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INSTRUMENTACION NEZUMATICA PARA PR3OCESOS

PROGRAMA

INDUSTRIALES

Dia Duracién Tema Introductor

3 Julio 1 Hora Introduccién Ing. Remigio Barrén
Teorfa de Medicién Instrumentos Bristol, S.A.
Conceptos Basicos y
Terminologfa
El "Loop" de Control

3 Julio 1 Hora Medici6én de Presifdn Ing. Mario Rafael Gutiérrez
Teoria béasica Foxboro, S.A.
Definicién de Presidn

5 Julio 2 Horas Descripciébn y Seleccién
de los Elementos de Presién

7 Julio 2 Horas Gasto. a) Teorfa B&sica. Ing. César Ponce Montuy
Elementos Primarios de los Foxboro, S.A,
Medidores Inferenciales .

10 Julio 2 Horas Descripcién y Selecci6n de
los Equipos de Medicibn,
Manejo de la Regla de Cé&lculo
para Elementos Primarios.

12 Julio 1 Hora Sistema de Medicién de Gasto para Ing. Francisco Correa
Gases Compensados por Presién y
Temperatura

12 Julio 1 Hora Gasto (Continda) Ing. Héctor Mondragén
Rotémetros Fispo, S.A.
Teorfia Bésica

14 Julio 1 Hora Descripcién y Seleccién de
Rot&metros
Tubo Dall y Vertedor Parshall Ing. lgnacio Rodriguez

Fispo, S.A,

14 Julio 1 Hora Temperatura Ing. Miguel Esquivel
Teoria B&sica Instrumentos Bristol, S.A,
Sistemas Llenos

17 Julio 2 Horas Descripciébn y Seleccién

de los Elementos Termales



12 de Julio 2 Horas Nivel y Densidad. Ing. Ricardo Arredondo
Métodos en la Medicibn Foxboro, S.A,
de Nivel y Densidad.
21 de Julio 2 Horas Transmisién y Recepcibn Con la partircipacién de
Neumética. Bailey, Bristol
24 de Julio 2 Horas Sistemas de Balance de Fispo y Foxboro y
Movimientosy Balance de Honeywell.
Fuerzas.
26 de Julio 1 Hora Descripcién de los diferentes Coordinador Ing. César Ponce M.
disefios de Transmisores Yy :
Receptores.
Tableros.
26 de Julio 1 Hora Teoria Basica del Control Ing. Rafael Aguilar
Automéatico. Bufete Industrial, S.A,
28 de Julio 2 Horas
31 de Julio 2 Horas
2 de Agosto 1_Hora
2 de Agosto 2 Horas Descripcién y Principios Con la participacién de
de Operacién de los Bailey, Bristol, Fispo,
4 de Agosto 2 Horas Diferentes Disefios de Foxboro y Honeywell.
Controladores Neuméticos.
7 de Aqosto 1 Hora Coordinador Ing, César Ponce M.
7 de Agosto 1 Hora V&lvulas de Control. Ing. Alonso Andrade
Descripcién y Seleccibn Medidores Bailey, S.A.
9 de Agosto 2 Horas Célculo del C.V. Ing. Armando Hern&ndez
' Velocidad Limite. Hojel (Mason-Neilan)
11 de Agosto 1 Hora Pos icionadores '
11 de Agosto 1 Hora Equipo. Accesorios. Ing. Héctor Mondragén
Integradores, Generadores de Fispo, S.A,
Funcién, Alarmas, Etc.
14 de Agosto 2 Horas Extractores de Rafz Cuadrada ing. Alejandro Lépez de Hoyos

Fispo, S.A.




16 de Agosto 2 Horas

18 de Agosto 1 Hora

Aplicaciones y Sistemas Ing. Rafael Aguilar
de Control mé&s Comunes Bufete Industrial
Preguntas y Conclusiones

Fin del Curso

Précticas de Taller de 8:30 a.m. a 1:00 p.m.

En Foxboro, S.A.
Durango 247
México 7, D.F.

En Fispo, S.A.
En Honeywell

. Constituyentes 900
México, D.F.

S&bado 29 de julio
Ing. Sergio Davila

S&bado 12 de Agosto
Iing. Hé&ctor Mondragén

S&bado 5 de Agosto
Ing. Francisco Correa
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RELACION DE PROFESORES DEL CURSO INTRUMENTACION
NEUMAT ICA PARA PROCESOS INDUSTRIALES

ing. Rafael Aguilar Alveldis ,
Gerente del Depto. de Instrumentacidn
de Bufete Industrial

Tolstoi 22

México, D.F,

ing. Alonso Andrade

Ingeniero del Depto.

de Ventas.
Bailey, S.A,

Félix Guzman 15
Fracc. el Parque
Naucalpan, de Juérez ,

Ing. Ricardo Arredondo Vergara Lépez
Director del Centro de Entrenamiento
de Foxboro, S.A.

Durango 247

México, D.F,

ing. Remigio Barran Cobo
Gerente de Ventas .
Instrumentos Bristol, S.A.
Parque Rio Frio 6

México 10, D.F.

Ing. Francisco Correa Lambarri
Desarrollo de Proyectos e Instructor
en Instrumentacién Industrial
Honeywell, S.A, a

Av. Constituyentes 900

México 10, D.F,

Ing. Sergio Davila §.
Jefe de Servicio
Foxboro, S.A.
Durango 247
México, D.F,

ing. Miguel

Tacuba 5, primer piso. México 1, D.F.
Teléfonos: 521-30-95 y 513-27-95
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ing. Mlguel Fernando Esqulvel Martin
Gerente Técnico

Instrumentos Bristol

Parque Rio Frio 6

México 10, D.F.

Ing. Mario Rafael Gutlérrez

Gerente
Foxboro, S.A.
Durango 247

México, D.F,

Ing. Armando Hernéndez Rodriguez
Gerente de Ventas

Div. Valvulas

Cia. C.R, Hojel

Ing. Alejandro L6pez de Hoyos R
Gerente General v R A B
FISPO, S.A. - RS

Calle 3 No. 1-C o e e
Naucalpan de Juérez,'México Dt g

Ing. Héctor Mondragén Aguilar -

Gerente de Produccio6n c I A B R T

Fispo, S.A.

Calle 3 No. 1-C R A

Naucalpan de Juérez,México -

Ing. César Ponce Montuy
Gerente General de Ventas
Foxboro, S.A,

Durango 247

México, D.F. S

Ing. lgnacio Rodrlguez Fernandez
Jefe de lIngenieria y Servicio
Fispo, S.A.

Calle 3 No. 1-C

Naucalpan de Juérez, México

Ing. Carlos Shepard Soladhe
lng. del departamento de Ventas
Medidores Bailey, S.A.

Félix Guzman 15

Naucalpan de Judrez, Méx.

Tacuba 5, primer prso. México 1, D.F.
Teléfonos: 521-30-95 y 513-27-95
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10.

DIRECTORIO DE ASISTENTES DEL CURSO DE

INSTRUMENTACION NEUMATICA PARA PRO

CESOS

INDUSTRTALES ( del 3 de julio al

18 de aqosto de 1972 )

NOMBRE Y DIRECCION

ING. ABRAHAM AGUILAR CANCINO
Calle de Rolando Garros No. 87
Col. Aviacién Civil

México 9, D. F.

ING.
Pegaso No.

Col. Contry
Monterrey, N. L.

JAIME ALVAREZ CARDENAS
100-3

SR. JOSE IGNACIO BUENDIA ZALDIVAR
Montecristo No. 8
México 21, D. F.

SRITA. MARTHA CASTANEDA SILVA
Calle Durango No. 12

Frac. Explanada de Calacoaya
Edo. de México

TEC. SALVADOR DELGADO CARDONA
Av. 6 Calle 9 No. 908
Cordoba, Ver.

SR. RUBEN DIAZ DURAN

ING. HUMBERTO C. DORIA BERNAL
Amatista No. 113-3

Col. Estrella

México 14, D. F.

ING. RONALD D. ELIZONDO

SR. FERNANDO FLORES RODRIGUEZ
Brisa No. 14

Col. Ampliacién Vista Hermosa
Edo. de México

PROFR. BERNARDO FRONTANA DE LA CRUZ

EMPRESA Y DIRECCION

CIA. EMBOTELLADORA NACIONAL, S. A.
Calzada de la Viga No. 891
Axtacalco, D. F.

COMIS

ION FEDERAL DE ELECTRICIDAD

Av. Universidad y Gral. Anaya
Monterrey, N. L.

INSTRUMENTOS BRISTOL, S. A.
Parque Rio Frio No. 6
México 10, D. F.

FISPO
Calle

» S. A,

3 No. 1-C .

Naucalpan Edo. de México

I NGEN

|0 SAN PEDRO, S. A.

C. Lerdo Tejada Ver.
(México-Rio Sena L49)

BALME
Calle
Nauca
Edo.

GRUPO

OPERADORA NACIONAL DE

Sena

C,S. A.

2 No. 23

Ipan de Judrez
de México

INDUSTRIAL LANZAGORTA,S.A.DEC.V.

INGENIOS
No. 49

México, D. F.



11.

12.

13.

14,

15.

16.

17.

18.

19.

DIRECTORIO DE ASISTENTES DEL CURSO DE

INSTRUMENTACION NEUMATICA PARA -

NOMBRE Y DIRECCION

EMPRESA Y DIRECCION

PROCESOS INDUSTRIALES ( 'del 3 de julio al 18 de agosto de 1972 ) - I

ING. JOSE ANTONIO GARCI!A ORTEGA
Mar de las Crisis No. 47

Fracc. Los Olivos

México 20, D. F.

ING. MAXIMILIANO GARDUNO MENDOZA

SR. JUAN FELIPE GONZALEZ MONROY
Amores No. 14-1
México 12, D. F.

ING. JORGE GUERRA MENDOZA
Margaritas No. 107

La Florida

México, D. F.

ING. RAUL GUERRERO BRAVO
Marques de Aguayo No. 7
Circuito Fundadores

Cd. Satélite Edo. de México

ING. CARLOS HOLT RUIZ
Av. Country Club No. 233
México 21, D. F.

SR. DARIO RENATO JURADO LIMA
Aereolito No. 6324

Col. 3 Estrellas

México 14, D. F.

SRITA. GLORIA LUCIA LUJAN GOMEZ
Turquesa No. 62-A

Col. Estrella

México 14, D. F.

ING. MARIO ORTIZ BERTHIER
Cerro de las Campanas No. 2

Col. Campestre Churubusco
México 21, D. F.

INSTRUMENTOS BRISTOL, S. A.
Parque Rio Frio No. 6
Naucalpan de Juérez

Edo. de México

VIDRIO PLANO DE MEXICO, S. A,

INGENIEROS CONTRATISTAS EN INSTALACIO
NES, S. A.

Quintana Roo No. 141

México 11, D. F.

OPERADORA NACIONAL DE INGENIOS
Sena 49

México, D. F.

PETROLEOS MEXI1CANOS
Marina Nacional
México, D. F.

INSTITUTO MEXICANQO DEL PETROLEO
Av. 100 Metros No. 500
México, D. F.

ING., Y FZA. S. A.
Plaza Santos Degollado No.
México 1, D. F.

10-310

INSTITUTO MEXICANO DEL PETROLEO
Av. 100 Metros No. 500

Col. San Bartoio

México 14, D. F.

O.N.I1.S.A.
Rio Sena No. 49
México, D. F.



20.

21.

22.

23.

20,

25.

DIRECTORIO DE ASISTENTES DEL CURSO DE INSTRUMENTACION NEUMATICA PARA

PROCESOS INDUSTRIALES

( del 3 de julio al 18 de aqosto de 1972 )

NOMBRE Y DIRECCION

ING. JULIAN PEREZ GARCIA
Orizaba No. 16
México, D. F.

SR, JORGE FRANCISCO PEREZ GOMEZ
Edif. 52-B-402

Unidad Lindavista

México, D. F.

SR. JAVIER G. ROMAN MORENO
Baja California No. 29-16
Col. Roma

México 7, D. F.

ING, VICTOR MANUEL SALAZAR STRAUB
Manta No. 727

Col. Lindavista

México, D. F.

SR. EUGENIO L. M. SANCHEZ GALINDO
Alfredo Chavero No. 126-6

Col. Obrera

México 8, D. F.

ING. MARIO ANTONIO URBINA SERRANO

Calle de Gral. Rincén No. 122
Col. Gral. Anaya

México 13, D. F.

EMPRESA Y DIRECCION

OPERADORA NAGIONAL DE
Rio Sena No. 49
México, D. F.

ROTARY ENGINEERING, S. A.
Av. Ju8rez No. 119 Desp. 23
México, D. F.

VIDRIERA MEXICO, S. A.
Lago Zurich No. 243
Col. Anahuac

México, D. F.

VIDRIO PLANO DE MEXICO, S. A,

INSTITUTO MEXICANO DEL PETROLEOQO
Av, 100 Metros No. 500
México, D. F.

INSTRUMENTOS BRISTOL, S. A.
Parque Rio Frio No. 6
Naucalpan de Juérez

Edo. de México

INGENIOS, S.
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FOREWORD

Scientific Apparatus Makers Association Standarcds arc adopted
1 the public nterest and are designed to cirminate is-
underslandings between the manufacturer and the purchaser and
to assist the purchascr in selecting and obtaiming without
delay the proper product for his particular nccd. Existence
of a Sclontific Apparatus Makers Assoclation Standard docs
not in any respect preclude any member or non-member from
manufacturing or selling products not conforming with the

standard.
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MEASUREMENT AND COI

1. SCCPZ AND PURPOSE

This Standardannlies toterminology associa-
ted wath industr:al process instrumentation and
relotea fields oi aieasurement and control. In-
cluded are mecasurement, control, static and
dynamic performance, and general terms re-
lating to recorders, controllers, recorder~-con-
trollers, irndicating controllers, indicators,
transmitters, and transducers as used in in-
dustries such as chemical, petroleum, met-
allurgical, power, food, textile, paper, etc.

Tae purpose of this Standard is to establish
common terminolcsy for use by manufacturers,
vendors, and users to describe specifications
and performance.

While many control terms are included, the
Standard in its present form covers essentially
measurement terms; additional control terms
will be added in the next revision.

2. DEFINITIONS

2.1 Introductory Notes. In defining certain per-
formance terms, the context in which they are
to be used has been considered. It is fitting,
therefore, that the philosophy of performance
evaluation on which these terms are based, be
explained. '

Ideally, instruinents should be designed for
realistic OPERATING CONDITIONS, those they
are likely to mcet 11 service, and they should
be evaluated under the same conditions. Unfor-
tunately, it is not practical to evaluate perfor-
mance under all possible combinations of OP-
ERATING CONDITIONS. A test procedure must
be usedwhich is practicalunder laboratory con-
ditions and, at the same time, will make avail-
able with a reasonable, amount of effort, suffi-
cient data upon which a judgement of field per-
formance can be made.

The method oi evaluation envisioned is that
of checking significant performance character-
istics such as ACCURACY, DEAD BAND, and
HYSTERESIS under a set of REFERENCE OP-
ERATING CONDITIONS, these having a narrow
range of toleranccs.

RITDRTNCE ZPZRTORMANCE is therefore
to be evaluated and stated in terms of REFER-
ENCE OPZRATING CONDITIONS.

Generally,
under REFERENCE OPERATING CONDITIONS
represents the ""best"” performance that can be
expected under ideal conditions.

REFERENCE PERFORMANCE

RC 20
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The effect of change in an individual QOPERA-
TING CONDITION, such as AMBIENT TEM-
PERATURE, atmospheric pressure, relative
humidity, line voltage, and frequency ‘will be
determined individually throughout a range de-
fined as NORMAL OPERATING CONDITIONS.
These can logically be expected to be encountered
above and below the values of .REFERENCE
OPERATING CONDITIONS during f{ield opera-
tion. '

While this approach does not duplicate all
actual OPERATING CONDITIONS, where many
operating variables may vary simultaneously
in random fashion, it does develop data from
whichperformance canbe inferredfor any given
set of OPERATING CONDITIONS,

The effect of changes in an individual OPER-
ATING CONDITION, all other OPERATING
CONDITIONS being held within the refcrence
range, is herein called OPERATING INFLU-
ENCE. There may be an QPERATING IN-
FLUENCE corresponding to a change in each
OPERATING CONDITION. In some cases the

effect may be negligible, while in others it wiil
be of significant magnitude.

Tabulations of OPERATING INFLUENCES
will usually denote the performance quality
level of a given design. Comparisons of REF -
ERENCE PERFORMANCE and OPERATING

INFLUENCES for instruments of a given design,
or for different designs, will show clearly their
relative merits andprobable performance under
actual OPERATING CONDITIONS.

Operating Conditions vs. Performance

OPERATING CONDITIONS Performance
REFERENCE Reference
(narrow band) (Region within which

ACCURACY statements
apply unless indicated
‘otherwise. )

NORMAL Conditional
(wide band) (Region within which
the influence of en-

vironment on perfor-
mance is stated.)

OPERATIVE Indefinite

LIMITS (Region within which

(extrema band) influences are not
stated and beyond
which damage ' may
occur. )



" 2.2 Sources _and References. Existing terms
and definitions have been used wherever con-
sidered suitable. In many cases terms have
been extracted from source documents with
verbatim  definitions and in such cases per-
mission to quote from the respective source
document has been obtained from the organi-
zatlon concorned, as indicated below. Terms
delined verbatim are {ollowed by the source
document number and clause number. For ex-
ample: "ASA C39.4, 4.10" indicates that this
term is quoted verbatim from the particular
clause of the standard referred to.

In other cases definitions have been modi-
fied 1n varying degrees in conformity with cur-
rent practice in process instrumentation and
have been prefixed "REF." followed by the
source document number. For example: "REF.
ASA C39.4, 4.10" indicates that this term is a
modified detinition of the clause referred to.

Source documents are as follows:

American Standard C39. 2-1953
Direct-Acting Electrical Recording Instru-
ments (Switchboard and Portable Types),
Published by American Standards Assdcia-
tion, Inc. Copyright 1953 by ASA

American Standard C39. 4-1956
Specifications for Automatic Null-Balancing
Electrical Measuring Instruments, Pub-
lished by American Standards Association,
Inc. Copyright 1957 by ASA

American Standard C42. 30-1857
Instruments, Meters and Meter Testing

(Group 30) Published by The Institute of

Tlectrical and Electronics Engineers, Inc.

American Standard C42.65-1957
Communications (Group 65) Published by
The Institute of Electrical and Electronics
Enginecrs, Inc.

American Standard C85.1-1963
Terminology for Automatic Control, Pub-
lished by the American Society of Mechan-
ical Engineers Copyright 1963

IEC Publication 51 (1960)
Recommendations for Indicating - Measuring
Instruments and Tiheir Accessories, Pub-
lished Dby International Electrotechnical
Commission

Copies of the American Standards and the
IEC Publication referred to above may be pur-
chased from the American Standards Associa-
tion, Inc., at 10 East 40th Street, New York,
N. Y.

ASME Preprint 54-IRD-10
ASME/BSI Terminologies for Process Con-
trol Preprint of a paper by A.J. Young. of
London, prepared for presentation at a
meeting of the Instruments & Regulators
Division (since renamed the Automatic Con-'
trol Division) of the American Society of
Mochanical Engineors, Soptembeq 1954,

SAMA Standard RC 6-10-1963
Filled System Thermometers, Published by
the Recorder-Controller Section, SAMA,
370 Lexington Avenue, New York, N.Y.
10017

2.3 Terms, Alphabetical

ACCURACY
AIR CONSUMPTION
ATTENUATION
BODE DIAGRAM
BREAK POINT
CALIBRATE
CONFORMITY
CONFORMITY, INDEPENDENT
CONFORMITY, TERMINAL-BASED
CONFORMITY, ZERO-BASED
CORNER FREQUENCY
CORRECTION
DAMPING
DAMPING FACTOR
DAMPING, RELATIVE
DEAD BAND
DEVICE :
DRIFT
ELEMENT
ELEMENT, SENSING
ERROR
ERROR, SPAN
ERROR, ZERO
GAIN
GAIN, DYNAMIC
GAIN, STATIC
HYSTERESIS, MAXIMUM
IMMERSION LENGTH
IMPEDANCE
IMPEDANCE, INPUT
IMPEDANCE, LOAD
IMPEDANCE, OUTPUT
IMPEDANCE, SOURCE
INDICATOR TRAVEL

INSTRUMENT
INSTRUMENT, INDICATING
INSTRUMEN T, MEASURING

INSTRUMENT, RECORDING



INTERFERENCE (Electrical)
INTERFERENCE, COMMON MODE
INTERFERLENCE, DIFFERENTIAL MODE
INTERFERENCE, ELECTROSTATIC FIELD
INTERFERENCE, LONGITUDINAL
INTERFEZRENCE, MAGNETIC FIELD
INTERFERENCE, NORMAL MODE
INTERFERENCE, TRANSVERSE

LINEARITY
LINEARITY, INDEPENDENT
LINEARITY, TERMINAL-BASED
LINEARITY, ZERO-BASED

LOAD VOLTAGE REGULATION

MEASURED VARIABLE

MECHANICAL SHOCK

NMOUNTING POSITION

NOISE

OPEZRATING CONDITIONS
OPERATING CONDITIONS, NORMAL
OPERATING CONDITIONS, REFERENCE
OPERATIVE LIMITS

OPERATING INFLUENCE

PEN TRAVEL

PHASE DIFFERENCE

PNEUMATIC EXHAUST CAPACITY

PNEUMATIC SUPPLY CAPACITY

POWER CONSUMPTION

PRESSURE
PREZSSURE, AMBIENT
PRESSURE, PROCESS
PRESSURE, SUPPLY

PRIMARY ELEMENT (DETECTOR)

RANGE
LOWER RANGE-LIMIT
LOWER RANGE-VALUE
RANGE, ELEVATED-ZERO
RANGE, SUPPRESSED-ZERO
UPPER RANGE-LIMIT
UPPER RANGE-VALUE

REFERENCE PERFORMANCE

REPEATABILITY

REPRODUCIBILITY

RESOLUTION

RESONAXNCE

RESPONSE
RESPONSE, DYNAMIC
RESPONSE, FREQUENCY CHARACTERISTIC
RESPONSE, RAMP
RESPONSE, STEP
RESPONSE, TIME

SENSING ELEMENT ELEVATION

SENSITIVITY

SIGNAL
SIGNAL, INPUT
SIGNAL, MEASURED
SIGNAL, OUTPUT

SIGNAL TO NOISE RATIO

SIGNAL TRANSDUCER,

SPAN

RC 20

STEADY-STATE
SUPPRESSION RATIO
TEMPERATURE
TEMPERATURE, AMBIENT
TEMPERATURE, PROCESS
THERMAL SHOCK
TIME
TIME CONSTANT
TIME, DEAD
TIME, RAMP RESPONSE
TIME, RISE
TIME, SETTLING
TIME, STEP RESPONSE
TRANSDUCER
TRANSFER FUNCTION
TRANSIENT OVERSHOOT
TRANSMITTER
TRANSPORTATION & STORAGE CONDITIONS
WARM-UP PERIOD
ZERO SHIFT

2.4 Terms by Function

DESCRIPTIVE TERMS

DEVICE
ELEMENT
ELEMENT, SENSING
INSTRUMENT
INSTRUMENT, INDICATING
INSTRUMENT, MEASURING
INSTRUMENT, RECORDING
NOISE ,
PRIMARY ELEMENT (DETECTOR)
SIGNAL
SIGNAL, INPUT
SIGNAL, OUTPUT
SIGNAL TO NOISE RATIO
SIGNAL TRANSDUCER
STEADY-STATE
TRANSDUCER
TRANSMITTER

DYNAMIC TERMINOLOGY

ATTENUATION
BODE DIAGRAM
BREAK POINT
CORNER FREQUENCY
DAMPING
DAMPING FACTOR
DAMPING, RELATIVE
GAIN '
GAIN, DYNAMIC
PHASE DIFFERENCE
RESONANCE
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RESPONSE
RESPONSE, DYNAMIC
RESPONSE, FREQUENCY CHARACTERISTIC
RESPONSE, RAMP
RESPONSE, STEP
RESPONSE, TIME
TIME
TIME CONSTANT
TIME, DEAD
TIME, RAMP RESPONSE
TIME, RISE
TIME, SETTLING
TIME, STEP RESPONSE
TRANSFER FUNCTION
TRANSIENT OVERSHOOT

GENERAL INSTRUMENT TERMS

AIR CONSUMPTION
CALIBRATE
IMPEDANCE
IM{PEDANCE, INPUT
iMPEDANCE, OUTPUT
INDICATOR TRAVEL
Z0AD VOLTAGE REGULATION
MEASURED VARIABLE
OPERATING CONDITIONS
OPERATING CONDITIONS, NORMAL
OPERATING CONDITIONS, REFERENCE
OPERATIVE LIMITS
PEN TRAVEL
PNEUMATIC EXHAUST CAPACITY
PNEUMATIC SUPPLY CAPACITY
POWER CONSUMPTION
RANGE
LOWER RANGE-LIMIT
LOWER RANGE-VALUE
RANGE, ELEVATED-ZERO
RANGE, SUPPRESSED-ZERO
UPPER RANGE-LIMIT
UPPER RANGE-VALUE
SIGNAL
SIGNAL, MEASURED
SPAN
SUPPRESSION RATIO
TRANSPORTATION & STORAGE CONDITIONS
WARM-UP PERIOD

OPZRATING VARIABLES

IMMERSION LENGTH
IMPEDANCE
. PEDANCE, LOAD
IMPEDANCE, SOURCE

INTERFERENCE (Electrical)
INTERFERENCE, COMMON MODE
INTERFERENCE, DIFFERENTIAL MODE
INTERFERENCE, ELECTROSTATIC FIELD
INTERFERENCE, LONGITUDINAL
INTERFERENCE, MAGNETIC FIELD
INTERFERENCE, NORMAL MODE
INTERFERENCE, TRANSVERSE

MECHANICAL SHOCK

MOUNTING POSITION

PRESSURE
PRESSURE, AMBIENT
PRESSURE, PROCESS
PRESSURE, SUPPLY

SENSING ELEMENT ELEVATION

TEMPERATURE
TEMPERATURE, AMBIENT
TEMPERATURE, PROCESS

THERMAL SHOCK

STATIC PERFORMANCE CHARACTERISTICS

ACCURACY
CONFORMITY
CONFORMITY, INDEPENDENT .
CONFORMITY, TERMINAL-BASED
CONFORMITY, ZERO-BASED
CORRECTION
DEAD BAND
DRIFT
ERROR
ERROR, SPAN
ERROR, ZERO
GAIN
GAIN, STATIC
HYSTERESIS, MAXIMUM
LINEARITY
LINEARITY, INDEPENDENT
LINEARITY, TERMINAL-BASED
LINEARITY, ZERO-BASED
OPERATING INFLUENCE
REFERENCE PERFORMANCE
REPEATABILITY
REPRODUCIBILITY
RESOLUTION
SENSITIVITY
ZERO SHIFT

2.5 Definitions of Terms

ACCURACY

A number or quantity which defines the limit
of ERROR under REFERENCE OPERATING
CONDITI.ONS. See Figure 1.

Note 1: Unless otherwise specified, AC-
CURACY is defined as that in effect under
REFERENCE OPERATING CONDITIONS.

P
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Note 2: ACCURACY includes the combined
CONTORMITY, HYSTERESIS and REPEAT-
ABILITY errors. The units being used are to
be stated explicitly. It is preferred that a +
and/or - sign precede the number or quantity.
The absence of a sign infers a + and - sign. It
can be expressed in a number of forms. The
following five examples are typical:

1. ACCURACY expressed in output units.
Typical expression: The ACCURACY
is z1OF.

2. ACCURACY expressed in percent of out-
put SPAN. Typical expression: The AC-
CURACY is +1/2% of output SPAN. (This
percentage is calculated using scale units
such as OF, PSI, etc.)

3. ACCURACY expressed in percent of the
UPPER RANGE-VALUE. Typical ex-
pression: The ACCURACY is 1/2% of
UPPER RANGE-VALUE. (This percent-
age 15 calculated using scale units such
as OF, PSI, etc.)

4. ACCURACY expressed in percent scale
lengih. Typical expression: The AC-
CURACY 1s £1/2% of scale length.

\
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5. ACCURACY expressed in percent of act-
ual output reading. Typical expression:
The ACCURACY is £1% of actual output
reading. (This percentage 1s calculated
using scale units such as OF, PSI, etc.)

AIR CONSUMPTION

The maximum rate at which air is consumed
by a DEVICE within its operating range during
STEADY STATE SIGNAL conditions.

Note: It is usually expressed in standard:
cubic feet per minute (SCFM).

AMBIENT PRESSURE
See PRESSURE, AMBIENT.
AMBIENT TEMPERATURE

See TEMPERATURE, AMBIENT.

ATTENUATION

1. A decrease in SIGNAL magnitude between
two points, or between two frequencies.

2. The reciprocal of gain, when the gain is
less than one. REF. ASA C85.1

Note: It maybe expressedas adimensionless
ratio, scalar ratio or in decibels as 20 times
the log of that ratio.

BODE DIAGRAM

A plot of log amplitude ratio and phase angle
values on alog frequency base for a TRANSFER
FUNCTION. ASA C85.1 ‘

Note: This may be an ELEMENT, output or
loop transfer function. See Figure 2.

BREAK POINT ©

The junction of two confluent straight-line
segments of a plotted curve. See Figure 2.
ASA C85.1

CALIBRATE :

1. To ascertain, usually by comparison with
a standard, the locations at which scale/
chart graduations should be placed to
correspond to a series of values of the
quantity which the instrument is to nieas-
ure, receive, or transmit.
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2. To adjust the output of a DEVICE, to bring
1t to a desired value, within a specified
" tolerance, for a parlicular value of the

input.

3. To ascertain the ERROR in the output of
a DEVICE by checking it against a stand-
ard. '

REF. ASA C42.30.28.010/.015/.020

COMMON MODE INTERFERENCE
Sce INTERFERENCE, COMMON MODE.

CONFORMITY

Or a curve, the closeness to which it ap-
proximates a specified functional curve {(e.g.
logarithmic, parabolic, cubic, etc.) See Fig-
ure 3. '

Note: It is usually expressed in terms of
nonconformity, e.g., the maximum deviation
between an average curve and a specificd func-
tional curve. The average curve is determined
after making two or more full RANGE traverses
in opposite directions. The value of noncon-
formity 1s referred to the output unless other-
wise stated. REF, ASA C85.1

Sce LINEARITY.

CONFORMITY, INDEPENDENT

The value of nonconformity determined
after any translation and/or rotation of the
actual curve is made to minimize the maxi-
mum deviation. See Figure 4.

CONFORMITY, TERMINAL-BASED

The value of nonconformity determined
after any translation and/or rotation of the
actual curve 1s made to make it coincide with
the specified curve at UPPER and LOWER
RANGE-VALUES. See Figure 5.

CONTORMITY, ZERO-BASED

The value of nonconformity determined
after any translation and/or rotation of the
actual curve is made to make it coincide with
zero on the specified curve and that minimizes
the maximum deviation. See Figure 6.

CORNER FREQUENCY

The value of the abscissa of the coufluence
in the asymptotic approximation of a log ampli-
tude vs. log frequency relation. See Figure 2.
ASA C85.1
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CORRECTION &

The difference between the true value and
the indicaiion of the measured quantity.

Note: A positive CORRECTION denotes that
the indication of the instrument is less than
the true value.

CORRECTION = True - Indication
REF. ASA C39.4, 4.10
See ERROR.

DAMPING

The manner in which the output setties to
its STEADY-STATE value after a change in the
value of MEASURED SIGNAL. REF. ASA
C39.2

Note: Whenthe TIME RESPONSE to an abrupt
stiniuius is as fast as possible without overshoot,
the response 1s said to be "'critically damped';
"underdamped" when overshoot occurs; "over-
damped’ when response is slower than critical.
ASA C85.1 ‘ .
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DAMPING FACTOR

For the free oscillation of a sccond-order
linear system, a measure of DAMPING, ex-
pressed (without sign) as the quotient of the
greater by the lesser of a pair of conseccutive
swings of the output (in opposite directions)
about an ultimate STEADY-STATE value. See
Figure 7. RE¥, ASA C85.1

DAMPING, RELATIVE

For an underdamped system, a number ex-
pressing the quotient of the actual DAMPING of
a second-order linear system or ELEMENT by
its critical DAMPING.

Note: For any system whose TRANSFER
FUNCTION includes a quadratic factor
s2 + 2zwps + »2n, RELATIVE DAMPING is
the value of z, since z =1 for critical DAMP-
ING. Such a factor has a root -v + ju in the
complex s-plane, from which z=s/w, =
o/l6% +w?)% . ASA C85.1
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The RANGE through which an input can be
varied without initiating response.

Note: DEAD BAND is usually expressed in
percent of SPAN.

Resolution Sensitivity and Ultimate Sensi-
tivity have been cclined as one-half DEAD
BAND. When the output is at tne center of the
DEAD BAND, they denote the minimum change
in mecasured quantity required to initiate
response.

Sincethis condition is not normally achieved
and is not readily recognizable, theseterms are
not used in this standard.

SENSITIVITY has frequently been used to
denote the same quantity. However, its usage
in this sense is deprecated since it is not in
accord with accepted standard definitions of the
termi. REF. ASA C39.4, 4.5 )

DEAD TIME

See TIML, DEAD.
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DEVICE

An apparatus for performing a prescribed
function.

DIFFERENTIAL MODE INfERFERENCE

Sce
MODE.

INTERFERENCE, ' DIFFERENTIAL

DRIFT

An undesired change in output over a period
of time, which change is unrelated to input,
OPERATING CONDITIONS, or load.

Note: DRIFT is usually expressed as the
change in output over a specified time with
fixed input, and OPERATING CONDITIONS.
REF. ASA C85.1

 DYNAMIC GAIN

See GAIN, DYNAMIC.
DYNAMIG RESPONSE

See RESPONSE, DYNAMIC.

OuUTPUT

STEAOY -STATE
/ VALUE OF OUTPUT

, oamPiNG Factore £ 8 B etc

TIME

UNDERDAMPED RESPONSE OF A
SYSTEM WITH SECOND-ORDER LAG

FIG 7




ELECTROSTATIC FIELD INTERFERENCE

Sce ELECTROSTATIC

FIELD.

INTERFERENCE,

ELEMENT
A component of a DEVICE or system.
ELEMENT, SENSING

The portion of a DEVICE directly re-
sponsive to the value of the measured quantity.

Note: It may include the case protecting the
sensitive portion.

ELEVATED-ZERO RANGE
See RANGE, ELEVATED-ZERO.
ERROR

The difference between the indication and
the true value of the MEASURED SIGNAL.

Note: A positive ERROR denotes that the
indication of the instrument is greater than
the true value.

ERROR = Indication - True
REF. ASA C39.4, 4.10

See CORRECTION.
ERROR, SPAN

The difference between the actual SPAN
and the ideal SPAN.

Note: It is usually expressed as a percent
of ideal SPAN.

ERROR, ZERO

The ERROR of a DEVICE operating under
the specified conditions of use when the input
is at the LOWER RANGE-VALUE. REF. ASA
C85.1

FREQUENCY RESPONSE CHARACTERISTIC

Scc RESPONSE, FREQUENCY CHARAC-
TERISTIC.
GAIN

GAIN, DYNAMIC

The magnitude ratio of the STEADY-
STATE amplitude of the OUTPUT SIGNAL

-9-
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from an ELEMENT or system to the ampli-
tude of the INPUT SIGNAL to that ELEMENT
or system, for a sinusoidal signal. ASME 54
-IRD-10

Note: It may be expressed as a ratio, or
in decibels as 20 times the log of that ratio for
a specified frequency.

GAIN, STATIC

The ratio an output change to an input
change after STEADY-STATE has been reached.

Note: Sometimes referred to as zero fre-
quency gain. It may be expressed as a ratio,
or in decibels as 20 times the log of that ratio.
REF. ASA C85.1

See SENSITIVITY.
HYSTERESIS, MAXIMUM

The maximum difference for the same in-
put between the upscale and down scale indi-
cations of the MEASURED SIGNAL during full
RANGE traverses. See Figure 8.

Note 1: The difference is expressed as a
percent of SPAN.

. Note 2: Statement used in definition is a
common usage definition and includes Hystere-
tic Error and DEAD BAND. REF. ASA C85.1

IMMERSION LENGTH

The length from the free end of the bulb
or well to the point of immersion in the med-
ium, the temperature of which is being meas-
ured. RC 6B-9-1960, 2.3.8
IMPEDANCE

IMPEDANCE, INPUT

The impedance presented by a DEVICE
to the source. REF. ASA C42.65.08.399

IMPEDANCE, LOAD
The impedance presented to the oulput
of a DEVICE by the load. REF, ASA C42.65.
08. 405
IMPEDANCE, OQUTPUT

The impedance presented by a DEVICE
to the load. REF. ASA C42.65.08. 402
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IMPEDANCE, SOURCE

The impedance presented to the input of
a DEVICE by the source. REF. ASA C42.65.
08. 396
INDEPENDENT CONFORMITY

Sce CONFORMITY, INDEPENDENT.

INDEPENDENT LINEARITY
Sce LINEARITY, INDEPENDENT.

INDICATING INSTRUMENT
Sce INSTRUMENT, INDICATING.
INDICATOR TRAVEL

The length of the path described by the in-
cicating means or the tip of the pointer in mov-
iz from one end of the scale to the other.

Note 1: The path may be an arc or a straight
line.

Ngte 2: In the case of kmife-edze pointers
and othcers extending beyond the scale division
marks, the pointer shall be considered as end-
ing at the outer end of the shortest scale divi-
sion marks. REF, ASA C42.30.21.075
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INPUT IMPEDANCE

See IMPEDANCE, INPUT.

INPUT SIGNAL
See SIGNAL, INPUT.
INSTRUMENT
INSTRUMENT, INDICATING
A MEASURING INSTRUMENT in which
the value of the measured quantity is visually
indicated.
INSTRUMENT, MEASURING
A DEVICE for ascertaining the magni-

tude of a physicalquantity or conditionpresented
to it.

INSTRUMENT, RECORDING

A MEASURING INSTRUMENT in whichthe
values of the measured quantity are recorded.

INTERFERENCE (Electrical)

Any spurious voltage or current arising from
external sources and appearing in the circuits
of a DEVICE. ASA C39.4, 4.14

See NOISE.

INTERFERENCE, COMMON MODE

Aform of INTERFERENCE which appears
between measuring circuit terminals andground.
ASA C39.4, 4.14.2

INTERFERENCE, DIFFERENTIAL MODE

See INTERFERENCE, NORMAL MODE.

INTERFERENCE, ELECTROSTATIC FIELD

A form of INTERFERENCE inducedin the
circuits of a DEVICE due to the presence of an
electrostatic field.

Note: It may appear as COMMON MODE or

NORMAL MODE iNTERFERENCE in the meas-
uring circuits.

INTERFERENCE, LONGITUDINAL

See INTERFERENCE, COMMON MODE.



INTERFERENCE, MAGNETIC FIELD

A form of INTERFERENCE induced in
the circuits of a DEVICE due to the presence
of a magnetic field.

Note: It may appear as COMMON MODE or
NORMAL MODE INTERFERENCE in the meas-
uring circuits.

INTERFERENCE, NORMAL MODE

A form of INTERFERENCE which appears
between measuring circuit terminals. ASA C39.
4, 4.14.2

INTERFERENCE, TRANSVERSE

See INTERFERENCE, NORMAL MODE.

LINEARITY

The closenessto which a curveapproximates
a straight line. See Figure 9.
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OOWNSCALE READINGS) {SPECIFIED FUNCTIONAL
CHARACTERISTIC)

THE VERTICAL DISTANCE
BETWEEN THE FUNCTION
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SHADED AREAS 1S THE
NONLINEARITY AT THAT
POSITION

INPUT

LINEARITY,
6. 9

Note: Itis usually expressedas a non-linear-
ity, e. g.,a maximum deviation between an aver-
age curve and a straight line. The average
curve is determuined after making two or more
full RANGE traverses in opposite directions.
The value of non-linearity is referred to the
output unless otherwise stated. REF. ASA
C85.1

See CONFORMITY.
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LINEARITY, INDEPENDENT

The value of non-linearity determined
after any translation and/or rotation of the act-
ual curve is made to minimize the maximum
deviation from a straight line. See Figure 10.
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LINEARITY, TERMINAL-BASED

The value of non-linearity determined
after any translation and/or rotation of the act-
ual curve is made to make it coincide with a
straight line at UPPER and LOWER RANGE-
VALUES, See Figure 11.

LINEARITY, ZERO-BASED

The value of non-linearity determined
after any translation and/or rotation of the act-
ual curve is made tor make it coincide with a
straight line through zero that minimizes the
maximum deviation. See Figure 12,

LOAD IMPEDANCE
See IMPEDANCE, LOAD.

LOAD VOLTAGE REGULATION

The change in output voltage of a power
source for a specified change in the load.

Note: It may be expressed as the percentage
ratio of the voltage ¢nange from no load to rated
load divided by the no load voltage.
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LONGITUDINAL INTERFERENCE

See INTERFERENCE, COMMON MODE.

MAGNETIC FIELD INTERFERLENCE

See INTERFERENCE, MAGNETIC FIELD.

MAXIMUM HYSTERESIS

See HYSTERESIS, MAXIMUM.

MEASURED SIGNAL
See SIGNAL, MEASURED.
MEASURED VARIABLE

The physical quantity, property, or condition
which isto be measured. REF, ASAC39.4.4.18

Note 1: It is sometimes referred to as the
measurand.

Note 2: Common MEASURED VARIABLES
are temperature, pressure, rate of flow, thick-
ness, speed, etc. See Table 2.

See SIGNAL, MEASURED.

MEASURING INSTRUMENT

See INSTRUMENT, MEASURING.

MECHANICAL SHOCK

The momentary application of an accelera-
tion force to a DEVICE.

Note: It is usually expressed in units of gra-
vity (g).

MOUNTING POSITION

The position of a DEVICE relative to physi-
cal surroundings.

NOISE

An unwanted component of a SIGNAL or var-
iable which obscures its information content.
REF. ASA C85.1

Note: It may be expressed in units of the
output or in percent of output SPAN.

See INTERFERENCE (Electrical).
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NORMAL MODE INTERFERENCE

Sce INTERFERENCE, NORMAL MODE.
NORMAL OPERATING CONDITIONS

See OPERATING CONDITIONS, NORMAL.
OPERATING CONDITIONS

Conditions (such as AMBIENT TEMPERA-
TURE, AMBIENT PRESSURE, vibration, etc.)
to which a DEVICE is subjected, but not in-
cluding the variable measured by the DEVICE.
REYF. IEC-51,2.5.1

OPERATING CONDITIONS, NORMAL

The range of OPERATING CONDITIONS
within which a DEVICE is designed to operate
and under which OPERATING INFLUENCES
are usually stated. REF. ASA C39.4.4.27
See Figure 13.

OPZRATING CONDITIONS, REFERENCE
The rance of OPERATING CONDITIONS

o{a DEVICE, within which OPERATING INFLU-
ENCES are negligible.
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Note 1: The range is usually narrow.

Note 2: They arc the conditions under which
REFERENCE PERFORMANCE is statedand the
base from which the values of OPERATING
INFLUENCES are determined. See Figure 13.

OPERATIVE LIMITS

The range of OPERATING CONDITIONS
to which a DEVICE may be subjected without
permancnt impairment of operating character-
istics. REF. ASA C39.4.4.12 ’

Note 1: In general, performance character-
istics will not be stated in the region between
the limits of NORMAL OPERATING CONDITIONS
and OPERATIVE LIMITS.

Note 2: Upon returning within the limits of
NORMAL OPERATING CONDITIONS, a DE-
VICE may require adjustments to restore
normal performance. See Figure 13.

OPERATING INFLUENCE

The change in a designated performance
characteristic caused solely by a prescribed
change 1n a specified operating variable from
REFERENCE OPERATING CONDITION to an-
other specified OPERATING CONDITION, all
other operating variables being held within the
limits of REFERENCE OPERATING CONDI-
TIONS.

Note: The specified OPERATING CONDI-
TIONS are usually the limits of the NORMAL
OPERATING CONDITIONS. REF. ASA C39.4

OPERATING INFLUENCE may be stated in
either of two ways:

1. As the total change in a performance
characteristic from reference OPERA-
TING CONDITION to another specified
OPERATING CONDITION,

Example: Voltage influenceon ACCURACY
may be expressed as:

2% of SPAN based on a change in volt-
-age from reference value of 120 volts
to normal value of 130 volts.
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2. As a coefficient expressing the change 1n
a performance characteristic correspond-
ing to unit change .of the OPERATING
CONDITION, f{rom REFERENCE OPER-
ATING CO\IDITION to another e,pecmed
OPERATING CONDITION.,

Example a: Voltage influence on AC-
CURACY may be expressed
as:

2% of SPAN . . o
— =0.2% of SPAN per volt’
130V - 120V ‘ '

Note: If the relation-between OPERATING
INFLUENCE and change in OPERATING
CONDITION is linear, one coefficient will
suffice. If it is non-linear, it may be
desirable to stale more than one coeffi-
cient such as .05% per volt-from 120 to
125V and 15% from: 125 to 130V,

Example b: Temperature . mﬂuence on

SPAN may be expressed as:

2.5% of SPAN
=0. 05% ofSPANper oF

125F - T5F ]
OUTPUT IMPEDANCE

See IMPEDANCE, OUTPUT.
OUTPUT SIGNAL @

See SIGNAL, OUTPUT.

PEN TRAVEL

The length of the 'path described by the pen’
in moving from one end of the chart scale to' *
the other. The path may be an arc or .a straight

line.
PHASE DIFFERENCE

Between sinusoidal. input and output of the

sameircquency, phase angle of the output minus

phase angle of the input. ASA C85.1
PNEUMATIC EXHAUST.CAPACITY

The maximum rate at which a DEVICE can

exhaust air from a load at a 1 psi drop in pres-'

sure, at a specificd pressure level.

Note 1: It is usually expressed in standard
cubic fect per ninute, (SCFM).

-14-

. Note 2: The pressure drop is to be measured
across the.DEVICE only.

PNEUMATIC SUPPLY CAPACITY-

Tho maximum rate at which a DEVICE can
supply air to a load at a 1 psi drop in pressure,

.at a specified pressure level.

Note 1: It is usually expressed in standard
cubic feet per minute, (SCFM).

"Note 2: The pressurc drop is tobe measured
across the DEVICE only.

POWER CONSUMPTION

The " maximum wattage -used by a DEVICE
within its operating . RANGE during STEADY-
STATE SIGNAL condition.

Note: For a power factor other than unity,
POWER CONSUMPTION shall be stated as
maximum ~volt-amperes used' under above
stated conditions.

PRESSURE

PRESSURE AMBIENT

The pressure of the medium surrounding
a DEVICE. :

PRESSURE, PROCESS

* The pressure of the process medium at
the SENSING ELEMENT.

PRESSURE, SUPPLY
" The pressure at the supply port of the
DEVICE ’
PRIMARY ELEMENT (DETECTOR)

The first system ELEMENT that responds
quantitatively to the MEASURED VARIABLE
and performs the’ mmal measurement opera-
txon

Note 1: A PRIMARY ELEMENT performs the
initial conversion of measurement energy.

Nofe 2: For transmitters not used with ex-
ternal PRIMARY ELEMENTS, the sensin~
portion is the PRIMARY ELEMENT.

REF. ASA C39.4.4.24
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PROCESS TEMPERATURE

See TEMPERATURE, PROCESS.
RAMP RESPONSE

See RESPONSE, RAMP.
RAMP RESPONSE TIME

Sce TIME, RAMP RESPONSE.
RANGE

The region between the limits within which
a quantity is measured, received, or trans-
mitted, expressed by stating the LOWER and
UPPER RANGE-VALUES. REF. ASA C42.30.
21.055

Note 1: For example:

a. 0to 150F
b. -20 to +200F
c. 20 to 150F °

Note 2: Unless
RANGE is implied.

Note 3: The following compound terms are
used with suitable modifications in the units:
MEASURED VARIABLE RANGE, MEASURED
SIGNAL RANGE, Indicating-Scale Range, Chart
Scale Ranze, etc. See Tables 1 and 2.

Note 4: For multi-range  devices, this
definition applies to the particular RANGE that
the DEVICE is set to measure.

otherwise modified, input

LOWER RANGE-LIMIT

The lowest quantity that a DEVICE can
be adjusted to measure.

Note: The following compound terms are
used with suitable modifications to the units:
MEASURED VARIABLE LOWER RANGE-

LIMIT, MEASURED SIGNAL LOWER RANGE-
LIMIT, ectc.

Sce Tables 1 and 2.
LOWER RANGE-VALUE

The lowest quantity that a DEVICE is
adjusted to measure.
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Note 1: The following compound terms are
wned wilh suitable modifications in the units:
MEASURED  VARIABLE LOWER RANGE-
VALUE, MEASURED SIGNAL LOWER RANGE-
VALUE, etc.

Sce Tables 1 and 2.

Note 2: For multi-range devices, this
definition applies to the particular RANGE that
the DEVICE is set to measure.

RANGE, ELEVATED-ZERO

A RANGE where the zero value of the
MEASURED VARIABLE, MEASURED SIGNAL,
etc., is greater than the LOWER RANGE-
VALUE.

Note: The zero may be between the LOWER
and UPPER RANGE-VALUES, at the UPPER
RANGE-VALUE, or above the UPPER RANGE-
VALUE,

See Table 1.
RANGE, SUPPRESSED-ZERO
A RANGE where the zero value of the

MEASURED VARIABLE is less thanthe LOWER
RANGE-VALUE. Zero does not appear on the
scale. REF. ASA C39.4.4.33

Note: For example:

20 to 100
See Table 1.
UPPER RANGE-LIMIT

The highest quantity that a DEVICE can
be adjusted to measure.

Note; The f{ollowing compound terms are
used with suitable modifications in theunits:
MEASURED VARIABLE UPPER RANGE-
LIMIT, MEASURED SIGNAL UPPER RANGE-
LIMIT, etc.

See Tables 1 and 2.
UPPER RANGE-VALUE

The highest quantity that a DEVICE is
adjusted to measure.

Note 1: The following compound terms are
used with suitable modifications in the units:



MEASURED VARIABLE UPPER RANGE-
VALUE, MEASURED SIGNAL UPPER RANGE-
VALUE, ctc.

See Tables 1 and 2.

Note 2: For multi-range devices, this defini-
tion applics to tho particular RANGE that the
DEVICE is set to measure.

RECORDING INSTRUMENT
Sce INSTRUMENT, RECORDING.

REFERENCE OPERATING CONDITIONS

See OPERATING CONDITIONS, REFERENCE.

REFERENCE PERFORMANCE

Performance attained under REFERENCE
OPERATING CONDITIONS.

Note: Performance includes such things as
ACCURACY, DEAD BAND, REPEATABILITY,
HYSTERESIS, LINEARITY, etc.

REPEATABILITY

The closeness of agreement among a num-
ber of consccutive measurements of the output
for the same value of the MEASURED SIGNAL
under the same OPERATING CONDITIONS,
approaching from the same direction, for full
RANGE traverses. See Figure 14.

Note: It 1s usually expressed as a maximum
non-repeatability in percent of SPAN. It does
not include HYSTERESIS.

REPRODUCIBILITY

The closeness of agreement among repeated
mcasurements of the output for the same value
of input made underthe same OPERATING CON-
DITIONS over a period of time, approaching
from cither direction.

Note: It 1s expressed as a maximum non-
rewroducibility in percent of SPAN for a speci-
aied time. Normally, this implies a long period
-“time, but under certain conditions the period

- a short time during which DRIFT may
<. wo included.

REPRCDUCIBILITY includes HYSTERESIS,
DRIFT. REPEATABILITY, and DEAD BAND.

OPERATING CONDITIONS and input may
vary between normal OPERATING LIMITS be-
tween nicasurements.
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RESOLUTION

The least interval between two adjacent
discrete details which can be distinguished
one from the other.

Note: RESOLUTION istermed fine or coarse
astheintervalis smallorlarge. For continuous-
reading DEVICES, SAMA deprecates use of the
term inthe sense of '"Resolution Sensitivity'' be-
cause 'specified conditions'" are so seldom
given. REF. ASA C85.1

RESONANCE

{ system or ELEMENT, a condition evi-
denced by large oscillatory amplitude, which
results when a small amplitude of a periodic
input has a frequency approaching one of the
natural frequencies of the driven system. ASA
C85.1

RESPONSE

RESPONSE, DYNAMIC

The behavior of the output of a DEVICE
as a function of the input, both with respect t
time. REF. ASA C39.4



——

RESPONSE, FREQUENCY
CHARACTERISTIC

The {frequency-dependent relation, in both

Camplitude and phase, betwecen STEADY-STATE

swausoidal inputs and the resulting fundamental
sinusoidal outputs. REF., ASA C85.1

Note: FREQUENCY RESPONSE {s commonly
plotted on a BODE DIAGRAM. See Figure 2.

RESPONSE, RAMP

Thetotal (transient plus STEADY-STATE)
TIME RESPONSE resulting from a sudden in-
crease in the rate of change in the input from
zero to some finite value. ASA C85.1

RESPONSE, STEP

The TIME RESPONSE of an instrument
when subjected to an instantaneous change in
input from one STEADY-STATE value to an-
other. REF. ASA C39.4

RESPONSE, TIME-

An output, expressed as a function of
time, resulting from the application of a
specified input under specified OPERATING
CONDITIONS. See Figure 15. ASA C85.1
RISE TIME

See TIME, RISE.
SENSING ELEMENT

Sce ELEMENT, SENSING.
SENSING ELEMENT ELEVATION

The difference in elevation between the
SENSING ELEMENT and the case.

Note: The elevation is considered positive
whenthe SENSING ELEMENT is above the case.

SENSITIVITY

) The ratio of a change in output to the change
oi irput which causes it, after STEADY-STATE
has ovecen reached.

Note: It is expressed as a numerical ratio
with the units of measurement of the two quan-
tities stated.

See GAIN, STATIC.

SETTLING TIME
See TIME, SETTLING.
SIGNAL

Information about a variable that can be
transmitted. REY, ASA C85.1

SIGNAL, INPUT

A SIGNAL applied to a DEVICE, ELE-
MENT, or system. REF. ASA C85.1

SIGNAL, MEASURED

The electrical, mechanical, pneumatic,
or other variable applied to the input of a DE-

. VICE. It is the analog of the MEASURED VARI-
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ABLE produced by a TRANSDUCER (when such
is used). REF. ASA C39.4.4.19

Note: For example:

In a thermocouple thermometer sys-
tem, the MEASURED SIGNAL is an emf which
is the electrical analog of the temperature
applied to the thermocouple.

In a flow meter, the MEASURED SIG-
NAL may be a differential pressure which is
the analog of the rate of flow through the ori-

fice.

In an electric tachometer system,
the MEASURED SIGNAL may be a vollage
which is the electrical analog of the speed of
rotation of the part coupled to the tachometer
generator.

See Table 2.

See MEASURED VARIABLE.

SIGNAL, OUTPUT

A SIGNAL delivered by a DEVICE, ELE-
MENT, or system. REF. ASA C85.1

SIGNAL TO NOISE RATIO

Ratio of SIGNAL amplitude to noise ampli-
tude.

Note: For sinusoidal SIGNALS amplitude
may be peak or rms. For non-sinusoidal
SIGNALS, peak values should be used.



SIGNAL TRANSDUCER (Signal Converter)

A TRANSDUCER which converts one stand-
ardized transmission SIGNAL to another.

SOURCE IMPEDANCE

See IMPEDANCE, SOURCE.

SPAN

The algebraic difference between the UPPER
and LOWER RANGE-VALUES. REF. ASA C42.
30. 21. 068

Note 1: For example:

a. RANGE 0 to 150F, SPAN 150F
b. RANGE -20 to 200F, SPAN 220F
c. RANGE 20 to 150F, SPAN 130F

Note 2: The following compound terms are
used with suitable modifications in the units:
MEASURED VARIABLE SPAN, MEASURED
SIGNAL SPAN, etc.

Note 3: For multi-range devices, this defini-
tion applies to the particular RANGE that the
DEVICE is set to measure.

See Table 1.

SPAN ERROR

See ERROR, SPAN.
STATIC GAIN

See GAIN, STATIC.
STEADY-STATE

A characteristic of a condition, such as
value, rate, penriodicity, or amplitude, ex-
hibiting only negligible change over an ar-
bitrary loag period of time. REF. ASA C85.1

Note: It may describe a condition in which
some characteristics are static, others dyna-
mic.

STEP RESPONSE

Sece RESPONSE, STEP.

STEP RESPONSE TIME

See TIME, STEP RESPONSE.

-i8~

SUPPLY PRESSURE
See PRESSURE, SUPPLY.
SUPPRESSED-ZERO RANGE

See RANGE, SUPPRESSED-ZERO.

SUPPRESSION RATIO

(Of a SUPPRESSED-ZERO RANGE) - the
ratio of the LOWER RANGE-VALUE to the
SPAN. REF. ASA C39.4.4.34

Note: For example:

RANGE 20 to 100

20
SUPPRESSION RATIO =—=0. 20
80
See Table 1.
TEMPERATURE

TEMPERATURE, AMBIENT

The temperature of the medium surround-
ing a DEVICE.

Note 1: For DEVICES which do not generate
heat this temperature is the same as the temp-
erature of the medium at the point of DEVICE
location when the DEVICE is not present.

Note 2: For DEVICES which do generate heat
thistemperature is thetemperature of the med-
ium surrounding the DEVICE when it is present
and dissipating heat.

Note 3: Allowable AMBIENT TEMPERATURE
limits arebased on the assumption that the DE-

VICE in question is not exposed to significant
radiant energy sources.

TEMPERATURE, PROCESS

The temperature of the process medium
at the SENSING ELEMENT.

TERMINAL-BASED CONFORMITY
See CONFORMITY, TERMINAL-BASED.

TERMINAL-BASED LINEARITY

See LINEARITY, TERMINAL-BASED.



THERMAL SHOCK

An abrupt temperature change applied to a
DEVICE.

TIME
TIME CONSTANT

For a first order system, the time re-
quired for the output to complete 63. 2% of the
total rise or decay as a result of a step change
of {he input. REF. ASA C85.1

Note: Usually quoted mathematically as the
value T in an exponential response term A exp.
(-t/T) or in one of the transform factors 1+sT,
1+30T, 1/(1 +sT), 1/(1 +juT).

TIME, DEAD

The interval of time between initiation of
an input change or stimulus and the start of the
resulting response. ASA C85.1 See Figure 15.

TIME, RAMP RESPONSE

The time interval by which an output lags
an input, when both are varying at a constant
rate. ASA C85.1

TIME, RISE

The time required for the output of a
system (other than first order) to make the
change from a small specified percentage
(often 5 or 10) of the STEADY-STATE incre-
ment to a large specified percentage (often 90
or 95), either before or in the absence of over-
shoot. See Figure 15.

Note: If.the term is unqualified, response to
a unit step stimulus is understood, otherwise
the pattern and magnitade of the stimulus should
be specified. ASA C85.1

TIME, SETTLING

The time required, foliowing the initia-
tion of a specified stimulus to a linear system,
for the output to enter and remain within a
specified narrow band centered on its STEADY-
STATE value. See Figure 15.

Note: The stimulus may be a step, impulse,
ramp. parabola, or sinusoid. For a step or
impulse, the band is often specified as +2%.
For non-Lincar behavior both magnitude and
pattern ot the stimulus should be specified.
ASA C85.1
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TIME, STEP RESPONSE

Of a system or. an ELEMENT, the time
required for an output to make the change from
an initial value to a large specified percentage
of a STEADY-STATE either before or in the
absence of overshoot, as a result of a step
change to the input. See Figure 15. REF. ASA
C85.1 (Time, Response.)

. Note: Usually stated for 90, 95, 99 percent
change. See "TIME CONSTANT" for use of 63%
value.

TRANSDUCER

An ELEMENT or DEVICE which receives
information in the form of one physical quantity
and converts it to information in the form of
the same or other physical quantity.

Note: This is a generaldefinition and applies
to specific classes of DEVICES such as PRI-
MARY ELEMENT, SIGNAL TRANSDUCER, and
TRANSMITTER. REF. ASA C85.1

See PRIMARY ELEMENT, SIGNAL TRANS-
DUCER and TRANSMITTER.



TRANSTFER FUNCTION

A  mathematical, graphical, or tabular
swatenient, of the influence which a system or
ELEMEINT has on a SIGNAL or action compared
at iput and at output terminals. ASA C85.1

TRANSIENT OVERSHOOT

An excursion beyond the final STEADY-
STATE value of output as the result of a
step-input change. See Figure 15.

Note: It is usually referred to as the first
oexcursion; expresscd as a percentage of the
STEADY-STATE output step.

TRANSMITTER

A TRANSDUCER which responds to a MEAS-
URED VARIABLE by means ofa SENSING ELE-
MENT, and converts it to a standardized trans-
mission SIGNAL which is a function only of the
measurement.

TRANSPORTATION AND STORAGE
CONDITIONS

The conditions to which a DEVICE may be
subjected between the time of construction and
the time of installation. Also included are the
conditions that may exist during shutdown.
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Note: No permanent physical damage or im-
pairment of operating characteristics shall
take place under these conditions, but minor
adjustments may be needed to restore perfor-
mance to normal. See Figure 13.

TRANSVERSE INTERFERENCE

See INTERFERENCE, NORMAL MODE.

WARM-UP PERIOD
Thetime requiredafter energizing a DEVICE

before its rated performance characteristics
apply.

ZERO-BASED CONFORMITY

See CONFORMITY, ZERO-BASED.
ZERO-BASED LINEARITY

See LINEARITY, ZERO-BASED.
ZERO ERROR |

See ERROR, ZERO.
ZERO SHIFT

Any parallel shift of the input-output curve



2.6 Tables

TABLE |
ILLUSTRATIONS OF THE USE OF RANGE AND SPAN TERMINOLOGY
i LOWER UPPER SUPPLEMENTARY
TYPICAL RANGES NAME RANGE RANGE-VALUE | RANGESVALUE [SPAN 0ATA
o +100 .- 0 to 100 0 +100 100 —
L AJ
20 +100 |SUPPRESSED ( SUPPRESSION
L | 26RO 20 to 100 20 +100 80 RATIO
RANGE = .28
/
-25 0 +100 JELEVATED
| | | ZERO -25 to +100 -25 +100 125 —
RANGE
-100 0 |ELEVATED
| ] zERO -100 to 0 -100 0 100 _
RANGE
-100 -20 |ELEVATED
L | | zero -100 to -20 -100 -20 80" —
RANGE

ILLUSTRATIONS OF THE USE OF THE TERMS "MEASURED VARIABLE® AND "MEASURED SIGNAL®

TABLE 2

e

CHART

LOWER UPPER
TYPICAL RANGES TYPE OF RANGE RANGE RANGE-VALUE | RANGE-VALUE SPAN
(1) THERMOCOUPLE THERMOMETER MEASURED
0 0-2000F VARIABLE 0 to 2000F 0F 2000F 2000F
| TYPE K 1/c|
-0.68 44, 9IMv MEASUR ,
l * | SIG:AED -0.68 to +44.9IMY -0.68MY 244, 9 IMY 45, SOMY
0 20
[ xlOOFJ SCALE AND/OR 0 to 2000F 0F 2000F 2000F
CHART
(2) FLOW METER !
0 10.000 LB/HR MEASURED 0 to 10,000 LB/HR 0 LB/HR 10,000 LB/HR 10,000 LB/HR
L ] VARIABLE
0 50 "Hg MEASURED 0 to 50" Hg 0" Hg 50" Hg 50" Hg
! | SIGNAL
0 10 SCALE AND/OR 0 to 10,000 LB/HR 0 LB/HR 10,000 LB/HR 10,000 LB/HR
L 1000 LB/HR | CHARY
f—is; TACHOMETER
l o 500 RPM MEASURED 0 to 500 RPM 0 RPM 500 RPM 500 RPM
. : J VAR LABLE
| bl v MEASURED 0 to 6V ov 6v 6v
b J SIGNAL
N — —
i o BOMPH SCALE AND/OR 0 to 80 MPH 0 MPH 80 MPH §0 MPH
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Accuracy Conformity of an indicated value to an
accepted standard value, or true value.

Accuracy, Reference A number or quantity which
dofines the limit that errors will not exceed whan
the device is used under reference operating con-
ditions.

Note: Reference accuracy includes the combined

conformity, hysteresis and repeatability errors. The

units being used are to be stated explicitly. It is pre-
ferred that @ + and — sign precede the number or
quantity. The absence of a sign infers ¢ 4 and

— sign. Reference accuracy can be expressed in a

number of forms. The following examples are typi-

cal:

1. Reference accuracy expressed in terms of the
measured variable. Typical expression: The
reference accuracy is = 1°F,

2. Reference accuracy expressed in percent of
span. Typical expression: The reference accu-
racy is == %% of span.

3. ' Reference accuracy expressed in percent of ac-
tual output reading. Typical expression: The
reference accuracy is = 1% of actual output
reading.

Auctioneering Device A device which automati-
cally selects either the highest or the lowest input
signal from among two or more input signals.

Bode Diagram A plot of log amplitude ratio and
phase angle values on a log frequency base for a
transfer function.

Control Action The nature of the change of the
output

controlling system.

Control Action, Adaptive Control action whereby
auvtomatic means are used to change the type or
influence (or both) of control parameters in such a
way as to improve the performance of the control
system.

Control Action, Cascade Control action where the
output of one controller is the setpoint for another
controller.

Control Action, Derivative (Rate) Control action in
which the output is proportional to the rate of
change of the input.

Control Action, Direct Digital Control action in
which control is performed by o digital device
which establishes the signal to the final controlling
element.

Conirol Action, Feedback Control action in which
a measured variable is compared to its desired
value to produce an actuating error signal which
is acted upon in such a way as to reduce the magni-
tude of the error.

Control

effected by the input of o controller or a

which information concerning one or more condi-
tions that can disturb the controlled variable is
converted into corrective action to minimize devia-
tions of the controlled variable.

Note: Feedforward control action can be combined
with other types of control to anticipate and mini-
mize deviations of the controlled variable.

Control Action, High Limiting Control action in
which the output never exceeds a predetermined
high limit value.

Control Action, Integral (Reset) Control action in
which the output is proportional to the time integral
of the input ; i.e., the rate of change of output is
proportional to the input.

Control Action, Low Limiting Control action in
which the output is never less than a predetermined
low limit value.

Control Action, Optimizing Control action that
automatically seeks and maintains the most advan-
tageous value of a specified variable, rather than
maintaining it at one set value.

Control Action, Proportional Control action in
which there is a continuous linear relation between
the output and the input.

Control Action, Proportional Plus Derivative (Rate)
Control action in which the output is proportional to
o linear combination of the input and the time rate-
of-change of input.

Control Action, Proportional Plus Integral (Reset)
Control action in which the output is proportional
to, a linear combination of the input and the time
integral of the input.

Control Action, Proportional Plus Integral (Reset)
Plus Derivative (Rate). Control action in which the
output is proportional to a linear combination of
the input, the time integral of input and the time
rate-of-change of input.

Control Action, Shared Time Control action in
which one controller divides its computation or
control time among several control loops rather
than acting on all loops simultaneously.

Control Action, Supervisory Control action in
which the control loops operate independently sub-
ject to intermittent corrective action; e.g., setpoint
changes from an external source.

Control Mode A specific type of control action
such as proportional, integral or derivative.

Control System A system in which deliberate
guidance or manipulation is used to achieve a
prescribed value of a variable.

Note: It is subdivided into a controlling system and
a controlled system.

Control System, Multi-Element (Multi-Variable) A

Action, Feedforward Control action "b control systgm vtilizing input signals derived from
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two or more process variables for the purpose of

jointly affecting the action of the control system.

Control System, Non-Interacting A multi-element
control system designed to avoid disturbances to
other controlled variables due to the process input
adjustments which are made for the purpose of

controlling a particular process variable.

Controller A device which operates automatically

to regulate a controlled variabie.

Controller, Direct-Acting A controller in which
the absolute value of the output signal increases as
the absolute value of the input (measured variable)

increases.

Controller, Integral (Reset) (I) A controller which

produces integral control action only.

Note: May also be referred to as controller, propor-

tional speed floating.

Controller, Multi-position A controller having two

or more discrete values of output,

Controller, On-Off A multi-position controller
having two discrete values of output, fully on, or

fully off.

Controller, Proportional (P} A controller which

produces proportional control action only.

Controller, Proportional Plus Derivative (Rate), (PD)
A controller which produces proportional plus de-

rivative (rate) control action.

Controller, Proportional Plus Integral (Reset) (P1) A
controller which produces proportional plus integral

(reset) control action.

Controller, Proportional Plus Integral (Reset) Plus
Derivative (Rate), (PID) A controller which pro-
duces proportional plus integral (reset) plus deriva-

tive (rate) control action.

Controller, Ratio A controller that maintains a
predetermined ratio between two or more variables.

Controller, Reverse-Acting A controller in which
the absolute value of the output signal decreases
as the absolute value of the input (measured vari-

able) increases.

Controller, Sampling A controller using intermit-
tently observed values of a signal such as the set-
point signal, the actuating error signal, or the sig-
nal representing the controlled variable, to effect

control action.

Controlier, Self-Operated (Regulator) A controller
in which all the energy to operate the final con-
trolling element is derived from the controlled sys-

tem, through the sensing element.

Controller, Time Proportioning A controller whose
output consists of periodic pulses whose duration
is varied to relate, in some prescribed manner, the
time average of the output to the actuating error

signal.

Controller, Time Schedule A controller in which
the setpoint (or reference input signal) automati-

cally adheres to o predetermined time schedule.

Controlling System

1. Of a feedback control system, that portion
which compares functions of a directly con-
trolied variable and a setpoint; and adjusts a
manipulated variable as a function of the differ-
ence. It includes the reference input elements;
summing point; forward and final controlling

elements; and feedback elements (including
sensing element).

2. Of an automatic control system without feed-
back, that portion of the control system which
manipulates the controlled system.

Damping The progressive reduction or suppres-
sion of the oscillation of a system.

