. The entire unit must be
grounded through a third wire in the flexible
cable.

A fiberoptic unit, for use in a steriie ﬁeld must
be capable of sterilization or be eacased in a
waterproof and sterile static-free barrier. At the
exit face of the fiberoptic device the irradiance
should be no more than 25,600 microwatts per
square centimeter.

Low voltage lighting equipment (less than &
volts) may be used in accordance with NFPA
564, if supplied by an individual isolating trans-
former “connected by an anesthstizing location

INSTITUTIONS AND PUBLIC BUILDINGS
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cord and plug” or from dry cell batteries or
transfermer sbove the “five-foot” level. Isolating
transformers should have a grounded case and
cars,

The cnesthesiologist usually sits behind a tent
of surgical drapes which prevent an accurate
view of the patient's face color. Most of the
monitoring instruments and dials which must
constantly be observed are hard to sce. Their
cover gn wes usually are very reflective and may
well produce veiling reflections or reflected glare,
Furthermore, the anesthesioiogist should be
shielded from the operating task light and shield-
ing of the general illumination sysiem and ather
special lighting considerations also may be
needed.

Scrub Room. Scrub areas and corridors adja-
cent to the operating room are aress where per-
sonnel can accommodate their eves to the illu-
minances of the operating room. While scrubbing
before an operation, the surgical team should be
exposed to light of the same level that they will
encount:r in the operating room. This will not
only insure a good job of scrubbing, but will altow
them tc enter the operating room fully light
adaproo These lluminance levels will also pro-
mote 8 ceaner serub area and consequentlv more
asept’c conditior 8. This same reasoning holds for
corridor; leading to the operating room. Thuse
are the areas where the surgical team adapu. 10
the ope: ‘ating rocm environment..

1ot a2l operatiang are performed under higher
illuminance levels, and i1 fact, many are carried
out at very low ambiert levels. For those the
light should be reducec, by switching or dim-
ming, to a low levdl, just sufficient to observe the
clock and the technique of scrubbing. Adaptation
from iow to higher illuminances is very rapid,
but dark adaptation is very slow so that 1he level
should te kept low for endoscopic surgery.

Special Lighting. The lighting requirements
for photography and television in the operating
room have been given relatively little considera-
tion,

Microsurgery ma ' he televised and special
cameras are built t) be adapted to operating
microscopes. When t rese are used, special atten-
tion sho.:ld be direc.ed toward heat production
on the tissues being observed as assaciated beam
splitting devices require increased light.

Surgical lights are available with color televi-
sion cameras built into the lights (see Fig. 7-12).
This su:omatically insures that the camera is
aimed &t the surgical site. These cameras are
usually equipped with motorized zooin, focus and
iris adjustments for the lens. Thus, all camera

13

L TP
. s, i

et 0, SOINNT.Y B be S ela 5 Samatgin 1 i SHLE PIEVIEYT . 2 R AT R RRNTY. o .
SN




,
'
H
b
i

€5 LIGHTING HANGBOUR
1081 APPLICATION vOLUML

control can be done remotely. The color balance
of the camera must be adjusted opticallv or
etectronically to match the spectral distnbution
of the light.

Specialized Operating Rooms.

Eye Surgery. Rooms for eye surgery contair
some type of fixed pedestal or enlurans connected
with an operating microscope. Tuls equipment
may centain its own luminaires and frequently
béam splitting devices to permit viewing by more
than one person. There mav be camera oi iele-
vision equipment al:o attached. A separate ruby
laser may also be present as weil as an electro-
magnet for removing ferrous foreign material
from the eye.

. The general room illumination is planned to
give the same level as in :ho general operating
room. The surgeon will, at times however, re-
_quire less general Ulumination and may prefer
almost complete darkness. Therefore, s methed
for reducing the illumination becomes manda-
rory in the eye room. Separate lighting may be
necessary for the anesthesiologist so that he may
observe equipment.

Ear, Nose and Throat Surgery. The require-
ments for this specialty are identical with that of
the eye surgery. Microscopic surgery is used for
operations on the inner ear,

Neurosurgery, In general this operating room
is no different in its visual requirements than the
general surgery operating rcom. Some neurosur-
geons prefer to use headlamps, frequently fiber-
optic ones. Recently surgical microscopes have
been employed in a darkened room. These op-
erating microscopes contain their own illumina-
tion and may be ceiling or wall mounted. Neu-
rosurgeons often require a herizontal rather than
a vertical beamn of light. Thus, luminaires that
can be brought as low as the codes allow are
needed.

Orthopedic Surgerv. In general the or-
thopedic operating room visual needs are no
different than t =2 of the general surgery but
better facilities for x-ray equipment may be nec-
essary. The type of x-ray equipment and mount-
ing needs to be coordinated with the lighting
systems. Particular attention should be paid to
flexibility of the luminaires, for orthopedic sur-
gery frequently requires unique positioning on
the side of the operating table for low level
lighting of the patient’s hip. Fluoroscopy with
image intensification and television screening
will permit the use of & room which is not
darkened. Extra negatoscopes are required.

HEALTH CARE FACILITIES T7-15

The orthopedic surgeon also uses the surgical
mic:;'oscope.

Fur implantable joint replacement, the or-
thopadist sornetimes employs laminar airllow
charabers, and surgical luminaires pose a prok-
lern: sath from their disturbarnce of the laminarity
of the airflow and from the convection currents
they cause. These situations are very difficult to
avoil as the necessity for illumination of the
surg cal task is paramount.

Pcstanesthetic Recovery Roon. This is an
area of meticulous monitoring and equipment
obsevation, plus the capability for carrving out
certain emergency procedures. Color recognition
for changes in the patient’s skin must be faciii-
tated. The lighting should be vanable so that
presentations on the face of oscilloscopes (elec-
troencephelographic and electrocardingraphic)
can be recognized.

Cystoscbpy Rooum. Cystoscopyv is normally
carried out in a dark room. The cystoscope is
however introduced in a lighted room. For female
procedures a gynecologic examining light should
be provided. If flammable anesthetics are no?
used in the area (which is usual) the light should
be available at the level just above the sitting
urologist’s shoulder.

The darkening of the room shouid be possibie
by.switching or dimming. The low level should
be adaquate for the anesthesiologist to see his
equipment and to recognize the patient’s coior.
A surgical lighting capability should be available
for the performance of some operative proce-
dures. It should be centered in such a way as to
illuminate the lower end of the cystoscopic table,

Obstetric Delivery Suite.

Labor Rooms. Monitoring apparatus is often
applied to the patient to observe uterine contrac-
tions and the heart tones and responses of the
unborr child. This is usually recorded on paper
and must be observed by attendants. Examina-
tions performed in this room are usually manual
and will not require visual control. However,
observation of the patient includes blood pres-
sure measurement and observation of the pa-
tient's zeneral status; therefore, good color ren-
dering lighting is preferred so that any cyanosis .
(blueness} will be obvious.

Delivery Area. The area for delivery scrub
should be identical in its ilumination with the
surgica: scrub area. The general illumination of
the delivery room should be achieved by recessed
luminaires providing light through.. .-, the same
as in th2 operating room,

14
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The task light should be capable of focnsing
and produce a level of 27 kilolux (2500 footcan-
dles) &t its center, Ideally it should be capable cf
being centered over the shoulder of a sitting
obstetrician. Mounting should be in accordance
with NFPA 36A. Explosion-proof portable units
are also available. in some insiitutions the anes-
thesiologist will ban the use of flammable anes.
thetic agents in the delivery suite and reraove
the explosion hazard.

A special lighting plan should exist for the area
in which the newborn infant is resuscitated. Tae
lighting should have good color rendering capa-
bility, particularly for cyanesis and jaundice,

General Radiographic/Fluorescopic
Room. In the modern unit, most flucroscopy is
now performed with image intensification with
visualization on a television screen; therefore,
complere darkness is no longer imperative. Over-
all illumination is necessary for cleznup. The
general lighting should have a dimming capabil-
ity as different radiologists prefer working under
different levels of ambient lighting. Often the
overhead lighting is extinguished by the foot
switch on the radicgraphic unit so that the am-
bient light will go out when the fluoroscopy is in
progress. Light localizing devices are sometimes
used and are assisted by low general lighting.

The competition for ceiling space is great in
these rooms and the placement of ceiling lumi-
naires is very important.

Laboratories.

Specimen Collecting (Venipuncture) and
Donor Areas for the Bisod Bank, Lighting
should be provided for the site of the venipunc-
ture, at the height of the arm of an armchair,
Veins are often best seen in other than flat light;
therefore, cetling luminaires or task lights should
be placed to provide oblique illurnination. The
walls in this area should be of pastel shades of
low reflectance for doner comfort and reassur-
ance.

Tissue Laborcivry. Lighting in a tissue lab.
oratory should have an excellient color rendering
quality. Of particular interest is that there are
usually two counter heights [760 and 910 milki-
meters (30 and 36 inches)] involved, one to be
used sitting, and another at standing bench level.
The same lighting arrangements are valuable in
the room devoted 1o the preparation of cytology
specimens, Backgrounds for microscope viewing
are best dark in color and of very low reflectance
to avoid glare. .
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Microscopic Reading Room. The pathole.
gists uoend a considerable portion of their day in
reading microscopic material. For this purpose
the tables upon which the microscapes are placed
are usually at a 810-millimeter (32-inch) level
irom the floor and the wbletop is of low reflec-
taence often in a mahogany or walnut finish.
Room lighting should be adjustable for long-time
viewing.

Certral Steriie Supply. The inspection area
of the central processing departrnent should have
generel lighting and in special areas where debi-
cate instruments and other equipment are in-

* spected, illumination should be increased.

Der:tal Suites. In the dental operatory the
luminance differences between the patient’s

Fig. 7-14. Current Recommeanded llluminances in
Lux and Foolcandles, on Tasks, for Emergency or
Continuity Service (for Use When Normal Service is

Interruptec)’
Focrzan-
Lux dlos
Exit Ways
Cornders leading ro exits, at tloor 30 3
Stairvays leading ‘o exits. at floor 30 3
Exit Jirection sign;, on face of lumi- 50 5
naire
Exil Cocrway, at ficor 30 3
Cparating Room, surgical table 27000 2500
OCperating Room, eme gency table 22000 2000
Delivery Room, obstet ical tabie 27000 2500
Recovery Rooms tor operating rooms 100 10
anc obstetrical surtes
Nurseries, infant, 78C millimsters (30 100 10
inches) above floor
Nurseries, preémature, TEQ mitimeters 100 10
{330 inches) above fixor
Nurseries, pediairic, 760 millimetars (30 20 2
inches) above floor
Medication Preparation Area, local 300 30
Nurses™ Station 50 &
Pharmarny 50 5
Blood Bank Area 50 5
Ceniral Suction Pumgp Area 50 5
Telephone Switchbaard, tace of board 50 5
Central Sterile Sypply, isS Jing area S0 5
Psychiainc Patient Bed Ar :a 20 2
Main Electrical Centrol Ce iter S0 5
Haospita! Elevator —Exit Liy hting 50 5
Slairwells 50 5
Life Sataty Areas {Life Sup ront Areas) 50 5
Cardiac Catheter Laboraloiies 100 10
Coronzary Care Units 300 30
Dialysis Units 200 20
Emergency Room Trealment Areas 500 50
Intensiva Care Units 3c0 30

* Those are menimum lighting levels. I3 is parhicularly deswable
that they Se increasad (o as near the levels normally pravided in these
arcas as the avadabie capacity of the emargency electicai supply
will permii,
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mouth and face, patient's bib, the instrument
tray and the surrounding areas should be no
greater than 3 1o 1,

Lighting should be provided at the leve] of the
patient’s face and the instrument tray. Lighting

inside the mouth, or oral cavity, should be sup-

plied from a luminaire easily adjustable to ex-
clude high luminance in the patient’s eyes and at

the same time provide such lighting as is needed’

by the dentist to see fine details over long periods
of time. This light should have color character-
istics and level suitable for the dentist to judge
the matching of colors of teeth and fillings, and
occlusions of dentures in any place within the
mouth. The dentist must be able to judge accu-
rately the depth of drillings and the preparation
for retention of fillings.

A luminaire for producing such a penetrating
light, relatively free of shadows at the oral cavity,
must produce a convergent beam, and at a dis-
tance of about 1 meter (3 or 4 feet) should be
capable of lighting a semicircular area with a cut-
off to exclude the bright light from the patient's
eyes.

Prosthetic work in the laboratory requires
speed, accuracy and close inspection. Therefore,
a general level should be provided, with & sup-
plementary lighting at the workbench, and at
one or more points depending on the number of
people using the laboratory at any one time.

Examination and Treatment Rooms. For
examination and nonsurgical treatment there
shouid be general lighting with supplementary
lighting on the table. Also, there should be a
special lamp for vaginal inspection,

Emergency Outpatient. The emergency out-
patient suite should be generally self-sufficient
to handle most cases without resorting to the
rest of the hospital. Fixed ceiling-mounted direc-
tional luminaires or portable lights that provide
lighting at the center of the operating area, with
a lower level of general illumination are usually
adequate for examination and emergency sur-
gery. .

Autopsy Room and Morgue. Good lighting
Is imperative in the dissecting rootn. A surgical
type of dissection must be performed, yet it is
done in the open rather than in the restricted
cavity as in the surgical expasure. Therefare, the
highest levels of surgical ilumination are not
needed to overcome the losses in deep cavity
lighting. While some of the dissection may be
meticulous and tissue planes must be visualized,
the meticulous placement of sutures and the
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meticulous placement of instruments to control
bieeding S-om fine blood vessels is not necessary.
Therefore, some of the contouring so advanta-
geous in living surgery can be sacrificed.

The tasx light of the autepsy room can there-
fore be a nonadjustable large unit with good color
rendering lamps augmented by spotlights provid-
ing lumination at a level of the autopsy table
760 millir-eters (30 inches) above the floor. Sur-
gical lights are not necessary in this room. A
single spot. with filters to greatly reduce infrared
radiation :s valuable for the skull portion of the
sutopsy, Additional lighting for a scale placed
over a counter is also valuable,

Pharmacy, The pharmacy should be wel] il-
luminated so that labels and fin+~ :rint of precau-
tionary literature supplied with the medications
can be read. Illumination should be provided at
thie workbench level 910 millimeters {36 inches)
from the floor.

Emergency Lighting. Emergency lighting is
necded to perform two categories of essential
tasks: the task of evacuation under adverse con-
ditions and the task of providing life support
services to the patient who rannot be evacuated.
These two categories may be thought of as re-
quiring twa lighting systems. The first is emer-
gency light of relatively low level to provide
adequately for ambulatery mobility of patients
and staff, and the second is of higher level and in
most applications equal to that provided by the
regular ligiting system.

With the increased usage of electrical power in
the operating room and critical care areas there
is a need to increase the reliability of the electri-
cal service to these areas. The regular room
lighting becomes the emergency lighting when-
ever the power supply to the critical care areas
switches from the normal source to the emer-
gency source. See NFPA 76A for information
relating to essential electrical systems for hospi-
tals.

The remaining areas of the hospital should
have low level emergency lighting to give the
levels recommended in Fig. 7-14.

HOTEL/MOTEL AND FOOD SERVICE
FACILITIES

In designing lighting for hotels, motels and
food service facilities the first task i- to identify
“ those things which the staff and uwers want or




- traming the entrance drive and the line o4

T-18 INSTITUTIONS AND PUBLIC BUILDINGS

need to see. Both groups must be able to see and
comprehend their environment, to move ebout
and work within it. In eddition, they should find
it enjoyable to do so. In such facilities as hotels
and restaurants, the psychologicsl effects of
lighting are particu:arly important. The lighting
design becomes 5 marketing tool by creating a
successful, attractive, comfortable and functional
environment, but only if it is integrated with the
over-all architectural design concept. Lighting
which is inappropriate in terms of quality or
quantity can ruin an otherwise successful instal-
lation. Using an appropniate combination of day-
light and electric lighting, the designer can de-
velop and reinforce almost any visual mood and

satisfy the visual needs 1n any space by day and |

by night. The lighting system rnust be compatible
with acoustic, thermal, spatial and esthetic re-
quirements and objectives for each area. A suc-
cessful total environment requires a cooperative
effort by the owner, facility manager, architect,
engineers, interior designer and specialized con-
sultants who work to integrate all concepts into
a harmonious final solution. In hotels and res-
taurants, where architectural treatment is criti-
cal, the lighting designer must seck to strike an
appropriate balance between efficiency and es-
thetics while considering energy manesgement.
See Section 4.

The following general objectives should be ad-
dressed:
1. Harmony with the architectural and decora-
tive character of the facility.
2. Provision of high quality illumination for vis-
ual tasks.
3. Control of glare and luminance ratios.
4. Provision of adequate quantity of ilumina-
tion.
5. Cost optimization to maxinmize nel revenues,
including first costs, operating costs and main-
tenance costs. See Section 3.

Consideration must be given to the desired

Fig. 7-15. Halos of clear cecorative
{amps aparated at recuced voltage daefine
the room towers of this hotel anc, com-
oined with the uplightec ailze of irees

glittering sources over the ahtry, creales
a gistinclive image for the facility.
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appearance of each space and to the seeing tasks
to be performed. The factoras which affect task
visibility and performance are discussed in Sec-
tion 3 of the 1981 Reference Volune. All potea-
tial hazards such as changes in fluor level should
be well lighted for protection of guests and staff,
If thecught out in advance, such highlighting of
potentiai hazards can be mmade part of any deco-
rative scheme.,

Hovel and restaurant spaces often have differ-
ent visual tasks at different times. Function
rooms, for example, are used for dining, meetings,
lecturss, conferences, classroom applications, ex-
hibitions and entertainment. To accommodate
all these different uses with & variety of illumi-
nance levels and distribution patterns, several
lightirg systems may be required with multiple
switching and dimming.

Design Considerations for Specific
Locations

Specific visual tasks and design considerations
for different areas are discussed below. [llumi-
nance recommendations are given in Fig. 2-2 and
Fig. 2-26. Th: levels selected from Fig. 2-2
should be based on an evaluation of the needs of
the occupant ind on raanagement experience,
The levels in I'ig. 2-26 represent minimums for
safety zlone. )

Exterior and Site. The total exterior lighting
system should ‘dentify the facility and create a
favorekle visua' impression for welcoming pa-
trons {see Fig. 7-15). Building facade lighting
and marquee, walkway and parking lighting
should be coordinated with signage to produce
an effzetive coherent over-all impression.

(Gronnds of buildings should be lighted:
1. To merchandise tie property {when war-
ranted).
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Fig. 7-16. By day, shatts =f sunlignl make this clsar-glazed atrium dramalic. The high level dayiighting is beneficiai 1o the
large trecs. Al night, the -alors become moving iluminaled. scutptures agains® a neutral sculptural background createc by
the gentie glow from {l. izent coves concealed in the handraiis of the balconies and bridges, Uptighled trees and 1ow
mushroom tights reintcroz 5.a extedicr imangry created by careiul seicclion ana dutailing of matenials. Pendant higr intensity
discharge downlights, required for freo mainienance, are only turned on late at ~iht atter the pirclic nas lell the space.

2, To provide for the safety of guests and prop-
eriv, especially in parking areas and along pedes-
trian paths, It is also essenuial o make aress
around steps, walkways and entrics feel safi—-
which means tne elimination of threatening
shadows as much as it does the provision of an
adequate level of light.

3. To eliminate areas which would utherwise be
inviting Lo vandalismn, or pose a problem in terms
uf security.

4. To make accessible to the handicapped all
areas of barrier-free design.

Al entryrways shoul. he well lighted to make

them “landmarks” which may be used safely by
guests. Lighting should be used to provide ori-
entation and to reinforce intended traffic pat-
terns. Marquees, portes-cochare, drive-ups, reg-
stration areas and unloading areas should be
ighted in such & way as to distinguish them
tlesrly from surrounding areas.

Lighting of parking areas should provide for
visual security and physical safety. See Section
14. Roadway Lighting. Luminaire placement
*hauld be coordinated with buildings and plant-
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ings in such 2 way as to minimize shadows. Light
spurces should provide adequate color rendition
for easy vehicle tdentification.

Public Soaces. The lobby typically estab-
lishes the main design themes for the facility,
and houses a variety of functions which can be
differentiated and enhanced with appropriate
lighting techrnigues: elevator lobby, reception
desk, lounge areas, bell captain's desk, ete. (sce
Fig. 7-16). The entrance foyer is a transition
space between the outdoors and interior space,
so foyer lighting shouid promote a sense of se-
curity and welcome while allowing adaptation
between high and lower illuminances. In the
lounge area both casual and prolonged reading
tasks must be anticipated, though these can usu-
ally be accommodated with relatively low illu-
minances. A more residential treatment may be
appropriate to create an inviting ambiance.

Many visual tasks are performac at the regis-
tration desk. To make this area : .7 to locate
and to use {see Fig. 7-17), the desiy.  may
choose a high general lighting level . .om-
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Fig. 7-17, At ihe regisiration desk con-
‘ceaied fluorescent sources are used to
provide task ligh! ¢n the desk.-The back
wall is lighted ingirectly to create a glowing
band which graws the vigitor to the desk.
This is reinforced by the concealed tlu-
orescent cove al the lower edge of the
desk which washes the carpet. Low-
brightness dowalights put an even wash
of low-levet illumination on the richly col-
ored carpet,

" modate all tasks; however, a lower over-al] level
with a system of local task lighting should be
considered. Care should be taken that the light-
ing be compatible with surrounding areas. (See
Section 5 for the lighting of office areas),

Areas for storage of luggage, etc., should be

" lighted so that labels and other means of identi-
fication’ can be quickly and easily seen. in en-
closed storage areas the color rendering qualities
of the light should be adequate to permit correct
identification of stored items.. If not separated
from the main lobby, storage areas should have
somewhat higher illuminance levels than the
general ambient.

The lighting for elevator lobby areas should
be designed to orient pecple to the elevators and
should enable them to read directional signage
and instructions and select the proper signal
_controls for elevator call, Internally illuminated
signage and controls should be considered.

Corridor lighting should illuminate room num-
bers, room name identification signs, and the
locks in doors. Lighting should be designed to
make the passage through hallways, on stairs
and to elevators a pleasant and safe experienca,
Lighting should make guests feel secure. It
should call attention to circulation modes such
as elevators and vending areas. The tunne! effect
associated with long corridors should be mini-
mized.

Suitable lighting for shops, newsstands and
other specialized services may require quite so-
phisticated equipment and controls. Such light-
ing-should be considered as part of the over-all
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interior lighting scheme (see Fig. 7-18), and
should not be so bright as to dominate adjacent
public areas uniess that is the intent of the design
team. 1t may be possible to use display lighting
which remains cn 24 hours a day to light adjacent
corridors, elimir ating corridor luminaires.

In public lavatories, visual tasks include
groom‘ng, which require; shadowless illumina-
tion on both sid s of the face. Color rendition is
important. Lour:ge areas in restrocoms require
only low levels of light.

In most cases lighting in ballrooms, function
and meeting rooms and conference areas should
be related to the over-all design themes for the
hotel. See Fig. 7-19. These rooms are used for
meetings, exhibits, dancing, dining and other
functions, which makes it important to provide
a variety of lighting levels and effects. If decora-
tive luminaires such as chandeliers are used, at
least one or two supplementary lighting systems
will usally be required. Dimming and multiple
switching should »e provided, organized and
clearly labeled for e1sy operation by bangquet and
function personnel. Lithting must be adequate
for critical tasks suca as reading and note-taking.
Adjustable accent lighting should be provided at
speaker's areas, heud-table locations and likely
locations for displevs. Outlets for local lighting
should be provided in exhibit areas. It should be
remembered that Lighest lighting levels may be
required for set-up and cleaning purposes.

Guest Rooms. The guest room is one of the

major commodities of a motel or hotel. Since it
is frequently used for small business conferences,
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flexibility needs to be a part of the lighting plan.
General illumination from ceiling or wall
mounted. jJuminaires provides a background for
task lighting. aids in housekeeping and gives a
feeling of cheer, as well as providing the needed
flexibility for nonresidential uses. To establish an
inviting, home-like atmosphere a variety of light.
ing equipment, some decorative in appearance,
is usually needed. Visual tasks which need con-
sideration in the guest room include: resding in
chair or bed, desk work, television viewing, and
grooming at the mirror in both the bathroom and
at the dresser. See Section 10. The small entry
foyer which is typically part of the guest room
should have its own source of general illumina-
tion which reflects light from the ceiling or walia:
Recessed incandescent luminaires are not usu-
ally suitable because the distribution of light is
too narrow. QOften the foyer lighting can be de-

- signed to illuminate closets, luggage storage and/

or grooming areas as well (see Fig. 7-20).
Svatches with lighted handles are a convenience
for guests in unfamiliar surroundings. Low
wattage switch-controlled night lights should be
installed in each guest room, usually in the bath-
ruom so that guests do not leave other lights on
all night long. Mirror lighting generally provides
adequate illumination in bathrooms. If, however,
there are separate compartments for tailet, tub
or dressing, each space should have a separately
switched source of general illumination adequate
for safety when the door or curtain is closed.

Res il bl 2P TIRRIEN R S Nl
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Entertainment and Food Service Spaces.
Entertainmeat and food service spaces within
the hotel/metel and restaurant industry ure com-
plex and energy-intensive areas in which lighting
plays a key role in establishing the mood or
atmosphere. The success of lighting effects de-

pends on the appropriateness of the lluminance:

level, color of light, luminaire candlepower dis-
tribution, tyne of luminaire and its locations in
relation to the architecture, and source size.
Well-shielded downlights, for example, can cre-
ate a pleasing sparkle in reflective abjects »uch
as table settings, as well a3 an intimate feeiing,

In this commaercial corridor, all “"corridor light-
inQ"" Ie provided with spill light from displays.

=Y, b 2N A

Fig. 7-19. (Left) Seclions of ubing were flocked and hUng rom the structure over this ballroom 1o create a richly colored

" decorative ceiling in scate with the size of the room. Downlights, accent lights and air registers are concealed in and between

ihe tubes. The large contemporary changelier is made of plahes of woven wire mesh, highlighted trom lines of R-type lamps
above. Al circuits are dimmer controlled. (Right) Concealed in the decorstive cailing of this function room are several
ndependently controlled lighting systems. EHecls include wall washing, accent lighting tu: ant and speakers, and neutral

downlighting for projection and note-taking. The ceiling is labricated of bronze acrylic cubes, the walls of which muitiply the
toarkle of incandescent scurces.
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On the other hand, indirect lighting or large-area
diffuse sources such as fluorescent luminaires
typically create a brighter iooking space and call
more attention to the whole room. The lighting
of any feature in the dining area wiil need special
attention. These can range from the highlighting
of a picture or sculpture to a full luminous wall,
with effects ranging from dramatic to open and
friendly. The luminaires themselves may, if used
decoratively, become distinctive features in their
own right. Many suspended decorative lumi-
naires, regardless of shape, size or style, have a
general diffuse distribution that can produce gull,
uniformly lighted spaces when used as the sole
source of illumination. Unless low-wattage lamps
are used, permitting these luminaires to act only
as luminous ornaments, and supplementary
lighting is provided, the luminance of .such sus-
pended luminaires can be uncomfortably high.

T Y TR ey T
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Fig. 7-20. A tluorescent luminagire conceaied in the header
of the closel door in this guest room toyer provides light for
hoth closet and loyer (there is no wall above the lumingire}.
in tne room beyond, a ceramic shade covers an inexpensive
norcelain socket creating a decorative pattern of projected
light and proviging indirect ambient room Hiumipation as well
as reading light tor the ghair below.