Note: When the time response to an abrupt stimulus is
as fast as possible without overshoot the response is said
to be “critically damped”’; “underdamped” when over-
shoot occurs; “overdamped” when response is slower
than critical.

Damping, Relative For an underdamped system,
a number expressing the quotient of the actual
damping of a second-order linear system or ele-
ment by its critical damping.

Note: a second order linear system is o system which is
the product of two second order lags.

Dead Band The range through which an input
can be varied without initiating response.

Note: Dead Band is usually expressed in percent
of span.

Deviation Any departure from a desired or ex-
pected value or pattern.

Deviation, System The instantaneous value of the
ultimately controlled variable minus the setpoint.

Drift A change in the output-input relationship
over a period of time.

Element . A component of a device or system.
Element, Final Controlling That forward control-
ling element which directly changes the value of
the manipulated variable.

Element, Sensing . The portion of a device directly
responsive to the value of the measured quantity.

Elements, Feedback Those elements in the con-
trolling system which change the feedback signal
in response to the directly controlled variable.

Elements, Forward Controlling Those elements in
the controlling system which change a variable in
response to the actuating error signal.

Error The algebraic difference between the indi-
cation and the true value of the measured signal.
it is the quantity which algebraically subtracted
from the indication gives the true valve.

Error, Span The difference between the actual
span and the ideal span.

Error, Zero The error of a device operating under
the specified conditions of use when the input is at
the lower range-valve.

Frequency Response Characteristic The frequency-
dependent relation, in both amplitude and phase,
between steady-state sinusoidal inputs and the
resulting fundamental sinusoidal outputs.

Gain, Closed Loop The gain of a closed loop sys-
tem, expressed as the ratio of the output change
to the input change at a specified frequency.

Gain, Dynamic The magnitude ratio of the steady-
state amplitude of the output signal from an ele-
ment or system to the amplitude of the input sig-
nal to that element or system, for a sinusoidal sig-
nal.

Note: It may be expressed as a ratio, or in decibels

as 20 times the log of that ratio for a specified
frequency.
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Gain, Loop The ratio of the change in the return
signal 1o the change in its corresponding error sig-
nol ot a specified frequency.

Note: The gain of the loop elements is frequently
measured by opening the loop, with appropriate
terminations. The gain so measured is often called
the open loop galn.

Gain, Proportional The ratio of the change in
output due to proportional control action to the
change in input.

Gain, Static The value of the gdin approached as
a limit as frequency approaches zero.

Hysteresis When used as a performance specifi-
cation, the maximum difference for the same input
between the upscale and downscale output values
during a full range traverse in each direction.

Impedance, Input
device to the source.

The impedance presented by a

Impedance, load The impedance presented to the
output of a device by the load.

Impedance, Output
a device to the load.

The impedance presented by

Impedance, Source The impedance presented to
the input of a device by the source.

Indicator Travel The length of the path described
by the indicating means or the tip of the pointer in
moving from one end of the scale to the other.

Integral Action Rate (Reset Rate)

1. Of proportional plus integral or proportional
plus integral plus derivative control action de-
vices; for a step input, the ratio of the initial
rate of change of output due to integral control
action to the change in steady-state output due
to proportional control action.

Note: Integral action rate is often expressed as the

number of repects per minute because it is equal

to the number of times per minute that the pro-
portiona! response to a step input is repeated by
the initial integral response.

Interference, Common Mode A form of interfer-
ence which appears between measuring circuit
terminals and ground.

Note: May also be referred to as interference, longi-
tudinal; however interference, common mode is the
preferred term. :

Interference, Differential Mode See interference,
normal mode.

Interference, Electrical Any spurious voltage or
current arising from external sources and appear-
ing in the circuits of a device.

Interference, Elecirostatic Field A form of inter-
ference induced In the circuits of a device due to
the presence of an electrostatic field.

Note: It may appzar as common mode or normal
mode interference in the measuring circuits.

inierference, Longitudinal See interference, com-

mon mode.
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Interference, Magnetic Field A form of interfer-
ence induced in the circuits of a device due to the
presence of a magnetic field.

Note: It may appear as common mode or normal
mode interference in measuring circuits.

intorfarence, Noermal Mode A form of interference
which appears between measuring circuit terminals,
Note: May also be referred to as interference, dif-
ferential mode or interference, transverse, however
interference, normal mode is the preferred term.

Interference, Transverse See interference, normal
mode.

Linearity The closeness to which a curve approxi-
mates a straight line.

Note 1: It is usually measured as a nonlinearity and
expressed as linearity; e.g. a maximum deviation
between an average curve and a straight line. The
average curve is determined after making two or
more full range traverses in each direction, The
value of linearity is referred to the output unless
otherwise stated.

Lload, Regulation The change in output (usually
speed or voltage) from no-load to full-load (or other
specified limits).

Longitudinal Interference
mon mode.

See Interference, com-

Loop, Closed (Feedback Loop) A signal path which
includes a forward path, a feedback path and a
summing point, and forms a closed circvit.

Lloop, Open A signal path without feedback,
Modulation The process, or result of the process,
whereby some characteristic of one wave is varied
in accordance with some characteristic of another
wave,

Mounting Position The position of a device rela-
tive to physical surroundings.

Noise An unwanted component of a signal or
variable which obscures the information content.
Note: It may be expressed in units of the output or
in percent of output span.

Offset The steady-state deviation when the set-
point is fixed. See also deviation, steady-state.

Operating Conditions Conditions (such as ambi-
ent temperature, ambient pressure, vibration, etc.)
to which a device is subjected, but not including
the variaoble measured by the device.

Operating Conditions, Normal The range of op-
erating conditions within which a device is designed
to operate, and under which operating influences
are usually stated.

Operative Limits The range of operating condi-
tions to which a device may be subjected without
permanent impairment of operating characteristics.

Overrange Of a system or element, any excess
value of the input signal above its upper range-
value or below its lower range-value.
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Parameter A controllable or variable character-
istic of a system or device, temporarily regarded as
a constant, the respective values of which serve
to distinguish the various specific states of a (the)
system or device.

Power Consumption The maximum wattage used
by a device within its operating range during
stoady-state signal cendition.

Pressure, Ambient The pressure of the medium
surrounding a device.

Pressure, Process The pressure of the process me-
dium at the sensing element.

Pressure Supply The pressure at the supply port
of the device.

Primary Element The system element that quan-
titatively converts measured variable energy into
a form suitable for measurement.

Process The collective functions performed in and
by the equipment in which the variable(s) is (are)
to be controlled.

Proportional Band The change in input required
to produce a full range change in output, due to
proportional control action.

Range The region between the limits within which
o quantity is measured, received, or transmitted,
expressed by stating the lower and upper range-
values.

Range, Elevated-Zero A range where the zero
value of the measured variable, measured signal,
etc., is greater than the lower range-value.

Note 1: The zero may be between the lower and
upper range-values, at the upper range-value, or
above the upper range-value.

Note 2: Terms suppression, suppressed range or’

suppressed span are frequently used to express the
condition in which the zero of the measured vari-
able is greater than the lower range value. The
term range, elevated-zero is preferred.

Range, Suppressed-Zero A range where the zero
value of the measured variable is less than the
lower range-value. Zero does not appear on the
scale.

Range-Limit, Lower The lowest quantity that a de-
vice can be adjusted to measure.

Range-limit, Upper The highest quantity that a
device can be adjusted to measure.

Reference Performance Performance attained

under reference operating conditions.

Note: Performance includes such things as accu-
racy, dead band, repeatability, hysteresis, linearity,
etc.

Repeatability The closeness of agreement among
a number of consecutive measurements of the out-
put for the same value of the input under the same
operating conditions, approaching from the same
direction, for full range traverses.

Note: It is usually measured as a non-repeatability
and expressed as repeatability in percent of span.
it does not include hysteresis.

Reproducibility The closeness of agreement among
repeated measurements of the output for the same
value of input, made under the same operating
conditions over a period of time, approaching from
both directions.

Note 1: It is usually measured as a non-reproduci-
bility and “expressed as reproducibility in percent
of span for a specified time period. Normally, this
implies a long period of time, but under certain
conditions, the period may be a short time during
which drift may not be included.

Note 2: Reproducibility includes hysteresis, drift
and repeatability.

Resolution The degree to which equal values of a
quantity can be discriminated by the device.

Response, Dynamic The behavior of the output of
a device as a function of the input, both with re-
spect to time.

Response, Rump The total (transient plus steady-
state) time response resulting from a sudden in-
crease in the rate of change in the input from zero
to some finite value.

Response, Step The time response of an instru-
ment when subjected to an instantaneous change
in input from one steady-state value to another.

Response, Time An output, expressed as a func-
tion of time, resulting from the application of a
specified input under specified operating condi-
tions.

Sampling Period The time interval between ob-
servations in a periodic sampling control system.

Sensitivity The ratio of a change in output magni-
tude to the change of input which causes it after
the steady state has been reached.

Note 1: It is expressed as a ratio with the units of
measurement of the two quantities stated. (The
ratio is constant over the range of a linear device.
For a nonlinear device the applicable input level
must be stated).

Note 2: Sensitivity has frequently been used to de-
note the deadband. However its usage in this sense
is deprecated since it is not in accord with accepted
standard definitions of the term.

Setpoint (Command) An input variable which sets
the desired value of the controlied variable.

Signal Information about a variable that can be
transmitted.

Signal, Error In a closed loop, the signal resulting
from subtracting a particular return signal from its
corresponding input signal.

Signal, Feedback That return signal which resulits
from a measurement of the directly controlled
variable.

Signal, Input A signal applied to a device, ele-
ment or system. .

Signal, Measured The electrical, mechanical,
pneumatic, or other variable applied to the input
of a device. It is the analog of the measured vari-
able produced by a transducer (when such is used),

Signal Output A signal delivered by a device, ele-
ment or system.
Signal, Reference-Input One external to a control

loop which serves as the standard of comparison
for the directly-controlled variable.

Signal, Return In a closed loop, the signal result-
ing from a particular input signal, and transmitted
by the loop and to be subtracted from the input
signal.

Signal to Noise Ratio
to noise amplitude.

Ratio of signal amplitude
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Signal Transducer (Signal Converter) A transducer
which converts one standardized transmission sig-
nal to another. '

Span The algebraic difference between the upper
and lower range-values.

Summing Point Any point at which signals are
odded algebraically.

System, Directly- Controlied The body, process, or
machine dirrctly guided or restraced by the final
controlling element to achieve a prescribed value
of the directly-controlled variable.

System, Indirectly-Controlled That portion of the
controlled system in which the indirectly-controlled
variable is changed in response to changes in the
controlled variable.

Temperature, Ambient The temperature of the

medium surrounding a device.

Note. Allowable ambient temperature limits are

based on the assumption that the device in question
" is not exposed to significant radiant energy sources.

Temperature, Process The temperature of the
process medium at the sensing element.

Thermal Shock An abrupt temperature change
applied to a device.

Time, Dead The interval of time between initia-
tion of an input chonge or stimulus and the start
of the resulting response.

Time, Ramp Response The time interval by which
an output lags an input, when both are varying at
a constant rate.

Time, Rise The time required for the output of a
system (other than first order) to make the change
from a small specified percentage (often 5 or 10)
of the steady-state increment to a large specified
percentage (often 90 to 95), either before or in the
absence of overshoot.

Time, Settling The time required, following the
initiation of a specified stimulus to a system, for
the output to enter and remain within a specified
narrow band centered on its steady state value.

Time, Step Response Of a system or an element,
the time required for an output to make the change
from an initial value to a large specified percentage
of the final steady-state value either before or in
the absence of overshcot, as a result of a step
change to the input.

Time Constant The value T in an exponential re-
sponse term A exp (—1/T) or in one of the trans-
form factors 1 4 s¥, 1 4 jwl, /(0 4 sT),
VA4 jw.

where:
s = complex variable
time, seconds
time constant
AL e e e e,

e ' SIS

t =

T
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TELS. 576-73-38

J =N

w frequency, rad/sec

Note: For the output of a first-order (lag or lead)
system forced by a step or an impuise, T is the
time required to complete 63.2 percent of the total
rise or decay; at any instant during the process, T
is the quotient of the instantaneous rate of change
divided into the change to be completed, In higher
order systemis, there is a time constant for each of
the tirst-order components of the process. In a Bode
diagram, breakpoints occur at w=1/T.

Transducer An element or device which receives
information in the form of one physical quantity
and converts it to information in the form of the
same or other physical quantity.

Transmitter A transducer which responds to a
measured variable by means of a sensing element,
and converts it to a standardized transmission sig-
nal which is o function only of the measurement.

Variable, Directly-Controlled In a control loop,
that variable whose value is sensed to originate a

, feedback signal.

$7¢-80-72

Variable, Indirectly-Controlled A variable which
does not originate a feedback signal, but which is
related to, and influenced by, the directly con-
troiled variable.

Variable, Manipulated A quantity or condition
which is varied as a function of the actuating error
signal so as to change the value of the directly
controlled variable.

Warm-Up Period The time required ofter energiz-
ing a device before its rated performance charac-
teristics apply. '

Zero Elevation For an elevated-zero range, the
amount the measured variable zero is above the
lower range-value. It may be expressed either in
units of the measured variable or in percent of
span.

Zero Shift

curve.

Any parallel shift of the input-output

Zero Suppression For a suppressed-zero range,
the amount the measured variable zero is below
the lower range-value. It may be expressed either
in units of the measured variable or in percent of
span.

Zone, Dead A zone in which no value of the out-
put exists.

CREDIT: Extracted from SAMA Standard PMC20-2-1970
Process Measurement and Control Terminology, with the
permission of the publisher, Process Measurement &
Control Section, SAMA, 370 Lexington Avenue, New
York City, N.Y. 10017.
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Fig. B9625

Fig. B9292

Mecasurement of gauge pressure, absolute pressure.
and vacuum arc all part of the Foxboro Total Instru-
ment Capability heys to regulation and control
in almost any process mndustry.  Pressure measurc-
ment is used 1n all types of applications

Theic arc wany solutions to pressurc problems.
Foxboro offers a wide varicty of approaches depend-
ing on user requircmients.  Mcasurement may  be
direct or tansmitted. pneumatic or electronic.  Your
apphication may call for a simple pressure instrument,
~f you may rcquirc a special purpose indicator,

:order or transmittcr. Foxboro pressure instru-

Fig B9626

ments provide a complete «clection of operating ranges
from 0-10 mm Hg.absolute to )-100,000 psi

The following pages will serve as a guide in selecting
the particular mnstruments to meet your apphcation

rcquircments  You'll encounter such factors as
maximum opcrating pressures, range and span
fimits, accuracy, ambicnt conditions, overrange

limits, transnussion chistance, and pncumatic and
electronic output aignals

Your local Foiboro cngincer will be pleased to
assist you with any spectfic problems which apply
to your particular process.
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SERIES 200 PRIMARY
ELEMENYS FOR PRESSURE
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Fig. B5137 Cutaway of fypical pressure recorder with spiral-
typo pressure measuring element. More than one element can
be housed in most standard cases. Universal Roctangular Case
instrumont, shown here, continuously rocords up to four separate
moasurements on a single 12-inch chart.

For pressure measurement of process fluids—hquid or
gaseous, corrosive or non-corrosive—al pressure ronges
from 0-8 inches of waler to 80,000 psi, vacuum ranges
from 0-20 inches of water to full vacuum. Connected

directly to process, elements convert pressure changes lo,

mechanical motion which positions—through self-oligning
ball inkage—pen or pqinter, transmifter or controller
input, alarm conlacts, or o combination of these—e.g.,
indicaling transmifter, recording controller, etc.

For unusuolly corrosive, viscous, or solids-forming
process fluids, pressure seals are installed ot process tops
to profect primary element. Sealed measuring system
{primary element, seol, ond connecting tubing) is evac-
vated and sold-filled with liquid medivm which transmits
pressure chaonges.

WIDEST VARIETY OF STANDARD PRESSURE INSTRU-
MENTS AVAILABLE Mcchanical pressurc clements listed on
these pages actuate a full line of standard recorder, indi-
cator, and controller assemblics detailed in Section A,
pages A34-A43. Same elements actuate pncumatic and
clectronic pressure transmitters described on pages B4,
B5 For transmitting pressure mecasurements scveral miles,
sce Telemetering, pages B72, B73

MATERIALS OF CONSTRUCTION SUIT PROCESS CONDI-
TIONS For any operating condition, whether corrosive
fluids, ligh ambient temperatures, fouling vapors, or ex-
treme overrange, there is available a precision pressure
clement fabricated from the best material for the job.

B2

ELEMENT DESCRIPTION

A Diaphragm Elements  Largcsuifacc-aica dha-
phragms for high power, sustaincd accuracy. at low
tanges  Welded scams assurc positive  protectic.
from lcakage, high overrange margins. Free-lIgae
ing (frictionlcss)—no bearngs, pivols, or opposing
springs. Assembly’s straight-line travel insures uni-
form motion cven at limits of range—therefore,
lincar calibration.

B Bellows Elements For low pressurcs. Compact,
highly accurate. Bellows formed from homogencous,
scamless tubing with uniform wall thickness. Ther-
mally stable Ni-Span C alloy calibration spring.
High power relative to input pressure

C Spiral Elements Pivotless, arborless construction
guarantees friction-free motion with accurate, uni-
form response—even to the smallest” pressure changes.
Long, spirally-formed Bourdon tube, large in cross-
section, provides abundant power and uniform mo-
uon for reliable measurement in the medium ranges.

D Helical Elements Correct relationship between
cross-section and length of helically-formed Bourdon
tube, together with pivotless, arborless construction,
assurcs ample motion with low material stress for
accurate, sustained performance in the higher -pres-

sure ranges. i \
i

E Heavy Duty Helical Elements For very high pres-
sures, continuously fluctuating pressurcs, and other
hcavy-duty applications.  Multi-coil constiuction
rcduces metal stress, permits grcater wall thickness
for long life with high safety factor.

F Absolute Pressure Bellows Elements Onc bel-
lows clement, connccted to process, opposed by a
sccond which has been evacuated and sealed. Thus
all mcasurements arc referenced to absolute zcro,
compensated for altitude and barometric fAluctuations.

G Abhsolute, Double Spiral Elements For absolute
pressure  measurement.  Pivotless, arborless  con-
struction guarantces friction-frce motion with uni-
form, accurate response. One spiral clement is
connected to process and is directly opposed by
sccond spiral eclement which has been evacuated
and scaled. Thercfore, all measurements are refer-
enced to absolute zero, compensated for altitude and
barometric fluctuations. Mecasure ranges above the
capability of Absolute Pressure Bellows Element.



ELEMENT CROSS REFERENCE

PRESSURE VACUUM EXPANDED COMPOUND
ELE
LEMENT RANGES RANGEs ~ OVERRANGE o0/ paNGES RANGES
DIAPHRAGM ELEMENTS:
J-inch, Cu-Ni-Mn 0-8 to 0-40 Not Available 2 psi Available Not Availoble
inches of waler 10 psi
2.inth, Cu«Ni-Mn 0-40 Inches of 0-4010 0-140 25 psl Avallable Available
water to 0-5 psi inches of water
BELLOWS ELEMENTS.
Brass 0-100 inches of 0-10 to 0-30 30 ps Avoilable Not Availoble
water to 0-25 psi  inches Hg
Type 316 S5 0-4.5 to0 0-29 psi Not Applicable 60 psi Available Not Available
SPIRAL ELEMENTS:
Bronze 0-10 to 0-20 to 0-30 28 pw Avgilable Available
0-200 psi inches Hg 360 psi
Beryllium-Copper 0-10 to 0-20 to 0-30 36 psi Avagilable Avoilable
0-200 psi inches Hg 400 psi
Ni-Span C Alloy 0-10 10 0-20 to 0-30 22 psi Available Available
0-200 psi inches Hg 400 psi
Type 316 SS 0-12 10 0-25 to 0-30 32 psi Available Available
0-200 psi inches Hg 320 psi
HELICAL ELEMENTS: .
Bronze 0-201 to Not Applicable 260 psi Available Available
0-400 psi 500 psi
Beryllium-Copper 0-201 to Not Applicable 316 psi Available Availoble
0-6000 psi 8000 psi
Ni-Span C Alloy 0-201 to Not Applicable 336 psi Available Available
0-6000 psi 7200 psi
Type 316 SS 0-201 to Not Applicable 425 psi Avoilable Available
0-6000 psi 8000 psi
HEAVY DUTY .
HELICAL ELEMENTS:
i’. ! EH H ; AR ANR) "b. Type 316 §5 0-75 to No! Applicable 400 psi Available Not Applicable
mf wdduane 0-30,000 psi 30,000 psi
- E
Fig. B5142
0-40,000 to Not Applicoble 80,000 psi Available Not Applicable
0-80,000 psi
ABSOLUTE PRESSURE
BELLOWS ELEMENTS:
Brass 0-100 mm Hg Not Applicable 50 psio Available Not Applicable
to 0-35 psia
Type 316 SS 0-125 mm Hg Not Applicable 35 psia Avoilable Not Applicable
1o 0-35 psia
ABSOLUTE, DOUBLE
SPIRAL ELEMENTS:
Bronze 0-40 to Not Applicable  0-65 psia to Available Not Apphicable
0-100 psia 0-100 psic
Beryllium-Copper 0-40 to Not Applicable  0-65 psio to Availoble Not Applicable
0-100 psia 0-215 psio
Ni-Span C Alloy 0-40 to Not Applicable 0-65 psia to Available Not Applicable
G 0-100 psia 0-210 psia
Type 316 §S 0-40 to Not Applicoble 0-45 psia to Available Not Applicable
Fig. B5499 0-100 psio 0-155 psia
~—
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MODEL 45 PNEUMATIC
INDICATING TRANSMITTER

i A

20 40 60 /
188 PR &) W 7 X
N RLSE TR, 1R
i

Fig. B51456

Universal-design transmitter with high input-to-ouiput
accuracy. Indicates and ftronsmits measurement of the
four major process variables, pressure, temperoture, flow,
liquid level as well as dew point end position.  Calibration
is within 3=0.5 percent of full scale. Tronsmitters offer
uvniform physical characteristics, same operating features
ond caolibration procedures, regordless of the measured
varigble. Uses standard Foxboro mechanical measuring
elements. Available in ranges and calibrations to meet
all applications (see element ranges on pages B2, B3).

User benefits include reduced spare paorls inventory,
simple design, lower initial cost, low maintenance, and
simphfied personnel training.

Model 45 transmitters will improve plont efficiency by
ossuring high accuracy ond better over-oll loop per-

formance.
[}

VERSATILE AND COMPATIBLE Accommorlates
standard Foxboro mechanical measuring elements
for wide vaniety of process applications as described
above. Elements can be interchanged depending
upon 1ange rcquirements, overrange limits, ambient
condhtions, and other determming factors. Trans-
mits to standard Foxboro universal case or pncu-
matic CONSOTROL rcceivers located up to several
hunched feet away. Instrument case can accom-
modate single or dual clectric-contact alarm unit
mcluding  plug-in load relay. Pncumatic alarms
alvo avaifable.

EXCELLENT TEMPERATURE STABILITY Less than
onc peicent zero shift per 100 F. Low ambient
temperatine cffect, combined with sustained bench-
cahbrated accuracy assures better operating accuracy.

CONTINUOUS INDICATION Diicct actuated pointer

for continuous indication even on loss of air supply.

84
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Permits checking variable during manual control
under emergency conditions.

DEPENDABLE, ACCURATE Output signal, as well
as indication, calibrated to +0.5 percent of full
scale measurement.

HBAVY-DUTY, WEATHERPROOF CASE Deecp-drawn
stcel with unbrcakable polyester cover. Lasily ac-
commodates pncumatic or electric alarms.

EASY TO READ Highly visible scale with fluores-
cent red pointer. Provides long distance rcadability.

INTERNALLY-MOUNTED AIR RELAY Casc is con-
stantly purged with filter-cleaned dry air, keeping
interior of case free from dust and fouling vapors.

PRESSURE APPLICATIONS

For indicating and fransmitting pressure measurements
between O to 10 inches of water and 0 to 80,000 psi;
or 0 to 30 inches of water and full vacuum.* Indicates,
with fluorescent red pointer, on 6-1/8-inch scale.

Pressure measurements are obtoined from standard
mechanical pressure elements listed on pages B2, B3.
Transmitter unit, operating from 20 psi air supply, con.
tinuously converts position of measuring element to linearly
proportionol 3-15 psi signal. Transmits to pneumatc re-
ceivers up fo severol hundred feet from point of: meas-
uvrement. )

*Pressure, vacuum, or compound ranges from 0 td 0.3 to
0 to 3.0 inches of water also available. b

SPECIFICATIONS

Accuracy 0.5 percent of full scale.

Output Signal  Either 3-15 psi or 0.2-1.0 kg per cm?.
available at slight addition.

3.27 psi

Air Supply 20 psi.

Cose Hcavy gauge drawn steel.
corroston resistant fimsh.

Green, baked textured, vinyl

Cover Green, fiber glass reinforced polyester.
groove gaskcted, weatherproof

T ongue-and-

Dimensions (inches) 9-1/8 W x 11-3/8 H x 4-7/8 D.

Scale FEccentric, G-I/B-inch cficctive length Black numerals
and legends on white background. Red fluorescent ponter.

Movunting Universal bracket for surface or 2-inch pipe.  2-inch

yoke for flow transmitters. Flush mounting available,

Connections Process measurement: pressure or temperature—
bottom of case. Flow—taps on element body. Pneumatic
supply and output: bottom, tapped for 1/4 NPT,

Elements: sec pages B2, B3.
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For measuring and transmitling pressure measurements
between O to 30 inches of water and 0 to 6000 psi; or,
between O to 30 inches of water and O to 30 inches of
mercury {vacuum). Indicales, with fluorescent red pointer,

4-1/8-inch scale.

/ressure measurements ore obfained from stondord
mechanical pressure elements described in delail on poges
82 ond B3. Transmitler unil, operaling from 20 psi air
supply, continvously converts position of measuring
element fo lineorly proportional 3-15 psi signal. Trans-
mits lo pneumalic receivers—recorders, controllers, or
mdicators—up to several hundred feet from point of
measurement,

+0.75 PERCENT INPUT-TO-OUTPUT ACCURACY
AT ALL RANGES At high pressures to 6000 psi and
n low 1anges down to 0-30 inches of water.

COMPACT, LOW COST TRANSMITTERS The per-
fect <olution for many pressurc measuring problems.
Small-casc, ficld-mounted, all wcather transmitter
uses same durable, responsive pressurc elements as
in larger, more expensive instruments.

SPECIFICATIONS*

Output Signal 3-15 psi.
Supply Pressure 20 psi.
Maximum Bleed Rate 0.2 scfm.

*Tor Range, sce clements, pages B2, B3.

[ VUYL ANPJISE Ry, -

TIAL AL daoan,

Case Recctangular. Deep drawn steel. Fiber glass rein-
forced green polyester cover, gasketed.

Dimensions 5-13/16 W x 10-1/8 H x 3-11/16 D.

Mounting  Universal bracket supplied for mounting on
surface or on 2-inch pipe.

Connections  Process pressure bouom of case, 1/4 NPT
female for 0-30 inches of water to 0-2000 psi; 1/2 NPT
male for 0-2001 to 0-6000 psi. Air supply and output
bottom of case tapped for 1/4 NPT.

Scale Eccentric; 4-1/8-inch. Fluorescent red pointer on
white face with black figures and graduations.

MODEL 44/BP PRESSURE TRANSMITTER

Fig. 87872

Economical and accurate means of measuring and trans-
mithing pressure meosurement where no indication is re-
quired. Operates in ranges as low as O fo 8 inches of
water and as high as 6000 psi. Uses some pneumatic
components and mechamical elements as Model 45 Indi-
caling Transmitter. Hos some performance characteristics.

VERSATILE AND COMPATIBLE Measuring elements
can be easily interchanged to meet new range require-
ments. Transmitter is compatible with pneumatic
CONSOTROL instrumentation.

STABILIZED DESIGN for low ambicnt temperature
crror [actor. )

DEPENDABLE, ACCURATE within +0.5 percent of
scale, input-to-output.

WEATHERPROOF, COMPACT Steel-case instrument
is designed for ficld mounting. Mcasures 5-13/16 H x
8-1/8 W x 4-1,16 D.

BS
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MODEL 631 ELECTRONIC CONSOTROL
PRESSURE TRANSMITTER
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Fig. B5147

One of the Model 630 series of electronic CONSOTROL
motion-type indicaling transmifters.  Model 630 trans-
milters measure and transmit pressure, temperature, flow,
liquid level, differential pressure, position and other
variables with standard Foxboro measuring elements.

Sold-state maintenance-free transmitter operafes from

115 volt a-¢ supply to convert motion of meosuring efement

fo linearly proportional 10-50 ma d-c signal. Transmits
over ordinary unshielded leads to electronic CONSOTROL
receivers up to several thousand feet from point of
measurement {or mora with telemetering). Instrument
operation and calibration are mechonically simlar ond
electrically identical for all measurements.

HIGH INPUT-TO-OUTPUT ACCURACY All Model
630 transmitters arc accurate within 3:0.5 percent
of full scale value.

HIGH LINEARITY Efficient Dynaformer transducer
in transmitter receives angular motion of primary
clement, producing necessary signal.  Rugged, lam-
inatcd magnctic core concentrates large amount of
flux across small, curved air-gap. Motion is confined
to light-weight copper loop within air-gap, rotating
through approximately 25 degree arc, thus maintain-
ing angular motion from clement transformer. This
differential  transformer provides truly linear and
stepless clectrical output.

Bé6

——— ———— R D g

LOW AMBIENT TEMPERATURE EFFECT Temperature-
stable clements availabie for nearly all variables to
matc with temperature-stabilized clectrical com-
ponents. Ambient temperature effect, cxcluding
mcasuring elements, is less than 10 percent per
100 F variation. ‘

0

UNSURPASSED VERSATILITY In addition to wide
choice of measurable variables, transmitter is capable
of an unlimited varicty of functions. Can have
wide variety of alarm or on-off control contacts.
May be field or panel mounted.

EXCELLENT LEGIBILITY Fluorescent red pointer with
black-on-white scale easily read up to 30 feet away.
Pointer powered directly from measuring elcment,
insuring continuous indication cven under power’
failure.

Model 631* Pressure Transmutter indicates and transmits
pressure measurements between O to 10 inches of water
and 0 to 80,000 psi; or O to 30 inches of water and full
vacuum.**  Pressure meosurements obtained from stond-
ord Foxboro mechonical pressure elements shown on
pages B2, B3.

{1
*Othcers in Model 630 series inciude Model 632 for tempera-
ture, Models 633 and 637 for flow and liguid level, Model
for position.

-

5
**Pressure, vacuum or compound ranges from 0 to 073 to
0 to 3 inches of water also available. n

SPECIFICATIONS}

Output Signal 10 to 50 ma d-c (into 600 ohms +100
percent).

Power Supply 115 volts £10.0 percent.

Case Heavy-gauge drawn steel, weatherproof
Cover Fiber glass-reinforced polyester, gasketed.
Scale Eccentric with fluorescent red pointer.
Dimensions 11-3/8. H x9-1/8 W x 7-5/16 D.
Mounting Surface, flush or pipe.

Connections Pressure, 1/4 NPT up to 2000 psi, 1/2 NPT
for higher pressures. Electrical, 18-inch S-conductor cable
through 1/2-inch conduit hub bottom of case.

Weight 20 pounds net {(approx.)

tFor pressure ranges, see elements, pages B2, B3.
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FORCE-BALANCE PRESSURE TRANSMITTERS

EXCEPTIONAL ACCURACY Accuracy of force-
I acc transmilers is a percentage of span, not of
u. «uum reading. Narrow spans may be clevated
to 1000 percent of the span. A typical clevated span
at 2000 to 2200 psi gives accuracy within 0.1 percent
of operating pressure.

SPANS ARE FULLY ADJUSTABLE TO A 10:1 RATIO

within the span tumts of cach sensing clement.

TRUE FORCE-BALANCE SYSTEM 'T'rue force-balance
measuting clements—Iless than 0.010 of an inch mo-
excellent force-balance transmitter
mechanism,  Vntually no motion, negligible hystere-
S18, vittuallhv no dead-band, no wear, no periodic
checking and readjusting.

ton —and  an

IDENTICAL INSTRUMENTS, STANDARDIZED CALI-
BRATING TECHNIQUES There are two standard
transmitters—pneumatic and clectronic. Within each
of these families only the sensing capsules (below) are

different. Fewer back-up transmulters. Only one calibra-
tion nocedure.
1

Ir
EXTREMELY SENSITIVE CAPSULE Dead band is less
than 0.05 pcrcent of span.

HIGH OVERRANGE PROTECTION To 133 percent
of full opcrating pressure, with heavy-walled capsule
used in compression.

Fig. B5478 Sensing Capsule for Model 11GM Transmitter

T
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Fig. B9629 Model E11GM
Electronic CONSOTROL Pres-
sure Transmitter,

Fig. B7874 Model 1iGM

Pneumatic Pressure Transmitter.

FORCE BAR

ATMOSPHERIC
VENT

1
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]
e _ FORCE BAR SEAL

PROCESS
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Tty
N . '

PROCES
CONNECTION
BLOCK

| SENSING
CAPSULE

Fig. B5477 Sectional View of Pneumatic
Force-Balance Pressure Transmitter.
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MODEL 11GM PNEUMATIC PRESSURE TRANSIMITTER

Fig. B5553 Model 11GM Pressure Transmitter.

Measures and transmits pressures from -15 to 3000 psi
with accuracy of 0.5 percent of span. Sensing element
is o thick-walled copsule which has o tolal motion of less
than 0.010 of an inch for full span, gives overrange
protection to at least 150 percen! of full operating pres-
sure. The transmitter mechamsm converts the change in
force exerted by the sensing element fo a proportional
3-15 psi signal which is transmitted to pneumatic re-
ceivers up to several hundred feet from point of measure-
ment. The combination of element ond transmilter
hos o truly outstonding sensitivity and high overrange
protection,

810

EXCEPTIONAL ACCURACY Llcvation feature allows
typical ranges of 300-325 psi with accuracy of £0.21-1
psi or 2500-2700 psi with accuracy within 1.75 psi—
this a5 within 0.07 pereent of Jull prassure. n

HIGHLY ELEVATED SPANS Zero clevation tn 1250
percent of span is obtainable within range lunits of
capsule.

EASY RANGE .CHANGE Tour interchangeable 316
stainless steel sensing capsules cover spans from 0-25
through 0-2000 psi. Capsule range limits overlap,
allowing choice for application flexibulity.

SIMPLE AND CONVENIENT SPAN AND ZERO
ELEVATION ADJUSTMENTS Spans are continuously
adjustable to a 10:1 ratio within the limits of each
sensing element.  Zero élevdtion is continuously
adjustable within the limits of each capsule.

INSTRUMENT VERSATILITY AND STANDARDIZED
TECHNIQUES Changing the element changes the
range—one transmitter mechanism. [Fewer back-up
transmitters. Only one calibration procedure.

SPECIFICATIONS T
MAXIMUM A
RANGE SPAN OVERRANGH
CAPSULE LIMITS LIMITS PRESSURE y,
A -15to 350 psi 25. 250 psi 500 psi
B8 -15to0 750 psi 50- 500 psi 1000 psi
c ~15 to 1500 psi 100-1000 psi 2000 psi
D =15 to 3000 psi 200.2000 psi 4000 psi

Repeatability 015 percent of span.

Accuracy +0.5 percent of span.

Dead Band 0005 percent of span.

Output Signal 3-15 psi or 0.2-1.0 kg /cm:.

Air Supply Pressure 20 psi.

Dimensions (Inches) 9-3/4 H x 4-3/4 W x 4-1/4 ).

Body 316 stainless stecl. Cover Coated cast aluminum
Element and all wetted parts 316 stainless steel, with silicone
rubber “O™-ring gaskets.

Mounting Transmitter vertical on bracket for 2-inch hort
zontal or vertical pipe.

Connections  Process 1/4 NPT or 1/2 NP1 female. . dir
tapped for 1/4 NPT.
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PNEUMMATIC ABSOLUTE PRESSURE TRANSMITTERS

cse force-bolance Iransmillers measure absolule
pressure from 0-10 mm Hg absolute to 0-350 psi ab-
solule, in spans from 10 mm Hg obsolute fo 250 psio.
Measuremen! ls transmiited by a preportionul 3.15 psi
ugnal to pneumalic CONSOTROL recervers locafed up
jo scveral hundred feet away. This broad spectrum of
absolule pressure measuring capabilily is accomplished
by three transmntiers, Models T1AH, 1AM, and T1AL.

1IAH handles the highest range capabilities. It is
available with absolute pressure spans of 25 1o 250
psio, fully adjustable to range limits of capsule.

1AM can be provided with spons from 40 1o 1520 mm
Hg absolute (30 psia) by means of two interchangeable
copsules.  Mediwm range capsule limits are 0-40 fo
0-400 mm Hg absolute, and the high range copsule
imils are 0-375 to 0-1520 mm Hg absolule.

NAL hos the lowest range copability. It con be fur-
nished with pressure spans from 10 to 40 mm Hg ob-
solvte (1.5 psia).

Foxboro Absolute Pressure Transmiiters enjoy a wide
variely of applications. Narrow span calibration and
zero elevation features make these transmillers ideal for
measurements on low pressure fraclionaling columns,
evaporators, vacuum crystollizers and degassing systems.

EXCEPTIONAL LINEARITY, REPEATABILITY, DEAD BAND AND DE-
P ABILITY

balance design and construction. l.ack of motion
permuts use of corrosion-resistant 316 stainless diaphragm cle-

ment-wathout hysteresis cffect usuaily cncountered with tins
materital  The clement, heart of the measuring system, 1= made

with watchmaker precision for utmost rehability under all
process conditions.

HIGH OVERRANGE PROTECTION Modcls 11AM and 11AL
sensing clement and baching plate have matching convolu-
tions to provide support when overranged. Model 11AH
has a hecavy-walled, all welded 316 stainless bellows which
provides ovcriange pratectign to 15 umes minimum cali-
brated span.

WIDE RANGEABILITY Spans arc fully adjustable to provide
wide rangcability in a single instrument. Fewer standby

ransmutters are required.

EXCEPTIONAL ACCURACY AT HIGHLY ELEVATED SPANS Narrow

‘Pans may be adjusted to maximum hmits of capsule  This

rinits narrow span calibrations around mcasured valuc.
Accuracy remains a function of cahibrated span.

DESIGN SIMPLICITY ADDS VERSATILITY This 1s the widely ac-
tepted, rchable d/p Cell Transmtter mechanism Only one
cabbration procedure for entire line of force-balance trans-
Witters for pressure, flow or liquid level measurements.

ONG CAPSULE UFE Scaling is performed, after evacuation
! microns, by new clectron beam welding technique.
. .od climinates all impuritics in capsule refercnce chamber.

These qualities are inheient with Foxboro

Fig. B5579 Model 11AM
Medium Range Transmitter

Fig. B5578 Model I1AH
High Range Transmitter

Fig. 85580 Model 1AL
Low Range Transmitter

SPECIFICATIONS

MODELS 11AH 11AM 1AL
Repeatabildy 0.15% 0.10% better than
{in % of span) 0.5%
Accuracy +0.5% + 0.5% +1.0%
(in % of span) at typical

ranges

Deod Band 0.005% 0.05% 0.05%
{in % of span}
Max. Overrange 3735 psia 150 psi 50 psi

Output Signal 3-15 psi.

Ambient Temperature Llimits -20 F to 4250 F.

Air Supply 20 psi.

Air Consumption Normal relay bleed rate 0 5 scfm.
Mounting  Bracket for 2-inch pipe. Cahbrated for vertical
mounting.

Weight 11AH, ca. 10 lbs. 11AM, ca. 19 lbs. 11AL, ca. 30 lbs.
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MODEL 11GL PNEUMATIC PRESSURE TRANSMITTER
Measures and tansmnts pressuies from —15 to 60 psi
i spans of 10 to 60 psi, with overrange protection
10 100 psi and zero clevation to 500 percent of span.
Sensing clemient is  bellows-shaped, hcavy-walled,
all welded; choice of bionze or 316 stainless—total
motion 1s less than 0010 of an inch. It is flexure-
coupled to the transmitter mechanisin, which is the
ame as in the Model 11GM Transnutter descitbec
on the preceding page.

MODEL 11GH PNEUMATIC PRESSURE TRANSMIT-
TER Zcro mayv be clevated to 500 percent of span
within the range limits. The scnsing’ element is a
heavy-walled ““C” Bourdon tube, all welded; NiSpan
C. Because therc is virtually no motion, there is
virtually no dead-band, negligibic hysteresis. Trans-
mitter mechanism is the same as in the Model 11
GM Transmitter described on preceding page.

MAXIMUM
RANGE LIMITS SPAN LIMITS OVERRANGE

PRESSURE
Oto 6000 psi 1000 to 6000 psi 9000 psi
0to 12,000 psi 2000 1o 12,000 psi 18,000 psi

MODEL 11DM PNEUMATIC PRESSURE TRANSMIT-
TER Scnsing clemients and transmitter mechanism
are the same as in the Model 11GM Tiansmitter on
preceding page.

MAXIMUM
SPAN MAXIMUM STATIC
CAPSULE LIMITS DIFFERENTIAL PRESSURE
A 2510 250 psi 350 psi 375 psi
B 50 to 500 psi 750 psi 750 psi
C 100 to 1000 psi 1500 psi 1500 psi
0 200 to 1500 psi 1500 pu 1500 psi
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ledidores Diferenciales de Presion

Por el Ing. « Lo Lt PONCE MONTUY
de- Schultz y Cia.. § A.

PREFACIO

La intencién de este articulo es da:
las ideas fundamentales en cuanto a la
prictica aque se sigue para medidores
diferenciales No pretcnde ser éste un
estudio exhaustivo en la materia, sino
una oricntacién dirigida principalmente
a la industria que se encuentra actual-
mente transformando sus sistemas dc
combustible liquido (combustéleo), por
gas.

L—INTRODUCCION

Entre los medidores llamados infe-
renciales encontramos clasificados a los
medijdores diferenciales de presién. En-
tendiéndose por medidor inferencial,
aquél de cuyos principios de medicién

Principics Elementales que deben normar
su empleo en la Riedicién de Flujos

se inficre (de ahi el nombre) el resul-
tado final.

El medidor diferencial de presicn se
identifica por la caracteristica de que
su clemento primario crea una dife-
rencia o caida de presi6n que depende
de la velocidad y densidad del fluido.
Esta diferencia es medida por un se-
gundo elemento, llamado secundario

Muy diversos tipos de elementos pri-
marios han sido usados para producir
la diferencial de presion, pero los mas
comunes Son:

a) La Placa de Orificio
b) La Boqulia o Tobera:
c) EI Tubo Venturi

Las sigutentes lineas estin dedicadas
solamente al elemento primario y sus
accesorios,

11.—HISTORIA

Para darnos. una i1dea de lo reciente
que es este tipo de medici6n. poderios
mencionar que, aungque se tiene noti-
cia de que en el tiempo de los Césares
en Roma, se usaban restricciones pa-
ra medir el agua en las casas, no fue
sino hasta el siglo XVII que se empe-
zaron a desarrollar las bases teéricas
para el disefio de los modernos medi-
dores diferenciales. A su efecto concu-
rricron muchos investigadores, entre

INGENIERIA PETROLERA
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los cuales Benedetto Castelh y Evan-
gehista Torricelli condujeron al princi-
pto de que: el gasto (volumen o peso
por unidad de tiempo) era igual a la
velocidad por el drea, y que el flujo
en una restriccién era funcién de la
raiz cuadrada de la caida de presion
producida.

El 12 de noviembre de 1732, Henrl
Pitot presontd su estudis intitulado
“Descripcién de un mecanismo para me-
dir la velocidad del agua corriente y
la velocidad en recipientes’. Poco mas
tarde, en 1738, Juan Bernoulli desarro-
11a su famoso tcorema en el cual se
basan las ecuaciones hidraulicas para
medidores diferenciales. En 1797 Gio-
vani Batista Venturi, publica el resul-
tado de su trabajo sobre los principios
basicos de medicién en el tubo llamado
Venturi, y a principios del siglo XVIII,
Geovani Polem trabaja con éxito en
08 medidores de orificio.

IL—PRIMEROS USOS
COMERCIALES

Por vez primera en el afio de 1887,
Clemens Herschel, haciendo uso del tra-
bajo bdsico de Ventur:, desarrolla la
aplicaci6n comercial del tubo Venturs,
probando ser éste un mecdio bastante
préctico y cconémico para medir gran-
des volumenes de flujo Sin embargo,
como la ccuacibn desarrollada de las
leyes que sigue la medicién de gases
en este tubo y que son las de expan-
si6n adiabitica, resultaban muy com-
phicadas y poco practicas para aplicar-
se mis amplhamente a la medicién co-
mercial del gas, trajo como consecuen-
cla ciertas objeciones para su  uso.
aparte del hecho de que no existian
medios mds accesibles para la medi-
210n de grandes volumenes de gas na-
tural Esto condujo en el afio de 1900
a la investigacién de la aplicacién de
la placa de orificio como elemento de
medicién comercidil, obteniéndose resul-
tadcs mas satisfactorios no solamente
para gas sinp para muchas otras apli-
waiones industriales mas

N.—HISTORIA DEL MEDIDOR
DE ORIFICIO

Por su importaneia, dada la ampha
aplicacitn industrial que ha encontia-
do el medidor de orificio. merece una
mencion especial de la forma en que
fue desarrollado Tomas R  Wey-
month de la 'Umted Natural Gas
Company  en 1903 empezé experimen-
tando con la placa de orificio concén-
trico. usando las tomas de presi6n en
las bridas a una pulgada antes y una
después de las caras de la placa, las
cuales, entre paréntesis, han llezado a
ser las de uso predominante

Desarrolié coeficientes empiricos, co-

Mava LI - TP

Fig. 7685

rrelacionados con la relacién del dia-
metro del orificio (d) al didmetro de
la tuberia (D). que fueron reemplaza-
dos mas tarde por datos mds exactos
basados en los estudios de investiga-
cion de un programa de diez afos, y
cuyos resultados fueron publicados en
1935 por la American Gas Association
(AGA). En 1913 E. O. Hickstein pu-
blic6 datos similares a los de Wey-
mouth, pero con tomas de presi6n a
21, didmetros antes y 8 diametros
después de la placa de orificio. Estos

fueron también puestos el dia en la
publicacibn antes mencionada.

El profesor Horace Judd, en 1916 pre-
sentoé trabajos de medicion con orifi-
c108 usando tomas de presién llamadas
de Vena Contracta, ya qgue una de las
tomas, la de alta presion, se localiza
a un didmetro antes de la placa, y la
de baja presion en el punto de mimma
preslon, JEI mismo profesor presents
también el primer uso de placas de ori-
ficio excéntricas y segmentales.

En Alemama, y en general en Euro-
pa, se desarroll6 el uso de las tomas de
presi6n directamente en las caras de
la placa y que se conocen como tomas
de placa ‘(ver Fig. No. 7685).

V.—AVANCES RECIENTES

Entre los disefios mis recientes en
elementos primarios, se encuentran el
Venturi Excéntrico, el Venturi rectan-
gular, el Venturi de conos truncados
la Boquilla o Tobera,’el orificio excén-
trico y el segmental, el orificio con
perfiles especiales, el Tubo Foster, el
Tubo Dall, etc, que se han desarrollado
con el objeto de corregir o eliminar al-
gunas inconveniencias que han presen-
tado los elementos primarios origina-
les, en ciertas mediciones. Sin embar-
go, siguen predominando en su uso los
disefios 1miciales.
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VI.—ALGUNAS CONSIDERACIONES
DE IMPORTANCIA QUE DE-
BEN SER TOMADAS EN CUEN-
TA EN LA SELECCION E INS-
TALACION D E L ELEMENTO
PRIMARIO

4y PLACAS DE ORIFICIO. Con las
placas de orificio se produce la mayor
pérdida de presi6n en comparacion a
la de los otros elementos primarios
mas comunes (ver Fig B-1055). Asi
tenemos que, con las tomas de presion
21 v 8 diametros antes y después
de la placa se estd nudiendo la pér-
dida total de presion, sin recuperacién
posterior (ver Fig. A-947)

Con tomas de Vena Contracta se mi-
de la miaxima diferencial posible con
tecuperacién de presi6n posterior vy.
con tomas en la brida se mide una di-
ferencial muy cerca de la maxima, tam-
bién con recuperacién de presién pos-
terior

La exacta localizacién de las tomas
de presion antes de la placa, carece re-
lativamente de importancia, va que la
presidn en esa seccidn es bastante
constante (ver Fig. A-947) en todas
las 1eladiones de 4D comerciales De
', D antes de la placa en adelante has-
ta la placa. la presi6n aumenta gra-
dualmente en apreciable magnitud en
relaciones d.'D arriba de 0.5; debajo de
este valor la difetencia de presiones es
despreciable. Pero s1 ¢n la toma de al-

ta presién la localizacién no es de ma-
yor mmportancia, si lo es en la de baja
presion, ya que existe una regién muy
inestabie, después de la Vena Contiac-
ta, que dcbera ser evitada, y es ésta
precisamente la razén por ia que se re-
comienda para tubetias menoies de 2
pulgadas las tomas de placa La esta-
bilidad es restaurada a 8 diamelos
después de la placa, pero va en este
punto las presiones son afectadas pot
una rugosidad anormal en la tuberia

b) BOQUILLA O TOBERA. La
pérdida de presitn producida por una
boquilla. estd muy cercana a la de la
placa de orificio, pot lo gue, en su se-
leccién, no debera ser considerada ésta
como una ventaja sobre la placa. Sus
tomas de presi6on se tienen que loca-
hzar en la tuberia a 1 D = 01 D'antes
y 05 D + 0.1 D después de la entrada
a la boquilla (rer Figs. B-1U55 »
A-950). .

c) TUBO VENTURI y TUBO
DALL- Estos eclementos primalios pro-
ducen las minimas pérdidas de presion
pcsibles en este tipo de medidores
sus tomas sc localizan de acuerdo con
el disefio del tubo (ver Fig B-1045 o
B-1048)

VIL—SELECCION DEL ELEMENTO
PRIMARIO

En la scicccidn del elemento prima-
rio mas convenicnte para cada caso

particuiar, es neccsario tener presente
siempre las siguientes consideraciones

1o  Las Caractenstweas Fiacas del
Fluidu: Asi, s el fluide a medir es mas
o menos viscoso, lleva o no substane ay
en suspension, es hquido ©
vapor, éstos senian factores deiernu-
nantes en una decision.

20 — Los Gastos Mmnimos, Normales
¥ Maximos: Estos nos dan los himites
entre los cuales podemos hacer la sc-
leccidn, ya que tenemos condiciones en
que los mimmos o los maxinmous gastos
a medir, nos limitan y obligan a usat
tal o cual elemento primario

30.—La Presion Estitica: La selec-
ci6n del rango difercncial esta basada
principalmente en la presidon estatica
del sistema Elementos primarios que
trabajen convenientemente con dife-
ienciales a presion pequefla. son en
muchos casos factotes detetmindntes
para una seleccion.

40 — Las Dimensiones de las Tube-
rias: Veremos que existen Limtes ¢n
los didmetros de las tuberias que nos
impiden el uso de ciertos elementos pri
Iarios '

50 — Las Pérdidas de Preslon Permi-
~ibles en el Sistema: Generalmente se
deben ajustar las pérdidas de presion
producidas por el elemento primario
a un valor especificado, que no se debe
exceder Esto conduce en algunos ¢asos
a la seleccion de elementos primarios
que nos den caidas de presi6n minimas

un gas,

B1043
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Como ayuda en la seleccion del ele-
mento primario mas conveniente para
una aplicacion particular, la descripcién
.de cada tipo, dada a continuacion, es
precedida por una recomendacién ge-
neral concerniente a su uso:

1.—Placas de Orificio; La placa de
perforacion concéntrica, de perfiles en
dngulo recto, es cl clemento primario
de mas uso actualmente en la indus-
tria. A menos que las caracteristicas
del fluido y las condiciones de flujo nos
indiquen otro tipo como el méis ade-
cuado, debers usarse de preferencia
la placa de orificio, Esta es taladrada
a una exactitud dentro de los limites
de 1/20 de 1%.

Requisitos a que debe Ajustarse la
Placa de Orificlo

A fin de poder hacer uso de los coe-
" ficientes publicados que caen dentro de
*las tolerancias permutidas, el orificio
debe llenar las siguientes especifica-
clones:

lo.—El espesor en la seccién cilin-
drica, no debe exceder ninguno de los
siguientes limites:

d D (D-d)

——— '3 o]

8 50 8

Si el espesor, por la rigidez requerida
debe ser mayor de estos limites, enton-
ces las caras del orificio deberidn ser
biseladas a un 4ngulo no menor de 45°
dcl eje de la tuberia, o en su defecto,
ser rebajadas en la zona del orificio
hasta los limites especificados.

20.—El filo que da la cara al flujo
corriente arriba, debe ser en 4ngulo
recto Cualquier redondeo en el filo ho
deberd exceder de 0 025% del d.ametro
del orificio para asegurar una exacti-
tud en la medici6n dentro del 0.1¢

Jo —La cara corriente arriba debe
estar tan pulida como comercialmente
sca posible

40.—La porcién de la placa que se
extiende dentro de la tuberia debera
ser plana dentro de una tolerancia de
001" por pulgada de radio.

S0 —La placa de ornificio debe cen-
trarse en ia tuberia de manera tal que
la excentricidad sea menor del 3¢/ del
diimetro de la tuberia.

As! pues, para obtener resultados
satisfactorios, basta seguir las especi-
ficaciones antes mencionadas.

La gran venta)a de la placa de on-
ficlo en comparacién con los otros ele-
mentos primarios de medicién, es
que, debido a la pequefia cantidad de
matenal v al tempo relativamente
corto de maquinado que se rcquiere en
Su manufactura, su costo llega a ser
comparativamente bajo, aparte de que
e3 fdciimente reproducible, facil de ins-
talar y desmontarse y de que se con-

sigue con eclla un aito grado de exac-
titud.

A949—0rifice plate oisembly

A950=Flow Nozxzle
assambly

A951~=Venturi tube assembly




Desventajas en ¢ uso de Ia Plies

ae Onilicio

io.—Es 1nadecuada e¢n la medicion de
fluidos con s6lidos en suspension.

20 —No conviene su uso en la medi-
aién de vapores que arrastren conden-
sados {En tales casos es necesario per-
forar la placa en la parte inferior con
un taladro de 4+ 37327

30.—El comportamiento en su uso
con fluidos viscosos g crritico, puos lu
placa se calcula para una temperatura
Vv una viscosidad dada, s1 hay cambios
en la temperatura, la medicién resulta
tncorrecta,

10.—Produce las mayores pérdidas
de presi6n en comparacién con
otros elementos primarios
B-1035).

2.—Toberas o Boquillas: La tobera
se recomienda s1 el liquido por medn
contiene cantidades moderadas de sé6-
lidos en suspensi6n o siempre que-

los
(ver Fig

W
D7 VLWh sea mayor de 140

en donde
W — Gasto en ibs/hr,
D = Diametro interno de la tube-

ria en pulgadas.
w = Densidad del fluido en Ibs/pie
h = La diferencial de presi6n en

pulgadas de agua.

Las toberas son maquinadas indivi-
dualmente a las dimensiones cxactas
necesarias para los requerimientos de
fiujo de la aphcacién en particular
Igual que la placa de orificio, pueden
ser suministradas en la clase de mate-
‘mal que se necesita. (ver Figs B-1042
y A-950)

Una forma modificada de la boqui-
lla (Fig. B-1043), es frecuentemente
usada en vez del tubo Verturi para
medicién de flujo de fluidos con mode-
radas cantidades de maternales en sus-
pension

81044

3.—Tubo Venturi

E}l tubo Ventur: se recomienda prin-
cipalmente donde se requiere ¢l maxi-
mo de exactitud en la medicién de flui-
dos altamente viscosos y cuando las
circunstdancias obligan a mantener una
minima caida de presion, tanto que jus-
tifiquen el alto costo que significa la
mversion ongmal En un principio el
Venturi se recomendaba para la medi-
c16n de flindos con séhdos en suspen-
s16n, pero, al igual que las boquillas
esta aplicacién ha encontrado objecio-
nes en la practica y ha dejado de usar-
se para tal fin (ver Figs. B-1045 ¥
A-951)

4. Tubo Pitot

El tubo Pitot se rccomienda sola-
mente en donde una medici6n no muy
exacta es requerida, siempre y cuando
el fluido esté himpio, la linea sea gran-
de y la velocidad alta. Existen tipos
fijos y ajustables. En estos Glt:mos. Ia
inmersién dentro de la tuteria puede
ser variada para obtener lecturas des-
de el centro de ésta (ver Figs B-1044
v A-952).

5.—~Tubhus Dall: El tubo Dall sc re-

i

A952—Pitot tube assembly

30

S

comienda para la medicién de fluidos
limpios (gases o liquidos) donde se de.
sean minimas pérdidas de presi6n (ver
Fig. B-1048).

VIII.——SELFECCION DE LAS TOMAS
NDF PRESION

Como ya habiamos mencicnado,
existen tres tipos o formas de colocar
las tomas dc prosiébn y su designacion
va de acuerdo con su localizaci6n:

|

A) Tomas de Brida.

B) Tomas de tuberia

C) Tomas de Vena Contracta

A) Tomas de Brida: Las tomas de
Brida esté&n localizadas en las bridas

a una pulgada antes y una pulgada des-
pués de las caras de la placa de orifi-
cio Actualmente es ¢l tipo de toma
mads usado, debido principalimente a qu:,
pucde obtenerse va maamnarin evi-
tandose con ello mucho trabajo de ma-
nufactura e instalacion Vienen provis-
tas de un tornillo (jack screw) que fa-
cilita el quitar o colocar la placa de
orificio con fines de mantenimiento
tver Figs B-1019 ¥ A-919)

Debido a que estas tomas de bridas
estan simétricamente Jocalizadas. no
se requiere tener un cuidado excesivo
en su instalacién. permitiendo ademas
con esta localizacién, el medir fiujos
que puecden ser invertidos

Existen en el mercado cuatro clases
te bridas para or.ficio:

1 —Brndas Roscadas: (Ver Figs No
7684 y B-1049), que como su nombre
lo dice. son bridas para ser adaptadas
a la tubenia, por medio de rosca

2.—Bridas Tipo Slip-on o Deslizables:
Estas se deshizan alrededor de la tu;
beria, procediendo a soldarse después
tver Fig 7941).

3.—Bridas para Soldar el Cuello: Lle-
van un tramo de tuberia integral que
sirve para ser soldada a cuello con el
resto de la tuberia (ver Fig 7940).

4 —Bridas de Unién con Anillo: (Ve:
Figs. B-1050 y B-1051). Son de disefio
especial para que se les pueda adaptar
un anillo portaplaca. También sueldan
a cuello

lo.—L.a Brida Roscada: Esta ha te-
nido cierto uso por lo accesible que
resulta montarla en tuberias roscadas.
Sin embargo, su uso se encuentra hinu-
tado a diametros pequefios por la di-
ficultad existente de hacer roscas a tu-
berias grandes Por otro lado presentan
el inconvemente que después de ros-
cadas, gencralmente hay que cortar la
tuberia que sobra mas alla de las caras
de la bnda
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2.—La Brida Tipo Slip-on (Deshza-
ble): Esta es la mas comunmente usa-
da, pues no se requiere hacer mngun
corte a la tuberia, ya que pucde ser
acoplada a ras con las caras de la bri-
da (ver Fig. 7941).

3.—Bridas para Soldar a Cuello: E]
uso de éstas se recomienda para flujos
a alta presion. Existe en su aplicaciéon
clerta dificultad en alincar las bridas
a las tuberias al ser soldadas (ver
Fig. 7940).

4.— -Bridas de Union con Anillo: Estas
son usadas donde las presiones o los
liquidos a medir 1mpiden el uso de em-
paques apropiados, para hacer una
junta hermética (ver Figs. B-1050 y
B-1051).

Las tomas de brida no son recomen-
dables para tuberias menores de 2" en
donde la toma de baja presién se en-
cuentra localizada en una regién de
*lujo inestable en la curva de recupe-
‘racion de presidn Este hecho se pre-
senta cuando existen altos valores en
la relacién d/D, o sea cuando los coe-
ficientes standard no pueden ser aph-
cados En tales casos deben usarse las
llamadas tomas de placa (ver F 3.
7685). que se localizan dircctamente en
ins caras de la placa.

Otra razén por la que podria no re-
comendarse la aplicacién de las tomas
de brida, es cuando existen ya bridas
standard (no porta orificio) que se de-
sean aprovechar.

NOTA: En caso de verse obligado a
usar tomas de brida para didmetros
menores de 2", el sistema de medicién
deberd ser calibrado individualmente

B) Tomas dr Tuberia: Estas locali-
zan 2':; chdmetros antes y 8 diametros
después de la placa de orificio Este
tipo de tomas de presion tuvo mucho
150 en los EE UU . antes del desarro-
llo de los cocficientes de la AGA en
1935 Debido a que resulta un poco mas
laboriosa la manufactura de estas to-
mas cn comparacién con las de brida
ha ido cayendo en desuso, aun cuan-

dicion comercial del gas Otro incon-
veniente que cabe mencionar, es que
gse requiere considerablemente mayor
longitud en la tuberia de medicion

Cuando se quieren aprovechar las bri-
das standard existentes, es cuando sc
acostumbra recomendar las tomas de
tuberias.

C) Tomas de Vena Contracta: La
toma de alta presién se coloca un dif-
metro antes del orificio y en la vena
contracta la toma de baja. Esta ult-
ma se acostumbra locahzarla 1z dia-
metro después de la placa tver Fig.
1-IX).

Se usa amphamente en medicién de
vapor.

IX.—FUNDAMENTOS EN LA TEO-
R1A DE LOS MEDIDORES Dl-
FERENCIALES

Si suponemos que un fluido esta flu-
yendo a través de una tuberia inchna-
da, tal como se muestra en la Fig. No
1-IX, la relacn wntie la presién di-
ferencial y la velocidad, puede ser de-
rivada del teorema de Bernoulli. Asi.

vara fluidos ideales incomprimibles.
tendremos: (1)
P Vlz P2 vzz
Z+—+—=Zi+—+—
P 29 P 29
En donde:
Z = elevacién de la tuberia.
p = presidn .estatica absoluta
V = veloaidad promedio
p = Ppeso especifico del flumdo
g = aceleraci6n debido a la grave-

dad, siendo los subindices 2
para los factores corriente aba.
Jo con respecto a la posicién
de la placa

La toma de baja presion la locahza-
mos en la vena contracta, o sea en
donde el fluido es restringido a una

V;z—-vz p

2g P
En donde *h” es la columna hidros-

titica efectiva,
Esto se demuestra dimensionalmente

h (2)

i

como*
P — P2 1b/ft?
= = ft (3)
p Ib/fe
Ahora, s1 se supone que’
a
V =V,
A

basando lo anterior en la ley de la
conservacion de la materia, y aplicado
a una particula de fluido.

En donde:
a — A4rea de la restricci6n (tal co-
mo un orificio).
A — 4rea de la tuberia
L.a ecuvacion (2) se reduce a
2 gh 2 gh
V! = = — (4)
1-a?/A?  1-(d/D)*
y:
2 gh
Vi=V ———— (5)
1-(d/D)*

Sin embargo, los requerimientos co-
merciales usualmente necesitan que el
flujo sea expresado en umdades de vo-
lumen o peso, mas bien que en umda-
des de velocidad, por lo que para hace:
esta conversién, se supone que el area
a la cual la velocidad es V,, es el area
de la restricciébn del elemento prima-

ro
2 gh
qgt=V,a=avV (6)
1—g
donde
gt = Gasto tedrico en volumen.
B = Relaci6n de didametros d4'D
En términos de peso. el gasto seria
2 gh

wt =

qt p == a p \/

(7)

[34

do en las especificaciones de la AGA minima 4irea que es también el punto  donde:
¢stan aceptadas para usarse en la me- de menor presi6n estatica. wt = Gasto teérico en peso
ﬂ 1 ﬂ ﬂ -
SN Ikl
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Fig. 7684




B1049

81050

B1051

A fin de corregir las ecuaciones pa-
ra “qt” y "“wt"” de los gastos teéricos
a los reales basados cn datos experi-
mentales, un factor de correcci6én es
incorporado en la ecuacion en la forma
sxguxente

Gaste 1cal q w

= == — = (8)

Gasto teérico at  wt

donde C —= Coeficiente de descarga.

Ademas, ya que C y d/D son cons-
tantes, para un conjunto de condicio-
nes dadas, pueden ser combinadas asi:

K=
\2 Bl
Substituyendo K en las ecuaciones
(6) ¥y (7) tendremos finalmente que-

q = Ka v 2 gh (9)

w= Kap+\ 2gh (10)

Estas ecuaclones (9) y (10). son aph-
cadas bisicamente para cualquier tipe
de restriccién, pero estan limitadas &
fluidos incomprimibies. En el desarro-
llo de las ecuaciones de trabajo de apli-
cacibn comercial para medidores dife-
renciales, se requieren factores de co-
rreccién adicionales.
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Condliclones que decberin ilenar las seccidn recta recomendada muestra secciones rectas requeridas con la re-
instalaclones de Elementos grandes discrepancias, mismas que de- lacion d/D tomando en cuenta el tipo
Primarlos ben ser esperadas de un fenémeno de de accesorio que le precede.
naturaleza tan errédtica. El mejor jui- Ya que la longitud requerida para

El elemento primario debe ser pre- clo para los ingenieros que examinan restaurar la distribucién normal en la
cedido y continuado por secciones los datos disponibles en las longitudes velocidad es funcién del numero Rey-
rcctas de tuberias, que permitan res- de tuberia requeridas para una medi- nolds, fluidos de baja viscosidad y con-
taurar la distribuci6n normal de la <6n satisfactoria, estdn presentados diciones que requieren difetenciales de

velocidad. Una comparacién entre las por las Figs 2 a la No. 6. presion anormalmente altas, deben ser
diferentes normas para encontrar la En estas grificas se relacionan las tratados con especial precaucion.
-
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Alincadores de Flujo.—La mayoria
de los errores principales en la medi-
ci6n de fluidus se decben a los vértices
y remolinos que se producen KEstos
pueden ser chminados en forma efecti-
va econ o instalacien de alineadores de
flujo entre el punio de turbulencia y
el clemento primario (ver Fig. A-
1011).

El almeador de flujo consiste en un
nimero de pasajes paralelos de peque-
fia seccidn transversal, instalado den-
tro de la misma tuberia, paralelo a las
lineas de flujo. Un tipo comun esta
compuesto de un conjunto de pequefios
tubos soldados unos con otros (ver,
Fig A-1013). Olro tipo consiste de va-
rias planchas rectangulares soldadas
en forma radial (ver Fig. A-1012).

Para una mdxima eficiencia ningun
pasaje a través del enderezador, debe-
rid ser mayor de 1/16 del area del in-
terior de la tuberia.

b) Deberén existir cuando menos
cuatro pasajes a través de cualquier
didmetro.

c)

Precauciones:

La longitud del pasaje, debera

ser cuando menos 10 veces la méxima
dimensi6n transversal de dicho pasaje
Debido a su relativa
fragilidad, no deben localizarse dema-
siado corca de los punlos mas severos
de turbulencia, siendo prohmibitivo su
uso en lineas de vapor a alta veloci-
dad.

S1 ¢l alincador de flujo sc encuentra

Conclusion:

los que
Con los alineadores de

demasiado cerca decl elemento primario,
el perfil de la curva de distribuviun de
velocidades se aplana lo suficiente co-
mo para producir lecturas higeramente
altas. Sin embargo este error es mi-
nmo comparado con

logra

flujo ponemos término a este prumer
articulo que ha tratado de los elemen-
tos primarios de medicién y sus prin-
cipales accesorios. El estudio elemental
no seria completo s1 no se llegara a ha-
blar de los elementos secundarios, a
los cuales se les dedicari un artieyls

posterior, como complemento del pre-
sente,

34

BIBLIOGRAFIA:

1.—-D. M. Considiite.—"Process Ins-
truments and Controls Hand-
bouk '. -- McGraw Hill Book Co.
Inc. New York, Toronto, London,
1957.

H.—~L. K. Spink-—Principles and
Practice of Flow Meter Engineer-
ing”.—The Foxboro Co., Foxboro,
Mass, U.S.A 1958.

III.—Gas Measurement Commitee Re-
port No. 3 "Orifice Metering of
Natural Gas' — American Gas
Association 1955.

IV.—Bulletin 7-10A “Flow Meters”

— The Foxboro Co., Foxboro
Mass. USA.
V ---Bulletin 138.--"Industrial Instru-

mentation” — The Foxboro Co.,
Foxboro, Mass. U.S.A.

ot T

\
AL T A
- RPN L

1Pt BAMITING FROM QBN ILR TO OSTUABARCS
"w 30 e . 0 )0

P s

|

APPECT OF D'EToRBABCT
WiTm vanlg OUY

"PO0UBLE PLaASE LY~
0 GimeLe PLaRL fL ——— '3
> AL ATON yratRiAN
S.ATL vaLvL witiTan

MLABVELUERT QRRON ~—— PERCENT LOW
- -

] ] aron

AlON

F
Ror,

fa— A ~i 8
[ — 1< D
L
vlator or / Orifice
welly Closed
/ve

FIGURA G

50 - I T2 %0
[ SOG I A DUO IRENND NONY ARAENGDS VI UOUH It IVERAN I
j_AW'J"‘___l A ' ?AT-I 4 f*i W 4
po N 0 0 R . R O A 0 B 0 113 ‘5
T e e e
D Y ST | 3 el N R Eay N
Beup ekl sy e aogRRERd N DI Tj:l?. o
'g 40 [+ = T — R ?40
. - + -} } : »
3 e A N B rig0N
£ RN SRS : 1 4 = a5
QE 35 - . ! 19 8t
1 : 11t + - +
2§ E e A e
< S b T NBEREY SRENNEEEN
<« ¥ 30 == : I r - + 30
(m\ e 4 4 3 - Fas e Yl
g PROUS SN b ! I P A SR D
8y, o Bp .7 JuNEwRDS Sunas
BE S - 7 s
AT o et
v D SEua R EEREEENP ok e
‘?Q 20 i i - —-— . ) B 20
S : 1 — alll 1 N i —p i
o T e ) 1 | T3 A
Py P 1- iy It lru_k Iu 4.7%
N == A e ]
EE 1 8] ;' — N ,1 — .
3 Q o i 'J_f,_z__‘r A [
.EQ T 7 v 17 I [ t 1
E -1 ] JLI + : Io
S " N St
10 5 il <SR
< " ] i B ]
NS S SN LA BT i =i oun
Ljr : T JLIIJA 1.7 i ot A'd%_'_q‘_, 5
5 —— (e e
j._a_*_"_- :_._._— r.:F o ey THiIr
L ] pugesinn
13 . o8 L
0 i SR U] R 0
0 / .2 .3 4 .5 .6 7 .8
Crifice f3 Pipa Drameter Rafio 8

INGENIERIA PETROLERA






\ ETOWESINTRODURTIION }
S - N ,
(-

ELECTRONIC

CONSOTROL

INSTRUMENTS

SV BN

"IVERSAL CASE
STRUMENTS
LECTRONIC

e et

PREUMATIQ
CONSOTROL
INSTRUMENTS

UNIVERSAL CASE

/70

(A0ST COMPLETE SELECTION OF FLOW IHSTRUMENTATION AVAILABLE

Foxboro provides a greater variety of instruments for
flow measurement and control than s available from any
other single source. This fact, plus over half a century of
experiance 1 overy phase of fluid mochomics, assures the
user of the most satisfactory solution for his flow problem.