T
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Fig. 7-21. In this bar, an indirect cove provides a gentle
glow from the fabric ceiling. Clear decerative sources provide
sparkie and ligh! the walis. A central chandelier over the bar,
consisting of downlighted plastic balls, makes the theme
design statemenl tor the reom,

In a muiti-foodservice facility, switching, sup-
plemental systems and/or the use of dimmers
may be recuired to raake th: same space feel
suitable for breakfast, lunch wnd dinner. Varia-
tion in illumination a1d levei may be needed,
both to chenge the mood for different times of
the day, and to permit s highe: level for clean-up
than would be desiratle for dining. Dimming
control is preferable to wwitct ing since a smooth
transition between levels is dsirable.

The success of display lighting is best mea-
sured by how well it helps to sell merchandise.
Food displays should be so lighted that attention
is attracteC to them and the details are clearly
seen. Color rendition is even more important
over fresh foods than it s over packaged foods.
Heat from luminaires can be a major considera-
Lion over fresh, cooled or Toen foods. (See Sec-
tion 8 for the lighting of merchandising areas.) A
good rule is that the leve! used in food displays
should be a- least twice thet in surrounding areas.
- The mood established by lighting can vary
from subdued and relaxing to bright and lively,
depending on the type of facility and the in-
tended clientele. Dining spaces are usually
grouped into three categuries: intimate, leisure
and quick service,

The “intimate” type (sez Fig. 7-21) consists of
those areas where people songregate as much to
visit, be entertained, and show off as to eat and
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drink. These include cocktail lounges, night
clubs, and some dining rooms and restaurants.
These spaces characteristically have a subdued
atmaosphere with low Juminances throughout, ac-
cented with subtly lighted feature elements.
Lighting must be well-controlled in terms of level
and distribution.

The “leigsure” type refers to most restaurants

'and many dining rooms—piaces where eating is

the most important activity and time is often a
factor. A restful, but interesting atmosphere is
called for. Lighting should generally be unoz:ru-
sive except where decorative luminaires or high-
lighted features are used as part of the theme
decor. Moderate illuminance levels are typicai.
Good control of glare is required.

The “quick-service” class includes- lunch-
rooms, cafeterias, snack bars, coffee shops and
franchise menu types, where the diner and man-
agement are both intent on fast service and quick
customer turnover. Higher lighting levels and
uniform distribution can be used to suggest a
feeling of economy and efficiency, - '

Kitchen and Food Preparastion Areas.
Well-designed lighti~2 helps 1o create a bright,
hygienic atmospherc ih a kitchen’ and, by re-
vealing dirt and the presence of debrs, it can
stimulate good housekeeping. Food preparation
involves peeling, slicing, dicing and cutting op-

“erations, both by machine and by hand. These

are obviously hazardous operations and lighting
for safety must be a strong consideration. See
Section 2. Good quality lighting can reduce ac-
cidents, reveal spills which make floors slippery,
and emphasize hazardous areas. In kitchen and
associated support areas there is a need to elim-
inate shadows and to provide ulumination on
both vertical and horizontal surfaces. While
kitchens contain difficult and demanding tasks
which may require relatively high light levels, it
1s important that juminsgires be arranged and
shielded s0 as not to create glare or *hlasts of
light” into adjacent intimate dining areas when
kitchen doors are openced. Color rendering is
important in food preparation and inspection
areas.

Visibility is reduced by great variations in lu-
minance in the task surround, and direct and
reflected glare can be significant obstacles to
emplovee comfort, productivity and safety.
Therefore, exposed lamps in direct luminaires
should not be used. Although glare can be con-
trolled in direct luminaires by effective shielding
of the lamp, indirect or semi-indirect lighting is
preferable because it turns the entire ceiling into
8 large, low-brightness area source (see Fig. 7-

HOTEL/MOTEL AND FOOD SERVICE FACILITIES T-23

Fig. 7-22. Indirect fiuorescent valances are arranged
around the venting hoods to defing the work Islands in this
commercial kitchen. High refiectance surtaces are used
throughoul. Scurces are shislded from adjacent dining
spaces.

22). Light cclored walls will further diffuse the
general light’ng, reducing shadows. Because ver-
tical surfaces of equipment and furnishings typ-
ically occupy a significant portion of the visual
field, expecially in kitchens, light finishes are
recommended for these surfaces. Horizontal sur-
fuces such as table tops in restaurants and equip-
ment tops in xitchens are very important because
they serve as backgrounds for critical tasks.
Whenever possible, matte finishes are preferable
because they minimize reflected glare, Reflected
rlare can be exceedingly objectionable, and can
produce discomfort and fatigue. Stainless steel
liitchen equipmernt is a common offender in this
respect. Matte or brushed finishes combined with
careful placement of luminaires and good glare
control can minimize these problems. The same
principles apuly elsewhere. Lighting near specu-
lar surfaces such as mirrored ceilings or glazed
walls must be very carefully worked out if one is
to avoid unirtended reflections of sources.

All lumina‘res in kitchens should be so located
and designec so that those entering or leaving
the kitchen area will not see bare lamps or high
brightness. This is particularly important when
the adjacent dining area has lower light levels.

- Even the relatively low luminance of unshielded

fluorescent lamps can produce a penod of re-
duced visibility during adaptation. All luminaires
should be designed for ease of cleaning and re-
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lamping, and should have high reflectance per-
manent surfaces. In areas such as bakeries and
dishwashing areas which have inherent dust or
moisture conditions, the use of enclosed dust-
proof or vapor-tight luminaires is recommended.
Where open type fluorescent luminaires are lo-
cated directly over {uod storags, preparation,

service or display areas, plastic sleeve protectors

should be used to prevent glass and phosphor
from falling into the food in case of breakage.

in receiving and storage areas lights should
be installed in the aisles rather than near the
walls, so that stacked shelves do not bivck tiie
ilumination.

Support Areas. Support arcas include such
spaces as key shops, plan roarns, paint shops, etc.
The visual tasks in such areas are often demand-
‘ing and sometimes dangerous. Where flammable
materials are stored or used, explosion-proof lu-
minaires should be used. Task lighting using

iocalized luminaires should be considered as an

alternative to general higher level lighting.

Refuse Areas. The maintenance of safe and
sanitary conditions in refuse areas is extremely
important. Ilumination should permit all haz-
ardous or unsanitary conditions such as slippery
spots, dirty waste, and evidence of insects, ro-
dents, or mold to be seen. Corners and other out-
of-the-way places should be well lighted.

Merchandising Areas, Offices, Laundry
and Valet Areas, Indoor and Outdoor Rec-
reation Areas. For lighting recommendations
for these spaces see Sections 8, 5, 8 and 13
respectively.

Selection of Architectural Finishes. The
factors which influence how well people perceive
a task or space are discussed in detail in Section
2. They include luminance and its distribution,
contrast, size, color, form, texture, familiarity,
and length of time for viewing. Some specific
recommendations can be made here with regard
to hotel, motel and food service facilities.

Because areas in these facilities typically in-
clude adjacent areas with very different lighting
levels, adaptation can be a problem for both staff
and patrons. The designer must, therefore, pro-
vide appropriately lighted transition spaces. For
example, & patron who has been registering at
the front desk usually adapts to a relatively high
luminance. Turning back inw the lobby, the

person may be momentarily unable to distin--

guish the location of steps or to recognize faces
if the difference in luminance is too great. As the
potential hazard or task difficulty increases it

A8 APPLICATION YOLUME

becomes raore and more important to keep lu-
minance ratios within recommended limits.

Room surfaces exert an important influence
on luminance ratios between luminaires and
their surroundings, and between tasks and their
backgrounds. On large surfaces the use of matte
finishes with recommended reflectance, heips to
prevent ercessive luminance ratios and undesir-
able specular reflections. Light-colored matte
surfaces serve as effective secondary light sources
which can materially reduce shadows. Soft
shadows ‘generally accentuate the form and
depih of objects, supporting rather than hinder-
ing the process of perception.

Selection of Light Sources. Both daylight
and electric lighting systems are used in hotels,
motels and restaurants. Each generic source has
its own characteristics. The systems should be
designed to complement each other.

Most hotel and food service spaces should have
windows. The opportunity to look through win-
dows can be paychologically satisfying and per-
mits relaxation when the eyes can shift focus
occasionally from nearby to distant objects.
However, windows can bring large areas of high
luminance into the field of view, causing discom-
fort, thus good control of glare is important. The
designer should not locate very brightly lighted
areas next to dimly lighted interior spaces with-
out allowing adequate transition spaces between.
Proper daylight control (see Section 7 of the 1981
Reference Volume) is preferable to increasing
the level of electric lighting. '

Enhancement of priblic spaces and provision
of proper task lighting are the two principal
considerations in the lesign of lighting systems.
There are three basic electric light sources in use
today: inrcandescent, fluorescent and high inten-
sity discharge (HID). Source selection depends
on the particular requirements of each space, the
economics, and the personal preference of the
system designer and the facility operator. Gen-
erally, for public spaces the use of incandescent
filament or one of the inproeved-color white flu-
orescent lamps is recom mended.

In these facilities, the chief advantages of in-
candesc:nt lighting arn: low imitial cost, good
color-rendering properti=s, and the excellent op-
tical coatrol inherent in such & small source.
Because they are so essily controlled by dim-
mers, it is recommended that all incandescent.
luminaires in public areas be dimmer-controlled.
Drawbacks of incandescent lamps are their rel-
atively short life and low efficacy.

In support areas, where optical control and
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good color rendition may be less critical, the
tdesigner should consider the more efficient and
long-lived fluorescent and HID sources. When
using mercury, metal halide, high or low pressure
sodium, or fluorescent sources, the designer
shiould avoid three common pitfalls: ballast hum,
low ambient temperature effects and inadequacy
of coulor rendition. Ballasts can generally be
nounted remotely from critical areas if ballast
noise will be objectionable. When using fluores-
cent sources outdoors and in unheated spaces
such as garages, only lamps and ballasts rated
for low ambient temperature should be used. The
designer should personally verify the appropri-
ateness of color temperature and color rendition
of each source selected.

Color of Surfaces and Light. ln any hotel
or restaurant space, the color of the envirenment
will affect both patrons and workers—positively
or negatively, consciously or unconsciously, ac-
cording to the harmony of the scheme and the
expeciations of the viewers. While no hard and
fast rules exist, it is generally accepted that
strong colors are relatively stimulating while less
intense colors are more restful and tend to ex-
nand the perceived size of a space. Whatever the
colors selected, it is imperative that they be
evaluated under the light source or mix of sources
which will be used in the finished space, since
light sources vary significantly in their color-ren-
dering qualities. See Section 5 of the 1981 Ref-
erence Volume. See also page 2-31. The use of
colored light is often overlooked as a design tool.

*Strong colors of light can create intéresting ef-
fects when surfaces are iluminated for decora-
tive purposes. but should not be used to light
food or people because of the inherent and un-
desirable color distortion which will result.

Emergency Lighting. In public facilities
such as hotels, motels and food service establish-
ments the designer must provide lighting for
public safety during emergency conditions, with-
out either disorienting or panicking the users.
Emergency systema for nublic facilities should
be designed to provide s.iort-duration lighting
fur evacuation and safety of guests and staff. See
Section 2. Longer duration emergency lighting
mav be required ar hazardous locations, for se-
curity purposes, and to assure continuity of crit-
ical operations. A common mistake to avoid is
the installation of permanently-on emergency
luminaires in restaurants. Since these luminaires
cannot be switched off or dimmed at night they
are sure to disrupt an intimate dining atmo-
sphere. While it may be possible in a small facil-
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ity to meet eme=gency lighting needs with inde-
pendent battery.-powered units, a central emer-
gency generator or battery installation may be
required in a major hotel or motel. Qptions, of
which the desigrier should be aware, include dou-
vle-circuiting of luminaires and the use of trans-
fer relays to provide power to emergency-only
sources during power failures.

Safety. Safe working and living conditions in
hotels, motels and food service facilities are de-
pendent on good lighting. See Section 2.

LIBRARIES®

Libraries have a variety of seeing tasks. Among
them are: (1) reading matter, (2) browsing or
searching through book stacks or storage areas,
{3) studying at a carrel or other work surface, (4)
viewing microform or computer retrieval sys-
tems, (5) meeting or conferring, i) general office
and clerical work and (7) repair and inspection
work. These tasks along with general illumina-
tion for circulation spaces or audio booths, spe-
cial lighting for audio-visual areas and accent
lights for exhibits and displays provide a variety
of lighting problems.

Seeing Tasks in Libraries

Reading is by far the visual task performed
most often in a library. Reading tasks vary from
children's books printed in 10 to 14 point type on
matte paper, to newspapers printed in 7 point
type on low contrast off-white pulp paper, to law
booka with long paragraphs in condensed type,
to rare books with unusual type faces printed on
old paper. There are also handwriting tasks in-
volving pencils and pens. Details about the gen-
eral principles which must be considered to pro-
vide the quantity and quality of illumination
needed for these tasks may be found in Sections
2 and 5. In addition, illuminance recommenda-
tions are founc in Fig. 2-2, page 2-7.

A task that is fairlv unique to the library is
that of browsing and/or searching in a stack or
other form of storage space. In public spaces
material may be on low shelves, on tabies, on
racks, in bins, etc., which are very accessible and
have limited cuantities of items to view. How-
ever, the vast majority of books, magazines and
‘reference materials are stored in shelving that is
tightly spaced and up to 2.5 meters (8 feet} high
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or in compact shelving with limited aisles. The
task involves reading a title or author's name
assisted by perhaps a8 numbering system applied
to the material, The books or other material are
often well used or old causing the title or other
means of identification to be of very poor con-
trast.

When a hbrary is associated with an educa-
tional institution, areas used for studying involve
both reading and writing tasks. Such areas may
have several work stations or individual work
stations such as a study carrel. Task lighting is
often provided at these locations, and veiling
reflections should be minimized at these study

iocations.

Lighting Systems

A variety of lighting systems are used in li-
braries. Many libraries make use of daylight
through windows or. skylights. In all cases the
luminance comfort recommendations should he
the same as for offices and educational facilities.
See Sections 5 and 6.

In areas where architectural features are dom-
inant, design concepts may require sacrifice of
efficiency for esthetics when translating the ar-
chitect's concepts into practical lighting designs.
In areas that do not have dominant architectural

Fig. 7-23. Two lighting techniques are combined in this
high-ceiting coliege library. General lighting is provided by a
high intensity discharge lamp downlighting system. The
chandeliers, with low-wattage lamps, are used as decorative
elements in keeping with the original architect’s design con-
cept.

IES LIGHTING HANDBOOK
1381 APPLICATION VOLUME

features, the lighting systems should be selected
1o provide comfortable seeing conditions with
more emphasis placed on economics and lumi-
naire design features. See Figs. 7-23 and 7-24.

For library lighting applications, there are
three basic types of light sources in use today:
incandescent, fluorescent and high intensity dis-
charge. See Section 8 of the 1981 Reference
Volume for light source data.) No one lighting
system can be recommended exclusively. Each
system nas qualities that match the require-
ments for a given situation. The first considera-
tion in choosing a lighting system should be to
allow the library user to see efficiently and with-
out distraction. The second should be the ap-
pearance of the installation within the architec.
tural and decorative design concepts of the li-
brary. The third consideration is for the energy
efficiency of the system.

In general it is desirable to provide sufficient
illumination for the most common seeing task
performed in an a'ea. However, if a more difficult
seeing task is beir.g performed in a small portion? %
of that area, additional illumination should bet
provtded by providing additional overhead lu¥:
minaires or by :upplementary lighting equip-
ment located in ‘elation to the specific seeing
task. Higher illuininances should also be pro-
vided in areas that will be used by persons with
impaired vision. V/hen relighting existing tradi- ;33
tional-type library readmg rooms, the use of sup- }35
plementery lightirg equipment consistent v.lth"'
the decorative tre.tment of the room is some- ‘i
times required. It is especially important to avoid
direct ard reflected glare and to avoid veiling
reflectiors when using svpplementary lighting
equipment.

Specific Areas

Reading Areas. Resding .areas in libraries,
including main readitg rooms and reference
rooms, occur throughout almost the entire li-
brary, Reading is usuudly performed on either
side of long tables, in lounge chairs, in study
carrels or at the circula ion desk. Care should be

“taken to locate the luriinaires to aveid veiling

reflections on the seein; tasks and to use lumi-
naires that reduce the iuminance in the direct
glare zones.

Individual Study Areas (Carrels). Individ-
ual study areas or carrels may be found in almost
any public area of the library building, such as
main reading rooms, enclosed individual rooms

29




1E5 LIGHTING HANDEOOX
1981 APPLICATION vOLUME

kN
m rroens by,
N
e Vi Fal 0, e X

Fig. 7-24. Low ceiling library, where open access stacks
are hghted with rows of fluorescent luminaires al right angles
to the stacks. :

and stack areas. Une of the most serious lighting
problems for carrels are the shadows produced
by dividing walls, T'o avoid shadows it is desira-
bie to provide lighting from as many directions
as practicable. Special care should be taken to
avoid veiling reflections especially from localized
luminatres.

Shelving and Stack Areas. This area applies
to shelving and storage units for all types of
materials in sddition to hooks. The visual tasks
in book stacks are very difflicult; for example, it
is necessary to identify the book by number and
author on the lowest shelf. As a result of studies
made of typical books at actual viewing angies,
it is recommended thar, when practical, non-
glossy plastic book jackets should be used rather
than glossy; large and legible non-giossy lettering
should be used for 2uthors’ names, book titles
and index number. _-.rk book, shelf and floor
surfaces reflect very little light; therefore, the use
of light colored surfaces should be encouraged.

Open Access Stacks. Open access stacks are
open to the public for finding their own books or
!'ur browsing, Book stacks are usually arranged
In rows with continuous rows of fluorescent lu-
minaires located along the center of each aisle.
An alternative is to locate luminaires at right
angles to the stacks (see Fig. 7-24). Obtaining
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maximum lumination on the lower sheives is
the greazest concern.

Limitd Access or Closed Stacks. 7 -
stacks are used primarily by librarv persunnel.
The aisles are usually narrower which increases
the proclem of obtaining illurnination on the
lower shelves. Compact shelves may also he used
for limited access or closed stacks. Luminaires
controlled by delayed time switches may be con-
sidered for these stack areas.

Card Catalogs. Individual files of card in-
dexes are usually located in the main reading
rooms. Location of overhead general lighting lu-
minaires at right angles to the file cards rather
than parellel to them will provide slightly better
ilumination on the vertical surfaces of the cards.

Circulation Desks. Circulation desks are
usually located near the entrance to the main
reading room. Often the general overhead light-
ing syster will provide sufficient illumination for
the desk; however, if not, sufficient supplemen-
tary ilumination should be provided, which may
be from an architectural element that will iden-
tify the circulation desk,

Conference and Seminar Rooms. Confer-
ences are frequently scheduled in libraries, and
groups hold seminars on occasion. In addition to
general overhead lighting, provision should be
made to illuminate the speakers and their ma-
terials at the lectern and at the seminar table.
Several illuminance levels should be provided for
the multiple type use of this space.

Display and Exhibition Areas. Meny li-
braries have display and exhibition areas. These
may be in glass covered horizontal cases or may
be mounted on vertical walls or dividers. See
Museums and Art Galieries, page 7-33 for light-
ing such displays.

Audio Visual Rooms. There is an increasing
use of listening areas for lectures, music and
other recorded material. These areas are either
small rooms with individual repreducing equip-
ment, or large rooms where head receivers may
be plugged inte circuits or carrels. Small rooms
have poor utilization of light because more light
is absorbed by the wall surfaces and, therefore,
require a closer spacing between luminaires.
Lighting similar to that required for carrels in a
large room is also needed for the audio carrel
system.

Lighting for CRT and Mircrofurin View-
ing Areas. Computers and microform materials
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permit much larger holdings of newspaper files,
rare books, special collections and technical pub-
lications. Microform materials include rolls and
cartridges of microfilms un strips, aperture cards
containing single frames of microfilm and micro-
fiche cards or sheets containing a series of highly
reduced micro-images. One of the most difficult
seeing tesks is reading a screen filled with a
printed page located under a general lighting
systemn needed for other tasks in the area. (Re-
flections, diffuse and specular, tend to wash out
the slready poor image on the screen.) When
notes must be taken over long periods of time, it
is desirable to provide liuminatinn on the note
pad, but controlled to reduce reflections on the
screen.

Higher illuminances arc rneeded for fiies of
microforms than are needed for viewing, Where
viewers must be placed in reading areas or work
aress with higher level general illumination and
no controlled lighting or Jdiinming is available,
machines should be selected that are hooded an:d
have screens which are treated to reduce reflec-
tions. A small luminaife should be provided be-
tween viewers to illuminate ‘a fixed or sliding
shelf in front of each machine for note taking.
Such a luminaire should be moveable so that it
may be individually located to accommodate
right or ieft-handed operators.

Offices. Office aress in libraries should be
ilurninated in accordance with the recommen-
dation for Office Lighting in Section 5.

Rare Book Rooms. Higher illuminances are
recommended for rare book Fooms becanse of
the poor quality of printing often found in many
rare books; however, lighting techniques such as
those used in Museums and Art Galleries should
be used for books displayed in glass cases. These
would include means of reducing the amount of
deleterious radiation.

Archives. Archives are for the storage and
examination of public documents of all kinds.
This would includ: | :7al dgcuments, minutes of
meeting, legislative actions and other historicai
papers. Pencil writing, small letters and con-
densed type are used in many of these docu-
ments.

Map Rooms. Map rooms have both storage
and reading areas. Storage of maps involves the
use of deep cabinets which, in turn, requires
aisles sufficiently wide enough to open drawers
for access to the maps. Maps mounted on vertical
surfaces require vertical surface lighting.

FES LIGHTING  MANDIREOR
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Fine Arts, Picture and Print Rooms. See
Museums and Art Galleries for the praper light-
ing of displays, paintings and art objecus.

Greup Study Roomas. Sometimes a group of
4 to § students is assigned to a project to be
solved by consulting amonyg themselves, and iso-
iated rooms may be provided for this purpose.
Techniques used for classroom lighting are rec-
onlimended for these rooms. See Section 6, Edu-
cationel Facilities Lighting.

Overnight Study Halls. Sometimes students
prefer .o work all night when preparing for ex-
aminations, and libraries may provide a portion
of the building that can be isolated for this pur-
pese. Lighting for these areas is similar to that
required for Reading Areas or Individual Study
Areas, :

Entrance Vestibules and Lobbies. Lighting
in entrance vestibules and lobbies should create
an atmosphere suitable for the particular type of
library. The lighting may emphasize the archi-
tectursal features and provide a smooth transition
to the functional areas.

MUSEUMS AND ART GALLERIES

A museum is deined by a leading organization
{the American Association of Museums) as “an
organizec and pern anent non-profit nstitution,
essentially educaticnal or esthetic in purpose,
with professional st :ff, whiclhi owns’and utilizes
tangible objects, cares for them, and exhibits
them to the public n a regular schedule.” For
iluminances recommendations, see Fig. 2-Z,
page 2-8.

A museum’s highest responsibility is to the
study and care of its collection and to the collec-
tion's effective public display. Thus, lighting has
been considered to be the third, or perhaps the
second, most important responsibility of the cu.
rator or designer, for lackirg effective lighting,
the most interesting collecti>n and tasteful dis-
plays are ineffective. Ligh'ing, however, can
cause or accelerate desradat.on of certain kinds
of museura and art :allery objects and this
should be kept in mind

Damage to Museum and Gallery Objects

The principle risks associated with museum
and art galley objects are due to:

Al
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1. Vandalism.

2. Excessive heat and humidity, especially rapid
changes. ‘

.

3. Chemical attack, such as from acidic matte
boards.

4. Airborne pollutants, including vapors and dirt.
5. Improper handling or marking.

6. Radiant energy: infrared, light und ultraviolet.
7. Biological attack: insects, fungi, etc.

Each of these sources of damage must be dealt
with by the curator and designer, often with the
assistance of a consulting specialist; however,
only the problems caused by radiant energy are
covered here, along with guidance on minimizing
the damages it can cause. All damage cannot be
eliminated, but it can be resiricted to an accept-
able degree. For example, a suit of a famous 18th
century American was displayed for 8 years un-
der good controlled conditions with 8 maximum
illuminance of 60 lux [6 footcandles} and no
ultravioiet radiation-—the dye was of poor quality
and suffered noticeable fading.

Materials Subject to Light Damage, Essen-
tially all materials of organic origin will change
due to the absorption of light or its related en-
ergy. Among pigments, vegetable dyes should be
treated with great care. Wnting inks are also
subject to extreme fading. The lower the reflec-
tance of a colorant, the greater the energy ab-
sorbed and the greater the risk of deterioraticn.
The material on which the pigment is placed and
the thickness with which it is applied also affect
its susceptibility. Prints and watercolor painting
. are more vulnerable than oil paintings.

The most fragile of the common fabric mate-
rials is silk. All other natural fibers have greater
resistance, while the synthetic fibers, except ny-
lon, are most resistant to destruction. Color, how-
ever, affects the degree of risk.

Other materials which can suffer degradation
are paper, leather, fur, feathers, plastics and
wood.

Minimizing Damage. To minimize damage:
1. The source of ligh: should contribute as little
heat as poasible to the displayed object.
2. Humidity in the building and in display cases
should be stabilized, whether lights are on or off.
J. All ultraviolet radiation should be removed by
filters, such as UJ-3 acrylic sheet.
4. Total exposure, in terms of lux (footcandles)
X hours, should be held to the absolute minimum
as light damage is the product of illuminance and
time (see Fig. 7-25). For highly susceptible ma-
terials, light should be fully excluded except dur:
Ing actual viewing.

MUSEUMS AND ART GALLERIES T7T~29

5. For continuous exposure, the most precious
and delicate objects should have no more than
50 lux [5 fcoteandles]. Surrounding areas of the
museum will have to contribute to the viewer's
accommedation to this low illuminance.

6. Daylight is potentially far more damaging than
most electric light sources. Direct sunlight or sky
light should not be aliowed to reach susceptible
materials. Daylight may be used if redirected by
louvers, blinds or similar treatment onto upper
wall or ceilng surfaces to indirectly illuminate a
gellery. A paint containing zinc oxide or titanium
dioxide wilt absorb ultraviclet radiation,

7. Period kouses should have a ultraviolet ab-
sorbing plastic or film placed over the glass in all
windows. Light can then be controlled with shut-
ters, blinds or drapes, as may be appropriate.
Louvered window screening is another possible
control medium for daylight.

8. Display time for susceptible specimens can be
shortened by rotating objects seasonally, putting
copies on display part of the time, covering cases
with opaque lids which the viewer can lift at will,
or providing local switching for viewer operated
lights {with or without timers, as appropriate).
See page 19-31 for addition information on fad-
ing and bleaching.

Principies of Museum and
Gallery Lighting

High contrast of light and co...r produce ten-
gion and drama; over-all soft lighting and pastel
colors create a mood of relaxation. Either treat-
ment carried to extremes can produce fatigue or

Fig. 7-25. Recommended Total Exposure Limits in
Terms of luminance-Hours Per Year to Limit
Damage !0 Light-Susceptible Museum and Ant
Gailery Objects

Foaotcandte-
Lur-Hours
Objects Par Annum Hours Per
Annum

Highty suscepiible displayed mate- 120.000° 12.000°
rials—silk, art on paper, antique doc-
uments, lace, lugitive dyes

Moderataly suscephible displayed mate- 180,000  18,000°
nats—c¢otlon, wooi, other lextles
where the dye 1$ slabie, ceflamn wood
tinishes, leathar

* Approximately 50 lux ($ lootcandles) x 8 hours par gay x 300
days per year.