The flow measuring systems described in this sechion
may be conveniently divided into the following general
categories tnvolving four different measuring methods

FOR LIQUID FLOWS ONLY—IN PIPELINES

B Force Method Torce of flowing liquid on target.
type device inserted directly in pipeline is inferential
of Aow rate, [Force is measurced by a:

Target-Type Transmitter B25

C Velocity Methods Precisely measurable voltage
directly proportional to flow rate is detccted:

INSTRUMENTS
PHEUMATIC (page number references are also included ): by clectrodes in a Magnetic Flow Trans-
= mitter (see below) B26, B27
SPECIAL by pulses in a Turbine Flow Transmitter
INSTRUMENTS {(not shown bclow) B28, B29
FOR LIQUID, STEAM, AND GAS FLOWS—
B IN PIPELINES
2::5«%? A Differential Pressure (Head) Method Flow FOR OPEN CHANNEL FLOWS
» through a suitable primary device, inserted in lines, D Llevel Method Float motion, resulting from
- produces differential pressure inferential of flow changes in head at weir or flume, actuates drum
DIGITAL rate. ‘This differential pressure is measured by the and characterized cam to posifion pen. Further
SYSTEMS fo“O\Vlng means: dcscribed as:
Page Float-and-Cable Element B19
PRESSURE Mercury Manometer Elements
Model 28 B17
Model 27 B17 OTHER PRODUCTS DESCRIBED IN FLOW SECTION
Modc! 26 B17 .
M less El Model 37 Primary Devices Bl6
creuryless Element—Model 3 B18, B19 Integral Orifice Attachment for Small
Bell-Type Element—Model 9 B19 Flows B21. B23
Pneumatic d/p cert Transmitters . ;
P— Mool 13 /p 320, B2 xI:/llagnénc Flow-to-Currcr'xt Converter R27
Model 13HA B20, B21 ow Computer Accessories B3]
= Model 15 B20. B?1 Frequency to d-c Converters B32, B33
TEMPERATURE Indicating Transmuttgrs Pulse Rate Indicator B33
Model 45 Pneumatic B4 Totalizers, Batchers, Blender B34, B35
- Modecl 637 Electronic B24 Integrators for Automatically Totalizin
POLITION, Model 541 Flow Computer B30, B31 Fl%w Y " B36, B37
MEASUREMENT
WEIGHT FORGE, A B C D
Dmg"i'. ELECTROMAGNET
| *3-15
S
N
- N
PRODUCT § f-
ANALYSIS ’

TELEMETERING

YALYES,
POSITIONERS,
QFPERATORS
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Fig. B5154
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SUMMARY OF FLOW MEASURING TRANSMITTERS AND FLOW MEASURING ELEMENTS

TRANSMITTER OR ELEMENT

TYPES OF FLUIDS

TRANSMISSION

REMARKS

Model 28 Element
Model 27 Element
Model 26 Element

Model 9 Element

Cloan, non-viscous liquids, vapors and
gasoy) obso, with seals or purges for
viscous and corrosive fuids, and fluids
containing solids in suspension.

Tronsmitter component can be
oddaed lo indicators and rocorders
for tronsmission to receivers up lo
several hundred teet from the point
of meosurement. Elemen!s also
couple with M/45 Pneumatic Trans-
mitter for transmussion up 1o several
hundred feet or, with M/633 or

M/37 Element

M/13 Tronsmitter
M/13HA Transmitter
M/15A Transnutter

M/E13DM Transmitter
M/E13HM Transmitter
M/E13DL Transmitter

Clean, non-viscous hquids, vapors and
gases, ont-corrosion construction;
also, with suitable purge, for viscous
fluids, and fluids containing solids in
suspension.

637 Electronic Transmitter for trens-
mission up to several thousond fee?
from the point of measurement

Float-on-mercury type. Provide
high accuracy plus locol reading
ond fait respome,

Bell-type element {Model 9).

Mercuryless type. Provides high ac
curacy plus local reading and faster
response.

Pneumahc—to receivers up to sev-
eral hundred feet from the point of
measurement.

Electromic—lo receivers up to sev-
eral thousand feet from the point of
measurement,

Provide fostest response needed
when control components ore added
Integral onfice con be odded to
any of these transmitters for meas-
uning smoil Nlows.

M,’188B Transmitter
M/618B Tronsmitter

Cleon liquids, gases and vapors plus
viscous fuids, slurries, and other
solids-bearing liquids.

Pncumatic—lo receivers up to sev-
eral hundred feet from the point of
measurement,

Electronic — up to several thousand
feet away.

Installs directly in line
tops rejuired.

No pressure

Magnehc Transmilter

Conductive liquids.

Electric-—from point of measurement
1o receivers.

Instolls directly in line. No flow

v
obsiruction; no pressure drop, no
pressure taps.

” L
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INSYRUMENTS
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PRESSURE

LquIn L
Tronsmitter component can  be | Commonly used to measure indus-
Floot-and-Cable Element Open chonnel flow odded. tnal waste, irrigation and similar —_—
Aows. -
TEMPERATURE
i L. Electric  Pulse — from point  of Provides diaital accurac
Turbine Meter Liquids. measurement to receivers, rovides dig @ Y .
SPEED,
POSITION,
. ELECTRIC
) MEASUREMENT
ELEMENT OR ., -
STATIC PRESSURE RATINGS {PS| MAX) TRANSMITTER  DIFFERENTIAL PRESSURE RANGES' (INCHES OF WATER) WEIGHT, FORCE,
¥ 2 S0 100 200 400 B850 ;
6000 5000 2000 1500 500 240 150 o\Jo oS o 20 25 A 0 0 : BLRSITY
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— ‘OPTIONAL TO 2500 PSI  “OPTIONAL TO 3000 PS!
VERTICAL LINES INDICATE MINIMUM AKD MAXIMUM FULL-SCALE RANGES AVAILABLE FOR INTERMEDIATE RANGES AND FOR COMPOUMD RANGES SEE INDIVIDUAL PRODUCTS ON FOLLOWING PAGES
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SECTION B—MEASUREMENT

PRIARY DEVICES

Fig. B5158

LT T EC T S e

Flow through o primary device resulls in o differentiol pressure, infer-
enlial of Row rate, across the device This pressure is measured by
the measuring elements and transmilters described on pages B15-823.
Selection of o primary device is determined by (1) physical character-
istics of the fluid; {2) maximum role of flow; {3) slalic pressure; (4) size
of pipeline, {5) ollowable over-oll pressure loss

ORIFICE PLATES

Recommended for clean fluids only. MHave more advonlages—and
suitable for more applicalions~than any other primary device

The squarc-edged orifice plate —B5158-—with 1identification
tab for usc with raised-face flanges, is furmished in stainless
steel, Moncl and other matenals, to meet ASME and AGA
standards  Orificc may be concentric, cccentric, segmental,
and quadiant edged.  Available, without identification tab,
for use with tab-type holding ring in ring-type-joint flangcs,
and onfice fitungs. Onfice flanges, holding rings, orifice
fittings also avamlable.

FLOW NOZZLES

Provide grealer flow copacity and conslant discharge coefficient over
a wider range of flow rales thon orifice plates Widely used for steam
flow, also for fluids contoining moderate emounts of solids in suspension.

Forged flow nozzles arc available in cither flange-type—B5159
—or welding-ring-type (not shown) for high pressure and
high temperature applications.  Furnished to ASME stand-
ards in carbon steel, 304 stainless steel, chrome molybdenum
and other matenals.  Fabricated, flange-type flow nozzles, in
3014 staunless steel, are also available.

FLOW TUBES

Recommended for wafer, sewage, sludges, slurries, chemicals, steam
trade wc.lus, oir and gases  Tube throat 1s smooth curve with no ex-
posed sharp edges or channels to clog.

Flow tube—B5517—fcaturcs mintmum pressurc loss with
large differential pressure for a given discharge.  Also constant
flow cocflicicnts down to low Revnolds numbers and velocitics
for accuracy to within +1.0 pereent of actual flow rate (0.5
when Jaboratory calibrated).

Tubes available with flanged cnds, with holding flange for
insertion between flanges, or for in-hne welding. Matenals
include cast iron, Mecehanite, forged stcel, stainless steel,
Polyester fiber glass, as well as special matenals.

i corm o -}

VENTURI TUBES

Recommended for fluids containing large amounts of suspended solids;
for low net pressure loss.

Type PVW-—B5161—is available with standard recovery
conc; or with long rccovery cone for lowest pressure loss of
any venturi form. Manufactured to AWWA specifications.

Modified forms of Type PVW, multi-tap or single-tap, and
with clean-out valves, manual flushing or continuous purge,
arc available for sewage (Type PVS) and sludge (Type PVSL)
flow mcasurcment.

Type PVF—B5162—is lighter, less expensive than Type PVW.
Fabricated tube is welded nside section of stecl pipe. Has
conventional-form cones, and throat of stainless steel; plain,
spigot, or flanged cnds. Supplicd with piezometer taps, as
shown, or with single taps at entrance and throat.

Onc-picce—fabricated or bar stock—modificd venturt tubes,
without piczomecter rings, are also available in small sizcs,
generally below 6-inch, for slurrics and fluids contaiming sohds

Type PVI—B5163—is used where spacc is insufficient for
standard-form tube. Inscrt tube has integral holding ring
for Qange mounting, with single cntrance tap, cither external
on the pipc—as shown—or integral with the throat tap n
the holding ring (not shown). Cast iron body and rccovery
conc, bronzc throat hner, standard through 20-inch sizcs, cast
iron body, stcel plate recovery cone, standard for sizes above
20 inches.  Also available in stainless stecl.

PITOT TUBES

Recommended where only comparalive measurements ere required,
when flvid is cleon, line is large, and velocily 1s high. For occurale
quanlitalive measurements, Pilol tubes must be calibrated in the hino.

The adjustable-type Pitot tubc—B5160—is installed through
a corporation cock or gate valve for insertion or removal
while line is under pressurc. Available 1n brass or stainless
stecl.  Also supplied in fixed type, where insertion or with-
drawal, with line under pressure, is not required.

ELBOW TAPS

An cxisting pipe elbow becomes a primary device when pres-
surc taps arc employed under prescribed conditions. Elbow
taps arc casily and inexpensively installed by the user, and
though not as accurate as other primary devices, provide a
convenient method of repeatable flow measurement for con-
trol purposes.



Fig. B5164 Cutaway view of Model 27 element mounted on
circular-caso  instrument. Also used with rectangular-case
instruments,

For measuring flow* at static pressures up fo 5000 psi.
Provide highest accuracy plus locol reading. Float, rest-
ing on column of mercury, converts differential pressure
lo motion outpul. Drive-shaft positions instrument pen,
pointer, or other device, in proporlion to square of
flow rate.

Mounted—near the point of measurement—with uni-
versal rectangular-case o circular-case recorder, indi-
¢alor, or conlroller, with or without integrator. Instrument
can be supplied with pneumalic or electric transmission
to receiver instruments up to several hundred feet away.
tlements are also used with M/45 Universal Pneumatic
Transmitter, Model 633 Electronic CONSOTROL Flow
Transmitler, and with telemetering transmitlers.

“Standord," for many years, in the gas industry for
Meosuring critical production and distribution flows. Also
used throughout the process industries on flows of liquids,
goses, and steam. Seal systems required for corrosive
fluids; purge systems for solids-bearing fluids.

) Not recommended where contact of mercury with flow-
ing fluid can be pofentially explosive, as in the case of
Smmonia and acetylene, or toxic, us in the case of foods,
dl'Ugs,

ot ’

L N R URYR AN OMETERRETEE

POVVERFUL, DEPENDABLE, ACCURATE (Sec B5164.)
Large diameter float (1) and long float-travel and
segmental lever combine to provide positive, accurate
instrument actuation. . . . “O’-ring scal—at vir-
tually friction-frec drive-shaft bearing (2)—scals in
static pressures up to 5000 psi, . . Self.aligning
U-bend (3) with double “O”.ring seal assures posi-
tive protection against leaking, floss of mercury.
Adjustable hex nut, at bottom of U-bend, combines
with characterized-poit-type plug to provide wide-
range, linear damping with instrument under pres-
sure. Submeiged, perfect-seating, ball-seat
check valves (4) close ports at U-bend in case of
overrange, sudden fluctuations or reversals in flow.
Valves arc interchangcable, won’t lock shut.

Float chamber (5) machined from a one-picce
forging of high-grade carbon steel. Range chambers
made from forgings or cold drawn steel tubing. Top
connection for complete venting of chamber; side
connection for quick removal of cover, easy cleaning.

SPECIFICATIONS
Model Pressure Lbs
Number Limits Ranges Mercury
"28 For
Highest
Accuracy 2000 0-50, 0-100, 0-400 13
25-0-25, 50-0-50
27 For 0-10, 0-20, 0-50 8
General 0-80, 0-100, 0,50 to
Application 2000 0-200, 0-250, ¢-350 10.5
0-400
5.0-5, 10-0-10
25.0-25, 50-0-50
26 For
High Static
Pressures 5000 0-100, 0-200, 0-400 9.5

*The Model 27 clement and the Model 9 (bell-type) element
(sce pagc B19) are also used for density measurcment, page
B59, and, with tempecraturc and pressurc compensation, for
air weight measurement.  For measuring flows of compressible
fluids under widely varying pressure conditions, these elements
can be supplied with pressure compensators.
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) MERCURYEESS P
ELECTRONIC
NN MODEL 37 ELEMENT DURABLE, DEPENDABL: SENSING ELEMENT Abso-

lute overrange immunity to 2000 psi—or to 2500 psi

optionally. Sensing element is unique, liquid-filled,
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For measuring flow at static pressures up to 2000 psi
{optional to 2500 psi). Provides highest accuracy, local
reading, and the fast response to flow change usually
needed when the measurement is used as the basis of flow
control. Also used for liquid level measurement.

Flexible diophragm assembly converts differentiol
pressure from primary device to motion; actuotes drive
bar to position instrument pen, pointer, or other device,
in proportion to square of flow rate. Similar in applica-
tion to mercury-manometer elements, but uses no mercury.

Mounted——near the point of mcasurement—with uni-
versal rectangular-case or circular-case recorder, indi-
cator, or controller, with or without integrator. Instrument
can be supplied with pneumactic or electric transmission
to receiver instruments up to several hundred feet away.

Element is also used with Model 637 Electronic CONSO-
TROL Flow Transmitter, Model 45 Universal Pneumatic
Transmitter, telemetering fransmitters, and with Model 43A
Pneumotic Controller.

Widely approved in the gas industry for measuring
production and distribution flows. Also used throughout

the process industries on flows of liquids, gases, and
steam,

B 18

INSTRUMENTS expansible diaphragm assembly with stainless stecl
" ELECTRONIC stop-rings and powerful range spring (see B5518).
A Withstands sustained overranges without ddmage,
pNEmATic | Diaphragm : change in calibration, or zero shift. No overrange valves
CONSOTROL ~ Assombly e 8 to leak or lock up. Full range damping adjustable under
INSTRUMENTS . A iaph
. - = =g Diaphragm  ,, ocoure.
- \ Assembly
UNIVERSAL CASE C ]
e 41 e
w\ Range ,
i Spring UNEQUALLED SENSITIVITY—SUPERIOR LINEARITY
SPECIAL A
PURPOSE ) ]
(NSTRUMENTS Long (5/16-inch) full-range travel of sensing unit
- provides unusual sensitivity to small differential pres-
sure changes. Extreme flexibility of unit combines
PANELS & . . . .
CABIKETS Drive Bar with high power of range spring for outstanding
linearity. Bi-metallic temperature compensator and
range spring of temperature-stable Ni-Span C alloy
DIGITAL assure constant zero and span settings.
SYSTEMS Fig. BS518 Cutaway view of M/37 elomont. Differential pres-
suro increaso compressos assembly A, displacing liquid to assem-
bly B, which expands until difforential prossure is balanced by
PRESSURE range spring C, positioning instrument drive bar D.
POWERFUL, FRICTIONLESS MOTION TRANSFER
m‘ B
‘ 1 Drive bar is flexure-pivoted, direct-connected to
! ELOW ;

sensing element, assuring precise motion transfer,
positive zeroing. Seal is free-flexing nickel bellows.

EASY RANGE CHANGE Covers can be removed and
range spring replaced in a few minutes time. Final
zero setting and calibration adjustment can be made
from the front of the instrument.

DIFFERENTIAL RANGES—INCHES OF WATER

Standard Full Scale 0-20 0-50 0-100 0-200
Modified Full Scale 0-25 0-26 0-51 0-101
‘ to to to

0-49 | 0-99 0-199

Compound 5-0-15 | 10-0-40 | 20-0-80| 50.0-150
s 10-0-10 | 20-0-30 | 40-0-60| 75-0-125
25.0-25 | 50-0-50 | 100-0-100

Any range except 20-inch with:
Minimum Span Top Scale Reading

Suppressed or
Expanded

30 30 to 50
50 50 to 100
100 100 to 200
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MODEL 37 SPECIFICATIONS

Accurocy #:0.25 percent of span (with 20-inch differ-
ential, 2:0.4 percent of span).
Dead Band 0.01 pcrcent of span.
Response I'rom O to 63 percent of scale in less than
1 second (less than 2 seconds, with 20-inch dif-
ferential). -

- Ambient Temperature Effect Zero crror: 0.5 percent
per 100 degrees F.
Working Temperature Limits -30 to 4230 F.
Static Pressure Effect Zero error per 500 psi: 0.25
percent.  For 20-inch differential, 0.5 percent.

Connections Covers tapped for 1/2 NPT (top), 1/4
NPT (bottom) for diffcrential pressure connections.
Taps can be casily reversed by rotating ‘covers 180
degrees.
Construction

Diaphragm Assembly 316 stainless steel.

Body aond Covers Slandard forged carbon steel,

cadmium-plated.  Optional 316 stainless steel.
Dimensions (inches) 9W x 6 H x 6 D.

Weight (M/37 element only.) With steel covers,
45 lbs. With aluminum covers, 33 lbs.

MGODEL 9 ELEMENT

Fig. B5172

For low-Differential Flows* Uses mercury (or low
grovity liquid} for seal only. Spring-bolanced bell,
resting in seol, parlitions interior of element body inlo
high and low pressure chombers, rises and falls with
differential pressure.  Tronsfers molion through seg-
menlal drive assembly and pressure seal bearing similar
lo thote used in mercury manomeler elements. Used
extensively on low pressure gas flows. Adaptable fo
sleom or liquid service. * -

MODEL 9 SPECIFICATIONS
Static Pressures Up to 150 psi.
Ronges Interchangcable, 0-1, 0-2-1/2, 0-5, C-10
inches of water diflcrential. Odd ranges bctween
! and 12-1/2 inches of water differential optionally
available. .
Sealing Fluid Ranges from 0-1 to 0-1.25 inches of
water require one pint of Aquascal. Ranges from
0-1.26 to 0-12 inches of water require 6-1/2 lbs. of
mcrcury,

Body Cast iron.
Bell Srainless stecl.

*Also used for density measurcment. page B57, and (like
Model 27 element described on page B17) with temperature

:"“! Pressure compensation, for air weight measurement.  Sec
¥Air Weight Control,” Foxboro Bulletin M-10.

FLOAT-AND-CABLE ELEMENT
(Model 31 Flow Recorder)

O

S e

—~ =

Fig. B5196 Roar intarior view of M/31 Open Channol Flow
Rocorder showing float-and-cable elemont. Over-all dimensions:
153 x 10!/ inches. Drawing shows typical installation.

For measuring irrigotion, sewage, and similor liquid
flows in open chonnels, using weir, Parshall flume, or
similor devices; ond for measuring liquid level. Element
is mounted integrally in case with reduction gearing to
recorder or eccenfric indicalor components. Case is
adoplation of Foxboro standord 12-inch circular case.
Instrument clso can be equipped with pneumatic or
vocuum transmission 1o receiver instruments up fo severaol
hundred feet away. Also furnished os indicating fele-
melering iransmilter (see pages B72, B73).

Floot motion from changes in head ot weir or flume
acluates drum, gear-troin, end cam mechanism which
posifions pen or poinler, in direct proportion fo flow.

Ronges: flows or levels corresponding to floot Iravel
from 0.3 1o 0-50 inches of waler.

TOTALLY ENCLOSED, WEATHERPROOF CONSTRUCTION
Mechanism and cable completely protected from adversc
wcather condstions or tampering. Negator spring replaces
conventional counterweight. Instrument is yokc-mounted
for quick installation in the field. Ranges easily changed
by simple interchanging and repositioning of two drums
and a series of gears.
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PNEUMATIC d/p CELL TRANSMITTERS
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Fig. B5175
13 sories d/p CELL
Transmittor.

Fig. B5176
Cutaway View of
Diaphragm Capsule.

For measuring and tronsmilting flow measurements
ot static pressures up to 6000 psi. Provide the advan-
tages of pneumatic tronsmission and the fast response
to flow change usuolly needed when the measurement is
used as the basis of control. .

Adjustable to measure flow at any range between 0-5
and 0-25, 0-20 ond 0-205, or 0-200 and 0-850 inches
of water differential. Adoptable—by integral orifice
ottachment—to measure full-scale fluid flows correspond-
ing to water flows 'os small as 0.005 gpm and air flows
as small as 0.02 c¢fm at standard conditions.

Convert differential pressure from primary device to
3-15 psi pneumalic signal proportionol to square of flow
rate. Tronsmut signol, through 1/4-inch tubing, to 3-15
psi receivers—controllers, recorders, indicators, or inte-
grators—up to several hundred feet from the point of
measurement.

Also used for liquid level measurement and ftrans-
mission, see poges B38-B43.

MOST WIDELY ACCEPTED FORCE-BALANCE
TRANSMITTERS Unsurpassed in accuracy, sensitivity
and speced of response.  Smallest, lightest, easicst to
install and maintain. Mercuryless. Simple range
and zcro adjustments.  Zero adjustment externally
accessible  Operate in any position.

ONLY FORCE-BALANCE TRANSMITTERS WITH
FAILPROOF OVERRANGE PROTECTION Scnsing
element is perfected diaphragm capsule—a pair of
flexible, stainless steel diaphragms secam-welded to
« pprosite sides of a rigid, stainless steel disc.  On over-

1
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Fig. B5177 . v
13H series d/p CELL

Transmitter.

Fig B5178
15 series d/p CELL

Transmitter.

range, contoured diaphragm presses {lush against
identically contoured disc which absorbs full force
of overrange pressure without damage to capsule.
Disc is drilled for controlled displacement of silicone
fluid All between diaphragms, ‘“‘damping out” ex-
trancous high frequency flow cisturbances. Mo
“O-rings to leak or lock up. Diaphragm capsules casily
interchange in field to provide broad measurement
capability.

MAINTENANCE-FREE OPERATION, LIFETIME CON-
STRUCTION All-metal construction assures hfetime
durability, pcrmanent dimensional stability. Dia-
phragm of lifctime Elgiloy alloy, with silicone rubber
gasket, provides permancnt leakproof seal between
ccll body and transmitter inechanism. Teflon
gaskets insure against loss of differential pressure
across diaphragm capsule or process {luid leaks at
connection asscmblies. All parts exposed to process
fluid are corrosion-resistant 316 stainless steel (or
Monel metal—when required) with body forgings
available in cadmium plated carbon stecl. Trans
mitting mcchanism doubly protected from fumes,
dust, and moisture— has gaskcted, aluminum, weather-
proof enclosure continuously purged with clean, dry
operating air.

SIMPLEST-TO-INSTALL OF ALL FORCE-BALANCE
TRANSMITTERS High and low pressure connection
taps at both ends of body, for optional connectio®-
Taps are located on 2-1/8-inch centers to fit standard
orifice flange union. Connection assemblies assurt
swift mounting and dismounting of transmitte"
U-bolt mounting bracket adapts to either vertic
or horizontal 2-inch pipe support.
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TRANSMITTER TYPES

podel 13 Scries—For General Application Provides
supcrior, all-around performance on flows at static
'pncssurcs up to 1500 psi and any range between 0-20
and 0-205, or between 0.200 and 0-850 inches of
water differential.  (0-10-inch minimum range op-
nonally available.)

Model 13H Series—For High Static Pressures For
usc where static pressures as high as 6000 psi are
encountered, as on hydrogenation, amunonia syn-

" thesis, synthetic fibre manufacture, and similar appli-

cations; for any range between 0-20 and 0-205, or
between 0-200 and '0-850 inches of water differential.
(0-10-inch minimum range optionally available.)

Mode! 15 Series—For Low Differential Pressures For
flows at any range between 0-5 and 0-25 inches of

\

INTEGRAL ORIFICE ATTACHMENT
FOR SMALL FLOWS

g

Fig. B5179°

Fig. B5180

Adapts Models 13, 13H and 15 serics trans-
mitters to the measurement of extremely small
flows. Used in rescarch, pilot plant, industrial
flow ratioing and similar applications. Usually
assembled with transmitter at Foxboro. Also
available as kit, consisting of manifold (B5179),
onc to six interchangeable orifices (B5180), and
neccessary connecting parts for adaptation in
the field. Orifices are sized from 0.002 to
0.350 inches ID. Full-scale ranges: fluid flows
corresponding to water flows from 0.00005 to
17.6 gpm; air flows (at atmospheric pressure)
from 0.0002 to 18 scfm. Chart rcadability at
the recciver provides accurate reading of flow
measurement down to 0.00002 gpm (water);
0.00007 scfm (gas). :

{ T e

water differential and low static pressures up to
500 psi. Most frequently used where excess pressure
loss must be avoided.  (0-2-inch minimum range op-
tionally available.)

SPECIFICATIONS
Model 13 Modol 13H Modol 15
Saries Serias Sorios
Ranges (inches 0-20100-205*| 0-20t00-205*]0-5t00-25**
of water) 0-200t0 0-850 1} 0-200 t0o 0-850
Spons Minimum 20 20 5
Maximum 850 850 25
Range Depression
or Elevation 0-205, 0-850 | 0-205, 0-850 0-50
Static Pressure
Limits 1500 psi 6000 psi 500 ps1
Dimensions Wide 6-1/8 7-9/32 8.7/8
(inches) High 11-11/16 12-11/32 14.3/8
Deep 4-11/16 5-1/16 4-11/16
Weight (Ib) 19 28 30

A ]
Accuracy .5 percent (typical ranges).
Dead Band 0.05 percent of span.
Repeatability 0.1 percent of span.
Working Temperature Limits -40 to 4250 I at cell body.
Lead lincs-may be extended to assure suflicient radiational
cooling, cven on hottest process fluids.
Qulput Signal 3-15 psi.
Air Supply 20 psi.
Air Consumption Normal relay bleed rate 0.5 scfm,
Construction  Body carbon stecel or 316 stainless steel.
Diaplragm capsule 316 stainless steel.  (Monel body and
capsule availuble for 13 Series.) Corver cast aluminum,
gasketed, weatherproof. Other matcrials available.
Mounting  U-Bolt bracket for 2-inch pipe. Mount in
any position, cxeept Model 15A which must be mounted

vertically.

Connections  Process Aeasurement 174, 1/2 NPT and 1/2-

inch Schedule 80 welding neck, interchangeable. Asr
tapped (or 1 /4 NPT.
Optional Features Air filter-regulator set.  Differential

pressure bypass manifold. Range attachment for reverse
{low applications; range or elevation attachment for closed
tank liquid level measurements.

*with medium-range diaphragm capsule.
**\With low-range diaphragm capsule.
tWith high-range diaphragm capsule.
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TARCGET FLOW TRANSLIITTERS

Fig. B5521
18 Series Target Transmitter, cut away to show
target-type flow sensing element.

Target Flow Transmitters deliver dependable, repeat-
cble force-balance measurement and transmission of flow
of clean fluds plus proven ability to handle heavy, con-
ductive and non-conductive viscous fluids. These include
Afficult” substances such as hydrocarbons, hot asphalt,
tars, synthetic dopes, oils and slurries at stalic pressures

- 1500 psi, even in high viscosity regions where pipe
s, uo0lds numbers are 2000 or less.

The Pneumatic Target Flow Transmitlier (18 Series)
cperates on instrument air supply, requires no explosion-
croof construction.

The Elecironic Target Flow Transmitler (618 Series)
wlput 1s @ 10-50 ma d-¢ signal suitable for transmission
everlong distances. This signal s standard with all Foxboro
tectronic CONSGCTROL instruments ond systems. The
"ansmitler is designed for Ciass I, Group D, Dwvision 1.

fORCE-BALANCE MEASUREMENT AND TRANS-
MISSION—INHERENTLY PRECISE AND STABLE The
9p works of this instrument is cssentially the same as
“at of the Foxboro d/p Cell Transmutter—perform-
ace proven throughout industry. The force-balance
“echanism converts a force (from 2 ‘to 16 pounds)
2¢erted by the flowing liquid on a target to a 3-15 psi
“ror a 10-50 ma d-c electric signal, for transmission
Pareceiver. A built-in damping device—silicone oil-
. Ued dashpot—damps out excessive line “noise” or
Abration without adversely afecting loop sensitivity.

EASIY RANGE CHANGE IN THE FIELD Range changes
P to 2:1 without changing parts—just rotate the
ng wheel on the calibrated range rod. Inter-

po)

5

Fig- B9167
618 Series Target Flow Transmitter

change one part—the target—{or range changes up

to 4° 1 and more. Diflerent targets for cach line size
- . A

are readily available.

ALL-METAL CONSTRUCTION Lcakproof diaphragm
seal of corrosion-resistant cobalt nickel alloy keeps the
process fluid from the transmitter mechanism. Target
and force bar are 316 stainless stcel Body assembly
and pipe are available in carbon steel or 316 stainless.

LOW INSTALLATION COST—BUILT-IN PRIMARY
DEVICE With single, rugged, compact umt there
arc no pressure taps, virtually no moving parts. A
sharp-cdged target is suspended concentrically inside
the process line. The flow strcam exerts on the target
a force which s proportional to the square of the rate
of flow. The force bar transmits this force directly
to the transmitter mechanism without lost motion.
No delicate parts—nothing to gct out of alignment.
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PIPE SIZE RANGE —GPM AS HIGH AS
3/4-inch 0-11.5t0 0-27 750F
2-inch 0-28 to 0-125 750 F TELEMETERING
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4-inch 0-150 to 0-500 500 F
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DESCRIPCION DE UN SISTEMA NEUMATICO PARA
'MEDICION DE GASTO DE UN GAS, CON COMPEN-
SACION POR CAMBIOS DE PRESION Y TEMPERATURA

v
EIF PR 4 N
o4 . N TP

Ing. FranCIsco Correa

Consideraciones Generales ~ o ~

La cOrrespondencia de valores entre la presi6n diferencial’y el

gasto puede quedar descrita por la siguiente ecuaci6n: ©

T a2 T R T
H = K L 0o s s 00 s e e e s o im0 ] -
| 5 9 ‘ | ay

E[_valpr,qe K es, en una determlnada lnsta]aCIOn, aproxnmadamen

i,

te constante. Su valor depende de la relacnén de dlémetros, den

b oy, SN

S idad relatlva del gas, tlpO de tomas, unldades de medlcnén ut|

lizadas, vy de todos los demés elementos que eslﬁecesarno tener
presentes al hacer célculos relaC|onados_con el dlémetro del -
orificio o résfriccién |

Al hacer esos célculos, generalmente se consndera que el gas
circularé a presién y temperatura fIJaS. Si asi suéédlera, la
presio6n diferencial variarfia solamente §l}variar‘el gasto, y
su valor podria considerarse como una indicacién del valor de
dicho gasto.. Sin embargo, en muchas aplicacjones puede haber
fluctuaciones de presnén y temperatura, y entonces la diferen-

cial no es una lndlcacuén fiel del valor del- gasto.

Sistema con Compensaciédn

Es posible compensar las. fluctuaciones mencionadas .obteniendo
mediante los transmisores adecuados, sefiales neumdticas que
representen a la presién diferencial, a la presidn estatica del

gas y a la temperatura del mismo, y aplicando dichas sefiales



a dos unidades neumé;ic?g galcu]adoras. La seifial neumética
finalmente, obtenida depende solamente. del gasto.. ..
El diagrama de blgqg¢§tde la figgra 1 indica coﬁo estan rela-
cionados los componentes del»siﬁtema. La sefial de salida de
cada bloque es funci6n de la sefial o seﬁales de entrada. Laﬂ

esta funQ|Qp.

Funcién del Elemento Prlmarlo

R

Al hacer los cé]culos relacnonados con el dlémetro del elemen

to prnmarlo se consudera que la presuén dnferenc1al tomaré
: T T N N B -

su valor méximo cuando el cauda] sea méx imo y, al’ mismo tiem-

3

po, la presnén estétlca tuviera su méxlmo valor ' y la tempera-

. St F N ST TE S TV TR SR G,
tura su mlnlmo valor v

. b

4 P

T
HM_—_-_K PM QM R R R T A (2)

Y

De las ecuacnones (l) y (2) se obtlene

IR e

i - T/Tm Q_) | -
. - —§73; (QM Ceeecioeee (3)

O sea ’ A Tl LT

Coh=toLq? sl W) e T

Funcidén del Transmisor de Presio6n Difefencfa]

La sefial de salida de este transmisor pasa en forma lineal de

su valor minimo, a su valor maximo, al pasar la presi6n dife-

rencial de su valor minimo, que es cero, a su-valor méximo:
N2- N2, H-H, H

n 2 = = m el = .
NZM - N2m A Fmo Hw ot o 8) -

-




Funcién del Transmisor de Presi6n Estética

Su comportamiéntb es semejante.al del transmisor anterior:
NB-NBm P'/’Pr‘n* ooy ,.:;;“,;;\,-
N3M -N3m PM - Pm

:A P/‘PM'Pm/.PM - p-—,- AI;'P-,- -; =

n3

]
(o)
S

\ )

Es interesante la observacuén de que adn cuando Py Pn y PM son

BYEY 3 , .
Oy 237, ad :)'q/;. { v\,;';"ﬂ T ;\ '

o

presiones absolutas, el valor de n3 depende s6lo de dlferenC|as
entre esas presiones. Por consiguiente, basta que el transmlsor

considerado mida presién manométrica.

" N R ST T . oy f. . ) 5 N e

. Funsién-'del Transmisor de Temperatura: - - - - . sof ;o 5

-~Como en €l-caso-anterior, i ¢ oo s b L] L

LM N T e T
Moy = N Ty = T ~
/Ty - t - |
= . o

Funcién de la Unidad’Compensadora por Presién

s v, ©
L) g ot

La descripcién de esta funcién es més sencilla utilizando las

cantidades representadas por letras mindsculas:

r ~
n5 = n2 [FP + (1 - rp) nBJ eee. (8)

y segdn las ecuaciones (5)"Y (é),

n5 = h [f + (1-r PP ]= hp ven {9) -
p o
Segin esto, se puede considerar que esta unidad sirve para

¥
<. Y

multiplicar dos variables.



Funcién de la Unidad Compensadora por Temperatura

-

'\n6 ?’nSI

y segln las ecuacio

] Q:
o) e U9

nes (7) y (9):

] ,
né =" [1 ¥ (r; - 1) (t - 1)/(rg = 1) ]
- . ] nv h . .
= n5. T === EE teacecans (1)

t

variables.

Resultado final

ST en un sistema de

permanecieran const

N

§ ' -

Por medio de esta unidad se obtiene el cociente entre dos’

- . - . 3 Lo S 7L

'
\

medicién y transmisién sin compensacién

antes' la 'pres.i6bn y-temperatura, ‘con.los valores

PM Y Tm , utilizados en los célculos relacionados .con el diémetro

del elemento primar

P = PM/PM =

t =T /T

m m

y entonces, segin |

n2 de la figura 3 s

Por otra parte, en

tendrfia, segin las

Es decir, la sefal
los mismos valores

de la figura 3.

io, se tendria

PR, B . d !

e A

{
—

= ] .....,...“..' ..... . (13)

a ecuacién (&), h = q2, y la sefial neumatica

erfa - - . CLl T
q2 R R R P eeee (1)

el sistema con compensacién ya descrito se

ecuaciones (4) y (1) :

N LY

né dependeria solamente del caudal y tomaria

que la sefial n2 del sistema sin compensacibn



Limitaciones

El sistema descrito puede trabajar, en la préctica, dentro de

los siguientes limites:

/24 rp £ 3/4

L/3 4L ri L 2

Nomenclatura

Caudal del gas, en unidades de volumen a determinadas pre=

siones y temperatura base (por ejemplo, a 760 mm de mercu-

rioy 20°C )o bien en unidades de peso.

Presi6én diferencial

Presi6n estédtica absoluta del gas

Temperatura absoluta del gas

Presi6n de salida del transmisor de presién diferencial

Q
H
P
T
N2
N3 Presi6n de
NG Presién de
N5 Presibén de
N6 Presi6n de
Subfndices:
q = Q/Qu

= H/Hpm
P = P/Py
t=T/T,
rp= Pn/PMm
ry= TM/Tm

salida
sal ida
sal ida

sal ida

Para una determinada Nj

del transmisor de presién estética
del transmisor de temperatura
de la unidad compensadora por presién

de la unidad compensadora por temperatura

M indica valor méximo, m indica valor minimo

Y
\ 10, 55’«’ > UF oS

Opp = ©
WK = O
Yp € p</
|} ¢ T £ >y

nj = (Nj = Njp) / (NjM = Njg)
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ROTAMETROS

PRINCIPTO D& OPHRACION:

il su
drea variable- consiste de dos partes:

1.) Un tubo ecdénico de vidrio, colocado varticalments en la 1lfnva de me
dicidn con su extremo de mayor didmetro interior, hocia arriba,.

2.) Un flotador el cual se encuentra libre para desplazarse dentro del
tubo cdnico.

<1 flujo se establace dentro ‘=1 rotdmetro desde la parte inferior hacia

la suporior.

Cuando no

-

forma mds simple y elemental, ol rotdmetro-medidor de flujo de

existe flujo, ol flotador descansa en la parts inferior, blo-

quoaando casi totalmente la entrada .del fluido. Al establecerss el flu-

Jjo, el flotador so eleva momentanaamsnte deblido al efecto de flotaclon.

pAro debido a la mayor densidad del f;
flotador dste tiende a descender, -
ocasionando con ello una reducecién
de o1 drea anular a través de la cu/
al el fluido pasa; esto a su vez -
trae como consecuencia que la caida !
de presion dentro del rotdmetro au- ;
mente. B
Zsta situacidn de flotacién y aumen
to en la caida de prosidn continua

hasta que se logra una condicién en
la que la diferesncia de presidén "po
sitiva" a travds del flotador, mds

al efecto de flotacidn son suficien
tes para vencer la presidn "negati-
va" ocasionada por el peso del flo-
tador dentro de la vena l{quida,.

Con el movimiento del flotador haci&i
ol extremo de mayor difmstro interi }
or, el 4rea anular localizada entre

VR WP

R LN I
.

e A e
7 Sen S

[yt

PR ey}

N .
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la pared interior del tubo y la pe-
riferia del flotador se ve incremen .
tada, presentdndoss con esto una re f G ANy
duccion en laprosién diferencial a [ "
Lraves del flotador, nuevamente el .
{iotador alcanzar{ ou equilibrio di

ndaleo cuando se presente el balan.
«2 do presidén.
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FIGURA 1-1

Hoja Noe. 2.040.

no hay flujo.

i l
| ‘ gﬁj Salida
("W). Tope del flotadoq,prevlene que ol flotador salga
ﬁ/g/r’ 'del tubo de medicién.
A //] |
1 . B
! ]L_E“
' ‘ - |
L) A c_Estoperq’sella entrada 81 tubo y la conexidn.
N ) .
NS b
“ i | [T~ Méximo gasto debido al 4rea anular mfxime es ob-
{ i : { tenido al extremo final del tubo.
() | ‘
- N 3
N ;
A\ it H -
1 IT TT ? <« Tubo de medicién.
H P ; :
.4 1 flufdo pasa a través;de esta drea anular.
N
N Z{- m V/ﬁ;////j La posicidn del eje del flotador referido a la
. lk” ! escala en el tubo nos da las lecturas de gasto,
N ___.J"\\\_\ : .
) ~... Flotador
7 !
4 A A A ! :
M |
+——— Minimo gasto debido a 4rea anular minima se ob-
o . tiene al fondo del tubo.
) Al I
T |
; i )| ‘ Tope que previens la cafda del flotador cuando
i J .t 1 )
c o T e T

;. Entrada, .

Zonector de entrada.

<4
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Cualquior otro incremaonto en ol flujo hard gue el flotador se eleve !t una
disminucidn causard una caida en la posicién., Con lo anterlor se dosea
establecer que a cada posicidn del flotador corresponde un flujo y no -
otro. A efecto de que ' ., pueda tenerse una lectura directa de la canti-
dad de fluido que estd pasando, se hace necesaria proveer el tubo con -
una escala calibrada, 4

El paso ' de drea variable para el fluido, pueder sor obtenddo de manzra
diferente a la deriveda del uso de un tubo cdénico, como puede ser por wi
6 jemplo: un tubo cilfndrico con una gufa cénica interior, o con una rany
ra de descarga lateral, también puede ser un tapdn cénico moviéndose a -
través de un orificio. Muchas otras formas habrf{ de obtener lo anterior
poro lo que mayor aceptacidn a tenido es el tubo cdnico.

Algunas aplicacionses no pueden ser cubliertas por el tubo de vidrio, sien
do en &sas ocasiones necesario el uso de tubos metdlicos en los que para
poder conocer la posicidn del flotador se recurre a medios magneticos o
eléctricos.

El uso de los sensores magneticos para detectar la posicién del flotador
hace posible tener aparte “de la indicacion, algunas otras funciones tales
como registro, integracién, transmisién y control.

Comparacién entre el rotdmetro y la placa de orificio.
El rotdmetro y la placa de orificio, * | i 14
tienen muchas cosas en comin; ambos | ’
sirven para medir la cantidad de flu . ‘
jo en la 11nea, ambos presentan una ]
rostriccidn la que ocasiona un aumen |
to en la velocidad, }

3

{

i

/ ORIEICI®
/ ANGLAR
' AREA A"
La forma del orificio difjere. la - \ﬁ“”! (A vARIMSIE) (DE L
placa de orificio tisene el orificio _;Lbaag-q . ORIFICIO
circular; el rotdmetro anular. A TRAVES PEL PRESICN AREA ceNSTANTE
FLOoTAPO R DIFERENC/IAL
En ambos medidores el flujo puede -
sor determinado empleando la expre -
sién matemdtica, | ROT/.'} ME Tﬁo FL A(,q
/ -0 0o i~~~ ———— 100!
&= CAY2 gh 1 Zso = sof w |00E
. 1 -80 5 BOf Silo00,
Donde : . B §70~ Sl
=60 w GO S -(0|
Q.= Gasto ‘ -:8 ?58— ey
- - <> 40t < \
C.= Coeficiente de descarga del orificio |_;, 9 b o -uﬁ
-20; % eof &0
-10 5 no—/ i ":)“l
02 S0 LT U6 Y0 G 98T

rFladprn -2
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Area del orificio
Acelaracidn gravitacional
Ap a travds del orificio.

i
9.
H.

la myor diferencia se presenta al determinar en funcidén de cual de las -
variables anteriorss es medido el gasto.

En la placa de orificio el drea del mismo es constante' y la cafda de pre
sién es medida como una funcidén del flujo; por lo tanto "Q" es proporcio
nal a la rafz cuadrada de "H",

En el rotdmetro la cafda de presién es constante, no es asf el 4rea; por
Jo que en este caso M"Q" es proporcional a "AW, .
De lo anterior se ve que la curva de flujo en la placa de orificio serd
cuadrdtica y lineal en el rotdmetro como se muestra en la figura 1l-2.



COPARACION D IAS CARACTTRISTICLS

CARACLmALE [4Ca ROTAMETRO PIAC. D3 ORIFICIO.
Formato de la Escala Lineal -"Rafz Cuadrada® i
Rango Utilizable 10:1 b1

Flexibilidad

Tubo y/o flotador pueden ser

cambiados, :

1a diferencial y/o el difmetro del orificio
puedsan ser cambiados,

Caida de Prasidn.

Relativamente constante. Se
mantiene el rango de 10:1 =
con cafdas extremadamento -
psquenas. .

Varfa como el cuadrado del gasto.

Capacidad.

Espacialmants apto para tu-
berias hasta 374, laneja -
gastos de 0.10 cc/min., has-
ta 300 GPII do agua. Disponi
ble hasta 12" para 4000GP!.

Usualmente requiere calibracidn especial en tu
berfas menores de 2"§. Especialmente aptas en

lineas mayores ds 37§,

Efecto de Impurszas.’

Tiende a autolimpiarss debi
do a las lfnsas de flujo a
través del flotador y a la
libertad de movimiento del
flotador.

1a presidn estdtica obstruye fécilments las -
tomas.,

Efecto de Instalacidn.

Despreciable en la mayoria
de 1l6s rotdmestros,

Requiers un tramo recto a la entrada. Ds lo

contrario la precisidn es- imprsvisible.

Precisidn.

12 pracisida ostf en la lec
tura directaronts,

[P S ——

Generalmsnte es la precisién del sensor ds pr¢
sién diferzncial tambidn depende dal edlculo
dsl orifisio, vrecisidn en raquinade y/o insta

- 3 .
lzoiéa.

aooo-g OON VCOH
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Dorivacién do la ecuacidén bdsica de flujo en Rotdmotros:

Sstando el flotador on equilibrio di.
némico la suma de fuerzas que sobre el
actuan deberd ser igual a coro. Haga-
mos que las fuerzas que actuan hacia -
arriba sean positivas, y negativas las
contrarias.

/a/f )
Prosidn del fluido sobre el flotador =+ / ( )
Peso del flotador - V,f P_F
Fuerza de flotacidén V_,(' P

Considerando los términos anteriores la ecuacidn de equilibrio ess

NOMENCIATURA 3 /’(—/{—f) A2 ‘/ﬁ) Ve 2 Ve =2

Df.= Didmstro del flotador ’

Dt.= Didmetro del tubo o "“F"?”‘/d Z@/“777/'7?0!
Vf.= Peso del flotador Af

Pl.= Presién antes del flotador 7/::/2

P2.= Presidn despuds del flotador ) 4 _ _ -
Vf.= Volumon del flotador —7£ (Ff’ﬁl} }7/[ /(;[ {o) - ©
(¥~ Densidad del flotador en peso :

P.= Densidad del flufdo en peso

V.= Velocidad en el orificio

Q.= Gasto en volumen

H.= Gasto en peso

Y.= Carga hidradlica en el orificio

A.= Area del orificio

C.= Coaficiente de descarga

K.= Cosficiente del rotdmetro

g.= Aceleracion gravitacional.

De la ecuacién de Torricelli para velocidad en un orificio V= CYy 29 b

Conmo & Vg

Entonces ¢ C A,y 2 gh

Carga en el orificio igual a la diferencia de presidn
dividida por la densidad del flufdo, : h= (Pp- P2) L

la
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Por lo tanto Q= C AJVZG ( Py-p2) L !
e

Sustituyendo el valor de ( Pi-P2) por el obtenible de la ecuacién de

equilibrio, 1
&= C/‘)oﬁf%’z) Ve ({ft'?);.z;

v/ 2
=eg(a-5) l/;s’(%:) e (G-C)%

A grupando términos:

(

g= /% (=2 ‘)l["f’,”" )#

‘ultiplicando el segundo miembro de la ecuacién por_Dt
“DFf

W= le__—'(pé _/) pf(\/;:(efc-ﬂ)f7)

C e3 funcién del nmimero de Reymolds

—
F/—:;T—“7 es una constante

= ,/> es funcidn de la posicidn del flotador y del disefio
del tubo.

Entonces podemos agrupar las constantes anteriores en un coeficiente
para rotdmetros que denominaremos “K"

Do donde:

W = kﬁ;I/Wf (F-@)r
i By

qud es la ecuacién bfsica para flujo en rotémetros.
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Analicemos ahora la constante K", S{ la forma de un flotadoréan parti-
cular o5 mantenida dentro de una similitud Geométrica en tubos diferen -
tes tamafios, el cosficiente de descarga "C" sor{ el mismo asumiendo - -
igual mimero de Reynolds para cada relacidn de didmetros Dt/Df. La rela
cidén de difmotros es indicadora de la posicidn del flotador y del drea -
amlar en ésa posicidn para un tubo dado.

Puesto quo el coeficiente del rotdmstro "K" es una funcidén de las varia-
bles C y Dt/Df, entonces "K" ser{ igual para cualquier taiiafio de tubo -
siempre y cuando como se anotd anteriorments se mantengan la similitud -
Goométrica y el nmimero de Reynolds.

En lugar del convencional mimero de Reynolds "R", usaremos un nimero "N®

al que designaremos como "Ndmero de influencia a la viscosidad™ y que de
fineremos como

A —_—
\/F;Z?‘ (; '

.= Viscosidad absoluta en GPS.

W= Peso del flotador en Grs.

€f= Densidad del flotador en Grs/c.c.
€ = Densidad del fluido on Grs/e.c.

N =

Donde:

CURVAS D& PREDICCION:

As{ como el cooeficiente de descarga en orificios es determinado empiri-
camente, asi también se hace necesario realizar mediciones reales con -
rotdmetros a fin de determinar el coeficiente "K".

Como resultado de tales mediciones, podemos graficar los valores de MKW
a partir de la siguients ecuacién

/
Ecuacidn bdsica W= kpf ]’ W __(_Q‘__‘_____,‘")'o,
. f' q}
it /( - w -
e o -- > 1
g )/—;U; (F-cre
&

poro, de la ecuacidn de "NW

w, (G-’ A
e T K
)L




Hoja No., 9.000.

= o
W~ — c D
haips e :

4
N

an

CYP e CRTRVIVEITRO T LI

: = ‘ h s
- el e e et —— P T ——— —_ e — e RN SN RSP I ————— 4 ped e ol ||l|<l\<V~
cnioyd R el Bty roumming sl b i ittt Sdioost evawy i

5 " . oqesenly’ z : "

iy 20
FIGURE 1-4

: : {1 o i el Tt e e Z = )
llw if;.l.nlurl||‘q'll- m.|]‘ TPl .u_l - i EENNNE AwE \k\ ]
T y H PO R VR —
7S UL N S N ! ; T | U A AT N
S 4 HERE it : S ) JENEI S R Pl
1 il [ t [ [N A I P4 y o
i} ¥ — -+ it —— —
T
; A oo R THURY i ettt -
L. P i &
' Al i HER i |
[) [ VY T {
H AT & :
3t t Y BE . . i ! © ,
i | i TP i i .
. 1
A
“  —— Qi .y J~ =< f
IR eeoeT] O = =i ; 7= *
u - m L d \
. " i [ S .
besmrtett s ett Lot e bl - ===
= l‘nmwl,t ., H,llln.‘.-....l‘ e
LGSl TII o ST — ety feinsesnoumy 1
e amanreb Q. ' i
| T —_— —— [
X I3 b _ e M
———— i ' T H -
L

T

1 g T

1.

r
HI G
Tl
|
ik

1l

10371

D,/Ds-1.0
.

I Dy

DDy~ 1.0
Qo O

 Nameeo se inpuewan 4" iA

T e T N Tt T

- - peeean A.L« 1 <. L% —— ——— ¢

Elb ek et T e oo =
T e R T o
e e eteat i L o
e R it SR i A R B
ol T et =k : ; g S e
e a oo = I SRl St

ST T DT, e . = res ,“ R g -

C e LTI T i : P [eeera T . - - T . -
e e ; IRENES, FEAS] o et Rt

“ et el fantosis e s b posisadiihtidon hor g & pAR 4 : - I T o

= ] T T ] - — - .IJI.I...G@!..QH., Y 19 ‘Hﬂ. - = f———

0_ __'IJ.II..J 111'1“ .. T TN m = m 0 P T S g iyt R, - AR 4.410.(1 ',JJJ_— * T n.uu‘l v — Hl.u! TJ ©
[ o i et e S . T TN R R S S S T M
il Vo per oo B SoYLFWVLOY WaAvd FALNF(2(L207 [ ji-to i oo b

- T : Pl T e e e - . e e it —— et et 1 Shaaddands afl b iid e - e — o

TR e et (L PSP [ i.‘:rli-J\nu:uﬂ.l._“_.L.yJ_f._»L - ﬁlwwhn.l e Iw.,_w AT AT ,T’.!IR,' [T, |l....4 S
20 0o © o o c o A ! 1 cC > e N 0 w < R N c p
o ~~ B9 (S < I o o . —

¢’

e

ey AT

Sex oL geet

VIScosIoAp Fo

.
e
-} 3

e




HoJa Noe 1U.ee..

do donde sustituyendo este valor /k = /ﬂ/
17,»//

A fin de mantener la similitud geométrica hemos de emplear como pa
ramétro en la determinacién de las curvas, la relacién de didmetros Dt/Df
a las curvas as{ obtenidas, las llamaremos curvas de predicecidn, las que
pueden ser usadas, para predecir con precisidn el gasto de un flufdo, -
sin importar su densidad ni viscosidad. :

Un ejemplo tipico de las curvas mencionadas se muestra en la siguien
te pdgina,

Para hacer uso de tales grdficas se requiere calcular el valor de -
"N" y conocer ol valor de la relacién de difmetros Dt/Df para una posicidn
del flotador determinada.

A fin de normar un criterio, apuntaremos que la forma de las curvas
de prediccidn, son similares a las mostradas no importando la forma del -
flotador, el cual sélo hard que las mencionadas curvas se vean desplazadas
en los ajos "X" & "Y" o en ambos.

Flujos turbulentos dan por resultado, valores de WK" proporcionales a
"N" para una rolacién de difmotros dada. Flujos laminares darin valores de

"K" segin la funcidn.
ey '_L)
X ’f(/v

Variando las formas de los flotadores es posible disefiar un tipo que
presente cierta inmunldad a 1os cgmbéos por viscosidad lo cual en las cur-
vas se refleja como valores aprefin para “"K" hasta un valor de "N"
aproximadamente igual a 2; con lo que podemos concluir, que para este tipo
de flotadores no es nocesario diferenciar los valores de "K" para bajay -
viscosidades., El valor de "N" abajo del cual los efectos de la viscosidad
son despreciables se le conoce en la prdctica como " Limite de inmunidad
a 1la viscosidad" ( Viscosity Inmunity Ceiling V.I.C. )

12 insensibilidad dol rotémetro a los cambios de viscosidad cuando -
opora abajo del V,.I.C., hace posible el que se puedan elaborar tablas de -
capacidades expresadas en unidades de gasto, para agua o ‘aire, ya que ta--
les tablas son factibles de utilizar para flufdos diferentes al agua 6 ai-
re, con ol simple hecho de emplear férmulas de corrsccién por densidad, ob
tenibles a partir de la ecuacidn bdsica para flujo en rotdmetros. NuGVa-
mente recalcaremos que los cambios en el nimero de influencia a la viscosi
dad (8 nimero de Reynolds) causados por variasciones en la viscosidad abso-

luta y/o en la densidad, pueden ser ignorados para todas las condiciones
abajo del V.I.C,
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Las curvas aquf mencionadas son también dtiles para determinar el
gasto en flujos con valoras de "N" arriba del V.I.C., pero habr{ que -
tener en cuenta que a dsas altas viscosidades, cualquier cambio en la
misma o en la densidad, afectard al valor de "K" y por consiguiente a
la lectura del valor del gasto.

Puesto que las tablas de capacidades, y cartas para el dimensio-
nado, asi como otra informacién adicional, estf al alcance del usuario
on catflogos emitidos por los fabricantes, el cdlculo a partlr de las
curvas de prodiccidén, estd limitado a aquéllas personas, que actuan en
ol campo de los rotdmetros, o a quienes trabajan en proyectos de ine
vestigacidn.,

CAICULO DE ROTAMETROS 3

Férnulas de trabajo para emplear las tablas de capacidades emiti-
das por los fabricantes son derivadas de la ecuacidn bdsica.

Asumifido que las propiedades fisicas del flotador y los valores de
WK% permanecen constantes, entonces la Unica variable es la densidad del
flufdo, lo cual es cierto en gases y liquidos de baja viscosidad cuando
se usan flotadores con difmetros de 1/2"$ o mayores.

Las férmilas para correccidn por densidad son:

,WM LGem @0
L4/z Cf ;, | ) é

En unidades de volumen’
lo= & -SEeB20
L ‘1 ((?"/-P/)(a/

Q, § Wi= Gasto del fluido e manejar

En unidades de masa

donde

Q> § W2= Gasto equivalente en agua o aire,






EL TUBO DE FLUJO O TOBERA DE INSERCION.

La tobera de flujo es un tubo Dall modificado, siendo un dispositivo primario para me-
dicidn de flujo de Ifquidos o gases en tuberia, capaz de producir altas presiones dife—
renciales con muy bajas pérdidas de energia a diferencia de algunos de sus similares, -
adn bajo la misma relacién de digmetros d/D.

Antes de proseguir adelante es conveniente presentar ain cuando a grandes rasgos, las
ecuaciones fundamentales de flujo en un dispositivo de obstruccion para provocar una -
)

presion diferencial .

Fig. 1.

De la figura anterior nosotros podemos obtener la ecuacion de balance de energia - -
( Eq. Bernaulli ).

2 -P '
= P LU = Ve 4 L=t __,Z.._+U2+q+ws'
1) _;/z.-‘,— Li\-“‘_g_:_'l— | =1 KZ_

Donde:

z

Energia Cinética, = N Energia Interna = U
=4

Energia Potencial L Calor Desarrollado = Q

Debido a la Gravedad = '~ <=

Energia Potencial P Trabajo = W,

Debido a la Presion. = —

g
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= cons'}au‘t?‘.

Ya que, por definicidn el peso especifico () de un fluido incompresible , po-

demos escribir tedricamente:

A =
2) V, = L=/

AsT, si nosotros asumimos que:

El tubo es horizontal .

La energia interna es la misma en las secciones 1y 2,

El flujo es adiabatico,

No hay dispositivos sobre los que se pueda realizar trabajo.

o 0O O ¢
— N’ N

La ecuacién ( 1) de balance de energia podrd quedar.

P Ml By N
S z4 it z4.

Substituyendo (2 ) en ( 3 ) y acomodando términos.

“z'i}; V" LI (4 . 'LA‘ CP- =)

Os

YU =

l
| - éf\;f

[2369\“(2’_ >~] |

Esta ecuacidn, que resulta de la combinacidn de las consideraciones de balan
ce de masa y energia, s la ecuacidn bdsica de los medidores primarios de -—
flujo tipo restriccion y que provocan una presion diferencial que puede ser de
tectada para la medicion. En otras palabras, esta ecuacidn { 4d ) significa -
que el término @V (Illamado presidn dindmica ) es proporcional a la pre- -

sion diferencial .

Ya que este tipo de dispositivos es comunmente empleado para medir, ya sea -
. . >
en unidades de volumen o de peso, obteniendo la raiz cuadrada en ambos la--

dos de la igualdad tendremos:

| \
5/{(/2_: /- _é__a:-)a \/Z;%CP‘-PZ)

A



6)

6a)

8)

‘Hoia #3.

Las expresiones para gasto en volumen o peso son:

Q Tebrico = A > Ve
W Tedrico = YA, vz,

Substituyendo en la ecuacion (5)

) —\
Q Teor. = Az zq (_P‘"Ez)
-Gyt

W Teor. = / A= : ‘/m
\

1—6_':2)&

El término —_— es llamado factor de velocidad de -

Las ecuaciones te6riccs estdn basadas en un area corriente abajo (Az ). Sin
embargo, en la mayoria de los casos el vcllor actual (y redl ) de esa drea no es
conocido, por lo tanto se usa como tal el area de la restriccién empleada. --
Consiguientemente el coeficiente de flujo es corregido por esta ( y otras ) des—
viaciones del modelo tedrico. . -

. X4
aproximacion.

. . .« * o
Los efectos de algunas desviaciones entre condiciones tedricas y actuales son -
resumidos en un simple " coeficiente de descarga ".

Por lo tanto podra decirse:

Q actual = C Q Teor.

Os

CAz__

-

donde C es el coeficiente de descarga. El factor de velocidad de aproxima-—
cion es algunas veces combinado con C, obteniéndose un nuevo coeficiente de
descarga K, llamado coeficiente de descarga incluyendo factor de velocidad de
aproximacidn.

Q:\C% uaﬁ -

f — T\
Asi. Q actual = K A \/Z_‘S _ch;ez)
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El valor numérico de estos coeficientes de descarga puede ser obtenido de 2 ma-
neras. La primera es hecha mediante un medidor calibrado bajo condiciones
tan cercanas 6 las de medicion real cuando sea posible.  El coeficiente es - ~
calculado como la razén de la cantidad de flujo medido a la cantidad de flujo ~
tedrico. .

. . ) X4 [
El otro método mas conveniente usado es por prediccion, a través de datos expe-
rimentales previamente conocidos.

Los medidores primarios del tipo constriccion, tales como el orificio, venturi, -
toberas, etc. tienen ventajas en este caso sobre otros tipos de medidores porque:

a) Es relativamente facil reproducir con precision estos dispositivos.

b) Sus disefios han sido estandarizados.

c) Muchos datos de pruebas han sido acumulados para ampliar la informacion y
perfeccionar su disefio, lo cual hace facil relativamente calcular coeficien-
tes y predecir resultados con un aceptable grado de precision.

Valores tabulados de coeficientes podran ser encontrados en el libro " Fluid
Meters - Their Theory and Application " publicado por el Comité de Medidores -
de Flujode la ASME.

Por convenjencia en los trabajos de cdlculo de los diferentes tipos de dispositivos
. . . P . .« e LT

y para poder incluir los términos adicionales requeridos en mediciones practicas,

las ecuaciones basicas han tenido necesidad de ser modificadas.

Por ejemplo:  En un cdlculo comin para determinar el didmetro exacto de un ori
ficio, conociendo el gasto, tamafio de la Iinea y la presion diferencial deseada,”
uno de los primeros problemas contenidos en el cdlculo, son las unidades a em--
plear.

La ecuacion ( 8 ) es correcta para cualquier juego consistente de unidades. Por
ejemplo: Si el flujo voluméirico Q estd en 9?053/seg, el Avea A, en F?d'::z ,
la presion diferencial en ﬂb/pf?zy el peso especificoen £b/pfc 3 . Sinem
bargo la practica comdn es expresar los términos en unidades mezcladas tales co-
mo & PM, area en pulg. , presion diferencial en pulg. de H,O a 60 0 68°F y -
con densidad relativa en lugar de peso especifico.

Complicaciones adicionales en la prictica son:

1.- El coeficiente no puede ser determinado de las tabulaciones citadas antes,
ya que el tamafio del orificio no es conocido.

2.- El tamaiio del orificio es medido a condiciones diferentes de temperatura -
de la existente en el proceso.

3.- Las presiones diferenciales son frecuentemente medidas con dispositives ma
nométricos, que son calibrados con baja presion de aire en el lado de alta
presion. En lo prdctica las conexiones diferenciales son llenadas por el -
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fluido del proceso o por algin sello. La diferencia de densidades entre
estos fluidos y el empleado en la calibracion, deberdn considerarse tam-
bién para correccion.

4.- Los valores tabulados de densidad relativa estdn generalmente basados en
la presion atmosférica. Cambios de densidad con diferentes presiones -

estdticas, deberdn también ser consideradas.

Por lo tanto, la ecuacion 8 podrd ser expresada como:

9) Qn:‘ Cn \/ Hw.

Donde:  Qn = Gasto o flujo de operacion a la presion diferencial
en cualquier unidad de medicion.
Cn = Constante de fiujo en las mismas unidades de Qn.

hw = Diferencial de operacion en pulg. de H,O.

En la ecuacion (9).

o= sszFqur(l TC‘FP

Donde:

S = Una " constante de operacion " por medio de la cual

puede ser obtenido por referencia a una tabla o curva del dispositivo de -
medicion que se trate.

D = Didmetro interior de la tuberia en cuestion en pulg.

‘Nw  Una constante que toma en cuenta las unidades de flujo
' que se manejen.

Fa = Factor de area del dispositivo en funcidn de la femperatu
' ra de operacion y una de referencia a 68° F.

- Fm = Factor manométrico para ||'|'quic;lps sobre mercurio.
Gf = Densidad relativa del liquido a temperatura de operacién.
Gl = Densidad relativa del liquido a temperatura base de 68° F.
Fe = Correccion por viscogidad o nimero de Reynolds.

Fp = Correccion por compresibilidad del liquido.

El factor S resuelve el problema causado por la primera de las complicaciones adi
cionales.
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Refiriéndonos nuevamente a la ecuacidn ( 8), el coeficiente K es multiplica-
efe o . . ¥ spe o

do por el drea del orificio, misma que es proporcional al didmetro del orificio

al cuadrado, este término se define como:

s2%= xS
oS S5 = /(0//
0/2

PR~ AW

Z

__/([’

Los valores de S pueden ser tabulados, lo cual permite el uso de tablas o cur-
vas para encontrar esencialmente el coeficiente de FIU|o sin conocer antes el
didmetro.

5

por lo tanto,

Ahora bien, volviendo al punto de partida después de presentar las bases fun-
damentales del calculo de restricciones tipo orificio y similares, prosigamos -
con el Tubo de Flujo o Tobera de Insercion.

En adicion a la facilidad de estos elementos para producir muy altas presiones
diferenciales con bajas pérdidas de energia, este dispositivo es con5|der0ble-—
mente mds corto que un Venturi del mismo didmetro.

La hidrodindmica de estos medidores primarios es mucho mas compleja que la -
de sus simiiares, en algunos casos pueden predecirse coeficientes con exacti--
tud de¥|% de las dimensiones ffsicas, para obtener una maxima exactitud no
se efectia como en otros casos, un cdlcula dimensional particular en cada pro
blema, sino que existe ya una tabulacién especifica con relaciones d/D per--
fectamente determinadas asi como las diferenciales y gastos que admite cada -
una de ellas, teniendo posibilidad de ajustes exactos en las diferenciales de -

acuerdo con el gasto real que estd pasando por la tuberia.,

Anexo encontrardn un boletin que contiene estos datos y que permite seleccio-
. . aye . L4

nar directamente un dispositivo de este tipo, asi como el rango del elemento -

que se usard en la deteccion de la diferencial. :

La aplicacion de estos medidores primarios se enfoc originalmente a medicion
de gasto de liquidos, sin embargo actualmente se usa también en gases, sobre
todo en lugares donde la pérdida de presion es importante.

La configuracidn que se desarrolla en estos medidores es muy critica y estdn su
jetos a error por deposito de sdlidos o lodos en las tomas de presion, o en la en
trada al mismo. Cuando se empleen estos dispositivos, deberd tenerse especial
cuidado en eliminar cualquier fuga en las tomas que pueda existir, porque las

diferenciales medidas, son altamente sensitivas al flujo en las tomas, especial -

mentfe cuando se opera a bajas presiones diferenciales.

.G
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No obstante lo anterior y si se toman las precauciones necesarias para elimi-
nar dichos problemas, este medidor compite ( en tamafios grandes ) ventajosa
mente con sistemas similares en funcionabilidad, precision y precio.

Ahora bien, trataremos de ampliar un poco la principal ventaja de estos me-
didores, que es la baja pérdida que en ellos se presenta.

Todos los dispositivos primarios tienen recuperacion de presion, si la toma co
rriente abajo ( baja presion ) estd localizada en un punto de minima presion.,
Tomas colocadas 2% diametros corriente arriba y 8 didmetros corriente abajo,
miden las pérdidas totales en el dispositivo primario.

La recuperacmn de presnon (inversa a las pérdidas ) estd gobernada por la --
geometrfa de la s@ccidn de salida del medidor primario y puede incrementar-
se mediante el_uso de un cono a la salida. Mayores detalles de el efecto --
del dngulo del cono de descarga sobre la recuperacién de presion, podrén en
contrarse en el libro " Hidraulics and his Application ", tercera edicion de =

A.H. Gibson.

{n
.l X [ X
La comparacion’de recuperacion de presion aparece en curvas en la mforma-

cion anexa y es hecha en base a diferentes dispositivos primarios, dimensiona
dos para dar la misma presion diferencial a las mismas condiciones de flujo, -
las curvas presentan tanto recuperacnon de pre5|on como perdldas y de ahi es
posible efectuar algunas comparaciones sobre todo de costo, siendo mas impor
tante la columna de pérdidas que la de recuperacion, esio es, una recupera~--~
cion de presion de 90%, la cual aparece con muy pequefia dlferencna sobre --
una recuperacion de 95%. Sin embargo la primera corresponde a una perdida
de 10%, en tanto que la segunda a 5%, lo cual da una relacion 2/1 que ya es
muy significativa.






EL CANAL PARSHALL

INTRODUCC LON:

El ¢anal Parshall para medicién de flujo de liquidos en ca-
nal abierto, desarrollado en la Estacidn Experimental de --
Agricultura de Colorado (U.S.A.), en colaboracibén con la Di
visibn de Irrigacidn del Depto. de Agricultura de los EE.UU.
es un tipo especial de "Canal Venturi", que posee ciertas -
caracteristicas que lo hacen superior a otros dispositivos-
de aforo o medicidén de flujo que son usadas en el.campo.-

No se pretende decir, desde luegq/que este dispositivo ofrez
ca una exactitud extrema en la medicidén del gasto de un 1i-
guido, aGn cuando esta es buena dentro de sus aplicaéiones,
siendo ellas en Irrigacibén, medicidn de aguas negras o des-
hechos, ‘agua potable y algunas aplicaciones Industriales y
desde luego, su exactitud en la medicidn es mejor que otros
tipos de dispositivos similares. -~ l

Los términos que a continuacidén se describen, son empleados
en la exposicidén que méds adelante se presenta, (favor de re
ferirse a la fig. 6 ).- '

SECCION DE CONVERGENCIA: Es la parte aguas arrlba de la.es-
tructura y cuyas paredes verticales presentan una convergen
cia en la direccidn del flujo y en el eje del mismo (es de-
cir simétricas). El nivel del piso del canal -en esta parte
es transversal y longitudinal ( respecto a ld horizontal).-

SECCION DE DIVERGENCIA: Es la parte aguas abajo de la es---
tructura cuyas paredes verticales presentan una divergencia
en la direccidn del flujo. EI1 nivel del piso en esta sec--
cidén del canal es inclinado hacia arriba.-

GARGANTA: Es la parte de la estructura en la cual se unen -
las secciones de convergencia y divergencia. Sus paredes -
son verticales, paralelas y equidistantes del eje del canal.
La inclinacidén del piso en esta parte es 81empre con una va
riacibn de 3" verticalmente por 8" de longitud. -

CRESTA.- Es la linea de unidn del extremo aguas abajo del -
piso de la seccidn de convergencia y el extremo aguas arri-
ba del piso de la garganta.-

TAMANO DEL CANAL: Es la longitud de la cresta, L, en pies y
es idéntica a la distancia horizontal (perpendicular) entre
las caras interiores de las paredes de 1a garganta.-



-2 -

CABEZA O ALTURA SUPERIOR Ha: Es observada en un punto a 2 de
‘ 3

la longitud de las paredes de la seccibén de convergencia me-

dida hacia atr&s del extremo en la garganta (extremo de la -

eresta) en canales hasta 10' . En canales de 10' a 50', Ha
es observada a una distancia igual a 1 (L+8) medio a lo lar-
go de la pared lateral del canal.- 3

CABEZA O ALTURA INFERIOR Hb: Es observada en un punto cerca-
no al extremo de salida de la garganta, las coordenadas del-
punto en un canal de 3" referidas al extremo mencionado se
rdn 1.5" verticalmente y 1" horizontalmente madidas aguas -
arriba en canales de 6" a 8' seran 3" y 2" respectivamente.

FLUJOx Libre a través del Parshall es obtenido cuando la re-
lacién Hb/Ha. no‘g§§§a de 0.6 para tamafios menores de 1 pie-
y 0.7 para canales donde la longitud de cresta es de 1 a 8 =~
pies. Hb es despreciada bajo condiciones de Flujo Libre. En
la mayoria de las aplicaciones para la medicidn de flujo se-
usan instrumentos con flotador solo midiendo Ha. es decir -~

Flujo Libre.-

FLUJO SUMERGIDO A TRAVES DEL PARSHALL: Es obtenido cuando la
razbn Hb/Ha. excede de 0.6 en §anales menores de 1' y 0.7 en
canales de 1' a 8'. La practica limita los valores de la re
lacidén citada a 0.95. )

/ >, . . -"
Perdida de cabeza o elevacidn es la diferencia en elevacibn,
entre las superficies aguas arriba y aguas abajo. -

El canal Parshall de medicidén de flujo, tiene muchas venta--
jas desde el punto de vista de operacidén en el campo. El -~
grado de sumergencia en tamafios moderados de canal puede —---
aproximarse a 70 % antes de que la condicibén de descarga en
flujo libre se vea afectada. :

Para la medicidn de gasto en condiciones de sumerdencia se -
miden las dos alturas o' cabezas obteniendose buenos resulta-
dos para sumergencias hasta 95%. Debido a la facilidad con-
que estos dispositivos de medicion aceptan altos grados de -
sumergencia, la pérdida de energia a través de la estructura
es apréximadamente 1/4 de las pérdidas en un canal con flujo
libre de las mismas dimensiones. Los puntos de medicidén de
Ha y %. Hb son fijados o situados permanentemente en la es--
tructura,Ja esta manera se asegura la uniformidad en la ob--
servacidn de las dos cabezas cuando se trata de medir flujo-
sumergido/ o Ha = C\u.uru+¢‘ awn -@ﬂujo Qf(b (7.

>
2



Para la seleccidén del tamafio del canal apropiado en un pro-
blema dado, el efecto de velocidad es précticamente despre-
ciado, yva que la aceleracibn de la velocidad del "flujo en-
la seccidn aguas arriba o seccidn de convergencia del canal,
evita que en su piso depositen lodos o arena gue afectarian
la medicidén debida a cambios de arema en la garganta. —

Para estos dispositivos de medicidén han sido trazadas empi-
ricamente curvas y monogramas de calibracién para tamafios -
de 3" hasta 50' capaces de medir desde flujos tan pequefios-
como X15 GPM aprdx.)x hasta 1000,000 ®fGAL/MIN. en medicidn-
de flujo libre con un Ha de 70.0" aprdx. a través de un ca-
nal de 50' de garganta.-

El canal de medicibébn Parshall, ha encontrado una amplia a--
plicacibén en el riego en el campo para grandes canales, asi
mismo es muy empleado en problemas del campo de la Ingenie-
ria Sanitaria (Agua Potable, Aguas Negras), y en muchos ca-
sos adaptable a plantas industriales en la medicidén de sus-
deshechos. -

En la mayoria de las aplicaciones se tiene normalmente flu-

jo libre y por lo tanto interesa medir solamente la cabeza-
Ha.

Con el fin de ampliar un poco-'mis los conceptos fundamenta-
les expresados antes, a continuacidn presentaremos algunas-
caracteristicas, ecuaciones, curvas y monogramas del Canal-
Parshall y de algunos de sus similares con el fin de que se
pueda apreciar mayormente las ventajas que este representa.

VERTEDORES:
de Oﬁoracjor ‘

El vertedpr es un tipo simple j con buena exactitud para me
diciones de flujo en canal abierto y que guarda ciertos cri
terios de disefio pexfectamentedefinidos. E1 vertedor es me
ramente una placa u obstruccidn vertical con sa corte para-
dar paso al liquido, instalado a manera de obstruccibén y --
perpendicularmente a .la direccidn del flujo.

El nivel del agua en el canal es medido a un punto aguas a-
rriba donde la velocidad es baja y précticamente desprecia-
ble por ejemplo 0.3 ft/seg. o menos.-

LLos vertedores rectangular y de Cipolletti, tienen una re-
’

lacidén flujo - nivel en la cual este Ultimo estd a la poten

cia 3/2 aprdx. en tanto que en los vertedores triangulares



es 5/2 aprbéx. Esto significa que el vertedor triangular es
inherentemente menos preciso, pero que puede ser usado para
una buena cantidad de rangos en flujos pequefios con buengs-
resultados. Ciertos contornos de vertedor pueden ser emplea
dos a fin de tener una relacion lineal flujo.~- nivel, sin -
embargo este no es el uso comin. -
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La desventaja del empleo de vertedores en la medicidn de gas
tos en canales son:

a) .- Su alta perdida en carga o energia y.

b) .- Su tendencia a acumular, arenas, solidos lodos, etc. en
el lado aguas arriba del vertedor, o
Lo anterior implica el contar con dispositivos de lim--
pieza para asegurar una medicidn correcta. -

Las figuras 1l y 2 , muestran los requerimientos principales-
en la construccidn de vertedores, y las figuras 3,4, Y, 5 pre
sentan algunas curvas y ecuaciones de vertedores en terminos
de medicidn de nivel arriba del punto mas bajo del vertedor.



EL PARSHALL:

Como antes se ha podido observar, el Canal Parshall fue origi
nalmente desarrollado para medicién de gastos de agua de Irri
gacién. Asimismo es capiz de medir flujos con una muy baja -
pérdida de carga, de esta manera, en aplicaciones en donde el
gradiex}gd§ﬁaenergia lo ggige/tiene definitivamente una apli-
cacidn éédas sus bajas perdidas, por otra parte su misma cons
truccidén, impide la acumulacidn de residuos # en su fondo que
ovbiamente redundar& en un minimo mantenimiento por limpieza-
u otras razones.
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La mayor diferencia entre los canales Parshall y los vertedo-
res es la localizacidn, aguas arriba, del punto en donde debe
medirse el nivel o cabeza.

Como se dijo antes en los vertederos es necesario medir el ni
vel en un punto donde la velocidad es casi despreciable en --
tanto qgque en el Parshall esta medicidn se hace precisamente -
en la seccidén de convergencia donde el‘flujo es acelerado pa
ra entrar en la garganta ( ver figura 6 ).-

La velocidad admisible en este punto varia con el tamafio del-
canal desde 1.5 ft/seg. o mayor en canales pequefios a 6.0 ft/
seg. O mayor en canales grandes, consecuentemente no ser§ ne
cesario considerar la velocidad de entrada ( o aproximacién )
cuando se selecciona un canal Parshall. "

Si las tablas de capacidad son respetadas, si el canal de con
duccidn aguas arriba tiene la dimensibén P del seleccionado --
( ver fig. 6 ) y si el espacio y construccidn originales per-
miten una buena construccidn o montaje del canal Parshall no-
habré& ningun problema por la velocidad de aproximacidn.

En la mayoria de los casos el Canal Parshall, es empleado en
medicidn de gasto con "Flujo Libre".

Los limites para flujo libre en la relacidn Hb/Ha. fijados an
tes son los estandares que existen, sin embargo F.&P. median-
te estudios y experimentacidén en este campo ha definido aun-
m&s dichos valores, mismos que se presentan en la siguiente =
tabla. "

-\r)suaﬁo bei camsce . k_ta;gtTG D& FRUIOLIDRE
" a "  Hblha L0F
c's 9" Hb Jpq £ 0-6
l'a &' b [ oo
o'« S0 v”b/ﬁq Z 0.8

Cuando por impedimentos fisicos en el terreno no es posible -
cumplir con lo anterior para contar con flujo libre y la rela
cidén Hb/Ha. se sale de los limites marcados, nos encontrare--
mos en una condicidén de flujo sumergido o ahogado y sera nece
sario hacer mediciones del nivel o cabeza en dos puntos, uno
como si se tratara de flujo libre en la seccidn de convergen-
cia y otro en la seccidn de la garganta ( ver figura 7 ).
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Para calcular el flu]o verdadero bajo este tipo de medicibdn,
existen datos e informacidédn completa en el Departamento de -
Estado (U.S.A.) en el "Manual de Medicibn de Agua" de su Ofi
c1na de Reclamac1ones del Interior. 5&
j .

Estos datos son presentados como un flujo creciente que debe
ser restado-al flujo tedrico cuyo valor es conocido merced a
a la medicidn en Ha, considerandolo aqui como flujo libre., -
El incremento creciente del flujo esta en funcidn de: E1 ni-
vel de entrada; el tamafio de garganta y la relacidén de sumer
gencia Hb/Ha.

Ahora bien hasta ahora solo se ha hablado del dispositivo --
primario en la medicidn, sin embargo el elemento que detecta
las variaciones de alforo o sea el que en Gltima instancia -~
proporciona o traduce dicho ajgforo en un gasto no es menos -
importante ya que sin un medio continuo de medicidn seria co
mo en otros casos inecesaria y tal vez onerosa su aplicacidn.

Dicho dispositivo consiste basicamente de un flotador unido-
mec&nicamente mediante cables o articulaciones a una caja ~-
dentro de la cuél estan colocados los mecanismos necesarios-
para traducir el movimiento de dicho flotador en una indica-
cidén o registro directo de gasto, lo cull se consigue median
te un mecanismo seguidor de una leva cortada de acuerdo con-
la ecuacidn del canal que se trate, de manera que la indica-
cidn de dicho gasto sea lineal.

Desde luego, en la mayoria de los casos es no sblo necesaria
una indicacidn local sino que se requierey en un lugar leja-
no al punto de medicidn, con el fin de controlar gastos, do-
sificaciones etc. y entonces ser& necesario contar con equi-
pos adicionales dentro de la misma caja del Instrumento de -
medicidén a fin de traducir los movimientos del flotador en -

seflales neumiticas o electrdnicas y con ello hacer mas com--
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leta su runcidn. o

PAhOfq b, \,pr.%uc{o a ﬂd weel fe f\ofu do (Mufo 50‘“0@“{0} -6’0 c?ladfo
Eg@c método de determinac%?n de flujo, podréd ser bueno para
calculos locales y momentaneos pero no es aplicable en com-
putacidn o medicidén continua con instrumentacién. Otros me
todos también citados en el "Manual de Medicién de Agua", -~
c¥lculan el flujo verdadero aplicando un factor al flujo li
bre tedrico. Como muestra la figura 8, Fs, es una funcidn-
Ginica de la sumergencia, Hb/Ha., para cada tamafio de gargan
ta y puede obtenerse de la grafica facilmente el valor que:
'sera necesario para encontrar el flujo verdadero pero para-
cada nivel en particular. En sumergencias menores 95% el -
cdlculo introduce no m4s de 5% de error en el gasto y con -
condiciones medias esto es lo mejor.

Un Canal Parshall de 3'
: , . ’\\~“:Q#\ . disefiado para flujo 1i
‘ i WA bre pero empleado en -

flujo sumergido con Hb/
Ha = 0.90 leer& 25% -
arriba del flujo nor--
mal aprox.

80 -k

Puede facilmente obser
varse que es necesario
hacer una correccidn o
compensacidn que permi
ta una medicidén conti-

T S S

20 t——- —_—
’ - nua.
i S T SR S B
ok La ecuacidn a resolver
0 20 4 50 puede plantearse como:
SUBMERGENCE, ”l;./'
1:?3. 8.~ Factor Fe Con+rq o (1) Q=Qf Fs.

2o lacton do Suwmewrqeacia.

Donde:

Q = Flujo Verdadero

Qf= Flujo libre tebdrico, basado en Ha.

Fs= Factor de sumergencia que es una funcién de Hb/Ha., pa

ra cualquier ancho de garganta.

Para una garganta conocida donde Qf es conocida:
1.5
(2) Qf =C Ha
(E1 exponente varia sensiblemente con el ancho de la -

garganta pero para facilitar esta discusidén, asumiremos
el 1.5 como potencia de Ha)



(3)

(4)

T~ 10 -

Substituyendo (25 en (1)
1.5
Q = C Ha ( £ § Hb/Ha))

Sin embargo por simplicidad y para facilitar el uso de
componenetes andlogicos, la sumergencia Hb/Ha. no es -
empleada directamente pero si al mismo exponente 1.5 -~
esto resultard en una ecuacidn final de flujo:

1.5 1.5
Q = C Ha ( £@ Hb/Ha)

En la préctica los dos instrumentos para medicidén de -~
nivel contienen levas que linearizan la sefia do cual-
da por resultado a la salida valores Ha y HH‘f.S res-
pectivamente. El sistema es esquematicamente mostrado

en la figura 9.

¥ f’jp q,- 5\":\'('¢‘mq é’sfq_uo mor}?(‘o
olr @oweu‘l‘ac Fau.

Una comparacidén de
F como una funcidn
de Hb/Ha y de (Hb/
Ha) es mostrada en
la figura 10. Note
se que la curva de-
la derecha es me--
nos exéntrica y de
esta manera es mas
facil y exacto re-
producirla por la-
sefial correcteriza
da.

-1



Las fiquras 11 y 12 muestran
componentes actuales que son
empleados en la medicidn de
flujos en canal Parshall en
condiciones de sumergencia.

Son mostrados sistema neuma-
tico y un eléctronico con mo
delos de F.&P. pero dque pue-
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(Replaces issue of September 1950)

FILLED-SYSTEM

An important factor in the development of modern
industry has been the use of instruments to con-
tinuously measure temperatures with high accura-
cy and reliability. Present day quality control
and uniformity of the product would be commer-
cially impractical without automatic temperature
measurement.

The design of filled-system thermometers in-
volves many factors which are not generally
understood. The purpose of this paper is to
discuss the general theory, requirements, design
factors and construction of industrial filled-
system thermometers. (Other Bristol Product
Data discuss in detail the individual classes of
filled-system thermometers).

THERMAL EXPANSION PRINCIPLE. The expansion or
varying pressure of fluids was historically the
first physical phenomenon to be used for measur-
ing temperatures---probably because pressure is
easy to measure. The filled-thermal or "press-
ure-actuated" system is used today in most re-
cording and controlling thermometers for temper-
ature measurement up to 1000°F (537°C).

All matter undergoes physical reaction to heat
changes. Temperature is a measure of the molec-
ular movements of matter due to absorption of
heat energy. (See Fig. 1) Adding heat energy
to matter increases the velocity of 1ts mole-
cules. The matter expands or contracts in vol-,
ume; its electrical resistivity changes; fluids
exert varying pressures; the viscosity of fluids
changes, etc. Temperatures can be measured by
evaluating any of these physical reactions
caused by changes in heat energy. Of these, the
easiest to measure are the expansion or pressure
variations of fluids.

Coefficient of Thermal Expansion. The dimen-
sions of every substance change a definite
amount for €ach unit of temperature change.
This unit change of dimension 1s called the
"coefficient of thermal expansion". The numeri-
ical value of this coefficient 1s usually diff-
erent for every material.

|ssued December 1962 by the Application Engineering Dept.
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If the expansion of a substance is restrained, a
pressure will be exerted on the restraining
means., This pressure is proportional to the
amount of the expansion that has been prevented.

Two coefficients can be found for each sub-
stance: one is the coefficient of linear expan-
sion; the second is the coefficient of volu-
metric expansion. Linear coefficients are ex-
pressed as inches per inch, per degree Fahren-
heit (in/in/°F), or as centimeters per centi-
meter, per degree centigrade (cm/em/°C).

The volumetric coefficient of expansion 1s the
measure of the amount of change in volume per
unit volume, per degree change in temperature.
Volumetric coefficients are expressed as inches
cubed per inch cubed, per degree Fahrenheit
(in®/in®/°F), or as cubic centimeters per cubic
centimeter, per degree centigrade (cc/cc/°C).
The volumetric coefficient of thermal expansion
is numerically (approximately) three times that
of the linear coefficient. Flgure 2 gives vol-
umetric coefficients of expansion for some of
the materials commonly used i1n thermometers.

Note that the coefficients of thermal expansion
are always given at a definite pressure and
temperature, usually at 14.7 psi atmospheric
pressure (760mm) and 68°F (20°C). One of the
problems of designing thermometers 1s that the
coefficients unfortunately are not constant, but
change with both temperature and pressure. For
many materials, this variation is slight except
at or near extreme conditions. Therefore it 1s
generally possible to select a span of tempera-
tures thru which the coefficient is practically
constant. TFor example: Figure 3 shows that the
coefficient of expansion of water is nearly con-
stant (straight-line) over a wide range of tem-
perature.

Application of Thermal Expansion Principle to
Temperature Measurement. The change in length
of a solid that occurs with temperature changes
is one of the simplest methods of measuring tem-
peratures. Many metals such as copper, brass,

It is important to note the difference between Heat and Temperature.
According to the kinetic theory, heat is molecular vibratory motion. The
total energy of the molecules of a body is its heat content; while the velocity of
these particles 1s the heat intensity or temperature.

given by John Tyndall gives a clear meaning of the word:
condition which determines whether a body shall take on or give off heat®.

of energy.

pressure.

is always considered in terms of its effects.

When heat is applied to any body, its molecular motion increases produci different
effects, such as expansion, temperature rise, melting, vaporization, and increase in
Some of these effects can be used to determine temperature. Temperature

Heat 1s a form

The definition for tempcrature
"Temperature is that thermal

FIGURE I. (S.P.DWG. 5856).

THE DIFFERENCE BETWEEN HEAT AND TEMPERATURE.
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SOL1DS LIQuIDS GASES o
BRASS .0000315 GLYCERINE . 000280 NI TROGEN . 002040
COPPER . 0000235 XYLENE .000680 HYDROGEN . 002035
GLASS .0000153 ETHYL ALCOHOL .000622 AlIR . 002036
NICKEL .0000213 ETHER .000920 CARBON DIOXIDE .002054
INVAR .0000015 MERCURY .000101 OXYGEN .002040
STEEL .0000220 WATER .000115 SULPHUR DIOXIDE .002136
FIGURE 2. COEFFICIENT OF THERMAL EXPANSION (CU IN/CU IN/°F) OF SOME MATERIALS COMMONLY
USED IN THERMOMETERS.
When the temperature of such bimetalliec straip
100800 increases, the brass will expand about 20 times
BRI 1 THHS ERRESEY & : :
TRIEIHE [ e e i more than the Invar. Then, in order to equalize
100700 ar i i its internal stresses, the strip will bend 1n
T e e e A | BT the direction of the metal of lower coefficient.
i R e e e G e The amount of bending is a direct indication of
008600 R the temperature change.
.“: 35 i B gj’“ j,[ﬁ:’. HAHS Jllr fu“'i: 1_14 j t:: fii . . .
b5 100500 2 qggn i“:51%13§F1 e Another use of the thermal expansion principle
o o ﬁj‘ﬂdﬁigt A 1s made in glass stem thermometers. A liquid
Y 100400 R L qﬁf“f 3 T such as mercury is contained in a fine-bore
2 : g e Bl glass tube. When subjected to a temperature
? 100300 |- o i 4:???’5 = change, the mercury expands or contracts more
w i o e than the glass. This causes the level of the
'Z | 00200 5 H mercury to change inside the glass tube, thereby
§ Exii Hl indicating the temperature.
1 00100 . jES Both these methods of temperature measurement
lo00  LeLt NetiRg & are usually visual. They are, therefore, limit-

30 40 50 60 70 80 90 IOO
TEMP. DEG.F

FIGURE 3. (S.P.DWG. 3804). GRAPH SHOWING VOLUME

CHANGES OF ONE CUBIC FOOT OF WATER WITH TEMPER-

ATURE (AT CONSTANT PRESSURE).

and steel are very satisfactory for this pur-
pose, because they have large unit rates of ex-
pansion, are readily available, durable and in-
expensive.

A variation of this expansion of solids princi-

ple is used in the common bimetallic thermometer.

A bimetallic element 1s made of two thin strips
of dissimilar metal securely fastened together.
This forms one strip of the same length and
width but of double thickness. (See Figure 4),
One metal has a high expansion coefficient: the
other metal a low expansion coefficient. For
example: brass and Invar.

DIRECTION OF
BENDING WITH —
TEMPERATURE - ,>
RISE P -7
/ P ~~ INVAR
- — (LOw COEFF)
_—= Aé

/
t = EEEE

BRASS

(HI COEFF)

FIGURE 4. (S.P.DWG. 3805). CONSTRUCTION OF Bi-
METALLIC STRIP. INCREASED TEMPERATURE CAUSES
BENDING TOWARD METAL OF LOWER EXPANSION COEFF|-
CIENT.

ed in their industrial application, because they
must be located at the point of measurement.
Consequently, as the field of temperature meas-
urement broadened, engineers turned to the
filled-system thermometer. It provided more
accurate measurement; it made possible indicat-
ing and recording at a point remote from the

+ temperature source.

DESCRIPTION OF FILLED-SYSTEM THERMOMETERS.
Filled-system thermometers operate from the vol-
ume and pressure changes that occur in fluids
when their temperatures change. Continuous
engineering investigation of metallurgical prop-
erties, optimum shapes and volumes, and filling
media, has produced filled-system thermometers
of extreme sensitivity and accuracy. Further-
more, they generate ample power to operate sec-
ondary mechanisms. Filled thermal systems are
the heart of most industrial recording and con-
trolling thermometers.

«

Components of Filled-System Thermometers. The
basic parts of all filled-system thermometers
are alike in general design. Therefore, the
general function, requirements and construction
of the parts of all such thermometers can be
studied together. However, there are important
differences between the classes of filled-system
thermometers as to both construction and operat-
ing principle. These differences are discussed
in other product data sheets. A typical filled-
system thermometer consists of the following
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suis ' . ' 2. Secondary Mechanisms (see Figures 6 and 7)
- S —t‘m- - ‘ HEASENG a. linkage
N ' b. indicating pointer, recording pen,
\erme \-CONNECTOR alarms, controlling or telemeter-
coNmESTING 1uBE "] ing devices.

The first four items above form an inseparable
FIGURE 5. (S.P.DWG. 3806). BASIC ELEMENTS OF A unit which is called the "thermal system". The

FIL THERMAL SYSTEM. secondary mechanisms may or may not exist im any
'LLED . particular thermometer. This depends on the
basic parts: manner in which the action of the thermal systeirn

is used. For example: the linkage might be

1. Thermal System (see Figure 5) eliminated in a simple recording thermometer by

a. bulb (sensing element) - - attaching the pen arm directly to the measuring
b. capillary tubing element. Or the movement of the measuring ele-
c. filling fluid ment might directly actuate a pneumatic or elec-
d. measuring element trical control system, without any pointer or

pen.

THERMAL SYSTEM.

Classes of Filled Thermal Systems. Filled-
system thermometers are generally classified
according to type of filling fluid used and the
principle of operation.

Class I includes liquid-filled systems that use
the thermal expansion of an organic liquid as a
measure of temperature at the bulb.

Class II includes systems partially filled with
liquid that use the vapor-pressure in the un-
filled portion of the system as a measure of the
temperature at the bulb.

Class III includes gas-filled systems that use
the thermal expansion of the gas as a measure of
the temperature at the bulb.

*®Class V - Mercury-filled systems. Mercury is
used in a liquid state and its thermal expansion
is used to measure temperature in exactly the
same way as in Class I thermometers.

Detailed discussions. of the filled-system ther-
mometers are given in Prod. Data T80l (Class I),
T802 (Class II) and T803 {Class III) and T805
{Class V).

LEGEND TO FIGURE 6*

}. Sensitive portion of bulb.
2. Insensitive extension of bulb.
<:2‘ . 3. Connector (bulb to armor).
< 4. Flexible armor.
5. Union.
6. Case connection fitting.
7. Capillary connecting tubing.
8. Measﬁring element mounting bracket.

9., Capillary used for filling the system.

4 10. Bimetallic case temperature compensator---(not used
; in Class || or fully-compensated systems).
1. Thermometer pressure measuring element (helicall).
*FIGURE 6. (PHOTO 5683). TYPICAL FILLED SYSTEM - |'2- Measuring element arm.
AS USED IN. INDUSTRIAL RECORDING THERMOMETERS. 13.  8pan (scale length) adjuster.

**Added in Dec. 1962 issue, *Changed in Dec. 1962 issue.
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Basic Design Factors. A thermal system must be
designed so that it measures temperatures at the
bulb only. Temperatures that exist along the
tubing and around the measuring element are
called "ambient temperatures." If the thermal
system responds to ambient temperatures, it will
incorrectly measure the true bulb temperatures.

In liquid-and gas-filled systems, errors due to
tubing and element ambient temperatures can be
minimized by having the largest poseible part of
the system volume in the bulb and as little vol-
ume as possible in the tubing and measuring ele-
ment. The object is to have the measured tem-
perature at the bulb exert the dominating effect
on the internal pressure and to have the ambient
temperatures exert the least effect. For ex-
ample: in a typical Class III gas-filled system,
the bulb volume will be from 30 to 50 times
larger than that of the tubing and element com-
bined.

y

The Bulb. The bulb is that part of the thermal
system which is exposed to the temperature to be
measured. It is the "sensing element" of filled-
system thermometers. The bulb consists of three
basic parts (see Figure 8): the sensitive por-
tion, the extension and the connector.

The basic requirements of a filled-system ther-

- mometer bulb and the design factors involved

are:

1. High speed of response

a. large area to volume ratio
b. minimum wall thickness
¢c. metal of high heat conductivity

2. Low thermal error

a. low radiation ‘
.b. low heat conduction thru extension and -
mounting

3. Small volume change
a. metal of low expansion coefficient

MEASURING ELEMENT

PEN MOUNTING N

MICRO

- T

T X7 )
Lyt ee
T

,,1“
VR
] S

,,.p
el

)

S vy et
)

GLASS—
GASKET-J5,

DOOR—}’;

\{:‘f'k ADJUSTMENT

{ {1 _PEN ARM
' 11 PEN LIFTER

1. RECORDING
T PEN

4l CHART HUB
CHART DRIVE

e~ CASE

ARMORED

CAPILLARY
CONNECTING
TUBING

*FIGURE 7. (PHOTO 5693).
*Changed in Dec. 1962 issue.

CONNECTING

'
EXTENSION f
CONNECTOR

A TYPICAL FILLED-SYSTEM INDUSTRIAL RECORDING THERMOMETER.
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BENDABLE
CONNECTOR EXTENSION
SET SCREW \

--1NSN“N“N“NZ::Z:ZZIIIIIIII--

ulale 7T

Uit

& LOCKED WITH SET SCREW

ARMOR SCREWED INTO CONNECTOR CAPILLARY
TV

SENSITIVE
PORTION -
NOTE:
SOME BULBS MAY
HAVE TIP END
/] SWAGED RATHER
4] THAN PLUGGED

# AS SHOWN HERE

Pon = v v a

*FIGURE 8. (S.P.DWG. 58u45),

4, Mechanical strength

a. for internal filling fluid pressures
b. for external pressure and stress

5. Corrosion resistance to both the filling
fluid and the measured medium.

6. FEase of manufacture and low cost.

7. Physical size and shape convenient for in-e
sertion into industrial equipment.

The sensitive portion of the bulb must be de-
sig *1 to follow temperature changes of the
measured medium as quickly as possible. This
means that heat must be transferred between the
measured medium and the filling fluid as rapidly
as possible. To obtain such fast response, the
ratio of surface area to volume in the sensitive
portion should be as high as possible. JFor
example: a bulb constructed of fine-bore tubing
(see Figure 9) will have a very large ratio of
surface area to volume. This area to volume
ratio consideration dictates the long, tubular
shape of standard bulbs: the length of bulbs is
usually several times their diameter.

The metal, of which the sensitive portion is

made, must be highly conductive to heat in order’

that heat can be transferred rapidly thru the
bulb walls. The bulb itself should have low
heat capacity so that little heat flow will be
required to change its temperature. This calls
for a bulb metal of low specific heat.

For accurate metering, the sensitive portion of
the bulb must attain as nearly as possible the
true temperature of the measured medium. This
requires that the sensitive portion of the bulb
neither lose nor gain heat to or from any medium
other than the measured medium. Good bulb de-
sign will minimize heat loss or gain by radia-
tion or by conduction which occurs thru the bulb
extension and mounting.

The metal of which the bulb is made should havé

the lowest possible coefficient of expansion.
Then temperature changes will cause the minimum
volumetric changes in, the bulb, and this produce
the maximum internal pressure changes in the
filling fluid. X \

Obviously, all the above bul}l requirements can-
not be had in any single metal- ¥ design. For
commercial manufacture, it is necessary to
choose the most important featured for a wide
range of applications. The undesirable features
are minimized as much as possible by proper
design.

N

*Changed in Dec. 1962 issue.

CONSTRUCTION DETAILS OF A THERMOMETER BULB.

Common metals such as copper, brass, stainless
steel, etc., while not ideal in every respect,
are generally used in bulb construction.

If, however, the conditions of use are known,
the combination of design, material, and filling
medium, which will give optimum measuring re-
sults, often can be selected. For this reason,
it is important, when specifying a thermometer
for a particular application, to list ambient
temperature span, operating temperatures, range,
bulb location, and any data which will influence
bulb dimensions such as pipe size, physical
clearances, line pressures, and fluid velocity.

There is often little or no choice of materials
or dimensions for the bulb, due to corrosive or
other unalterable conditions. Then the inge-
nuity of the design engineers makes the differ-
ence between a bulb,that is practical and one
that is inadequate.

The function of the bulb extension is primarily
to thermally isolate the sensitive portion from
the equipment to which the bulb is attached. If
the sensitive portion is not adequately insu-
»ated, much of the heat may flow between the
bulb and the bulb mounting. Then the temper-
ature of the filling fluid will be influenced by
the temperature of the bulb mounting---and error
will result. Therefore, the extension should be
made of material that is a poor heat conductor.
The bulb extension also assures complete immer-
sion of the sensitive portion in the medium to
be measured.

In addition, the material of which the extension
is made must be strong and corrosive-resistant
thru the range of temperatures in which it is
used. The extension should be designed so that
most of the surface area of the bulb is concen-
trated in the sensitive portion and as little
as possible in the extension.

The bulb connector is simply a means of fasten-
ing the bulb to the tubing armor (see Figure 8).

CHSC R ETIRT T T g = =5

FIGURE 9. (PHOTO 3311). A BULB MADE OF CAPILLARY
TUBING TO GIVE LARGE AREA TO VOLUME RATIO FOR
HIGH SPEED OF RESPONSE TO TEMPERATURE CHANGES.
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Capilliary Tubing. The capillary tubing is that
part of the thermal system which provides com-
munication between the sensitive portion of the
bulb and the measuring element. (A "capillary"
i's a'tube of very fine internal diameter.) One
end of the capillary tube is fastened into the
sensitive portion and the other end to the meas-
uring element, forming a closed system. The
capillary tubing must never be cut or broken.
To do so will make the system completely inoper-
ative.

Capillary tubings used in filled-system thermo-
meters have internal diameters from about .006
inch to .030 inch. This small bore is used to
minimize the volume contained in the tubing. As
explained before, the maximum part of the system
volume must be in the bulb.

Capillary tubing for use in filled-system therm-
ometers must meet the following basic require-
ments:

1. The internal diameter must be relatively
uniform to minimize variations in tubing
volume.

2. The internal surface must be as smooth and

clean as possible to minimize friction and
possible plugging. Anyretardation of
filling fluid flow due to such friction
slows down K the speed of response of the
thermal system.

3. The tubing must be mechanically strong and
! pliable, yet must not crack, split, flat-
ten or expand under pressure.

4. The metal of which the capillary is made
must be chemically inert to the filling
fluid. '

5. The metal must not contaminate the filling
fluid by disintegration.

The capillary tubing is usually protected by
flexible metallic armor. Plastics, rubber, lead
and other suitable materials are also used to
protect the capillary under corrosive conditions
(see Fig. 10). Copper and stainless steel are
the most practical metals for thermal-system
capillary tubing.

The choice of metal for the capillary and of
material for the armor depends on the particular
conditions in which the thermometer will be used.
The internal diameter of the capillary depends
on the length of tubing required, the filling
fluid used and the ambient temperature span.

Heavy-Wall Capillary Tubing. This type of cap-
illary tubing has a heavier wall between the
inside diameter and the outside diameter of the
tubing. (see Fig. 11). It has the advantage of
being less expensive than armored tubing and it
is resistant to many solvents, alkalis and
acids. Heavy-wall capillary tubing is ideally
suited for applications where the bulb or in-
strument will be moved little and where the cap-
illary tube will require little or no bending.
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Flexible Armored Tubing (bronze, steel and
stainless steel) - 0.D. 0.274". Because of the
ease with which this flexible armor can be
handled, it is the one in most general use.

Double Flexible Armor - 0.D. 0.395". For addi-
tional mechanical protection double flexible
armor as illustrated here can be supplied when
installation conditions require. Furnished in
bronze or stainless steel.

T T T T
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Lead Covered Tubing - 0.D. 1/4" and 1/2". Lead
tubing is a serviceable protection against cor-
rosive liquids and gases, It resists the action
of many acids, including sulphuric acid.

e
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r

Seamless Bendable Tubing - 0.D. 3/16" and 1/4".
Seamless bendable tubing is obtainable in copper,
lead, or stainless steel. It can be furnished
with outside diameters 3/16 or 1/4 inches. The
larger size is not readily bendable.

vy
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Plastic Covered Tubing - Polyvinyl chloride
molded over bronze armor - 0.D. 0.354". Re-
sistant at room temperatures to many solvents,
alkalis, and acids.

FIGURE 10. (PHOTOS 1192a & 3091). TYPICAL ARMOR

FOR CAPILLARY CONNECTING TUBING USED IN FILLED-
SYSTEM THERMOMETERS.

CAPILLARY BORE HEAVY-WALL O.D

S
‘,;;444._.:\\§:_._._
754 i\ e

O.D. OF STANDARD
CAPILLARY TUBING

Heavy-Wall Capillary Tubing
Stainless Steel (316)
0.0, .093" - Bore

&

**FIGURE 11, (S.P.D. DWG. 5850).

HEAVY-WALL CAPILLARY TUBING.
**Addea in Den, 1962 issue,

.006" - .030".

Dual Heavy-Wall Capillary Tubing

Used for Class IA (Fully Compen-
sated) Systems.
0.D. .125" - Bore .006™ - .030".

SINGLE & DUAL




Filling Fluids. The filling fiuid is the active
part of the thermal system. Its volume and
pressure changes in response to heat changes
generate the force that actuates the measuring
element.

In most thermal systems, the filling fluid has
two distinect functions:

1. It reacts to the heat at the bulb.

2. It transmits this reaction to the measuring
element.

Any one of a wide variety of fluids can be used
for filling thermal systems. These fluids are
commercially available and have well known char-
acteristics. The filling fluid can be used in
the liquid, vapor or gaseous state, or in a com-
bination of these states, depending on the con-
ditions of use and desired metering character-
istics.

A filling fluid for use in filled-system ther-

mometers should meet the following requirements:

1. It must be pure: every precaution is taken
to prevent contamination. Even minute
contamination frequently is sufficient to
greatly change its physical and chemical

characteristics.
2. It must be clean: even very minute foreign
matter can plug the small capillary tubing.
3. It must remain chemically inert and stable

in the temperature range thru which 1t
.wi1ll be used.

4. It should have low viscosity.

Measuring Element. The measuring element is
that part of the thermal system which converts
the pressure generaded in the filling fluid into
mechanical force and motion. This force is used
to operate the secondary mechanism---pointers---
pens---controllers, etc.

The measuring element 1s simply an elastic con-
tainer which stretches with changes of internal
pressure. It must possess the following fea-
tures which are essential for accurate pressure
measurement: sensitivity, dependability, dura-
bility, long calibration life, and ample power
to actuate the secondary mechanism. In addition,
it must be so designed that maximum deflection
w1ll be achieved with a minimum change in its
internal volume. The normal operating pressures
1n thermal systems (50 to possibly 2000 psi,
depending on the range and the filling medium)
are beyond the practical measuring range of ord-
inary bellows-or diaphragm-type elements. This
limits the choice of pressure elements to bour-
don-type elements. The helical type pressure
element can be made with very small internal
volume; this permits the bulk of the system vol-
ume to be placed in the bulb without resorting
to very large bulbs. In addition, helical ele-
ments change volume very little as they deflect.

# T800. 1-2
Page 7 of 8

Bristol Company experience shows that the heli-
cal tube is the most satisfactory from the
standpoint of practical manufacture and all
around performance, particularly for recording
thermometers. When the helical element is cor-
rectly designed it is compact, sturdy and reli-
able, and eliminates excessive multiplication of
motion between the measuring element and the
pecondary mechanisms,

Bristol's measuring elements are designed to de-
flect a nominal 23 angular degrees when subject-
ed to their rated pressure. The angular deflec-
tion of the recording pen across the standarcd
chart is 23° or 26 1/2°. Consequently, most
Bristol thermometers are built with little or no
multiplication of the element deflection.

SECONDARY MECHANISMS.

The secondary mechanisms of a filled-system
thermometer are those parts which use the motion
of the measuring element for some useful funec-
tion. In the early days, the only secondary
mechanisms were pointers or recording pens which
indicated values of the measured variable on
visual scales or charts. In response to indus-
trial trends, thermometers were developed to
perform a variety of functions in addition to
indicating or recording. The common secondary
mechanisms of today include connecting linkages,
indicating pointers, recording pens, alarms,
controlling and telemetering devices.

Secondary mechanisms must take very little power
to operate: this is a basic requirement. How-
ever, no matter how well designed or how care-
fully made the secondary mechanism is, the over-
all performance of a thermometer can never ex-
ceed the accuracy and limitations of its measur-
ing system,

Secondary mechanisms contain mass and friction;
they must of necessity reduce efficienty of the
thermometer. Modern design and new materials
have reduced these loads.on the measuring ele-
ment to a minimum.

The power needed to drive modern secondary mech-
anisms is normally only a fraction of 1% of the
power available in the measuring element. Nev-
ertheless, in specifying secondary mechanisms,
it must be considered that each additional mech-
anism further decreases the over-all accuracy.
If accurate measurement is the prime object,
secondary mechanisms.other than the recording
pen should not be used.

This does not mean that multi-function thermo-
meters are impractical: they are very practi-
cal---often essential. However, the same high
accuracy will not be achieved by multi-function
meters as will be produced by single-function
ones. Even though friction is minute by ordi-
nary standards, it will cause efficiency to be
less than 100%.
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MEASURING ELEMENT
MOTION

X—\

P
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;

/« ELEMENT

MOVEMENT
REDUCED

R ] (]
REDUCTION=&- = 2_‘;,3_".

o \
PEN ~
MOVEMENT ~

MEASURING ELEMENT
MOTION

ELEMENT
MOVEMENT
MULTIPLIED

\(('H( MuLTIPLICATION= & 2 2830
26*30'

MEASURING ELEMENT
MOTION

NO MULTIPLICATION
RATIO ¥ |

*FIGURE 12, (S.P.DWGS. 5846, 5847 & 5848). DIA-
GRAMS OF SIMPLE LINKAGE SYSTEM AS USED IN FILLED-
SYSTEM THERMOMETERS. SHOWS HOW MULTIPLICATION
0¢ MOTION |S PRODUCED.

®*Changed in December 1962 issue

THE BRISTOL COMPANY

Linkages. The linkage system is that part of
the thermometer by which the measuring element
actuates other secondary mechanisms. The link-
age system must be designed to impose as little
load as possible on the measuring element. It
must be light in weight, yet strong enough to
resist bending. Its bearings must have very
little friction---but not be so loose as to per-
mit lost motion. Finally, it must be construct-
ed of material which will resist corrosion and
wear under the conditions of use.

Figure 12 illustrates a simple linkage system,
consisting of two levers. The driving lever is
attached to the measuring element and connected
to the driven lever by a link. The lengths of
the arms and links are usually adjustable sc
that the motion required by the secondary mech-
anism can be produced conveniently and accurate-
ly. For many years, Bristol thermometers were
made with the pen arms mounted directly on the
measuring elements, without any linkage. The
element had to be deflected thru the exact angle
which was required by the secondary mechanism.
Thus, each measuring element was limited to a
single range and a single function and had to be
custom-made for each thermometer. As the art of
instrument making progressed, the measuring ele-
was required to actuate other mechanisms in add-

ition to pointers and pens. Also, the demand
for a wider selection of ranges, and simple,
convenient means for calibration, led to the

universal use of linkage system.

The early objections to the friction and lost
motion in linkage systems have been overcome by
new materials and advanced engineering. In-
cidentally, modern linkage systems have improved
the accuracy of thermometers. The quality and
economy of production thermometers have been im-
proved to keep pace with the increasing scope of
applications.

Printed in U.S.A.

WATERBURY 20, CONNECTICUT



‘Auoduwo) j03s14g ayJ

no1322uu0) ‘Aanqiayop

ozlgo

“

palutuy

VoSt ur

FILLED SYSTEM THERMOMETERS
Calibration Error Tolerance +0.5%
SPAN LIMITS AMBIENT 0% MAXIMUM BULB SIZES
CLASS RANGE LIMITS TEMPERATURE RESPONSE CAPILLARY
mirmun (1) | maxivun coMPENSATION (2) TiMe (2) | vewets (3) | pranerer | SENSITIVE X
LENGTH L)
= -
. -175 to +200°F. 250°F. 375°F. e M
i 1A -125 to +350°F. 200°F. 475°F, Capillary & Case 140Ft. > €l
A 0 to +500°F. S0°F. 500°F. 8-10 Sec. 3/8" 11.1" to 3.6" =5 &, T
z (<o
b [18 Ditto Ditto Ditto Case 10Ft. & &
© Tl
VA None Required (bulb . 3/g" 4" = o N/
4 2A 100°F to 500°F. 100°F. 200°F temperature must be 5-6 Sec. 150Ft. T
A . 10°F. above smbient) 9/16" 2" ' ol N
S
) i N
G ~-350 to O°F. 350°F. X 6-12 Sec. | 1-25Ft. 9/16" |+ 8" A=
A 3B -300 to +400°F. 200°F. 1000°F. Case 13-29 Sec. | 26-85Ft. 7/8" 6.5" w =
s Above 400°F. 400°F. 30-40 Sec. | B6- 130Ft. 778" 10" -y 3
N - - . ; o g N}
& 5A -30 to +1200°F. 60°F. (4) | 1200°F. Capillary & Case 5-8 Sec. 100Ft. g/16" | 2.7" to 6.0" e g -
¢ and and -y i\
UR 58 -30 to +500°F 60°F. (¢) | S00°F. Case 5-8 Sec. SOFt. 3/8" |1.8" to 4.0" == EN t
Y L S i
(1) Minimum span depends on minimum bulb temperature,maximum ambient temperature,and capillary length. ?3 g; -, ‘I
- o=
(2) Plain bulb in agitated water. E; L i
(-} +25°F =~ ..nt temperature change for 10.5% error tolerance. 3 3 - 3:_\3 ;
vt Sce Product Data T805-2 for span limitations. e gz i
m e - e Y -54 El
The above table provides a quick comparison of standard thermometer systems as mapnufactured by The Bristol Company. ;‘S :
Only basic specifications are given in order to avoid undue complexity. For a detailed discussion on each of the o o
thermometer systems, refer to the following Product Data sheets:
3}
Class 1A & B ---------- TB801-4 4
Class 2A ----------=-- T802-2 §
Class 3B ----=-e---ee- T803-2 =
Class 5A & B ---------- T805-2 L
L__.)







YT DY TV UL OT LIy T [agmcane

[Eldias ol B /o
r T : i
(| _TEMPERATURE 1 IR IS8 (Sul BT =) ANy | T801-4 f

L j
et~ e ot ekt e e em et 3 <kt e skt e it enniet e )

CLASS 1, LIQUID FILLED THERMOMETER SYSTEMS

There are two types of Liquid-Filled Thermometer Sys-
tems available, Class 1A - “'Fully-compensated’’, and
Class 1B - "‘Case-compensated’’. -

Class 1A Systems are designed to correct the recorded
temperature for wide changes in ambient temperature
along the capillary tubing and at the pressure elemeant.
Thus, a Class 1A System may be used for applications
requiring relatively long lengths of tubing and having
wide temperature variations along the tubing.

Class 1B Systems are designed for applications requir-
ing 10 feet or less of capillary tubing which will not be
subjected to more than 25 °F change from the ambient
temperature at which the system is calibrated.

In specifying a Class 1A Thermometer System, it is
essential to state both the normal operating range and
the span of ambient temperature changes that the sys-
tem may experience in service.

It is necessary to specify the normal operating range
so that the system will be compensated for maximum
accuracy within its operating range, otherwise, the
system will be compensated for maximum accuracy at
mid-chart range. The ambient temperature must be
specified to determine the maximum capillaty length
that may be used.

Bristol’s Liquid-Filled Systems are protected for
temperature changes along the tubing between 0°F
and 100°F. This is necessary to protect the systems
from damage during shipment; or when they are out of
service and may be subjected to extreme atmospher-
ic temperatures. The minimum range span that may be
specified is therefore governed by these atmospher-
ic temperature limits. The lower range temperature
may not exceed 50% of the span above 0°F. The
upper range temperature may not be less than 50%

of the measured span below 100 °F.

For example, a GO°F span may be s%ecified to meas-
ure a range of +30° to 90°F or +10° to 70°F. A
150 °F span for a range +75° to 225°F or -125° to
+25°F, or any 150°F range span between -125 °F and
+225°F. Likewise, a 300°F span for range of +150°F
to 450°F, or -175°F to +125°F, or any 300°F range
span between -175 °F and +450°F.

The upper and lower range limits stated are for stan-
dard design conditions. Higher and lower range lim-
its are possible for some applications provided that
shorter ambient temperature span compensation and
short capillary lengths (less than 30 feet) can be tol-
erated, and little or no overrange and underrange pro-
tection is required. Complete details of such applica-
tions should be referred to The Product Marketing
Dept., Waterbury, Cona. for recommendations.

The maximum span that may be specified and the fill-
ing liquid used, depends on the range as shown in
Table 1. .

Filling Liquids Within Ranges Max. Span

Alcohol -175 to +200°F 375 °F

Ethyl Benzene -125 to +350°F 475°F

Tetralin 0 to 500 °F 500 °F
Table 1

The maximum capillary length that may be used for

a Class 1A System 1s a function of the overrange
protection required and the ambient temperature range.
See Table 2.

MAXIMUM CAPILLARY LENGTHS (Feet)
Overrange Ambient Temperature Ranges
% of Span | 0-120°F | 20-120°F | 40-110°F | 50-100°F
Zero 47 feet 60 feet 92 feet 140 feet
25% 40 feet 50 feet 77 feet 112 feet
50% 30 feet 37 feet 60 feet 90 feet

Table 2

As shown in Table 2, a standard Class 1A System
may be specified to withstand overrange temperatures
up to 50% of the span. However, such systems require
special linkage to protect the recording system from
damage. This linkage must also be provided if the
system will be subjected to underrange temperatures.
It is therefore necessary to specify both overrange
and underrange conditions so that proper protection

will be provided.

Standard Class 1 System bulbs are 3/8'' 0.D. copper
or 316 Stainless Steel. Bulb length depends on the
measured temperature span, as indicated in Tables

4 and 5. Where high sensitivity and speed of response
are important factors, 3/4"" O.D. copper or Type 316
Stainless Steel, rigid coiled bulbs are offered, partic-
ularly for gas applications. For improved response of
a system with a 3/8"" 0.D. bulb, a special bulb can be
furnished with copper inserts. This special bulb de-
sign is effective for applications where the bare bulb
is exposed to good heat transfer media, such as water.
The improvement in response time is insignificant
when used for gas applications or when the bulb is in-
serted into a well. Refer to Table 3.

© AMERICAN CHAIN & CABLE COMPANY INC
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90% RESPONSE TIME CLASS 1 SYSTEMS
Coiled Plain Bulbs Bulb
Medium Bulbs Bulb | With Inserts| In Well
Water {2.5-3.5 sec.}18-30 sec.| B8-20 sec. 5-10 min.
Air
250-850 |3-5 min. 13-16 min.| 7-12 min. 14-23 min.
cfm.)
Table 3
BULB SENSITIVE LENGTHS
Plain Bulb Coiled Bulb
Range Span °F| X"’ Inches "X’ Inches
400-500 0.80 0.80
270-399 1.00 1.00
185-269 1.30 1.20
125-184 1.70 1.70
80-124 2.50 2.60
50-79 3.80 4.20

Table 4. 500 & 530 Recorders.

Range Span °F |  Plain Bulb | Coiled Bulb
400-500 1.00 1.00
270399 1.50 1.70
185-269 2.00 2.50
125-184 2.90 3.60

80-124 4.30 5.70
50-79 6.60 9.20

Table 5. 177B & 180B Electric Controllers

@

EXTENSICN SENSITIVE

Figure 1. (S.P.D. 6649) Coiled Bulb.

EXTENSION
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INSERTION LENGTH
Figure 2. (S.P.D. 6650) Bulb in Thermo-Well.

THE BRISTOL COMPANY . WATERBURY, CONNECTICUT 06720
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Figure 3. (S.P.D. 6651) Plain Bulb with Union Fitting.

JAM g
172" NPS M
SPINDLE: NUT
PACKING, 172°0R /4’
NUT NPT
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4 172"
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WELL

Figure 4. (S.P.D. 6652) Union Fitting.

The extension is an integral part of the bulb. It is a
length of 1/4 inch O.D. bendable nickel-alloy or stain-
less steel tubing and serves two primary purposes:

1. .To permit complete immersion of the sensitive
portion of the bulb in the measured medium.

2. To minimize heat conduction between the sensi-
tive portion of the bulb and the rest of the system.
Standard lengths are 10 inches and 30 inches.
Other lengths can be furnished for special appli-
cations.

Vhen specified, the bulb can be furnished with a
union connection fitting consisting of a packing gland,
jam nut, and bushing with 1/2 or 3/4 inch male pipe
thread for part of the bulb assembly, but is adjustable
along the extension to provide a pressure tight means
of securely mounting the bulb with the sensitive por-
tion properly immersed in the measured fluid. The fit-
ting should not be positioned less than 2 inches from
the sensitive section.

When a well is used, the well length (*'U’’ dimension)
should be at least 2 inches plus the sensitive length
of the bulb (*'X"’ dimension) and preferably 2-1/2 to

3 inches, to insure proper bulb immersion and minimize
conduction errors.

PRINTED IN U.5.A.
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STANDARD CLASS 1 THERMAL SYSTEM LIMITATIONS

Many limiting factors affect the operation of Class 1
thermal.systems. Specifically, these factors are the
range and the span, the ambient temperatures at the
element and along the capillary during operation, the
ambient temperatures of the entire system during ship-
ment and storage, the capillary tubing length, the
overrange required, and the filling medium required.

PROTECTION DURING SHIPPING AND STORAGE.
A Class 1 system must be protected for ambient
temperatures from 0° to 100°F during shipping and
storage. If the max;mum range temperature of a sys-
tem is below 100°F, the dxfference between the max-
imum range temperature and 100 °F must be consid-
ered as overrange. This also apphes to underrange
if the minimum range temperature is above 0 °F.
Example: If a range span of 50°F is required, 25 °F
would be the 50% allowable overrange or undermnge
protection. To protect this span for 0°F to 100°F,
the range must be 25 °F to 75°F.

DETERMINING A STANDARD SYSTEM. The proced-
ure is given in the following steps:

(1) Select the ambient temperature range to which
the system will be subjected during use.

(2) Calculate the range span (max. range minus
min. range).

(3) Select the required overrange, if any. The max-
imum overrange or underrange allowable is
50% of the measured range span.

(4) Guided by steps No. 1 and No. 3 above, check
that the capillary tubing is within the length
specified in Table 1.

(5) Check Figure 1, and if the required range
limits fall within the boundaries defined by
the curves in Figure 1, the system is permis-
sible as a standard Class 1 system. Note.
The maximum and minimum range limits of a
particular filling medium must be observed
when referring to Figure 1. For instance, the
maximum range of ethyl benzene cannot be
combined with the minimum range for ethyl

A suggested way of using the graph is to first locate
the permissible temperature span at the bottom. Then
run a line vertically up until it intersects with the
**Maximum Range Temperature Allowable’’ curve.
This will establish the maximum standard range for
the proposed system.

To establish the minimum range of the system, ex-
tend the same vertical line downward until it inter-
sects with the appropriate Group A, B, or C curve,
as determined from Table 1. The intersection point
establishes the minimum allowable range limit for

the required system.

EXAMPLES. The following two examples will serve
to illustrate the procedure described in the above
steps.

Example 1. Assume that a pattxcular application re-
quires a range of S0°F to 150°F, and 60 feet of
capillary. The ambxent temperature during use wxll
be from 40° to 110°F, and an overrange to 200 °F
is expecred.

a. With the measured span of 100°F, and an over-
range of 50°, the overrange factor is 50%, and the
capillary length group C must be used as shown in
Table 1. For an ambient temperature range of .
40°-110°F, and an overrange factor of 50%, a cap-
illary length of 60 feet is permissible.

"b. Checking Fxgure 1 will show that for a temper-
ature span of 100°F, the maximum allowable range
temperature could be as high .as 150°F, and the
mmxmum range temperature could be as low as
-50°F. The proposed system thus falls within the
allowable limits of a standard Class 1 thermal sys-
tem.

Example 2. A range of -50°F to +50°F is required,
and the system is to have 45 feet of capillary. Am-
bient temperature actmg on the tubing and element is
expected to reach 0 °F in winter and +100 °F in sum-
mer.

a. Because of the ambient temperature exposure dur-
ing shxppmg and storage, the system must be protect-

alcohol. ed to 100 °F. This is a 50% overrange. Checking
' Typical Typical Ambient Temperature Ranges
Capillary Range Span o <] o, o o o [ o
Length | Overrange 0°-120 'F 120 -120°F l40 110 ﬂSO 100 °F
Group Factor Capillary Length in Feet
A 0% 47 60 92 140
B 25% 40 50 77 112
C 50% 30 37 60 90 ’
Table 1. Maximum Permissible Capillary Lengths for Class 1A Systems.

(For 'Class 1B, Maximum Length is 10 Feet.)

© AMERICAN CHAIN & CABLE COMPANY. INC
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d
may be subjected to during operat

Measure

3. Ambient temperature range that the system

4. Calibrated error tolerance required.
5. Limitations on bulb size, if any.
6. Normal operating range of the meter.

2. Capillary length required.

it will be determined whether such a system is
1.

able. Inquir
tion

PERMISSIBLE STANDARD TEMPERATURE SPANS

CLASS [
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Figure 1. (S.P D. 6490) Permissibhle Minimum and Maximum Range Limits for Class 1 Systems.
THE BRISTOL COMPANY

system cannot be manufactured as standard. One or
FFG

Table 1, it is found that an overrange of 50%, and a
0°-100°F ambient span will permit a maximum capil-
lary length of only 30 feet. Therefore, the required
capillary length of 45 feet is not permissible, and the
more of the variables would have to be changed to
bring this system within the allowable limits.
instances, where one or more of these limitations
must be exceeded, it is possible to furnish a spec-
ial system to suit the requirements. However, com-
plete details of such special requirements must be
referred to the Product Marketing Department, where

above are for standard Class 1 systems. In many

SPECIAL SYSTEMS. The limitations described
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CLASS 2A VAPOR-PRESSURE THERMOMETERS

The Bristol Class 2 thermometer uses a
volatile liquid, the vapor pressure of
which actuates the thermometer. Class 2A
thermometer systems are standard for those
applications where the bulb temperature is
always above ambient temperature.

CHARACTERISTICS OF CLASS 2 THERMOMETERS.
The chief characteristics of Class 2 ther-
mometers are: ’

1. Non-uniform {expanding) scale.

2. 'Not affected by ambient temperature
within the operating range of the
meter.

3. 90% speed of response: 4 to 9 sec-
onds with bulb in moving liquid.

4. Better torque characteristics than
other classes of systems.

5. Temperature range: between 100°F

and 600°F (38°and 316°C).
6. Minimum temperature span: 100°F
(38°C).

7. Maximum usable temperature span:
200°F (94°C).

8. Relatively small bulb.

9. Elevation of bulb with respect to
case must be considered in cali-
bration.

!

.

FIGURE !. (S.P.DWG.#5823) VESSEL CONTAIN-
ING LIQUID AND VAPOR.

PRINCIPLE OF OPERATION

VAPOR PRESSURE. Vapor pressure is the
pressure exerted by a vapor existing at
equilibrium with its liquid.

Figure 1 illustrates this point. In a
closed container that is partly filled
with a volatile liquid, the molecules are
vibrating rapidly. Some molecules break
through the surface of the liquid into the
space above. This space becomes saturated
with molecules from the liquid; also, some
of the molecules. in the vapor space pass
back into the liquid. When the vapor
space 1s saturated, there are as many mol-
ecules passing back into the liquid as
there are passing out of it. This con-
dition is called "equilibrium".

The number of molecules in the vapor space
at equilibrium depends on the temperature
at the surface of the liquid (the inter-
face). As the interface temperature goes

up, the velocities of the molecules in-
crease. More molecules leave the liquid
adding to the number already in the vapor
space until a new equilibrium is reached.
On the other hand, as the temperature at
the interface drops, fewer molecules leave
and more molecules return to the liquid,
until a new equilibrium is reached.

In the vapor space, rapidlylmoving mole-
cules collide with the walls of the con-
tainer, thus creating a pressure. The
more molecules there are in the vapor
space, the higher the vapor pressure.
Since the number of molecules in the vapor
space depends on the temperature at the
interface, the pressure in the vapor space
also depends on the temperature at the
interface. This is the basic principle
used i1n Class 2 thermometers.



/5

PRODUCT DATA T802-2
Page 2 of 5

HELICAL ELEMENT (A)

RECORDING CHART—""

PEN

FIGURE 2. (S.P.DWG.#3659) VAPOR-PRESSURE
THERMOMETER SYSTEM.

HOW A CLASS 2 THERMOMETER WORKS. Figure 2
1s a simplified sketch of the basic parts
of a Class 2 pressure system. The system
consists of a bulb partially-filled with a
volatile liquid. The bulb 1s connected by
a fine-bore tubing {(capillary) to the
pressure-measuring element, which is a
helically-wound spring-metal tube closed
at its free end. The whole system 1s com-
pletely sealed.

The bulb is the "temperature-sensitive"
part of the system; it is placed at the
point where the temperature is to be meas-
ured. Like the closed container of Figure
1, the bulb is partly filled with a vol-
atile liquid and has a vapor space above
the liquid. As the temperature at the
interface changes, the vapor pressure also
changes. .

The vapor pressure is transmitted through
the tubing to the pressure element. As
the pressure increases, the free end of
the element unwinds slightly. As the
pressure decreases, the free end of the
element rewinds slightly. This motion
positions a pointer or pen on a graduated
scale thereby indicating the temperature
at the bulb.

Class 2 Thermometers Like a Steam Plant.
A Class 2 thermometer system can be lik-
ened to a miniature steam plant. The bulb
acts like a boiler. The steam pressure
depends on the temperature in the boiler;
the hotter the fire, the higher the steam
pressure. In other words, the steam pres-
sure depends only on the temperature in
the boiler and is independent of the rela-
tive volume of water and vapor space.

The pressure element of the Class 2
thermometer acts just like & steam-pres-
sure gauge at the end of a steam main. It
is known that the steam-pressure gauge-
reading will go up or down as the temper-

ature in the boiler increases or decreases.

The Class 2 thermometer works 1n exactly

the same way, except that its scale 1is
calibrated i1n degrees of temperature in-
stead of pounds pressure.

CHARACTERISTICS OF CLASS 2 SYSTEMS

The liquid in a standard Class 2 system
wi1ll always go to the coolest portion of
the system. When the bulb temperature 1s

" higher than the case and capillary temper-

atures (Class 2A), the measuring element
and the capillary tubing are filled with
liquid, which acts as a transmitting me-
dium for the vapor pressure existing 1in
the bulb.

On the other hand, when the bulb temper-
ature is lower than the temperature in any
other part of the system, all the liquid
will be in the bulb with vapor in the tub-
ing and the measuring element.

However, in both cases, the interface is
always in the bulb.

Thus a Class 2A system is not satisfactory
for cross-ambient-temperature measure-
ments:

1. At temperatures near ambient, the
liquid may be either in the bulb or
the tubing.

2. After the bulb temperature has
crossed the ambient and the liquid
has found its proper location, the
correction for bulb elevation in-
corporated in the original calibra-
tion must be withdrawn. This cor-
rection must be made by resetting
pen at the initial chart temperature
(zero correction).

BULB ELEVATIONS. Pressure existing at the
pressure element is the algebraic sum of
the vapor pressure at the bulb and the
head pressure due to the column of liquid
1n the capillary tubing. If the pressure
element is at the same level as the bulb,
the head-pressure factor is zero. But if
the bulb is at some different elevation
than the pressure element, then the head-
pressure factor must be taken into con-
sideration. This factor will be constant
and can be corrected for by a linear
adjustment at the pressure element. A
difference in bulb elevation of +10 feet
w1ll usually make 1/16 to 1/8 inch diff-
erence in the instrument scale-reading.

For bulb elevations greater than +10 feet,
specify the exact elevation. This can
be taken into consideration-when cali-
brating the system.
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CONSTRUCTION AND MATERIALS FOR CLASS 2 SYSTEMS

FILLING LIQUIDS USED. Standard Bristol
Class 2 thermometer systems normally use
one of the following liquids, depending
on the moximum temperature to be measured:

Propane Ethyl ether
Sulfur dioxide Ethyl alcohol
Isobutane Hexane
Butane M-xylene

Why Class 2 Thermometers have Expanding
Scales. Figure 3 shows tha vapor pressure
that commonly-used filling-liquids exert
at temperatures between +100°F and +600°F.
Note the graphs are non-linear. At low
temperatures, the vapor pressure changes
much less per degree than 1t does at high
temperatures. Therefore, the temperature
graduations at the low end of the Class 2
scale or chart will be closer together
than the graduations at 1ts upper end.
(See Figure 4 which 1llustrates two typ-
1cal chart-sections.) Consequently, if
accurate measurement 1s required in the
lower 1/3 of the chart range, one of the
other classes of systems should be con-
sidered.

This non-uniform scale 1s frequently a
unique advantage. It makes the Class 2
thermometer ideal for high-accuracy meas-
urement of partial temperature-ranges.

When and How to use Class 2. Figure 3
shows that the liquid used for a partic-
ular Class 2 system depends on the temper-
ature span it will measure. A portion of
each curve, except water, is a solid line.
The curve for water is given as a ref-
erence for the other curves, and i1s shown

Page 3 o7 5
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FIGURE 3. (S.P.DWG.#4303A) VAPOR-PRESSURE
VERSUS TEMPERATURE CURVES FOR VARIOUS
LiQUIDS.

in a broken line because water 1s seldom
used as a filling fluid. Water, being an
excellent solvent, readily picks up i1mpur-
1ties. Slight concentrations of such
impurities can cause the temperature-
pressure relationship to change enough to
make water vapor unreliable for temper-
ature-measurement purposes.

The solid portion of these curves indi-
cates the range span through which ac-
curate measurement of temperature can be
expected. Below the solid portion of the
curve, the temperature scale becomes toco
condensed for accurate reading, and in the
case of propane and sulfur dioxide passes
through the normal ambient temperature
{70°F). So for all practical purposes,
Class 2 thermometers are partial-range
instruments.
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FIGURE 4. (S.P.DWG.#4304) FULL-SIZE 12-INCH CHART SAMPLES.
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For example: 1f the maximum temperature
1s. 200°F, propane might be used; if 600°F,
m-xylene. But note that in both cases the
practical measuring range is only a part
of the total; that is, approximately 30-
200°F for the propane system and approx-
imately 420-600°F for the m-xylene system.

In specifying a chart range, the chart
selected must be a readable measurement of
the span desired. For instance: an
application requiring precise measurement
over a span of 30-300°F might be better
accomplished with a Class 1 or Class 5
system. For, with a vapor pressure system
(see ethyl-ether curve, Figure 3), the
practical measuring span would be from
200-300°F.

If Chart 22008 (range +30 to +300°F) were
to be specified, the first 200 degrees
would be recorded on the bottom third of
the chart, and the span betwéen 200 and
_300°F on the remaining 2/3 of the chart.
This 1s fine, 1f the actual working range
of the meter will be between 200°F and
300°F, and the measurement of any temper-
atures below 200°F will be only of inci-
dental interest. In such instances, Chart
22008 with a Class 2 system would not only
be advisable but highly desirable, because
the scale would be wide open in the work-
ing range.

On the other hand, if i1t is mandatory to
accurately meter any temperature between
30°F and 300°F, a Class 1, or Class 5 sys-
tem would be more advisable.

Class 2A thermometers are inherently in-
accurate at and within 10°F of ambient
temperature. At low temperatures (as
illustrated in Figure 3), the pressure
change per unit of temperature is compar-
atively small. ©So, a scale designed to
read temperature is constricted at the
lower end, to a point where 1t 1s im-
possible to read it with good precisaion.
For example (see sample of Chart 22008):
you can read the upper 2/3 of the scale to
the nearest degree without trouble. But,
as you go downscale, graduations contract
until at the lower end it is hard to read
even to the nearest five degrees.

On first glance, this exponential spacing
of the scale-graduations appears to be a
disadvantage. However, few applications
need accurate readability over the whole
range. On the contrary, most uses need
accurate measuring over a comparatively
short span of temperature changes, gener-
ally between 50% and 90% of the maximum.
Thus, the expanded scale-graduations give

much better readability over the working
range of the thermometer than 1s given by
any other class of thermometer having the
same temperature span.

CLASS 2 MEASURING ELEMENTS. All Bristol
Class 2 thermometers use pressure elements
made with helically-wound, trumpet-metal
tube (see Figure 2). While these elements
all look alike, there are actually six
pressure ranges; O to 100 psi, O to 150,
0 to 225, 0 to 350, O to 500 psi, and 825
psi. From Figure 3 you will see that
these ranges can measure the vapor pres-
sure of any of the filling-liquaids.

Selection of the pressure range for a
Class 2 thermometer depends on two things:

1. The maximum bulb-temperature.
2. The filling-liquid used.

Standard Overrange Protection. All Class
2 pressure elements will withstand at
least 40% over-pressure without affecting
their accuracy. The overrange temperature
that a given element can withstand safely
depends on the filling-liquid used.

For example, a system measuring a range up
to 300°F would use ethyl ether for the
filling-liquid and a 225-psi pressure ele-
ment (see Figure .3). The element can
withstand at least 40% over-pressure safe-
ly; or go to 225 x 1.4 = 315 psi, without
damage. Looking at the ethyl-ether graph,
it can be seen that 315 psi corresponds to
330°F. So this thermometer can withstand
only 30°F over-temperature., 6 In other
words, only a 10% overrange temperature
will produce the maximum safe vapor-pres-
sure.

As another example, assume a range with a
maximum chart-temperature of 600°F. The
system would be filled with m-xylene and
use a 350 psi element. 1.4 x 350 psi =
490 psi. This corresponds to a tempera-
ture of 645°F., Therefore, this system
will take only 7-1/2% overrange tem-
perature without damage.

Special Overrange Protection. In standard
Class 2 thermometers, while the pressure
elements will all withstand 8% to 10%
overrange temperature, protection normally
i1s not provided against damage to the
linkage, pen, or other parts due to over-
travel.

When it 1s known that a Class 2 thermom-
eter bulb will be subject under any con-
ditions to overrange temperatures, speci-
fy the overrange temperature.