+* Approxir.ataly 75 lux (7.5 footcandles) x B hours per day x
300 days per year.
NoTE: These iluminances, it caretully applied, will not result in worse
than jusi parce:ntible fading in the Staled materials in Len years
exposure. All wavelengihs 3horter than 400 nanometers should be
rigialy dxciuded.
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boredom. Museum curators and designers will
usually be aware of these effects and will use
their galleries appropriately. A museum may
have a sculpture.coutt or a hall devoted to light
stable artifacts which could be daylighted or
lighted with large genera) lighting luminaires
providing excellent visibility. Drama may even
be added with ~vpropriate strong directional
lights, but not a:ways without a problem. One
problem could be the need for an extreme change
in illumination required in an adjacent space
where light must be restricted because of perish-
able artifacts.

Superior gallery planning or visitor routing is
the ordinary solution to this problem, but fre-
quently these cannot be done. In this case, the
brightly lighted space may need 1o be dimmed.
The ratios of adjacent spaces in terms of lumi-
nance should not exceed 10 to 1 and preferably
be less. This ratio of luminances is not merely
the ratio of the two illuminance readings taken
with an illuminance meter, but the apparent
visual impact on normal viewers as they make
the transition from one space to the next. This
would allow the mathematical ratios to be vio-
lated by clever placement of a brightly lighted
object or surface in an otherwise dark room. For
example, if a daylighted court were devoted to
showing frontier artifacts such as plows, wagous
and Jocomotives, and adjacent space were de-
voted to native American objects such as fur,
robes and feathers, an introductory display of
replica costume pieces on a manikin could be
very strongly illuminated so attract visitors to
the dimly lighted room ard to assist in the visual
transition. ”

" The Metropolitan Museum of Art,
Muorrix K. Jessup Fund, 1929,

Museum display lighting tends to be princi-
pally oriented at objects or artwork. This would
lead one to expect high drama in all exhibits, but
this is rarely true. Background surfaces pick un
spill and reflected light and modify the appear-
ance and impact of the space. True focussed
lighting only occurs when all surfaces are rela-
tively dark. Such exhibits must be used sparingly
since they tend to fatigue the visitor. As in all
things, variety increases interest.

In some instances the light and the lighting
equipment are part of the exhibit statement.
These occasions are exceptions. Normally, the
purnose of the lighting is to provide exhibit visi-
bility and enhancement in the most unobtrusive
manner possible.

Light Sources

M.odern electric light sources for museum and
art gallery lighting fall into three broad cate-
gories: incandescent, fluorescent, and high inten-
sity discharge. The latter group is very efficient
in generating light at low cost, but their spectra
will usually make them unsuitable for most in-
terior display lighting. Experienced lighting de.
signers will  se these sources in limited areas—

for exterior f.oodlighting and protective lighting”

these lamps <an be effective and economical.

Fluoresceit Lighting. Fluorascent sources
offer the folluwing lighting advantages, to mu-
seurms.

1. Eigh effica:y, resulting in lower energy use
and costs and ower heat output.

: o - Wil

B
The Metrvputitan Museum
of Art, Rogers Fund, 1817,

The Meiropolitan Muxeum of
Art, Rugerx Fund, 1912,

Fig. 7-26&. Lighting of sculplwa. a. Concehiratinc sources, alone, from tront left, b. Total overhead diffuse lighting conforms
to exprassion of leatures. ¢. Low diftuse lighling and strong concenlrated accent adds {0 stern expression. d. Light

concentralion from upper right. Strong ovaerhead dit{use lighting aics ir. viewing the details of this comptex sculpture.
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2. Excellent range of colors (including over 20
different white lamps).

3. Excellent color appearance, when the correct
lamps are chosen.

4, Long lamp life, reducing maintenance effort
and cost.

5. Good size variety.

Fluorescent lamps are inherently large, soft
light sources and are incapable of generating true
beamns of light. Creation of highlights and
shadows for revealing three dimensional form
and texture is not practicel with fluorescent
lamps. They are ideally suited to case lighting,
dioramas, transparencies, luminhous elements,
creating false windows and virtually all practical
working areas of 8 museum. They should also be
used for stairway and other nightlights because
of their economies. Wherever general illumina-
tion is required, fluocrescent will usually be found
to be effective.

Incandescent Lamps. Incandescent sources
can be subdivided into four broad categories for
museurn and gallery use:

1. General service lamps in the familiar “A" and
“PS" bulbs. They require directing of the light
by reflectors and/or lenses. They are principally
used for ilumination of areas rather than specific
objects. Most museums can fulfill all their needs
with four of five sizes of these lamps.

2. Reflectorized lamps of the R, ER and PAR
types, flood and spot distributions in a large
range of sizes. See Section 8 of the 198] Refer-
ence Volume. There are some varieties of low-
voltage lamps available, but most are intended
to operate directly at line voltage. Blown soft
glass R and ER lamps are relatively inexpensive
with reasonable- life ratings, and are generally
highly useful. The "“field” of the light beam is
usually quite smooth and the beam edge is not
pronounced.

Molded hard glass PAR lamps, in flood and
spot, have a beamn narrower than the correspond-
ing R lamp beam. The field of the beam may
often contain irregularities and the beam edge is
considerably more noticcable than with R lamps.
Life rating is generally the same as R lamps and
cost is slightly higher. For longer beam throws
and higher drama, the PAR spot is superior to
the R spot. One particular caution; these lamps
are relatively heavy and should not be mounted
sbove glass cases or fragile objects.

3. Low voltage lamps are available in general
service and reflectorized types. Small low-voltage
lamps are useful in simulating candle or oil lamp
light in period rooms. The most useful low volt-
Age lamps are the 25. and 50-watt spot and flood

MUSEUMS AND ART GALLERIES 7-31

types. These produce excellent shaped beams
with very little spitl light. The beams can be
projected considerable distances and the lamps
are physically compact, allowing easy conceal-
ment. They have two disadvantages: their main-
tenance and that they require transformers.
They are, 1owever, energy efficient.

4. Tungsten-halogen lamps. They are: more effi-
cient, whiter in color, more compact, longer lived
than standard lamps of the same type. They are
also hotter, more costly, produce double the ul-
traviolet radiation and are difficult to filter.
These qualities suggest their use in intense light
on metal or stone objects, but preclude their use
in many otaer museum areas.

it

Specific Museum'nghting Problems

Museum exhibit design work can be divided
into the categories shown below and further di-
vided into “permanent” and “temporary.” Many
museurns have spaces intended for changing ex-
hibits and these require great flexibility. After
discussing the most basic design problems, tech-
niques of flaxible lighting will be deacribed for
solving these problems in short-term exhibits.

Large Three-Dimensional Objects.
Whether sculpture or machinery, or costume
maniking or cannon, an important aspect of such
objects is their mass. Lighting must reveal their
plasticity and as much surface detail as is appro-
priate to the object. Total uniformity of lighting
is rarely calied for. There should be some dis-
tinction of strong and weak llumination, such as
a spot light from one side and a flood light from
the other. A degree of shadow is desirable (see
Fig. 7-26). The shadow should not be so dark as
to conceal significant details, or to produce dis-
tortions in appearance, but the shadow is a sig-
nificant visuzl clue to the solidity of the object,

If not ohjectionable from the standpoint of
honesty, subtle color differences may be used in
the lighting from different directions. For exam-
ple, a portrai- bust might be placed near a win-
dow with a spot light directed at the other side.
Even more subtle is the difference between a
standard incandescent lamp and a tungsten-hal-
ogen lamp, but the difference is sufficient to
improve surface texture in an object that must
have almost equal illuminance from all direc-
tions. X

When large objects are placed in open -pace,
light will usually need to be directed sharply
downward to avoid glare to the observer on the
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! opposite side of the object. If some degree of
E upward lighting is required to avoid averly harsh
i, shadows, this can frequently be achieved by pro-
R viding a8 high reflectance base, such as white
; : linoleum, to bounce the light upward. Smail mir-
rors, strategically placed also may serve, if they
: are not distractions themselves. Direct lighting
‘ from the bottom is possible, but care must be
observed that nearer surfaces are not over-
lighted, producing the unpleasant effect of
: shadows running upward.
Where the object is placed in a niche and the
: viewing will be only from one direction, the light-
{ ing can be as theatrical as desired. Lighting that
strikes the objects directly from the front, at the
same angle that the object is viewed, will tend to
flatten: surface features. This could be desirable
for revealing the colors of a tapestry, while con-
cealing the weave, but it would be undesirable
for most sculpture.

Flat Displays on Vertical Surfaces. Paint-
ings, prints and documents fit into this very
important category. There are essentially three
approaches to this display problem: light the
entire space uniformly, light the vertical surfaces,
or light only the objects. The first approach
assumes that the object will be prominent in its
environment without lighting assistance. This
may well be the case where the ohjects are in
high contrast to the wall surface. Many of our
classical museums were designed in this manner,
but the trend is to provide some additional fo-
cused light to enhance paintings or text mate-
rials. The National Gallery in Washington em-
ploys skylights, but has recently installed a sys-

e g m— =t

Fig. 7-27. Raking = weave of §
Renaissance tapesiry by high angle §
directionai light (ieft). Same tapes- Y
try with concentrated light at 60 3%
degrées incident angle (right). =%
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tem of spotlights to add warm color to the srt-
works and to provide more focus on them.

A gallery space may be the ideal setting for the
objects exhibited and supplemental lighting
might seem artificial. This is true of period rooins
and houses, so that specific objects are rarely
highlighted in these spaces.

Lighting only the vertical surface is ofien a
very attractive method of displaying flat objects.
Several commercial “wall-washer” luminaire sys-
tems are availabie in all iamp types. Fluorescent
types offer very smooth continuous illumination
and can provide good uniformity vertically, when
used according to the manufacturer's directions.
The appeal of the displayed object is again re-
lated o the contrast with the background. Incan-
descent wall-washers have opticel devices to pro-
vide lighting higher on the wall than a coinmon
downlight. This minimizes scalloping and pro-
vides a more even wash on the wall for a prede-
termined area. Such wall washers are normally
mounted quite close to the wall and the manu-
facturer's installation directions should be fol-
lowed closely. Since such units are providing
light at a steep angle, shadows of frames, shelves,
ete., can be troublesome.

Lighting vertical objects individually, the third
technique, permits more dramatic separation of
objects, including lighting from varying angles
and at varying illuminances. Where correctly
used, this method is highly effective, Where in-
correctly used, glare or shadows can seriously
detract from the finished appearance (see Fig. 7-
27). Fig. 7-28 shows preferred angles for lighting
flat vertical dispiays. If the display has consid-
erable relief or heavy frames, the angle can be
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Flg. 7-28. Model perimeter (viewing) zones al nominal ceil-
ing height, Model based on: (1) primary diffuse component
{of. vertical illuminance) at approsimalely 40 per cent of
horizontal illuminance at 5, {2) height of wall-hung display,
{3) ideal utilization of beam cones, and {4) minimum effective
viewing distance relative to a8 nominal heignt of cbject (A to
B = 1320 millimaters {52 Inches) for a 30-degree cona, A to
C = 1650 millimeters (85 inches) lor a 80-dagree cone). To
calculate viewing zones lor higher objects, increase horizon-
tal gimensions 38 millimelers (1.5 inches) tor each 25-mitli-
maeter (1.0-inch) increass in height of object.
X = (cailing haight ~ ey height) (.577)
for an aiming angle of 30 degrees from the vertical.

greater and distance X increased. If the display
is mounted high and has substantial glossy areas,
the reverse is appropriate. Unless there is a con-
trary reason, normal eye height is assurned to be
1650 millimeters (65 inches} abave the floor,

Display Casges. Built-in display cases are gen-
erally provided with customized lighting which is
integral to the case. While any surface could be
the location for the lights, certain objects dictate
specific lighting approaches. Glass, for example,
looks very handsome when back or bottom
lighted. Objects with little surface detail, but
interesting shapes may be sithouetted. Most ob-
Jects, however, will be top, or top-front, lighted,
since this is moat effective and natural. In these
categories, the lighting units should be fully con-
cealed. Fluorescent lighting is particularly appro-
priate to this purpose since the source delivers
more light with less damaging heat and can be
readily filtered against ultraviolet radiation. The

_entire case is then lighted with considerable uni-
formity and objects are made to assume impor-
tance by their position and the contrast with the

MUSEUMS AND ART GALLERIES T=33

case background. In most light finished cases
there will not be substantial variation in the light
vertically, due to the multitude of interior reflec-
tions, including the front glazing. Dark finished
cases will have much more top-to-bottomn varia-
tion. In these, it may be necessary to overcome
this by arranging the smaller items high in the
case and the larger, crude items toward the bot-
tom. Occasionally this will require side lighting,
particulariy where the case is taller than wide.

Display case lumingires (light box=-- do not
need to extend the entire length of the .se and,
in fact, will produce a very noticeable end acallop
if they do. Normally, fluorescent lamps should
end 100 to 200 millimeters (4 to 8 inches) from
the end walls. In a recessed case, the light box
can be completely out of sight in the top front of
the case and no lens or louver is required for
concealment (though a sheet of clear UF-3 plas-
tic should be installed).

Most often, the light box will need to be in the
viewer's line of sight and concealment of the light
source is important. A low brightness lens or
louver is then mandatory. The parabolic-wedge
louver is highly favored for this, but it will pro-
duce a partial dark area at the top walls of the
case because of the cut-off of the louver. In tall
cases, or in those where the display begins some-
what below the top, this is & desirable feature,
but in others, it may be preferred to use an
angled louver to provide the lamp shielding while
still providing light to the top of the rear panel.

Incandescent spotlights can be provided in
cases to add warm color or to highlight specific
items. Jewelry has more sparkle and can be
placed on dark backgrounds when the items are
individually spotlighted. The light box then re-
quires greeter depth, both for the bulkier lamps
and to allow for greater heat dissipation. The use

.of plastics for glazing 18 limited because of the

heat in the light beam,

In all instances of built-in cases, provision must
be made for easy access to the lighting compart-
ment. This access should not be through the case
interior, thus risking damage to the displayed
objects, Recent designs of fluorescent ballasts
have greatly reduced their heat output and have
made the risk of ballast leakage almost disap-
pear; it is therefore no longer necessary to mount
ballasts remote from the case. Remoze ballasting
requires more camplex wiring and creates greater
problems when replacements are needed.

Freestanding cases also can be lighted exter-
nally by the room illumination or by spotlights.
If the general room illumination serves the cases,
they will be undifferentiated from the remainder
of the space and will have lesser impact. Spot-

e e oy A e e 05 % e &




7=34"INSTITUTIONS AND PUBLIC BUILDINGS

lights on cases can give the color and emphasis
that the display deserves; however, there will be
a shadow of the top edge of the case somewhere
within the case, unless the lights are directly
above, and there will be a reflection of light from
the top of the case unto the ceiling. By careful
positioning of the case or the lights, these prob-
lems can be nvercome.

The most severe problem with all cases is

- refleciions in the viewing glass. This is most
noticeable when a relatively dark case faces an
area of high brighiness. The cniy complete so-
lutions are to use either specially curved glass
(sg-called invisible glass) at great cost in money
and space, cr to place all cases opposite dark
walls. Other partial solutions are: to slope the
front-glass of the case outward to that only the
flcar is reflected to the viewer, and then the floor
must have @ relatively dark, raatie surface; to
piace cases at right angles to each other so that
thiery 1s at least one favorable viewing position,
wr to keep all case interiors very bright in ap-
pearance. In period rooms, nutural settings, eta,,
it may be possible to omit the front glazing if
other suitable protection of the displayed objects
wun be achileved; e.g., railings and alarms, or a
taut wire screen. A truly non-reflective glass is
available, but at very high cost and anly in iim-
ited dimensions. Areas of cases below eye level
will normally reflect the floor to the viewer.

Table cases always reflect the ceiling area op-
posite, and this portion of the ceiling should be
free of lights and relatively dark to avoid reflec-
tions. Table cases against a wall will reflect the
wall directly above the case, thus restricting the
use of this for vertical displays or text. Sloping
cases will present troublesome reflection prob-
lems unless the designer makes a preliminary
sketch in profile showing the normal viewing
pusitions and the areas that will “= reflected to
the viewer. Such a sketch, done . :urately, will
anticipate problems and show the designer where
the lights must be mounted to minimize both
shadows and reflecticns.

The above three catigories (large objects, wail
displays and cases) cover virtually all museum
displays; however, another category could be
called “environments.” This includes houses or
period rooms which are not treated as cases—
any exhibit where the public walks into the ac-
tual display. For such spaces, naturalism will
enhance the ambience, but the problem of object
Jdegradation complicates this. Genuine antique

or natural items must be protected against the .

very light that the original owner lived by. Win-
dows will need to have ultraviolet filtering, and
it may also be necessary to provide drapes or

IES CIGHTING rlaJdLi 0 i
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blinds to reduce total lighting levels. In this case,
the guide or docent will be instructed to opon the
blinds for better lighting and close them us the
visitors leave. Concealed lights can be controll i
by switches or an automatic program devive wo
point out objects in the space with short duratiop
spots of light.

Halls or Galleries for Changing Fxlhibits.
If a flexible exhibit space is consistentiy used jor
the same type of display, such as a chauging
exhibit of prints, then it can be lighted in a
semipermanent manner, positioning lights oa
regular snacings, permitting the changes with
variable lamp wattages, beam patterns and lu-
mingire aiming. Alternatively, track can be in-
stalled parallel to the areas of interest at app:o-
priate distances from the surface or area to he
lighted and a selection of track units kept svxil-
able to provide the necessary variety.

Many changeable spaces are not uscd in &
predictable mannper from one show tu the e,
and this would call for considerably higher de-
grees of variability than can be accomnpiished
with simple straight runs of lighting track. Oiie
solution uses a “trac ¢-on-track” approach, allow-
ing lightirg units tc be placed virtually at any
point in a space. This calls for 8 heavy investment
in built-in and auxil ary lighting hardware and
will always result in a certain degree of ceiling
clutter. The aesthetivs of track lighting systems
are important to the interior museum environ-
ment. Luminaire types should have compatible
housings and be finished in neutrai colors to
blend with ceiling a:-hitecture. The other ex-
treme is to merely piovide sufficient electrical
service above a dropped ceiling and reconstruct
the ceiling for each exhibit, locating all lights in
the new ceiling design. A variation in this last, is
to provide a modular ceiling grid with lighting
units mounted in standard panel sizes. These
would be removed ana replaced at will. Grid
patterns of lighting track can be installed, with
flexibility dependent on the closeness of the grid
spacing. .

When preparing servi e for such a changeable
space, it is desirable to a low at least 50 watts per
square meter {5 watts per square foot) in the
panel and cable sizes, taough this high loading
will probably never be fully utilized at any given
time. _

Standard receptacles should be provided on
relatively close spacings, about 2.5 meters (8 feet)
on center in all permanc<nt partitions, and addi-
tional provision should he made to provide elec-
trical service in the middle of the area, either
through the floor or the ceiling.
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Conservation and Restoration Shop. Non-
display portions of museums should be designed
in accordance with the best modern techniques.
One unique museum space which may require
apecig} attention, is the conservation and resto-
ration shop. Such a space should have moder-
ately high idluminances with special localized
task lighting units available. All the fixed lighting
should be color balanced according to the pref.
erence of the working conservator and should
glso be fully filtered against ultraviolet. Special
ultraviolet portable examination lights will vsu-
ally be required for gpecific tests.

Entrance Foyer or Lobby. An entrance
foyer or lobby should be regarded as a vision
conditioning space in which the visitor's eyes are
permitted to adjust from daylight levels to the
lower lighting in most galleries and museums. It
is useful to have some control over the general
illumination level in such foyers to adjust to the
changing need.

Color

In general, the color of exhibit lighting is in-
tended to achieve the highest degree of verisi-
militude for the material displayed. This would
suggest that davlight tonalities should be used
for all items that were found in nature, or that
were created under daylight. A major problem
arises here. The high illuminance levels that
nature provides are not permitted and the cool
tones of daylight become gloomy and cold at low
levels. See Fig. 2-11. The color of the noonday
sky is about 5000 K. The correlated color tem-
perature of a deluxe cool white fluorescent lamp
is only about 4100 K, and yet the light could
appear excessively cold in many exhibit circum-
stances. In fact, where illuminances are at or
below 200 lux [20 footcandles], light source colors
should rarely exceed 3400 K. Exhibits should be
prepared, or checked under the light source that
will be used for display.

Actual tinting of the illuminant color should
be used with great discretion, and only with the

concurrence of the curator concerned. Where

this is done, it is preferred to use glass filters over
incandescent lamps rather than colored lamps,
first because this is more economical and second
because the range of colors in glass filters permits
more freedom than the limited number of lamp
colors availabje, )

Providing color with fluorescent lamps is rel-
stively easy in the more popular sizes (such as
the 40-watt lamp). See Fig. 8-115 in the 1981
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Reference Volume, Where more than one lamp
is used, a combination of types can provide al-
most unlimited color choice. Interposing colored
acrylic filters can further extend color possihili-
ties; and for short term exhibita, theatrical color
gels are appropriate.

Maintenance

One of the larger problems of the museum
administrator ia providing good maintenance on
restricted budget. Lighting, requiring constant
attention and being highly visible, is a very sig-
nificant part of this problem.

The designer of museum lighting can ease the
burden by following the listed precepts:’

1. Use as few types and styles of lamps as prac-
tical,

2. Use as much inherently long-lived types of
lighting as practical.

3. Avoid lamps which require disassembly of the
luminaire for changing. .

4. Don't use special purpose lamps where general
service lamps can serve.

5. Provide ready accessibility to all lighting
equipment.

6. Where possible, use fewer large lamps instead
of many smali lamps (this will materially increase
efficiency as well).

7. For incandescent lamps, use those with me-
dium screw base, unleas there is a demonstrable
advantage to a lamp with a different base type.
8. Provide adequate storage space for lamps and
maintenance supplies.

9, Provide ladders, towers, hand-tools and clean-
ing matenals; any naterial device which will
expedite lighting maintenance.

10. Treat the lighting maintenance person as the
skilled, important person which the position jus-
tifies.

Energy Manegement

Museums will require more incandescent light-
ing than most other categories of public building.
This will not justify careless or wasteful lighting
practices. To achieve higher lighting energy ef-
ficiency, designers must think as follows: “Lamp
and luminaire X is the most efficient available.
Will this work effectively for the exhibit lighting

_ problem? No. Then lamp and luminaire Y is the

next most efficient system. Will that work”" ...d
so forth until they arrive at the most satisfactury
lighting solution.

R
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CRITERIOS PARA LA ILUMINACION INDUSTRIAL

INTRODUCCION

El proposito de la iluminac 6n en una industria es propor
cionar luz suficiente en cantidad y calided para tener séguridad y para
sumentar la visibilidad y productividad con un ambiente placentero.

Con el fin de conocer la actividad, el medio ambiente y por lo tanto la
iluminacién requerida, se deben conasiderar las siguientes recomendacio-

nes:

1.- Disedar Ia‘ilu-inacién para la actividad planeada (m&s luz en el _
&rea en que se desarrolla la actividad que en sus alrededores).

2.- Diseffiar con luminarios eficientes.

3.~ Usar fuentes de luz de alta eficacia {mayor salida de I|dmenes por

watt).
4.- Utilizar eficientemente los fuminarios.
5.- Utilizar Iu-iqarioa controlados térmicamente.
6.- Utilizar acabados claros en techos, paredes, pisos y mobiliario.

7.- Utilizar eficientemente |las |8mparas.

8.~ Apagar las luces cuando no se necesitan.

9.- Controlar el brillo de las ventanas.

10.— Utilizer la luz del dfa cuando sea prictico.

i1.- Conservar el equipo de iluminacién limpio y en buenas condiciones
de trabajo
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Elaberar instruccionas pars la opericién y el mantenimisnto.

CONDICIONES GENERALES

2.1l""

FACTORES QUE AFECTAN LAS TAREAS VISUALES EN IRDUSTRIAS,

2.1.1 ™

2-1.2--

2.1-30"'

Generalidedes. El cjo humano ve los objetos por
reflexién transsisién o silueta.

Los planos de trabajo en industrias varian en di
ficultad visual desde visible hasta casi invisi~
ble. Los factores que afectan la visibilidad del
plano de trabajo son: Contraste, luminancia, ta-
sailo y tiempo. Estos factores son tan interdc--
pendientes que para mantener igual visibilidad,
la deficiencia en uno de el los puede ser compen-
sada (dentro de ciertos |imites) mediante el au-

monto de uno de ios otros.

Contraste. La visibilidad es méxima, cuando el
contraste entre las luminancias ( o colores) de

la tarea-visual y su fondo es wmayor.

lusinancia. Otro factor que afects la visibili-
dad es la luminancie, ya que para que un objeto
sea visible debe estar iluminado y diferir en lu

minancia de su fondo.

‘Para una misma tarea visuval, los ojos de _
personss mayores necesitan mayores luminancias _

que los de personas jovenes.



2.1-"."

2.1.50-

2.1.6.~

Teamaio. E! tanziio de la tarea visual ea un fac-

tor muy importante para la visibiiidad., Mien—-
tras més grande e un cbjeto o tarea visual, mis
facilmente se puede ver. Por ei zontrario, wmien

tras ®8s peguefic, .es mis diffcil verio.

Tiempo. Para asimilar los detalles de un objeto
o tarea v?sual, el ojo necesita wieupd. Si la _
visibilidad es pobre debido a un bajo contraste,
a baja lusinancia o tamano del detalle, entonces
la relacién de asimilacién disminuya y ¢! traba-

-

jo visual toma mis tiempo.

Cuando el detalle que se quiera ver es pe
quefioc, o las letras son muy tenues con respecto
a3l fondo en que astan escritas, entonces tomamos
mis tiempo para poder apreciar compl!etamente el
detal le de que se trate. Esto implica que si ___
queresos disminuir el tiempo para ver un detalle
completamente, necesitamos ya sea aumentar el ni
vel de iluminacién, aumenfar el tamano del q«:ta-
Ile o mejorar el contraste entre el detalle y su

fondo.

Edad y visién Subnormal

2.1.6.1.—- Tamafo de la pupila. Con la edad disminuye

el tamafio de la pupila; por lo tanto para _

tener la mima visibilidad que 1a de ojos



2.1.61‘20"

2.2.- Criterios de

2.2.1.~ Debido

mfs jovenes es necesaric aumentar lz luminancia

de los objetos,

Acomodacién, La acomodacién es la habilidad de _
los lentes del ojo para ajustar sl enfoque de una
distancia & otra. La edad tiende a oplanar estos
lentes pero e habiiidad de los o joe psra acomo--

darse, mejora con un incremento en la iluminacién.

Hasta ahora hemos hablado sobre los factoresn que
afectan las tafeas visualeﬁlen Industrias, ahora
vamos a hablar sobre los criterios para obtener _

una buena iluminacién:

iluminacién para el desempefio y comodidad visi !,

a8 que una buena iluminacién depende de muchos

factores, las instalaciones de alumbrado deben ser dise- -

Radas por un ingeniero de.iluminacién competente. Estos

‘factores pueden ser- agrupados en criterios de calidad y

criterios de cantidad.

2.2.2.- Calidad de la {luminacién,

2,2.2.1,.=-

El desliumbremiento, difusién y direccién de la
luz, uniformidad, cclor, luminancia y relaciones
de luminancia tienen un efecto signiftcativo sobre
la facilidad y presicién de la visién. Un andli~
sis cuidadoso sugiere que algunas tareas, tales _
como el discernimiento de detalles finos, requie-

ren una calidad mucho mayc:r que aquellos que son
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casudles ¢ de durecibn relativeamonte corta;

Mngus el siuzberad: deficiente ez facilmente re-
conocido como incexodo y posiblesentc peligroso,
las deficiencias scoderadas no son detectadas Fa-

cilmente.

2.2.2.2, ODeslusbrasiento. £ deslumbramiento es causado _
por cualquier luajnincia dentro del cexpo de vi--
sidn que causa insmmdidad, tatiga o interferen—

cia con la visifn.

- Hay dos tipos‘de decsiumbramiento al deslusbramien
to directo y el des'usmbramiento refiejado.

2.2.2.2.1.~ Deslusbramiento directo. El deslusbraniento
directo es cauvado principalsente por l.a
iluminancia, dc las fuentes Je luz dentro
de]l campo de visién, Tambien las ventanas

‘son cauysa frecuente de deslustiramiento.

El deslumbrasiento directo puede redu-
cirse: (1) disinuyendo la luminancia de las
fuentes de luz o del equipo de alusbrady, o _
avbas; (2) reduciendo el Srea de alta lusinan

_cia causante del deslusbramiento; (3) aumen—-
tendo el Gagule entre fa fuente que deslusbra
y la Ifnea de visién; (4) aumentando la lumi-
nancia del Srea que circunda la fuente nue

deslusbra y contra la cual se esta viendo.



2.2,2,2.2.- Deslumbramiento reflejado y "Refle jos veo!ade-

res”.

E! deslusbramiento reflejado es causedo por

la luz reflejada en cualquier superficis vri-
llante. Los roflejos veladores son causadoa
por tas imagenes reflejadas de las fuenics de

Juz en el plano de trabajo.

El déslu-bramiento refle jado es Trecuentemen-
te mbs molesto que el reflejo directo debido
a que esta mis cerca de la Ifnca de visién y
. e! ojo no puede evitarlo. Ademés, ltos "refle
Jos veladores” pueden reducir el contraste en
el plano de trebajo; y por lo tanto, la habi-

lided para distinguir los detalles.

Existen varias Tormas de disminuir estas mo--

lestias:

1) La luminancia de la fuente debe ser lo més ba
Jja posible y las ventanas deben tener courti--

2) Se deben posicionar los luminarios de tal for
wa que la imagen reflejada este dirigida fue-

ra de los ojos del -observador,

3) instalar -;yor némero de luminarios de baja _
potencia, Con\cito se logra dissinuir ¢l efec
. to de deslumbrasiento reflejado y los "refle~
Jjos veladores',_aediaﬁte el incremento <e la

iluminacién proporcionada al planc d¢ irabaje
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b)

por l&nparas  ocalizadas en posiciones dife-

rentes de las que causan refiejos.

4) Cambiando e! ocabado de tas superficies que
producen reflejos. ’

Uniformidad, Refleios y Sombras.- a) La uniforwi
dad de la iluminacién, es apropiada para interio-
res industriales donde los planos de trabajo es--
tan suy préxiwos y donde |as tareas visuales re--

quieren la misma centidad de luz.

Los reflejos de fuentes de luz en el plano de tra

. bajo pueden ser utiles si no crean declumbramien-

c)

"tos reflejados o “refliejos veladores”. En el ma-

quinado e inspeccitn de partes met§licas pequeias,
los reflejos pueden indicar fallas en el contor--
no, hacer las marces mis visibles, etc, £stos __
r;fiéjos son creados por fuentes de luz posiciona

das cuidadosamente.

Las sombras producidas por el sistema de alumbra-
do general pueden acentuar la profundidad y forma
de los objetos; pero deben evitarse sombras pro--

nunciadas.

Las sosbras pueden ser suavizadas si el objeto es
ilusinado por muchas fuentes ¢ por Iuminarios )

grandes difusos. Cuando se neces’tan este tipo

de sombras es wejor obtenerlas combinando el alum



brado general con alumbrado direccional oeplcmen

tlrio.

2.2.2.4.- Calidad del color do Ila fuente de fuz.  Laz Farina

3.2.3.-

tes de luz deben ser seleccionadas cuidcdosiman—
te cuando la discrioinacién del color as iogpor——

tmtea ’

Cantided de !iluminacién,

La cantidad de luz necesaria en cualquier instalacién,
depende principalmente de {a naturaleza del teabajo. A
woedida que la iluminacién del plano de tradajo se in--
crementa, la facilidad, velocidad y presicién con fa _
cual la tarea puede ser realizada, tasmbien ze increoen

ta.

La recomendaciones de jluminacibn de esta tabla estan
basadas en las caracteristicas de la tarea vizual -+ en
el funcionamiento visual requerido por jovenes con

visién normal,

Estos valores fueron determinados usando foz niacedi—.-
mientos establecidos por el I1£S en sus recomendaciones

para calidad y cantidad de iluminacién.

La cantidad de luz recomendada debe ser proporcionada
en ol punto y en el plano en el cual se efectée ia ¢ta-

rea visual, ya sea horizontal, vertical o algin énguio

‘intereedio.
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Cuando no mse ancusntre en cata tabla la taras iy’
que ve 2 ser @jecutada, ontonces se debe walo.ooio .

terea que m8s ao daemeje A la tarea an nuentiov,

! Si la trren no o3 similer ¢ ninguna ds daw 5500 o

sota tedila, ia siguiente tcbia puede uwtiiicivo.,

[

Raryee of Beradraecro

Vome of Fothlty - W ol T
Categary Gom | a2 V]
Pubic spacas wilh el wevorTring A 205050 2-3-5 mm o
Shagple oriecipiion for ekv? tewsporyry B 50-75-100 6-7 .54 Harrerd TS
wialie ) et 3 AR
, Wokiag cpocEs whwrs vireol tasks v € 100-150-200 10-15-20 "
ouly occamionaidy partoroned _
Periornraace of vinusl dexss ¢ bigh com- D 200-300-500 2030340 -
et or lrga uite _
Perionasece of vircd et of sanles L 3 8007301000 80-78--100 Froacsem o Ll
~ osniryd o smed sz -
Povioreeace of vigsal ke af ivg oo F 1000~ 1 GOD-2000 100- 1590211
ot or wary samd g . . o
Povimsace of viersd ks of low om- G 2000-~-300-5000 - 200800
Tt ) wiry Euall BT OVNT B PR~
nnged partod
Pyriorsnce of wry prosngsd e as- " SO00- 7S00-10000 SON- 7431847
eciing vieml taics e
Porioaasace of vy spacil viass wwalrs ] 1GU00-13000-20300 1600~ 302300
of exbucaly oo Rt sol eall . )

oten

Esta tebla contiene descripciones generales do Sors
visuales y ectividades, a !as cuales correspandas ool
gorias de iluminancia. A cada categorfa corresnsuds wo

rango de iluminancia.
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Para_seleccionar el valor del rango-que-debe—utilizarse

se puede referir a la siguiente tabla,

Caracterfisticsas Factor

de la tarea y el

traba jador

Eded de los Menos de 40 | 40-55 | Mas de 55
trabajadores

Yelocidad y/o No importan | Impor | Critica
exactitud te tante
Reflectancia del Mayor de 0% a | Menos de
fondo de! planc 70% 1 70% 30%

de trabajo

En esta tabla cada caracteristica debe ser evaluada pa-
ra determinar el factor que le corresponde ya sea ~1, -
cero 6§ + 1. Estos factores se suman algebraicamente pa
ra determinar e! factor de importancia. Si la suma es
menor o igual a-2 se debe utilizar el vapor menor de --
iluminancla, si el resuitado esta entre +1 y -1 ge debe
utilizar el valor medio de iluminancia y por Gltimo si
la suma es mayor o igual a 2 se debe utilizar €l valor

mayor de iluminancia,
2,.3.~ Influencia de los factores de! medio ambiente,

2.3.1.- Luminancia y relaciones de Juminancia. La habijlidad -

para ver un detalle depende de la diferencia en lumi-—-
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nancia entre el detalle y su fondo, es decir dei =m0
"te. Llas lusinancias dentro del campo visual ofcalo:

condiciones de visibilidad.

Las relaciones de luminancia recomendadas son f:-

guiéntes:

~ Entre e! 8rea de trebajo vy 8reas adyacentes I a

- Entre el frea e trﬁbajo v las superficies ads o
1 a 1/10. '

- Entre el &rea de trabajo y las superficics itiuminat-

1

mnés remotas 1 a 10.

Estas relaciones son las m&ximas recomendadas; racknoioe

nes en estas relaciones son beneficas generalnente,

Para obtener las relaciones de luminancia rceosend: s,
es necesario seleccionar las reflectancias de los aca™a-
dos de todas las superficies del local y dei equigo, v

controlar las caracteristicas de distribucién y ltuminan.

cia de los luminarios utilizados,

2.3.2.- Acabados del local.- Las reflectancias de las parcdaes,
techo y piso (y aGn las de! equipo) determinan lor pa--
trones de luminancia. El acabado del local es au i~
portante en la utilizacién de la luz; y por lo tanio
la energfa. Los valores recomendados de reflectancia

son los que a continuacién se presentan.
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2.3.3.- ColoFf de laa mlquinas y sus alrededores.— Las reflectan-

cias altas, y las superficics mate son generalwente bue—-—
fas porque Proporcionan un e jor patrén de luminancia,

una mayor utilizacién de lz luz y mejoran la apariencia _
del local.

El color puedz hacer al wedio ambiente de trabajo wss
interesante y placentero. Los colores creea, marfil y
amarillo claro son sicolégicamente “calientes” y tienden

a hacer que el local paresca m&s pequeno.

El color verde y el azul son sicologicamente “frios”, y
tienden a hacer que el lccatl pareééa wds grande. Lcs aca
bados de gris clarco son neutros y son excelentes ya sea _
como fondo o para equipo y maquinaria. Sin embargo, el _
uso del gris para ambos puede hacer al medio ambiente abu
rrido y sonftono.

Los colores fuertes deben ccounmente ser limitados a por-

ciones pequeiias del campo visual.

2.4.~ Construccién de edificios industriales.

2.‘- ' -a™

Las construcciones . de edificios industriales son clasifi
cadas como Sreas de bahfa baja y dreas de bahfa alta. Se

censideran Sreas de bahfa baja aquellas que tienen una _

altura de 7.5 ® 8 menos, del piso a la parte més baja de

la estructura de! aayor de 7.5 metros.
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3.- LUZ NATURAL

3.1.~- Hay varios factores que afectan 2| aprovechamiento de ia TR

3.2.~

natural. Algunos de estos factores son: Las variacionez on
la cantidad y direccibn de la luz de! sol incidente; La distri
bucién de luminancias de cielos claros, parcialmente nublados

o completasente nublados; los efectos preoducidos por tarrcnos,

patios y edificios cercanos.

La luz del dfa, disponible para usarse dentro de los edificios,
depende del disefio arquitecténico de las ventanas y de la deco

racién y amueblado del interior,

Las ventanas tiéqpn cuando menos tres Fines Gtiles on edifi—m-
cios industriales, ya que admiten, controlan y distribuyen {a

luz del dfa, proporcionan una longitud focal infinita la cual

‘relaja los musculos del ojo y eliminan la sensacién de confina

miento que algunas personas experimentan en lugares completa--
mente cerrados. Sin embargo, siempre es necesario un sistema
de iluminacién eléctrico debido a las variaciones de fa luz _

del dfa {(con la hora y el clima),

Orientacién del edificio y condiciones de ubicacidn.

3.2.1,- las ventanas deben ser adecuadas a la orientacién del _

edificio, a las variaciones en la topograffa y a las

vistas correspondientes a cada pared exterior.

Todas las ventanas deben ser equipadas con dispositivos
apropiados de control, para evitar cualquiur problema _

de fuminancia.
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Se le debe dar especial atencibn al control del deslum

bramiento en lugares donde |as ventanas frecuentemente

reciben wds de 100,000 luxes.

3.3.- Secciones arquitecténicas de edificios.

303-1-"'

3-3-2--

3-3-3--

3-3-‘--

Seccién unilateral.~ La iluminacién unilateral es la
-65.5i-p!e y comdn de las secciones arquitecténicas,
este disefio permite tener ventanerfa contfnua. Lla _
lux que entra por la parte superior de las ventanas,

es usualmente la més efectiva para iluminar las &reas

més alejodas de estas.

Seccién bilateral.- Para locales anchos la ijumina--
cién bilateral es preferible, dado que al menos una _

de las ventanas estarf expuesta directamente al sol.

Ventana en el techo de la nave.- Algunas veces se

emplea una ventana en la parte mis alta de la nave en
la misma direccién que las ven:anas laterales princi-
pales pars superar las limitaciones del ancho del lo-

cal, de una seccién unilateral,

Secciones diente de sierra.- Las secciones diente de
sierra son aquellas en las cuales se tiene una seccién
alta con pendiente que se repite una o més veces. De
bido a que las ventanas usualmente dan hacia el norte

no se requieren controles de luz.
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3.3:.5.~ Tragaluces.- La disposicién de tragaluces es muy similas
e la de iluminecién eléctrica y algunas veces se ewplean

rejilias para controlar la iluminancia.

3.4.- Nateriales transzisores y elementecs que limitan el pazo dec o

Los materiales y elementos que limitan el paso de la fuz, que _
son vtilizados para controlar la {uz, que son utilizados para _
controler la Juz del dfa, son similares a los empleados para 1a

iluminacién eléctrica;

Estos materiales son seleccionados por su habilidad para tians--

wmitir, difundir, refractar, absorver o reflejar la iuz.

3.5.~ Acumulacién de polvo.

La acumulacidn de polvo en las venianas, reduce la fuxz transmi-
tida. La cantidad que se redusca depende de la localizacidn,
el &ngulo de montaje y la frecuencia de limpieza. Bajo condi--
ciones industrialea tfpicas, la depreciacién de fuz al cshe e
sus meses puede equivaler a la mitad de la ventana en el =menti-

do vertical y dos tercios en el sentido horizontal, -

4.~ TLUMINACION ELECTRICA

4.1.~- La iluminacién eléctrica se requiere para la wayoria de las
&reas industriales, debido a q:.e no se dispone frecuentemanic _
de la cantidad suficiente de luz del dfa, afn bajo condicicnes
Sptimas de luz,



4.2.- Tipos de luminarios., Existen muchos tipos de luminarios in-

dustriales. Lla seleccién del tipo especffico para una insta

jacién nueva, requiere el considerar;: La distribucién de

candelas; la eficiencia, el control del brillo; las caracte-

risticas de mantenimiento de l6menes; la construccibdn wecs—-

nica; las caracterfsticas de la instalacién y si es apropia-

do para utilizarse en 8reas normales, clasificadas (es decir

peligrosas) o especiales.

Existen cinco clasificaciones de luminarios para aplicacién

interior.

- Directo

- Semidirecto ‘

~ Difuso 6 directo-indirecto
- Semi-~indirecto

4-2.1."7

Indirecto

Luminarios Directos., Los luminarios clasificados como
directos son aquellos que emiten gré8cticamente toda la
luz (es decir del 90% al 100%) por abajo de la hori—-

zontal,

Aunque susualmente este tipo de luminarios proporcio—-
nan la iluminacién m8s eficiente del &rea de trabajo,
frecuentemente es a expensas de otros factores. Por _
ejemplo, las sombras pueden ser exzesivas a menos que

la unidad tenga un srea luminosa relativamente grande,
o esten montadas m8s cerca que la relacién de espacia-

miento a altura de montaje m&xima sugerida.
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El deslumbramiento directo producido por un luvinaric -
recto, puede ser mayor debido a fa diferencia deo lomi--
cia entre la fuente de brilio y el &rea circundunie +.0n

obecura; sin embargo con un luminario bien Jdisehady o

refiejo directo puede ser bajo.

Llos luminarios direc‘os pare aplicaciones indusztrinies,
comunmente son clasificados de acuerdo a su curva e i

tribucién, desde muy concentradez hasta ampiia.

Easta clasificacién puede expresarse en términcs dc cu

mixima relacién de espaciamiento a altura de vontaje,

como se muestra en la siguiente tabla:

CLASIFICACION DE LUMINARIOS DIRECTOS, EN TERMINOS DE RILA--
CION DE ESPACIMIENTO A ALTURA DE MONTAJE.

RELACION DE ESPACIAM[ENTO CLASIFICACION DE Lif4inA-

A ALTURA DE MOMTAJE _ RIOS

Hasta 0.5 Muy Concentrado
0.5 a 0.7 Corcentrado
0.7 a 1 ' Medio
| a |.5 Amplio

wds de

1.5 Muy amplio

En general, para 8reas de behfa alta es me ;or utiiizar
distribuciones concentradas y medias, y en _.onas donde ze
requiera una iluminacidn mis elevada que ¢! promedio. «o

pueden instalar luminarios con distribucidn muy concentir.
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—-—dgy—La-curva de distribucidn mas- adecuada para cada -

‘.2.2--

4.2.3.-

splicacién, puede determinarse comparando las curvas _

fotomé&tricas de los luminarios y utilizandolas para

_calcular valores de iluminacién en diferentes puntos,

Lluminarios semi-directos. Llos luminarios semi direc—
tos son aquéllos que evitan del 60 al 90OF de fa luz _
por abajo de la horizontal. La utilizacién de ta luz
de estos luminarios en gran parte de la reflectancia _
del techo. Con techos delcolores claros, la utiliza-—-
cién no solo excede a la de los Juminarios directos

s8ino que ademds se mejora la comodidad visual.

El aumento de la ilulinacién en el techo debida a la _
distribucibén semidirecta, reduce la diferencia de lumi
nancia entre el techo y el luminario, aumenta la difu-
si6n y atenda las sombras. La combinaci6n de luz hacia

arriba y la baja brillantez proporciona una excelente

‘comodiad visual, particularmente con fuentes de fuz de

alta luminancia.

Luminarios difusos o directos-indirectos. Estos lumi-
narios tienen sus componentes de luz hacia arriba y
hacia abajo aproximadamente iguales es decir emiten
del 40% al 60% de la luz por abajo de la horizontal. _
Los luminarios difusos emiten aproximadamente la misma
cantidad de luz en todas direcciones; los luminarios _
directos-indirectos emiten auy po:a luz en angulos cer
canos a la horizontal, por Jo que se prefieren general

mente debido a su baja luminancia en la zona de refle~-

Jo directo.



La eficiencia de este tipo de juminarios depé&.ra-_‘f-s..-.
reflectancia de todas las surerficies del incai, o,
cul arwente d=l techo. fLos luwminaries con exiv -
‘distribucién son sepliamsnte utilizados an ofi=i: - -
laboratorics; sin embargo vu uso east8 creciend- m.éwnmm
liopias de manufactura, donde laz tareas visuales norn

crfticas.

4.2.4.- Liminarios semi-indirectos. Este tipo de lumivar:on

emiten la mayor parte de buz (60% a 90%) hacia crvi-
ba de la horizontal. La mavor parfé de ia tuwz que
liega al plano de trabajo debe ser reflejada desde cf
techo y la parte superior de las paredes; por lao %a--
to es imperativo que estas cuperficies tengan sita

reflectancia.

El uso del luminario semi-indirecto en industi-iex, -
limita a 8reas donde es necesario minimizar el deg-e-

jusbramiento reflejado por superficies especularoes,

4.2.5.- Luminario Indirecto. Los luminarios indirectos «mi..-
ten dei ¥ al 100% de su fux hacia arriba du o s
zontal, rara vez se utilizan en industrias { aupavn
generaimente son los m&s confortables) debido & su
pobre coeficiente de utilizacién y su dificulte! o _

mantenimiento,
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4.3.-

4.2,6.- Resumen. Como conclusién de lo anterior podemos de-

cir que ningdn. luminario puede ser recomendado, ex--
cluyendo & los otros; ya que cada uno tiene caracte-
risticas que pueden © no pueden combiner con las ne-
cesidades de une aplicacibn especlIfice. La evalua--
cién de cada uno de ellos ceterminard cual puede pro
porcionar iluminacién eficiente a una &rea dada, con
calidad y cantidad suficientes, Parte de esta c?alug
cién incluye; el investigar las caracteristicas de _

la tarea visual y el programa de mantenimiento.

Aungue todos los tipos de luminarios tienen
una aplicacién especffica, los luminarios tipo di---
recto y semidirecto son los mds comunmente utiliza--

dos para aplicaciones industriales.
Metodos de iluminacién para &reas industriales.

El principal-requerimiento de la iluminacién Industrial es
el facilitar la ejecucién de la tarea visual mediante una _
iluminacién de alta calidad. Con esta iluminacién, el per-
sonal ser8 capaz de observar y controlar eficientemente la
operacién y mantenimiento de los diferentes tipos de méqui-

nas y procesos,.

En la actualidad se ha enfatizado la necesidad de __
disefios de sistemas de iluminacibn, mis eficientes en cuan-

to a utilizaciéﬁ de la energfa.



Estos diseflos deben elaborarse ' ¢n base a un cuidadono en-~
tudio de las tarcas visuales, que se desempeihan ¢n STTRE SRS

quier industrias.

Existen tres técnicas de iluminaci6n gue mon utii-
zadas en industries; estas son: iluminacifn general, iy
nacién general localizada vy alumbrado suplementaric. &n
dreas industriales grandes, las diferentes tareas reguiu-—
ren de diferentes niveles de iluminacién; el aistens de
alumbrado general debe proporcionar iluminacién suficients
un}canente para las tareas visuales nenos'importantaz. £l
alumbrado general localizado y/o el suplementario debe mer
usado para cumplir con los requerimientos de iluminacién _

de las tereas visuales més importantes.

4.3.1.- Alumbrado General. El alumbrado general sc diseda

para proporcionar una iluminacién refativamente uni
forme a un &rea especffica, en la cual se desempoe—-
fan tareas visuales similares. Se enticnde como
iluminacién uniforme la iluminacién que no excade

en 6 arriba o 1/6 abajo a la iluminacién promedia.

Si se exceden las relaciones de sepearacidn
a altura de montaje puede haber diferencias parcep-
tibles en la iluminacién, Las relaciones wiximas _
de sebaraci&n a altura de montaje generalmente las

dan los fabricantes de los luminarios.
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Las éreas cercanas a las paredes, deben tener una
cantidad de slumbrado general comparable con la _

del &rea central,

4.3.2.- Alumbrado Genersl Localizadc. En muchas industrias _

‘. 3.3."

existen maguinarias o tareas de ensamble o inspeccién
que pueden necesitar un nivel de iluminaci6n mé&s alto
que el nive! general., Para obtener un nivel m4s ele-
vado se puede aumentar el ndmero (6 lineas) de lumina
rios y/o la potencia por luminari;'para £ oporcionar
los luxes adicionales necesarios.

Alusbrado suplementario. Aigunas tareas visuales re--
quieren una cantidad y calidad especifica de ilumina-
cién la cual no puede obtenerse faciimente del alum--
brado general, Este tipo de problemas se resuelven _
frecuentemente utilizando iuminaries suplementarios.
Antes de poder especificar el alumbirado suplementario
es necesario conocer la naturaleza exacta de la tareca
visually entender sus caracteristicas de reflectancia
o transmitancia. El mejorar la visibilidad del plano
de trabajo dependerd de uno o mis de ‘os cuatro fac--
tores que afectqn la visibilidad; luminancia, contras

te, tamafo y tiempo,

- El equipo suplementario debe ser cuidadosamen
te aislado para prevenir deslumbramientos del usuario

y de los trabajadores que se encuentren cerca.
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Las relaciones de luminancia deben ser controladas cui-
dadosamente: Los trabajadores frecuentemente ven hoci:
lugares diferentes del plano de trabajo por lo que es
recomendable usar cortinas en las ventanas para roduncio
la luminancia del exterior y/o instalar luminarios e

una posicién que incremente !a luminancia de las paras--

des obscuras.

4.3.3.1.- Luminarios para alumbrado suplementario. lcs
luminarios para alumbrado suplewmentario pu«cden
ser divididos en cinco tipos de acuerdo & au

distribucién de potencia luminosa en candelaz.

Tipo S-I direccional: este tipo incluye tadaz las
unidades concentradas. Algunos ejemplos son:
reflectores spots; luminarios con reflectores

concentrados o lentes incluyendo lamparas {lvo.-

rescentes en un reflector concentrado.

Tipo S-11 amplio: Este tipo-incluye fuentes de
&rea pequeita (incandescentes o HID). Un ejuanio
de este tipo es un refhlector abierto difuso con

una |&mpara de sodio en alta presién.

Tipo S-tl] amplio: Incluye todas las unidades _
fluorescentes que tienen una variacién en lumi--

“nancia mayor de dos a uno.

Tipo S—1V luminancia uniforme: Incluye todas las
-unidades que tengan una variacién en luminencie

menor ue dos a uno.
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"-3-3-2-"’

4- 3.313--

4.3.3.3.

Tipo S=V Lusminancia uniforme: Es un fuminario
sinilar al tipoc S-iV excepto que el patrén de _

rayas o Ifneas estz sobrepuesto en ci panel.

Ltuminarios portatiles. Donde sea poaible, las
luminarios suplementarios deben ser jocaliza--
dos parmanentemente para producir el efecto de

iluminacién més aprohiado.

Frecuentemente se adaptan a luminarios que re-
quieren flexibilidad, brazos ajustables y/o ré-
tulas giratorias. £l equipo ﬁértétil, sin em-
barge, puede ser usado ventajosémente alrede--
dor de méquinas u objetos méviles o para ver _
e] interior de estos. Este tipé de luminarios -
deben ser robustos cléctrica y mec8nicamente y
las lt&mparas deben protegerse y ser del tipo de

servicio pesado,
Efectos especiales y téecnicas.

1.- Color, En lugares donde ¢l color de un ob
jeto es crftico, una vez gue se determina
ta fuente de luz apropiada, es importante
excluir cualquier luz extrafia de una carac
teristica espectral diferente, Es importan .
te también evitar brillos reflejados que _
pueden cambiar }a apariencia del color del

plano de trabajo.



b)

s8)
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Enfasis del color. El color de 15 fux pua-
de ser usado para aumentar el contracte, wa
sea intensificando o atenuando ciertss cclo
res inherentes al pleno de trabajo. PMava
intensificar (abrillantar) un coior, iz
fuente de luz debde ser fuerte en esc cajo,;
para obscurecer, debe ser relativamance dai:

en ese color.

Por ejemplo, para ver el amarillo con un
fondo negro, una fuente de luz rica =n oo
ritlo aumentard el contraste intensificando
ei amarillo; para ver el amarillo con un
fondo blanco, una fuente derluz rica on
azul aumentar8 el contraste haciendo griza-

sec ¢l amarilio,

Seleccién del colior.~ Llos colores crigina-
les seleccionados para ser usados como ref:
rencia standard, estan gobernados por e
choa factores estdticos v econfmicuen. O -fe
el disefiador conoce fa impresidn que ol
se le de al observader o consumidor: poe lo
tanto, se debe tener cuidado de asegurar

que esta impresién esté inherente bajo cuai
quier condicién de alumbrado. Muchos sro--
blemas de célor pueden =vitarse evaluando _
la referencia bajo fuentes de luz comunaen-

te usadas asf como bajo fuentes de luz nor-

mal i zadas.
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cj;ér;duacién;aelfébior. Lh—gfaduaciénwdel—cg*h————

lor es el juicio de la igualdad { o de la _
cantidad y caracter de la diferencia) en el
color de los objetos. Muchos productos coso
algodén, tabaco, fruta, vegetales, etc.
pueden ser aceptados o rechazados en base
al color especificado. La luz del dfa se _
usa frecuentemente para evaluar, sin embhar-
go, la cantidad y temperatura del colo-
varfa con Jas condiciones del sol 'y del
cielo, po; lo que se prefiere el alumbrado
eléctrico con propiedades de rendimiento de

color aproximados a la luz de! dfa.

d) Comparacién de colores. La comparacién del

color es 1a determinacién de que una o mis
muestras de un material! o sustancia son

- L d - »
identicas a una referencia.