An overrange stop and spraing link will
then be furnished. These safety measures
will protect pen, pointer, links and con-
trol or telemeter devices from damage due
to over-travel.

Steepness of the curves in Figure 3 show
that it is absolutely necessary to specify
overrange protection on Clase 2 thermom-
eters whenever any overrange temperature
can occur. Even small percentages of
over-temperature cause great increase in
vapor-pressure and element motion.

Class 2 System Bulbs. Construction is
either of copper or Type 316 stainless
steel. All standard straight-form or
colled-form bulbs are furnished either
plain or with union connection fittings,
as specified.

THE BRISTOL COMPANY Waterbury, Conn. 06720
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Two standard plain bulb sizes are offered;
3/8" 0.D. x 4.0" sensitive length, and
9/16" 0.D. x 2.0". Rigid co1l bulbs, 3/4"
0.D. x 4.0" are also available in either
&' inless steel or copper construction.

Capillary Tubing. The maximum length of
capillary tubing that can be specified is
a function of the filling liquid, maximum
bulb temperature, ambient temperature
span, and bulb volume as well as capillary
volume. Under any condition of operation,
the bulb must always contain some liquid.
Capillary lengths longer than 100 feet are
not recommended for standard Class 2A sys-
tems. Where lengths in excess of 100 feet
are required, the systems will normally be
of a special design to meet the specified
conditions.

Printed In U S.A.
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LED THERRIOMETERS

PRINCIPLES, AMBIENT-TEMPERATURE COMPENSATION, THERMOMETRIC GASES, RANGES, MEASURING=-
ELEMENTS, BULBS, CAPILLARY TUBING.

DEFINITION. Filled-system thermometers
are usually divided into three classes,
depending on the kind of filling fluig,
and the way in which its expansion is
employed., Bristol Class 3 Thermometers
are gas-filled. (Class 1 Thermometers
are liquid-filled, Class 2 Thermometers
are vapor-actuated.)

CHARACTERISTICS OF CLASS 3 THERMOMETERS.
The chief characteristics of Class 3
Thermometers are:

1. Uniformly-graduated scale,
2. Larger bulb than Class 1 or 2.

N

3e Temperature range between -125°F and
. +1000°F (-87 and +540°C). Usually
specified for applications where
- maximum temperature is S500°F qr
more.,
4,  Minimum recommended temperature-
' span, 200°F (110°C). Class 1 or 2
is usually better for short spans
or partial ranges.
S. Response-time slightly better than
for Class 1.

6. Bulb elevation does not affect
reading.

PRINCIPLE OF OPERATION
CLASS 3 THERMOMETERS

A Class 3 Thermometer consists of a sealed
gas-filled system, comprising a temper-
ature~sensitive bulb, a capillary connect-
ing tube, and an elastic, pressure-measur-
ing-element.

The system measures temperature as a
function of pressure, in accordance with
"Charles' Law": if the volume of a given
weight of gas is kept constant, the
absolute pressure will vary directly as
the absolute temperature, Expressed
-mathematically: PV = RT or P;/Py = Ty/Ty,

where R is a constant; P, and P, are the

initial and final absolute pressures; and
T, and Ty, the initial and final absolute
temperatures,

At constant volume, the absolute pressure.

of a given quantity of a given gas changes
about 1/460 for each change of 1°F in
temperature,

No gas or mixture of gases follows this
pressure-temperature relationship exactly,
because

acalenl 100 slight to0 be considered in

THE BRISTOL COMPANY .

A

industrial thermometer aspplications. A
nitrogen system, for example, at 1000°F
actual temperature would indicate a
temperature of 999,75°F. At lower temper-
atures, the departure will be propor-
tionately less.,

COMPENSATING ELEMENT (D)

2R
| ‘35,a"f?11‘_
PEN ARM “\\
(F)\ CAPILLARY 'ruamc(H)
HELICAL ELEMENT(B)

 BENDABLE EXTENSION

CHART

PEN
N BULB (G)

L/

Crarles' Law implies & perfect |
gas. ;yuéver, the magnitude of the .
departh 2z of known gases from the ideal -

FIGURE I. CLASS 38 GAS=FILLED THERMO-
METER SYSTEM

WATERBURY 20, CONNECTICUT
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HOW A CLASS 3 T

Migure 1 is a simplified sketch of a Class
> System. The system is filled with gas
under prussure. VWhen the temperature
increases at the bulb, the pressure in-

AMBIERT -

Termperasure changes at the helical element
or along the tubing will also affect the
pressure in the system. These ambient-
tcuperauure errors in a gas-filled system
are smaller than in a liquid-filled
systgm, but must nevertheless be con-
sidered in designing and specifying a
Clas: 3 System.

caserature changes around the measuring
clement have two effects: first, the
volume of the measuring element is changed
«nd, second, ithe eiastic modulus of the
“ement changes with temperature.

[

."..oe the volume of the measuring
.. sat is less than 1% of the bulb-
. .ume (0.44 cc versus 50 cc)y4 this error,
wue to volume change in systems designed
to meter spans of 300°F or more, is 'in-

significant. Also, except in unusual
applicati. s, case temperatures seldom
vry more ~..an ¥50°F. . For this change,

..z solune error incurred is less than
0. 2%

l\’lt

However, a change of 50°F in ambient
temperature will cause the elastic modulus
to change slightly more than 1%, which,
whern translated into pressure, would
result (i uncompensated) in a maximum
rigter-error of 4% for a measured span of
230°F, This error decreases proportion-
.tely as the measured span increases.

Foriunately, both of %hese errors ca&n be
minimized by inserting a bimetallic
ccmpensating-strip between the element and
the pen. This strip is designed yjs0 that
its motion is equel, but opposite in
direction, to the motion of the measuring-
element caused by ambient-temperature
changes.

Tris compensation is perfect for only one
tcemperature (Ty) ‘of the bulb. Therefore,
inc error will increase as the bulbd
tcrperature departs from Tp. However, by
properly designing the compensator and the
calibrating system at mid-scale, the
errors at ithe extremes will be less than
%1% for 100°F ambient change.

]

AERMOMETER

.and the temperatung range.

20

WORKS

creases in the systcm causing the helical
element to unwind slightly. This motion
positions the pen or pointer on a chart or
scale graduated in temperature degrees.

TEMPERATURE COMPENSATION

Thermometers with this kind of compen-

¢ sation are called "Class 3B" or "Casc-

Compensated Class 3".

Errors due to ambient-changes along the
capillary will depend on the volume of
the capillary relative to the ibulb-volume
To keep this
error within 1/2% of full scale for SC°F
ambient-temperature changes, only 50 fect
of standard capillary can be used for a
200°F measured range. For 1000°F span,
200 feet may be used.

Obviously, increased lengths of capillsary
may be specified by using smaller-diameter
capillary. The permissible length in-
creases in direct proportion to the
decrease in cross-section area. See Page
(6) for method of computing maximum
length.

However, the use of extremely small
capillary tubing gives rise to practical
difficulties, such as plugging and re-
tarded response, so that it should npt be
specified without careful consideration
of all the factors involved.

For long lengths of capillary, where the
ambient-temperature errors become ex-
cessive, or for normal capillary lengths
where a bulb smaller than the standard
lepgth is necessary, it is possible
to use a dual capillary system. This
is similar %o the fully-compensated
Class 1 System., It consists of two
measuring-elements of opposite rotation
and two identical lengths of capillary
side by side. While this scheme does not
provide perfect compensation over 100% of
the bulb range, it is adequate for most
industrial applications.

Such systems are called "Class 3A" or
"Fully-Compensated Class 3" or "Small-
Bulb Class 3". They arc seldom used,
except for Special applications, because
a Class 3A System produces, only 50% of
the torque of the standard system (Class
3B). Therefore, it must be used with

discretion and should never be specified



for spans less than 300°F. For most
applications, where a Class 3A might be
used, a Liquid-Filled Fully-Compensated

4 Te03-2
Page 3 of €
Class 1A, or Vapor-Pressure Class 2DL

System will generally prove more satis-
factory. ’

THERMOMETRIC GASES

Hydrogen, helium, air, carbon dioxide,
oxygen, and nitrogen have all been used as
filling mediums for thermometer systems.

However, except for special applications,
pure nitrogen is usually employed, because
it is;

1. “ Chemically inert, and will not
react under ordinary conditions with
metals or other chemicals.

2e Non-toxic and non-inflammable, In
case of leakage, it is harmless.

3. Economical for commercial use.

TEMPERATURE RANGES

A perfect gas could theoretically meas-
ure temperatures down to absolute zero
(-459.5G°F). However, all the known gases
condense at a critical temperature con-

. siderably above absolute zero (nitrogen,
-232.8°F; hydrogen, -399.8°F). So the
practical lower limit of a Class 3 Thermo-
meter is some temperature above the
critical.

Gas-filled systems can be furnished for
measuring temperatures as low as -125°F
and as high as +1000°F., Ranges extending
below -60°F and above 800°F, however,

require special calibrating equipment, ,
and are more difficult to calibrate, con-
sequently, such ranges usually entail an

extra calibrating charge.

The measurement of temperatures above
100Q°F with pressure-type thermometer
systems is dependent on the development
of bulb-materials that will not permit the
gas to diffuse thru them at these elevated
temperatures. Thus far, no such material
is commercially available,

Gas-Filled Systems are sometimes fur-
nished for special applications to record
temperature spans as low as 100°F. How-
ever, ZC0°F is considered the minimum
practical span, and this span only for
temperatures up to 400°F. Above 400°F
the measured span should never be less
than 400°F. For spans less than the
above limits, the element motion is in-
suffi.:ent to satisfactorily operate
controls or other secondary mechanisms.

All Bristol's Class 3 Thermometer Systems
are furnished with the same element,

.temperatures.

regardless of the temperature range. This
is a 3/8-inch flat, four-turn helical
trumpet-metal element.

These elements will stand a maximum
pressure of 810 psi, and are rated to
deflect thru 23 angular degrees with a
pressure-change of 300 psi.

The pressures developed in the system
depend on the temperature range to be
measured. These pressures are calculated
as a function of the measured span; i.e.,
minimum and maximum bulb-temperatures to
permit the maximum deflection of the
measuring-element up to 23 angular degrees
without exceeding a maximum system-
pressure of 810 psi. The shorter the
span, the higher the initial pressurec
{pressure at the minimum measured-temper-
ature) will be.' ‘

For spans less than 300°F, the initial
pressure is too high to permit a 300-psi
pressure-change and still remain within
a8 maximum system-pressure of 810 psi.
For example, to measure a range of 400
to 600°F, a span of 200°F, the pressure
at 400°F will be 610 psi; at 600°F 810 psi.
The pressure-change, therefore,-is only
200 psi between midimum and maximum bulb-
Consequently, the measuring
element deflects only 2/3 the rated 23°,
and its motion must be multiplied 3:2 to
move the pen across the chart-scale. The
resulting torque available at the pen is
therefore slightly less than 1/2 of what
it would be with no multiplication between
the element and the pen. .
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Chpe—a__T
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e
bt 4l 3 Length of tongihs
Bulb Diometar{lengih of| Sonsitive Suld Thraad | Catalop Matonal |[Thread Availadle
M.atorial®| of Bulb | Exlension| Porion Cat. No. lAaterial | (&P.T.) | Number [& Cat. No.|(SP.T.) {Inchos)
. 10 10 3016-10-100
Copper £ % 30 10 3016-30-100 Brass 84551 Bronzo ) o 10%, 12, 18,
&0 10 3016-460-1C0 84429 24, 30
Stainfoss 10 10 | 302610100 | Stainleas Welded
Steel k2 30 10 3026-30-100 Steel ” 84552 Sfainless " 10%, 12, 13,
60 10 3026-60-1C9 Steel 24, 30
N 84430
10 5 30181050 Bronze 5%, 7%,
Copper " 30 5 30183050 Brass %" 84568 84431 1% 12, 18,
60 3 3013-60-50 24, 30
o Stainless 10 5 3023-10-50 | Stainless Welded
m Steel " 30 5 3025-30-50 Stoal %~ 84569 Stainless 1%~ 5%, 74,
60 5 3023-60-50 Steel 12, 18
TGUn . . 18,
F! ?b-\E 3 84432 24, 30
CORVERTISL
BULB * 3ulbs are also available in steel, moncl, ambrac, and other metals.

CLASS 3 BULSBS

A few of the moire commonly-used types of
Ciass 3 bulbs are illustrated here.

They are larger than either Class 1 or
Class 2 bulbs. They have a capacity of
50 cc, as compared with 2 cc for an
average Class 1 bulb.

Copper and stainless steel bulbs are
standard. They can also be furnished imn
steel, monel, and ambrac. DBulbs can be
plated, sheathed in lead, or plastic-
coated, for furtither protection. :

BRISTOL CGSVERTIBLE BULB. The convertible
bulb is illustrated on this page. The
plain bulb, designed for measuring temper-
atures in, open vessels, oveuns, dryers,
rooms, ducts, etc., is easy ito install in
pipelines and enclosed vesscls, by the
addition of union and bushing. These
fittings, shown in Column 2, are removable
over the sensitive portion of the bulb.

Where the thermometer dbulb is subject to
corrosion, abrasion or pressure damage,
a protecting well should be used. See
Coiumn 3. These wells use the same
fittings as are shown in Column 2.

nCW TO SPECIFY THE ‘STANDARD CONVERTISLE
LuLs.

?izin Bulb.  From Column 1 in the tables
below, select bulb. of required design,

material, and dimensions. Example: A
plain copper bulb, l-inch diameter witih
5-inch sensitive portiom, and 10-inch
extension is Cat. No. 3018-10-50.

Union Bulb. Select plain bulb of required
specifications from Column 1, as described
above. Then, from the same line in
Column 2, select the catalog number of the
required union and fitting. Example:
a bulb of the seme specifications (except
union-connected) as the plain bulb above
is Cat. No. 3018-10-50-84568.

For temperatures 450°F and higher, if a
well is required, bulb and well should bhe
of similar material. For example, steél
buldb in a steel or a stainless welly
stainless steel bulb in a stainless stec]
well; copper bulb in a bronze weii.

A copper bulb should not be used in a
steel well at temperature above 450°F.
The difference in expansion coefficieats
makes it impossible to properly fit the
copper bulb in the steel well.

For temperatures 600°F and bigher, always
specify stainless steel or steel bulbs in
preference to copper, because at these
elevated temperatures, copper will oxidize
and will also permit the gas filling-
medium to diffuse thru it.



For special applications, special bulbs in
a great variety of shapes, dimensions,
or materials can be manufactured. However,
it is desirable to avoid speciasl shapes or
materials because they are expensive and
usually experimental. Such bulbs are
generally completely hand-made, .and musti

LIAS-PIOTECTED COPP
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be used under actual operating conditions
to determine their effectiveness. It must
be remembered that standard bulbs havc
been carefully designed to provide ihc
essential characteristics for accurate
metering.

=

FIGURE H.

LEAD-PROTECTED COPPER BULB

COLUMN |
Lead-Protoctod Coppor Bulb

COLUMN 11
Union wath Bushing (For
uso with Bulbs in Column )

—
= B

=Yy s —
Sl e

e e e o

3
oy
oy “J length of
Bulb Diamater { Longth of | Seniihve Bulb Thread Catalog
Matorial of Bulb Extaention Portion Cat. No. Matorial {s.P.T.) Number
Copper, with 1" 30" 1 3038-30-130 Brass 13/ 84568
Lead Sheath 60" 1 3038-60-110 Stainless
Steel 1% 84569
CAPILLARY COIL BULE SIS
FIGURE 5. CAPILLARY COIL BULB T LY '
SAAAAAAAAAN A AL L,
COLUMN | COLUMN 1
Union with Bushing (For wse
Capillary Coil Bulb* with Bulbs in Column l)
[——Ju—r—x—-i
o= R0
e
oy oo Longth of
Bulb Diamoter | Langth of | Senutive Bulb Threod Catalog
Matonal of Bulb Extonsion Portion Cat. No. Matonal {5.P.T.) Numbar
10" & 3119-10-060
Copper 3% 30" & 3119-30-060 Brass 1 84551
60" 6" 3119-60-060
Stainless " ]0:: 6: 3129-10-060 Stainless "
Steel 3% 30 6 3129-30-050 Steol 1 84552
60" & 3129-60-060

* Tho coil, which is the 1ensitive portion, may be :lrolchezi out to a 25 foot length.and vsed as an averaging bulb.

COPPCR CULD WiThH RADIAL FINS

COPPER BULB V/ITH FINS

EXTRA HEAVY LAGGING WELL FOR HIGH PRESSURE

For Use With Piain Buibs

——

1

= =i e — :
T
nyc Catalog
oy "y Longth of Matenial Diam. | {S.P.T.} -3 U Number
Suid Diamotor | Length of | Senutve Bulb
N.atarial of Bultb | Extonsion Portion Cat. No. Steel, with 3 1“ 4" 10%" 86187
Brass
+ Copper %" 10" 107 3216-10 Fittings 1 1%"” 4" 5%" 87927

Outside diameter of radial fins — 13"
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API{LLARY TUBIKNG

Type 547 stainless steel or annealed
copper capillary tubing .Cé2" 0.D. by
.017" I.D. is the standard size furnished
with Bristol Class 3 Systems. TFor short
temperaturc-spans and long lengths of
tLoing, .013" copper or stainless or even
. 010" (copper only) I.D. tubing can be
furnished. However, these small sizes of
capillary are furnished only when con-
ditions absolutely reguire their use to
minimize the error due to changes in
smbient temperature.

Wwnile fine-bore capillary is desirable
roma the standpoint of reducing the ratio
{ capillary-volume to bulb-volume, there
re two principle objections to its use:
) it plugs readily, and (2) it increases
e respoase-time of the systen.

When it is realized that 010" is only
approximately the width of a lead pencil
line, tke possibilities of plugging become
: ..%e apparent, especially since it is a
practical impossibility to clean the
s:otem of all minute particles of foreign

s.iter such as dust specks, and metallic
eales

Oae of the factors which affect response-
time 1is the
fluid between the two ends of the system.
The resistaace to flow in a thermometer
system varies as the fourth power of the
ciameter; consequently, a change from
.317" I.D. capillary to .010" will very
s.gnificantliy inecrease the response-time
o the systiem.

The maximum length of capillary that may
oe specified for a Class 3 System with

standard buib (50 cc volume) can be com~
puted as follows:

rate of flow of the filling

=30
T 7400 TD?

L = Maximum length of capillary in feet

R = Temperature interval(span)of chart °F

E = Allowable error in % of chart range
(usually 0.50)

T = Ambient-temperature span °F (usually
50° F)

D = Internal diameter of capillary in
inches

Example #l: Chart range, 0-4CO°F; ambient-
temperature span, 50°F; capillary dia-
meter, .017"; permissible error, *1/2%
Find maximum length of capillary.

Then:
_._RE _ 400 x .5
400 TD2 ~ 400 x 50 x .000289

or, if permissible error is increased
to +1%.

= 34.6 Tt:

then: L = 34 6 x—== 69.2 f{t.
50

If .010" I.D. capillary is used,
then:

(.017)2
(.010)
Example #2: Find maximum dismeter of
capillary that may be used when chari-
range is 600°F; lemgth is 150 feet;
ambient span, 100°F; permissible error,

+1%.

L =34.6 x = 34.6 x 2.89 = 100 ft.

/ R =\/600 x 1

R vy 400 x 100 x 150

=~{000I = .010 inch
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CLASS 5 MERCURY-FILLED THERMAL SYSTEMS

GENERAL. Bristol Class 5 thermal systems are de-
signed for measurmg temperatures which Jange be-
tween -30°F (-34° C) and +1200°F (649 Q). The
minimum span is 60 °F; maximum span is 1200 F. It
is possible to obtain spans as short as 10°F, how-
ever, special oversized thermometer bulbs must be
used. Limits of Class 5A and 5B systems are given
below.

cl Maximum Maximum
8SS|Temperature Limits | Capillary Lengths
SA 1200°F 100 feet
SB S00°F 30 feet

Mercury-filled systems, like Class 1 systems, oper-
ate on the principle of liquid expansion. Mercury will
expand only 1/5 as much as the organic filling liquids
used in Class 1 systems. Consequently, effects of
ambient temperature changes on a mercury system
are only 20% as much as they would be on a corres-
ponding Class 1 system. Due to this characteristic,
uncompensated capillary tubing lengths of up to 30
feet may be used in Class 5B systems for ranges be-
low 500°F, as compared to only 10 feet for Class 1B
systems.

RESPONSE TIME. The 90% response time of a Class
5 system is 5-8 seconds, with a plain bulb in a
good heat transfer medium (water).

AMBIENT-TEMPERATURE LIMITS AND COMPENSA-
TION. The allowable ambient temperature range on
Class 5 systems is from 0°F to 120°F.

Class 5A systems are compensated for ambient temp-
erature changes, both at the element and along the
length of capillary tubing. Capillary compensation is
accomplished by the use of a coaxial-type tubing,
consisting of a stainless steel capillary with an
Invar wire insert. The element is self-compensating.

Class 5B case-compensated systems are furnished
with ambient temperature compensation at the ele-
ment only. A bimetallic compensator is used, and
applies to 5B systems having capillary lengths be-
tween 15-30 feer.

AMBIENT ERROR TOLERANCE. Measurement er-
rors are within 10.5% of span for a +50°F ambient
temperature change, and capillary tubing lengths up
to 50 feet.

CONSTRUCTION. Elements, capillaries, and bulbs
in Class 5 systems are manufactured of type 316 s.s.
Non-ferrous materials, such as copper, are not com-
patible with mercury, hence the use of stainless
steel.

Swaged bulbs (Figure 1A) are furnished for all tem-
perature ranges below 600°F, with a minimum span
of G0°F. Note: The end of the bulb is closed by a
welded-plug construction.

Drilled bulbs (Flgure 1B) are required for all temper-
ature ranges of 600°F and above, for a minimum span
of 285 °F.

Coiled bulbs (Figure 1C) are available for tempera-
ture ranges below 600 °F, and for a minimum span of
GO°F.

BULB DIMENSIONS AND SPANS. Minimum allowable
spans are given in Table 1. Standard SAMA sizes for
swaged, drilled, and coiled bulbs are listed in Table 2.

CALIBRATED ACCURACY. Error tolerance of the
standard Bristol mercury-filled systems is within
10.5% of span.

ELEVATION CORRECTIONS. Elevation of the bulb,
with respect to the measuring element, will cause a
calibration zero shift as given by the followmg
formula:

_5x tElev. (ft.)

Percent Zero Shift = S an(°F)

Maximum allowable elevation of the bulb with respect
to the measuring element is 130 feet.

If the elevation is specified at the time of ordering,
the system calibration will be factory corrected for
the specific elevation. Otherwise a correction will

have to be made at the installation, per accompany-
ing instructions.

OVERRANGE OR UNDERRANGE PROTECTION.
The maximurm allowable overrange protection is 30%
of the total range span, however, the overrange plus
the measured range may not exceed S00°F for Class
5B, and 1200 °F for Class SA. The maximum allow-
able underrange protection is 50% of the total range
span.

CHARACTERISTICS OF CLASS 5 SYSTEMS. In gen-
eral, mercury-filled systems are more universal in
applications than any other class of filled systems,
due to the following:

a. Higher temperature ranges can be measured.

b. More energy is generated at the measuring
element.

c. Mercury-filled systems are less subject to
ambient-temperature changes.

@ AMERICAN CHAIN & CABLE COMPANY INC
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Class 5 systems are preferable for high temperature
measurement, in that up to 1200 °F can be measured
by such systems as compared to 1000 °F for the

Class 3B systems.

Where short spans (less than 300 °F) are involved,
Class 5 will generate twice as much energy at the
clement as the Class 1B and 3B systems; fout times
as much energy as the Class 1A. Consequently,
where secondary systems must be operated (cam
followers, control mechanisms, etc.) Class 5 sys-

tems are more suitable.

[N
N

Due to the smaller coefficient of expansion of mer-
cury, the Class 5 systems are less sensitive to am-
bient temperature errors than any other systems, with
the exception of Class 2 vapor pressure systems.

Class 5 systems are preferable to Class 1 except,
where the smallest possible bulb size is an import-
and consideration, or where ambient-temperature var-
ia}tions are insignificant.

LOWEST BULB TEMP.

MIN. SPAN ALLOWABLE

LOWEST RANGE ALLOWABLE

MAX. OVER PROTECTION

-30°F
0°F
+20°F

100 °F
75°F
60°F

-30°F w0 +70°F
0°F o +75°F
+20°F 1o +80°F

+100°F
+100 °F
+00°F

Table 1. Minimum Spans

vs. Minimum Temperature.

PLAIN BULBS COILED BULBS
(!Y)) l(x!l (lYl) "X”
SPAN OQutside Dia. Sensitive Length [[ OQutside Dia.| Sensitive
Swaged | Drilled Length
60t0  79°F 9/16 6.0 3/4 11.8
80 to 124°F 9/16 4.0 3/4 7.5
125 1o 184°F 9/16 2.7 3/4 5.1
185 to 284 °F 3/8 4.0 3/4 3.5
2850 424°F 3/8 3.0 4.4 3/4 2.4
425 10 GOO°F 3/8 2.0 3/4 1.6
425 t0 G24°F 3/8 1 31 .
625 t0 874°F 3/8 2.3
875 to 1200°F 3/8 1.8

Note 1: *'X” and ''Y’’ dimensions are given in inches.
Note 2: ‘]’ dimension available in 10" or 30" length, for all spans

Table 2. Bulb Dimensions and Spans.

[0

(TEMPERATURES UNDER 800°F)

et
] ;
| Y
Swaceo” \ ¥
PLUG END
(WELOED)

Figure 1A. (S.P. Dwg. 5948a) Plain Bulb - Swaged.

%

.x.__.{i

e

v

(TEMPERATURES 600°F 10 1200°F)

Figure 1B. (S.P. Dwg. 5

949a) Plain Bulb - Drilled.

S

(TEMPERATURES UNDER 600°F)

Figure 1C. (S.P. Dwg. 5979a) Coiled Bulb.

and bulb sizes.

L
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PROCEDURE FOR RANGE SELECTION

Determine the ambient temperature limits, bulb ele-
vation, captllary length, and overrange or underrange
protection desired. Obtain the required span by sub-
ttacting the minimum temperature range from the max-
imum temperature range. Check the span against the
range limits on Figure 2 to ascertain that the maxi-
mum and minimum limits are being cbserved. Any
overrange should also be included.

EXAMPLE. A particular application requires a span
of 500°F, and an overrange of 100 °F. The span is
to be elevated to maximum limits. No bulb elevation

is required. Maximum capillary length is figured at
10 feet, and the ambient temperature is 70 °F.

Reference to Figure 2 will show that for a 500°F
span, the maximum range temperature allowed is

750 °F. Therefore, a range of 250°F to 750°F is
permissible. Since the overrange of 100°F does not
exceed 30% of the span, and the maximum range tem-
perature plus the overrange is within the 1200°F
limit of the graph, the requirements are permissible.
The thermal system for this application must be a
Class 5A due to the high temperature limit which
exceeds the 500°F limit of the Class 5B system.

MAXIMUM RANGE PLUS OVER RANGE
TEMPERATURES ALLOWABLE ON
CLASS 5A SYSTEMS = 1200 °F
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The resistance thermometer bulb is a

GENERAL.
device used as a sensing element for the accu-

rate measurement of temperature. The measure-
ment is based upon the fact that the electrical
resistance of a metallic conductor varies with
the temperature of the metal. This variation of
resistance with temperature is sufficiently re-
producible to permit accurate temperature meas-
urements by use of metals having known temper-
ature-resistance relationships.

Industrial resistance bulbs are comprised of a
co1l of wire of known temperature-resistance
relationship, enclosed in a suitable protective
sheath and fitted with connection terminals.
A complete resistance thermometer consists of a
resistance bulb which is connected to a resist-
ance measuring instrument calibrated in degrees
of temperature.

REQUIREMENTS. A satisfactory resistance ther-
mometer bulb should meet the following require-
ments:

1. The temperature-resistance relationship
should be reproducible to a high degree of

accuracy.

The temperature-resistance relationship
should be unchanged by time.

All bulbs having the same type resistance
element should be interchangeable and,
when interchanged, should not introduce
significant errors in the temperature
measurement.

The bulb should have a high sensitivity
and be able to assume quickly the temper-
ature of its surroundings.

o
[ Y
SENSITIVE
:

]
i

{
L
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LARGE AREA SURFACE
CONTAC BETWEEN
SHEATH AND TUBE l

/\

HELICALLY WOUND

G&iknﬁ \

FLAT 0P cownuc.nen./ \.smmess
ALUMINUM TUBE STEEL SHEATH

2 '/z. l

DETAIL OF SINSITIVE PORTION
CENLARGED TWICE SIZE)

{SPD #3433) LARGE-HEAD RESISTANCE
BULB, PART NO. 89390-( ).

FIGURE .
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VHELOMETER  BULE

5. The bulb and sheath must be able to with-
stand mechanical stress, shock and chemi-
cal corrosion.

6. The bulb should be unaffected by moisture

and water and be suitable for mounting out
of doors.

The Bristol resistance thermometer bulb is de-
signed to meet the above requirements.

CONSTRUCTION DETAILS. The design of the Bristol
resistance thermometer bulb is illustrated in
Figures 1 and 2. The sensitive element, shown
in the enlarged sectional view Figure 1, con-
sists of fine-gauge nickel wire wound into a
helical coil. This helix is then wound in the
double-pitch spiral grooves of a thin-walled
aluminum tube. This corrugated aluminum tube is
anodized for insulation and is of small mass
having wall thickness of approximately 0.005
inch. This small mass provides minimum heat
inertia and results in fast response to temper-
ature changes.

The corrugations or grooves in the aluminum tube
are of a depth such that the coil is wound just
below the top of the grooves. The flat tops of
the corrugations provide a large area of contact
with the metal protecting sheath of the bulb and
assist in obtaining fast bulb response. After
winding, the aluminum tube and resistance wire
are coated with Bakelite varnish and baked.

The sensitive portion of the bulb is 1-11/32"
long and extends back approximately 1-5/8" from
the tip of the bulb sheath.

The resistance element is made to provide rigid
construction between the windings and the ter-
minals and to minimize the possibility of damage
from vibration in service.

The bulb sheath is Type 316 stainless steel,
0.270" OD x 0.240" ID and is Colmony brazed to
the stainless steel terminal head adapter. The
adapter is fitted with 1/4" NPT for using the
bulb in pipes or wells. The bulb chamber is
fitted to the bulb head in such a manner that it
is impossible to twist off element connecting
wires during field installation.

mﬁ@u” N

\\\\\\

FIGURE 2. (SPD #5432) SMALL-HEAD RESISTANCE

BULB, PART NO. A5991-( ).

WATERBURY 20, CONNECTICUT
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Before assembly, the resistance element and bulb
sheath are baked at 250°F for 1/2 hour to driJe
out all moisture. The resistance element is
then inserted into the sheath and sealed by a
lead gasket and locknut. This procedure pre-
vents failure due to moisture collecting during
assembly or use.

In the "large-head" bulbs, Figure 1, the three
connecting wires are brought thru the terminal
bushing to a rugged connection block., The cast
aluminum head and cover is gasketed, and is
weatherproof when connected thru conduit.

In the "small-head" bulbs, Figure 2, soldered
connections are used. The knurled cadmium-
plated steel head compresses a grommet around
the cable, making the assembly moistureproof.
Required leads are normally assembléd to the
bulb at the factory. This "smell-head" bulb may
be submerged to a maximum depth of 15 feet,
provided temperature is not lower than 32°F.

RESISTANCE. The Bristol nickel resistance bulb
has a resistance of 110 ohms at 32°F (0°C) and
follows the Bristol 7NA resistance bulb curve of
temperature versus resistance.

Fither linear charts or curve 7NA charts may be
specified. When linear charts are specified,
the Dynamaster Recorder is furnished with lin-
earized calibration.

RANGES. The Bristol resistance thermometer bulb
1s suitable for use in temperatures from -150°
to +500°F (-100°C to 260°C).

ACCURACY.
Temperature Accuracy *
-150 to -50°F +1°F
- 50 to +265°F +0.5°F
+265 to +365°F i9.75°F
+365 to +500°F +1°F

[« -3

45

FIGURE 3. PHOTO #2557. PART 92052 - ROOM TEMP=
ERATURE BULB.

¥Changed in October 1962 issue.
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SPcED OF RESPONSE. For 90% of complete response
in moving water, 4 seconds; in moving air,
4 minutes.

AVAILABLE MODELS. Part #89390-( ) "large-head"
bulb, Figure 1, with length below the 1/4-inch
NPT of 4-inch, 6-inch, 8-inch, 12-inch, and
6-inch inorements to 90 inehes. Example: Part
#89390-6 is 6 inches long below the thread.

Part #45991-( ) "small-head" bulb, Figure 2,
same lengths.

Part #92052 Room-Temperature Bulb, Figure 3, in
attractive housing for wall-mounting.

Part #92413 Outside-Temperature Bulb, Figure 4,
complete with weatherhouse.,

ACCESSORIES. 3" 0.D. by 1/4 inch'pipe-thread
flange.

Type 304 Stainless Steel wells (other metals
available on special order), for all bulb
lengths.

Wet- and Dry-Bulb Mountings.

Compression Connector for attaching rubber-
covered conductor cable to terminal head.

FEATURES.

1. Rapid response to temperature changes.
2. High accuracy.

"3 Stable calibration.

4. Wide usable temperature range.

5. Sturdy construction resists damage by

vibration, moisture, or corrosion.
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E1 nlvel es una varlable importante para algunas 1ndustrlas,
en algunas de las cuales es indlspensable, tales como, la -
del papel y la del petréleo, por menclonar algunas. Los s
instrumentos para la medicidén de nivel varfan en complejidad
de acuerdo con la aplicacidn en si{ y su dificultad.

En la seleccidn correcta de un instrumento para la medicidn
de nivel, intervienen en mayor 4 menor grado los sigulentes
factores:

Rango de Medicidn.

Naturaleza del fluido que va a ser medi-

do. ’

Condiclones de Operacidn.

Los instrumentos que se describen a continuacidén cubren prac
tlcamente todas las aplicaciones, en cuanto a medicion de ni
vel se refiere. Estos se aplican bdsicamente en dos formas;
mediclidn de nilvel en tanques abilertos y en tanques cerrados.
Estos instrumentos pueden ser reglstradores 6 indicadores y

cuando el caso lo requlere controladores. Cuando las distan
clas entre el punto de medicidén y el lugar donde dqueremos 1la
lectura de nivel son muy grandes nos podemos auxiliar con -
transmisores, los cuales tamblén estdn descritos.

NIVELES EN TANQUES ABIERTOS

Los instrumentos que para la medlcldén de nivel en tanques a-
blertos que se usan se clasifican dentro de varias categorias
visuales, de presldén 6 cabeza hidrostdtica (columna de agua)
de contacto directo 6 sea flotadores y otros tipos.

Visual: Este método es uno de los mas antiguos y de los més

simples para la medlcidn continua de nivel de 1liquidos conte-
nldos en un tanque 6 vasija (olla). Se usa solamente cuando

re requlere indicacldn local directa sobre el proceso y cuan

do el 1f{quido es apreciablemente limplo. Las mirillas y los

manometros de vidrlo conslsten simplemente en un vidrlo trans
prarente 6 tubo de pldstico (transparente) adjunto al tanque
de tal manera que la "cabeza" de 1iquido en el tubo sea igual
al nivel del 11qgido en el tanque. Una escala callbrada mar-
cada en el tubo O colocada dentro de éste, nos proporciona

un medlo convenlente para leer el nlvel en pulgadas, ples, -
centimgtros 0 metros, O blen en unldades de volumen, galones,
ples cubicos, litros, metros cibicos, etec.

La Filgura 1 nos muestra una tipica instalacidn de mirilla.
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Flgura 1

PRESTION HIDROSTATICA

Una columna lfquida crea una presidén hidrostdtica directamen
te proporcional a la altura del 1lf{quido arriba del punto de
referencia. Un elemento de presidn aproplado, conectado a-
decuadamente al proceso, mide el nivel del 1iquido en unida-
des apropladas para las cuales se debe calibrar cada elemen-
to. Los instrumentos que con mas frecuencia se usan para -
medir nivel por presidn hidrostatica son el de tipo burbujeo
y la caja de diafragma.

Los instrumentos para medicién de nivel de purga contlnua se
usan cuando los lfiquidos son corrosivos 6 tienen sdlidos en
suspensldn; cuando se dlspone de alre 6 gas y se requleren -
lecturas remotas. Este tipo de medicidn, es el mds simple,
el mds barato y el mas conflable y ampliamente usado. ILa fi
gura 2 1lustra una instalaciodn tipica para medicidén de nivel

‘por el método de purga contfinua: Un pedazo de tubo ablerto

se 1ntroduce dentro del tanque hasta un punto de cerca de 3

pulgadas por encima del fondo & del sedimento, & se efectua

la conexion por fuera del tangue (a un lado) a la misma altu
ra. Esta altura no es critica pero a la altura en que se co
loque el tudbo tilene que ser nuestro punto de referencia para
la calibracidn del elemento para la medicidn de la presiodn -
hidrostatica en términos de altura 6 volimen y debe estar -

(el punto de referencia) arriba de cualquler sedimento que
se pueda tener.
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El alre comprimido 6 cualquler fluldo similar’se suministra

a través de una vialvula y restrictor y un rotametro de pur-

ga, de tal manera que el fluldo escape solamente por el ex-

tremo ablerto del tubo. La presldon de aire en el tubo co--

rresponde exactamente a la altura del liquido en el tanque.

31 el nivel del 1{quido cambia, la presion de aire en el tus
bo de burbujeo cambia también proporcionalmente.

Un Instrumento de presidén conectado al tubo de burbujeo re-
gistra la presidén de alre en la grafica 6 la indica en una
escala graduada apropladamente en unidades de nivel, cm. -
ples, pulgadas, etc. & en unldades de volumen,litros galo-
nes, etc. tal como sea requerido.

Los sistemas de caja de diafragma se usan para medir nivgl
en tanques ablertos, cuando no se puede contar con aire O
gas 6 cuando el método por tubo de burbujeo no es recomenda
ble (Fig. 3) consisten escencialmente en una "copa" recu-
bierta con un diafragma flexible el cual estd protegldo por
" medio de un anillo metdlico.

Flgura 3.

La caja estd dividida en dos secclones, con el diafragma 1in-
sertado entre las dos y sellado a prueba de aire, Un tubo -
capllar se usa para conectar la parte de arrlba de la caja
del dlafragma con el instrumento. La caja esta colocada a -
una altura determlnada del tanque la cual servira como nlvel
de referencla. La presidn causada por la columna del 1lfquildo
por encima del nlvel de referencila actua sobre el diafragma
para comprimir el alre en el sistema sellado de presldn en -
una cantldad equivalente a la cabeza actual del liquido.

Las varlaclones de nivel producen camblos de presion propor-
cionales en el sistema de alre. Esos camblos de preslidn -
actuan un resorte de presidén en el instrumento el cual estd -
conectado en una pluma de registro 6 a un puntero indlcador.
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Las cajas de dlafragma se pueden montar de varlas maneras.
(Figura 4.)
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Uno de los instrumentos del tipo de diafragma mas ampliamente
aceptado para la medlcion de nivel sobre todo, en aquellos -
procesos que tlenen sbé1lidos en suspensidn, es el transmisor
de presidn diferencial bridado. Dos versliones de este tipo
se muestran en la Figura 5. El de dlafragma al ras y el de -
diafragma con extensién. El tipo de dlafragma al ras se mon-
ta al nivel de la pared Iinterlor del tanque tal como se mues-
tra en la Flgura 6. E1 de diafragma de extensidn se usa cuan
do el 1{quido con sdélidos en suspensidén puede dejar sedimen-—
tos sobre las paredes Interlores del tanque y estos puedan im
pedir que el diafragma esté en contacto con el lfquido perdi=
éndose la lectura. El diafragma con extensldn se monta de
tal manera que quede embutlido dentro de la pared interlor del
tanque. La cabeza de 1{qulido ejercida sobre el di&fragma se
balancea simultaneamente por medio de una fuerza de retroali-

mentacién neumitica & eléctrica en la parte de arriba del -
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transmisor. Esta fuerza de retroalimentaciédn representa el
nivel de 1{quido y se usa para indlcaclones, reglstros o con-
troles remotos (1000 pies & 300 metros).

. Figura 5,
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FLOTADOR Y CABLE

La medicidn directa de nivel de 1{quidos en tanques ablertos
‘se lleva a cabo frecuentemente por el método del flotador y
cable, pero estd limitado a lfquidos limpios ya que aquellos
que llevan particulas.6 sdélidos que puedan adherirse al flo-
tador este falsearfia la lectura.

La medicl1dén por medio de flotador y cable es mds factible en
contrarla en las plantas de tratamlento de, agua. Este siste
ma no depende de la presidn hidrostdtica para la medicidn de
nivel. Son 1nstrumentos que se auto-operan por el movimien-
to del flotador sobre la superficle del 1fiquido.

Exlsten muchas verslones de los instrumentos. de flotador y
cable. Fundamentalmente conslsten de un flotador y contrape-
so conectados por medio de un cable el cual opera una polea.
El del rlotador hace que la polea se mueva. De esta manera
el movimlento vertical del flotador se transforma a una medi-
c16n uniforme por medio de un mecanismo de reduccidn, el cual

puede ser usado para indicacidn, registro 6 control.
(Figura 7.)
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Figura 7.

GENERAL

Otros tipos de unidades para medicidn de nivel en tanques a-
blertos se usan para mediclones especiales Para esto se u-
sa un equipo mds complicado y por 1ldéglca mis caro. Algunos
usan medlos radloactivos, pruebas de capacitancla, ondas s6-
nicas, celdas de carga, etec.

NIVEL EN TANQUES CERRADOS

Cuando es necesarlo medir nivel de 1{quido en tanques cerra-
dos, como digestores,‘tanques para reclbir condensados, eva-
poradores, etc, una mediclidn simple de presion hidrostética
no se puede usar. La 1nfluencia de la presidén en un tanque
cerrado incluye: el peso 4 presion de el 1l{quldo y la pre-
sion 6 el vacio ejercidos encima de la superficle del 1{qui-
do. BaJjo estas condiciones, 1la medicion de nivel de liquil-
dos debe hacerse con unidades de presidn diferencial, despla
zamiento por medlo de flotadores, dispositilivos radioactivos,

sonicos, unidades de capacltancla y otras unidades eléctri-
cas.

PRESION DIFERENCIAL.

En este caso, el nivel del 1iquido se infilere por la medicidn
de la presidn total, compensédndola al mismo tlempo por la pre
516n ejercilda por encima de la superficle del 1{quldo & sea
la diferencla exlistente entre las dos presiones En este ca-
80, los elementos usados para la medlecidn son, por ejemplo,
manometros, fuelles, y celdas de balance de fuerzas de pre-
sion diferencial. En la Figura 8 se muestra como se usa el

mandémetro de mercurio de tubo en U para la medicildén de nivel
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de liquidos limpios en tanques cerrados (1). En algunas oca
siones se usan sellos los cuales conslsten en un fluido’in-—
herte para protejer al medidor si el 1lfquido que se esta mi-
diendo es corrosivo, & contiene sdlidos en suspension O es
demasiado voldtil. En algunas ocasiones en lugar de sellos

se usan sistemas de purga.

VESSEL VESSEL

A UNSEALED 8 SEALED

Figura 8.

En la Flgura '9 se muestra de los transmlsores diferenclales
de balance de fuerzas para la medicidn de nivel en tanques ce
rrados. La instalacldén de estos instrumentos es frecuentemen
te mds sencilla que la de los mandmetros de mercurio. Debi-
do a su construccldn a prueba de corrosidn, y a el desplaza-
miento despreciable del 1fquido’en las l{neas, estos instru-
mentos se pueden usar en la medicidén de nivel de l{iquidos co-
rrosivos sin la necesidad de usar sellos 6 sistemas de purga.

RECEIVER

" FILTERED
—e 20LB
b AR SUPPLY
Yore cewt

-

THE RECEIVER MAY BE LOCATED I000FT OR MON’E
FROM THE D/P CELL

Flgura 9.

(1) Los instrumentos que usan mercurdio han perdido preferencia

por parte del consumidor debido a Los miltiples probLemas que
hephesenta su instalacdibn y mantenimiento, mds adn cuando se trata
de nivefes de Li{quidos conrosivos. En sustitucién se han impuesto
Los instrumentos de balance de fuenzas (N.T.)
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T FLOTADOR DE DESPLAZAMIENTO.

"El flotador de desplazamlento puede usarse en tanques abler-

tos y cerrados. La operacion de este dispositivo se basa en

el principlo de Arquimides, el cual establece que la fuerza
-resultante que en un fluldo ejerce sobre un cuerpo sumergldo

en este, actua verticalmente a través del centro de gravedad
del fluildo desplazado y es lgual al peso del fluldo que se
desplaza. La fuerza resultante, cuyo sentlido es hacia arri-
ba sobre el cuerpo se denomina "boyante" y puede contrabalan
cearse por medlo de otra fuerza de tal manera, que el cuerpo
puede usarse como elemento para la medicidén de nivel. La

;Figura 10 es un arreglo esquemdtico de una medicidén de nivel

con un. d14pos1tivo de este tipo (desplazamiento) con la fuer

:za "boyante" contrabalanceada por medio de un resorte. La

fuerza "boyante" puede contrabalancearse tambien por medlo
de un sistema de balance de fuerzas ya sea neumdatico 6 eléc-

.trico el cual produce una serial correspondiente al nivel del

liquido ia que se puede transmitlr para una indicacidn, re-
gistro 6 control remotos. En la Figura 11 se muestra una u-
nidad tipica.

Figura 10.

FLOAT

~SPRING

Figura 11.




NUCLEAR-RADIOACTIVA,

Los slstemas radloactivos se usan para la medlcidn de nivel
en tanques cerrados. Consisten de un ensamble de medicldn y
un indicador amplificador. El ensamble de medicion contiene
una fuente radioactiva, como radlo, cesio 6 cobalto y 1la cel
da detectora de radiaciones 1a que puede ser de la forma de
un Contador Gelger. 4 una celda diseldada especlalimnente para -
ionizacion de gas. La celda detectora produce una senal e-
léctrica proporcional a la intensidad de los rayos radiacti—
vos esta seunal se amplifica para que produzca una medicidn
en unldades apropladas de nivel.

Se pueden usar varios arreglos en la instalacidén de estos sis
temas tal como se muestra en la Figura 12 (a) La fuente ra-
diactiva se puede fijar dentro 6 sobre un lado del tanque a
un nivel bajo y la celda detectora fijJa en la parte de afue-
ra del:tanque a un nivel mds alto. Cuando el nivel aumenta
dentro del tanque el materlal que se absorbe entre la fuente
de radlacidén y el detector disminuye la intensidad radiacti-
va que recibe el detector. Ia radilacidn recivida, el detec-
tor la convierte en una seual eléctrica la cual se amplifica
y se convierte en una senal que permite la medicidén de nivel
(b). En un sistema similar, se emplea una fuente colocada en
un flotador. La intensidad de la radiacidn esta en funcidn
de la distancia entre la fuente y el detector y es directa-
mente proporcional a los cambilos de nivel (c) En este caso
se usa una fuente tipo vertical la cual se coloca vertical-
mente en una columna y las celdas de medicidn correspondien
tes se colocan sobre el tanque de tal manera que el 1fquido
cuyo nivel deseamos medlr, se interpone entre las dos, colum
nas en cuanto aumenta el nlvel. La corriente que sale de
las celdas detectoras, la cual varfa con el nivel, es inver
samente proporcional a los camblos de nivel. -

Figura 12.
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SONICO

Este es otro método para la medicidén de nivel en tanques ce-
rrados y tamblén se puede usar en aplicacliones para tanques
ablertos. La mediciodon de nivel sdénica se basa en la emisidn
pulsante de ondas sonoras por medio de una fuente emlsora,la
transmisidn de esas ondas de energfa a través de la fase 1{-
quida, & la fase de vapor en el tanque, y reflejaqdolas en
la superficie hacla un receptor. E1 tlempo de transito de -
este Impulso se usa como medicidn del nivel del 1{quido.
(Figura 13.) En este tipo de arreglo de fase 1{quida, los
pulsos de energf{a ultrasonica se dirigen directamente hacia
la superficie del 1{quido que se estd mldlendo. Estos pul-
sos rebotan en l1la superficle hacia el receptor. E1 tiempo
de transito desde la fuente hasta el receptor es una medida
de la distancia entre la superficie y la fuente de emisidn
de pulsos y directamente proporcional al nivel del 1l{quido.

Este tiempo de transito se convierte electrdnicamente a una
medicidén de nivel en unidades comunes. El arreglo de VAPOR=-
ESPACIO esta basado en el rebote o el principlo del eco a -
través de una fase de vapor 6 gas encima de la superficie
del 1l{quido. En operacidén, es similar al de fase 1l{quida,
cxcepto que el tlempo de respuesta en la transmisidn de el
pulso sdnico es inversamente proporcional al nivel del 1{-
quldo que se esta midiendo.
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CAPACITANCIA

’

Otro método eléctrico para medir nivel de 1{quido en un tan-
que cerrado es la capaclitancia. Bdsicamente, un slstema para
medicldén de nivel por capacitaneia conslste de un elemento
primario de medicldn y un instrumento secundario que transfor
ma la varlacidn de capacitancia en un movimiento que es pro-_
porcional al nivel del l{iquido en los tanques (Filgura 14.)

En su forma méds simple una celda de capacitancla conslste en
un rodillo de metal, montado en el tanque. El rodillo debe
estar alslado eléctricamente de la pared del 1{quido. La ca
pacitancia del sistema esta formada por el rodillo, el cual™
se puede conslderar como el electrodo "vivo" y la pared del
tanque que sirve como electrodo de tlerra. Ya que la celda,
el 1{quido, y la pared del tanque forman un campo capacltivo
un camblo en capaciltancla causado por en el nivel del 1{gquido
se detecta en un instrumnento indicador 4 reglstrador el cual

determlna este camblo en unidades de nivel.a/

Figura 14.




GENERAL

Existen otros métodos para mediciodon de nivel en tanques ce-
rrados, los cuales tlenen uso limitado. Entre estos se en-
cuentran: La celda de temperatura para un sdélo punto de ni-
vel, el tubo de expansién, el tilpo de oscilacién, conducti-
vidad, y una combinacidn de vidrio fotoeléctrico y mandmetro.

NIVEL DE SOLIDOS

Con cierta frecuencla, es necesario medlr el nivel de mate-
rial sdélido en clerto tipo de procesos. Entre estos se en-
cuentran por ejemplo: Nivel de "Chips" de madera en fdbricas
de papel, tanques de materla prima sélida para dosificacidn,
tanques de almacenamiento de Jabdn, tanques de almacenamien-
to de cal, silos, etc. Los elementos primarios que Se usan
para estos casos se pueden considerar como tipo de "punto 1

jo", 6 tipo "Continuo".

UNIDADES DE PUNTO FIJO

Estas unidades para la deteccion de nivel de sbélidos, pueden
efectuar la medicidén en uno 6 varios niveles especificos. Se
usan ampliamente para actuar alarmas O compuertas. Se inclu
yen en este caso los sigulentes tipos: el de diafragma, el
de tuerca y paleta, el de cono tolgado y sdlidos.

TIPO DIAFRAGMA .-

Esta unidad emplea un diafragma flexible, el cual esté expues
to al materlal solido en un tanque de almacenamiento En
cuanto al nivel de sbélidos se eleva, la presidén causada por
el peso del material sdélido, fuerza a el diafragma contra un
mecanlismo de contrapesos el que actia un swiltch mecénicamente
(Figura 15) Este switch puede energizar una alarma 6 cilerta
maquinaria como compuertas, etc.
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TIPO DE TUERCA-PALETA.-

Un dlagrama tiplco de este slstema se muestra en la filgura -
16. E1l vastago de la unidad estd gulada por un motor sincrd
nico. Cuando la rotacidn de la paleta se obstaculiza por el
material sdélido, causa el soporte del motor y la caja de en-
granes giren en un plano horizontal, en este momento se e-
nerglzan dos pequeifios interruptores en orden consecutivo. El
primero de estos interruptores puede actuar un circuito de
alarma, el segundo corta la corrliente haclendo que el siste-
ma quede en posicidén "cerrado". Cuando el nivel disminuye
un resorte empuja el ensamble hacla atrds a su posiciodn ori-
ginal y los interruptores se sueltan.

,éﬁ% —_

Figura 16.

PADDLE
GUARD

TIPO DE CONO COLGANTE., -
Tal como se muestra en la Figura 17, esta unidad consiste en
un interruptor que se encuentra dentro de una caja a prueba

de polvo, la misma que tilene una especie de collarin del cual
se suspende el cono. Cuando el nivel de material sélido se
eleva y se pone en contacto con el cono se actda un interrup-
tor que puede hacer actuar una aiarma u otro tipo adecuado

de circuito. '
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Figura 17.

TIPO CELDA.-

cuando el material sdélido que se va a medir tilene una conduc-
tividad eléctrica muy alta, se usa con frecuencla un detector
tipo celda (Figura 18). Cuando el material hace contacto con

una amplificacidn adecuada, se puede usar para actuar una a-
larma u otro tipo de equlpo. :

ELECTRODE PLATE

INSULATORS

F]ér\\é;l\\ X H, Figura 18.
\

ALY \\x
v .
PIPE CONNECTION

GROUND
PLATES

UNIDADES CONTINUAS

Los lnstrumentos de medic1dn cont{nua de nivel de sélidos -
nos permlten una medlcldén contfnua en toda la gama de camblos
que este pueda tener. Son particularmente 1mportantes cuando
el control en estos casos de primer{sima importancila (Dosifi

cacidén en procesos contf{nuos). -

Exlisten métodos que emplean fuentes nucleares radiactivas, u-
nidades capacitivas y sénicas como las que ya hemos descrito.

RAV:mec
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Retroalimentacidn y Control Automdtico

Introduccidén.

En las charlaé.pfécedentes, se ha descritq[lélforma de medir:
las diversas variables fisicoquimicas tales como presidén, -~
gasto, temperatura pH etc. '

Se considerardn ahora los métodos de control automdtico para’

dichas variables, en vista de la parte fundamental que la re.
,troalimentacxon juega en los sistemas de control se tratara )

de éste asunto en primer lugar. . R Fo .

(SN

Los simbolos normales que se usardn en los diagramas seran:

PR

Un circulo representa un punto o lugar de reunidn de dos o =

mds seflales en cuyo punto puede tener lugar la suma o resta
do dichas seflales segin se aclare con los ‘signos pertinentes.

Un rectangulo una unidad del sistema que, pudiera ser, por -
ejemplo un amplificador.

ias interconexiones se muestran como lineas:-rectas pero, de-
be tenerse en cuenta que en el sistema fisico estas conexio-
nes podran ser dos alambres eléctricos, un tubo con una se-
fial de aire, una tuberia de proceso, una unidén mecdnica etc.

En términos generales, se tiene una retroalimentacién cuando .

la salida de un sistema, en parte o en su totalidad se apli-
ca a su entrada para producir una ac@ién modificadora.

La fig. 1, representa una unidad de control cuya naturaleza
exacta no es necesario establecer por el momento. La sali-
da B0 se relaciona a la entrada ©i por la. siguiente ex-
presidns T

0o = G.OL (\) do %‘OE "’ 'G,' (2)

A la razdn de la salida entre la entrada se le llama funcién
de transferencia.

De una manera muy simple, la figura 1, ilustra accién en cir
cuito abierto. El1 significado del término se comprendera me
jor si se compara con la figura 2 en donde la salida es retro
alimentada a la entrada, fbrmando el arregb un sistema cerra
do. ,

<
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Para ampliar el concepto de retroalimentacidn, pongamos ahora
en dicho canal una unidad con funcidén de transferencia Gy - =
(fig. 3) y, si g es la salida de dicha unidad tendremos que:

Sl N : -%f—= G2 (&)
0

S La retroalimentacidn Q% puede sumarse ol!restarse a la entra-
“da Oi en forma tal que la entrada real a la la. unidad serd:

v * Of

Por el momento se considerard solamente la expresidn con el -
signo negativo a cuya circunstancia se le llama por tanto “re
. troalimentacidn negativa", también llamada menos comunmente =
“retroalimentacidén de generativa",

C <

. [
i

ﬁetroaliﬁéntééiéh)Aegétlvé;
Si. la entrada a la primera unidad es Gi- 9{1 se tendrd que:
Qo = G (QL— G{.} (4\
Pexo como ) .
9{,= G2 Qo )
Se tendrd que

Bo= G '(03.— G2 90) ©)

De. donde se'concluye que

a8 &
= 5 < EGe. )

. En que la relacidn GO/Gi representa la funcidn de transferen
cia T del sistema completo de la figura 3.

Un ejemplo sencillo ayudard a aclarar el significado fisico -
de eatoa conceptos. Coe
La figura 4 representa un amolificador de corriente directa -

Un divisor de potencial de tipo potencidmetro actia como dis-
positivo de retroalimentacidén: supdngase este Uiltimo en una -
posicidén tal que Gy = 0.9, sustituyendo estos valores en la =
ecuacién 7 se tiene:



T 500 ~ o= 1.1
¢, 174 0.9 X 500

si aplicamos el mismo criterio a la figura 1, e tendri{a que:
Gy = 500

fCOnsiderese ahora que se ajusta el potenciometro en forma tal
' que G, = 0.5 entonces:

T 500 = 1.34
1 + 0.5 X 500

[y

) en ambos casos hay una considerable reduccién del valor de -
"~ G0/ Ot en comparacidén con el sistema de circuito abierto.

La pregunta que surge de inmediato es, aCual'es entonces la -
ventaja de la retroalimentacidén negativa? .

" Para contestar esta pregunta examinemos el efecto de la varia
cidn en el parametro Gy

Derivando la ecuacidn 7 respecto a Gy se tiene:

aeo = i | '
26 - & [ G+ e.ezY-] (8) .pere!
Qo _ (]} . 000 (2] .
oL 662 Y & 6, g.cé" v+ 6\629“ (o)
Rearreglando:

000 _ 06 [ \ ] W
Bo & L 1+ Gi62 SR

Eiemplo:
La ecuacidén 1ll podrd comprenderse mejor asignaddb;Valorea.

Supongase G1 = 500 igﬁal que antes y hagdmoslo disminuir a =-
Gy = 400, entonces SG)] = 100 se considerard Gy fijo en 0.9.

De este modo:  JBo - 100 . i - \
. . 80 500 |+800%0.9 ' 2280

O sea que para un 20% de camib en G, se ha tenido un cambio
en la salida del orden de 0.04%.



Esta circunstancia que permite pequefias variaciones en la sa-
lida con variaciones. relativamente fuertes en G, es particular

mente ut11 en ampliflcadores neumaticos (sistemas tobera obtu-
-rador) en donde las caracteristicas y el desgaste de los com-

f‘“ponentes pueden afectar su ganancia G} y sin embargo es vital

Otra variacidn que debe examinarse es la de Gj.

=gl ‘tener una buena estabilidad.

e

- . ° .

Derivando la ecuacidn 7 respecto a G2 se obtiener

—

D60 -0 Gl 03)

Qz) pere como Bove\.

62 ' (3 662 HGG
P00 | —-6.62 D6
= . 4
Qb \ \4-GnG51 G2 W6

Si la ganac1a Gl es 'grande y el producto Gl G2 es mucho mayor
que 1 sé’tendrd que® . U d :

000 ‘361
= - 5
S () }

Lo anterior significa que un cambio en G, es seguido de un cam
bio proporcional en la salida Oo

Ejemplo:

51 Gz varia de 0. 9 a 0.5 haciendo SG, = O. 4 y Gy = 1000

0o _ _ 1000409 . 0.4 ., 0.4

G _ 1¥1000v0.5 48 69
De lo anterior se concluye que a un cambio en la ganancia G -
corresponde un cambio proporcional de la misma magnitud en 1a
salida Qe - » , ok N

El. significado de lo anterior se hard notar mds adeldnte,

Arredlo en serie y en paralelo de las unidades. }

o

En un sistema retroalimentado, las unidades componentes pueden
estar en serie o en paralelo.

-

En la figura 5, se muestran tres unidades en serie con ganan-
cias respectivas G}, Gy, Gj. ‘

De 'la figura 5:

02 = G.6L () ; Bb=620a (1¥) y Bo=G260 (18)



Bo = 6263 0u (19)

> w' o
-u._‘.}_

..;De. lo que se infiere que el sistema es equivalente al de uni-
. .dad sencilla de la parte inferior de la fig. 5 con una funcidn

de transferencia total T igual al producto de las 3 funciones
de transferencia individuales.

Si el sistema retroalimentado se completaae como muestra la 1{
nea punteada de la fig. 5., entonces

G _ 662G
8. 1+ 6GiGG3 (20)

En el arreglo en paralelo de la” fig. (6), se considera que la
entrada Ot se amplica a cada uno de los tres médulos, las sa
lidas serdn entonces @161, 01G2 4 Gv63 si estan
se suman para formar la salida del sistema  Oe¢ s8se tendrd -
queo '

e.= GO+ GzGL-\»GaQ'..E- 0L Le.-»eu-e-,} (2v)

La funcidn total de transferencia estaré dada por-

9‘; =T= G.+Gz+65 (zz)

Finalmente congideremos el arreglo serie paralelo de la fig.
7, con un criterio andlogo se tendrd que la funcidn total de
transferencia "T" gerd: : :

T= 6162+ G3Ga

¢

Ejemplos prdcticos de circuitos con retroalimentacidn negativa.

Sistema tobera obturador, Fig. 8.

~ &

Fste sistema es usado en la mayoria de los controladores neumdi-
ticos. Consiste en una tobera de barreno muy fino A" el diame

tro del cual oscila entre 0.5 vy 1 mm.

E1l obturador "B" estd pivoteado en forma tal que puede acercar-

2 o alejarse de la boca de la tobera.

Ta distancia de este viaje es muy pequefia y puede serlo tanto -
cone 0.0076 mm. y en ningin caso excede unas cuantas milésimas

ce pulgada.
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El aire es suministrado a la tobera, a presidn constante y a
través de un orificio "C" que tiene un didmetro de entre 1a

L-% y la 1/4 parte del de la tobera. -

El aire escapa pox la rendija entre el obturador y la boca. de
la tobera. Se establece una presidn en la parte interior de
-la misma cuyo valor depende de la posicidn del obturador en su
viaje. Cuando la tobera estd cerca del obturador el valor de

la presién es mdximo y cuando estd mas lejos es minimo.
Una relacidén tipica se muestra en la fig. 9, la relacidén, como
puede observarse, no es lineal pero, en el rango de operacidn
.de 3 a 15:psig.. se pugde considerar como .tal, para fines practi
COS8. , , ~ -

.El obturador estd normalmente acoplado, con el palancaje adecua
do, al elemento de medicidn y se muestra asi en la fig. 8, solo
para propositos de.explicacién. S -
Considerese un camblo de temperatura que deflexione al Bourdon

.Y pnsicione el obturador mas cerca de la tobera, usando el. pun
to O como pivote. ‘

La presidn aumentard y, dicha presidn se retroalimenta al fue-
lle "D". "D" se infla y tiende a alejar el obturador de la to
bera, ahora con 0' como pivote. Esta accidn tiende a reducir
la presion en la tobera y, por tanto se alcanzara eventualmente
una situacidn de equilibdrio. .
Si llamamos: "y" al degplazamiento neto del obturador respecto
a la tobera se tendra que:

9= QE?\T}Q - (a?,b> sp (23

En donde:

0= Desplazamiento debido al elemento brihla;io.
SwcConstante del fuelle (cm/kg/cm2).

P=Presidén de salida.
El 22 término de la ecuacidn 22 repfesentarla accién del fuelle
de- retroalimentacidon negativa. ,
¢cudl ha sido el efecto de la unidad de retroalimentacién nega
tiva en esta unidad?
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Debe recordarse que el viaje total del obturador es pequefiisi
mo. Sin el fuelle de retroalimentacién, los fendmenos de jue
go, deslizamiento y similares podrian causar errores en el ' -

rpoaicionamtento y es esencial que el obturador sea posiciona-
“d0 exactamente. ' -

snfy e )
’rEllfuelle de retroalimentacidn negativa permite que lo ante-
“~rior se logre. :

Observese también el efecto que las variaciones en la presiodn

'de suministro tienen sobre el sistema. '’ C

supdngase qué su Valof*disminuye, la presidén.eén la tobera dis
minuird asimismo. Pero, esta presidn también existe en el =~
fuelle, una disminucidn aqui significa que el fuelle se con-
traerd y, al hacerlo moveri el obturador mas cerca de la tobe
ra aumentando, por 1o tanto, la presién. En esta forma un -
efecto tiende a cancelar el otro haciendo minima la influen-

.cia de la variacién en la presién de suministro.

Ypl diagrama de bloques del sistema neumético disentido se -~

ilustra en la fig. 10.
B?t;palimentacion'positiva. o TR

Al principio de la discusidén se establecid que la seflal de re

" troalimentacidén Gf podia sumarse o restarse a la entrada -

i
va hemos considerado ' Gi-0f o sea el caso de la retroalimenta

cién negativa, nos queda ahora por considerar el caso de
o sea la retroalimentacidn positiva, en ella:

6o = G\ (B1+05)  (24)

" 81 se introduce una funcidn de transferencia G' en la retroali

mentacién podemos establecer, en forma aimilar a como se hizo
con 'la ecuacidén 7 que: o .

Qe - ‘Gs o | B
&v " 1-e62 (23)

La retroalimentacién positiva se incorpora a sistemas mas aso
ciados con retroalimentacidn negativa que por s{ sola. La fi
gura 11 muestra en forma de bloques el empleo de la retroali-
mentacién positiva y negativa en una unidad de control.

T=




1a funcidén de transferencia sera por lo tanto:
bl S » go -— o .G‘ N Kze) 4 v . - o
- ‘ : el.. 1+ 6,62 - ©G3

~uUn e1emplo mostrard en forma mas clara la influencia de ambas

" retroalimentaciones:

Si wc'i‘:‘o » ©2= 0.5 y G3=0.506

iy

5 . .
_—=5 . s
v .

Py B
. . Al

.-81 solo-.se, tiene retroalimentacidén negativa .la ganancia seria:

Qo
v 2 gl-

Un ejemplo practico de retroallmentacion positlva se encuen-
tra en la unidad de control neumdtica ilustrada por la fig. 12.
A la figura No. 8 se le agrega un fuelle opuesto y este se co
necta a la cdmara de la tobera a través de la restriccién R.

El fuelle E tiende a ajustar el obturador en direccidn opuesta
.a la del fuelle de retroalimentacidn negativa D.

El arreglo.es en realidad una simple versién de un controlador
proporcional mds integral. Su operacidén se describird mas ade
lante, aqui solo se usa como ejemplo de retroalimentacidn posi
tiva.

Un. punto sobre el que debe de llamarse la atencidén antes de -
terminar con el tema es.que, en la ecuacidén 25, gi el produc=-
to Gy Gy es igual a 1 la funcidn de transferencia 90/69

se hace infinita.

cuando se obtiene una salida infinita para una entrada finita
se tiene un estado de inestabilidad o saturacidn, segin el ca
80, - . , %

a L

El Circuito Cerrado de Control Automdtico

Introduccidn o
En};a discusidén precedente el circuito cerrado se ha considera
do de manera general y los ejemplos de retroalimentacidn nega-
tiva se refirieron a circuitos cerrados en un instrumento mas
que en un proceso.



El sistema de control autqmético en circuito cerrado aplica-
do a procesos industriales deberd ser examinado ahora.

'"“La figura No. 13 muestra un diagrama de blogues de dicho cix

cuito.

El elemento detector es sensible a la wvariable de proceso que
se mide y controla y es por lo tanto el primer elemento del -
circuito en detectar un cambio en dicho valor.

t

El elemento detector se inserta en un punto adecuado del pro

cesd y su seflal es transmitida al elemento de medicidn, este

elemento cuantifica el valor de la variable controlada.

El elemento de medicidn transmite una seﬂél al elemento de -
comparacidn al cual se le ha alimentado previamente el valor
deseado de la variable.

z/a

El valor medido es comparado con el valor deseado y si fueren

- diferentes se genera una sefial de desviacidén o error.

Los elementos de comparacidn difieren conslderablemente en su
concepcidn y disefio. ’

Ia seflal de error se transfiere al controlador, el cual gene-
ra una seflal de control al elemento final, al hacerlo puede -
producir una sefial que contenga uno o varios "modos" de -con-

" trol como el proporcional que se examind en la figura 8.

1a sefial de control es recibida por el elemento final de con-
trol, en la mayoria de los casos una vdlvula, que a su vez, -
ya en el proceso altera el valor de la variable controlada -
cambiando la magnitud del "medio de control". ‘

Modos o acciones de control.

Ya se ha mencionado que la sefial de control no solo depende -
del error y su magnitud sino de la funcién que el controlador
genere del error, es decir de los "modoa" de control que in-
corpore el elemento.

Control de dos posiciones.
cuando el valor de la variable medida es mayor que el valor -

deseado se dice que la desviacidén tiene signo positivo y:.vie-
ceversa

[}
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'Esta accidon se muestra en la figura 14. L

En un controlador de dos posiciones la galida del mismo can

bia del mdiximo al minimo dependiendo solamente del signo de

. la desviacisdn y no de la magnitud. . v

[ - foone

‘NOtese que el-elemento final nunca toma posiciones intermedias
-gino que esta“en una posicidn extrema u otra y que, la varia-

ble controlada oscila alrededor del valor deseado o punto de
ajuste.

COntrol de Accidn Proporcional. -

) )
e LR, ) s .

En este modo de control la_ salida del controlador es proporcio

o

.nal a.la desviacion.

 V=-1k0 (,2“4\ en donde:

/,g a 20 A P " !
= Salida del controlador - *-
Kl— Constante:de accidn proporcional (Ganancia).

= Desviacidn o error.

Supongase que el elemento final de control es una vdlvula y -
que sigue fielmente la sefial del controlador.

h
S

Es instructivo el examinar el efecto de un cambio de carga en

un sistoema con control proporcional.

: Considercose el gistema de la figura.ls y supongase gue el 1i-
- quido del-tanque seé esta usando para un numero de consumos.