Muchos materiales parecen iguales bajo una
fuente de luz pero no bajo o:ra. Este pro-
blema puede ser detectado cuando la compara
cién entre una muestra y una referencia se
hace bajo dos fuentes de luz diferentes _
(por ejemplo roja y verde o amarilia y azul)
Las l&mparas incandescentes que son predomi
nantemente rojizas y las l&mparas fluorescen
tes de colores frios predominentemente azu-
losas son frecuentemente utilizadas como

las dos fuentes de luz disimilares.
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Matizado del color. El matizedo d¢ cuior
es ol ajuate de procorcién de ingredicntius
(colorantes) de una mezcla para acercar «i

color & una referencia. Le mexcla de nig-

-mentos o tintas es un ejemplo del natizadn

de colores. Como lo anterior es también wv-
na comparacién de colores se requierc uti-
lizar lo recomendads para la compracion oo -

colores.

Correccién de Color. La correccién del co
lor es el ajuste del proceso de reproduc-.
cién del color de una repraoduccién para -
que esta se parexca al original. Pars la -~
correccién del color, es preferible una -~
fuente de lux que aproxime su distribucién

espectral de energla a la luz del dfla.

Objetos tridimensionales. Los objetos %
dimensionales son vistos en sus formas apa
rentes debido a las sombras producidas por
ciertas componentes direccionales de ia --
luz, Este efecto direécional es particuiar

mente-dtil para enfatizar la textura y de-

fectos de superficies irregulares.

Siluetas. La silueta es un medio efectivo
de comprobar el contorno con un patrén. La
iluminacién atrés del patrén mostrard bri-

llantez donde halla diferencia entre el --
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‘0303-3-4--

‘-3-3-3-5--

4-3'3t3-6--

contorno del patrén y 1a del objeto que esté
siendo comprobado,

Fluorzacencia bajo radiacibn ultravivleta.

Las superficies fFluorescentes bajo radiacién
ultravioleta se utilizan frecuentemente para
crear contrastes. Los defectos en 133 super

ficiea de metales fluorescente.

Detalles pequefios y alta presicién., £l ob--
servar objetos muy pequefios a través de len-
tes simplifica la inspeicién., La imagen
amplificada del objeto puede ser proyectada
en una pantalla. Debido a que la silueta
proyectada es una amplificacién de! objecto,
cualquier forma irregular o espaciamiento
inadecuado puede detectarse, Se utilizan
dispositivos similares para ‘nspeccionar par
tes de maquinarta para obtener dimensiones

y contornos exactos.

Partes en movimiento. Algunas veces es ne—-
cesario inspeccionar partes en movimiento. _
La iluminacién estroboscfpica puede ajustar-
se para “"detener” o "disminuir” e} movimien-
to de maquinaria rotatoria y reciprocante de

velocidad constante.

Las l&mparasestrobscépicas emiten destellos

de tuz a intervalos (frecuencias) controla--

bles. El destello puede ser tan sincroniza-
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do que cada vexr gue el destello ocures, of
objeto rotatorio o reciproconte parezcu ea
tar exactamente en la misma poasicidn coia~

cionharia,

4.3.3.3.7.- Tarcas visuales er superficies veorficaioes,

- Los cbjetos wontados verticalmente tales ~
como relojes, mapos, pénales, etc. Fooveen
tesente requieren técnicas especiafec, Lo
iluminacién uniforwe es importente cspecisl
mwente 81 el érea i!uuinada‘ es grande. Si -
el objeto eat8f atrés de une cubierta trons-

' parente, es importante localizer ei alu=hra
do suple.éntario de tal wancra que ningun:
reflexién coincida con el &ngulo de visién.
Si el plano de trabajo est8 locaiizado, el
alusbradc suplementario de tal eanera que -
ninguna reflexién coincida con el &angulo do
visiébn. Si el plano de trabajo estd lonall
zado adyacente a una fuente de alta lumin:on
cia, tal luminancia debe ser reducigu & ius

Ifmites anteriormaente indicados.

4.3.5.- Alumbrado de emergencia. Generalmente, el alumbrads <o
emergencia se disefla para proporcionar alumbrado e dos
condiciones bdsicas: (1) para periodos de corta dura-—
cién en los que se Feq.:iere seguridad para evacuar al -
personal; y (2) para periodos largos donde el alunbiadn



e

reqiere para seguridad o continuidad de operacién. Ca
da una de esfaa condiciones requiere e! usc de una fuen
te de potencia de reserva, Las dos mids importantes son:
baterias y plantas de emergencia. Cada una de estas

puede utilizarse para cumplir con los requerimientos

necesarios. Un sistema de alumbraedo de emergencia pue-
de ser parte de, o separado de, el sistema de alumbradc.
El mantenimiento periddico planeado de todas ias compo-
nentes del sistema de emergencia es esencial para su ___

funcionamiento adecuado,

Las unidades de alumbrado de emergencia con alacenamien
to en baterias se utilizan para proporcionar alumbrado
en correddres, escaleras, salidas, locales con equipo,
maquinaria y otras &reas peligrosas. Lla capacidad de _
jas baterias y el nidmero de |&mparas y su potencia de--"
ben estar correlacionadas para proporcionar alumbrado

durante el tiempo requerido.

Las plantas de emergencia son fuentes de potencia para
proporcionar alumbrado de emergencia durante periodos
mayores de tiempo. Las plantas de emergencia constan _
de un generador impulsado por un motor que arranca auto
miticamente o manualmente en caso de falla de la alimen
tacién de potencia normal., La transferencia de poten--
cia normal a emergencia se efectda por medio de un inte
rruptor de transferencia que invierte la funcién cuando

ae restablece la potencia normal.
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ILLUMINANCE CATEGORIES AND VALUES 2--5

Fig. 2-2. Currently Recommended llluminance Categories and llluminance Values for Lighting Design---
Target Maintainag Levels

The tabulation thal follows is a consclidatled listing of the
Sociely’s current iluminance recommendations. This listing
13 intended to Quide Ihe lighting gesigner in selecting an
appsopriate illuminance for design and evaluation of lighting
sysiems.,

Guidance is provided in two torms; (1), in Parts |, Il and Il
as an Muminance Category. raprasenting a range of iflumi-
nances (seée page 2-4 lor a method of selecling a value
within each llluminance range); and (2), in paris IV, V and Vi
as an llluminance Value. liuminance Categones are repre-
sented by Ietier dasignations A through L Muminance Values
are given in jux with an approximale equivalence in footcan-
cdles and as such are intended as terget (nominal) vaiues with
geviations espected. These targe! values also represent
mantsined values (see page 2-24). )

This teble has been divided inlo the six parts {07 2ase ot
use. Part | provices a lisling of both lllummance Categuncs
and Numinance Values tor generic types of intcrior aztivities
and normally is t0 be used when lliuminance Catagones 1ot
a specific Area/Aclivity cannot be lound in sarts b ana 1.
Parls IV, V and V1 provide targe! maintainga llluminanca
Values for outdoor lacilities, sports and recroalional a:eas,
and transportalion vehicles where special considgralions
apply as discussed on page 2-4.

In all cases the recommendations in this lable are bacoo
on the assumption that the lighting will be properly uesigned
lo teke inta account the visual characteristics of ihe tash.
See the design information in the particular application sez-
tions in this Application Handbook tor further recaramonda-
tigns.

I. fluminance Categories and Muminance Values for Generic Types of Activities in Interiars

Ranges of lluminances

lluminance
Type of Activily Relerence YWork-Plane
Category Lux Foolcandles
P_thc spaces wilh dark surroundings A 20-30-50 2-3-5
Simple arieniation for short temporary B 50-75-100 5-7.5-10 Genearal lighting
visils . throughout sfaces
Working spaces where visual tasks are c 100-150-200 10-15-20
only ¢ccasionaily performed
Performance of visuai tasks of high con- b 200-300-500 20-30-50
trast or large size
Pertormance ol visual 1asks of medium E 500-750-1000 50-75-100 Iuminance on task
contras! or small size
Perlormance of visuat tasks of low con- F 1000-1500-2000 100-150-200
\rasi of very smali size
Perfarmance ol visual 1asks of low con- G 2000-3000- 5000 200-300-500
trast and veéry small size over a pro- " .
longed period Numinance on 1atk,
e obtainad by a comn-
Pertormance ol very prolongea and ex- H $000-7500-10000 500-750-1C0C bination of general

acting visual tasks

ang local (suppie-

Performance of very special visual tasks I
of exiremely low conirasl and smail
size

10000-15000-20000  1000-1500-2000  mentary lighting)

il. Comimeicial, Instijulional, Residential and Public Assambly Intericrs

liluminance — Ihuminsnee
Arga/Activily Category Area/sAclivity Category
Air terminais (see Transportation terminals) Barber shops and beauty parlors E
Armories c' Churches and synagogues . . . . . (see page 7-2)°
Art gatleries {sce Musaums) Club and lodge rooms
L.ounge and reading D
Auditoriums
Assembly T ol Conference rooms
Social activity . B Conterring . L
Critical seeing (refer to individual task)
Banks {also see Reading)
Lobby Court rooms
Generat . C cs:eatlng ;rg‘a o EJ
writing area 0 ourt activity area
Tellrrs' stations E? Danca halls and discotheques .

For fmil.nnl_v:_“ue page 2-18.
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2-6 LIGHTING SYSTEM DESIGN CONSIDERATIONS

IES LIGHTING HANDBOOX
1981 APPLICATION vOLUME

—- e Fig. 2=-2. Continved
it, Continved
llluminance . luminance
Aroa/Activity Calegory Arpa/Achivity Categary
Depots, tarminais and stations Haalt care facilitios
(see Transporiation terminais) Ambulance (local) E
Drafing Anestlhetizing - E

Mylar Autapsy and morgue’”

High contras! media; india ink, plastic leads, :u:opsy.tgzr:aral E
soft graphde leads E? “L;:’[L‘r': aaner | G
Low conlrast media; hard graphite jeads F? 'd que. genera D

Vellum wuseum | £
High contrast E? Carsiac function lab €
Low contrast F? e ariie supply

? inspeclion, general E

Tracing paper i
High contrast g Inspection F
Low contrast F? Al sinks E

Overtays® 5 Work areas, general | s}

Livhl lible G Processed storage D

Pr?nis Corridors*’

Blue lina £ Nursing areas——day C
Blueprints o E Nursing areas—night B
Sepia prints E Operating areas. detivery, recovery, eng labc
! o B ralory suilas and service . E
Educational tacllities Critical care areas'’

Classrooms General c
General (see Reading) Examination . E
Drafting {see Drafting) Surgical task lighting H
Home economics (see Residences) Handwashing <
Science laboratories ¢ E Cystoscopy :oom”'" E
Leclure rooms ’ Dental suile'

Audience (see Regpding) General o
Demanstration . F Instrumert fray r
Music roams {see Reading) Oral cavity " H
Shops (see Pan 111, Industrial Group) Frosthetic labaratary, ganeral D
Sigh! saving rooms F. Frosthetic laboratory, work bench E \
Study halls (see Reading) Prosthetic laboratory, local . . F K
Typing (see Raading) Recovery rpom, general c
Sports facilities {see Part V, Sports and Recrea- Recovery room emergency examination £
tionai Areas) Dialysis wnil, medical'’ " F
Cateterias (see Food servica facilities) Elevalors [
Dormitonies (see Residences) EKG and specnmer room
Eievators, fraight and passenger . o] gin:x:pmem (B:
Exhibition halls . (o Emergency oujpmient”
Fire hells (see Municipal buildings) General E
Local F
Food service 1acilities EnoOScopy rooms' ™ '®

Dining areas Geaneral E
Cashier D Feriloneoscopy )
Cieaning Ce Culioscopy )
Dining 8 Examination and reatment rooms'’

Food d:splays (soe Marchanmsmg spacas) General o

Kitchen . ... L E Local .. . E

Garaget—parklnn (see page 14-24) Eye surgery''® F
Fracture room'”

Ganoline stations (see Service stations) Genaral £

Graphic design and materiai Local F

Color selection e e F'! Inhalation therapy D

Cherting and mapping .. . ... F taboratories'’

Graphs L R . E Specimen cellacting £

Keylining . . P ... F Tissue laboralories . . F

Layout and anwork . T F Microscopic reading ronm D

Photographs, moderale dalanl e E"™ Gross specimen review F

For {ootnutes, wee page 2-19. For illuminance ranges for esch llluminance Category, see page 2-5.




Ty e PUCa T ION SOcMe ILLUMINANCE CATEGORIES 2-7
Flg. 2-2. Conlinued
. Continued
A/ Actividy mg::‘:;:;o Aren/Achvily ”2."::::-:::';”
Chemisiry rooms E Radiclogical suite '’
Bacleriology rooms Diagaostic section
General E General'? A
Reading cutture plates F Walling area A
Hematglogy E Radiographic /fluoroscopic room s
Linens Film soriing . v
Sonting soileo finen D Barium kitchen <
Cantral (clean) linen room 9] Radiation {t:erapy section
Sewing rocm, general 0 General'® g
Sewing room, work area E Waiting area N
Linen closet B Isotope kitchen, general 4
Lobby c Isotope 4itchen, benches £
Locker rooms [ Computerizec radiotomography section
Medical iilustration stugio'™'® F Scanning room . £
Medical racords E Equipment mainterance room L
Nurseries'’ Solarium
Generat'" o General . C
Observation and troeatmenl E Local for reading bs]
Nursing stalions'’ Stairways c
General D Surgicat suite'’
Desk E Qperating room, generat'® F
Corridors, day C Operaling tabie (seg page 7-12)
Corridors, right A Scrub room'® . ‘ . 3
Medication station E instrumenis and sierile supply room o]
Obsietric delivery suite’ Clean up room, instruments E
Lapor rooms Anesthesia storage Cc
General - o4 Substerilizing room . C
Logal E Surgical induction room'’*® E
Birthing ruom £ Surgical holding area’™'* . E
Oelivary area Toilets .. C
Scrub. general G Utility roorn [b]
General . G Waiting arcas'’
Dalivery 1able (see page 7-15) General R c
Resuscitation . G Local for reading . D
Postaelivery recovery area & Homes (see Residences)
Substerilizing room B
Occupational therapy '’ Hospitals (see Health care faciiitios)
Work area, general o Hotels
Work.tables of benches E Balhrooms, far grooming 0
Patents’ rooms Bedrooms, for reading . . D
General'” 8 Corridors, elevators and stairs G
Observalion A Fronl desk £’
Criical examination E Linen room
Reading o Sewing F
Toilets o Generat o
Pharmacy' Lobby
General E General lignting C
Alco_hoi vault o Aeading and working areas D
:a"r“'lnf_“;':’“ bench : Canopy (8ee Pert IV, Outdoor Facilitics)
1l
Pagrem:;ral solytion room D Kitchens (see Food service facilities or Resi-
Pnysical therapy departieits dences)
Gymnasiums . D Libraries
Tank rooms D Reading areas (see Reading)
Treatment cubicles . o] Book slacks (vertical 760 millimeters (30 inches)
Postanesthetic recovery roam'’ above floor)
General'® E Aclive slacks . D
Local . . H Inactive slacks ... . e
Pulmonary function laboratories'” E Book repair and binding D
Fur luvinotes, see page 2-14. For (tuminance ranges for euch [Hluminance Category, see pagt | 3
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LIGHTING SYSTEM DESIGN CONSIDERATIONS

L5 LIGHTING HANDBOOK
tHE1 APPLICATION YOLUME

Fig. 2-2._ Continued__

0. Continued
Asoa/AcHylty “g‘:::;ur:ie Area/Actvity Illcu:::;aor:ia
Cataloging o' Eiactronlc drta processing ll]‘skb
Card files E CRT screens B
Carrgis, individual study areas {see Reading) Impact printer
Circulation desks good ribbon D
Map, picture and print rooms (sae Grnphlc duign poor ribbon £
and material) 2nd carban and grealer £
Audiovisual areas . ... . . ... .. o} Ink jat printer [#]
Audio listening areas . o] Keyboard reading D
Microform areas (sae Reading) Machine recoms
Active operations D
Locker rooms . .. . C Tupe storage . o
Merchandising spacees Machine area Cc
Alteralion room . . F Equipment service E'°
Fitting room Thermal print E
Oressing areas ... ....... ..., ... ... 9] Handwritten tasks
Fitting areas . F #3 pencil and soMer leads . . . E?
Locker rooms . [ #4 pencil and harder leads F?
Stock rooms D Ball-point pen .. . . . D°
Wrapping and packaqtng D Felt-tip pen . L .. .. D
Sales transaction area L E Handwritten carbon coplea . E
Circulation . . ..... ...... . .. {see page 8-6)° Non photographically reproducible \.olors F
Merchandise .. . . ..., . (see page 8-6)" Chalkboards .. . E”
Feature display . .. . (see page 8-6)" Printed tasks , .
Show windows ., ., (ses page 8-5) € paint type . . g
Motels (sas Hotels) & and 10 point type D'
Glossy magazines D
Municipal buildings—fire and police Maps . £
Police Newsprint | ]
ldentitication records . .. ... F Typed originals D
. Jail celis and interrogation rooms . o Tvped 2nd carbon and later E
Fire hall ... .. . ... ..., o Telephone books . E
Musesums Residences
Displays of non-sensitive materials . o} Ganeral lightiig
Displays of sensitive materials . (see page 7-297 Conversatiin, relaxation and entertainment e
Lobbies. general gallery areas, corrigors , . ., . . C Passage areas B
Restoralion of conservation shops and labora- Specific visue! tasks™
tories . . . e E Dining . . ... G
Greoming
Nursing homes (see Hoalth care facllities) Makeur and shaving . 0
Oftices Full-lergth mirror o]
Accounting (see Reading) Handcrats and hobbies
Conference areas {see Conferonce roomas) Workbench hobbies
Dratting {see Drafting) Ordinary lasks )
General and private offices (see Reading) Qiticult 1asks E
Libraries (see Llbraries) Critical tasks F
Lobbies, lounges and reception areas e C Easel hobbies £
Mail sorting .. .. ... E Ironing D
Ot-set printing and dunlicauno afea .... D Kitche~ duties
Post offices (sea Cffices) Kitchan counter
Criical seeing E
Resding Noacritical D
Copied tasks 5 Kitchen range
Ditto copy . E Dittcult seeing 3
Micro-tiche reader .. ... . .. p's» Noseritical D
Mimeogragh .. . R o Kitchn sink
Photographs, moderate detalt . . ..... .. E'" Dificul seeing E
. Thermal copy, pocr copy . ... ... ... .. F Nuncritical 0
Xerograph .. ...... .. .. .. ...... . D Launde
Xarography, 3rd generation and greatet E Pregaration and tubs . . 5}
Washerand dryer . ... ... .. ... D

For footnoles, see page 2-19. For illuminance ranges for each [lluminance Category, a-¢ page 2-5.




1IES LIGHTING HANDBOOX

1081 APPLICATION VOLUME ILLUMINANCE CATEGORIES 2--8
Fig. 2-2. Continued
il. Continued
{tuminance . flgmrcnee
Aroa/Achivity Catsgory Arga/Aclivity Carugory
Music study (piano or crgan) Schools (see Educationat tacliities)
Simple scores ]
Advanced scores E So;i:i:wsapeces (s%e also Storage rooms) '
Substand size scores F Y8, corricors - : ey
Reading Elgvators. freight and passenger : C
In 8 chair Toilets and wash rooms . ... . .. . C
Books, magazines and newspapers D Service statiors
Handwriting, reproductions and poor Service bays (see Part 11, industrial Group}
copies E Sales room (see Marchandising apaces)
in bed Show windows see page 8-5
Normal D ¢ ras =
Prolonged serious of critical E Stalrways (see Sarvice spaces)
DGSK Storage rooma (see Pan L, Industrial Group)
Primary task plane, casual D
Primary task plane, siudy E Stores (see Merchandising spaces and Show win-
Sewing dows)
Hand sewing Telavinlon {see Section 1 1)
Dark tabrics, low contrast . F . .
Light 1o medium tabrics .. . E Theatre and molion picture houses (see Seclion 11)
Occasional, high contrast ] Toilets and washrooms B, c
Machine sewing Transportation terminals
Dark tabrics, low coniras! . . F ol
; ' h Waiting rocm ana lounge Cc
Light to megium fabrics E Tickat countars £
fabl Occasional, high contrast . . . g Baggage checking . . .. ... D
able games . : Rest rooms . . . c
Restaurants (see Food service facllities) Concourse . 2]
Salety . {see page 2-45) Boarding area . . .. c
M, industnal Group
, Numinance - Murminance
Araa/Activity Category Araa/Aclivity Category
AircraH maintonance . {(see page 5-12)"" Book binding
i 4oyt Folding, assembling, pasting . . D
Aircral manutacturing (see-page 8-12) Culting, punching, stitching E
Assembly Embossing and inspeclion F
Simple D B .
Moderataly difficult E reweries )
| L Brew house ‘ . 13
Diticult . .. F - ’ . ;
. s Boiling and keg washing .. . V]
Very difticult SRR @ Filling {(bottles. cans, kegs) n
Exacting H ¢ ’ « Keg ’ : ‘
Automobile manutacturing {see page 9-17)' Building ;;r;u(rucllon (see Part IV, Qutdoor Facili-
Bakerias . . s
Mixing room o Buitding exteriors {see Pant IV, Quidcor Facilities)
' Face of shelves o] Candy making
! Inside of mixing bowl D Box depanment . . o
' Fermentation room D Chocolate department
Make-up room Husking, winnowing, 1at extraction, crushing
.Bread ] and refining, teeding
i Swee! yeast-raised products D Bean cleaning. sonling, dipping, packing,
. Ptoohng room o] wrapping . : o]
i Cven room C D Milling E
: Fithngs ghd other mqrsdnonts . D Cream making
l Decorating and icing Mixing, cooking, moiding . . 2}
Mechanical D Gum drops and jellied forms . . . D
Hand L. E Hand decorating ... .. . ..... D
Scaies_ and thermometers D Hard candy
Wrapping ... D Mixing. cooking, molding o}

Fur foatnotes, see page 2-19. For iluminance ranges for each [uminance Category, see page 2-5.
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2-10-——LIGHTING-SYSTEM DESIGN CONSIDERATIONS

IES -LIGHTING HANDBOGH
1981 APPLICATION ¥OLUME

. Fig. 2-2. Continued

. Continued
" . Huminancu N Dlurniesnise.dy
Area/ Actvity Category ALGa/ ACtvity Catogory
Die cutting and sorting E Controt rooma (see Elactric generating stations-—
Kiss making and wrapping _E intesior)
Canning and preserving : Corridors (see Service spacas)
lmr}aolrg:g;r;g raw malerial samples R [é Cotton gin industry
o e Overhead equipment—separators, driers, grid
Pr:‘oaloar‘qf:qu and cul’tmg rooms o F cleaners, slick machines, conveyers, leed-
aaratio . ers and calwalks D
Preliminary sorting . Gin stand 0
Apricots and peaches P D Control consoie 0
g‘;’:’:;oes ) . E Lint cleaner 4]
P )
Culting and pitting E Bale press .. o
Final sorting . E Dairy farms (see Farmas)
Canning ) Dairy products
Continuous-belt canning .. . .. .. ... E Fluid milk industry
Sink canping . ... ... ........ .. .. E Boiler room . .. 9
Hand. packing R D Bollte storage o
Qllv.es .................. ...... E Bottle sorting . £
Examination of canned samples .. ... .. ... .. F Boltle washars . 22
Container handling Can washers _ o
Inspection . ... . ... L. F Cooling squipment o
Canunscramblers . ... . ... E Filling: inspection E
Labeling and cartoning . ... ......... D Gauges (on face) E
Casting (see Foundries} ;‘aboratoriei-. L. E
eler panels (on tace} E
Central stations (see Electric goenarsting stations) Pasteu?izers N D
Chemical plants {see Petroleum snd chemical Separators . .. o]
plants) Storage retfrigerator . o]
T .
Clay and concrete products azr;ﬁivf:?e”ors c
Grinaing, tilter presses, kiln rooms .. .. . ... .. Cc Dark inleriors £
::;ﬁ::ﬁn:reumg. cieaning, trimming .. ... 2 Thermometar {on face) E
Color and giazing—rough work E WGéghulng foom g
Color and glazing—tine work . F cales
Cleaning and pressing industry Dispitch ; ?oardajm(sge) Electric  generaung
Checking and sorling . .. ...... E siationg—.inlerior
Dry and wel cieaning ang steaming . .. .. ... E Drediting (see Part IV, Qutdoor Facilities)
I:specnon and spotling . ... ... ?: Electrical equipmant manufaciuring
RreSSmQ d "A ’ e e ¢ Imgregnating . ] D
epair and afleration ... . ... .. Insulating: coil wmdmg E
Cicglh %rqducllf | Electric genarating stations—interior (see also Nu-
s ol: ingpeclion . . . e e e s clear power plants)

Su ing o T G Air-conditioning equipment, air preheater and tan
Pewnqg o T F tloor, ash sluicing | -}
TESSING - .. . . Auxiliaries, purps, 1&nks, compressors, gauge
Clothing manufacture (men's} wrea o . c
Receiving, opening, storing, shipping . .. . .. D Baltery rooms »]
Examining {perching) .. ... . . . ... . P | Boiler platforms . ..., ... .. B3
Sponging, decating, winding. measurinq ...... D Burner platiorms .. ... .. c
Piting up and marking . . .. E Cable rcom .. .. .. B
‘Cunmg G Coal haudling systems B
Pattern making, preparauon oi lrlmmmq piplng Coal pulverizen .. ... ... L R

canvas and shouider pads L E Condensers, geaerator lioor svaporator floor,
Fitting, bundling, shuding, amchlng .......... D heater #oors . . . .. B
Shops ... ... .. Lo o o . F Control iocoms
Inspection ...... ...... e G Main control boards . . . : o
Pressing ..... . e F Auxiliary control panels p*?
Sewing G Operator’s sietion e

Fur foutnotes, ser page 2-14. For illuminance renges for each Illuminance Cxlegory ree page 2-5




€S LIGHTING HANDBOOK

1981 APPLICATION YOLUME ILLUMINANCE CATEGORIES (INDUSTRIAL) 2-1%1

Flg. 2-2.. Continued

. Continuved

Fur foatnotes, see page 2-19. For illuminance ranges for each llluminance (Category. see page 2-5.

Aren/ Aciivity ":;'::;;? Area/Aclivity "":‘;?:::,”:”
Maintenance and wiring areas D Gengrag: shop area (machuwr, rupa:r rough
Emergency operaling lighting C sawing; 0
Gauge reading . D Rough bench and machine work {painting, fine
Hydrogon and carbon dioxide manifotd afea .. € stprage, ordinary sheet melal work, wild-
Laboratory E ing. medium benchwork) [
Pracipitators B Medium bench and machine work (line wood -
Screen house Cc working, drill press, metal lathe, gringer) 3
Soot or siag blower plat!orm Cc Miscelianeous areas
Stenm headsars and throttles B Farm officz {(see Reading)
Switchgear and molor controi centers .. D Restrooms (see Service spacos)
Telephone and communication eguinmant Pumphouse .. .. . , C
1QDms 8]
Tunneis or gaileries, piping and electrical 8 Farms—poultry {see Poultry industry) ) :
Turbine building ‘
Qperating lisor D
Saiow operating floor c Flour mills o
Visitor's galiery C Ro!lrr!g, sifting, purifying E
Water trealing area D Packing o
Proguct control . F
Electric generating stations—exterior (sae Par [V, Cleaning, screens. man lifts, aisloeways and wail.-
Qutdoor Facililies) ' ways, bin checking
Flavaiois (see Service spacas) . Forge shops c ,
Explosives manufacturing | Foundries
Hana turnaces, boiling tanks, stalionary driers, Annealing (furnaces) . ) D
stationary and gravily crystallizers .. D Cleaning o o
Mechanmcal furnace, generalors and stills, me-, Core making
chanicat driars, evaporators, filtration, me- Fine E
charizal crystallizers ... ... . D Medium =
Tanks for cooking. extracmfs percolators, Grinding and ch:pp;ng IS
nitrators L s ... D inspection
Farms—dairy Fme_ o . G
Milking oporation area (mnlkmg parlor and stall Medium . ... . : ! ;
barn) Molamg !
General c Medium - F
Cow's uader D Large .. : E
Milk nancling equipment and storage area {milk Pouring £
house ©r milk room} Sorting . . f
General c Cupola r
Washing area E Shakoout . . 12
Butk tank interior E Garages—bervice
Loading plattorm o Repairs . I
Feeding area {stall barn feed alley, pens, Inoae Active traffic areas @
hgusing leed area) C Write-up . I
Foed slorage area—lorage
Haymow A Glasg Works _
Hay inspection area c Mix and fumacn reoms., pressing and lehr, ylass-
Laddars and stairs c _ blawing machines ~
Silo A Grinding, cutling, su\_rerlng o D i
Silo room L c Fine gr‘!rr‘ 3. bfevehng. Dohshm_g £
Feed atorage a:ea-—-gr‘un and CO"Cerate Inspectic. . etching and decorating F -
Grain bin A Glove manufacturing .
Concentrate slorage area . . . ... ] Pressing G ;
Feed processing area . ... B Knitting .. . . . F .
Livestock housing area (community, mates nity. In- Serting . F L
gividual calf pers, and loose housing hold- Cutting G i
: ing and resting areas) ... ... .. B Sewing and mspactnon . G N
i Macmr;:eds)lorage area (uaraqa‘ and machine . Hangars (see Alrcraft manufacturing) f
: Farm shop area Hat manufacturing b
i Active slorage area . ... ... B Oyeing, stitfening, braiding, cleaning, refining E ;’.
—_— } !
i
[}
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Fig. 2-2. Continued

. Continueo

Area/Actvity tllg:::\::;e Area/Activity ”'(‘:‘:l"a'rc";“
Forming, sizing, pouncing, tlanging, finishing, Storage room A C
ironing e F Enginserad satety lealuras eqmpment D
Sewing <} Diosel generator building D
Fuel handling builging
ln.sp:nc;:gn ' T Oparating I|oqr .. D
Moderately difficult e e E Selow operating tloor . C
Difficult F Ot gas building C
Very diflicull G Fadwaste pu_ulding D
Exacting ) o . H Reactor b.unldnng
Operating floor )
Iron and stesl manutacturing (see page 9-63)" Below oparating floor C
Jewelry and watch manufacturing G Packing and boxing (see Malarisls handiing)
Laundries Paint manutacturing
Washing - D Processing 0
Flat work ironing, weighing, llshng ma!klnq .. b Mix comparison F
Machine and prass linishing, sorting .. E .
Fine hand ironing L € Paint shops
Dipping, simple spraying, firing D
Leather menutacturing Aubbing, ordinary hand painting and finishing ar,
Cleaning, tanning and streiching, vals . D stencit and special spraying a)
Cutting, fleshing and stutting ... ... . D Fine hand painting and finishing . E
Finishing and scarting . .. . . ... ... - E Extra-fine hand painting and finishing G
Leather working i Paper-box manutacturing E !
Pressing, winding, glazing . ... ... ... .. F :
Grading, matching, cutling, scarfing, sewing . . @ Paper manutacturing . |
Beaters, grinding calendering o] :
Loading and unioading platforms (see Part IV, Out- Flnishing. cutting. irimming. papermaking ma- !
door Facilities) chinas ... ... .. E 3
Locker rooms ... .. .. . ... C Hand counting, wet end of paper mactine £ i
Paper machine reel, paper inspeclion, and }
Logaing {see Part |V, Outdoor Facllities) labo atorles . £ i
Lumbas yards (see Part IV, Cutdoor Facilities) Rewinder . F i
Machine shops Parking areas . . . (see page 14-24) i
Rough bench or machine WO"‘ D Petroloum anc chemical piants (s7e page 9-51F" i s
Medium bench or machine work, ordmary aulo- o
matic machines, fough grinding, medium Plgting .. .. ...
butfing and polishing .. ... . .. ... E Polishing and surnishing (see Maching shops)
Fine bench or machine work, line automahc ma- .
chines, medium gringing, fine buffing and Powar plants (vee Electric generating stations)
polishing . .. ... . ......... G Poltry industry (see siso Farm—dairy)
Exira-tine bench or macmna work grinding, fing Brooding, production, and laying houses i
work e .... H Feeding, inspection, cleaning c a
. Charts and recerds D 2
Materiats handling Thermometers, Inermostats, time clocks [y} ¢
Wrapping, packing, labeling . @ .. .. ... ... . D Hatcherias i
Picking stock, classifying . ... ... . D Generai area and loading platform c i
Loading, insice truck bodies and freightcars ... C Inside incubizlors . D
Meat packing Dubbing statlon ¥ )
Slsughtering ... .. . ........... D Sexing H
Cleaning. cutting, cooking, grmdlng. canning, Egg handiing. Dacking, and shipping |
packing . ... . . .. .. o D General cleanliness £ H
' Egg quality nspection E :
Nuciear power plants (see aiso Electric generating Loading plaiform, egg storage area, elc. )
stations) Egg processing
Auxiliary building, uncontrolied access arees ... C General lighting E
Controtled access areas Fowl procassing plant
Count room . . ... ... e E® General (excluding killing and unloading
Laboratory . . . . ... ..., E area) . E
Health physics offlce e F Governmenl mspectlon slahon and gradmg
Medical aid room .., . ... ..., F stations ‘
Hotlaundry . ... . ....... ... ... .... b Unloading and killing area

For foutnoles, see page 2-19. For Uluminance ranges for each Iliuminance Category, see page 2-5,
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1981 APPLICATION VOULUME ILLUMINANCE CATEGORIES (INDUSTRIAL) 2-13
Flg. 2-2. Continued
. Continuved
Aran/Activily m(l‘,":flg.or:g. Arga/Activity “:5“:;::":::;:"
“eed storage Punches £
Grain, feed rations C Tia plate inspection, galvanized F
Processing C Scribing . F
Cherts and records D
Macmn:edstorage area (aarnue end machine . Shat?n'g"::‘:c;m::; feather
shed) .. ...l Cutting tables . ..... ... G
Prinling industries Marking, bultonhaling, skrvmg, sortmg vamp-
Type loundries Ing. counting R . G
Matrix making, dreasing type . . .. ... . E Stiichirg, dark malerlals G
Font assembly-—sorling .. ... . . D Making and finishing, nailers, uole layers, well
Casting . . R E beaters and scarfers, trimmers, wellers,
Printing plants lasters, edge seiters, sluggers, randers,
Color inspection and appraisat . . . F wheelers, treers, cleaning, spraying. bulé-
Machine composition . . . . ... ... E ing. polishing, embosaing . . . .. .. . . F
g::;zs::mg roam o ot E Shoe manufacturing—riubbe:
» ’ oo Washing, costing, mill run < >mpounding D
Imposing stones F v hing, wvulcanizin lend d
Proofreading £ arnishing, c g. ca ering, upper an
Electrotyping Sol so!ﬁ‘cuttmlg_ 'k' ¢ finishi P
Molding, routing, flnishing, leveling molds. ole roling, lining, making an inishing
Nkl procasses E
trimming C E
Blocking, tinning [»] Sosp manutfscturing
Electropiating, washing, backing D Keattie houses, cutting, scap chip and powdet 0]
Photoengraving - Stamping, wrapping and packing, filling and pack-
Elching, staging. blocking . .. .. ... D ing soap powder .. ... . o}
Rouling. finishing. proofing .. ... .. £ Stairways (see Service spaces)
Tint laying, masking . . . ... . ..... . . E
. Steel (see tron and steel)
Recelving and shipping (see Materials handling) st batt anufacturin o
Raliroad yards (see Part IV, Qutdoor Facliities) s orage batlery m ;c unng -
1 .
Rubber goods—mechanical . (sae page 9-56)"" ‘?,::g:iv?om. of ‘"" .é‘{“.' 77777 5
Rubber tire manufacturing . (see page 9-56)" Active
Salety . {see page 2-45) g;ﬁhn:;:.ky hems g
s';e"c'g: ary log deck B Storage yards {see Fart IV, Cutdoor Facilities)
Head saw (cutting area wewed by saw-yer) ..... E Structural steel fabrication ... . .. E
Head saw outteed L. . B Sugar refining
Maching in-teeds (bull edgor resawa. edgers, Grading . ... .. E
trim, hula saws, planers) .. B Coior inspection . F
Main mill floor (base lighting) A
Sonting tables . D Testing
Rough lumber grading . ... ... D Genaral D
Finished lumber grading .. .......... F Exacting 1es!s extra lme lnsirumenls scales,
Dry lumber warehouse (planer} . ....... ... C olc. ... .. F
Dry kiln colling shed . ... ... ... .. B Textile mills
Chipper Infeed . . . .. . ... .. B Stapie fiber preparation
Basement areas Stock dyeing, linting | D
Active . . L A Sorting and grading {wool and cotton) . E'
Inactive . .. . . ... .. A . Yarn manutacturing
Filing room (work araas) ............... E Opening and picking (chute feed) . D
Service spaces (sea slso Storage rooms) Carding (nonwoven web lormation) D
Stairways, corridors .. ... ... . B graw;ng (gilling, pin drafting) . . . g;-.
Elevators, freight and nger . ....... .... B ombing .. ........
Toilets and wgsh roor::sé.a,?é, B *1 Roving (slubbmu. fry frame) .. E
Spinnir.g (cap spinning, twisting, :axlunng) E
Bhaet metal works . Yarn preparation
Miscellaneous machines, ordinary bench work . E winding, quilling, twisting .. ... . ..... E
Preases, shears, slamps, spinning, medium bench warping (beaming, sizing) ... . ... ... F's
work ... e E Warp tie-in or drawing-in {(automatic) . . E

Fur footnotes, see page 2-19. .

¢ illuminance ranges for each Wuminance Category, see page 2-5.
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2-14 LIGHTING SYSTEM DESIGN CONSIDERATIONS

Filg. 2-2. Continved

1
|
W Continued L
X Numinance Blaminarca !
Arpa/ Activity Catezory Area/Activity Cateqor |
Fabric produciion Upholstering . .. . F {
Weaving, knitting, tuHing . F |
Inspeclion G't Warshouse (cee Storage rooms) ‘!
Finishing |
Fabric preparation {desizing, scouring, blaach- Weiding |
ing. singeing, end mercerization) . D Orientation . . 0 !
Fabric gyeing (printing) o] Pracision manual arc-weld:ng H !
Fabric linishing {calendaring. sanionzmg sued- '
ing, chemical lreatment) . . E' Woadworking :
Inspection Gl Rough sawing and bench work 0
Tobacco products Sizing, p!a?nmg rough sanding, medlum cuality
Deying. stripping 0 mactne and bench work, gluing. veneering,
Grading and sorting F . cooperdge . o
Fire bench and machine work, tine sanging anc
Toilets snd wash rooms (see Service spaces) finishing E
V. Quidoor Facilities
Araa/Activity Lux Foolcandies i Arga/Aclivily Lux Footcandies
Building (construction) : Stairs ana platterms 50 5
General construction . 100" 10 Ground lavet areas includ.
Excavation work . 20 2 ing precipitators, FD .
Building exteriors and D fans, bottem
Entrances ) ash hoppers 50 g
Active {podeslrian and/or Coaling towers
conveyance) | 50 5 Fan _deck. platforms,
Inactive (normally locked, _ 0 stairs, valve areas 50 5
infrequently used) . 10 1 . ump areas 20 2
Vital locations or structures -50 5 Ueala’:::o\.:lnn:gading car
Building surrounds . 10 1 dumper, unioading
Bulidings and monuments, hoppers, truck. unload-
fioodiighted ing, pumps, gas
Bright surroundings meteritg 50 5
Light surtaces 150 15 Conveyor i 20 2
Medgium light surfaces 200 20 Stcrage tinks . 10 !
Medium dark surfaces 300 30 Coal storage riles, ash
Dark surfaces 500 50 dumps 2 0.2
Dark surroundings Hydroelectric
Lignt surlaces so 5 Powerhoute rcol, stairs,
Medium light surfaces 100 10 platiorm  and  intake .
Medium dark surtaces 150 15 decks . 50 5
Dark surlaces 200 20 inlet and ¢ scharge waler
Buttetin and poster boards area 2 0.2
Bright Surroundihqs Intake structurs
Light surfaces 500 50 Deck an-d laydown area 50 5
Dark surfaces 1000 100 Value pits 20 2
Dark surroundings Inlet water area 2 0.2
Light surfaces 200 20 Parxing areas
Dark surfaces 500 50 Main plant p“'k’_"g 20 2
Seconcary parxing 10 1
Central station (see Eieclric Substation
generating stations— Horizontal general area 20 2
exterior) Vertical lasks . 50 5
Coal yards (protective) . 2 0.2 Transtormer yards
. Horizontal general area | 20 2
Dredging 20 Vertical tasks . . 50 5
Electric generaling stations— Turbine areas
exterior Building surrcunds 20 2
Botler areas Turbine and heate: gecks,
Catwaiks, general areas 20 2 unigading bays 50 5

For lootnules, ser page 2-19. For illuminance ranges for each lluniinance Cateyory, see page -5




ES LIGHTING HA

188" APPLICATION YOLUME iLL UJ\{UNANCE VALUES (QUTDOOR) 2-15
Fig. 2-2. Conlinued
IV. Continued
Aran/ AClivity Lux foolcendios Aroa/ Activily Foonranclion
Enlrances, stairs  and Hump and car rider clasaifi-
ptatiorms 50* 5° cation yard
Fiags. floodlighted (see Bulie- Recelving yard
) Switzh points 20 2
tin and poster boards) Body of yard 10 |
Gordens'® Hump area . 50 5
General lighting ‘ 5 0.5 Flat switching yards
Path, steps, away from Side of carg (vertical) . 50 5
house . 10 1 Swilch points 20 2
Bachgroungds—iences, Trailler-on-flalcars
walls, trees, shrub- Harizontai surface of
bery . 20 2 flatcar .. ... 50 5
Flower beds, rock gardens 50 5 Hold-down poinis '
Yraes, shrubbery, when (vertical) 50 5
emphasized 50 § Container-on-flatcars . 30 3
Focal points, large 100 10
Focal points, small 200 20 Roadways (see page 14-8)
Gesoline station (see Service Sawmills (see also Logging). -
stations in Part Il Cut-off saw . ... ... .. 100 10
Leg haut . o 20 2
Highways (see page 14-8) Log hoist {side lift) . 20 2
; Primary log deck . .. .. .. 100 10
Loading p'a"';::“’ unioading 200 20 Barker In-tesg . ... .. .. .. 300 ao A
. . 24 125
Freight car interiors . .. ... 100 10 Green ¢hain . S 200 1o 300“ 2010 30 .
! Lumber strapping 150 to 200 15 10 20°
Logging {see aiso Sawmills) Lumber handling areas 20 2
Yarding 30 3 Lumber lcading areas 50 5
Log losding and unloading 50 s Wood chip storage pites . 5 0.5
k?:?iv:mwl:: (‘:;;rear:;e area : 05 Saervice station (_ai grade)
{land) 5 0.5 Dark surrounging
N 5 1.5
Log booming area (walery— Approach ! .
tool trattic 10 ! Driveway 15 -9
A.uve log handling area Purnr._! igland area 200 20
(water) ) 20 2 Building faces {exclusive .
14 1
Log grading-—waler or land 50 5 of glass) 100 o
Log bins (1and) 20 2 Service areas . 20 2
Landscape highlights 20 2
Lumber yards 10 1 Light surrounging
Parking areas (see page 14- Approach . 30 3
24) Drivewsy 50 5
Pigrs Pump igtand area . . 300 30
Freight 200 20 Building faces (exciusive . y
Passenger 200 20 0_1 gtass) ... .. .. . 300 30
Activa shipping area Service areas_ - t 10 4
. surrounds 50 & Landscape highlights . 50 5
Prison yards 50 5 Ship yards
i General .. 50 5
Quarries 50 5 Ways . . .. 100 10
Railrozd yarde Fabricalion areas 300 30
Retarder ¢lassification yards
Receiving yard Smokestacks with advertising
Swilch points 20 2 maossages {see Bulle-
Body of yard . 10 1 tin and poster boards)
Hump area (vertical} 200 20 Storage yerds
Control tower and retarder Active 200 20
area (vertical) . 100 10 Inactive L 10 1
oo b S Streets (se page 14-6)
Puli-oul end 20 2 Water tanks with advertising
Dispatch or forwarding messages (see Bulle-
yard . 10 1 tin and poster boards)

For foutnotex, aee page 2-19,
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Flg. 2-2. Continued

V. Sports and Recreational Areag

Aroa/Activity Lux Footcandies Arae/Activity Lux Fuclcmml:;
Archery (indoor) . Bowling on tha gresn
Targel, tournament 500" 50" Tournament 100 10
Target, recreationai | 300" ao™ Recreational 80 )
Shooting line, tournament 200 20
Shooting line, recreational 100 10 Bo:::\:mc;;‘r:':glng (ﬂ"w 5000 500
Archery (outdoor) Profesgsional . 2000 200
Target, tournament 150" 10" Amateur . . .. 1000 100
Targel, recreational . 50" 5% Seats during bout o 20 2
Shooting fine, tournament 100 10 Seats belore and afer bout . . 50 5
Shocting line, recreational . 50 5 Casting—bait, dry-Ny, wel-fly
Badminton Pier or dock . 100 ¢l
Tournament .. ... . .. ... .. 300 ac Target{at 24 meters [80 feel] mr
Chb 200 20 bait casting and 15 meters
Recreational . . . 100 10 [50 teatl] tor wet or dry-fly
Baseball casting) .. ... .. 50" g'
Major league Combination (outdoor)
Infieid . ... .. 1500 150 Basebali/footbail
Outfieid . 1000 100 Infield . . 200 20
AA ang AAA league Outfield and I'ootbali 150 135
Infield . . ... .o 700 70 industrial softball /football
Outfield . .. ... .. 500 50 Intieid | 200 20
A and B league Qutfield and Iootball . 150 15
infield . .. .. .. 500 50 industrial softball/6-man toot-
OQutfiald 300 a0 ball
C and D league Infield ... ... ..... 200 20
Infield . .. R 300 30 Outlield and football . 150 15
Cuftfield . ... .. 200 20
Semi-pro and mumcrpal Ieague Cr:g::;:ﬂ::::qtfe. _____ 100 10
tnfield .. ..... ..., 200 20 Recreational . . . 50 S
Quttiedd . . .... ... ... 150 15
Recreational Curling
Infield .. . .. 150 15 Tournament
Outtield . 100 10 Tees .. .. 500 50
Junior league (Class | and Clas., Rink . 300 30
1 Recreationat
Infiald 300 30 Tees .. 200 20
Cutfiela 200 20 Rink . .. ... .. 100 i0
On seats during game . . .. 20 2 Fencing
On seats before and after game 50 s Exhibitions . .. ... 500 50
Baskeatball Recreational . 300 30
College and professional .. . 500 50 Football
CoMege intramural and high Distance from neares! sidaline to
school ... ... ... 300 30 the farthest row of asecta-
Recraational (outdoor) 100 10 tors
Bathing beaches Class | Over 30 metars [100
Onland . ... ... ... e 10 t feet) ... ... . ... 1000 100
150 teet from shore ... .. ... 30" a Class It 15 to 30 meters [50 1o
100 teet] . ... .. 500 50
B“i:‘"" (on tabie} Class It @ 10 15 meters [30 o 50
ournament . 500 50
Aecreational 300 30 fest} ... 300 s0
o Class |V Under 8 meters {30
Bowiing tel) .. ... ... ... ... 200 20
Tournamsnt Class V No fixed iesting
* Approaches . ... . ... 100 10 facilites . ... ... .. . 100 10
Lanes .. .. . .. . ... .. 200 20 It is generally conceded that the distance be-
Ping . . 500" 50 tween the spectators and .he play is the first
Recraational . c¢ongiceration in getermining the class and light-
Approaches ... . . ... 100 10 ing requirements. Howaver, 1he potentia! sealing
Lanes ... . ......... . 100 10 capacity of tha stands shoul 1 also be considered
Pina . ... ............ 300" o™ and the following ratio |8 suggested: Class | for

For footnotas, see page 2-19.
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Fig. 2-2. Continued

ILUMINANCE VALUES (SPORTS)—2=17

NIRRT

M‘M‘."ﬁ‘?ﬁ@‘t.‘i' i

. V. Continued
Aron/Activity Lux ' Footcandies Arep/Actlvity Lux Foolcandlos
over 30,000 spectators; Class Il for 10,000 to Dragstrip .
30,000; Class lli tor 5000 lo 10,000; and Class Staglngarea . .. ... .., 100 10
IV tor under 5000 spectators. . Acceleratlon, 400 metars
‘ . [132018el]) ......... ... 200 20
F“‘bﬁ'&oﬁ;’l‘,‘;"““ rugby {see Dacetersion, first 200 meters
(660 taat] .. ........... 150 15
Foothall, six-man Deceloration, second 200
High school or college .. . ... 200 20 metors {6EO feel] ..., . .. 100 10
Jr. high and recreational . . , . . 100 10 Shuldown, 250 moters [B820
feal) ... .. ... ... ... 50 &
GO'T" 50 5 Horse ... ........ .. 200 20
BE . 1) 0 o
Fairwey ... o 10, 30 1,3 Motor {midget of motorcycle) _ 20 2
Green ... ... 50 5 Racquetball (see Handball)
Driving range . . Aifle 45 motere {50 yarda]—out-

At 180 meters [200 yards] 50" 5 door)

Over teg area . .. .. - 100 10 On tatgets . ....... ..... 500" 50"
Mintature” . - ... ... .. 100 10 Firlng palmt . ... ........ 100 10
Praclice putting grenn ...... 100 10 RBAQD .o 50 5

Gymnasiums {refer to Indlvidual ' Rifle and plsio! range (Indoor)
spons listed) On targels . .. ... .. .. 1000 100"
Goneral exerclsing and . ‘ Firingpolnt .. . ... ... .... . 200 20°
_ racreation .. ......... 300 30 ‘Ranga . ............ 100 10
Handbali Rodeo
Tourmament ........... ... 500 50 Arena
Club Prolesslonal . ......... .. 500 £0

Indoor—four-wall or squash 300 30 Amateur .. ........., ... 300 30

Outdoar—two—court . . . .. 200 20 Recreational ... .. .... .. 100 10
Recreational o Pensandchutes ... ........ 50 5

Indoor—tour-wall or squaah 200 20 R a Croguet

Ouidoor—two-court ... ... 100 10 s:q:: (:: d (?q: ))

. : utfleboard {indoor
Hockey, fleld . ....0........ 200 20 Tournament . . ............ 300 30
Hockey, Ice {Indoor} " Recreatlonal .. ............ 200 20
College or professional .. ... . 100Q 100 Shutileboard {outdoor) -
Amateur .. ... . .. ... . 500 50 |
. TJournament . .. ..... ... .. 100 10
Rocreational . ... ..... ... ... 200 20 Racrealions! . . ... .. ....... 60 5
Hockey, ice (outdoor) Skating
College or professional . .. ... 500 50. : Roflar rink ... ... ... 100 16 .
Amateur .. ... . Lo 200 20 lce fink, Indoor . ... ... ... 100 10
Recreational . ....._..... 100 _10 Ice rink, outdoor .. . ....... 50 5
Horse shoes . Lagoon, pond, or fiooded area 10 1
Tournament .... ... ..... 100 10 Skeot
Recreational . .. .. .. 50 5 Targels at 18 metars [ao me:] 400" ot
Morge shows .. ........... 200 20 Firing points ... 50 S
Jul-alal Skeet and trap (comblnn!lnn)
Professional .. .. . 1000 100 T:r_gols 81 30 meoters {100 feet) .
Amateuwr . 700 70 for trap, 18 meters [60 foet)
"""" forskeet . ... ... ....... 300" 3o
Lacrosse . .. ... .. ..... ... .. 200 20 Firing points . .. ...... 50 5
Playgrounds . .. ... ...... ... 50 Skislope . ......... ....... 10 1
Quetts - . . ... .. .. .. 50 Soccer (see Football)
Racing (outdoor) ' Sottball
Auto ... 200 20 Proiessional and championship
Bicycle infield . ................ 500 50

Tournament ... .. .. .. .. 300 30 Ouifleld . ............ .~ 300 a0

Competitive ... _ ... . ... 200 20 . Somi-professional

Rocreational . ., ... ... .. 100 10 infield .. ........... ... 300 30
Dog .. ... .. 300 30 : Outtield ............... 200 20

Fur footnates, sec page 2-19,

s
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Fig. 2-2. Continued

V. Continued

Aran/Activity Lux Footcandlos Aree fActivity Lux Foolcandies

Industrial league Tarnis (indoor)
Intield . e 200 20 Tournament .. ... ... . . .. 1000 100
Quttietd . .. 180 15 Ciub ... .. T -1 75
Racreational (6-pole) Recreational .. ... ... .. . .. 500 50
Tintela . L .. 100 10
Quttield . .. . .. 70 7 Ternis (cutdoor)
Slow pitch, tournament—see in- Tournement ... . .. .. . . 300 30
dustrial league Club ... ... .. ... .. 200 20
Siow pitch. recreational (6- Recreational . ... ... 100 10
pole}—see recroalionat (6-
pole)
Tennis, plattorm .. . .. . 500 50

Squash (see Handball)

Swimming {Indoor) Tennis,-table ’
Exhibitions 500 50 Tournament . 500 50
Recreational 00 30 Ciub . 300 30
Underwater— 1000 |100) tamp : Recreational . . . 200 20

lumens per sguare melsr .
{toot) of surtace area . Trap

Swimming {outdoor) ' Targets at 30 meters [100 1eet] aoo' 30
Exhibltions . ... 200 20 Firing paints . .. , 50 5
Recrealional . 100 10 ’

Underwatar— €00 [50} lamp Iu- Vollay ball
) mens per sSquare meler Tournament ... ... .. ... 200 20
! ’ {toot] of surface area Recreational . ... . ... . . 100 10
VI. Transportation Vahicles

Area/Activity Lux Footcandies Aren/Activity . Lux Foclcandlas

Alrcratt Roac Conveyances
Paasenger compartment Step well and adjacent ground

General . . S 50 5 area . ... ., .. 100 10
Reading (at seat} . .. 200 20 Fere box .. ... 150 15
Airports General lighting (for seai se!ec- '
tioh and movement)
Hangar apron . — 10 1 City and inter-city buses at
Terminal builgding apron ¥ | Y es 1 1
Parking area . 5 05 clty stop 00 0
Loading area . ... ) 20" 2 Inter-city bus at country .
stlop . . 20 h

Rail conveyances School bus wmle movlng 150 15
Boarging or sxiting . 160 10 School bus at stops 300 a0
Fare box (rapid transit Iram) 150 15 Advertising Cards oo 300 30
Vestibule {commuter and inter- Back-lighted advertising cards

city trains) . . . . . 100 0 {see Rail conveyances)
Aisles . . 100 10 Reading .. .. 300* kToly
Advertising cards {rapid transit Emargency exit (school bus) 50 5
and commuter lrains) 300 30
Back-lighted advertising cards Ships
(rapid transit and com- Living Areas
multer trains}—BB0 Staterooms and Cabins
cd/m? (250 fL) aver- General lighting .. . .. 100 10
age maximum. Reading and writing . . . 30032 304
Reading .. . 300? aop? Protonged seeng .. . . .. 70042 7083
Rest room (mter-clly tram) 200 20 Baths (general lighting) . 100 10
Dining area (intarcity tram) 500 50 Mirrors {personal
! Food preparation (imer-city grooming) ... ... 500 50
! train) . ... .. oy 700 70 Barber shop and beauty
i Lounge {inter-city traln} parlor ... .. ... .. 500 50
General lighting . . . . .. 200 20 Onsubject .. ... .. .. 1000 100
Table games . .. . .. 300 30 Day rooma
Sleeping car Generel lighting 200" 20"
General lighting . . .- . 100 10 Desks 5002 50'%2
Normat reading . .. .. oo ao® Dining rooms and
Prolonged seeing ... .. 700° 70?7 messrooms . . ... .. 200 20

For fvoinoles, see page 2-18.
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Fig. 2-2. Continuad
vl. Conltinuad
Arpa/AClvity Lux Foorcandlos Aren/Aclvity Lux Fo;f;:‘:;l1;.l.len
Enclosed promenades Service Arads
Geanerat lighting 100 10 Food preparation
Entrances and passage ways General | 200"t 20'8
General 100 10 Butcher shop . 72003: 20“:
Daytime embarkation . 300 30 ga“ey L aog : 30 : }
; ant: 200" 20’
Gymnasiums Thaw room 200'* 20'% 5
General lighting 300 30 Scuileries _ 200" 20" ,
Hols.)?!;?elnsary {general Food storage (non-
1 retrigerated) 100 10
: : 19 I ]
hgm.'"m 300 30 Relrigerated apaces {ship's

Cperating rogm stores) 50 5
Genaratl lighting 500'° 50't Leungries
Doctor’'s office 300'° 30't General 200'0 opye .
Opesating lable 20000 2000 Machina and pr‘e.s.s flmsh-

Wards o
Ganeral lighting 100 10 Locke';g sorting ... sgg 55
Reading 300 30 Ofticas a o
Toitats 200 20 General .. .. ... .. 200 20

Libraries and iounges Reading o . 50082 50183

Genaral lighting . . . 2c0 20 Passenger counter .. . 500 5p'%3

Reading 300'¢2 30'%2 Storerooms . ... ... .. 50 5

Prolonged seemg 700'%? 7g'e? Teleghone exchange 200 20

Purser's office 200'* 20"t Operating Areas

Shopping areas . 200 20 Access and casing ) 100 10

Smoking rooms | 150 15 Battery room ... . ) 100 10

Siairs and foyers . 200 20 Boiler rooms . .. .. ... 200" 20"
Recreation areas Cargo handling (weather

Bail rooms : 150" 15" deck) 50" 5'e

Cockiail lounges . 1500 15'¢ Control stations (axcapt nav-

Swimming pools igating areas)

General . 150"* 15'3 Qeneral ... ... ...