- Las condiciones iniciales son tales que para la demanda espe-
- cifica la vdlvula permite el paso-de liquido suficiente para

- .mantener el.nivel en el tanque en forma tal que la.entrada y
'la’'salida de liquido por unidad de tiempo son las mismas.

Supongase que la demanda ahora se incrementa y se sostiene =
al valor incrementado. _
El nivel desciende y ocurre una desviacidn,,6 la seflal del con-
trolador hace que la vdlvula abra permitiendo n mayor flujo
de liguido .al recipiente, 1o cual a su-vez _ levanta el nivel,
reduce ladegviaciodn y.... hace que la vdlvula cierre. La de-
manda sostenida, por otra parte hace que la . vdlvula se tenga
que cencontrar mas abierta para ser satisfecha.

Estos requerimientos en conflicto hacen que la variable con-
trolada, en este caso nivel de liquido tomen un valor de - -



equilibrio pero, desviado del valor deseado (off set).

.La figura 15 ilustra el efecto de un cambio de carga sosteni
do y el valor correspondiente en la variable controlada. Ob
sexvese el efecto de oscilacidén que se produce antes de que
. el error tome su valor de eguilibrio G con desajuste (off-
“-llggt) 92 y observese cue hay un valor de desajuste inicial
i‘@u que estd presente ya que el desajuste (off-set) es inhe-
-“rente al control proporcional.

Mientras que el desajuste moderadon, puede ser tolerable en -
algunos procesos, en otros puede ser un inconveniente serio.”
Sin recurrir a otras formas de control es conveniente hacer
que el desajuste sea tan pequefio como sea posible lo cual -
se logra variando K; en la ecuacién 27, cuyo valor se ha vig
to hasta el momento como una constante este cambio equivale
a modificar la sensibilidad o ganancia del controlador. Por
ejemplo si para la misma sefial V hemos hecho el valor de Ky
la mitad que antes © tendrd que ser el doble para mantener
la misma salida. Viéndolo desde otro punto de vista, para
todo el rango de salida del controlador, ajustando Kj se
podrdn obtener un rango correspondiente de valores de desvia
cidn, a este rango se le di el nombre de "Banda Proporcio-
nal" y puede expresarse como el porcentaje del rango total -
del instrumento que hace variar la salida de un extremo al -
otro: '

La relacidén puede verse en la fig. 16, en que la desviacién

. -0 tiene un valor sostenido y se indica la correspondiente
salida del controlador para 50, 100 y 200% de banda propor-
cional, : 4 ' :

- 'En los instrumentos comerciales la banda proporcional se ha
ce ajustable con objeto de poder obtener minimas desviacio-
nes" (off-gets) ‘con control estable bajo diferentes.condicio
nes de proceso. i

En suma, la desviacidén (off-set) es inherente al control prn

»orcional, el valor de la misma dependerd de la magnitud del

cambio de carga y de la amplitud de la banda proporcional.

Ia minima banda proporcional permisible con que el sistema -

oscile depende de cada proceso en particular cuando se puede

usar una banda muy angosta la desviacidén (off-set) .pierde =

importancia. - . . .
7.3 Accidén Integral.

La desviacidén (off-set) como hemos visto es inherente al - -



control proporcional y, otro tipo de control debera ser in-
troducido si se desea eliminarla. -
L3 dccidn 1ntegra1 de un controlador puede llevar esto a ca
bO. 4 =

>se’ define como una accidén en que la salida del controlador
cambia con una-velocidad proporcional a la desviacidén es =-
decir: . .

d\/ — k.0 (28) expresado en otra forma:
v i-_’-k‘zge dt (29)

en donde Ky es la constante de accidn intégral que recibe su
nombre de la ecuacidn 29.

En.esta  forma de .control el eléménto final de control se mue
ve a una velocidad proporcional a la desviacidén y continuard
haciéndolo mientras esta exista, en forma tal que no habra -
offset pero, este tipo de control, por si mismo llevarda dema
siado tiempn en restaurar la variable a su punto de ajuste.
La figura 17 muestra el efecto de la accidn integral solamen
te. -

7.4 Accidn Derivada.

‘Podria pensarse que la combinacidn de accidén proporcional e
integral es todo lo que se requiere para un control de pro-
ceso normal, sin embargo, no es asi, debidn fundamentalmente

a los procesos con retrasos por velocidad distancia y trans- < -
ferencia de energia, que hacen que los procesos sean dificx— CE
les de controlar. - “ i

- . L e -~

LS

Para evitar la oscilacidn continua en estos casos, se tendria
gue hacer la banda proporcional muy amplia .y la velocidad de
la acecidn integral muy lenta, lo cque provocaria que cuando -
hubiere cambios de carga el tiempo de recuperacxén al punto
de ajuste se haria muy largo, para evitar lo anterior es que
se usa la accién derivada.

Se define como accidn de control derivada agquella en que la -
salida del controlador es proporcional a la rapidez de cambio
de‘el exror, es decir ’ g

= - kfsii% (jso)

En donde K3 es la constante de accidén derivada.
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Mientras que la accidén proporcional y, en menos gradn la -
accidén integral pueden usarse solas, la accidn derivada -
deberd estar por fuerza asociada a una o ambas de las accio
nes anteriores ya que por si sola no tiene aplicacion ya -
que depende de 9¢/dt y no de © y sf{ ©= te Qldfwo

En forma tal que esta accidn no puede provocar correccidn de
el elemento final de control no importando cuan grande sea
mientras este sea constante.

La fiqg. 18 muestra las acciones proporcxonal e integral com
binadas. , .

Combinacidn de varias acciones.
Las combinaciones de acciones de control mas usuales son:

Proporcional + Integral : ,

-Proporcional + Integral + Derivéda

.Y, en menor grado:

Proporcional + derivada.

CONTROLADORES

En el capitulo anterior se describieron las cuatro principales -
formas de control, en este capitulo nos ocuparemos de exa-
minar. como funcionan los aparatos de control reales que producen
los algoritmos de control mencionados.

Los instrumentos que aqui se van a analizar son tipicos pero, mds
adelante, al ver al estudiante cada marca en particular podrd ob-
servar que, con ligeras variantes los razonamientos matemdticos -
que aqui se exponen son vdlidos para cualquier controlador.

8."

Control proporcional por balance de Movimiento.

la fig. 8, estudiada en capitulo anterior muestra como se -
usa un fuelle metdlico, o dispositivo similar, para dar una

retroalimentacidn negativa en un sistema tobera orificio. Se
indicd también que este dispositivo era capaz de producir -

una accién de control proporcional.

Examinemos ahora la combinacidn tobera, obturador y fuelle

en forma mas detallada y como un controlador proporcional.
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El dispositivo se ilustra nuevamente en la fig. 19 lo que es
prdcticamente la misma que la fig. 8 solo que sin el elemen-
to de medicidn.

Como ya se vidé antes el movimiento neto del obturador respec
to a la toberas es: :

r Y F:(_a4-k>> <3;+t;>f5 FD <:5\)

En donde:

X - Movimiento del obturador debido a la.desviacion ; entre
valor medido y deseadn.

S-constante del resorte.

De la fig. 9, la pendiente del sistema tobera obturador es:

St

G=—-% (32) ’3=-—_2- (52a)

Esta relacidn tiene la naturaleza de un factor de amplifica-
cidén o ganancia. 8u valor puede ser estimado de la curva, -
como si fuera una linea recta en el tramo de 3 a 15 psig. -
considerando un incremento de 4 p.s.i.g. como

4 a6 b
= - — = — — 23
0.00005 8«10 n? N ( )

Sustituyendo en 31 el valor de y dado por 32 a.

-._ (a—»b)x (:-\-b)?’ P (34‘)

2+ b 24 b

Pero, de acuerdo con 33 G es muchn mayor que 1 y por tanto
a5G es también mucho mayor que 1. ;
a+b

| PY, aSG "‘X"‘ bG g - st)“

Tomando. esto en consideracidn la ecuacidn 35 se reduce a:

p=(= =\ x (36)

Si -se supone, como siempre es el caso que. Y es proporcio
nal a © (error), o sea que



v =X (3:,1) en que (= c_-l-e_de proporcionalidad.

combinando 36 y 37 se tendrd
m 1"{‘ N

p= bo(g (zg) © sea P=-\<\6 (39)

Ecuacién que define al control proporcional y en que:

k, = - b
o as
-"Ajuste ‘de banda propércional. -

Ia importancia del ajuste de banda proporcional ya ha sido
discutido con anterioridad y, como ya se vié, equivale a -
variar K;.

l
n

Observando la ecuacidén 38 se nota que esto puede lograrse -
modificando la relacidn b/a.

Hay un sinnumero de maneras de lograr que b/a sea ajustable
a voluntad.

PR )

Una‘de esas maneras se ilustra en la f£ig. 20.

Posteriormente durante el desarrollo de este curso el estu-
diante podrd ver como se logra alterar esta relacién a/b en
los controles que fabrican las diversaa compafifas que en este
curso participan.

9.- Control proporcional por balance de fuerza.

Las caracteristicas basicas de un controlador disefiado bajo -
este principio se ilustran en la figura 21. .

Puede observarse que la viga, que forma una palanca intermé-
vil estd sujeta a cuatro fuerzas, tres debida a los fuelles
Yy una a un resorte. ‘ ot :

El valor deseado (set point) estard representado por una pre
8idon proporcional al mismo, Os y, esta presidn Ps actuara
sobre el. fuelle “A¢". De similar manera la variable medida -
Om egtard representado como una presidn Pm actuando sobre
el fuelle “BY. .lLas fuerzas desarrolladas en los fuelles A y
B se oponen una a la otra en la viga y, cualquier deflexidn
en"la misma -debida a dichas fuerzas serid una medida del error
© . En el lado opuesto de la viga esta el fuelle proporcio~
nal o de retroalimentacidén negativa “c® al cual se le opone



la fuerza del resorte "D".

El funcionamiento del sistema tobera obturador es similar al
.%. c~discutido antes. Se supone que cada fuelle tiene la misma -
érea efectiva A. ' )
:¢-~81 F es la fuerza debida al resorte, P la presidn inicial en
~q el fuelle de.retroalimentacidn y p el incremento de presidén
v .debido a un error, por balance de fuerza se puede establecer
.la ecuacidn siguiente:

(P+p)Aa+pshb= prmlbiFa  (40)
\ i i
a2 Pap =L (Pm-be)+ L CONS
P=2 Z (pm=P=+ (5-P) (42) -
~,"f: 0. s8€a # = -—k\g-\—% ! . L43> . ’
:‘;Q;v}el sistema es un controlador proporcional.

Notese que cuando el error (Pm - Ps) es cero p es cero y la -
presion inicial P estard dada por

p=E=p @

En muchos controladores @ egtd fija a 9 psig., en otros es
ajustable a voluntad, llamdndosele a este ajuste el "reajus-
te manual", el cual sirve para, manualmente eliminar el off-
set caracteristico de estos controladores.

R ]

La banda proporcional puede variarse al cambiar la relacion
b/a.

Al ver el funcionamiento de los controladores de‘ldé divér-
sos fabricantes se verd los distintos métodos de lograrlo.

10.- Unidad de control proporcional tipo “"portavianda".

Los elementos de un controlador de este tipéfse ilustran en
la figura 22, la unidad tiene tres diafragmas arreglados en
forma de "portavianda", Los diafragmas superior e inferior
tienen la misma superficie pero son mayores que el central,
los diafragmas estdn sujetos en su centro a una. columna de

balance que actua como obturador sobre una taobera. '

Al igual que’éﬁ el controlador de viga el valor deseado QE»



y la variable medida emesta’n representadas por presiones de

~aire andlogas:Ps y Pm.

[
& ek

* “fid presidn de salida inicial de la unidad en equilibrio es P.

ey

En este instrumento se tienen 2 caracteriaticas de interes es
pecial. la banda proporcional se ajusta por medio de una res-
triccidn variable Ry que proporciona una retroalimentacidn po
sitiva al diafragma superior. La restriccidén fija R} y la va
riable Ry forman un divisor de presién neumitico como se ilug
tra en la figura 23.

Funcionamiento:

Cnnsiderese un incremento en la variable medida Qm habra una
desviacidn m-8s representada por Pm-Ps,

En una gran mayoria de las unidades que se construyen bajo es
te principio es usual que la superficie de los diafragmas su-
perior sea el doble que la del diafragma de enmedio, suponga-
mos que éste sea el caso, siendo las superficies respectivas
Ay 2A. Sea p el incremento de presidén en la salida debido
‘al exror

En el equilibrio todas las fuerzas deben estar en balance, en
tonces:

2Lp1+Aps42 Apm 24 (P+P)+Apm+2b Ps Q452

-JﬂLsta expresisdn puede ‘reducirse a:

-

P‘+>‘z(Pm-Ps)=P+P (46)

" ‘Considerese ahora la figura 23 suponiendo el flujo laminar.

S5i g es el gasto de aire

= PS P P\"QP-\-P) h ey
== e W) |

Despejando P,

+ e
L———P P ————-R'z (48)
Ri+Ra Ri+R2

Sustituyendo el valor de P‘ dado por 48 en 46

Prp= (BEELY (pr-Ps) 4 pa (49



p= (RH’R’L) &P PQ')_\. s- P (Go)

#2LLG que puede rearreglarsn como

R
LI

V" - kle"'b“ ) en donde V= P+\:>

L } -

— R\+R2 — - = e

Y kx-—-— —Zaa )@—Pm P‘-' be! ‘)3 K‘(d )
Por la ecuacidn se observa que el dispositivo se comporta

“ - como un controlador proporcional con banda proporcional -
ajustable por medio de la vdlvula de aguja Rl.

Considerando nuevamente la ecuacién 50 se puede observar -
que cuandn la desviacidn es cero

P = pg (52)

“Es decir la salida’ del controlador cuando no hay error es
‘~igual al set ponint.

Este tipo de controladores pueden tener un reajuste manual
por medio de un resorte que actie sobre la barra de balance.

11.~ Unidad de control proporcional mas integral por balance de
movimiento.

como la accidn integral se halla casi invariablemente asocia
do con la accidén proporcional, se considerardn ambas en com-
binacidn.

El controlador que se estudia tiene un fuelle porporcional y
otro integral actuando uno opuesto al otro en la forma que -
ilustra la figura 24. , “ ¢

El esquema es practicamente el mismo que el de la fig. 12 -
vista anteriormente en la cual el fuelle integral actua co-
mo retroalimentacidn positiva.

Considerese primero un flujo laminar de aire a través de una
restriccidén en una camara cerrada, como se indica en la fig.
25. la presidn p corriente arriba de la restriccién es mayor
que pj corriente abajo y p, es la presidén que existe en la =
.camara cerrada. Habrd flujo hasta que p = Py pero, en cual
quier instante, la rapidez de cambio de p; estard dada por:

F= P e



En donde E es una constante que depende del valor de la resis
tencia que presenta el orificio y del volumen de la camara.

Las condiciones descritas para la fig. 25, corresponden a las
que existirian en la restriccidén y fuelle integrales del con-
trolador considerado después de que se halla presentado un -
error y antes de que el equilibrio se restablezca nuevamente.

Supongase que ocurre un cambio sibito en la variable medida
‘{de escaldn o step-change) y se produce una desviacion

habrad 'un desplazamiento X del obturador en el pivote infe-
rior, este desplazamiento es proporcional a 8 es decir

xo<e

El cambio es tal que el figlle de accidn proporc1ona1 tendrda -
una presidén P + p, en donde P es la presion inicial en ambos
fuelles con el sistema en equilibrio.

Debido a la restriccidn la presidn en el fuelle integral au-
menta lentamente, siendo, en cualquier instante P + py. La
relacidn entre las presiones y la desviacidn puede expresar-
se como:

(P'*‘PB (P“'P\‘)"’ go'(s (‘54)‘ Ve ecvuacion 38 Y Su deduccion
o sea

P- P‘ bd @53 . Pero como también (ver S53),

) P" P\ =e %% LSQ\ Entonces

egt-(B)e & 4 pi- easged’c (s&) -
Sustituyendo este valor de Py en 55 se tiene que

bet gecllc ‘g’;é COR P=%'éi9fégedq &)

“eas
o sea

v=—k|9— kz%@d’c (G\)
Ecuacidn que define el control proporcional mas integral por
io que el dispositivo se comporta como tal. :

Concepto de la constante de accidn integral en términos de -
unidades de tiempo.



Consideremos la figura- 26.

En el instante {4 se produce un cambio en escaldn en 1a va-

‘r;.able Om tal que se produce un error Q
El cambio en la salida debido a la accidén proporcional se pro
duce de inmediato en el mismo instante Tt supongamos ahora -
gue el error © - permanece hasta el instante +t2 tomando eate
tiempo de magnitud tal que- )

-k 6 =-\<2% cds (62)‘ o :

Considerando que para este caso Q c:ke. la expresion se trans
forma-en:

kio = kz@ QJC'z.—-“'.\) (633
'wLIamando" 'kz,‘t\ 'ty 1 -{Laatiempo de accidn inegral).

De 63 se deduce que

;&.L= —\;.L{ (C:A\ aplicando este concepto a 61

ve-tes \odt]  (es)

. En esta ecuacidén el tiempo de accidn integral estd dado en -
términos de la ganancia Kj faccidén proporcional) y del tiem-
po t; que tarda la accién integral del controlador en efec-
tuar una correccidn igual que la de la accidn proporcional -
al permanecer el error @ constante.

Es por estb que muchos fabricantes acostumbran calibrar la -
velocidad de reajuste en términos de repeticiones por minuto
aunque también lo hagan algunos otros con el concepto reci-

'proco que es el de minutos por repeticidn.

La rapidez de la accidn integral aumenta al aumentar las re-
peticxones por minuto o disminuir los minutos por repeticion
seqgun el caso.

Es interesante también ncotar, que de acuerdo con las ecuacio
nes 60 y 61 -
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\4\=-b—0-(‘ Y ke = b Y 5@3&’”\ 64 -i:i—-——%

as 2 T ase
S '\‘,L‘: _.Eg:-i_ = e Q@@) % ‘{‘-\'.‘;-‘ RC (b:lt\
RO

Fs decir el tiempo de accidn integral es igual a la constan-
te de tiempo del conjunto resistencia capacidad del contrnla

. '\Tdor .

12 ™,

Unidad de control con accidn. proporcional mas derivada por -

halance de movimiento.

La unidad que produce este tipo de control se ilustra en la
figura 27.

‘Para obtener la accidn combinada, proporcional y «ii iundo. Yo,

este instrumento produce se coloza una restriccidn entre la ~
tobera y el fuelle de retroalimentacidn negativa (fuelle pro-
porcional).

NuUevamente tenemos un .flujo de aire a través de una restric-

cidén en un volumen cerrado pero su efecto es muy diferente -
que en el caso anterior.

Supnngamos a la unidad en equilibrio y que, subitamente la va
riable medida sufre un cambio en escaldn, la presidn en la to
bera serda mayor durante un tiempo que la presidn p1 en el fue
lle proporcional, se cumpllra la siguiente ecuacidn.

- \o—\o‘-—-.}%%c'- (68) enque . feraca (69

Fero como el fuelle de retroalimentacidén contribuye por si -
mismo a-dar accidén proporcional,

o= bd 8 (o) lijQ aqut %% \Z:(s'%l% cﬂ)

sustituyendo el valor de .%%ﬂ_ dado por ‘71) y el de pj-dado
por 70) en (68). t

Eai; S cgtﬂ
. = oA bt o
oo ¥>—- ;;€’€5'+-¥ Ei?;-:;g Q?E?)

O sea



La ecuaciodn es la de un control prnpnrcional con accidén de-
rivada Yy por lo tanto el instrumento se comporta como tal.

S

Ia: ecuacion !73) también podria escrlblrse-
—4 .—-—- - ‘,)_ 5
P= 22 (8+RCc2 22 (35

La figura 28 ayudara a comprender el concepto de tiempo de -
s@iccidn derivada.

Supéngése que, después de estar en equilibrio se aplican al
sistema valores de la variable medida tales que R

A -
34.4 _\ﬂ,

do ’
‘g"— k“' (463 a partir del tiempo 'l:;

Qzamp change) .
En este caso la salida del controlador debida a la accion de
rivada sera en cualquler tiempo mayor que tl:

\(;!22(:2‘49 l<|¥%z(};\<4 Qgi‘>i

1a ‘salida debida a la accidn propo: :cional crecerd con el tiem
po y en cualquier instante serd

I3
2

k‘e=k.g¥%% dt = kika (a-t)  @38)

v

Si tomamos un lapso adecuado de ft, - t3) podremos hacer que,
en ese lapso la salida debida a la accidén proporcional sea -
igual a la de la accidén derivada, en cuyo caso y llamando a
dicho particular lapso {n

.quCer- kikelo (‘; y 8 =Rala (80) -

De aqul conc1u1mos. PRy
El tzempo'£0 de accidn derivada, en unidades de tiempo, es -
aquel que se requiere para que la correccién por accion pro-
porcional' iguale a la correccidén por accidn derivada y dicho
tiempo es igual a 1la constante Ra:Ce de 1la capacidad Y res-~
triccion del sistema que se describe.

El ajuste de *39 en los controles del tipo del que se descri
be se hace variando R3. :

Los ~controles comerciales de que se dispone tienen graduado
el ajuste de o> en minutos y 1a accidn derivada de los mismos
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serd tanto mas intensa cuanto mas grande es 'LD

Unidad de control proporcional mas integral mas derivada por

" balance de movimiento.

La ecuacidn ideél‘del control de tres modos es:
=~k 3—\(189& ke (a0

En forma similar a la anterior, demuestre el estudioso que -
el arreglo de la figura 29 si no reproduce con exactitud la
funcidén ideal sf produce una que se le aproxima bastante.

Controladores con accidén derivada antes de la proporcional -
e integral y controladores sin esta caracteristica:

La écuacidn real de un controlador de tres modos del tipo ' -
ilustrado en la fig. 29 es:

b=P- ki (H- 21 )i.g-’r—T—,—a';;-sgecl{-l-FE ﬁ\ (82)

Observese que el controlador tiene algunos inconvenientes, -
los principales son:

a~) Los a‘justes de ganancia (banda propnrcional) tiempo de

.ot aceidn integral y tiempo de accidn derivada tienen in-

- teracecidn uno sobre otro.

b-) La accién derivada se produce para un cambio rdpido-: -.
del error el cual puede producirse por una variacién -
normal en la variable de proceso (la cual normalmente
no es muy rapida) o por el brusco cambio en el punto -
de ajuste hecho por un operador inexperto, lo cual si
puede ser muy rapido y producir un salto indeseable en
la salida del controlador.

Este segundo efecto es del todo punto indeseable.

En los instrumentos de medicidn directa con controladores -
como el que describe la fig. 29 no hay nada que hacer y de-
be sufrirse la ecuacidén de operacidn con todos sus inconve-
nientes. '

Sin embargo, cuando se opera con transmisores y receptores
controladores existen dos remedios que son equivalentes a
lo mismo. .



a-) Usar transmisores con accidn derivada integral ‘los -~
cuales solo son disponibles para temperatura).

b=) - Usar contrnladores que a la sefial de la variable le su-
me la derividda de la misma con respecto al tiempo y deg
,pués, compute el error sobre dicha sefial y operen con._ -
la ecuacion

e v‘=—1«{9+%&(—3&’c} (83)

(‘V A t ) s

Noétese que, procediendo en esta forma no hay interaccidn -so-
bre los ajustes del .controlador y el efecto de la accidn ‘de-
rivada 1iv se manifiesta con cambios bruscns en el punto de -
ajuste.sino solo en la variable controlada.

Debe advertirse, sin embarygn, que no todos los fabricantes -
ofrecen el tipo de controlador descrito, .

~ r -
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Retrasos

La controlabilidad de una planta depende en gran parte de el re-
traso que se tenga entre un cambio de condiciones en un punto y
su manifestacidn en otro. Esto es a tal punto importante que se
puede, decir que "Los retrasos son el veneno del control automdti
coll »

Los retrasos pueden clasificarse en dos grandes grupos:
a-) hecrasos por distancia y velocidad.
b-) Retrasos por tiempo de transferencia. N

15.- Retrasos por distanbiqjvelocidad.

3

El retraso por distancia y velocidad pudde definirse como el
" tiempo transcurrido entre el cambio en el valor dezuna.seflal
y 'su manifestacidn sin cambio en alguna parte posterior del
sistema, retraso proveniente Unicamente de la.velocicdad fi-

nita de propagacidén de dicha sefial. . EE

La tendencia es restringir el significado a los casos en que
hay movimiento de materia.

En la figura 30 se ilustra un ejemplo, el elemento detector,
un termémetro estd situado & una distancia Ly del proceso,
en una tuberia. FEl medio de control "A" entra de la planta
al proceso con una velocidad Vv £ft/seg. El tiempo que trans
curre entre-cualquier cambic¢ en la temperatura del proceso



y su deteccidn por el termdémetro serd: L/Vi.

Por ejemplo si la distancia son 200 metros y la velocidad
de 50 m/sBeg. el retraso por este concepto sera de 40 segun

. dos,

También puede ocurrir un retraso de distancia velocidad -
cuando la unidad de correccidn esta a una gran distancia del
proceso.

Si la valvula en la fig. 30 estuviera muy alejada del proce

- 50 se experimentaria un retraso entre el momento en que la

vdlvula se mueve y el momento en que el proceso recibe el
nuevo flujo de equilibrio, esto serd particularmente mas no
table si el fluido es compresible.

Retrasos por tiempo de transferencia.

Este tipo de retrasos ocurren normalmente en mas de un pun--
to en el circuito de control.

" Los elementos primarios de medicidn son normalmente causan-

16."

16.1

tes de retrasos por tiempo de transferencia y como son sen-
sibles a cambios en la variable controlada se deberdn consi
derar antes que los de proceso.

El significado de retrasns de primer orden y de segundo se
hard aparente durante el desarrollo del tema.

Retrasgsos de ler. orden,
De elementons de medicidn.,

Los retrasos mas serios por este concepto ocurren en las me-
diciones de temperatura.

En un medio cuya temperatura se mide es necesario que ocurra
una. transmisidn de calor de dicho medio, a través de las pa-
redes de un termopozo y/o bulbo hasta la parte sensible del
elementno medidor, siempre que ocurra un cambio, en la tempe-
ratura medida. Cualquier retraso que acgui occurra es por lo
tanto estrictamente hablando a la velocidad en la transfe-
rencia de energia. -

Se-examina el detector de temperatura porque su retraso pue
de ser perjudicial al control automdtico.
Si consideramos un bulbo de un sistema termal, se puede hacer
usa analogia con un circuito eléctrico con una resistencia y
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una capacidad.

Pox ejeﬁplo, en el caso de un bulbo de acero lleno de mercu-
rio hay una resistencia térmica, formada principalmente por

ssila pelicula. fluida del exterior. Existe también una capaci-
dad térmica debida al volumen de mercurio que- llena al bulbo.

.. Observando la figura 31:se puede notar que, dicho sistema se
-puede. aproximar a una resistencia en serie con un condensador.

si se aplicara un sibito cambio (step change) a la tempera-
tura que se mide, siguiendo la analogza eléctrica podrlamos
establecer: . ,

RC ‘gc" +Tr =T (84)

En donde: . IR - y

R.- Resistencia térmica de la pelicula fluida

C.- Capacidad térmica del bulbo y su llenado.

* TrR.- Temperatura en cualquier instante t después de un subi
to cambio.

Tl" Temperatura final al alcanzar el equilibrio.

-La solucion a la ecuacién diferenc1a1 (84) es:

- /RC)

-rp.= T (l-e (85)

Al producto RC se le conoce como constante de tiempo del sis-
tema, matemdticamente es el valor de tiempo que se requiere -
para que el exponente de € se haga l, y fisicamente corres-
ponde al tiempo necesario para que Tr alcance 6l 63.2% del va
lor final, es-decir de Ti.

‘
W G

»

La figura 32 muestra el valor de T. graficado VS el tiempo -
para un cambio sibito de 0 & T1. La grdfica muestra claramen
te-la naturaleza del retraso al que con frecuencia también -
se le llama exponencial. -

Es frecuente el llevar a cabo pruebas para determinar el valor
de la constante de tiempo de los instrumentos de medicidn de -
temperatura, pues si se van aplicar para control automdtico -
no solo son importantes los pardmetros de exactitud etc., sino
también de la constante de tiempo. Por ejemplo, un transmisor
neumdtico de buena calidad tiene una constante RC del orden
de 2 segqundos (Foxboro Modelo 123).
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Al retraso se le llama de ler, orden porque la derivada de
~orden mas alto que hay en la ecuacidén diferencial que lo -
t'define es de ler. orden.

{Respuesta de un retraso de ler, orden a un cambio de rapidez

‘ “Constante (Ramp change).

'si hacemos variar a Ty en forma tal que Ty = at (86) en -

‘"donde A es una constante, se podrd hallar aplicando (86) a

(84) e integrando que:
. . ‘Jkkc |
Tr= A X"'—- RCQ Qt/k )‘l @Q TR=Ti-ARC Q"Q / ) Q_,@a)

De la ecuacidn 86 y 86a su grdfica, figura 33, puede conclu

irse que el valor de la constante de tiempo estd dado por -

la diferencia entre las absisas de Tg y T; cuando su ordena

da tiene el mismo valor para ambas, siempre y cuando Tp haya
dejado de variar en forma curva para hacerlo en su parte -

recta.' .

Respuesta con retraso de ler. orden a un cambio de forma si-
nusoidal.

Supongamos que la variacidn de temperatura del medio que se
mide obedece a: - -

T, =T so.nw{: (87) en donde:

Ty.= Ia temperatura del medio en cualquier tiempo t durante -
el ciclo.

T,-= La amplltud maxima del cambio’

W - ra velocidad angular o sea uonzwf- en que f es 1a fre-
cuencia.

Aplicando este concepto a la ecuacién baslca del fenomeno -

(84) tendremos que:

v T

Rc%&& + Tr = To sen wt g&g\ '

Regolviendo esta ecuacidn diferencial se obtiene

¥
f

Th= wt-gy (88
RS 7= T RO Sen gy  (®%) |

%: are ‘/aﬂ G)/QC



Observando la ecuacidén (89) y su representacidén grdfica, -
fig. 34 se concluye.
. ilasvariacidn imdxima sentida por el termdémetro ha sufrido una
atenuacidén que se aprecia en la grdfica y que cuantitativamen
~*Wte.es:e1 valor. del radical en la ecuacidn.
. Hay también un defasamiento representado por @, dicho defa-
-~ samiento al obtener la ecuacidén 89 se calcula también que -
-~ .estd dado por:

SZ)’——- arc ‘{an WRC (0)03

De ‘la expresidn 89 puede concluirse que tanto la frecuencia -
de la entrada como la constante de tiempo del sistema afectan
la respuesta del dispositivo.

ZQué ocurriria en un hlpotetlco sistema con constante de tiempo
RC-= O ? L : . . s

-JObservese la flg° 34 y se vera que un sistema de control au-
tomdtico se veria totalmente engafiado por un transmisor de -
variable en condiciones tales pues observese que la mayor -
parte.del tiempo estaria recibiendo informacidn -falsa, es de

+-cir<cuando la temperatura esta por encima de la media el trans
misor indica lo contrario, cuando la temperatura asciende al
transmisor indica que desciende etc.

Es obvio que con informacidn de esta naturaleza el sistema -
de control dificilmente operarda en forma eficiente.

16.2 Retrasos de ler. orden en el proceso. )

Las figuras 35, a y b muestran dos procesos muy sencillos, =
en 1la 35a el tanque estd siendo llenado por el tubo de entra
da y vaciado por una bomba de desplazamiento positivoo
En la flgura 35b el flujo de salida depende de la dlferenc1a
de presidn ejercida por la altura hidrostdtica.del nivel del
tanque y la presidn de descarga a la salida .del mismo, co-
rriente aba-io de la vdlvula. '
Analicemos que ocurrc en &mbas ejemplos cuando hay un subito
- cambio en el gasto de entrada (step~change).

Se considera que, inicialmente, entrada v salida estan balan
ceadas, Yy los niveles constantesi
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Z“n la figura 35a, el gasto que saca la bomba permanece cons

sapne e lndevendienke del rivel v mox 1o taniks S3te wupezari

a ascender a velocidad constante, ILa velocidad de ascenso -

”&del nlvel dependera de el incremento en el fluvo de entrada.

Si el tanque tiene una capacidad C (metros cubicos de 11qui—

do para hacer ascender el nivel un metro, o sea el &rea trang
versal del tanque). Si, ademas Q es el incremento sibito en
el gasto (m3/seg), h el valor del nivel y t el tiempo a par-
tir del incremento en el gasto y k una constante se tendrd -

que:
%}% =k (

C
Con un tal sistema nunca volverd a haber equilibrio puesto -
que si es positivo el nivel crecerd indefinidamente y si

es negativo descenderd hasta vaciarse.

En la figura 35b el efecto inicial sera qﬁe el nivel suba al
presentarse el nuevo flujo de entrada. Este incremento pro-
voca que la presidn hidrostdtica a la entrada de la vdlvula

‘aumente y, suponiendd presidn constante después de la vdlvu-

la, aumentard también el gasto de salida, llegard, por tanto,
un momento en que se alcance un nuevo estado de equilibrio -
cuando se alcance la altura hidrostdtica necesaria para igua
lar el gasto de salida con el de entrada.

En forma similar a como se derivo la ecuacidén 84 podemos es-

‘tablecer que

CH“ 3t h = h\ ‘(92>
En donde hj serd el nuevo valor de equilibrio dgl nivel.
, . h— -t/rc N
La solucidn de esto es h= (4- e " )h\ (5)53

Ecuacidén muy similar a la No. 85, por tanto el siatema se -
comportard igual que. el anterior a cambios de gasto de ‘rapi
dez de cambio constante y a variaciones sinusocidales en. el
flujo de entrada.

Retrasos de segundo orden.
Los retrasos de este tipo reciben su nombre del orden de la
derivada mas alta en la ecuacidn diferenc1a1 gue los define,

la cual es de 24 orden. '"

Se presentan en la practica tanto en los elementos de medi-~
cién como en el proceso mismo aunque, por fortuna con poca



frecuencia y susceptibles de modificarse en forma tal que se
‘comporten muy cercanamente a como lo hace un sistema de ler.
orden.
Un eﬁemplo tipico lo constituye un bulbs de termometro con.=
su termopozo el cual tiene dos resistencias y dos capacida-
des, el sistema y su andlogo eléctrico se muestran en la fig.:
36.

Obsérvese que si se reduce la registencia R2 a un valor muy
‘pequefio comparado con Ry quedaria prdcticamente un sistema
de ler. orden con constante de tiempo igual a R} (CyF+ Cz).

Esta reduccidén de R, puede lograrse llenando de limaduras -
de hierro o de un fluido conductor el espacio de aire entre
bulbo Yy termopozo. ‘

El caso de un retraso de 22 orden puede presentarse intencza-
mente en termopares cuya punta no estd apoyando firmemente -
contra el metal del termopozo.

o

La discusidn matemidtica de los- retrasos de 22 oxden estd -
fuera del alcance de esta pldtica.

''8i se desea ampliar, referirse a la Bibliografia.
18.- Retrasos de transmisidn de sefial.

. ‘La transmisidén de seflales neumdticas puede tener retrasos de
congideracidn si no'se toman las debidas precauciones, dichos
retrasos son funcidn fundamentalmente de:

a-} Didmetro interno de las lineas.

b~) Longitud de las micmas. " : -

c=) Capacidad volumétrica de 1nyeccxon y relevo de aire &e
log instrumentos upsados.

Un amplio estudio sobre el asunto podrd encontrarse en la edj

cidén de febrero de 1967 de la revista "Instrumentation fiech-

nology" bajo el titulo des S

"How  wneumatic tubing size influences controliability". Su -

autor el Sr. J.D. Warnock. -

Sistemas de Control de Cireuito Miltiple g

8o llaman sistemas de control de circuito miltiple a todos aquellos
que utilizan dentro de una misma red mas de un LLansMLBOX, un cone
trolador o una vdlvula.




Se usan estos circuitos cuando el algoritmo normal de cualquiera

de los controladores ya vistos no es adecuado para obtenexr, un -

control aceptable, o bien si se desea obtener un limite, reparto

de carga o cualquier efecto especial, el desarrollo del tema ilus
trard mejor lo que aqui se trata de resumir.

19.- control en cascada, fig. 37.

Se entiende por control de cascada cuando la gsalida de un -
controlador en vez de actuar un elemento final de control -
posiciona el set point de un segundo controlador llamado -
secundario.

Cuando emplearilo.

La configuracidén de control en cascada se emplea para contro
lar dentro de limites mas estrechos procesos con constantes
de tiempo grandes. @

El circuito comin y corriente puede actuar tnicamente.des-
pués de que el error se ha presentado, en forma tal que no
puede compensar cambios indeseables en la variable manipula
da hasta que dichos cambios viajando a través de las resis-
tencias y capacidades del proceso llegan a afectar el elemcn
to de medicién de la variable controlada después de un retra
so mds o menos considerable y que no puede eliminarse pues -
es una caracteristica del proceso mismo.

El sistema en cascada se aplica con uno de sus dos controla
dores midiendo y regulando la variable manipulada, en el -
ejemplo el flujo de vapor.

En esta forma cualquier cambio indeseable en la variable ma-
nipulada es detectado y corregido antes de que afecte a la va
riable principal y al proceso entero.

Esta ventaja puede apreciarse claramente en el diagrama del
ejemplo.

El controlador secundario, flujo de vapor, mantiene el sumi-
aistro requerido por el controlador primario y cualquier des
viacidén de los requerimientos es corregida antes de que afec
te a la variable principal.

Otros ejemplos de control en cascada que se pueden mencionar
son:



a) control de temperatura en una torre fraccionadora, el con
© % trolador de temperatura (primario) posicionado el punto -
< de control- de un controlador de presidén de vapor &, mejor
L wauan. de uno de flujo de vapor.

b)- Control de temperatura de un reactor de Qpeiacién intermi
tente. '

El control de temperatura del reactor /primario) posicio-
nard el punto de a‘juste del controlador de temperatura de
la chaqueta del reactor. B

c) Ccontrol ‘de temperatura de un calentador a fuego directo.
El control de temperatura de salida de producto /primario)
- posicionard el punto de ajuste de un controlador-de flujo
de combustible.

©

20.~- Control"de impulso:hacia adelante con retroalimentacién FIG38.

AL, ~ . - - . .

Se llama control-de impulso hacia adelante con retroalimenta-
cidn cuando la salida del control primario actuda al elemento

final de control corregido por un sumando que es proporcional
a una constante ajustable a voluntad y a 1a rapidez de cambio
de la variable secundaria.

Cuando emplearlo.

"Este'arreglo de control multicircuito puede ser de utilidad
- cuando:

a) Se requiera un control estricto de procesos que tengan un
gran retraso por transporte (dead time) o/y por efecto de
resistencia capacidad.

b) © Tener una -mejor estabilidad en procesos en que se tienen
dos o mdsg ‘circuitos de control que tienen considerable -
interacecidn uno sobre el otro.

En este sistema de multicircuito un sistema sencillo y normal
es compensado en forma tal que anticipa un cambio de carga aun
antes de que dicho cambio de carga empiece a afectar el pro-
ceso.

Considerando el calentador de la ilustracidn puede observarse
que la temperatura del fluido de salida del calentador es re-
gulada modulando la cantidad de combustible al mismo. Si el
principal motivo: de.disturbio a este control de temperatura

lo constituye la cantidad de producto alimentado al calenta-
dor nétese que dichos cambios de carga no pueden ser detestados



por el sistema sencillo hasta que la perturbacidén a viajado
por todo el calentador y afectado finalmente al transmisor -
de temperatura, durante todo este retraso el combustible sa
habrd seguido alimentando al mismo ritmo. Como resultado la
temperatura de salida continuard cambiando avin después de -
que el controlador haya ejercido su accidn correctiva.

Sin embargo, al agregar el circuito compensador de impulso -
hacia adelante el efecto de los cambios de gasto en la ali-
mentacidn es compensado considerablemente de la manera si-
guiente;

Un transmisor de flujo siente de inmediato cualquier cambio
en la alimentacidn, la sefial de salida del transmisor de flu
io es alimentada hacia adelante, es decir en la misma direc-
cidn en que el material fluye en el proceso al relevador TY-2.
El relevador transmite al elemento final de control la misma
sefial que recibe del controlador de temperatura aumentada o
disminuida de una sefial proporcional a la rapidez de cambio
(derivada) del flujo de alimentacidn. . En esta forma los =~
cambios de carga debidos a la alimentacién son compensados
por cambios de combuotible al calentador en forma que se -
anticipan al efecto que tendrian en la temperatura de salida.

i

cOntrol anticipatorlo con retroalimentacidén fig. 39.

Se llama control predictivo hacia adelante con retroalimenta
cidén a un sistema que es bdsicamente un circuito de control
abierto que tiene superpuesto o estd complementado por un -
circuito de control cerrado. ‘ ‘

Cuando emplearlo.
Iste arreglo es muy Util solamente cuando hay una relacién -

predecible entre los cambios de carga y el valor requerido -
para la variable manipulada (posicidn de vdlwvula).

Un sistema comin de alimentacidn hacia adelante con retroali-
mentacidn lo constituye un sistema de control de nivel de dos
elementos para el domo de un generador de vapor como el que -
se ilustra en la fiqura.

Un sistema crdinario consistiria de un transmisor de nivel con
su controlador correspondiente, con la salida del mismo ali-~
mentado a la vdlwvula de control.

Tal sistema serfa incapaz de mantener el nivel con la tolerans
cia requerida y los subitos cambios de demanda que se presen-
tan en este tipo de sistemas.
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El agregar un sistema predictivo hacia adelante soluciona

el probleéema de la manera siguiente:

Ia salida del controlador de nivel se conecta a un puerto de
entrada de un relevador que suma y resta esta sefial (segin -
el casn) a la sefial de flujo de vapor gue a su vez es multipli
cada por una constante ajustable a voluntad.

De esta manera al variar el flujo de vapor la vdlvula tomard
una posicidn proporcional al mismo y si la a través de -
la vdalvula es constante, se tendrd un flujo de agua proporcio
nal al flujo de vapor lo que desde luego es un circuito ablex
to de control que es posible debido a que la funcidn flujo de
agua flujo de vapor es PREDECIBLE o conocida.

El principio aqui es gue el circuito abierto actda simultdnea
mente a los cambios de carga dando una correccidn instantdnea
en la proporcion debida, Por otra parte el sistema de control
de circuito cerrado que actua solamente cuando se produce un
error (transmisor y controlador de nivel) simplemente afina
el sistema, corrigiendo las imperfecciones inherentes a un -
circuito abierto de control, tedricamente si la medicidén de -
flujo fuera perfecta y la relacidn flujo de vapor posicidn de
vdlvula y posicidn de vdlvula flujo de agua fueran constantes
v perfectas no seria necesario el circuito de control cerrado,
en la prdctica, sin embargo, esto no es posible y por ello es
necesario complementar el sistema con el circuito cerrado de
nivel.

Notese que, para que el ejemplo anterior sea realizable se re-
quiere que:

1l.- El1 transmisor de flujo sea lineal con el gasto.
2.- La vdlvula sea de caracteristicas lineales.

Control anticipatorio con retroalimentacidén combinada con cas-~
cada, fig. 40.

La configuracidn de control que nos ncupa no €s mas que una -
combinacidén del numero 19, control en cascada y de la No. 21,
anticipatorio con retroalimentacién.

Cuando emplearlo: Este arreglo puede usarse cuando la parte -
predictible de un proceso sea su balance de energia o material
vy esta sea computable v controlable en cascada por un contro-
iador de variable primaria.



Observese que en este sistema se tiene una inmediata respuesta
a variaciones en la carga ‘fluin de vapor) o en la variable ma
nipulada (flujo de agua) cosa que no ocurria en los sistemas 1
y 3 en forma separada.

En la ilustracidn de la figura podemos observar como el control
en cascada de compensacidn por cambios en la presidn y/o gasto
de el agua de alimentacidn (variable manipulada), asi como tam
bién por cambios de carga (flujo de vapor).

En este sistema, el controlador secundario no solo recibe su -
punto de control del primario fcascada) para mantener el nivel
al valor deseado, sino que mantiene un balance de material entre
el flujo de vapor y el de agua de alimentacidn.

En esta forma, cuando aumenta el flujo de vapor el fluijo de -
agua debe aumentar de inmediato este balance se obtiene midien
do ambos flujos y restando uno de otro, la sefial proporcional
a esta diferencia se constituye en la variable medida del con-
trolador secundario.

Cuando el flujo de vapor cambia, el controlador de balance de
material opera la valvula de agua de alimentacidn para mante-
ner la diferencia flujo de vapor menos fluijo de agua en cero

mucho antes de que el nivel se vea afectado. Por otra parte

si el flujo de agua de alimentacidén variare, debido a cambios
en la presién de agua de suministro el controlador de balance
de energia operaria de inmediato la vdlvula de control para -
mantener la diferencia en cero.

El controlador primario a través de la accidén de cascada en -
el set point del secundario afina el sistema para superar las
limitaciones del circuito abierto de alimentacion hacia ade-
lante.

Otros ejemplos de éste sistema serian:

a-) Controles de combustidén con relacidén ajustada por analiza
dor de oxigeno.

b-) Controles de pH, densidad, consistencia, viscosidad y en
general cualquier cualidad de un producto que se obtenga
por mezcla y pueda ser continuamente medida y/o analiza-
da y por lo tanto coatrolada. En cada caso el analizador
cambia la relacidn de Jdos gastos, uno libre y otro contro -
lado, modificando el controlado.

23.- Control de dominio a través de selector, fig. 41.



Cuando el control normal de una variable afecta a otra en for
ma tal que pudiera producirse una condicidén antiecondmica o -
peligrosa a la segunda variable se le hace operar a un contro
lador que solo toma el mando sobre elcelemento final de con-
trol cuando dicha variable se acerxrca a su limite pre-estable-
cido representado en este caso por el set point del controla-
dor de limite.

Cuando aplicarlo,

La definicion de su funcionamiento dada anteriormente indica -
con claridad cuando aplicarla.

En el ejemplo, bajo condiciones normales la presidn de descar-
ga, corriente abajo de la bomba es la variable que modula la -
vdlvula. Sin embargo, cuando la presidn corriente abajo de la
bomba desciende, indicando una rotura de la linea o una descom
postura de la bomba booster anterior, si, en estas condiciones
se permitiese que la presidn de descarga modulara la valvula
ocurriria que esta abriria totalmente en un intento de resta-
blecer la presidn a su valor normal, con lo que resultarian -
vaporizaciones en la bomba y en uUltima instancia el que la mis
ma se quemara.

Para evitar lo anterior se utilizd el sistema selector del -
ejemplo, las salidas de ambos controladores de presidn. /succidn
y descarga) se alimentan a un selector 'de baja presidén ’la vdl
vula abre con aire) el dicho selector paulatinamente y sin sal
tos (bumps) conecta a la valvula la salida mas badia a la vdlvu
la de control.

El set point del controlador de presidn en la succidn de la -
bomba es ajustado a' la minima presidn a que la misma pueda one
rar sin dafio. En esta forma, en condiciones normales, la pre-
sién de succidn estard por arriba de este limite y la salida -
del controlador respectivo, siendo de accidn directa, estara -
al mdximo, de esta manera el controlador de presidn de descar-
ga tendrd la menor de amkas salidas y el selector enviard a -
esta ultima al elemento final de control.

Sin embargo, en cuanto la presién de succidn esté ligeramente
inferior al limite segqura la salida del controlador respecti-
vo serd menor que la del controlador de presidn de descarga y
suavemente el relevador selector de minima, conmutarda el man-
do de la vdlvula al controlador de presidén de succidn en esta
Drma nunca se excederdn los limites de una presidn de descar-
ga muy alta o una presisdon de succidn muy baja.

24 .- Control de dominio a través del suministro fig. 42.



Cuando el control de una variabie afecta a otra en forma tal
que se produzca una condicidén peligrosa o antiecondmica se -
hace un arreglo como el ilustrado en que el controlador que
limita el valor de una de las variables d4 su salida como su
ministro al controlador de la variable que se controla normal
mente si la condicidn peligrosa no se alcanza. -

cuando aplicarlo.

En las mismas condiciones que se establecen arrxiba.
runcionamiento:

SupSngase el arreglo de la ilustracidn y ademds:
i.- La vdlvula de combustible abre coan aire.

2.~ El flujo de comkustible debe ser constante siempre y cuan
do. la temperatura del techo no "sobrepase un limite segu-
ro en cuyo caso debe restringirse el paso de combustible
para no rebasar dicho limite.

3.- El controlador de flujo y el de temperatura son ambos -
de accidn inversa.

4.~ El control de flujo es de 2 modos % + S integral).
5.- El control de temperatura limite es uUnicamente %.

Considerese que la temperatura del techo se encuentra muy poxr
debajo del limite, por lo tanto la salida de TIC~-6 serda maxi-
ma y el controlador FIC-6 operard normalmente manteniendo el
flujo de combustible pre-establecido.

Supongase ahora que la temperatura del techo se acerca al 1li-
mite entrando en la banda proporcional de TIC-6 este disminuil
ra de inmediato su salida con una rapidez que dependerda de la
posicidén de la banda proporcional (reajuste manual) y de el -
valor de la banda en % (o sea la ganancia), si se ajusta TIC-6
en forma tal que al alcanzarse la temperatura limite su sali-
da sea minima entonces el controlador FTIC-6 no podra dar pre-
sidn de aire suficiente para abrir la vdlvula de combustible
puesto que no la recike por su suministro.

ntreilos dos extremos descritos de TIC-6 con maxima y minima
existira una zona de temperatura en que halla salidas interme-
dias el ancho de esta zona dependera de la ganancia de TIC-6
(A mayor ganancia la zona serd mas angosta) y de la posicidn
de la banda proporcional dada segin el instrumento que se use
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por el set point o por la combinacidén del set point y el rea-
juste manual.

Notese que este procedimiento es aplicable solamente a contro
les neumd@ticos y todos los anteriores son aplicables tanto a
neumdticos como a electrdnicos.

EJERCICIO

Al proceso ilustrado en el arreglo 23 apligquesele la instrumen
tacidn del arreglo 24 y visceversa.

Control selector de distribucidn de flujo, fig. 43.

En este caso, los puntos de ajuste de dos o mas controladores
son posicionados en paralelo por un controlador primario lla-
mado maestro.

Este sistema mantendra una distribucidn de carga (o flujo) pre
determinada de antemano y, en el eijemplo mantendrda al mismo -
tiempo al minimo posible la pérdida de presidn ocasionada por
las vdlvulas..de control.

Ia ilustracidn muestra una aplicacidn elaborada de este siste-
ma de control. o -

Tradicionalmente, no se habia usado control en la distribucidn
de aire a las toberas de un horno alto, éstas simplemente se -
conectaban a un miltiple de distribucidén con tuberias y el flu
jo de aire se establecia en cada una segin las condiciones del
horno y en forma desordenada.

Si la mezcla de coke cal y mineral de fierro se comenzara a -
empacar en algun punto el flujo de aire en esta regidn dismi-
nuiria debido a la mayor resistencia al flujo.

Inversamente si se forman canales en la carga el flujo de aire
tenderia a aumentar en esa zona a expensas de las demas.

Esta designal distribucidén del flujo de aire a las toberas re
sulta en una operacidn errdtica del horno y si, uno de estos
canales se empieza a desarrollar sobre el recubrimiento de -
ladrillo refractario del horno resultara que se disminuira -
la vida del mismo por erosidén y falla prematura.

=1 sistema de control de distribucidn de aire funciona como -
se describe a continuacisn: '

cada tobera tiene un sistema completo de medicidn y control -
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de fluijo de aire, consistiendo, cada sistema de, tuls veaturd,
transmisor, indicador controlador y vdlvula de mariposa.

cada controlador recibe como set point la misma sefial, la cual
proviene del control maestro, en esta forma todos los flujos -
de aire en las toberas seran iguales.

Naturalmente la vdlvula de mariposa mas abierta se encontrara
en la tobera con la mayor resistencia al gasto.

El propdsito de los relevadores selectores es determinar la po
sicidn de la(s) vdlvula(s) mas abierta(s) y enviar esta sefial

como variable al controlador maestro el cual, si tiene su pun-
to de ajuste manualmente posicionado al mdximo permisible de -
apertura de las vdlvulas, mantendrd, mediante este sistema a -
una de las vdlvulas abierta al mdximo y a todas las demds a me

‘nos del mdximo y a todos los sistemas con el mismo flujo de -

aire es decir, se tendrd el mdximo flujo de aire, igual para -
todas las toberas, cuyo mdximo estard dado por la tobera .mas -
compactada {con mayor resistencia al gasto).

control selector en el suministro a sistemas con carga dividi-
da, fig. 44.

El sistema que se discute es Util cuando un proceso que llama-
remos primario le suministra material, o energia a otros proce
sos secundarios a través de vdlvulas de control operadas por -
controladores independientes.

El propdsito del sistema es hacer que el proceso primario ope-
re a la minima capacidad posible que satisfaga la demanda de -
los procesos secundarios. Lo anterior se garantiza si, cuando
menos uno de los controladores secundarios ordena a su vdlvula
estar a mdXima apertura.

La configuracidén de control tiene por objeto satisfacer las de
mandas de los procesos secundarios con un minimo de pérdida de
energia en las vdlvulas de control de los mismos.

Este sistema es usual en grandes compresores en donde los cos-
tos de operacidn aumentan considerablemente con la presidn de
descarga. :

Los puntos de ajuste de los 2 controladores de flujo son ajus-
tados en forma independiente segun las nececidades de sus res-
pectivos procesos, aunque solo se ilustran 2 loops secundarios
pueden ser "n" sin que el criterio de control se altere.

cada ramal deberd satisfacer un gasto diferente pero, el sis-
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tema selector de seflales informard al controlador primario
cual vdlvula se encuentra mas abierta y el controlador pri
mario ajustara el obturador de entrada de aire al compresor
en forma tal que la valvula mas abierta lo este totalmente,
garantizando en esta forma que la demanda de todos los pro-
cesns secundarios se satigface con todas las vélvulas lo mas

abiertas que sea posiblie.

En esta manera se garantiza también que el compresor opera
a la minima presidn de descarga que satisface la demanda y
por lo tanto que opera con el minimo gasto de energia.

Ejercicio: ¢Cudles pueden ser los procesos secundarios?
control de relacidén fijado manualmente, fig. 45.

En este sistema de circuito multiple la variable secundaria
se controla en forma tal que mantenga una relacidn constan-
te con la variable primaria.

La aplicacidn de este sistema de control se encuentra princi
salmente en aquellos procesos en que a un fluido se le debe
dosificar otro, en forma tal que la mezcla tenga composicidn
constante.

En estos casos, lo mas comin es el tener uno de los fluidos

variable segun necesidades del proceso y, el otro disponible
en forma irrestringida, por lo que el gasto de éste dltimo -
deberd seguir las variaciones del primero.

En el ejemplo se muestra un sistema usado en las refinerias

para dosificar a la produccidén de gasolina el antidetonante
)

‘tetraetilo de plomo).

El fiujo de gasolina es la variable primaria no controlada -
proveniente del sistema de refinacidn y cracking.

El tetraetilo de plomo serd entonces la variable secundaria -
esclava y para cualquier variacidn en el flujo de gasolina se
tendrd una variacidn proporcional en el flujo de tetraetilo -
de plomo, en forma tal que la cantidad de antidetonante por -
litro de gasolina permanecera constante.

La unidad de relacidn es con frecuencia un componente separa
én, aunguee en instrumentos de tamafio convencional puede ser
integral al controlador secundario, lo gue nunca ocurre con
‘nstiumentos miniatura.



1a seflal del transmisonr de flujo primario es maltiplicada per
un factor que se ajusta manualmente en la unidad de relacio:mn.
Ia salida de la unidad de relacidn se vuelve entonces al set

point del controlador secundario el cual modula la vdlvula de
la variable secundaria en forma que se sigan exactamente las

demandas de la variable primzrxia.

PROBLEMAS :

1.~

En el eijemplo anterior se tiene que el flujo normal de ga
solina es de 750 lt/min., el mdximo de proceso e€s de 900
1t/min.

La dosificacidn normal de tetraetilo de plomo sera segin
el tipo de gasonlina manejado entre l.4 y 1.6 cm 3/1itro -
de gasolina.

Se pregunta:

a-) ¢Qué rango se escogerd para el medidor de flujo de ga
solina?

b—{/gQué rango se escogera para el medidor de flujo de -
tetraetilo de plomc?

c-) Con los rangos escogidos qué ajuste deberd tener el -
relay de relacidn vara dosifiecar 1.4 cm3/1it. de gaso-
lina y que ajuste deberda tener pcora dosificar 1.6 cm3/
1t.

Suponiendo instrumentos sin cexo suprimido y sabiendo que
el span del instrumento primario es de "Sji™ unidades de -
volumen "a" por unidad de tiempo y el del sequndo "S," uni
dades de volumen "b" por unidad de tiempo, ¢Cudl scra el
ajuste del relevador de relacidén "A" para tener una rela-
cién “r" de gastos expresada en "b"/"a" unidades de volu-
men de flujo secundario por unidad de volumen de flujo -
primario.

Expresado en otra forra, expresar A = f 81, S2, ¥).
como obtener la funcidn anterior si la base de tiempo de -
S, es distinta de la de S; como por ejemplo unidades de -

tiempo "c® para 53 y "d" para S,.

Conprobar los resultados de 2 y 3 con. el problema de 1.

concrol digital de relacidn v cantidad total, fig. 46.
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cuando un problema de mezcla como el anterior es muy critico
y debe llevarse a cabo con tolerancias muy pequefias se puede
resolver operando con las integrales de los flujos en vez de
con los flujos instantdneos, esto hace que entre mas grande

sea el lapso de tismpo y ol volumén de una mezcla dada el -
andlisis de la mezcla sera tanto mas exacto.

Eemplo:

En la industria refresquera el mezclar el agua con la esencia
que imparte el sabor al refresco es un problema critico.

Una mezcla pobre en esencia puede ocasionar devoluciones o -
baja en las ventas del refresco.

Una mezcla rica en esencia, aparte de que también la rechaza
el publico aumenta el costo considerablemente pu~s la esencia
es un componente de costo muy elevado. La configuracidn de
control tipica usada es como se ilustra:

La vdlvula auto-operada FCV-9 mantiene un gasto sensiblemente
constante de agua azucarada a alrededor de 250 lt/min. la pro
porcidén de esencia es de alrededor de 4 cm3/1t. y por lo tan-
to el gasto normal de esencia es de 1000 cm3/min.

El transmisor de flujo FTP-9.1 es del tipo de turbina de 1%" -
de didmetro el cual da 106 pulsos por litro, el transmisor de
flujo de jarabe FT-9.2 es del mismo tipo, de %" con orificio
de 0.063" que da 12.7 pulsos por cm3 de jarabe por lo tanto:

Si el divisor FY-9.1 envia un pulso por cada 106 recibidos ca
da pulso de salida representara un litro de jarabe y 4 cm3 de
demanda de esencia.

' En and&loga manera el divisor FY-9.2 enviard un pulso por cada

50.8 (12.7 X 4) lo cual hard que cada pulso represente 4 cm3
de esencia que ha pasado a mezclarse con el jarabe.

n esta forma cada pulso que entra al VT-9 representa 4 cm3 -
2 demanda en un caso y de demanda satisfecha en otro.

El transmisor VT-9 es de tal naturaleza que transmite una se-
fial de 4-20 m.a. propurcional a los pulsos en exceso o en de-
fecto, es decir a 12 m.a. no hay pulsos ni en exceso, ni en -
defecto y si hacemos que transmita 4 m.a. con 125 pulsos de -
demanda de esencia fequivalentes a % Hr de operacidén en con-
diciones normales) en eXceso sobre los pulsos de demanda satig
fecha, y que transmita 20 m.a. con 125 pulsos de paso de esen-
cia en exceso sobre los pulsos de demanda, se tendra que la -




la salida de VT-9 sexd andloga y lineal con =500 - O + 500
es decir de 500 cr3 en defecto @ 500 cm3 en exceso de esen
cia.

La sefial de VT-9 ge alimentara al indicador controlador de
volumen en exceso o defecto el cual por supuesto tendra su
set point en cero y modulard la vdlvula de esencia.

En esta forma el control se harda sobre el volumen de error
integrado, pudiendo obtenerse precisiones imposibles de lo
grar en un mezclado con sistemas de control gue operen so-
bre los flujos instantdneos.

El poner alarmas y/o interlocks por alto error integrado -
en exceso o defecto es opcional. ¢Como se alteraria la rela
cidn en este sistema?

29.~- Contrnl de relacion entre variables de distintas dimensiones
fig. 47. :

En los eijemplos vistos hasta agqui, las dos variables rela-
cionadas tienen siempre las mismas dimensiones (en los ejen
plos fluijo) en ocasiones es necesario tener un control de
relacidn entre dos variables de distinta indole como presidén
y temperatura, presidén y gasto, etc.

Un buen ejexnplo de este caso.lo constituyen algunos compre-
sores centrifugos en los cuales cuando el flujo es muy bajo
o la presidn de descarga es muy alta tienden a vibrar de ma
nera peligrosa y es necesario protegerlas para que esto no
ocurra.

Observese en la grdafica que la linea de separacidn de las -
zonas e€s una curva que podemos considerar F = -%(p\.

En el sistema de control el generxador de funéiones PVY-9 re-
produce dicha curva con la sefial del transmisor de presidn
y le fija el set point al controlador de flujo.

Dado que se trata de gque dicho set point sea un limite uUnica
mente y no de gque el sistema opere sobre dicha curva el con-
trolador FIC-¢ no tendrd mas que accidn proporcional.

Este tipo de control debia llamarse de manera mas propia con-
trol de funcidén y no de relacidn.

30.~ Control de relacidén ajustada automaticamente, fig. 48.

Zzote arreglo de control se usa normalmente cuando la varia-



ble controlada principal depende de la relacidn de otras dos
variables.

En el ejemplo la relacidn aire combustible alimentada a la -
caldera es reajustada por un controlador de % de oxigenc en
ios gases de combustidn, manteniéndose en esta forma el ex-
ceso de aire constante y por lo tanto la combustidén mas efi-
ciente en todo momento.

PREGUNTAS :
¢Dué ocurre si se tiene un gran exceso de aire?

¢Nué ocurre si no se proporciona aire suficiente para la -
combustidn? :

CJERCICIO:

En geaeradores de vapor muy grandes, el 9% de exceso de aire,
para tener una combustidén lo mas sequra v eficiente a todas
argas, no debe mantenerse constante sino como una funcidn

de la carga.

Dibuiar el diagrama de proceso para resolver el problema y
e.xplicar el funcionamiento del arreglo propuesto.:

31.~ Dboble control, fig. 49.

cuando una variable puede controlarse con 2 fuentes de mate-
rial ~ energia y dicha variable tiene un limite critico se -
pueden usar dos controladores el principal actuando sobre 1la
fuente piincipal de materia o energia y el de limite sobre la
fuente secundaria o complementaria.

En el ejemplo que se ilustra, en el cual se debe controlar y
limitar la temperatura en un reactor de oxidacidn de metanol,
el controlador de limite reduce rdpidamente la concentracidn
¢z alcohol si la temperatura se eleva rdpidamente. E1 con-
tcoiador principal debe sexr % + S el de limite solo % ¢Por -
cué?

32.- Contrzi con rango divididec, fig. 50.

El control en rango dividido se usa cuando se puede controlar
la variable con dos variables manipuladas ya sea por que el

uso de una sea preferencial sobre la otra, como en el ejemplo,
o bien que el proceso, segun su estado requiera una u otra -




variable manipulada para mantener la variable en control.
Por ejemplo un reactor que requiere enfriamiento y calenta-
miento a la vez.

En el ejemplo ol nivel del doareadoxr debe de mantenerse consg
tante usando con preferencia el agua condensada caliente ya
que es un producto mas puro y contiene mas energia que la -
fuente alternativa de agua fria desmineralizada.

conforme el nivel del deareador empieza a descender, deberd
alimentarse agua caliente del tangue de condensados. El =
uso de agua condensada caliente evita choques térmicos en -
el deareador y disminuye el consumo de vapor en el mismo,

Sin embargo, si la demanda de agua fuera muy grande y el agua
caliente insuficiente deberd mantenerse el nivel con agua fria
va que el mantener el nivel es el propdsito primario del 818—
tema y 1l demds consideraciones de tipo secundario.

En caso de falla de aire debera cerrarse la valvula de agua
caliente y abrirse la de agua fria con obieto de:

a-) Tener siempre agua suficiente en el deareador.

b-) Evitar sobrecalentamientos en el mismo.

c-) Evitar que si el agua caliente y condensada es excesiva,
en esta circunstancia, se tire por el derrame del dearea
dor. o

BILRCICIOS.

l.- Trazar curva de operacidn de presidn de salida del contro
lador vs. % de apertura de cada una de las vdlvulas. Aana
lizar el sistema en operacién normal y en falla de aire.

2.- Ccomo seria la instrumentacidn de un reactor de polimeriza
cidén que requiere calentamiento con agua caliente para ini
ciar la reaccidn, y una vez esta en marcha y, por ser exo-
térmica requiere enfriamiento con agua fria.

La condicidn segura en falla es el abrir toda el agua fria
lo que detiene la reaccidn.

NCTESE que en el ejemplo del reactor los dos agentes de -
caatrel se usan por NECESIDAD Y NO POR PREFERENCIA a dife
raoncia ael edemplo antevior.
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MAINTENANCE

P
— CALIBRATION AND REPLACEMENT OF PRESSURE ELCHMuSNTS —
MODEL 40 INSTRUMENTS

Calibration Apparatus

RANGES UP TO 4 PSI—WATER COLUMN
RANGES 4 TO 30 PSI = MERCURY COLUMN

RANGES 30 PSI AND UP

-
VACUUM
VACUUM CONNECTION WEIGHT
4 DEAD WEIGHT
A TESTER
— - 8
AIR SUPPLY COLUMN
PRESSURE .
RCURY
CONNECTION (WATER OR MERCURY)

Lock in desired pressure or va-
cuum with valve A, Pressure can be
roduced by blegding valve B. An
accurate test gaugo may be used
in placo of column.

Increase pressuro with crank un-
til pressure supports an accurately
known weight. An accurate test
gauge may be used with hydraulic
pump in a similar setup.

Squaring Up of Linkagé for Complete Calibration

If parts have been replaced, or for some other reason a complete recali-
bration is necessary, square up the linkage before the actual calibration.

l. Set pressure at middle of element range
{see range on element nameplate).

3. Obtain right angle (b)
by adjusting longth ot fink.

The Foxboro Company E@XBOH@
o

Foxbor~ Massachusells U S A 02035 &

2,

Obtain right anglo (a) by loosening
the 2 screws on top of clement and
slipping drive lever on its shaft.

PrntednUS A
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Calibration Procedure

Defore ealibrating, make sure that the pen friction is not excessive, and that N
there is no excess friction or dead space clsewhere. See Instruction 1-435.

i, Sci presiere a minimum value 2. lfpen dgos not read corrgqﬂy. uso
{se2 ranga on clement nameplate). Zero adjustment to reposition poen.
I AND 2 PEN RECORDER 3 AND 4 PEN RECORDER

ELEMENT
NAMEPLATE

5. Get pressure at mid-range. [f penis
rotat midscale, adjust length of link Set pressure at maximum value.
to mova pan about 5 limes amount of . If pen does not read correctly,
error in direction of error. {Subsequent use Multiplication adjustment
refinement in sottings of adjustments to position pen about halfway
will bring instrument into calibration.) toward the correct reading.

6. Repoat steps | through 5 untilall . 4. Repeat steps |, 2, and 3 until
readings of pen aro corract, both readings of pen are correct,

To Replace Mcasuring Element

|
2. Trace outlino of mounting =" |

plats to indicato location
icr rozlacement. Remove
ihe 2 mounting scrows. I. Disconnect link from pen movement.
« Note which hole link is in. (A precal:-

brated link and mounting plate are sup-

3. 3reak tubing connection i i
3nd romene haontec \L\ L plied with each rcplacement element).
\k
4. After replacing elemont -

essambly, chock calibra- |

iion, \]L
//j//////
/

ThzroxtcroCompany FOSROR0D 10,000--2/G3

F3r50 5 Mis-achusells US A 02035 L. s Printad nUUS A
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Pige 1
— SERVICING —
{vil’ MODELS 13A, 13HA, AND 15A d/p CELL TRANSMITTERS
fey - . .
e NOTE: The illustrations show the Model 13A d/p Cell

Trangmittor; Modoln 131A and LS5A are simllar.

Supply Alr Filter To Clean Reducing Tube

A plugged reducing tube wlll cause low outpubt pressure.

(4

Blow filter out at
least once a-~day.

Unscrew reducing
tube from casting.

Clean by insertinsz a 0,007’
dila wire (or Foxboro clzanlng
wire, Part 42527) througzh
orifice,

Before replacing apply a thin
£film of Vaseline or similar
lubricant to O-rings.

~

To Clean Nozzle Assembly

An accumulation of dirt at the flapper nozzle may cause a zero shift.

1. Unscrew nozzle nut.
Do not let soldered

of casting turn.

2. Ease nozzle out of
' casting,

} 3. Loosen clamp screw
and rotate S-clamp.
_—" \ithdraw nozzle
O-ring connection
with twisting mo-

tion. Do not bend
tubing.

Nozzle O-Ring
Connection

Feedback 0-Ring
Connection

To Clean or Replace Screen Filters

Remove coarse screen filters
with pointed tool f{or clean-
ing or replacement,

Use new Teflon gaskets each
tirme connection is broken.

In renlacing assembly,

tighten bolts uniformly. i

&_. \%l‘%ﬁ (o}

.

nut on opposite side

Clean nozzle with 0,030" dia wire,
compressed alr, or suitable solvent.
Wipe top of flapper clean.

Before replacing, apply
a thin f1lm of Vaseline
or similar lubricant to
O-ring. Replace nozzle
assembly in reverse
_order. Check zero ad-
justment (see Step 3, un=-
der Calibration, Page 4).