Underwaler Control consocles 200 20

Ouldoors—8&00 [6C] lamp lumens/square meter Gauge and controi 300 3¢
{foot] of surface area boards .. 300 30

indoors— 1000 [100]} lamp lumens/square meler Switchboards 300 30
[toot] of surface area Engine rooms 200 20

Generator and swrtchboard
Thedtre rooms 200" 20"
Augﬁg‘::? 100" 10 Fan rooms (venhlahcn & air
: . o conditioning) . . . ... 100 10
During picture . . . ! 0.1 Motor rooms ... ... 200 20
Naéigarting Areas g Motor  genarator  rooms

art room :

. (cargo handling) . 100 10

General S 100.3 10 , Pump room ... ... ... 100 10

On chart lable .. .. 500" 50 Shaftaltey . .......... 100 10

Gyroroom . ... .. 200 20 Shatt alfey escape . . . . .. 30 3
Radarroom . ... ... . 2m16 20|. Sleering gear room . . ) 200 20
Radio room 100 10 Windlass rooms ... ... ... 100 10
Racio room, passanger Workshops

foyer . 100 10 General . ......... . 300'° 3o0'"
Ship’s offices . . .. ... .. On top of work bench . . 500'* 50'*

General 200" 20'* Tallor shop ... .... .. 500'* 50'*

On aesks and work Cargo holds
tables .. ... . 500'%2 50'% Permanent luminaires . 3o 3'e

Whegihouse 100 10 Passageways and trunks 100 10

" Incluoe provisions tor higher levels for exhibitions.

! Specific limits are provided to minimize deterioration eHacts.

’ Task subject to veiling reflections, IMuminance listed is not an ESI value. Currently, insufficient experience in the uss of
€Sl 1arget values preciudes the direct use of Equivalent Sphere llumination in the present consensus approach tc racommend
wluminance values. Equivalent Spheére llumination may be used as a tocl in gelermining the etto tivenass of contraliing veiling
nﬂacnons and as a pan of the evaluation of lighting systems.

* Muminance values are listed based on experience and consensus. Values relale to n«cds during various refigious

caremonies.

* Degradation taciors: Overlays—add 1 weighting factor lor each overlay; Used malerial-- -

tunate additienal factors.
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Fig. 9-12. Coentinued {see page 9-13 for insiruchions and notes)
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Fig. 9-12. Continued (see page 9-13 for instruchons anc notes)
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Fig. 9-12. Continued (see page 9-13 for instrucions and notes)
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Fig. 9-12. Continued (see page 9-12 for instructions and notes)

C T,micar messe,

n
N
r
'
»

Tsincuhsr ard ™ T e . v
Pt Cer:
Teoical Lumiraite Lamp Lument LA — A 3% T Tz Tea —
e - wORS __
Main: . AcR Utinzauzr *20 17 Bor Cenr RZF
ca 7T . Eregive Flors Cant, Bangtn w e = 273
28 Yoy B BT 3¢ 34| s 23 ee Tt tTEn R BEisL ] — z
’ e B selar g o8 g7 loee |-
. 1 73 6317: 70 €| 85 s& B, &5 23 2£) fe es sijap, 200 0 o
: ToEx 83 BT By 87 Er SE 83,5 iz 48) % a8 eflal b
o S-SR N L 28 a3 al.a? 2
1 B : 233y ar a;{ 13 a4 3% 2t a R R T :
s [: 3 lag e J?|‘ a: 1 3E it 34 3t IS =
J 333 37 30 4t 3 oAz 34037 5t ooe :
—/ R s 23438 30 3 3 X iz it 2 i H
POteRIaIr-anameles felleeis with ! i = l: 25035 23 24§ 32 27 13 3Z R TR T foes 4
350N sheizieg ! ’ I 22:32 2% 22! 3o2e o2 A I
. .
26 " SCIE B A i;s 98 e B3 &3 &: & e 63 83 &3 85| — -
- v las oAz actar R 82 g5 €4 83 67,83} tal .
: 3 Loz lTE 7D 8E T4 70 B8l g6 B £ £ 85 83 sz osrlarc e o
(AN} 1 1 am  a- - A S = - - - ' .
. e b3 B3 23 5% Ec Er Tt Bl 32 B4 .3 8 5* 45 € 1 CES 3
' - l 33 4% 21133 4g &0 Ll 4r 33 &4 47 3836 : '33 H
sty v & lsnoan azgas a2 a5 3 EH SaT 38 33,30 ) cas i
i \_: N CONE L T S O 1 2t 3z 32 w3 297 caE :
Dlos jal e 2ai33 a3 3 23 34 33 2237 2% 25 za, *33 E
OHuse amingr raliecior wir . <-—” Poe i RL I Tol]. f 35 2§ Pk P AT PR -1 203 ; ar El
18- greezor : iea sy e 22 i P 28 e 233 23 2T P8 2P tGicg g 2t o
27 ©on ¢ e fs o wlse se PTOIT P oE8 g8 BE &t 2 &1 AT — | 0
‘ Pt ojer s re({r 74 5% &7 68.4 6 =313 35 saler| e o
‘ ) 1 72 B8 Ba)6e 69 2 5% 5T %€ 34 5D 50 23 474t 'SE iz
ERTEY 3 ‘ B85 5487 o7 3€ 31 4z 5 aB 43, a5 a2 e2139 1 taB | 3
A R LR { e s $toaf a1 af a1 eT. 22 33 37032 a0 4 ‘
K . % 51 4E 4 - 50 az 28 a1 37T 4D 58 3% 38 3= ER a4 3
57y : LB lar ar 36,45 39 4037 3T 3% 36 3T 3 2% T clE :
/ Tooe3 28 3244t 15 L3 3T 2% 32 30 I 32 2% 2E e v .
_/ 3 ] 38 32 285337 3¢ L34 F% pE it 3T i 23 o2f 2: o 3
Porceldin-eramelgd “aMasior ailr 3 L33 235 24 ! 33028 3T 28 27 285 s v 28 22 2= =
ITOW - MCUR shemes toiro2e 220a¢ 25 2 zs 23 T 26 21 oc% ol 21 g e cil :
2 . I 3 S 983 83 8379 73 70 oo ovroto Ef % ER S EER :
. boves 22 2{72 s 6 g2 s iz iz 331050 ; vaE o -
£l 17'.|j\ 2 (&7 82 sC B3 &1 587 =2 57 CERNE S 80 a3 a7 asiva Co:
3 |8 58 £2[5B =4 Sy g4 SO 2loa . AE 42 4l '35, 2
s |52 a9 23{83 a3 aeias st taioar tar R
i z 5 lag az ez 17 a2 350 af a7 3 & ‘o SRR S
i: 5 45 39 3% IﬂJ 38 34 48 3¢ 33 :Y 22 L33 32 A os ThE 2
7 I-‘KG 35 3t {19 M4 JOF 35 32 2% lxa 37 ' p 2% 2%, v 3 T
. 8 136 3+ 27125 20 25? 33 28 FE, 3t ET IR I £
, Druse alumioum retlecior with 3E8°CW: U 9 l 33 27 23)32 26 23423 Q% 21, Iz 2s JeE 2T T, : 3
» 3EILW sPieiOIng W30 28 21129 24 20,27 22 el 2 P83 20 0Bt 093 13
25 (o 1o 0 trs TE TS 69 6% 63|57 57 sTlaE eg a7 10 :-71‘3:-; — 1
! . 1 lE’ &4 62 | €1 53 57| & 50 4332 e a4l i 3F 37 2% i‘c N
7 : 2 }59 $5 52 ]85 5 43046 as 42 3 e 3p| 1 3p 2slizicmr 0 o2
: e 3 lzz 4e aslag a5 az{ac 23 28035 2z 3+ 23 T 2EqE3 LT oG 3
! ‘ s lar 42 29|es a0 3€ 37 34 323 2r pL2E g2 23,21 1273 | 4
: i < s {43 37 230 33 3 i 36 3¢ 28t8 26 2l 27 2¢ j s bera 08
| X o € 135 31 20536 30 283 27 zxlre 21 2z oo vy tE } a6: | &
. iAo Top35 30 26133 .28 25! 2@ Ta 2ziop 19,20 iR e i R
‘ o) e 132 26 2303 25 22325 22 5 I "2 cfyce 16 ce3-r 039 5 8
Meiai or dense siusing mides win, __/ s 125 24 20)2r 2z 3|23 2 0 crorEytE 15 t1)12 I os7 | ¢
457CW « 457w snielging i ' oo 2 ~5|‘25 0 t7io 8 8 ots ovelcs 13 c2iegase (o
3 LW T g1 Er 61]sa 58 {EE 35 5316 51 £ 45 4 aziag | — z
4 52 5115z 5% A9 48 4T 1 4E 45 a2l al 43 sj" < 121
|

o
@
-
m
I
[
~
-~
-
-
W
w
w
@
w
N

|

| e2 az 28’

1'IE 36 34 3E 34 3

f38 37 39|33 a3 2

sh:z 25 2730 78 28
|

PRTY

IS
IS
»
©“
w
-1
™
w
L
w

® K C®
~
N
bWt

L)

26 D6 za| 28 2 23|

&L
oS
R
0 N
~non
* O
[}
Mo
R L
o =
SO W W e B
w

[
w
“w
~ oo

SRR RS R G L BB
n

om0

=

[
o
»
]
n
w
L3
0
]
2

24 2+ 1%
22 g 7
20 & 62

e
=~
N
[
3
(=]
r)
~3
N
o
n
[e]
[
wn
N
o
N
3]

[=]
o
[
@0 oW

Same as unil w29 escept with tog re-
Heclprs

o
0
&

O WO NI WO

o
L]
~
@
r

™
r

[ )
[N]
(]
r
<
@

L]
ur
o
s
w
"~
W
fw]
bt
w

L "
w
3
w
w
w
)
w
o




1981 REFERENCE VOLUME

Q-24 LIGHTING CALCULATIONS el el

Fig. 9-12. Conunued (see page 9-13 fornstructions and noias)
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Fig. 9-12. Connnued (see page 9-13 for instruclions ane ~ctes)
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Fig. 9-12. Connnued (ses page 9-13 for instructions and notes)
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ADMINISTRACION EFICIENTE DE LA ENERGIA ELECTRICA |
EN LA ILUMINACION DE EDIFICIOS DE

OFICINAS
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LA ADMINISTRACION DE LA ENFRGIA ELECTRICA Ei LA ILUMINACION

DE EDIFICIOS DE OFICINAS, SE APLICA SOLAMENTE
A INSTALACIONES EXISTENTES Y COMPRENDE CINCO PASOS:

1. REALIZAR UNA AUDITORIA AL SISTEMA DE ILUMINACION.

2. IDENTIFICAR LAS OPCIONES PARA EL BUEN USO
DE LA ILUMINACION.

3. DESARROLLAR UN PLAN PARA EL BUEN USO
DE LA ILUMINACIQN.

4. IMPLEMENTAR EL PLAN DE ACCION.

5. MONITOREAR LOS RESULTADOS OBTENIDOS Y
MANTENERLOS ACTUALIZADOS.




I. AUDITORIA AL SISTEMA DE ILUMINACION.

CON LA AUDITORIA AL SISTEMA DE ILUMINACION SE OBTIENE
EL CONOCIMIENTO DE LA INSTALACION EXISTENTE.

EQUIPO REQUERIDO PARA EFECTUARLA:
- LUXOMETRO.

- MULTIMETRO GRAFICO PARA MEDIR:
POTENCIA, VOLTAJE Y CORRIENTE.

- CAMARA FOTOGRAFICA DE REVELADO INSTANTANEO.
- GRABADORA PORTATIL DE CINTA.

- ESCALERA DE MANO.

- TABLA PARA TOMAR NOTAS CON PAPEL MILIMETRICO.

- CINTA METRICA.
- FORMATOS PARA EL LEVANTAMIENTO.

REFERENCIAS: MANUAL DE ILUMINACION DE LA "IES°, RECOMENDACIONES SOBRE DENSIDAD
DE CARGA E INFORMACION TECHICA.




by

1. IDENTIFICAR LAS OPCIONES PARA EL BUEN USO
DE LA ILUMINACION.

EXISTEN DIVERSAS OPCIONES PARA EL BUEN USO DE LA ILUMINACION
COMO SON:

- NUEVOS TIPOS DE LAMPARAS.

- BALASTROS ELECTROMAGNETICQOS DE ALTA EFICIENCIA Y
ELECTRONICOS.

- REFLECTORES ESPECULARES.
- REEMPLAZQO DE LUMINAR:OS.
- ADICION DE CONTROLES (MANUALES O AUTOMATICOS).

SE REQUIERE CONOCER AMPLIAMENTE LAS OPCIONES

PARA PODER IDENTIFICAR APROPIADAMENTE LAS ALTERNATIVAS
DE AHORRO Y, EN ALGUNOS CASOS, REALIZAR PRUEBAS PARA
ASEGURARSE DE LOS RESULTADOS.




Ill. DESARROLLAR UN PLAN PARA EL BUEN USO
"DE LA ILUMINACION.

EL PLAN PARA EL BUEN USO DE LA ILUMINACION IDENTIFICA
LAS OPCIONES QUE SERAN IMPLEMENTADAS, CADA RECOMENDACION
DEBERA IDENTIFICAR Y CUANTIFICAR:

- EL AREA AFECTADA. |
- LA NATURALEZA DE LA ILUMINACION POR INSTALAR.

- LA CANTIDAD Y CALIDAD DE ILUMINACION POR INSTALAR.
- CONSUMO DE ENERGIA ACTUAL Y PROYECTADA,
AHORROS ESTIMADOS. }‘ |

- COSTOS DE ENERGIA Y MANTENIMIENTO ACTUALES Y
AHORROS PROYECTADOS. ,

- NATURALEZA DE LAS MODIFICACIONES PROPUESTAS.

- BENEFICIOS GENERALES DE LA IMPLEMENTACION
DE LAS MODIFICACIONES (SEGURIDAD, PRECISIOM EN EL
DESARROLLO DE. LAS TAREAS, PRODUCTIVIDAD, CONFORT).

- )
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Ill. DESARROLLAR UN PLAN PARA EL BUEN USO
DE LA ILUMINACION.

COSTOS QUE IMPLIQUEN EL CAMBIO.

VALOR ESTIMADO DE LOS BENEFICIOS GENERALES DERIVADOS
DENSIDAD DE CARGA ACTUAL Y PROYECTADA.

TASA DE RETORNO DE LA INVERSION U OTRO INDICE FINANCIEROC.

b

ES IMPORTANTE TOMAR EN COSIDERACION LAS INTERRELACIONES
QUE TIENE EL SISTEMA DE ILUMINACION CON EL

AIRE ACONDICIONADO, LA DECORACION Y EL N OBILIARIO
DEL EDIFICIO.




IV. IMPLEMENTAR EL PLAN D& ACCION.

LOS PLANES PARA LA ADMINISTRACION EFICIENTE DE LA ENERGIA
ELECTRICA EN LA ILUMINACION DE LOS EDIFICIOS DE OFICINAS
FRECUENTEMENTE SE DISENAN PARA IMPLEMENTARSE EN ETAPAS.

LA SELECCION DE LAS OPCIONES PARA INICIAR LA IMPLEMENTACION

DE LAS ACCIONES, USUALMENTE SE SELECCIONAN LAS DE MAYOR
RELACION BENEFICIO-COSTO GENERALMENTE CON UNA _
MODESTA INVERSION Y ALGUNAS VECES MINIMA, EN SEGUNDO TERMINQO
SE SELECCIONAN LAS DE MAYOR TASA DE RETORNO DEL CAPITAL
SOBRE LA INVERSION Y EN TERCER LUGAR LAS OPCIONES

QIE REQUIEREN UNA INVERSION SUBSTANCIAL DE CAPITAL.




- s . .

ES APROPIADO INFORMAR A TODOS LOS EMPLE~DOS ACERCA DE
LOS CAMBIOS HECHOS EN LA ILUMINACION, YA QUE ELLOS ESTARAN
GUSTOSOS AL TENER UNA MEJORIA EN EL MEDIO AMBIENTE

. QUE IMPACTARA EN SU TRABAJO.

. b -
AL TERMINAR LA IMPLEMENTACION DE CADA ETARPA ES CONVENIENTE
EFECTUAR MEDICIONES, CON EL FIN DE VERIFIC£R SI SE OBTIENEN
LOS RESULTADOS PROYECTADOS, CON LOS AHORROS ESPERADOS.




V. MONITOREAR LOS RESULTADOS OBTENIDOS Y
MANTENERLOS ACTUALIZADOS.

PARA LOS PROPOSITOS DE MONITOREAR EL PLAN DE CONSUMO
DE ENERGIA ES NECESARIO MEDIRLO O CALCULAFLO PERIODICAMENTE.

LA CALIDAD PUEDE DETERMINARSE POR OBSERVACION Y EVALUACION
DE LOS COMENTARIOS DE AQUE_LOS QUIENES TRABAJAN EN EL AREA |
ILUMINADA, CAMBIOS EN LA PRODUCTIVIDAD, RANGO DE ERRORES |
Y OTROS FACTORES PUEDEN PROVEER INDICACIONES DE LOS EFECTOS
CAUSADOS POR LA IMPLEMENTACION DE LAS OPCIONES. |

EL PLAN DE LA ADMINISTRACION EFICIENTE DE LA ILUMINACION
DEBERA ESTAR AL DIA Y REVISARSE CADA SEIS MESES,
HACIENDO LOS CAMBIOS QUE SE REQUIERAN.




V. MONITOREAR LOS RESULTADOS OBTENIDOS Y
MANTENERLOS ACTUALIZADOS.

LA INDUSTRIA DE ILUMINACION REALIZA PROGRESOS TECNOLOGICOS
'MUY RAPIDAMENTE, POR ESTA RAZON, LAS PERSONAS A CARGO

DEL PLAN DEBERAN HACER UN ESFUERZO PARA ESTAR AL DIA

DE LOS ULTIMOS ADELANTOS EN LA TECNOLOGIA DE LA ILUMINACION.
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ILUMINACION INTERIOR, DISENO Y APLICACIONES

ARQUITECTURA DE LA LUZ
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La luz, fenémeno fisico que nos
asombra y conmueve, es sin duda
fuente devida ydecreacién. Noen
balde ha sido motivo de adoracion
en las diferentes culturas que con-
forman la historia de la humani-
dad. En la Europa medieval, los
Siglos Oscuros estan definitiva-
mente marcados con un sello de
miedo y supercheria, mismos que
se dejan ver entodasy cadaunade
las actividades que realizaba el ser
humano en aquella época. |

Sin embargo, se han superado
estas etapas, y es asi como en |a
actualidad todo el fulgor y esplen-
dor de esta manifestaci6n se en-
cuentra al servicio de la especie
humana, para maravillarnos ain
mas y permitirnos continuar con
nuestras actividades ya sean de
ocio o de trabajo.

En el campo de la arquitectura,
el papel de la luz es preponderan-
te, si tomamos en cuenta que los
movimientos del hombre, si bien
estan directamente relacionados
con el dia y el exterior, se dirigen

...el papel de la luz es preponderante
32
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también hacia
espacios cubier-
tos y tiempos
nocturnos. ks por
ello, que surge,
cada vez con mas
fuerza la necesi-
dad de especia-
listas que vincu-
lenlamagiadela
luz con la versa-
tilidad de nues-
tros espacios.

Por esta razon
consideramos
oportuno presen-
tar las reflexiones
que sobre el tema
nos hizo el arqui-
tecto Enrique
Quintero L.,
quien a través de Blitz, Ilumma-
cion Corporativa, S.A. de C.V,, se
dedica exclusivamente a la ilumi-
nacion, ya sea en el rubro del dise-
o, del cdlculo o de la capacita-
cién.

Llamamos arquitectura de la luz,

Arquitecturade la lvz——

Quintero: “La utilizacién de la luz solar en fa arquitectura tiene
anreceden tes muy y importantes en nuestra cultura”

al arte y la técnica de la ilumina-
cién aplicada a la arquitectura.
Esta sigue los métodos utilizados
en el proyecto arquitecténicoy los
resultados que se pueden obtener
son realmente sorprendentes.

“El proyecto de iluminacién en
la arquitectura frecuentemente se
vincula con el proyecto eléctrico
—explica Quintero—. Sin embar-
go, el primero va mas alla de la
simple colocacién de luminarias,
dado que los efectos de luz y su
funcién estdn relacionados inti-
mamente con la actividad estricta-
mente arquitecténica”.

Luz diurna y luz nocturna. El pro-
yecto de iluminacion se considera
como tal, cuando engloba tanto
al alumbramiento diurno como al
nocturno ¢ artificial, agrupando un
todo interdisciplinario, el cual tie-
ne metas tales como ahorrar ener-
gia, enfatizar el disefio arquitect6-
nico, adecuar la actividad en el
espacioy, sobretodo, dar el caréc-
ter propio del estilo.

“La iluminacién de dia —expli-
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una referencia confiable en este La cubierta de la capilla de
rubro se toman promedios con los  Ronchamp, construida a partir
que se puede satisfacer la media.  de un cascar6n de concreto, estd

‘ - soportada por medio de pilastras
Una techumbre suspendida en el del mismo material que dejan una

Le proporcion 7:’ :
avanzada en estructuras 9t mas

tridimensional _
t0d0s sus tippg. UNISTRUT off

a la tecnojg

aire. £n Francia existe una obra
arquitecténica, que se puede con-

siderar como un excelente ejem-

plo de la utilizacién de la luz: la
Capilla de Ronchamp. Proyectada
y construida por el arquitecto sui-
zo-francés Le Corbusier hacia
1955, esta maravillosa obra arqui-

separacién entre el muro vy la te-
chumbre para que penetre luz
natural, dandolaimpresion deque
esta ultima estd suspendida en el
aire.

Esta técnica fue utilizada en
Santa Sofia de Constantinopla. Al
perrorarselabase dela bévedacon

tectonica, basada en temas mari- ventanas, laluz “anula” los sopor-

nos, fue conceptualizada conbase tes y la techumbre parece .estar

en los efectos de la luz sobre su suspendida en el aire.

estructura. £n esta obra de Le Corbusier la
El prefacioque acompanabaala luz acaricia los muros exteriores.

publicacion sobre Ronchamp, La textura que se le imprimié

SISTEMA |
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Modulos stanggrg
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Colilecto
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""Observad el juego de las sombras, entrad en el juego...”

realizada por el propio Le Corbu- motiva el juego de brillo y sombra

sier, reza asi: - en su superficie. La luz penetra a
La clave través de ventanas con vidrios '
“es la luz, de colores y da una sensacion de \

ylaluz espiritualidad en el interior que es

ilumina forrnas. complementado por la ilumina-

+ Y estas formas tienen ¢ién primitiva de las velas prendi-

una potencia emotiva... das en racimos.
La idea se redondeaba en la “Le Curbosier podia ser critica-
. paginasiguiente, donde Le Corbu-  do de barroquismo o de sentir un
sier escribia con caonviccion: fanatismo por las maquinas —fina-

SISTEMA Vv
Para cargas estructurales ligeras
Para claros peguerios
Amplia versatilidad ¥
\ geometrias miltiples
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“Observad el juego de las som- liza Quintero—, pero siempre @: mgeﬁ;ﬂ‘;“;avanguardiaa
bras, entrad en el juego...” y acto quedaba aquello que al principio i nivel mundial :

seguido, decididamente invitaba de su carrera habia definido como
al observador a invertir el libro la arquitectura de la manera mas
para mirar las imagenes del revésy  bella: “La arquitectura es el sabio
descubrir el juego de la aquitectu-  juego, correcto y magnifico, de los
ra, es decir, redescubrir la luzy el volimenes compuestos bajo la
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La iluminacidn de dia esta vinculada con el ahorro de energia

- nadas por las condiciones
- del tiempo y de los ele-

IlU’r*h'iih'ocuon noturol

T —

En el diseno de ilumina-
cién de dia y en la artifi-
cial se tienen considera-
ciones distintas; para la
iuz del Sol, es necesario
tener conocimientos de la
posicién de éste en las
diferentes horas del dia y
considerar también las
distintas estaciones del
afo porque las cantida-
des de luz estan determi- |

mentos de control. Res-

pecto a la iluminacion
artificial ésta requiere de técnicas
- matemadticas, de calculo para de-
terminar cantidades de luz..

_ Nos referiremos prumeramente
al disefto de- :!ummac:én con luz
_=natural (DILN)."Existen cantas de la
" posicion del.Sol en' 165 diferentes
" puntos de la‘Tierra y estaciones
.del afo. Estos-datos son esenciales
para el DILN, y es posible obte-

 nerla en la oficina geografica de la

localidad.
Sin embargo, la utilizaci6n prac-
tica de la ubicacion de la cons-

truccién por medio de maquetas
permite observar directamente
los éfectos de luz solar sobre los
volumenes. Las profundidades
logradas vy los claro-obscuros ob-
tenidos sobre estas maquetas, se
reproduciran en la obra arquitec-
tOnica’una vez terminada.

La iluminacion de dia esta vin-
culada con el ahorro de energia y
es jmportante aprovecharla para
dar‘iluminacion en el interior.

Aprovechar al maximo la luz
dei Sol no es sencillo, la cantidad
que se requiere para un 4rea de
trabajo, por ejemplo, debe ser
constante, y las condiciones de!
tiempo pueden variar; de mane-
ra que es necesario establecer
mecanismos de control, para
contrarrestar. los cambios clima-
ticos.

Controles de luz. Los controles de
luz los podemos clasificar de la si-
guiente forma:

e Persianas y cortinas. La persia-
na es una de las formas mas anti-
guas y comunes de controlar la
cantidad de luz. Este mecanismo .
nos ayuda-a transformar la ilumi-
nacion.que penetra a través de la
ventana en efecto indirecto, como
lo indica la grafica 1.
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invitar a usted a pafticipar:’

CONSTRUCCION

MADERA

De! 3 al 7 de Diciembre de
1991, de 17:00 a 20:00 horas.

CENTRO DE EXPOSICIONES DE

Esq. Antonio M. Anza y Ramén )

México, D.F. (M. CENTRO MEDICO)
Tels.: 564-50-07 y 553-98-74

A ITECTURAY | |

IR
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Tienen el agrado'de .- ||
en el curso _sob{e:.‘ M
. [ - ) l_ : \ .i'.

DISENO Y :

i

CON

Lugar del evento:

LA CIUDAD DE MEXICO ;'

4

Lopez Velarde Col.Roma,

.3. )

expansion

Si-llegé fa hora
~del cambio...
Ya sea de casa o de
empresa, su nueva
residencia o centro de
trabajo nos interesa.
Su nueva direccidn nos
permitird enviarle al sitio
COrTecto nuestra revista y
$egUir en contacto con -
usted como suscriptor de

Lidamenos por favor a los
teléfonos 207-20-66,
207-21-76 y 208-92-01
para servirle como usted
se merece.
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sicion, ésta debe definirse por

- para aprovechar al maximo la

Las persianas construidas en
obra tienen el mismo proposito
y pueden ser fijas o méviles. En
el caso de estar en una sola po-

¥
el deslumbre que moleste y

posicién del Sol con respecto
al espacio interno.

El efecto de luz indirecta se
acenti:a cuando el canto de fa
persiana es de color claro, o
bien podemos dar un efecto
mas directo, que-esté dirigido

conforme cambie la inc¢lira-

cion del Sol. Grafica 2.
» Cortinas. En cuanto a las cor-
tinas pueden ser de diferentes
densidades, que dejan pasar de-
terminadas cantidades de luz,
siempre difuminadas por el mate-
rial, bien sea de plastico, tela o
metalico. :

galuz. Este disefio permite que se
distribuya en la parte interna del
edificio y que pueda aprovechar
“la fuente de fuz natural.

~ En la ciudad de Hong Kong, en
China, existe una gran construc-
cion dedicada a oficinas ban-
carias que tiene un espejo gi-

gantesco en la parte superior y
que coordinado con el movi-
miento del Sol por medio de
motores, refleja la luz en el
interior del edificio en una
forma constante.

En la grafica 4 tenemos un
ejemplo de tragaluz que fue di-
seflado para fines religiosos, el
haz de luz que se proyecta
incide en el lugar de culto a la
hora precisa que se realiza.
Este efecto es posible gracias
a la utilizacibn de com-

* Domos y tragaluces. En algu-
nas ocasiones es dificil dar una
entrada de luz a través de venta-
nasy es necesario introducirla por

putadoras en su disefo, sin em-
bargo, nos preguntamos ;cémo
realizaban los mayas con tanta
precision efectos de luz sobre las
piramides?

Es importante tomar conciencia

la cubierta, llegdndose al extre-

mo de tener un gran espacio
que aparenta estar en el exte-
rior, con ambientacion de plan-
tas y elementos que normal-
mente encontramos afuera de
la construccion. De hecho, el
mobiliario y los acabados
dentro de esta area tendran que
resistir la fuerte radiacion del
Sol y es conveniente que estén
preparados para esto.

El corte transversal de la
grafica 3 indica un gran atrio
central que estd expuesto a la

luz solar por medio de un tra-

QOBRAS NOV 1881



de que tenemos la técnica para
aprovechar la iluminacion natural |

y no la utilizamos, inclusive un j
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'UN PASO ADELANTE
EN LA INDUSTRIADE LA

[

estudio sencillo de las posibitida- |

des de ahorrar energia utilizando

luz solar, nos permitira "disedar : §
arquitectura con voliimenes y es- . §

tructuras novedosas.

Los tragaluces que son muy uti- | §
lizados en las areas fabriles es

posible incorporarlos a otros espa-
Cios, pues su buen funcionamien-
10 nos invita a utilizarlos en mu-
seos como el ejemplo de la gréfica
5 y foto que permite la entrada de
luz en forma muy general, con el
disefio de plaf6n que podemos
apreciar en forma de reflector.
En todas las superficies cerca-
nas al.tragaluz se recomienda tener

colores claros para que la reflec- |

cién sea la mas alta posible, en
algunos casos es posible utillizar

~un recubrimiento basandonos en
el vidrio y yeso que aumenta adn |

mas este efecto. La grafica 6.nos
da un ejemplo senciflode la utili-
zacion de un domo combinado
con un murete. Otras’ variantes
constructivas que permiten el

aprovechamionto de. la luz las | |
podemos encontrar en la grén- '

Ca.

» Cristales y vitrales. La utiliza-| 8

cion de crist =s con diferentes
transparencias s una técnica que
floreci en los vitrales de las cons-
trucciones goticas, la combina-
cion de colores, su mezcla para el
control y mejoramiento de los
tonos cdlidos del Sol resulté en
esta época un trabajo cuya perfec-
cion es diticil igualar en nuestros
tiempos.

Sin embargo, nos dejan plasma-
das en su composicién férmulas
consideradas secretas, pues por
medio de aparatos sensibles al
color (kelvinémetros) se puede
lograr descifrar las cantidades de
cada color utilizando en los dife-
rentes vitrales, que dependia de |a
orientacién, de la altura y recinto
a iluminar.

Una de las primeras reglas en
esta técnica consiste en colocar
en la parte superior los colores
mas obscuros, los de menor trans-
parencia y bajar con degradados
de tonos hasta tener en la parte in-

OBRAS NOV 1991
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Péroola on mavimiento <~

Sensor de luz

ferior un 90% de penetrac:én de

luz.- oo

“Respecto a los colores, para
restar tonos calidos a la luz: del Sol
se.ytilizardn colores morados azu-

les, tonos que encontramos en el

lado izquierdo del espectro visible
de energia electromagnética del

Soi, y por el contrario, si se de- -

sea elevar el coior céalido, se es-

cogeran ‘los del lado’derecho det’

espectro, ro;os, naranjas amari-
Hos.: "'~

En cuanto a los cristales, ac-
" tualmente tenemos una gran va-

nedad con diferentes, caractenstl-'

cas: con filtros a la fadiacién ul-
travioleta e infrarroja, y también
con diferentes grados de transpa-
rencia.

“Cuando los interio-

res tienen materiales
muy sensibles, ya
sean tapices, muebles
0 pintura, obras de
arte muy finas, s con-
veniente utilizar cris-
tales con filtros. En al-
gunas. _orientaciones
de la construccidn en
donde no es posible
evitar la entrada di-
recta del Sol, y reque-
rimos de vista pano-
rdmica, la utilizacion
de cristales que ate-
ndan la luz natural

OBRAS NOV 1891

resuelven buena par-

“te del problema.
_* Pérgolas. Mucho se ha hablado

de ia inutilidad de las pérgolas, sin
embargo su utilizacién como per-
sianas horizontales es muy efi-

" ciente. Existe un paseo en el Par-

que México en la colonia Roma
que utiliza una pérgola, que junto
con enredaderas atendan la luz
del Sol, provocando con som-
bras y manchas de luz un am-
biente muy agradable; dan fres-
cura al paseo y enmarcan el espa-
cio desde el punto de vista arqui-
tectonico. :

La pérgola se puede extender al
espacio interior alternada con
domos corridos y teniendo la po-
sibifidad de funcionar con movi-
miento a través de motores y rieles
para dar diferentes niveles de ilu-
minacion.

Es posible conectar sensores a
este sistema movil de pérgola y
mantener cantidades de luz, unl-
formemente. I

T —

Arg. Enrique Quintero /opz
“19

7
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Las fuentes de luz artificial tienen
la posibilidad de lograr .mayor
control de la luz natural, pues para
esta funcién no dependen de [as
condiciones climaticas.

Para hacer posible la ilumina-

cién artificial, actualmente conta-
mos con una gran variedad de
fuentes luminosas, que nos permi-
ten iluminar a diferentes alturas y -
lograr efectos muy ‘precisos’ de
acentos. Contamos también con
unidades de control de luz (ate-
nuadores o dimmer) que, conecta-
dos a una unidad computarizada,
controla con programas de tiempo
e intensidad toda la iluminacién
de un gran complejo arquitectoni-
Co. R
Toda esta tecnologia de ilumi-
nacion artificial es necesario coor-

dinarla con la iluminacién natural -

para poder integrar este proyecto
en un todo congruente, y es impor- .
tante dar a este estudio un enfoque
de ahorro de energia. .
Aspectos del proyecto. Los aspec- |
tos basicos a considerar para ini-

.
i i

ciar el proyecto de iluminacion,
son los siguientes:

. Aspecto funcional. Son las consi-

deraciones que deben tomarse en

cuenta desde el ‘punto de vista™

“actividad del hombre”. Para.cada
una se requiere una-cantidad de

luz y un tratamiento especifico. En = estan-

Estados Unidos de:Norteamérica
- existe una sociedad dedicada. a!
estudio de la iluminacién, la.mis- .
ma emite tablas con cantidades de -
luz y detalies especificos para todos ~
los espacios donde tiene : activida-
des el hombre; esta informacién es
considerada basica para el inicio
del proyecto de iluminacion.

En México existe la Sociedad de
Ingenieros en lluminacién que
tiene tablas y estudios acerca de

‘los niveles de iluminacién para

jas diferentes-actividades; - estos
datos estan.actualizados.y.adapta-
dos .para este pais. ... -

. Aspecto formal. Se reflere alas

caracteristicas de disenc:del siste-
“ma de iluminacion; . éste. debe
adaptarse al estilo arqmtect()mco y
contrubunr a, Ia ambientacion gene-

Dos maneras distintas de concebir la iluminacién de un mismo objeto

44

et

-

ral,interior y exterior de la arqui-

tectura.

Los colores que emiten las fuen-
tes ; luminosas: también estaran
c0n5|derados para concordar con
la arquitectura. La‘iluminacion de
los * callejones de Guanajuato,
resueltos ~con - faroles
acordes con esta arqu:tectura yla
fuente luminosa; sodio enalta
presi6n, da a ambientacion en
‘tonos amarilo$ que destaca a pie-
dra de las fachadas.

*Aspectos sicol6gicas. Es dificil
medwestepunto sinembargosa-
bemos que existe e influye en el
- disefio, “con la iluminacién po-
demos enfatizar el aspecto sicolo-
gico y reafirmar al espacio en su
actividad. Daremos algunos ejem-
plos: en el pasillo de un hotel, se
requiere: iluminacion de baja in-
tensidad, y este efecto provoca que
las personas transiten haciendo el
menor ruido posible; 1a-ilumina-
cion, basmamentedepunto esta-
blece comportamientos de euioria
en las personas; la luz mdirecta
_relaja, etcétera.
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" En'las fuentes” luminosas los de lamparas a
~* colores utilizados provocan dife-" Gn'mismo tiem-
rentes estados de 4nimo: Enhospi- po, segun la
_tales de Houston en’Estados Uni- duracién real
“dos,*se han hecho® experumentos ‘indicada’ por.el.
} con diferentes colores para distin-:, fabncante -para
'tos tipos de pacientes; En algunos;” “mantener “nive::
*'¢on padecimientos cardiacos, por- “les” de”ilumina-
ejémplo, los colores vérde pastel ﬂén estables:~q ix
* “proyectados 'en’ forma ‘indirecta: .:*El ahorro. de'
- ayudan al- restablemmlento En energia .estd li-
enfermedades ‘mentales-se com-  gado también al
, prob6 que colores azZulés y naran-: mantenimiento,
+' jas contribuyen a 13* me;ona " un sistema que
e se encuenire en
Consderac:ones del’ proyecto. _6ptimas ‘condi-
Exnsten consideraciones que! el ciones consumi- i :
proyedo de |Ium|nac10n contem- rd menos ener- Hotel-Nikko de Ia ciiidad de'México, salén deconvenc:ones
pla, como: - - T gia. En, él hotel Ve
Mantemmrento Para que el pro- Nikko! de ‘esta ciudad, en ‘el saIOn pastos eléctricos; de esta forma el
_yectG ‘de_iluminacion, una vez - 'de convenciones, se encuentra- candil baja a 20 centimetros del
e]ecutado sea eﬁcuente sé requie-’“instalado un sistema de candiles - suelo y:puede realizarse el mante-

re de Un programa de manteni- monumentales de forma helicoi-* nimiento adecuado.”
miento que contemple el reempla- dal, que por su disedo dificultaba = --®Ahorro de energia. Actualmen-
7o de lémparas y de Iumpueza de la limpieza y el reemplazo de -teestetema, por el costoreal dela
“luminarias. ‘Este’’ programa pue- " 1dmparas, de’ manera que para* energia eiéctncaesmuylmportan-
de estar estructirado” de -manera “darlés mantenimiento fue necesa- *te.”En paises europeos donde el
que se puedan reemplazar lotes fio dotar|os de un snstema de p0|l- “costo de la electricidad es muy

1.‘5 ' PR
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&

i fabricantes de maquinas para, .
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elevado, se han desarrollado siste-
mas de iluminaciéon, luminaria y;:
lampara con un alto grado de efi-
ciencia. En México el costo de ia
energia estd en un puntotal queva cia, de muy buen rendimiento de aspecto.

aser imposible sostener el subsidio -

I Fuenres de flum:nacrén ef:c:en-
:tes. Con las técnicas actuales po-
demos: elegir de una. gama muy.:
amplsadelémparasdealta eficien-

-color, semejante-a la-luz solar, y

- 2.Luminaria.dptima. Nos referimos

1. a un buen dlseﬁo de.luminaria,

_donde.el reflector y.sus curvas fo-

~ tomeétricas son |as correctas y,estan
_}avaladas Jpor, algin laboratorio
. especializado., R

/. En México contamos con un

Iaboratono de, este tipo en el De-
- partamento del Distrito Federal.

El difusor, ‘es |gualmente im-
portante,, aqué!tos geométricamen-
.te.disefados nos elevan la can-
“tidad, de luz. ermtuda y dan un
control de ella para cada uso espe-
cifico.

-3.Cdlculo de iluminacién. Para
ubicar.. correctamentemlas lumi-
..narias yeleglrlalampara adecua-
da el ¢alculo de iluminacion es
:Muy necesario; nos da Ia can-
tidad de.equipos que sevan are-
“querir sin excedernas, esto contri-
'buye a Iograr un ahoiro extra.
El proyecto de ~iluminacion
dentro de la arquitectiira y lainge-
mena es muy. |mportante existen
. ,algunas construcciones de arqui-
tectos,,famosos de’ reconocido
prestigio, que’ déscuidaron este

Como ejemplo podriamos citar

gubernamental por mucho tiem=-son ldmparas-de muchas horas de el - museo -Guggenhgeim en la

po, por loque es de vital importan-
cia que en los proyectos de ilumi- |

_wda ,
Para coriocer estos avances que

ciudad de Nueva York, edificio
proyectado y construido por; ‘el ar- -

nacion, setengan consaderacv‘nes actualmente tenemgs; en: México  quitecto Frank Lloyd Wright, con-

de ahorro de energia. :-: :

_ {Bsiconveniente contactar, 3 algunas
~de lag fébncas establecidas en el

sidéradlo como el mejor en Estados
_Unidos. Tiene grandes errores en

Ahorro de energia. Para el ahorro ‘pais; en'sus catalogos éncontrare- su concepto de iluminaci6n, re-

de energia en iluminacion se pue-. -

'mos fuentes deluzgue nosayuden

den considerar los siguientes puri- “Zon el.ahorro detenergia en nues:

tos importantes.

La tecnologia de iluminacién artificial se debe courdinar con la iluminacién natural
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tros proyectos

1.‘ b

e il Lo . -~

flectores .que provocan mojestos
destiimbres directos, luz flucres-
cente con distorsién en el color,
etcétera. La luz en espacio museo-
_gréfico es-vital, de manera que la
» carencia -de ‘un. buen disedo de
|Jum|nac:0n en €ste museo es muy
notorlo R :

“Ef proyecto dé iluminacién ar-
quutectémca en su realizacién uti-
liza el mismo, método que usa el
arquitecto,” 13" investigacion de
entorno y el tipo de actuwdad
~etcétera,
> la mtegraubn del proyecto de

1Ium|nacufm en fla arquitectura da
“al’pfodicto figal caractery foncio-
nal'dadf*”al grado de tener una
mportancna basica en el resultado
del?duseﬁo arquitectonico. l

Arg. Enrique Quintera Ldpez

oa@lc 1991
g




© bajo muytécnico.”
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Y enun hotel €5148 importante de o'

L

La arquutectura cie lasluz en'ifo
‘ servicios turisticoshoteles, restau-
“rantes y discotecas tiéné un rango
‘muy amplio'de creatividad, a pesar
* de estar conmderado como un, tra

-l huésped desea encomrar en.
'un hotél un:*
la’ amblentaoon que ‘se tiené’én
casa, teniendo acceso-ademas a
una serie de actividades'de recrea-
‘CiOn cercanas y'a la mano. La- Iz

que $e piensa’y:finalmente repre::

[P
I T ﬁ‘

vos
< § -hién cada cadena hotélera
- ostenta caracteristicasvespeciales:

‘de diseiio arqunectémco comen-=:

‘taremos en términos generales las

Tareas mas ImpOl'IEINES‘ y COMO:Se o

re5uelven desdéel punito dewistai
de calldad Y canndad de qu

Lobbv de acceso‘ Esta érea a 1a

cual accede en primeraiinstanciael *

cliénte, debe reflejar'la imagery del

"hotel y la calidad de-los sérvicios

qué puede encontrar el huésped.

7 Hyatt Singapur-corisiderado el més
"~ grande dgl' mundo. Esta luminaria

esté COm“;‘Suesta de tubos de eristal | B

-~ -~detonos agua y azules con bombi-

" 1200%500 LX)

"ligsincindescentes de cmco y dlez

watts. BomiTe
b -.E” clanto’ a-1as*dantidddes &

nivetés deifuminacion,

L T 3E

rior, dondecomunmenteseub|can
los casilleros de 1! +ves y recados.
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INSTALACIONES 5

egundo hogat’, 'c0n‘

senta’ una de‘ sus ma)ores atracti*

la:Soéie- -
dad “Mekicana-de Ingeniergs én ™
:I]ummaoén nos indita quedeberé :
_.‘_’,estar en promed|o entre 1os 450 ;
;600X

’én Ia parté poste: - §

5 canndades de luz oscilan

_ entreios‘SGG 600 L‘(yen este lugar
encontramosjogonpos del'hotel.y
senalannentoé importantes’ ‘quelfa.

gz’ puede destacar con* reriectores“’

de acento %

Salén de convencrones EI
'acondicionamiénto y el.equipo.de
iluminacion en un salon.de con--.
venciones resulta uno de los traba-
jos'mas atractivos en el diseno de
dluminacionypues requiere de una

gran: variedad-de: efectos con-luz,

‘para satistacer. todas-las activida- -
- des:y eveatas’ que e realuzan, en
este: espaoo L s
(TCLOSdistintos- Ststemas deulumh
nacién abharcan-efectos:ambienta-.

K

. ¥
troles. computarizados
atertiadores. %

'En el salon constelacuones del
Hote| Nikko se encuentra un buen
ejémplo de fo que se puede lograr
, en salones de convenciénes.

con

Restauranres Existenen: los hoteles
dos'tipos diteréntes dé;restauran-
tes. En el primero, porlo general la
iluminacion es natural para los

i.desayunos y cuenta con algunos

"fes; buz general ~efectos de acentoy..

+ como, parte:del:diseno detinterio-
stes, candilesty arbotantes.
La mayoria de estossalones de

. -“corvencionesdividén sus espacios
~eniforma ‘moedular 'y temporal.y la ;-

tiliminacion'se adapta a este reque-

Fimiento. Paralaicorrecta. combi-
‘naciéon de circuitos; logrando gran:
" variedaddeefectos seutilizan con-+
COf frecuencia encontramos en gy :

“este'espacio.disefios monumen< @&
tales de'plafones liminosos o Cans B
" diles destacéandose el del hotel -§

Aar

4

refuerzos de luz artiiicial, para co-
-mida y.cena, que se resuelven con
.dos sistemas.de iluminacion. En el
;segundo, restaurante de especiali-
~dades donde la gastronomia es su-
- perior,.la iluminacion es mas am-
biental con erectosdeluz de mayor
wcontraste. Entre mas fino es un re”

- taurante el nivel de iluminacion,

decir la cantidad de luz es menory
-los acentos luminosos sobre las
~mesas es mas recomendado.

Discoteca. €5 una de las zonas mas
creativas en cuanto a trabajo de
iluminacién, pues.de hecho se tra-

ta de un espacio de luz y sonido,

Laluz tiene un rango muy amplio de creatividad a pesar de estar considerada como algo
muy lécnico. Representa uno de fos mayores alractivos en un hotel
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aunguede mayorcomple]sdadtéc--
nica a resoiver. <L s

La pista'de baile,:.como un labo-
ratorio completo” de iluminacién
contiene elementos moviles de Par :
36, luces estroboscépicas, fibra

Los espacios extenores d un hotef sagmﬁcan una carta de presenraaén fn en!

los hoteles, mcluyendo a: los de
“:gran turismo, una-iluminacién
“fluorescente colocada en un gabi-

nete en la“parte superior que apa-.

rentemente es .la adecuada; sin
embargo el color o-tipo de tubo:

puede indicar la proximidad de un
vestibulo de elevadores con un ni-

. vel més intenso de luz.

Jardineria y dreas exteriores. Los
espacios exteriores en un hotel sig-
nifican la carta de presentacién
externa de la cadena hotelera. Los
jardines se enfatizan con unidades
de iluminacion fabricadas con
.materiales especiales para la
corrosion y podemos, actualmen-

¢ tedar efectos con ldmparas de bajo

voltaje en MR-16 o bien Par 36.
:Estas.unidades que se integran al
follaje y los arboles, deben consi-
derar un aspecto: la seguridad.
.Por seguridad en las-albercas se

 requiere instalar unidades de bajo

voltaje que estén debidamente se-
_Madas para;evitar filtraciones. Un
recurso novedoso es la utilizacion
-de-fibra optica que es un elemento
:que transmite Gnicamente luz, por

-lo tanto resuita muy segura en su

instalacién y uso y tiene la posibi-
lidad de cambiar de colores y de

6ptica y rayo laser: El.control'de. fluorescente instalado es,-.en:la. -estar sumergida en el agua.

efectos de luz, realizado mediante -
sofisticados elementos de «dimeo»,. -

se coordina con el sonldo y. el
video.

zl'l

Habitaciones. En la habttaGOn de -

mayoria. de los. casos deficiente.
- Las muijeres. que se maquillan en .
restos lugares se quejan de la luz,
pues no- retIeJa fueimente los colo-

'.--'I'ES TS

G)tro aspecto negatwo de esta

hotel, yaseasencilla o master suite, - |!um|nac10n es:.que-sea cenital,

- seretleja el confort vy la calidad de~

servicio y dependiendo de éste se-:.:

pues |os rostros muestran sombras
.desagradables. La-mejor forma de - .

ran'ias «estrellas» con que sea ca-n.:ijuminar.el rostro en un espejo es.

talogado el hotel. La iluminacién::

lateralmente, en ambos lades y con

_..El proyecto. de’iluminacion en
hote!es es .considerado como el
‘més. completo .pues ademds exis-
ten &reas de oficinas, bodegas y
Javanderia, que completan unran- -
g0 muy ampho de aplicaciones de
ifuminacion arquitectonica y téc-
nica..

Fmalmente siendo las c0nsnde-
raciones de ahorro y energia una
+de las prioridades actuales, {as nue-

fepresenta un gran porcentaje de . una_fuente Juminosa, que refleje .-vas fuentes luminosas ahorradoras
: 5 Tl

ese Comort &

d qu de lectura debe presentar
se en circuitos separados y abarcar®
exclusivamente el'4rea. nécesaria;
En algunos casos seuti quan peque-’
fios reflectores’en bajo volta;e diri
gldos 0 b:en |émparas con panta
Ha. # -, P

Lamesita que se usa para comer

otrabajarreqwere deunacantidad.
de luz que permita *masi de, dos
actividades y puede estar'en 450-
500 LX. ' ;

n,ciiores, que

puede Ser ﬂuore
o compacto coniun, k{auen rendi-
nto rde color

s’u comporta-
maento o La qu ctemue;:e indirecta
hace reacc!onar cénfi,éntltud a-las
‘personasy hablan; Nz baja, Este
tratamiento ‘de’lu
* ya sea, en

il

ztes {ecomenda-r
<z bleipara; Tos’ pas.IIO‘S

-de energia.; .combinadas con
luminarias eficientes y un proyec-
to adecuado de iluminacién per-

. miten optimizar la’ energla sin sa-

“crificarla cahdad n Ia cant:dad de
||um|naC10n .

Arq. Enrique_Qu@nlero Lopez

Bl arquutecto Ennque Qumtero Lépez tra-
bala como asesor especmhzado en pro-
yectos de llumlnacuf)n Asimismo imparte
1CUrs0s. en d|ferentes unwermdades e insti-

£5 conveniénte, en caso de usar! .arbotantes mdnectqsga en casillos _tuciones de la. ciudad de México. Entre fos

lampara suspendida, que. ésta’ s

ubique a unaaltura queno.deslum- 3

bre dnrectamente
Banos En los banos encontramos
para los lavabos, en la mayoria de
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feon iluminacion’dg’ qu rebotada.
Env el dnseho de*los pasilios se .
'marcan KTIRENOS» ; para evitar que.
éstos se sfentan:laggos y-aburri-,
dos. La fuz en distintas |nten51-

dades esunexcelenterecursoyse

reconacimientos de, que. ha 5|do objeto se
-encugntra, eI de. LJghttoher porel disefode
$u, sala de exhlb:c:on en Polanco y el
Premno !nternamor:an'de liuminacién Edwin
F Gurh por la- obra :T;enda Hermanos
Vasquez»wen la ciudad de México.
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