" To Replace Relay

Remove 2 large screws and pry off
relay. A gasket is furnlshed with
each replacement relay. For ser-
vicing details see Instruction
11-490, obtainable from The
Foxboro Company.

If fine screen air filters
become clogged, remove with
pointed tool and replace.
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Calipration Procedure

1. Set range wheel at desired
range (0 to 50 inches of

,5Eﬁ>“ water shown). Tighten
= locknut under wheel.

: N i:."i

!' b L

IF capsule was removed or
if flexure locknut was
loosened, see rlexure
Locknut Adjustment below.

3. With no pressure differ-
ential on capsule, adjust
ZERO screw 30 that OUT
pressure reads 3 psi on
the manometer,

]

I, Raise air pressure at hizh- “
pressure ccanectlon to mani-
mum value of desired range. 'T

OUT reading should be 15 psi
on manometer., Exception:
With high-range capsules
(0-200 %o 0-350 inches), .
ralse air pressure av hish-pressure
connection to 75 perceat of desired
range. OUT reading should be 12 psi.

iz

If OUT reading 1is not value specified,
adjust range wheel until reading is
correct (raising range wheel will
lower OUT reading). Tighten range
wneel loclknut after each adjustment.

5. Repeat Steps 3 and & unsll desired
accuracy 1s obtained.

Flexure Locknut Adjustment

If the capsule was removed or if the flexure locknut was loosened,
before calibratiqg adjust the locknut as follows:

1. Remove bottom drain plug, and
loosen flexure locknut with a

2. ¥With no pressure differential
on capsule, adjust ZERO screw
so that OUT pressure reads 3
psi on manometer.

3. Carefully tighten Tlexure lock-
Y nut so that OUT pressure does
not change by more than +0.4

psi (+0.03 kg per 3g cm).

If OUT pressure 13 not within
3 £0.4 psi, looscn locknut and
carefully retighten.

If OUT pressure 3s still not
within 1imits, it indicates
that index marks on capsule
and body are not aligned.
Correct by reposltioning cap-
sule (see To Rerlace Diaphrasm
Capsule, Fage 2.

4. when OUT pressure is within
limits with the locknut
tightened, replace botton
plug.

To Changs Range

The range may be changed anywhere within the limits of the
capsule by calibrating the instrument to the new range.
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— FURTHER DISASSEBLY —

1 f any parts other than
lormal servicing of the tranamitter does not require thg removal o T ot

the ;ozzlc ;ssembly% diaphragm capsule, and the relay. Further disassembly i3 noy ?:com- )
mended by Tne Foxboro Company. The following procedure 13 described for emergency use only

and the customer must alsume responsilbllity

~o Remove the feccdcack Bellows (15) and
Zero Soring (benind Zero Screw (13) )

1. Carefully pry out the feedback

O-ring connectlon at the relay (see 22
Clean Nozzle Asserbly, Page 1).

.1ng it from the range rod (16

2. Remove the two 7/16" cap secrews
(12) holding bracket (11).

3. Unscrew completely the zero adjust-
ment screw (13) to release the zero spring.
The bracket (11) and feedback bellows (15%
may now be removed.

4. Reomove nub (14) to disconnect the
feedback bellows from the bracket.

S. Remove the zero spring by unscrew-
Be care=~
ful not to change.the alignment on the
spring clamp.

6. Revers rocedure to reassem-
ble, makling su: the post on the brac-
zet is within the zero spring alignment
clamp. Tlshten the zero adjustment screw
until about 1/4 inch of thread remains
e:zposed. Vhen replacing the fgedback con-
nceblon apply a thin £1lm of Vaseline or a
similar ludbricant to the O-ring.

7. Check calibration (see Pages 3
and 4),

To Remove the Relay Mourdting Assembly (5)

1. Carefully pry out the nozzle and
dback O-ring connections at the relay
e

fe
(see To Clean Nozzle Assembly, Page 1).

c
e

2. Remove the relay mounting assembly
by unscrewing the two screws (9) above the
mounting plate and the small screw (10)
beneath the mounting plate,

3. QReverse this procedure to reassem-
ble., Vhen replacing the O-ring connections,
apply a thin film of Vaseline or similar
lubricant to the O-rings.

To Remove the Force Balance Unit

1. Remove the relay mounting assembly
(5) {see abvove),

n

. Remove the capsule (see Page 2).

3. Using a 3/16" hex-ke; wrench, re-
move the three socket-head screws holding
the force balance unit to the cell body.
In removirg the screws, be careful not to
davage the flexures (6) and (7). Withdraw
the fore2 balance unit from the body.

L, Reverse this procedure to reassem-
ble. Tighten all screws gradually, until
€5 inch-1b torque 13 applied to the two

for loss of accuracy or damage to the unit.

v

o L; 'A/. ,
A S, : ; '
ALH T TTROR IR O

Pttt

R St
1
s EEIE H A N

Jpr T

s
ro

socket-head screws nearest the force dar,
and 50 inch-1b torque to the third sccket

head screw. (With Model 13HA Transnmitter,
the corresponding torques are 100 and 90
inch-1b,) Replace the O-ring that fits
around the force bar on top of the lower
section, and the two gaskets that go on
each side of the diaphragm capsule. Apply
a thin film of Vaseline or a similar lubri-
cant to the O-ring.

5. Check calibration (see Pages 3
and 4).

To Remove the Front Flexure (6)

1. Remove nozzle assembly (see To
Clean Nozzle Assembly, Page 1§. -

2. Using a 3/32" hex-key wrench, re-
move top plate (2) by removing two plate
screvs (21).

3. Using a 9/64" hex-key wrench, re-
move force bar screws (3).

4. Remove the relay mounting assembly
(5) (see above).

5. Remove the cap screws and plates
(8) and 1ift the fron%t flexure (6) upward.

6. Reverse this procedure to reassem-
ble. If the force bar has been removed or
the force balance unit loosened from the
cell body, the top of the front flexure



e @

5-625 .

Prze € — FURTHER DISASSEMBLY — (continued)
=s Dz oos vIz.niin Linms=d .z owiltooThe InsTe

ing (1), s> that tnere is nos twist evident

in che flexures. Tnen tighten the plate

screws (21) and cap screws (8).

7. Leouon feur cap screvus (&) and 812)
and two force bar screus (3). Apnly 10
psi to both sides of the cell. Tap the
cell lightly and tighten all screws.

8. Cnccxk static alignment (see below).

To Remove the Back Tlexure (7)

~1

1. Remove the 3/16" cap screws (12)

holding bracket (11).

2. Using a 3/32" FeA-key wrench, remove
the two screws and plates (20) noldlng back
flexure to plate (23 and remove back flexure.

3. Reverse this procedure to reassemble.

4, Check calibration (see Pages 3 and 4).

To Remove Force Bar (4)

1. Remove the gapsule (see Page 2).

2. Remove force balance unit (see
Page 5).

3. Using a 9/64" hex-key wrench, re-
rove the two force bar cerews (3). The
force bar (4) may now be removed. This
unit should not be [further disassembled;
if its dicphragm is removed from the force
bar, leaks are likely to occur after re-
assembly. If elther the force bar or
diaphragn requires replacing, they both
should be replaced as a unit.

+

4, Reverse this procedure to reassem-
ble. Replace the gas et 2t the diapnragnm.
5. ¥hen reassembled, loosen tne four
cap cerews (8) and {12) and two force oar
screws (3). Apply 100 psi to both sides of
the cell, Tap the cell lightly and tignten
all screws.

6. Chneck static alignment (see belo::).

Static Alirmment

This adjustment is required if front
flexure or forces bar 1is replaced.

1. Connect the transmitter to an in-
put air suoply regulated at a fixed value
vetween 20 and 25 psi.

2, Check with a 1/4" hex-key wrench
thrcich the bottom plug hole that the
capsule flemure lockmud 1s tightly fastened
Lo tae force bHar, ?eola.ca the bottom plug.

3. Rotate the range wheel (18

approximate onerating position. Tignhten
locknut (17).

The Foxboro Company
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L., Vent both sides of “transmitter and
adjust zero screw (13) so that output is
3.0 psi.

.5. Apply gradually and simultaneously
to both sides of transmitter (output must
not go off scale), a prescure egual to
richest static pressure anticipated during
normal operation. Note: Do not exceed
static pressure limits (listed in instal-
lation instructions).

6. After 5 minutes obhs ere transmit-
er outnt. If outnut o n 3”°pged
static alignment is correct. L; output
change is more tnan desired, vent pressure
and make static alignmcont as follows:

ck

Loosen the two plate screws (21)
nd adjust the static alignment wheel (19)
to bring the output back to 3.0 wsi. Turn
tne wheel clockuise to lower the output,
and counterclockuise to raicse the output
Tighten plate screws (21) after each ad-
Justment of the aligmment wheel.

T. ©Slowly release the pressure from
the capsule. Remove the bottom plug and
locsen, then carefully retighten the cap-
sule flexure locknut.

8. Check calibration (sece Pages 3
and 4).

Note: The flapper alignment screu
located below the nozzle has been set at
tne Factory and should not be readjusted.
Special Factory sauges are required to
properly adjust the flapper alignment scre

Foxbo'o Massachuseits US A 02035
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~ SERIES 120 PNEUMATIC CONSOTROL RECORDZR =~

PP et ploag ™Y J},"
({9 19 20 30 40 50 60 70 80 90 i0D N} ¢
11 il
Series 120 Recorders receive 1'Yu“ﬁQf§#hﬂl y“ﬂ“9+499ﬂﬂﬂﬂl N
and record up to four 3-15 psi A T i J
prneun2tic signals. They may be . .. o o
sapplicd with alarm lights and i ;ng#m;p.%?rﬁwﬁjrwww?ffwymw;.%‘h
internal alarm ligiht actuators. 11 I IR I R R I SN
fal e A
B '
Recorders can be mounted singly ;r=3~‘ JQ '
or vwish other instruments in Model a TTF‘ .
10C sielves. A recorder occupies :;ES{ A
two wntts of shelf space. Refer to o[ | -
Instruction 17~410 for mounting apsed o)
information. .r+i< - ,
ol i
B!
{ﬁt—_-_-: T TR e ) ”"‘:ﬂ?:t*—j:
Piping to Rear of Shelf
All air connecctions at shelf are 1/4 NPT.
Air supply for Input 4
Rear of Shelf pneumatic chart 3-15 psi
drive (if used). (violet pen)
N\ / Input 3
i — 3-15 psi
Gty ™
Instrument Identification ‘ A 4 D N
(2s specified in sales order) ¢

«ggz 8 Input 1
@0 00 @%ﬁgm

ON
OFF SuPPLY

SUPPLY (green pen)

\/
If instrument is equipped with
optional alarm actuator unit, Shutoff Valve Shutoff Valve
air supoly is required. (closed) (open)

Regulate to a fixed pressure

Detwern 20 and 22 psi. Usc

00 o sing or 147 pipe. NOTZ: Recorder occuples 2 units of shelf

.. = o width., Inpu$ signals go to vight set of

L ~onnections (as shown) and adjacent "D
) connection on left is used for pnewmatic

chart drive air supply if required.
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fiiring Lo Rear of Shell

T ~

)
Electric viring is required 1f recorder 1s equlpped with electric
chart drive or optional alarm lights. Wiring from terminal block -to
recorder 1s installed abt factory. . '
. Tor wirlng to recorders with electric chart drive only, see bolow.

Tor sidring to recorders with alarm lights, refer to Instruction 17-430.

Chart Drive Motor
(o Alarm Lights)

I
Conrect wirlng to
appropriate terminal GROUND
block at rear of shelf.

Ly

L, 24,115, OR 230V, 50 OR 60 Hz

Cover roriosml

To remove cover
slide forward and
1ift at rear.

3/8 amp geu or 115 volts)
1/4 amp (230 volts)



GRE
GRE
CLP

Series 120 Recor
Refer o Insitruction 17- -123 for Roll char

Ink for -
capsules.

Cnart Installation

‘he Recorder is suppliici in plastic
Inatall tae capsules as follows.

dera are available with Roll

Tniiing

Sl

1l. Pull recorder chassls part vay out,
s/ ink capsules in D-ghaped openings on sides

Push capsule all the way in
until it is pierced by the
tubes and reaches a stop.

Red

The rocorder must be recalibrated 1f 1t is mounted at

any angle other than specified on the Sales Order.

|

Blue

chart drives or Scan-noiﬂ chart drives,
ts and Instructlon 17-425 for Scan-Fold charts.

Insert

of cace.
RED OR
’([:1 11 a 11 1l " RED-BLUE
-\ on ]L’” —y—¢ CAPSULE
= ¢ 1) —t&_ N
EN-VIOLET H ]\_~ l___l
SULE UV | ]
E——
I.! ' ] l l
1l
- ;
LL — i
2. To start thz ink floilng,
prossurize the aspirator tubtas
in the front of the instrument
iitn o pressurizing bulb.  (Hote:
the aspirator tubes are on the
onrosite side of the case from
gne in capsules - the blue and
rod aspirator tubes are in the
upver left of the case as shown,
nd the green and violet aspirator
tubes are in the upper right.)
If ink does not flow through the
pen tip, remove the tip and clean
(sce To Clean Pen, Page 5).
Position of Ink Juwoply on Angle Mounted Instruments
Note:
n 1 n

)

0O- 14 DEGREES

— T —C

I15- 44 DEGREES

45-75 DEGREES




A darping adjustment is provided

in eech measurement signal line.

little domping

is snipped with very
oresent.

If more

damping is reauired to produce a

smooth vrecord, insert a screwdriver
through the correct hole and slouly
turn screw clockuise until pulsations

are barely visible.
anount of damping.

To Remove Pe

Use mininum

n

2. Grasp pen by its sides on top
and carefully pull forvard,
c23ing nen cut of spring clin
anl steel tubing on pen-arm.
Do not bend any vars of pen.

Damplng

Damping £2justments
(identified by pen color)

!

Pen Tension Adjustment

minimum pen tension.

the chart.
loses contact with the chart.

the pen just touches the chart.

To Replace Pen

1. Raise pen lifter and swing chart drive
2. Lay open groove in pen on top of steel
in pen-axm.
3. Base pen forward so that tubing enters
groove in pen.
4., Push in so that ridge
of pen engages spring
oo pen-arm. Do not push
\\::>» vertical part of pen.
X .
Pen-Arm

Spring Clip
Steel Tubing

Open groove
on underside

Covered groove
on underside

VIOLETY

Pen tension is correctly adjusted
when a good ink flow is obtained with

Position the pen in the center of
Rotate the pen tension ad-
Justment screw clockwise until the pen
Then
rotate the screw counterclockwise until

If ink

flow is not continuous, keep turning
the adjustment screw counterclockwise
until the ink flow is satisfactory.

forward.

tubing

covered

on rear
clip on
on

X
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Pega 5’

To Remove Pen-Arm or Pointer °

. Wilthdrew recorder chassis. If pen-arm must be removed
1o Wdthaze from instrument, dlsconnect
2, Hold pen movement plastlc tubing from pen-arm

ST
Tension Clip

/;:::,;»—-~\\\\”////,, with one hand. ~ tubing.

3. With other hand ease pen-arn (or L. When reinstalling pen-arm, end of
pointer) sideways out of bracket. arm must go under tension clip.
- Precautions When Renlacing Pens or Pen-Arms
Right Wrong’ Pens must be free to swing past each

other, and must be able to cover entire
scale (see Pen Stop Adjustment, below).

Centerline of face of ven must
be vertical. If it is not,

make sure that ridge on rear Painted identification on

of pen is correctly vositioned * underside of pen-~arm is

in spring clip on pen-arm. coded to match color of pen.
To Clean Pen Pen Stop Adjustment

properly, it should be
renlaced.

=~ If pen skips or does not
write, it must be cleaned.
£;\51‘J If it still does not write

- AdJust pen stops
) to allow pen %o
——— l travel offscale ©
approximately 1% 3
1. Remove pen from pen-arm. et the upper and ==
|
|

- lower end of chart.
2. Hold under cool running

water until clean.

3. Blow away excess water.

4. Reinstall 6n pen-arm and pressurlze
ink supply.
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— CALIBRATION OF RECEIVER ELEMENTS -

Rzcelver elerents can be calibrated elther to the English (3 to
15 psi) or Lo the metric (0.2 to 1.0 kg per sq cm) signal pressure
ranze. Th2 two ranges are not exactly equivalent; therefore, the
ontire systvom must be calibrated to the same unlts.

Calibration Check

1. Apply air pressures of 3, 9, and 15 psi (or 0.2, 0.4, and
1.0 kg per sq cm) to recelver element.

2. Pen reading should be 0, 50, and 100 percent of_scale-for
corresponding inputs. If readings are not within desired
accuracy, calibrate receiver element as outlined below.

3. Repeat Steps 1 and 2 for each receiver element.

Calibration Procedure

1. To gain access to calibration adjustments,
remove instrument cover (see Page 2) and
open door on right side of instrument
housing.

2. Apply 3 psi to element.

3. Adjust zero micrometer to set pen at
0% of scale.

L. Apply 15 psi to element.
5. If pen does not read 100% of scale, adjust

the span micrometer as follows. If read-
ing is less than 100%, turn span micrometer

//// [ counterclockwise. If reading is greater
than 100%, turn span micrometer clockwise.
(Wote that this adjustment will not bring

the pen to 100% of scale; the normal
effect will be to increase the error.)
One turn of the micrometer will result
o in approximately 2% change in span after
“ - Steps 2, 3, and 4 are repeated.

CAUTION: Tactory
adjustnent only.

6. Repeat Steps 2 through 5 until pen reads
correctly when 3 and 15 psi are applied.

7. Avoly 9Hpsi to element. If pen does not

read 50% of scale, adjust length of link
as follows: Change length to move pen 10
times amount of error, in direction of
error. For example, if pen is at L97% of
scale, adjust link so that pen moves %o
39% of scale.

8. Adjust zero micrometer to bring pen to midscale. ' -

teps 2 t?rough 8 until pen reads correctly when 3, 9, and 15 psi
0 element.

[0 2N
fol
ct
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TYPE C VERNIER VALVACTOR
YOKE MOUNTED

GCeneral

The Vernier Valvactor is a valve stem posi-
tioner, the purpose of which is to ehminate or
mm:mize the cffects of: (1) stem friction, (2
lag ol large capacily motors with long transmis-
sion lines, (3) process line pressure changes, and
(4) plunger friction due to highly viscous fluids,
gumnung, or sedimentation, I1g. B9026 1llustrates
an stallation employing a Valvactor positioner
The oulput air pressure from the controller is
connected to the “Instrument” connection on the
positioner mstead of directly to the motor. The
output ‘connection from the Valvactor is con-
nected to the valve motor.

Deseription of Valvactor

The Type C Vernier Valvactor is housed in a
die-cast alununum case, finished in a corrosion-
tesistant vinyl paint A gasketed cover assures a
vapor-free and dustproof interior. The interior is
also continuously purged by bleed air from the
nozzle, All moving parts are either stainless
steel, beryllium copper, bronze, or Nylon.

MODEL 40 CONTROLLER

3

The Valvactor ope:ates on a simple motion
balance punciple. Any change of controller
s.znal pressure 1s converted to motion by means
of a bellows, and unbalances a flapper-nozzle
combination. This changes the Valvactor output
pressure to the diaphragm motor, repositioning
the valve stem. Jfotion of the valve stem Is
translated back to the control mechanism by a-
mechanical linkage, thus rebalancing the
apper-nozzle.

The Type C Valvactor is available with either
a three-gauge and bypass manifold or an in-
terchangeable plain manifold. The bypass switch
is a disc type valve provided with positive detent
by a spring-loaded ball bearing. . .

This Valvactor employs the high capacity Model
40D control relay, which is differentiated from
the standard Model 40C relay by its black cover.
The control relay is capable of delivering or ex-
hausting 2.0 sefm; its bleed under static condi-
tions 1s 0.9 scfm.,

TUBING

\

AR
SuPPLY

F TUBING

Fig. B9026
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BY-PASS
Fia.

Principle of Operation

A controller air signal pressure between 3 and
15 psi in bellows (A) opposes flexure assembly
(B) when the system is in balance. With either
the black or white coded holes of disc (J) visible,
an increase in controller output pressure causes
bellows (A) to expand, moving the hall tip of
the flexure assembly (B) away from flapper (E),
which in turn covers nozzle (F'). As pressure on
the diaphragm of the control relay (G) increases,
the relay valve closes the exhaust port, opens
the supply port, and full supply pressure (20 psi)

asses to the Valvactor output.

Valvactor output pressure is applied to the
diaphragm motor which strokes the valve stem
to nosition the valve plunger. By direct mech-
anical linkage, the motion of the stem is trans-
lated to rotary motion of operating shaft (C).
The shaft moves flexure assembly (B) so that
the ball tip allows flapper (E) to assume an
equilibrium position with nozzle (F).

QUTPUT
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oty

i

i

]

=

The position of the ball tip in direction (1) is
dircctly proportional to the, signal pressure in
the bellows. The position of the ball tip in
direction (2) is directly proportional to the valve
stem position. For any given position of disc (J)
the amount of rebalancing motion in direction
12) is exactly proportional to the amount of un-
halancing motion in direction (1). Thus the
position of the valve stem 1s directly proportional
to the signal air pressure in the bellows.

The positioner also corrects for stem deviations
caused by unbalanced forces on the valve plunger
For cxample, when a change in line pressure
tends to reposition the valve plunger, the mech-
aaical linkage between the valve stem and oper-
ating shaft (C) immediately moves fiexure (B)
and flapper (E) so that more or léss air pressure,
a5 the condition rcquires, is applied to the dia-
phragm motor, The motor then strokes the
riunger in the correct direction until the feed-
twek motion of the linkage returns the Valvactor
to equilibrium,

% I] REDUCING
TUBE
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Bcuniing Valvacior

Many Valvactors are shipped already assembled
on a motor, with the action correct and all ad-
justinents properly made. When the Valvactor is
shipped separately for assembly in the ficld,
mount the Valvactor securcly to the motor yoke
by means of the two 5/18-inch-18 studs, 114-inch
apart, as shown in the dimension prints. All
motor yokes shipped since July, 1955 (except
those for Type 5000 series on-off Globe valves)
have been drilled to accommodate these mount-
.ng studs. If the two holes are not drilled
 the yoke, it will be necessary to drill two
23-inch holes, 1'%-inch apart, to mount the
Valvactor approximately in the position shown
m Fi1g. BO511 or B9027. Since flexibility exists in
the location of the actuatling pin or the clamp
on the valve stein, the exact location of the holes
1s unimporant as long as there is sufficient clear-
ance for the bypass gauges under the motor cap
and as long as it is not necessary to fasten the
clamp on a thrcaded portion of the stem or a
portion which will travel 1ato the stuffing box.

FPor applications where drilling is undesirable,
o bracket assembly 1s available. This assembly
clarips to the yoke and holds the Valvactor.

With the No. 10 Stabllflo Motor, a mounting
bracket clamns to two of the motor columns and
helds the Vealvactor as shown in Fig., B1403.
Agoin, the exact location of the Valvactor is un-
important, with the same stipulations as before.

TWO STUDS 2 -19
ON CENTERLINE

f7" / f’r_T—_"‘_—
s 7 i
1:,‘,—- o _}
Tl
o=
1§ sk

Fig. B1400

TWO $TUDS 2 —18
ON CENTERLINE

12-349
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Fig. B1403

The Valvactor will operate in any position.
Thus when a valve Is mounted horizontally or
upside down in a flow line, the Valvactor is as-
sembled in the usual manner relative to the
motor.

Fim. B1401
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VALVE
POINTER
LEVER Frrmrrmm fly
CLAMP o Sge
SCREW (3 _Hqk f -
CREW ( )\ A

UNIVERSAL
LEVER ARM

s T ACTUATING
gl PIN
A sering

cLip -

Fiz. D9511

Fad - - -
Lever Conuested 10 Valhe Pointep

Through Actuating Pin

Attaching Lever To Valve

Motlon of the valve stem 1s conveyed to the
Valvactor by a universal lever arm. The lever
arm is connected cither to an actuating pin at-
tached to the valve pointer (Fig. B90G68), or to a
clamp asscmbly attached to the valve stem (Fig.
B902T).

To attach the universal lever arm, see Tig.
B9511 or B9027 and proceed as follows:

1. Attach the universal lever first at the
Valvactor shaft, Tighten the lever clamp screw
(3) so that the lever is horizontal when the stop
screw (4) 15 midway in its travel.

2. I nn actuating pin is used (Fig. B9511),
fasten :¢ to the valve pointer using 2 nuts and 2
lockwasnhers. Sup the unthreaded end of the
actuating pin mto the universal lever.

If a clamp assembly is used (Fig. B9027), at-
tach it to the valve shaft. Slip the clamp pin into
the universal lever.

3. Adjust the position of the actuating pin or
the clamp assembly so that motion of the valve
stem to midstroke will bring the umversal lever
to horizontal position. This can be casily estimat-
cd from the zero stroke position by noting the
valve midtravel distance on the valve scale.
Where a controlled air supply can readily be
applied to the motor (for instance when the
Valvactor is equipped with a bypass) air pressure
corresponding to midstroke may be applied to the
motor, and the actuating pin or clamp positioned
so that the universal lever 1s horizontal.

Piping

Refer to Fig. B9026 on Page 1. The air connec-
tions at the Valvactor are Y4-inch NPT. Connect a
filtered air supply rcgulated at 35 psi maximum
to the “SUP” (supply) connection. Connect the
controller output to the “INS” (instrument) con-
nection with 14-inch tubing., The Valvactor
“OUT” (output) connection should be connected
with the valve motor using not smaller than
Va~inch tubing for No. 6D, P25, and P50 motors,
and J4-inch tubing for No. 8D, 10, dnd P110
motors,



SPRING
CLIP

t-lé"'
LEVTR
SLAMP R CLAMP
SSREW (3) — 1 & ASSEMBLY
|
DETAIL OF
CLAMPING
UNIVERSAL
STOP SCREW (4) LEVER ARM

Fig. B9027 -

Lever Connected to Valve Stem
Through Clamp Assembly
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Y alvactor Bypass

\When specified, the Valvactor may be supplied
with o three-gauge and by-pass manifold The
three gauces read the pressures at the suppiy,
instrument, and output Valvactor connections at
all times. The porting for the “ON"” and “BY-
PASS ' positions is shown in Ifig. B90GS.

When the switch is in the “"ON" position, the
Valvactor functions normally, When the switch
is thrown in the opposite direction (“BYPASS"),
the controller output is diverted directly to the
valve motor. The Valvactor can now be removed
for scrvicing by loosening four screws, and Lifting
the Valvactor away from its manifold, leaving
the piping intact. Refer to Fig. B1405.
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'alvactor Action

Remove the front cover of the Valvactor, and
cheek the position of the dise (5), Fig. B4389.
When the Valvaclor is used on an air-to-lower
motor, the white colored sector of the dise should
be visible. Wnen used on an air-to-lif¢ motor,
the biack colored sector (6) should be forward.
The disc can be rotated to the correct quadrant
by means of the wrench (7).

i

4

In citiier position above, increasing controller
pressu:e appiled to the input of the Valvactor
causes ncreasuig Valvactor air ouput to the
valve motor. The lwo positions are nccessary
only to insure proper balancing of motions with-
in the Valvactor when the direction of motion of
the valve stem is reversed. Also available are
the third and fourth quadrants of the dise, col-
ored orange and blue {or air-to-lift and air-to-
lower motors respeetively, These two quadrants
are used on those applications where 1t is desired
to reverse action ab the Valvacltor — increasing
instrument pressurc applied to the inpub of the
Valvactor will cause a dcecreasing Valvactor air
cutput to the valve motor. This means that the
bypass cannot be used; nor can the Valvactor be
removed and service continued. Likewlse instru-
ment oir faflure at the Valvactor inpus will pass
2ir to the motor, whereas failure of the Valvactor
air supply will bleed air irom the motor. Despite
thesc objections, there are special circumstances
when reversal of action at the Valvactor is de-
sirable. A sccond identification plate for the
orange and blue quadrants is mounted behind
the standard plate,

USED WITH
AIR-TO-LOWER MOTORS

WHITE SECTOR

INCREASING INSTRUMENT PRESSURE
INCREASES VALVACTOR QUTPUT
VALVE STEM LOWERS

’g

BLUE SECTOR

INCRE ASING INSTRUMENT PRESSURE
DECREASES VALVACTOR QUTPUT
VALVE STEM RISES &>

2

BLACK SECTOR

x>

ORANGE SECTOR !

USED WITH
AIR-TO-LIFT MOTORS

Valvactor Qperating Adjuslinenls-

Before making adjustments on the” Valvactor,
be sure that the motor is properly assembled to
‘the valve or other control device, that the motor
spring is properly adjusted and.the valve operat-
ing properly over its full stroke. Refer to In-
structions on the motor and valve.

There are three operating adjustments on the
Valvactor: two of them alion the hall tip (3)
over the center of the disc (5) at midvalues of
siznal pressure and stroke, and the third adjusts
the Valvactor output presshres to the stroke of
the valve. When the Valvactor is furnished on a
motor, these adjustments are properly set ot the
Factory and should require no further attention;
otherwise, the adjustments must be made at the
time of installation. Standard adjustments on a
Valvactor will start the diaphragm motor motion
at 3 pst and produce full motor stroke at 15 psi.
These values are used in order that the.-Valvactor
adjustments be uniform with the motor adjust-
ment values and are particularly desirable when
a bypass is available at the Valvactor.

To check these adjustments a variable known
source of air pressure must be connected to the
Valvactor “Instrument” connection. The supply
regulator and supply pressure gauge of the con-
troller may be used for this purpose, the control-
ler being bypassed by putting on “Manual” con-
trol. The Valvactor “Supply” conn-.:tion should
be connected to a 35-ps1 regulated air source, and
the “Output” conncction to the diaphragm

,motor, Recmove the cover from the Valvactor
and proceed as follows:

INCREASING INSTRUMENT PRESSURE
INCREASES VALVACTOR QUTPUT
VALVE STEM RISES

9 BALL TP

MOYION DUE TO
SIGNAL BELLOWS

2 MOTION DUE TO

INCREASING INSTRUMENT PRESSURE VALVE STEM

DECREASES VALVACTOR OUTPUT
VALVE STEM LOWERS

Fig. B4368

Diagrams Showing Relation of Ball Ti

to Flapper Nozzle

{Top Vicews, Looking Down on Control Cisc) .



LEXURE SPRING (12)

2
out
I

i

I
{[g LBS F12 5310 5\‘;‘\:\ ‘—-ezzfm
\.’.1:%?: “QL

LS

WREZNCH (7)

12-349
Page 7

MICROMETER (11)

5

5 s RIS Zo\,

SE e e KR

INSTRUIEUT
2 IC]

i0

k)

THREADED
BEARING (10)

b
/3
MK ; o4
H w h2l)os
] it
K Lo Mk
| e
BALLTIP(8) 1 | &} E
- ] R O - il
U s e sy |
; ’ /:3:-:. L‘Lr}i';‘\"? \‘/11\'[\‘X'LA;LL!:J:‘{‘XI-.;WTJ:I“:I 1 iy‘ ‘
u AR TO LOWER MOTOR - b
“ (31797 = wsny I_\_ 14
+ R
. s NLACK SECTOR (6)
EDUCING TUBE (13) [ﬁmugnwv]/
. \__;’ - L4
Fig. B4369
Centering Adjustments NOTE: If during adjustment it iIs neccessary

1. If the Valvactor has a bypass, place the
switch at “ON" position.

2. Apply 9-psi regulated pressure at the “In-
strument’” conncction.

3. Rotate the disc (5) to MAX. position using
the wrench (7). Use MAX. position on thc black
scale 1f the black sector (6) is employed; MAX.
position on the light scale if the white sector (68)
is empioyed. The MAX. and MIN. positions are
described by vertical lines on the scale. Adjust-
menf, keyond these lines may enter an adjoining
sector.

4. Adjust the threaded bearing (10) with a 34"
wreneh until the valve stem is approximately at
midstroke position.

5. Rotate the disc (5) to MIN. position.

6. Adjust micrometer screw (11) to bring the
valve stem to midstroke position.

7. Repeat Steps 2 through 5 until midstroke
valve stem position is mantained in any posi-
tlon of the dize within the chosen sector.

Al

to turn the threaded bearing until the stop
screw (4) hits the casting, loosen stop screw (4),
slide out the collar on the shaft, and retighten
screw (4). If excessive travel of ‘the micrometer
screw (11), Fig. B4369, is requircd in order to
position the ball tip (8) over the center of the
disk (5) at mid-values of pressure and stroke, turn
the micrometer to midtravel, loosen the stop
screw (4) and universal lever clamp screw, and
rotate the shaft as follows: With the flexure
szring (12) vertical, stop screw (4) should be at
midtravel, and the universal lever should be
horizontal.

Stroke Adjustment

i. Apply cither 3 psi or 15 psi at the “Instru-
ment” connection, whichever pressure is nec-
essary to fully close the valve.

2. Position the stroke adjusting disc (5) until
ihe valve just starts to open at 3 psi (or 15 psi).

3. Cheek stem positions at 3-, 9-, and 15-psi
instrument pressures. It may be nccessary to
trim centering micrometer and stroke adjust-
ments slightly.



iuliiplexing Adjusimeonts

The Valvactor may be adjusted to operate the
valve through any predetermined band, such as
9-15 psl. ilere the cenicring adjustments (refer
to preceding section) would be performed at 12
psi, and the stroke adjustment at 9 or 15 psi,
whichever pressure fully opens the valve.

General Maintenance

The only resular maintenance necessary is
the periodic blowing of the drip well pet cock to
remove moisture from the air supply system.
This should be done often enough so that less
than one pint of liquid is removed at each blow-
down.

Reducing Tube

The rceducing tube (13) consists of an orifice
approximately 0.013” in diameter. I{ can be un-
screwed from the Valvactor and replaced.

Occasionally a particle of dirt or moisture will
plug the reducing tube., This causes the control
relay to seat so as to vent the valve motor, re-
gardless of what “Instrument” air pressure is
applied. I this occurs, turn off the air supply

The Foxboro Company

to the Valvactor, unscrew the reducing tube, and
clean by inserting a 0.015” wire through the
orifice. '

Filters

Valvactors without Bypass: Fine wire mesh
filters are provided in the air connectlons. Tf
they become clogged with dirt, remove them with
a thin pointed tool, and replace with new filters.

Valvactors with Bypass: Cartridge type filters
are provided in the supply and instrument con-
nections, and a fine wire mesh filter in the output
connection. If they become clogged with dirt
the filters should be replaced. The cartridge type
is removed with a screwdriver; the wire mesh
type with a thin pointed tool.

Bypass Switch N < .

If leakage occurs at the switch, apply a light
coat of silicone base grease to, the circular nco-
prene gasket adjacent to the switch lever. (Part
No. 48130, a 2-ounce tube of silicone grease, is
available from The Foxboro Company for thlis
purpose.) -
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Principle of Operation

Alr supply s passed through a 1educing tube or
westrictor. The reduced pressure, determined by the
zclationship of ilapper to nozzle, is applied to the
diaphragm of the contiol relay.

Change in measured variable causes the pointer
to move. This changes the {lapper-nozzle relation-
ship which, tnough the relay, changes the pressure
to the feedback or tiansmitter bellows and to the
output. The 1csulting motion of the fcedback bel-
lows restores the flapper to its thiottling position.
It follows that for cach vdlue of mcasurement
theie is a definite flapper position and a definite’
output pressuic. .

The output pressure is transmitted to a standard
prncumatic receiver to record and/or control the
mcasurcment,

— MOUNTING OF

7 OPTIONAL ELECTRIC
[4—45—> _CONNECTIONS 7/8" HOLE
3 | FOR 172" CONDUIT
T (H L, (BOTH SIDES)

'3

Era
Sk

L“-[JT‘L"’ 2" PIPE
L—a 1me2

SUPPLIED BY
CUSTOMER

AIR SUPPLY 174 NPT
AIR OUTPUT 174 NPT

TENMPERATURE ELEMENT CONNECTION OR
PRESSURE CLEMENT CONNECTION 174 OR1/2 NPT

Transmits Pncumatic Signal Piopoitional to Piessure or Temperature Mcas-

Specitications

; Air Supply: 20 psi, or 1.5 kg per sq cm '

. OQutput Signal: 3 to 13 psi, or 0.2 to 1.0 kg per sq cm

Calibrated Accuracy (input to output): 0.5 percent of span
Ambicnt Temperature Error: Less than 1 percent per 100 degrees F

SUPPLY

REDUCING __ s

TUBE =
1
) % : ,

CONTROL
RELAY

<4—POINTER NOZZLE
AND
FLAPPER
1 —
OUTPUT
)
INSTRUMENT —
5
125
Z
WITH INTEGRALLY MOUNTED SURFACE
FILTER-REGULATOR *QUNTING

Remove mounting bracket from back of instru-
ment. (If transmitter has integrally-mounted filter-
regulator, break the air connection from 1egulator
to instrument). -

Mount the bracket on a 2-inth pipe »1 wnil

Replace the instrument on the bracke:,



— INSTALLATION OF PRESSURE MzASURING SYSTEM —

PRESSURE VESSEL
OR LINE

- h
o5 n"'m,
whe =,
SHUTOFF
VALVE
P
e

!
/3 INCH PIiPE
3 OR /
8 INCH TUBING
Cc

.

.

Valve (C) permits addition of a test gauge.
Valve (C) also pernits drainage of any moisture
{rom the pressure lines.

In a liquid-filled system, valve (C) should be
opencd until liquid flows frce of air bubbles. The
piping must be solid-filled with liquid.

In a liquid-filled system,, plug (D) is vented
when zeroing instrument.

— INSTALLATION OF TEMPERATURE MEASURING SYSTEM —

O% CAREFUL WITH THE THERMAL
SYSTIM. It is a filled system and must not be
JUT, CRUSHED, or TWISTED. If the thermal
svster 15 B.ohea, the instrument must be 1ctuined

-

NEVER SUBJECT BULB TO
TEMPERATURE ABOVE
MAXIMUM SCALE UMLESS
OVERRANGE PROTECTION
HAS BEEN FURNISHED.

UNDERRANGE PROTECTION
FURNISHED WHEN NECESSARY

OBSERVE ANY ELEVATION REQUIREMENTS STAMPED ON NAMEPLATE

to Th: Foxboro Company for repair.
BULS

i R

PO fnd W0

i ‘ c'_:n’_um oe /|OFT

i T 0 ft. stove T | ¢

i , i J=re J

. . RN TN

Typical Temperature Installation

LOCSE COIL OF
EXCESSIVE TUBING
TAPED IN PLACE

AVOID EXTREMES OF
TEMPERATURE IN

SELECTING LOCATION
QOF TUBING

FASTEN DO'YN TUBING
WITH CLIPS, STAPLES OR
TAPE CE CAREFUL NOT
70 CRUSH

With Class ITA systems (vapor pressure systems
with bulb temperature always above tubing and
case temperature), elevation requirements must be
obscrved, or the instrument rezeroed.

Maximum Curvature in Bending Tubing

Plain stainless steel tubing — V4 inch radius
Protection tubing (Armor) — 3-inch radius
Bendable extension of bulb — 1-inch radius

BEND EXTENSION OF
BULB ARQUND LENGTH
~ OF 2 INCH OR LARGER

BEND STAINLESS
STEEL TUBING
ARQUND LENGTH OF
3/4 INCH OR LARGER PIPE
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In Pipo Line, Using Bushing or Woll

Common Bulb Types

' 28070
Fage 3
— INSTALLING TEMPERATURE BULB —
In Lagged {!nsulated) Pipe Line
tialf coupling Plug of insulation V/oll with
woldad to pipe holg in cloth lagging oxtonsion
SR b

LAGGING

<..=m
‘N
/

T

LLLL Ll
N -

~ ' e v
N O
M .

2. /II/7’<]1// LLLLL s
R s

"

Sl NI
2o " Lo

BENDABLE BULB  SENSITIVE

EXTENSION "J" | LENGTH "X", "y"

| .
| 1 13
Koty 7 b 3 & T )
)
PLAIN. BULB WITH BENDASLE EXTENSION
JALS NUT v BULB SENSITIVE
\(-,,-\_.\‘ EXTENSlON LENGTH "X"
I 2N
R
(- T
‘:‘v IINSERTION LENGTH “U"
JUSHING !

vary bulb immeorsion,

~2ean

ing nut and

FIXED UNION ASSEMBLY

Unscrow

CLAMP FLANGE — SPLIT BUSHING CLAMPS OVER

BULB EXTENSION OR CONNECTING TUBING

jam nut  Bulb extension or

1o removeo bulb.  connecting tubing

BUSHING

ADJUSTABLE UNION ASSEMBLY

0N

Levevidvuuwvu

CAPLLARY BULB FOR USE IN GASES

A

In Kettles and Retorts

5 / THREADED OR CLAMP FLANGE
/-
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— SUPPLY AND TRANSMISSION PIPING —

T

Supply must be regulated at 20 psi or 1.5 kg per sq cm.
Tnstrument uses 0.75 sc{m of air in normal opcration.

AIR MUST BE CLEAN AND DRY. BLOW OUT FILTER

REGULARLY.

‘Iransmission linc must be [ree of leaks.

_ — PLAC

Zerzing The Measuring System

\
a0 60
20 ©
[ ]

2eR0O~_| |

IMPORTANT: Be sure 20 psi air supply is turned

on.

Gas Pressure Instruments: Vent the pressure con-
nection,  Zcro pointer.

Ligud or Stcam Pressure Instruments: Vent the
rressure conncction at the level of the line or
vessel whose pressure is being measured  (the
cennecting hne must be liquid filled). Zero
, binter.

"o perature Instruments: Reference adjustment
nint recommended, due to difficulty of obtcining
‘rzt condlitions.

NG IN OPERATION —

Zeroing The Transmission System

-
/.d —,J"J
/jj/ﬂ'
T
L]
.

Adjust supply to 20 psi (or 1.5 kg per sq cm).’

Bring pointer to zero scale (disconncct link to
measuring clement when necessary).

Adjust zero until output is 3 psi or 0.2 kg per
sq cm. -
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— MAINTENANCE AND SERVICING —

Difficuliy: No Reading [or very low rcading) at Receiver

1S THERE A MCASURENMENT READING AT TRANSMITTER ¢
- 1S AIR SUPPLILD rO IRANSMITTER P .
CHECK FOR LARGE LEAKS IN TRANSMISSION LINE
CLEAN REDUCING TUBE (SEE BELOW)
|
13

4

Alr Filter
o)
- L e
fﬁ?\—¢
- MP

R — L] UAPORTANT
= S=E0 elow our
o nE AIR FILTER
ot EVERY DAY

PRESSURE
ELEMENT
TO REN'OVE ELEKMENT y
REWOVE ADATER
PLATE GCREWS

Reducing Tube

REMOVE WITH SCREWDRIVER

CLEAN WITH O 007 INCH WIRE
(B & S GAUGE NO 33 OR HIGHER)
OR WITH FOXBORO CLEANING
WIRE PART NO 42527

Replacing'Pointer

RAISE LOWER END
OF POINTER OVER
STUD,AND SLIDE OFF

Replacement of Elements

TO REMOVE ELEMENT
REMOVE ADAPTER
PLATE SCREWS

A PRECALIBRATED LINK
AND ADAPTER PLATE I3
SUPPLIED WITH EACH
REPLACEMENT

ELEMENT

RETAIN THIS
CONNECTION

/._/

\P_:::J-‘L
ASSEMBLY AND _—
"0" RING (NOT o ;
SUPPLIED WITH —/czw;(-' oo [
NEW UNIT) D A TN T

WHEN REMOVING THERMAL SYSTEM
RENOVE SLOT COVER (1) AND TWO
SCREWS3 HOLDING CON'IECTION
PLATE (2) UNSCREW MEX NUT (3)
PASS CAPILLARY TUBING THROUGH
SLOT !N BOTTOM OF CASE

WHEN REPLACING
TRANSIMITTER UHIT
LCOSEN SCREW AND
ROTATE LATCH PRY
QUT AIR CONNECTIONS

I the mcasuwiing clement, the transmitter unit, or the instrument scale is

remiored aned replaced,
inission).

check the instrument zeroes (measurement and trans-
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English and Metric Signal Ranges

These lwo signal 1anges are not exactly equiva-

tene,
Soth vansintter and recever must be calibrated
i Jie Enetish sysiein, o1 voth to the metric system.

\

— CALIBRATION OF TRANSMISSION SYSTEM —

sl [ ) 08
i
& g o 9 n
o e o 3 < ’i 5
W 0
¢ @t 7% 3 75

TRIANGULAR CALIBRATION MARKS WITH
CORRESPONDING OUTPUT PRESSURES

Calibrating Transmission System

o
v
=
3

\ &#/ ]
LS b ﬂ
W\ -4
> —N
- =S
-G vsic? [ ANGULARITY

15 nG/5Q Ci

N
@
~N
m
P
o
\
bY
A 1 P
A
\
\

1. Disconnect link to measuring elcinent,

2 Move pointer alternately between minimum
and manimum scale noting output pressures. Adjust
MULTIPLICATION to obtain 12 psi output
pressuie span over scale (clockwise 10tation iucicas-
es span).

3 Set pointer at minimum scale and adjust
ZERO for 3 psi. T

4. Set pointer at midscale. If output is not 9 psi,
adjust ANGULARITY to incicase the cnor 5
times Subscquent 1cadjustment of zero and multi-
plication will bring into calibration.

5. Repeat steps 2 to 4 until desired accuracy is
obtained.

Preliminary Squaring Up of Linkages

If paits have been aeplaced, or {or some other
ceason a complote recabibiation is necessary, start
arth nght angles atimudtiavel as follows:
Transmovon Lonneces Place pomnter at midscale
idiconnect Ik fiom mecasutement clement if
neeessany ), Obtam night angle (a) by loosening
clamp (1 and shpmng lever on its shaft. Obtain

MIATJREMENT

5.37¢M

right angle (b) by adjusting length of link
Measuiement Lunkage: Set mcasuied variable to
salue corresponding to midscale.  Obtain right
angle {d) by looscning two screws (3) and slipping
lever on its shaft. Obtain right angle (c¢) by adjust-
ing length of link.

A, - TRANSMISSION

x. SYSTEM

-
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ASURING SYSTEM —

Clecling a Temperaiura insirument

MECHANICAL
STIRRER

LaDUTATORY TEST
et OMETER

LDALT 10 POIT STAMPED ON iNSTRUMINT
SOMLAGE Yiwdd COWHECIED BULB UP TO Tnk

AT
.

Cliccking a Pressu
UP TO 5 P31- WATER COLUMN
3 70 30 P5!-14ZRCURY COLUMN
INSTRUMENT
LR TEsT | &) VACUUM
> CONNECTION
VACUUM
1
A '~/T .
- 5 A% ¢ o !
A e
—_— TS v X
s g 2
PRISSJRE Dk /
PRESSURE % COLUMN
CONNECTION (WATER G&
MERCURY)

£2!72D PRESSURE OR VACUUM
{7V RIDUCE 8Y GLEEDING AT(D),
J5T TAUGT MAY BE USEDIN

1. Remove bulb from the process. DO NOT
ATTEMPT TO CALIBRATE AGAINST AN-
OTHER BULB IN THE PROCESS. DO NOT
CALIBRATE IN AIR.

2. Place bulb and laboratory test thermometer
in close proximity in a well-stirred test bath.

3. Allow sufficient time for bulbs to reach liquid
temperature,

4. Check at least two widcly separated points on
the instrument scale.

ro Instrument

RANGES 30 PSI AND UP

INSTRUMENT : VIEIGHTS
UNDER TEST ‘
L: . DEAD WELIGHT
TESTER
£ edm £
. =
e " =
= i

INCREASE PRESSURE WITH CRANK
UNTIL PRESSURE SUPPORTS AN
ACCURATELY - KNOWN VICIGHT.
ACCURATE TEST GAUGE MAY BE
USED WITH hYDRAULIC PUMP IN

A SIMILAR SET UR

Calibraiing NMeasuring System

=

MULTIPLICATION

©

IMPORTANT: Be sure 20 psi air supply s
turned on. '

1. Set mcasurcd variable to value corresponding
to minimum scale (or other low value). Adjust
ZERO unti! pointer reads correctly.

2. Set measured variable to value well up on
scale. Adjust MULTIPLICATION until pointer
reads correctly. ‘

3. Set measurcd variable to value corresponding
to midscale. Adjust ANGULARITY to move the
pointer 5 times the amount of the error in the
dircction of the crror. Subsequent readjustment of
zero and multiplication will bring into calibration

k. Repeat steps 1 to 3 until desired accuracy s
obtained,

Ouver-All Calbibration — Input to Output

For highest accuracy, compare the output bree-
sure readings dircetly with the input in the sLove
procedure  Use the same three adjustments as 1or
the measnrmy sy emom making final adinstments
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PRELIPATIC TRAMSMITTER

Yoke Mounting Parts

Part No Part Name
M-149-AN U-Bolt and 5/16-18 Nuts
M-149-AL Bracket
22956 1/,-20 Nuts for B{ackct
Door Assembly
Part No. Part Name
M-149-AS  Door Assembly ‘
M-149-CL  Door Assembly with Shatterproof Glass
M-149-AT  Gacket (window)
M-149-AW  Glass
M-119-CM  Shatterproof Glass
3221 Chips (6 req.)
N-100-NN 4440 x Vy Screws (6 teq.)
N-108 BB Ga<ket (door)

Item

15

16 M-149-AZ

Part No

Lelow

U 113-AT
U-113-AA
1 113AZ
AT76715
X-101-NC

U-113-AE
C-100-CX
C.100-LM
U-110-AX
C-125-AT
U-103-BN
C-123-AS

U-103-FP

U-113-AS
C-123-AS
M-149-FS
P-102-AA
46270
P-104-WY
Below
X-101-EF
X-101-BG
X-101-CN
X-101-BE
X-101-BK

Part Name
Mal (Guve instrunrent coriad @ amber)
[ransmitter Assembly — sce note below

3-15 ps1, steel spring

3-15 psi, Ni-Span cprng

1,27 psi, steel spring,

3.27 psi, Ne-Span tpring
Adjustable Link

Relay Maaifold Assembly
Relay
Gasket (relay to plate)
Gasket (plate to mamfold)
Restrictor Assembly
“Q" Ring, I3 ID
*O" Ring, 1¢ 1L
Screen (2 req )

Connection Assembly
“Q" Ring, 1% 1D
Movement Assembly
/4 NPT Brass Pressure Connection
1/ NPT Stainless Steel Pressure Clonn
/3 NPT Stainless Steel Prescure Conn,

Adjustable Link . .

2/ — 2%3 inches
314 — 33 inches
3Y4 — 41/, inches
4Y4 —- 51/ inches
64 — 6%, inches

Measuring Elem. (Give desired range)
Pointer

NOTE: Order Transmitter Assembly with stecl spiing

" when measuring clement 15 not temperature-compe nsated,

te.,, Class I (vapor pressure) temperature clements, and
all pressure elements except Ni-Span helicals and smirals,

and brass bellows

Order Transmitter Assembly with Ni-

Span spring when measuring element 1s temperature-com-
pensated, 1e., Classes 1A, IB, III temperature clements,

* Ni-Span helicals and sprrals, and’brass bellows.

48860 Gasket Cement (2-0z tube)
— RECOMMENDED SPARE PARTS —
Quantity Recommended
For One For 5 or More
Recommended spare parts are  hsted Instrument Instruments Part No Part Name
*ar one nstrument and for five or 1 1 C-100-CX Relay
wore anstruments. Other factors to be 1 1 C-100-EM Gasket (relay)
vonadered are proumity to Foxboro 1 1 C-125-AT Restrictor Assembly
- aphies,  company  service  faacilities, 2 4 U-103-FP . Screens
e of parts common to other nstru- 1 2 N-108-BB Gaskets (door)
»re, and mmportance of the nstru-
et 1 1 48860 Gasket Cement (2-0z tube)
0 1 M-149-AW Glas
0 1 M-140 AT Gasket (window)
n 1 M-149-AZ2 Pointer
=ivm “Ar - — .
2 Foxboro Company r‘——@ RPDT 4/67
Faira-o Massat>usetts U5 A 02035 [ SRR Prntad mU S A
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. — MODEL 130M PNEUMATIC CONTROLLER —

Installation and Operation ’ -

Tllustrated is controller
with optional recorder.

|

tr" .l_

i
@

[l SIRPD P
gt s o e

R
!

PP
¥
4
1
i
o
5

PRty

R A
P
PR TP RS
I
¥
: o
-
i
e

Manual Control Unit Controller

Model 130M Controller is a pneumatic, shelf-mounted instrument with a
separate manual control unit. These components fit in individual adjacent
locations in a shelf, and either or both can be removed without 1nterfer1ng .
with any of the other instruments.

If either the controller or its manual unit is removed from the shelf,

the process can be controlled by the remaining component. Both have jack-

- plug pneumzatic connections with built-in check valves, so that they can be
removed from the shelf without disconnecting any piping.

For panel, shelf, and controller installation details, see Instruction

17-410. Tor principle of operation, schematic diagram, and other details,
see Technical Information Sheet TI 29-20la. i

.

The Foxboro Company O B05
T

Foxboro !fassachusetts US A 02015

Printed U 3 A
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Standard Specifications
Output Signal: 3-15 psi (0.2 to 1.0 kg per s8q cm
Measurement Signal: 3-15 psi (0.2 to 1.0 kg per sq cm
Set Point Signal: 3-15 psi (0.2 to 1.0 kg per sq cn
Air Supply Pressure: =20-22 psi (1.4 to 1.5 kg por sq cm
Max. Alr Consumption: Controller, 0.5 scfml in normal
Man. Station, 0.5 scfmf/ operation
Ambient Temperature Limits: O to 150 F (-20 to +65 C)
Max. Air Delivery: 1.0 scfm
Control HModes
Model 130M-N2: Proportional
Model 130M-N3:. Proportional plus Derivative
Model 130M-N4: Proportional plus Reset
Model 130M-N5: Proportional plus Reset plus Derivative
Control Mode Limits: Proportional, 5-500%
Reset and Derivative actions,
0.01-50 minutes, plus OFF position
— INSTALLATION —
Piping To Pear of Shelf
All connections at shelf are 1/4 NPT. Tie in signal lines to connections
at cosrect location of controller, as identifled on rear of shelf.
Individual Alr Instrument Identifl- With shelves of 1-5 units
Shutoff for EBach cation (as specified width, connect air supply
Shelf Position in sales order) line to one side of shelf

and plug connection on other
side.

With shelves of 6-10 units
width, connect air supply
lines to both sides of shelf.

®©. ..,.o
Rear of = O .O .
Shelf 4

o 5@
L] OFF‘U’E\;ON

./
SUPPLY

/ Air Supply n
1/ Measurement Signii/”/”,’/' Reguloted SEPE)ssred 1/ o1;ipe
Tubing -pressure between 20 n
Output Signal and 22 psi 3/8" ?ubing

Wiring To Rear of Shelf

If controller has optional recorder or optional alarm lights, wiring
is required to rear of shelf. See Instruction 17-U475 for recorder details
and Instruction 17- M?O for alarm details.



— OPERATION —

17-450
Page 3 -

Components on Front of Instrument

It

-
4

Instrument Identification

Marked as specified in sales
order. With optional alarm
lights, noxeplate is back-
lignted when alarm goes on.

Set Point Measurement Dial

-

Dial is graduated in actual.\\\‘\
measurement units.

L)
'

¢

ERRRER

Transfer Switch

To switch between automatic
and manual control (see

N 7
detalls on Page U4

Final Onerator Direction Label

\ :
Arrow indicates direction to E
turn theel to close final oper~
ator. (Arrow can be positioned

L
é ¥#2 REACTOR } ;

A F
s

to face cither direction.)

A

Set Point IndeA

::::::::,;eaourement Pointer

"?{? Knob
o with
y

.3l _— Pointers are adjustable so that

OQutput Pointer

t Point Adjustment Knob

can be locked in Place
set screw on side.

A

Memory Pointers

a desired output or a desired

! B

output range is indicated.

Manual Output Adjustment Wheel

Components at Instrument Control Panel

To expose control panel, withdraw instrument part-way.’
3

Derivative Adjusiment,

0.01~50 minutes

5-500%

Proportional Band Adjustment,

Reset Adjustment,

Reversing Switch
Output increases with either
increasing (ILC) .or decreas-
ing (DEC) input.

CED oeriv®

PROP ///’///,//

RESET

Upe

U ne

G

Latch ©0 raise plastic
cover for access to all
adjustnents shown.

Optional
Recopdep

0.01-50 minutes

To Effectively FEliminate
Reset and/or Derivative Actions

Turn reset adjustment fully counter-
clockwise to detent position.
Reset time = approx. 200 minutes.

Turn derivative adjustment fully ~
clockwise 'to detent position.
Derivative time approx. 0.5 sec.



-~ OPERATION —

Transfer Switch

The transfer swiltch provides for switching between automatic and manual

control wlthout upsetting the process.

With Model 130 Controller the cswitch

can be moved freely between AUTO and MAN without special precautions.

1 #*2 REACTCR ; 2
e .

..

Etaiimrand

=GNV
. LI: 53 (Lo
i

|

“j i nannp
N IR R P

I “di'izsﬁkﬁféﬁ

[

Al Set;Point Index

;’,.Measurement Pointer

_Al—Transfer Sswitch

L]
| Output Pointer

Output Adjustment
L~ Wheel

T

Operation With Transfer Switch in MAN

In MAN, when output adjustment
wheel is rotated, output will changez.
Direction that wheel is turned, will
cause output pointer to move in
same direction (left to decrease out-
put, ete.)

Arrow located above wheel is
direction to turn wheel to close
control valve, as specified in sales
order.

.,

When transfer switch is moved to
AUTO, measurement will approach seé
point.

Operation With Transfer Switch in AUTO

In AUTO, process is automatically
controlled at reading of set point in-
dex.

1}

When transfer switch is moved to
MAN, output will remain at last value
of output before switching, until out-
put adjustment wheel is rotated.
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— OPERATION —
- ‘ Putting Into Operation
1. Check that 2ll instruments in - , 3. Turn DERIVATIVE adjustment (if preoent)
control loop are properly in- off (see Page 3) or to safe low value.
stalled end operating. Turn PROPORTIONAL BAND to maximum or safe
2. Adjust reversing switch for desired high value.
control action: with increasing
input, output will either increase Turn RESET adjustment (if present) off
(INC) or decrease (DEC). (see Page 31 or to safe high value.
4
L
(0 DERIV
A Set Point Index
l;oec . .
SJ§EBPR°P Measurement Pointer
T
9 Transfer Switch
- ReseT 1 , Set Point Adjustment Knocb
— ] s
Manual Qutput Wheel
Convtrol
Valve

‘:;7’\\\\Z?~Open shutoff valves

and close bypass -
valve.

‘\/

5. Start up on manmal control as follows:

a. love transfer switch to MAN.

b. Turn set point knob so that set d.> Adjust output with manual output
polnt index is at desired set wheel so that measurement pointer
(control) point. is held as close as possible to

set point index.
c. Turn on instrument air supply at rear

of shelf. (Pressure must be at a fixed Avoid making frequent or excessive
value between 20-22 psi). Blow out changes as this may delay balancing
filter. out of process. ,‘

6. After measurement has stabilized, measurement pointer will be
in line with set point index. Move transfer swltch to AUTO.
Process 1s now on automatic control.

7. Adjust PROPORTIONAL BAND, RESET, and DERIVATIVE controls
(if present) for best process operation (see Page 6).

PR

8. To return to manual control, move transfer switch =
to MAN. Output will remain at set point reading
until manual control wheel is turned.

Elimination of Outside Disturbances

. Iif, on p@nual control, the measurement shows cycling, pulsations, or erratic per=-- .
Tormance, while the final operator is unchanged, this trouble obviously is not due to- °.
the controller. Tor best control performance, such outside disturbancea must be
elininated or reduced to a minimum before placing “he instrument on automailc control.
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Control Adjustments

Control
Adjustments

<D

P
(D DERIV
Latch to raise
plastic cover ?
for access to [

adjuscments.

RESET

Proportional Controller (Model 130M-N2)

1. With transfer switch in MAN, set
PROPORTIONAL BAND at maximum or at
safe high value. .

2. Move transfer switch to AUTO, and
make change in set point. Observe
process and output responses.,

3. If cycling does not occur, adjust
PROPORTIONAL BAND to half of pre=-
vious value.

L. Repeat Steps 2 and 3 until cycling
is observed. Then increase PRO-
PORTIONAL BAND to twice its value.

Pronortvional Plus Reset Controller
(Model 130M-Ni)

1. Turn off RESLT (see Page 3) or to
safe hiegh value.

2. AdJust PPOPORTIONAL BAND as described
in Provorctional Controller, above.

3. Adjust RESET using same procedure
25 Proportlional Band.

Transfer
Switch

Proportional Plus Derlvative Controller

1.

2.

3.

{Model 130M-N3)

Turn off DERIVATIVE (see Page 3) or
to safe low value.

Adjust PROPORTIONAL BAND as described
in Proportional Controller, at left.

Adjust DERIVATIVE using same procedure
as Proportional Band, except doubling
each setting instead of halving it.

Proportional Plus Reset Plus -
Derivative Controller (#Model L30M-N5)

Turn off RESET (see Page 3) or to
safe high value. '

. Turn off DERIVATIVE (see Page 3) or

to safe low value.

Adjust PROPORTIONAL BAND as described
in Proportional Controller, at left.

Adjust DERIVATIVE using same procedure
as Proportional Band, except doubling
each setting instead of halving it.

Adjust RESET to 4 times final setting
of Derivative in Step U, above. ‘
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Calibration Checks

The transmitter and recelver assemblies can be calibrated elther to the Englich

(3 to

15 psl) or to the metric (0.2 to 1.0 kg per 5q cm) signal pressure range, The

two ranged are not exactly equlvalent; therefore the entire system must be colibrated
in the same units. '

Measurement Set Point Test Connection When test connection is in TEST
Receiver Transriitter position, measurement pointer
Assembly Assembly In OFF In TEST reads set point pressure, and

Position Position this pressure is dellvered to

test connection.

1. Withdraw controller part way and
open access door on right side.

If left side panel and optional
recorder (if present) are removed,
adjustments will be more accessible.

To remove panel, loosen screw at
rear, and slide out-panel. To re-

A4

REE! »,
§5£§%éiment N move recorder, remove the 2 screws
N N\ - on pointer movement bracket, loosen
Set Poink N the 2 screws on front of top plate,
Adjustment o) and disconnect link. By lifting up
Knob y onttop plate, recorder can be eased
out.

5.

2. Attach 0-20 psi manometer (or test gauge
to controller test connection. Use 3/32
ID rubber (for flexibility) tubing at
test connectlon.

)

3. Move test connection to right to TEST position.

L, vWith controller air supply turned on at rear of shelf, turn
set polnt knob so that set point index is at 0, 50, and
100% of scale. ©Note manometer reading at each setting.

Readings on manometer should be'3, 9, and 15 psi (or 0.2, 0.6,

and 1.0 kg per sq cn) respectively. (Ignore measurement pointer

readings at this time.)

If manometer readings are not within required accuracy, cali-

brate set point transmitter assembly, as described on Page 8.
After set point transmltter assembly has been calibrated, repeat Step 4, this
time noting how closely measurement pointer agrees with set point index.

If measurement polnter readings are not within required accuracy, calibrate
measurement recelver assembly as described on Page 9.

Shop Calibration

A spare shelf assembly or a calibrating fixture (Part C0138SN,
ob;alvable from The Foxboro Company) is recommended. Connect a 20
Psi alr supply to rear of shelf or to "S" connection on fixture.

If shelf or fixture 1s not available, alr supply must be
conneccted to rear of controller. Use 1/h op Polyflo tubing (or
equlvalgnt). See 1llustration on Page 11 for cross-referencing of
connections at rear of shelf and rear of controller. -



Calibration -~ Set Point TRANSMITTER Assembly

Squaring Up of Linkage for Complete Calibration

If parts have been replaced, or for some other reason a complete recalibra-
tion is hecessary, square up linkage before actual calibration, :

1

If set point index does
turn set point knob to move
screv and slip index on its

not have full-scale travel, note amount of error and
index to 50% of scale.
shaft by amount of error +2%, in direction to get

Loosen set point knob clamp

full-scale travel. Tighten clamp screw. Repeat during calibration if necessary.
MOVING UPRIGHT SET POINT KNOB
PLATE SUPPORT CLAMP SCREW
- . 1 s . SPAN INDEX
Y ¥ - ” 1 o a -~ -
. With calibrating equipment set up as ADJUS TMENT CLAMP SCREW

showvn on Page 7, rotate sgan adjust-
ment screw so that about turns of
spring are visible between upright
suppors and spring spacer.

. Turn set point knob so that manometer
reading is 9 psi.

‘3. Rotate zero adjustment screw so that SPRING
noving plate and uprignt support are SPACER
parallel (about 1 1/4" apart). Hold

LINK

output at 9 psi by adjusting set
point knob. : 4

4, Turn set point knob so that set
point index is at midscale.

5. Loosen index clamp screw and slip index

on its shaft so that angle between index

and index drive lever is about 80°.
Retighten clamp screw.

7. Adjust length of link so that output is 9 psi.

ZERO
ADJUSTMENT

Turn set point knob so that index is at midscale.
.

ABOUT 80°

AT
INDEX
DRIVE
LEVER

Calibration Procedure

When viewing zero and span adjustments as shown in illus-
tration, turn adjustments clockwise to DECREASE output.

With calibrating equipment set up as
shovn on Page 7, turn set point knobd
so that set point index is at 0% of

scale,

Rotate zero adjustment screw so that
manometer reading is 3 psi.

Turn set polnt knob so that set point
index is at 100% of scale.

adjustment screw so that

Rotate spnan
reading is 15 psi.

rmanometaer

eps 1 through U until outputs
100% of scale are correct.

Turn set polnt knob so that set point

index is at midscale. If output on man-
ometer is not 9 psi, adjust length of
link as follows: Adjust length so that
output pressure changes by 10 times
amount of error, in direction of error.
TFor example, if output reads J.8 psi,
adjust link so that output reads 6.8 psi.

Loosen index clamp screw and slip set
point. index on its shaft to midscale.
Retighten screw.

Repeat Steps 1 through 7 until readings
are correct for 0, 50, and 100 percent

.of scale.

Check calibration of measurement receiver
assembly (Step 5, Page 7).
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Calibration - Measurement RECEIVER Assembly

Squaring Up of Linkage for Complete Calibration

I parts have been replaced, or for some other reason a complqtc recall~
bration is necessary, square up the linkage belore the actual calibration.

UPRIGHT SUPPORT

/ SPAN ADJUSTMENT

| ZERO ADJUSTMENT
(’ POINTER CLAMP

With calibrating equipment set up
as snown on Page 7, turn set point
knob so that manometer reading is
9 psi. (If transmitter assembly
is in calibration, set point index
will be at midscale.)

2. Rotate span adjustment screw so
that about 4 turns of spring are
visible betwecen upright support
and spring spacer. SPRING
SPACER
3. Rotate zero adjustment screw LINK
so that moving plate and up- ADJUSTMENT
right support are parallel
(about 1 1/4 inches apart).

4, Loosen pointer clamp screw and slip pointer
on its shaft so that angle between Eointer
and nointer drive lever is about 80°. 2
Retignten clamp screw.

5. Adjust length of link to _ °

move pointer to midscale. AT
L]

POINTER
DRIVE LEVER

Calibration Procedure

When viewing zero and span adjustments as shown in illustration,
turn adjustrnents clochwise to INCREASE pointer readings.

If controller is equipped uith optional recorder, it is recom-
mended that recorder link be dinconnected before calibrating (see
Instruction 17-475 for recorder details),

ith calibrating equipment set up as 6. Turn set point knob so that manometer
showvn on Page 7, turn set point knob reading is 9 psi. If measurement pointer
50 that manometer reading is 3 psi. does not read 50% of scale, adjust length
of 1link as follows: Adjust length to
Use zero adqutment to set measurement move pointer 10 times amount of error in
pointer at 0% of scale. direction of error. Ior cxample, if —
) pointer is at U9% of scale, adjust link
™™ 72, pol.t kXnob so that manometer so that pointer moves to 397 of scale.
reading is 15 poi.
' T. Loosen pointer clamp screw and slip meas-
Jse span adjustment to set measurement urement pointer on its chaflt to midscale,
pownter at 1009 of scale. Retighten clamp screw.
Repeat Steps 1 through 4 until pointer 8. Repeat Steps 1 through 7 until measure-
fgig; Sorre:tly wnen 3 and 15 psi are ment pointer reads correctly when 3, 9,
apniie

- 0 -
to element. and 15 psi arc applicd to clemeont.
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Adjustment of Stops

Illustrated is recelver assembly; transmitter assembly is similar.

High-Limiv Stop Adjustment

1. PR -Low-Limit Stop Adjustment
1 Reggg{;rlgDEEQD%%b 1.0 kg per (transmitter assembly only)
5g cm) to receiver element.

1. Turn set point knob so

JSml it Assembly that seg point Index

2IgnsTiuues ASSen is at 0% of scale.
Tusn set point knob so that ”
set point index is at 100%
of scale.

2. Rotate low-limit stop
until it just touches
moving plate, then_back
off 1/4 turn. :

2. Rotéte high-11mit stop until
1t just touches moving plate,
then back off 1/4 turn.

High~Limit Stop Low-Limit Stop (on trans-
’ mitter assembly only)

Damping Adjustment
(Recelver Assemblies Only)

A To adjust, remove all damping

I by turning screw fully counter-

; A//”’clockwise. Then slowly turn .
screw clockwise untll pulsations

of pointer are barely visible.
Use minimum amount of damping.
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Pneumatic Connection Identifications

The illustration below relates the user connections at
the rear of the shelf and the corresponding tubing connec-
tions at the rear of the instrument.

Connecting Tubing /T ~ Output
<

and Plug \ oo
- L)

——Measurement

™~ Supply

1

ra c | | '
The Foxbcro Company 5 OXBORD - 5/70
I |

Farhoro Massac™usclls US A 02035 t

PantedinUS A
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— CALIBRATION OF RECEIVER ELEMENTS = .
. MODEL 53 OR 5S4 CONSOTROL RECEIVER < :

Principle of Operation

An air signal proportional to a meas-
went is sent to the bellows in a receiver
lesent. Tne vellows expands and contracts
1 proportion to the pressure, and this

1

o @

ceiver elements can be calibrated
to the English (3 to 15 psi) or to
metric (0.2 to 1.0 kg per sq cm) signal Bellows
ssure range. The two ranges are not ex-

ly equivalent; therefore the entire sys-

5 . .
Gianal Alx
CTRssure

3

Model 54 Calibration Fixture

If a Model 5% insirument han hoor - -
moved from its housing, use a catincd’iun
fixture (Part 'J-197-FP, obtainabiic ‘10
The Foxboro Company) for the pip:vy ~onpysa-
tions. ‘This fixture 135 a housio;, ..th ine
top cut away to give access to the 1nit:iua-
ment adjustments. Plug instrumont inte
fixture and make air connection: ot rear
of fixture in usual manner. An allernna-
+tive to using the fixture is to utbtach
flexible tubing to the jack pluru.
CAUTION: Do not remove jack plu:...

Calibration Setup

(For Receiver with Set Point Indicator see Page 2.)

Rzcorder or Indicator Receiver with Set Point Transmitter

Illustrated are Model 5S4 receiv-

. Close the 3 rhug-
ers with calibration fixtures.

off valves (.l ts
horizontal).

Regulated 20 p~l
. (1.5 kg per 5q cm)
Air Supply ) ] . Air Supply

[ 1] A
p;ﬁ1 Mercury Manomeger (or po;t%ble - %%;i transfer switch to MAn,
L pressure recorder with 1/2 5 connects output of
l:ﬁf accuracy) . . transmitter inside receiver

to V connection.)
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. ' - Calibration Setup (continued)

Recelver with Set Polnt Indicator

Close the 3 shutoff valves
(slots horizontal).

Illustrated is Model
54 Receiver with cal-
ibration fixture.

g AT SUPPLY

ercury Manometer”””r

; Qi 1e Move transfer switch to MAN,
Aor poertable press- T (This connects regulated air
ure recorder with at P to V connection.)

1/2% accuracy)

Calibration Check

Por instruments with set point
transmitter, move setting index
to adjust air pressure.

. For other instruments, use
regulator to adjust air pressure.

E=Fed) b
) rE::%:T:-

Adjust air supply at element so that Uﬂu

=Y
(]

manometer reads 3, 9, and 15 psi (or
0.2, 0.6, and 1.0 kg per sq cm).

=t

2. Reading of pen (or indicator) should be 0; 50, and 100% of scale for
corresponding inputs. If readings are not within desired accuracy,
calibrate receiver element as outlined below. '

3. Repeat Steps 1 and 2 for each receiver element.

Access to Calibration Adjustments

Most calibration adjustments are accessible
from front of instrument. By raising pen
lifter and swinging chart drive all the wa
forward, a 10" shank screwdriver with a l/i”
tip can turn the adjustment screws.

4

t._.
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Calibration Procedure (continued)

- 4‘_,—”
9. If receiver is used with controller, calibrate all elements,
including set point transmitter or set point indicator (see
Instruction 17-148) at the same time. With the same air R L
pressura. m2acurement pens and valve pressure indicator must aﬁingi)c

line up ~with setting index.

: @ ]
107 Disconriect calibration piping and reconnect original vsumu €1
piping. If receiver has shut-off valves, open them

(scres slots vertical). L__L———-lbgipJ’/,/’

Damping Adjustment High Limit Stop Adjustment

1. Apply 15 psi (or 1.0 kg
per sq cm) to receiver
element.

It may be desirable to adjust
DFHP screv before putting
instrument into operation.

Auuuob a5 Follous: Rotate stop adjustment nut

so that it just touches
moving plate. Then back

Namove damping by turndng off 1/4 turn

screw counterclockwise until
.
1

D

"
11 threads disengage. .
Loly turn screw clockwise
7* 1 pulsations are barely

1ble, Use minimum amount
of damping.

2}

5

Moving Plate
\

‘:-4'1

The Foxboro Company FUXBMOH@ - ; 10/6L
B e id]

Far Mase; S 5
25003 Mas-achuselis U S A 02035 PrintedinUS A
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Squaring Up of Linkage for Complete Calibration

If parts have been replaced, or for some other reason a comp.cil ;;vali- .
bration 15 necessary, square up the linkage before the actual calioration,

. Aoply 9 psi to elemeﬁt.

2. notate SPAN adjustment screw so
that 4 turns of spring are vis-
1ble between upright support and

S D
OO0

spring spacer.

cstave ZERO adjustment
crew so that moving

plate and uprignt sup-
port are parallel (about
1 1/h inches apart).

-

0

3

Span Adjustment

Apply 3 psi to element.,

Use ZERO adjustment to
set pen at 0% of scale.

Apply 15 psi to element.

Use SPAN adjustment to
set pen at 100% of scale.

t

s 1 through 4
reads correctly
15 psi are

]

QD errd
3 = (D

5. Loosen clamp screw and slip pen
on its shaft to midscale. Re-
tighten clamp screw.

4, Adjust the length of Il-ink.so that
there is a right angle between
pen lever and link.

Moving Plate
Upright Support

Steps 9 and 10 of the
calibration procedure
are on Page 4.

Repeat Steps 1 through 7 until pen
reads correctly when 3, 9, and 15 psi
are applied to .element.

Toosen clamp screw and slip pen tn
riidscale. Retighten clamp screw.

Apply 9 psl to element, If pen ‘1oos
nct read 500 of scale, adjust lengsh
of link as Tollows: Change len o n 4o
move pen 5 times emoun®: ol error. “.n
direction of error. Tor example. 11

pen is at 49% of scale, adjust 1ink

so that pen moves to Mﬂ% of scal~. .

7
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PNEUMATIC DIFFERENTIAL PRESSURE TRANSMITTER

o

1. GENERAL

a. The Honeywell A P/P (differential pressure-to-pressure) transmitter
. (figure 1) works in conjunction with a low-volumetric~displacement meter hody
to sense differential pressure and convert it into a pneumatic signal by means
‘of a force-balanced beam system. The transmitter can be adjusted to cover
ranges of from 0 to 20 inches to 0 to 250 inches of water; the pneumatic output
is from 3 to 15 psi, and is proportional to differential pressure. When the
range is specified on the order, the transmitter is calibrated at the factory.

b. The output can be transmitted to any suitable pneumatic receiver having

a range of 3 to 15 psi for recording, indicating, computing, retransmitting, or
controlling the measured variable,

c. Intended primarily for measuring flow, the system can also measure
process pressure, specific gravity, or liquid level in open or closed vessels,
Where suppression or elevation is required, a suitable compensating spring
assembly must be installed. When suppression (or elevation) is specified on

the order, the compensating spring is installed and the transmitter is calibrated
at the factory. ‘

LEGEND

Zero adjust e
Secondary beam
Rebalancing capsule
Nozzle

Baffle

Reverse overioad stop
Primary beam
Capsule tubing
Nozzle tubing
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Fine span adjust
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Figure 1. AP/P Tronsmitter.

2. COMPONENTS

a. CASE. The weatherproof, die-cast aluminum case is suitable for either
indoor or unsheltered outdoor locations. The cover, of glass-reinforced polyester,
is easily removed by releasing two captive screws. A bleed hole in the back of
the case makes the transmitter completely self-purging.



b.

INTERNAL COMPONENTS

(1)

(2)

(3)

(4)

The transmitting unit and the mcter body (described in a separate
section) are connected at a single [itling through which the seal tube
and force shaft pass. The transmitter components are mounted on
a die-cast aluminum base plate fastened to this meter body fitting.
The transmitter case is fastened to the meter body, independently
from the components, so stresses in the connecting piping and other
forces on the case and cover do not affect accuracy of measurement.

Major internal components are shown in figure 1. These are: pri-
mary and secondary beam assemblies; flapper and nozzle, and re-
balancing capsule. The transmitter is factory-sel for the differen-
tial range specified on the order. This range can be changed in the
field by repositioning the span rider on the primary beam assembly
and adjusting the fine span screw. A scale on the secondary beam
indicates range positions from 0 -- 20" to 0 -- 250" of water. There
is also a low-pressure overload limit stop; the nozzle acts as a
high-pressure limit stop. All internal tubing connections have ser-
rated gas-type fittings. Standard tubing is neoprene.

The rebalancing capsule, zero spring, seal tube, and (when supplied)
suppression-elevation spring are temperature-stable nickle alloy.

Zero can be adjusted up to + 35% of span either externally or intern-
ally., The external screwdriver adjustment is conveniently located on
the side of the case. Zero adjustment does not affect span calibra-
tion, and can not be used in place of elevation or suppression adjust-
ment,

Figure 2. Side view of AP/P Transmitter.

L s LEGEND

. Supply air connection

2, Pilot relay 7. Anderson-Greenwood manifold
3. Output air connection 8. Ventedrain plug

4, Damping adjustment 9. Purge connection

5. Mecter body 10. Manifold

6. Flonges 11, Filter ond restriction screw



PNEUMATIC DIFFERENTIAL PRESSURE TRANSMITTER

c. MANIFCLD AND PILOT RELAY

(1) These parts are located in a recess on the side of the case, (figure 2).
The pneumatic manifold houses a filter and a restriction screw for
the pilot relay, and has two 1/4" NPT female taps, identified as S and

O on the case, to which supply and output pressure conncctions are
made.

(2) The pilot relay is the standard unit used in other Honeywell pneumatic
transmitters (237 N flow, 637 N temperature, 737 N pressure). It
contains a double diaphragm and connecting block assembly, which
acts as a 4:1 (approximately) pneumatic amplifier.

d. OPTIONAL EQUIPMENT

(1) Tor liquid level or specific gravity measurement, if no purge is used,
an optional suppression-elevation spring can be used to compensate
for differences between the pressures of the reference head and the
measured liquid head, The spring is adjusted with a knurled screw,
secured with a locknut, and is installed so that it applies tension lo
the primary beam. The spring can be removed or added in the [icld.

(2)° An air set accessory consisting of a regulator-filter and a 2-inch
gage is available as an option. The gage is calibrated, as specilied,
from 0 to 30 psi or from 0 to 2.0 kg/cm?, The assembly mounts on
the rear of the transmitter case and extends to the right. It provides
a convenient means for regulating and filtering the supply to individu-
al transmitters located some distance from the main air supply.

r T
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Figure 3. Indicating AP/P Transmitter. ; TU;'
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(3) An indicating transmitter can be supplied (figure 3). The pressure

gage is visible with the cover in place or removed. The instrument

shown has a linear scale for use in applications such as liquid level

measurement. A 0 to 10 square root scale, for flow applications,
is also available.




3. SPECIFICATIONS

Differential range

Output

Supply and output
connections

Supply air

Ambient temperature
limits

Frequency response (no
damping)

Zero setting

Suppression or elevation
(optional)

Limit of error

Zero shift with changes
in ambient temperature

Output shift with changes
in static pressure at
meter body

Vibration resistance

Hysteresis
Dead band
Drift with fixed input

Overall dimensions (meter
body positioned for top
connection)

Net weight

A

Adjustable from 0-20 to
0-250 inches of water

3 to 15 psi
1/4" NPT female taps

20 = 2 psi
~40°F to +250°F

Down less than 3 db to 1 cps; phase
shift of less than 45° to 1 cps

Adjustable to = 35% full scale at
all ranges

Maximum suppression to 250",
Sum of span and elevation can be up
to maximum range of 250" of water.

+1/2% of full scale

+ 1% full scale for changes of £ 50°F
from 77°F (I.S. A. standard) over
complete range (less at ranges above
0-20 H, 0).

+1/2% full scale per 500-psi change
to maximum working pressure of
1500 psig (can be eliminated by
zero adjustment)

Withstands up to 0.2 g at 60 cps
(maximum amplitude 0. 03")
with negligible shift in'output

Maximum of +1/2% full scale
0.1% full scale

Not more than +0.1% full scale in
24 hours following an 8-hour
settling period

6-3/4" high, 6-1/8" wide, 7-7/8"
deep (add 4-1/8" to width for
air set)

20 1b (add 3 1b for air set)
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PNCUMATIC DIFFERENTIAL PRESSURE TRANSMITTER
LIQUID LEVEL APPLICATIONS i

1. GENERAL

a. The A P/P transmitter can be used for measuring liquid level in open
or closed tanks. Whaen the transmitter is ordered for an application requiring
suppression or elevation of range, a compensating spring assembly is installed
and calibrated at the factory.

b. When a transmitter that was originally ordered for flow service is to be
used in measuring a liquid level requiring elevation or suppression, the user
can install the spring assembly in the field. Since the same spring assembly is
used for both suppression and elevation, changing from one type of compensation
to the other is merely a matter of reversing the spring and recalibrating (see
Installation).

2. SUPPRESSION

When the compensating spring assembly is installed for suppression, the
adjusting knob is at the left; spring tension applies force to the primary beam in
a counterclockwise direction. Maximum suppression is 250" H, 0.

3. ELEVATION
When the compensating spring assembly is installed for elevation the adjust-

ing knob is at the right; spring tension applies force to the primary beam in a
clockwise direction. Sum of range and elevation must not exceed 250" H, 0.

-
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METER wODY

1. PURPOSE

0. The low-displacement meter body (figure 1) can be combined with either
an intecgrally mounted A P/P (pneumatic) or A P/I (electric) transmitting unit.
A systcm can be converted from one type to the other by replacing only the trans-
mitting unit.

b. When connected to a suitable primary element, such as an orifice plate,
the meter body senses differential pressure from 0 to 250" of water. Differen-
tial pressure is converted by the transmitter into a proportional pneumatic (3 to
15 psi) or electrical (4 to 20 ma dc) output. The range of differential measure-
ment can be adjusted at the transmitter to any value between 0 to 20" and 0 to
250" of water. A receiver or controller capable of translating the output of the
transmitfer in terms of the measured variable completes the system.

2. USE

@. Variations in this system can be used to measure flow, specific gravity,
liquid level in open or closed vessels, or process pressure.

NOTE: An optional compensating spring must be installed on the
pneumatic transmitter for applications requiring elevation or sup-
pression of range.

b. The operating parts of the meter body are never touched by the process
fluid, eliminating the need for seal pots in many applications.

c. The volumetric displacement of the meter body is less than 0.1 cubic
inch for a full scale differential of 250", and is correspondingly smaller for
lower differentials. As a result, there is so little liquid displacement in the con-
necting piping, that steam flow installations can often be made without condensers,
and liquid level installations without level pots.

d. The liquid in the meter body pressure chambers is relatively motionless;
even when differential pressure changes rapidly, no pumping action occurs to
introduce suspended matter (like coke or tar) into the connecting piping and pres-
sure chambers. Sediment chambers are seldom needed; lines need be blown
down infrequently.

3. METER BODY COMPONENTS

a. GENERAL, The meter body has three major components, a center section
containing the sensing element and associated parts, and two end covers which
form the high and low pressure chambers.

b. PRESSURE CHAMBERS
(1) Pressure chambers can be bolted to the center section in any of

three positions to make process connections from the top, bottom, or
rear. Process connections are located on 2-1/8" centers for direct

-
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4. SPECIFICATIONS

Differential range
Maximum working pressure

Temperature limits
(process fluid at
meter body)

Overload protection

Pulsation damping
Process connections
Pressure chambers
Diaphragms

Bellows
Seal tube

0-20" to 0~250" of water
1500 psig

-40 to +250°F (with standard
silicone fluid fill)

To 1500 psig in either direction

Adjustable; cannot be completely
closed, preventing accidental
shutoff

1/2" NPT on 2-1/8" centers

Carbon steel, type 316 stainless
steel, or Monel as specified

Type 316 stainless steel, standard
(other materials available)

Phosphor bronze

Temperature-stable nickel alloy
minimizes effect of ambient
temperature changes on cali-
bration '






PNEUMATIC DIFFERENTIAL PRESSURE TRANSMITTER

1. GENERAL

a. The differential pressure meter measures the rate ‘of flow of fluid (liquid,
gas, or vapor) through a line by measuring the pressure drop across a restric-
tion in the line and comparing the two readings. When a restriction is introduced
into a flow line, pressure increases slightly upstream of the restriction, de-
creases downstream (figure 1). The rate of flow is proportional to the square
rool of the difference befween the two pressures.

b. The restriction in the flow line is the primary element. The most common-
ly used restriction is an orifice plate; Venturi tubes and flow nozzles are also
used.

RESTRICTION
FLOW DIRECTION

B T —

NZZ2Z7TZT 7T 77T T I ST SN SIS OSSO
y \
“ . |
|V & 5 AT B AV M RN AR,

LOW PRESSUR

HIGH PRESSURE

Figure 1. Schematic diagram of restriction tn flow pipe.

2. METER BODY

a. High and low process pressures (HP and LP) are transferred by barrier
diaphragms to the silicone fill in the center section of the meter body (figure 2a).
HP {ill acts on the inside and LP fill acts on the outside of the measuring element.
At balance (during periods of no flow) the pressures on both sides of the bellows
are equal.

b. With flow, as force applied by the HP fill increases and that applied by LP
fill decreases, the measuring element deflects to the left, and HP {ill flows
through the damping restriction. The measuring element exerts torque on the
force shaft through commecting linkage. The transmitting unit senses the torque.

3. PNEUMATIC TRANSMITTER (FIGURE 2)

a. The force shaft from the meter body is connected to the beam system of
the transmitter. When the differential pressure increases, minute rotation of
the primary beam carries the flapper toward the nozzle. The resulling increase
in nozzle hack-pressure, amplified by the pilot relay, increases the output
pressure. Simultaneously, this increased output is applied to the rebalauncing
capsule which acts on the secondary beam. The force exerted by the secondary
beam on the primary beam through the span rider rebalances the system. Output
is changed by a net amount proportional to the change in differential pressure.

b. When the optional suppression or elevation spring is installed, zero must
he adjusted to apply the required equalizing force to the primary beam.
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Figure 2. Meter Body with Pneumatic Differential Pressure Transmitter.
Insert (A) shows cross-section of Meter Body.



PRINCIPLE OF OPERATION OF THE AIR-O-LINE CONTRCLLER

DESCRIPTION

The Brown Air-0-Line controller, shown schematically
in Figure 1199-1, is composed of three main assembly
uniis: the set point index setting mechanism, the
Awr-O-Line control unit, and a non-bleed pilot
relay.

OPERATION

The Air-O-Line controller develops an output pres-
sure, within the range of 3 to 15 psi, which is
proportional to the relationship between the set point
and thie process variable. This pressure is regulated
by a nozzle-flapper combination dillerentially linked
to the set point index and the instrument pen or
pointer. Changes in their relative position move the
flapper, which changes the nozzle back pressure.
The pilot relay amplifies the back pressure, changing
the controlled air pressure to the final control
element,

The output pressure is fed back to a follow-up
bellows to stabilize the iapper in the position
which is proportional to the amount of deviation of
the variable. Automatic reset, produced by a second
bellows, further modifies this action so that position-
ing of the final contol element also compensates
for load changes.

Proportional Position Action

Wwhen a change in the measured variable changes the
position of the pen or pointer, this movement actuates
the differential lever. The center of this difler
ential lever is connected by a removable link to
the flapper actuating lever on the Air-O-Line unit.
Consequently, a change in the controlled variable
is converted into a rotation of the flapper actuating
lever. The rotation of the flapper actuating lever
positions the flapper on the nozzle of the 4ir-O-Line
unit.

The resultant change in nozzle back pressure is
transmitted to the larger bellows in the pilot relay.
The controlled air pressure is applied to the smaller
bellows in the pilot relay. When the forces on both
bellows are balanced, the pilot relay (lapper covers
both the supply and exhaust ports,

With an increase in nozzle back pressure, the larger
bellows moves forward, carrying the exhaust nozzle
against the pilot relay flapper and thus closing
the exhaust port and opening the supply port. The

apposite action takes place when back pressure is
decre.sed,

Any ciange of pressure in the pilot relay is imme-
diately  transmitted to the follow-up bellows
in tne Auw-O-Line unit and through the liquid
to the inner bellows. These hellows are rigidly
connected by a rod. The resuiuing horizontal move-
ment of the rod is transmitted through the adjust-
able lever system to the flapper, and moves the
flapper In a direction opposite to the movement
originally caused by the rotation of the flapper
actuating lever.

‘flie 1atio of the movement of the connecting rod to
the movement of the f{lapper is determined by the
proportional band setting. Thus, air pressure to
the pilot relay is stabilized at a value propostional
to the deviation ofthe pen or pointer from the set point.

The proportional uction described produces a definite
position of the final conwol element for every
deviation of the pen or pointer from the set point,
The pen or pointer, however, would have to remuain
away from the set point in order to maintain a new
pressure on the final control element.

Automatic Reset Action

Automatic reset canses a new controlled air pressure
in addition to thai produced by proportional action.
In eliect, reset actinn shifis the proportional bhand
to bring the controlicd variable (and, therefore, the
pen or pointer) to the set point. Thus, when the pen
or pointer returns to the set point, the final con-
trol element assumes a new position.

The liquid fills between the large and small bellows
in each half of the 1ir-O-Line unit are counccied
by a passage in which there is an adjustable needle
valve. The two small inner bellows are spring-
loaded and will return to their normal position
when the liquid pressures in the two bellows assem-
blies have been equalized bv a liow of liquid
between them. As these pressures are equalized
and the connecting rod moves toward its mormal
position, the position of the llapper 1s ugain
changed with respect to the nozzle. This chunge
produces a further change in the controlled air
pressure in the same direction as the initial change,
and in tum a further flow of liquid through the
needle valve. The eilect of the omginal proportional
action, therefore, is repeated at a rate determined
by the needle valve setting (automatic reset dialj.

Ll
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Figure 1499-1
SCHEMATIC VIEW, AIR-0-LINE CONTROLLER
FOR THERMOMETER OR PRESSURE GAGE

. This cumulative action continues as long as the pen
or pointer deviates from the set point index.

Net Effiect of Proportional Plus Reset Actions
The result of proportional plus reset actions is to

return the instrument pen or pointer to the index, and
to increase or decrease controlled air pressure
to the final coowol element to correct for both
the amount and the length of time the coatrolled
variable has deviated from the set point.
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INSTRUCT!ON NO. All62-3
INTEGRAL ORIFICE ASSEMBLY
FOR SERIES 608 D/P TRANSMITTER

1. General (See Figure 1)

The Model 608 Pneumatic Differential-Pressure Trnasmitter with iﬁtegral orifice
measures flow differential-pressure and transmits it as a proportional 3-15 psi
pneumatic signal. It may be installed in the process linej a suitable bypass with
cutoff valves should be used to allow instrument servicing without disrupting the
process.

The downstream pressure is measured by a tap having an integral connect.ion to the
low side of the transmitter. The upstream pressure is measured by having the flow run
through the high side of the transmitter. The resulting differential pressure is
proportional to the square of the flow rate; output of the square root version is
proportional to flow. . . '

The orifice assembly may be moved to the opposite side of the tramsmitcer to re-
_ verse flow through the instrument, but flow always runs through the high side.

Refer to Instruction No. All62 covering the Model 608MA for spgcifications and
theory of operation. '

2. Installation (See Dimension Drawing, Figure 2)

1

_ The transmitter with integral
orifice may be mounted either ver- : !

MANIFOLD i
tically or horizontally; the square * ASSY. oY
root version (Model 608M2A) must be ‘ l
mounted vertically. Pressure connec- - } FLOW
tions are shown in the Dimension Jﬂ | :L |
Drawing. = :

SN
|
NN

SANASNNANN

NOTE: A reasonable degree of clean- ?}f i '
liness is required of the pro-
cess fluid to preclude the

possibility of plugging the i

|
orifice. 7 AN \\K\A%ﬂi& o
N
Carefully check the O-rings shown = ££<a AN

4

AN\S

7

§,

and replace if damaged or distorted.

in Figure 1 following any disassembly l |

Lo Hi
O-RINGS ORIFICE

FIGURE 1, INTEGRAL ORIiFICE ASSEMBLY

- ,
z JL‘.HQ- sivision
WATERDUAY, CONNECTICUT 60720
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FIGURE 2. OVERALL DIMENSIONS

3. Flow Characteristics (See Fig. 3)

The relationship between flow and differential pressure for any standard orifice
may be determined by drawing a straight line across the nomograph from the orifice
point to the differential pressure and reading flow at the point of intersection on
the center scale.

For Example: At 100" H20 D/P, flow through a 0.090" orifice would be approx-
imately 0.40 gal./min. (water) or 1.57 SCFM (air). Therefore, a transmitter cal-
ibrated for a 0-100" Ho0 D/P range with a 0.080" bore orifice would be useful over a
flow range of 0.08 gal/min. (20% flow) to 0.40 gal./min. (100% range).

All flows must be converted to equivalent values for water or air at standard
conditions by using the following formula (without regard to viscosity effects):

a. water - equivalent flow in gal./min., = VV/ G
V = required process liquid flow in gal./min.
G = specific gravity or process liquid at operating conditions.

Using the water-equivalent flow and the nomograph, the required orifice size and
calibration can be determined.

b, Air - equivalent flow in SCFM = VV/ 14,7 GT

) /530P
V = required process gas flow in SCIM,
G = specific gravity of process gas at standard temperature and pressure
referred to air at standard temperature and pressure.
P = absolute pressure of process gas in psi.
T = absolute temperature of process gas (460 + temp. in degrees F).

Using the air-equivalent flow and the nomograph, the required orifice size ana
calibration can be determined.
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L, Parts ."st

; 317975-00-4 Manifold Assembly
314129-00-6 0-Ring
317219-00-6 Bolt (7/16-20 x 1 3/4")
317960~00-8 ‘ Spacer
317955-01-2 | 0.020" Orifice
317955-02-0 0.033" Oprifice

i 317955-03-9 ; 0.055" Crifice

1 317955-04-7 } 0.0S3" Orifice

! 317955-05-5 i 0.155" Orifice
317955-06-3 0.233" Opifice
370257-01-u { Namcplate
370260-01-5 | Rivet

i
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ISSUED SEPTEMBER 1966 BY THE PRODUCT SALES DEPARTMENT

STEADY-STATE PROPORTIONAL CTAND
WITH PROPORTIONAL-PLUS-RESET A/D CONTROL UNITS

INTRODUCTION It is intended that the contents of
this data sheet show how the steady-state proportion-
al band influences the amount of deviation from the
setpoint when steady-state conditions have been
reached. A proportional-plus-reset A/D control unit,!
such as shown in Figure 1, is considered throughout
the text and is assumed to have been installed in a
loop where large load changes are experienced.

DEFINITIONS. For convenience, three prominent

terms are defined below.

1. Offset is the amount of deviation between the set-
point and the measured variable when load chang-
es are experienced in a control system.

2. Proportional Band in Percentis a temm defining
the sensitivity or gain of a control unit with re-
spect to the percent of input measurement span
(scale or chart) through which the measured vari-
able must travel, in order to give a full range of
controller output.

3. Gain is defined as the change in output signal of
a control unit divided by the change in input sig-
nal. The relationship between the controller gain
and the proportional band in percent is:

100

% Proportional Band

Gain =

The steady-state proportional band, therefore, is the
reciprocal of steady-state gain. In any controller, the
steady-state gain changes as the proportional band
is changed.

PROPORTIONAL-PLUS-RESET CONTROL UNITS.
It has generally been said that a proportional-plus-
reset control unit will prevent offset when employed
in a control system. The amount by which the offset
can be reduced depends on the steady-state gain or
the steady-state proportional band of the particular
control unit involved.

NEGATIVE FEEDBACK. In most pneumatic-type
controllers, negative feedback is employed to reduce
the sensitivity of the error detecting system (nozzle
and baffle) so that a usable signal can be obtained.

PROPORTIONAL BAND OR GAIN ADJUSTMENT.
If we look at Figure 2, it can be seen that the sens-
itivity of the control unit depends on the ratio of L2
to L1. L2 is the multiplication of the negative feed-
back signal, and L1 is the lever am for the multi-

"The A/D control unit operation is described fully in
Bristol Product Data A120.4-4.

BAFFLE ROCKER ARM
POSITIONING COVER WITH
PROPORTIONAL BAND SCALE

L T R AR
P -—r_ TR v-ran""ii
" 400 [P0 D DU i
3L RO ovaio i
)4\ = —‘—,r. ?OI s £ .. .m._)
5

RIS AT

1
Soeod

RESET
NEEDLE VALVE

Figure 1. (Photo 6256) Bristol Proportional + Reset A/D
Control Unit.

plication of the error signal. In the A/D control unit,
the ratio is changed by rotating the baffle rocker arm
so that L1 becomes a maximum when L2 is a mini-
mum, and vice versa.

The position of the baffle rocker arm then determines
the gain or proportional band, as indicated on the
scale of the baffle rocker arm cover.

Vhen L2 is a maximum value and L] is a minimum
value, the negative feedback is at a maximum value
and the gain is minimum (proportional band 400% or
greater).

When L2 is the minimum value (negative feedback
approaches zero), L1 is at maximum, and the gain is
also maximum. At this ratio, the sensitivity is the
highest, and the proportional band approaches zero
percent.

Thus, it can be seen that the amount of negative
feedback actually determines the sensitivity or pro-
portional band of the control unit.

STABILITY. The combination of all the various com-
ponents in the control loop determines what propor-
tional band setting can be used to produce a stable
or non-cyclic type of control system operation.

© AMERICAN CHAIN & CABLE COMPANY, INC 1866
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In considering the control loop, it is found that the
gain in the loop must be less than one to produce a
non-cyclic type of response to a disturbance. How-
ever, the need forthe low gain in the control system
is a transient one. It is required only as long as the
error signal is changing due to either a changing set-
point or measured variable signal.

When the error signal ceases to change, the gain of
the control loop can be increased to a very high val-
ve. This will not cause cycling in the control loop
because it is the change in output over the change in
input that equals the gain, or the change in output
is equal to the gain times the change in input. When
the change in input is almost equal to zero, even a
large gain causes no further change in output. Using
the Greek letter Delta (A) to denote change, the
equation for gain can be shown as:

B,
A T

1

G or AO=GAi

PROPORTIONAL-PLUS-RESET OR VARIABLE
GAIN. In a control system it is necessary to have a
low gain only during the time of transient changes in
the input. After the change in input has reached a
steady value, it would be desirable to increase the
gain of a controller to prevent offset from occurring.
Thus, it is necessary to have a control unit with a
variable gain, which is how a reset control unit is
designed.

Figure 2 shows the feedback bellows surrounded by
P,. The internal pressure in the bellows is noted as
Pj. When these two pressures are equal and constant,
no feedback motion occurs, and high-gain operation
of the control unit results.

BAFFLE ROCKER
ARM

NEGATIVE
FEEDBACK
MOTION

When the pilot valve output pressure changes, P,
changes instantly. P; changes slowly depending on
the restriction, due to the reset valve, and on the
internal volume of the feedback bellows. In this
case, feedback motion occurs and low-gain action
results. When P, stops changing, P; gradually ap-
proaches P, and the gain of the control unit again
becomes high.

In Figure 3, the variation of a typical controller gain
with time is shown drawn on a strip-chart. The time
of the pilot valve output pressure change coincides
with the increase in the proportional band, up to the
mzximum as set on the proportional band scale of
the A/D control unit. As P; approaches P,, the time
taken for the proportional band to reach the steady-
state is given, and examples are shown of average,
fast, and slow reset settings.

RESET ADJUSTMENT--REPEATS PER MINUTE.
The response of the measuring system in units of
time (seconds or minutes) to a change in the control-
ler output determines what reset setting can be uti-
lized. If fast response 1s experienced, fast reset can
be used, and the return to high-gain controller condi-
tions is rapid, as shown by Figure 3. When a slow
response is experienced, more time must be taken to
return to the high-gain condition. The reset valve
restriction is nearly closed, therefore it takes a long-
er time for P; to become equal to Pg.

This is why in adjusting a proportional-plus-reset
conwoller, slow reset settings (low repeats per min-
ute) are always made first and the progressively fast-
er settings of the reset are approached until cycling
is experienced. When this occurs, the high-gain con-
dition is being approached too quickly, and instabil-
ity will result.

ZERO ADJ BAFFLE ROCKER ARM

ERROR SIGNAL
MOTION

NOZZLE AND iNNER VALVE

Pt D> Po— - - —_
2RO NEGATIVE
Pi = Pog5mion” i%g—?%ﬁa
Py < Po- = -—-|f EXHAUST
ey R -
T J
4
RPTS/MIN
NEGATIVE \——————
FEED3ACA
BELLOWS

VOLUME »Vin?
RESET | REPEATS / MIN

SLOY/ }Dx —=,{-=- VALVE NEARLY CLOSED |
AVER | 10 == 10.0 -- THROTTLING - *
FAST i i0.0 =100 -~ VALVE NEARLY OPEN

LVE
MECHANISM

RESTRICTICON

OUTPUT T SUPPLY

Figure 2. (S.P.D. 6514) Schematic of the Proportional + Reset A/D Control Unic.



Page 3 of 4

o and MV pres-

iwumns. By com-
proportional

PRODUCT DATA A120 4-6

this test, it is also necessary to use a biasing relay

that is adjustable, so that a full range of controller
tain a constant input measured vauable signal to

the control unit. See Figure 5. The P

output pressure (3-15 psi) can still be used to main-
sures are directed to two mercury co

verse action so that the unit will control itself. For

HOW TO MEASURE THE STEADY-STATE PROPOR-
TIONAL BAND OR GAIN OF A CONTROL UNIT.
As previously stated, the steady-state gain of the
A/D control unit is afunction of the effective lengths
Lland L2as shown in Figure 2. These values change

as the proportional band setting of the unit is adjust-

cury columns, observations can be made on the

steady-state gnin chpnges for various

paring the differential pressure readings on the mer-
band settings.
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By way of an example, if the proportional band of the
conwol unit is set at 50%, and the setpoint is 50% of

the 3-15 psi input range, then the measured variable
signal must be maintained at 9.0 psi. At zero bias,
the output of the control unit would be 9.0 psi.
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A simple technique for measuring the steady-state
gain characteristics of a controller involves usinga
control umit having a 3-15 psi outpur signal and a

3-15 psi measured variable signal, hooked up in re-

SETPOINT
50% OF SCALE

‘ANYaWO]

PROP BAND AS

ADJUSTED ON DRUM

40 %o MAXIMUM

TRANSIENT PROR
BAND

1015129 3HL AQ QIININZ

AVERAGE RESET

10 RPTS / MIN
STEADY- STATE
PROP BAND

0-5%

FAST RESET
100 RPTS/ MIN.

Figure 3. (S.P.D. 6515) Variation of Controller Gain with Time.

SLOW RESET
.05 RPTS MIN.
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With a plus 6.0 psi bias setting, controlier output
would be 3.0 psi, therefore, 3.0 + 6.0 = 9.0 psi MV
signal input.

With a minus 6.0 psi bias setting, coatroller output
would be 15.0 psi, thus 15.6 -6.0=9.0 psi MV signal
input.

These figures are for a perfect controller with an in-
finite steady-state gain. In acwal practice, with a
plus 6.0 psi bias, output of the controller may stab-
ilize at 3.02 psi. The measured variable signal wouid
be 9.02 psi. Similarly, with a minus 6.0 psi bias,
controller output would stabilize at 14.98 psi. The
measured vaniable signal thea becomes 14.98 -6.00 =

8.98 psi.

Steady-State Proportional Band = 9.02 -8.98 =.04
= .04 x 100 =.33%
12.00
. 100
Steady-State Gain =—3—3— =333 at 50% prop. band

This example can then be repeated for proportional
band settngs of 100%, 200%, etc.

STEADY-STATI PROPORTIONAL BAND CURVES.
Referring again to Figure 4, the *'A’’ curve shows a
typical industrizl controller that has no form of com-
pensation to insure that a low value of the steady-
state proportional band is maintained as the propor-
tional band adjustment is increased.

Curve "'B’’ shows that when design precautions are
taken, such as in the A/D control mechanism, a low
value of the steady-state proportional band can be
maintained even though high proportional band set-
tings are made on the controller.

Closer control can be obtained with the A/D control
unit which has a high steady-state gain. In consider-
ing a typical control application where the temper-
ature controllc, has a measurement span of 0-100"and
a 200% proportional band setting, it is easy to com-
pare the closcness of control that may be obtained
with proportional-plus-reset controllers of the types
shown by curves **A’" and "'B"’.

The type ‘A’ industrial controller at a 200% propor-
tional band scuting has a steady-state proportional
band of approximately 3.5%. This means the control
action would deviate between +1.75%to -1.75% if a
full 3-15 psi output from the controller were required
to meet conto! load conditions.
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Figure 4. (S.P.D. 6516) Percent Steady-State Proportional
Baad vs Proportional Band setting.
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Figure 5. (S.P.D. 6517) Measuring Steady-State Gain
Characteristics of a Coatroller.

If a controllerof the A/D design (curve 'B”) is used
in the same circumstances, the ste'\dy -state gain
would be approximately 200 or 0.5% steady state
proportional band. Under identical load conditions to
those for the wtype ‘*A’’ controller, this unit would
control the temperature to within 174°,

It can be seen that under almost all conditions the
tvpe *B’’ controller outperforms the type A’ unit
and gives closer control of the measured variable,
especially when wide-band conditions are reached.

THE BRISTOL COMPANY * WATERBURY, CONNECTICUT 08720

A DIVISION OF AMERICAN CHAIN &8 CABLE COMPANY, INC.

PRINTED IN U.S.A.
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INSTRUCTION NO. Ali42

BRISTOL SERIES 624 ADVANCED-DESIGN
INDICATING PNEUMATIC TRANSMITTER

Herewith:
NOTE:

Sheet 019029

covering measuring system.

This instruction covers only the transmitting system.

See separate instructions

SECTION | — GENERAL DESCRIPTION

The Bristol SefFies 624 Pneumatic Transmitter
measures process variables, such as pressure,
temperature, flow, etc., and converts this vari-
able to an air-pressure signal (3-15 ps1 output
pressure 1s standard) for transmission to re-
mote indicating or recording receivers or con-
trollers.

The instrument consists of three major
units: the measuring system, the pointer mech-
anism, and the A/D transmitting unit. Any one
of these can be separately removed from the
case. The A/D transmitting unit contains in a
compact package, the nozzle-baffle, amplifying
pilot valve, and the feedback bellows.

‘ SECTION ii —

A. Mounting

The transmitter may be mounted on a panel cr
wall., Universal mounting brackets are provided
for either location. A pipe mounting attachment
is also available. Choose a place as free as
possible from dust, dirt, vibration, corrosive
fumes and extremes of temperature.

For panel mounting the cut-out dimensions
are 7 9/16" high by 7 3/16" wide with square to
1/2" radii corners.

Flowmeters and differential pressure instru-
ments have a threaded socket for a 2" pipe fit-
ting to permit instrument to be mounted on a
floor stand, panel or wall support.

Remove any string, rubber bands, cardboard
guards, etc., that are used for packing and
shipping the i1nstrument.

If possible, locate the instrument and all
piping where the temperature never goes below

As the measuring element moves with changes
in the measured variable, the relation between
nozzle and baffle is varied, thus altering the
nozzle back pressure which in turn is amplified
by the self-contained pilot valve, producing the
output air pressure. These changes in output
air pressure also cause changes in the length of
the feedback bellows which through a simp.e
lever system tends to restore the original rela-
tion between nozzle and baffle. The amount of
input and feedback motions to the baffle are
adjustable by rotating -the cover on the A/D
Transmitter unit, thus providing a span adjust-
ment.

A scale andpointer are provided showing
values of the measured variable.

INSTALLATION

freezing. Condensed moisture may freeze in any
part, stopping the transmitter. Insulate the
lines if necessary.

"B. Air Connections

The air connections, one for supply and one
for output, are located on the bottom of the
case. Located just behind them is a bleed vent
which must be left open.

C. Supply Air

It is strongly recommended that the air
supply to the transmitter be clean, dry and o1l
free. Air compressors should be equipped with
air filters and condensate traps and should be
frequently serviced. Most difficulties in pneu-
matic systems are caused by dirty, ‘wet or oily
air supplaies.

The supply air pressure to the instrument
must be 20 pounds per square inch (psi).

@AMERICAN CHAIN & CABLE COMPANY, INC., (1969)
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Indicating Pointer 8. Pointer zero adjustment

Measuring element g.

Input lever arm
Fine zero adjustment (measuring element) 10.

LI

ment) 12. Nozzle back-pressure check opening

5. Span adjusiment (measuring element) 13, Valve plug

. Linearity adjustment (measuring element) 14. Restriction screw
7. Zero adjustment (transmitter unit)

FIGURE 1. MODEL 624 A/D INDICATING PNEUMATIC TRANSMITTER

Coarse span adjustment (transmitter unit)
. Coarse zerc adjusiment (measuring ele- 11. Fine span adjustment (transmitter unit)
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The transmitter 1s equipped with a screen
type filter in the supply connection. However,
it 1s recommended that a reducing valve and
filter be used in the supply line to supply
clean 20 psi air to the instrument. A combina-
tion unit, such as Bristol's part A1405 or
equivalent, may be used instead of the two
separate units. This combination unit has a
capacity of 5-cubic feet of free air per minute.
The reducing velve iteelf consumes 0.2 cubic
feet of free air per minute. Minimum air pres-
sure to the reducer must be not less than 25 psi.
Maximum air pressure to the reducer must not
exceed 150 psi.

The transmitter consumes 0.03 standard cubic
feet of free air per minute.

The transmitter is capable of supplying 3.0
cubic feet and exhausting 4.0 cubic feet of free
“air per minute.

D. Supply Air Piping

A typical installation is included with this
instruction. Install the supply air lines to
slope away from the transmitter so that con-
densed moisture cannot drain into the instru-
ment. Connect the 1nstrument supply air lines
to the top of the main air line to prevent con-
densate from entering.

To avoid trouble from pipe’scale or rust
which occur in iron pipe, it is recommended that
3/8" 0.D. annealed copper tubing and compression
f.ttings, or 1/4" brass pipe be used for both
supply air and output air lines. Ream the ends
of ail tubing to remove burrs. C(lean scale,
rust, a'rt and oil out of all pipe or tubing and
blow them out thoroughly with compressed air
before installation.

Instruction All42

Manual Shut-off Valve. It is recommended
that an inexpensive globe valve be installed in
in the supply air line, upstream from the re-
ducer, so that the air may be shut off by hand
for service to the controller, filter, reducing
valve, etc. -

E. Output-air Piping

It is recammended that copper tubing be used
between all instruments or equipment. The size
of tubing to be used must be determined by the
user and is based on such factors as the dis-
tance between the instruments and the permissi-
ble time lag for the particular installation.
The following teble gives the approximate time
lag to be expected for different sizes and
lengths of copper tubing with a standard 3-1%5
psi pressure element connected at the end of the
tubing.

] TIME_LAG iK_SECQNDS
200 500 1000 2060
TUBING SIZE FOOT FoOT FOOT FOOT
LENGTH | LENGTH | LENGTH | LENGTH
3/16" 0.D. x 1/8" I.D. .8 4.4 17.0 68.0
1/4" 0.D. x 3/16" I.D. .3 1.7 7.7 30.8
3/8" 0.D. x 5/16" I.D. KR 1 .6 | 2.9 11.6

Example:

If a length of 1000 feet is involved and a
time lag of 8 seconds can be tolerated, the 1/4"
0.D. copper tubing can be used.

If the fastest response possible is desired
for any length of tubing, the 3/8" 0.D. copper

"tubing should be used.

o SECTION ili — OPERATION

Do not start the transmitter until the
pointer of the instrument indicates that the
measuring system 1s working correctly and accu-

SECTION IV

In discussing service and maintenance, we
assume that the measuring system is working pro-
perly. 1If not, repair it before attempting to
service the iransmitter.

A. Routine Maintenance

I Air=Tiriter Sump

Moisture, oil and airt wnich collect in

rately. See separate instructions covering the
measuring system.

— SERVICE

the bottom of the air-filter sump should be
drained out daily. Open the drain valve for a
few seconds with the supply air turned on.

2. Lubrication

No lubrication of any sort 1is required.
If the bearings become sticky, clean them with
carbon tetrachloride or Inhibisol.



Instruction Allu42 -l

B. Trouble Shooting

{. Symptom. Output air pressure (as shown
on the output air gauge) is continuously high,
regardless of the position of the indicating
pointer.

Possible Faults

The nozzle may be plugged or the re-
striction screw may not be fully seated, causing
high nozzle back pressure. The pilot valve may
not be seating properly.

The nozzle can be cleaned by injecting
cleaning fluid in the nozzle back-pressure check
opening (item 12, fig. 1) while loosening the
restriction screw.

To check seating of pilot valve, unscrew
plug, (1tem 13, fig. 1) and remove valve plunger.
The plunger may be cleaned with cleaning fluid.
The valve seat may be cleaned with a lint-free
swab such as a Q-tip.

2. Symptom. Output air pressure (as shown
on the output air gauge) is coatinuously low,
regardless of the position of the pointer.

Possible Faults

The output air line leaks; the nozzle
back pressure is too low because of leaks; the
pilot valve is not opening properly; the 4/D
transmitter unit during service-may have been
assembled without the valve spring; the re-
striction screw may be plugged.

C. How %o Remove and Replace the A/D Trans-
mitter Unit
The A/D Transmitter Unit can be easily re-

moved from the case and reinstalled or replaced
by another transmitter unit.

To remove a transmitter unit, proceed as
follows:

Disconnect input lever arm of unit from
the link connected to the pointer mounting.

Remove the two tremsmitting-unit mount-
ing screws and lift the unit up and out.

To install a transmitter unit, first in-
sert the two silicone rubber connections into

their sockets in the case making sure that the
screen filter is in the supply connection. Then,
place the transmitter unit into the case, in-
serting the two dowel pins into the holes in the:
back of the case. Place the two rubber connec--
tions into the sockets of the transmitter uni
and tighten the two transmitter-unit mounting
SCTrews. ,

Connect the adjustable link from the
pointer mounting to the input lever arm of
transmitter unit.

Connect a 20 psi air supply to instru-
ment supply connection and proceed with cali-
bration check below.

D. Calibration Check of Transmitter Unit

To make a calibration check, 1t is necessary
to provide a means of operating the measuring
element through the full range of the instrument.
It 1s also necessary to employ proper standards
to measure the true values applied to the meas-
uring element.

First, adjust the measured variable to the
true value corresponding to the lowest reading
on the instrument scale. Output pressure should
be 3 psi. If it 1s not 3 psi, adjust segment
gear on pointer mounting after first loosening
zero screw {item 7, fig. 1).

Next, adjust and hold the measured variable
to a value representing the high end of the in-
strument scale. Output pressure should be 1°
psi. If it is not 15 psi, adjust fine span ac
justment (item 11, fig. 1). If this adjustment
is not sufficient, then loosen the two screws
(item 10, fig. 1) and rotate top cover until
proper output pressure is obtained.

After adjusting the span check again at zero
or low end of scale. Readjust low end calibra-
tion if necessary. Repeat span and zero checks
until both are correct.

E. Calibration Check of Measuring System

Calibration of the measuring system is
covered in the standard instruct.ons W18042
covering calibration of link type instruments.

jjg@@@ BRISTOL seor

WATERBURY, CONNECTICUT 067120
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BRISTOL A/D CONTROL UNITS

The text of this data sheet describes the oper-
ation of Bristol A/D control units (Figure 1) in
terms of the available control modes that are
given below:

Section A - Proportional

Section B - Proportional + Reset

Section C - Proportional + Derivative
Section D - Proportional + Reset + Derivative
Section E - Differential Gap

SECTION A---PROPORTIONAL CONTROL

Figure 2 shows major components of the A/D control
unit with the interconnecting signals between
components. The proportional- control mechanism is
schematically illustrated in Figure 3. A cutaway
view appears in Figure 4.

MEASURING ELEMENT. This can be any standard high-
quality Bristol measuring element for pressure,
temperature, differential pressure, flow, or level.

PRIMARY ERROR DETECTOR. As outlined in Figure 3,
the primary error detector is not part of the
A/D control unit, but is part of the pointer
mounting assembly. The differential beam of the
assembly moves to give a motion error-signal pro-
portional to the deviation of the measured vari-
able from setpoint. This error signal 1s fed into
the input lever arm on the A/D control unit.

ADJUSTABLE GAIN--SECONDARY ERROR DETECTOR. The
input lever moves a ''C '’ shaped input beam that is
pivoted along the axas B-B. Also, a “C" shaped
feedbackh beam is pivoted along the A-A axis by
the feedback capsular element. The baffle rocker-
arm 1s pivoted on the two beams which are ar-
ranged to form a circle. Rotating the baffle
rocker-arm will place 1ts pivot points anywhere
on this circle.

When the pivot points are close to the B-B axis,
the 1nput motion 1s at a minimum and the feedback
motion to the baffle 1s at a maximum, thus pro-
viding low gain or a wide proportional band
(approximately 400%).

With the pivot points close to the A-A axis,
input motion 1s at a maximum, and the feedback
motion to the baffle 1s at a minimum. This pro-
vides high gain or a narrow proportional band
(approximately 1%).

Photo 6256 - Reset

431

_.‘_fi

t
T s e

Photo 6258 - Three-Mode

FIGURE |. (PHOTOS 6255-6258) A/D PNEUMATIC CONTROL
UNITS.

© AMERICAN CHAIN & CABLE COMPANY INC 1866
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MEASURED - — .légumm.
SET POINT | PRIMARY ve:‘:cak | |SECONDARY eiLoT JoutPuT !v&vg
ERROR ERROR VALVE T
{moTION DETECTOR| (MOTION | | DETECTOR | (PRESSURE (PRESSURE
SIGNAL) SIGNAL} | SIGNAL) SiGNAL | |
| {mation 5UPPLY |
SIGNAL) PRESSURE |
MEASURED |
VARIABLE PROP BAND A/D
(MOTION | B G [AEEDBACK 1y RESET | contrROL
SIGNAL) PRESSURE | COMPONENTS] UNIT
| SIGNAL |
S S |

FIGURE 2. (S.P.D. #5365) BLOCK DIAGRAM OF A/D
CONTROL UNIT.

o]

i

Because the drum-type cover of the A/D control
unit 1s attached to the baffle rocker-armm, rotat-
ing the cover will rotate the baffle rocker-arm
and change the proportional band of the control-
ler. Position of the drum scale to the pointer
(shown in Figure 1) indicates the setting.

Moving the pivot point across the B-B axis changes
the unit from direct to reverse acting.

NON-BLEED PILOT VALVE. The pilot valve which
senses the nozzle back pressure 1s standard non-
bleed type, and has a proven history for relia-
bility. It has high capacity with balanced supply
and exhaust characteristics, and provides fast
response with economy in air consumption. Large
diameter connections to the A/D unit and the
instrument case enable the full pilot valve ca-
pacity to be utilized to the control valve.

FEEDBACK ELEMENT. The capsular element is made of
Ni1-Span-C* for thermal stability, with a push-rod
connection to transfer the feedback motion to the
feedback beam. Referring to Figures 3 and 4, it
can be seen that the feedback element chamber is
part of the output pressure chamber of the pilot
valve.

MATERIALS OF CONSTRUCTION. The Basic A/D control
unit 1s made of cast aluminum. Most working parts
are made of stainless steel or aluminum. The dia-
phragms i1n the pilot valve are reinforced neo-
prene. Snap-in tubes for pneumatic supply and
output are of silicone rubber. Internal con-
nections to gauges are of tygon tubing.

FREQUENCY RESPONSE. Cut-off frequency is defined
as the point where the gain (‘‘magnitude ratio’’,
‘‘output/input’’) rises to 1.414 or drops to 0.7.
From the frequency response curves in the upper
half of Figure 5, it can be seen that the cut-off
frequency of the A/D unit 1s approximately 300 to
400 cpm. The high cut-off frequency permits this
controller to handle disturbances to the control
loop that would upset or pass through slower-
acting units. Thus a more constant value of the
measured variable 1s maintained during upsets to
the process.

PRIMARY ERROR
DETECTOR

MEA3URING
ELEMENT

SECONDARY ERROR

ERROR DETECTOR |
\-LIVER
-——— —— — —

SEY POINT
INDICATOR

FEEDBACK-{f
MOTION ¥
|

FEEDBACK
CAPSULAR ELEMENT

PILOT

VALVE

MECHANISM °

CROSS-~ FIXED &

SECTION RESTRICTION §z4l
l ouTPuT ﬂ SUPPLY

FIGURE 3. (S.P.D. #6342) SCHEMATIC OF A/D PRO-
PORTIONAL CONTROL MECHANISM AS USED IN SERIES 624
INDICATING CONTROLLER. ’

FIGURE 4. (PHOTO 5290) CUTAWAY OF PROPORTIONAL
A/D CONTROL UNIT.

A combination of several characteristics contri-
bute to the high cut-off frequency rating of the
A/D control unit. qu example, the nozzle 1s
mounted directly at the pilot valve resulting in
fast response. Also, the feedback element chamber
is part of the pilot valve output pressure cham-
ber, and as such, permits high stability in ad-
dition to fast response. Capacity of the pilot
valve is high, and large diameter connections to
the unit and instrument case enable full pilot
valve capacity to be utilized to the control
valve. Other pertinent characteristics are listed

in Table 1.

+Registered Trademark of the International Nickel Company, Inc.
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FIGURE 5. (S.P.D. #5421) FREQUENCY RESPONSE OF THE
A/D CGATROL UNIT.

Proportional Band:

1-400% continuously adjustable,

1-500% on 3-mode continuously adjustable.
Direct- o1 reverse-acting.

Reset:
0.02 to 70 repeats per minute.

Derivative:
0.2-20 minutes.

Aivr Supply Pressure:
20 psig standard.

Output: -
3-15 psig standard. Other ranges up to 12-60 psig
available.

Avr Consumption:
0.1 sclim 0o less with 20 psi air supply.

‘Prlot Capacity:
Over 3 scim, delivery or exhaust.

Frequencv Response:
Flat to {00 cycles per minute (proportional unit).

+ resel, proportional + derivative, and 3-mode
units.

Temperature Stability:
Approximately +1% change in output pressure for
100°F temperature change of the instrument.

Materials:
Aluminum housing. 316 stainless steel working
parts. Ni-Span-C feedback elements.

Response Level:

Controller responds 1f input changes as little
vas L 00AN.

|
L

300 cycles per minute or better with proportional ;

TAcLE .. A/D CONTRG. uaiT ChARACTERISTICS.

PRODUCT DATA A120.4-4
Page 3 of 5

SECTION B---PROPORTIONAL + RESET CONTROL

A schematic of the proportional + reset unit with
internal feedback is shown in Figure 6. Where
external feedback is required, the schematic of
Figure 7 applies.

The only changes in this unit from the proportion-
al unit are: ’

a. The nozzle, and baffle rocker-am assembly.
b. The feedback element arrangement.

c. The addition of the reset needle-valve.

FEEDBACK SYSTEM. The reset feedback signal is fed
to the inside of the feedback element through the
reset needle-valve. Proportional feedback pressure
connects to the outside of the same element. This
combined motion signal from the feedback element
goes to the feedback beam of the secondary error
detector, and reverses the feedback signal from
that of a proportional unit.

An inner valve assembly is used in the proportion-
al + reset unit.

The reset needle-valve is a direct-reading type,
and 1s continuously adjustable between .02 and 70
repeats per minute.

SECTION C---PROPORTIONAL + DERIVATIVE

See Figure 8 for a schematic diagram of the pro-
portional + derivative control unit. This unit is
essentially the same as the proportional unit
with the following additions:

a. A derivative needle-valve, range 0.2 to 20
minutes.

b. A derivative bellows chamber.

The derivative feedback motion is transferred to
the proportional feedback element by a rod. This
arrangement and the calibration of the needle-
valve permits easy adjustment of derivative time
settings, which is important to many processes
where only small derivative times can be toler-
ated. Zero derivative effect can be achieved by
opening the needle-valve completely.
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RESET
CAPSULE

FIGURE 6. (S.P.D. #6340) SCHEMATIC OF THE PRO-
PORTIONAL + RESET A/D UNIT, WITH INTERNAL FEEDBACK.

BAFFLE

NOZZLE AND INNERVALVE

RESET
CAPSULE

vhéhe

|

FIGURE 7. (S.P.D. #6339) PROPORTIONAL + RESET A/D
UdiT, WITH EXTERKAL FEEDBACK.

reensmnt

SECTION D- - -THREE-MODE CONTROL

3

Figure 9 schematically illustrates the three-mode
(proportional + reset + derivative) control unit.
In this unit, as in the reset unit, an inner
valve and nozzle 1s used rather than the flapper
nozzle of the derivative unit.

The inner valve works in reverse of the flapper
nozzle. As the baffle moves downward, it pushes
down on the inner valve pin and the back pressure
decreases. In the case of the nozzle flapper de-
vice, downward movement of the baffle closer to
the nozzle increases the back pressure.

Two feedback elements are used in the three-mode
controller, and are yoked together so that in-
creasing internal pressures within the elements
cause opposing forces. Qutput pressure from the
pilot valve passes through separate needle valves
to the two elements.

ZEROC ADJUSTMENT

B” PILOT VALVE
MECHANISM
FEEDBACK
CAPSULE w
DEA Ty AvE
WINUTES /,
DERIVATIVE
DERIVATIVE ,
NEEDLE
BELLOWS VALVE
]
| /B
ouTPUT SUPPLY  FIXED
RESTRICTION

FIGURE 8. (S.P.D. #6343) SCHEMATIC OF PROPORTIONHAL
+ DER{VATIVE A/D UNIT.

In Figure 9, the lower bellows initiates negative
feedback response, since its action on the feed-
back pin opposes the initial signal change. The
derivative needle-val ve delays this negative
feedback temporarily thereby producing derivative
response.

Action of the upper capsule opposes the lower
bellows motion and gives positive.feedback. The
reset needle-valve, by restricting the output
pressure fed into the reset capsule, delays the
positive feedback and reset action takes place.

When starting up a process with a three-mode
controller, it 1s sometimes desirable to eliminate
the derivative action without changing the de-
rivative setting. For this reason, a derivative
by-pass valve has been included which can be
opened to eliminate derivative action, and closed
to restore the action.

BAFFLE

NOZZLE AND INNER VALVE

8-

RESET

CAPSULE RESET NEEDLE
Sl VALVE 7 7
T R i EXMAUST &
o O
R e 7
T wiiren 7
=
s WISz
4 3
PILOT
7 VALVE
DERIVATIVE DERIVATIVES DERIVATIVE MECHANISM ;o
BELLOWS  BY-PASS NEEDLE VALVE FIXED
SHOWN OPEN RESTRICTION
l ouTPUT 1 SUPPLY

FIGURE 9. (S.P.D. #6341) THREE-MODE UNIT SHOWN
SCHEMATICALLY. ’

e
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SECTION E---DIFFERENTIAL-GAP CONTROL

The differential-gap controller utilizes the same
basic unit as the proportional controller, except
that an inner valve assembly with rocker-arm
assembly and dirum scale, like the ones used in the
reset controller, are employed. This has the
effect of making the feedback signal a positive
feedback instead of the usual negative. The posi-
tive feedback signal 1is additive to the error
signal, and results 1n a snap-acting on-olf output
signal.

Width of the differential gap i1s adjustable any-
where between 2% and 100% of span. The gap width
is set exactly the same way as the proportional
band of a proportional centroller,--by turning
the drum of the control unit by hand. Setpoint

indication shows the center of the differential
gap and may be moved anywhere on the scale.

For example, assume a Model 0G1G624AG diff{cr-
ential-gup coutroller with a scale of 0 to 100 and
with the gap set at 40% ‘‘reverse acting’’. As-
sume the setpoint indicator is set at 60 on the
scale. The differential of 40, is located approxi-
mately half below and half above the setpoint, or
40 to 80. When the measured variable is below 40
(the low end of the gap), the output pressure 1s
20 psi. It remains 20 psi until the measured vari-
able increases to 80 (the high end of the gap) at
which point the output pressure drops to 0 psi.
The output pressure now remains at 0 psi until
the measured variable decreases to the low end of
the gap. '

SUMMARY OF A/D CONTROLLER FEATURES

Excellent Frequency Response. Far better than
most comparable control units.

Low Air Consumption. Non-bleed pilot.

Easy Maintenance and Interchangeability. Plug-in
units, simple to work and calibrate.

Long Life: All working parts of aluminum or
stainless steel.

Rugged construction.

The Bristol Company, Waterbury, Connecticut 06720

Stability: Highly stable--high pilot valve ca-
pacity. )

wide Range Adjustment of Control Modes. 400% pro-
portional band. Direct-reading reset and deriv-
ative needle valves. .

Ambient Compensation. Wide-range temperature and
pressure compensation, so that control unit does
not shift its setpoint.

Printed i1n U.S.A.
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SERIES 624 A/D PNEUMATIC CONTROLLERS

Fast response and highly stable control action are
key features of the Bristol Series 624 Controllers.
As shown in Figures 1 and 2, the instrumeat has
single-pointer indication, and contains the A/D (Ad-
vanced Design) control unit, which is available in
five control modes. With suitable Bristol precision
measuring elements, the Series 624 A/D controller
will measure and control pressure, absolute pressure,
temperature, flow, differential pressure, liquid level,
or humidity.

OPERATION. The block diagram in Figure 3 sche-
matically illustrates how the control unit operates™

A primary error detector mechanism in the pointer
assembly computes the measured variable error,
which is the difference between setpoint and meas-
ured value. A single link transmits this ‘'measured
variable error’’ as a motion signal to the A/D con-
trol unic.

The A/D control unit contains the secondary error
detector mechanism, pilot valve, feedback bellows,
and adjustments for setting the proportional band and
selecting either direct or reverse-acting control. Fig-
ure 4 shows an A/D control unit removed from the
controller case.

In proportional + reset models, the A/D control unit
also contains a reset needle valve which is a single-
turn, direct-reading type. Continuous adjustment may
be made from .02 to 70 repeats/minute. Proportional +
derivative models have a similar type needle valve
with continuous derivative time adjustments between
0.2 and 20 minutes. The three-mode controller has
both needle valves mounted on the A/D unit. Such a
unit appears in Figure 2.

The Series 624 A/D controller has been engineered
for compactness, and is constructed of materials that
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FIGURE 1. (PHOTO 5436A) SERIES 624 A/D
CONTROLLIR.

1 .. . .
For a deta.led description of the A/D control unit operation,

see Bristoi Product Data A120.4-4.

have been carefully selected to give dependable ser-
vice with a minimum of maintenance. Because of
these features, the Series 624 controller is especial-
ly suitable for field-mounting, and other types of in-
stallations where a control record is not required.

’RESSURE MODELS.

Helical
Element

Capsular

Element Control Modes

Proportional

0G1G624B | 0G2G624B
{

0G1GG624C | OG2G624C | Proportional + Reset
0G1G624D | OG2G624D | Proportional + Derivative
OG1GG624E | OG2GG24E | Proportional + Reset +

Derivative

0G1G624AG| OG2G624AG| Differential Gap
(Indirect Set)

Helical or capsular design elements in type 316 stain-
less steel, Ni-Span-C¥, phosphor bronze, beryllium
copper, and trumpet metal measure pressure and
vacuum in ranges from 0-3"' HgyOthrough 0-15,000
psig. Seals can also be accommodated in most cases,
when required.

Reference: Product Data A120.4.1-4 for ranges and
spans of capsular and helical elements
for Series 624 A/D controllers.

ABSOLUTE PRESSURE MODELS (BARTON 224).

OE3PG624B - Proportional

OE3PG624C - Proportional + Reset

OE3PG624D - Proportional + Derivative
OE3PG24E - Proportional + Reset + Derivative
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FIGURE 2. (PHOTO 6175) SERIES 624 CONTROLLER
WITH THREE-MODE A/D CONTROL UNIT.

+ . . .
Registered Trademark of The International Nickel
Company, Inc.
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FIGURE 3. (S8.P.D 5365) BLOCK DIAGRAM OF A/D CONTROL UNIT,

TEMPERATURE MODELS.

OT624B - Proportional

OT624C - Proportional + Reset

OTG624D - Proportional + Derivative
OTG624E - Proportional + Reset + Derivative
OTG624AG - Differential Gap (Indirect Set)

Adding a suffix to the model number indicates the
class of filled thermal system; for example, Model
OTG624B-3B has a Class 3B Themal System.

Bristol standard filled-system thermometers will
measure temperatures from -350°F to +1200°F.

References:

Product Data T801-4, ''Class 1 Thermometers’’
Product Data T802-2, ‘‘Class 2 Vapor-Pressure
Thermometers'’

Product Data T803-2, ‘‘Class 3 Gas-Filled
Thermometers”’

Product Data T805-2, ‘*Class 5 Mercury-Filled
Thermal Systems”’

HUMIDITY MODELS.

OHCG624B - Proportional

OHCG624C - Proportional + Reset

OHCG624D - Proportional +Derivative
OHCG624E - Proportional + Reset + Derivative
OHCG624AG - Differential Gap (Indirect Set)

Standard Bristol hygroscopic humidity elements are
used, and will measure ranges of relative humidity
between 0 to 100%. The hygroscopic element is
mounted in a protective housing at the rear of the
conwuoller case.

Reference:

Product Data H1010-2, **Bristol Hygroscopic
Elements’

FLOW AND DIFFERENTIAL PRESSURE MODELS.
Mercury U-Tube or Bell Type Manometers:

OFG24B - Proportional

OFG24C - Proportional + Reset

OF624D - Proportional + Derivative
OFG24E - Proportional + Reset + Derivative
OFG24AG - Differenual Gap (Indirect Ser)

» ..‘\v o ;\E)gl

FIGURE 4. (PHOTO 6254) PROPORTIONAL A/D CONTROL
UNIT WITH THROW-AWAY RESTRICTION VALVE TIP.

Because the manometer is heavier than the Series
624 case, the controller is mounted on the front of
the manometer, and the entire assembly is pipe- or
brack et-mounted.

Bristol Dri-flo Models:

OERG24B - Proportional

OERG624C - Proportional + Reset

OERG24D - Proportional + Derivative
OERG24E - Proportional + Reset + Derivative
OERG24AG - Differential Gap (Indirect Set)

Barton 199 Dry-Type Differential Pressure Models:

OEPG24B - Proportional

OEPG624C - Proportional + Reset

OEPG624D - Proportional + Derivative
OEPG24E - Proportional + Reset + Derivative
OEP624AG - Differential Gap (Indirect Set)

Barton 224 Differential Pressure Models:

OE2PG624B - Proportional

OE2P624C - Proportional + Reset

OE2P624D - Proportional + Derivative
OE2PG24E - Proportional + Reset + Derivative
OE2P624AG - Differential Gap (Indirect Set)



DIFFERENTIAL LIQUID LEVEL MODELS.

For measuring and controlling liquid level, using
either mercury mrometers or dry-type differential-
pressure units. The model numbers are the same as
for flow, except that the suffix number 17 is added to
the model number instead of suffix number 45.

GENERAL SPECIFICATIONS.

Case:
Weatherproof, dic-cast aluminum case with gasket-
ed aluminum door.

Fimsh:
Gray enamel standard, black optional.

Case Dimensions:
7-3/4 inches wide x 8 inches high x 5 inches
deep.

Panel Cutout Dimensions:
7-3/16 inches wide x 7-9/16 inches high.

Mounting:
Interchangeable flush or surface mounting. Op-
tional brackets and U-clamps available for 2-inch
pipe mounting.

Weight:
Approximately 8 pounds with pressure measuring
elcment.

Indicating Scales:
Segmental, 3-]1/4-inch calibrated length. Black
numerals on wiite background. Fluorescent point-
ers for measured variable and setpoint.

Qutput:
3-15 psig standard. Other ranges available up to
12-60 psig. Reversible control action.

Air Supply:
20 psig standard for 3-15 psig output range.

FRODUCT DATA A120.4-2
Page 3 of 3

Connections:

Supply and output, 1/4-inch NPT female at bottom
of case.

OPERATING CHARACTERISTICS.

Calibrated Accuracy:
Temperature: £0.5% of span.
Pressure and vacuum: +0.5% of span.
Absolute and differentinl pressure: $0.5% of span,
Flow: £0.5% of full-scale value (from 20% to 100%
of range).

Control Actions:
Proportional; proportional + reset; proportional +
derivative; proportional +reset + derivative; or
differential gap.

Mode Adjustments:
Proportional band: 1 to 400%.
Reset rate: 0.02 to 70 repeats per minute.
Derivative time: 0.2 to 20 minutes.
Differential gap: 0.5 to 100% or 2 to 100%.

Response Level:
0.006% of span.

Frequency Response:
Response curve flat to 400 cpm with proportional
control unit; to 300 cpm with proportional + reset,
and 3-mode units.

Pilot Capacity:
3 scfm, exhaust or delivery, for 1 psi change in
output pressure. (2 scfm exhaust and 1.7 scfm de-
livery with differential gap coatrol units).

Air Consumption:
0.1 scfm at balance with 20 psig air supply.

Temperature Stability:
1 1% of span change in output pressure for 100°F
change in ambient temperature.

ATTACHMENTS
Auachmen: . !
Specificavion Description |
1
M9 Vent Connection on Standard Case for Gas Operation, 1/2"° N.P.T. ;
V9 | External Setpoint Adjustment Knob ]
V1o No Supply or Output Gauges ;
V1l Case Drill for On-Valve Mounting i
V12 Blow-Out Grommet ’
V15 Pneumatic Setpoint with Indicator Stops (All except derivative model) }
V24D Internal Two-Position Man-Auto By-Pass Vilve i
V33BX Pneumatic Setpoint +:th Indicator Stops for Derivative Models !
V33X External Reset Feedback Connection :
Z31 Shatterproof Glass for Three Cutouts in Door :
Z32 Pipe-Mounting Bracket and U-Clamp for 2-inch Pipe (For OE2P624 only)
Z32A Pipe-Mounting Bracket and U-Clamp for 2-inch Pipe (all other 624 models)

The Bristol Company - Waterbury, Connecticut 06720

Printed in U.S.A.






CONTROLADOR BAILEY TIPO "AN" CON BANDA PROPORCIONAL FIJA

Déscripcidén de Operacién.

Referirse a la figura No. 5 para esta descripcifén. Seis dia-
fragmas flexibles dividen el controlador en 7 camaras de pre-
sidén. Las camaras El, E2 y E3 son las camaras de entrada de
presién. Las cdmaras de venteo estdn abiertas a la atmdsfera
y sirven uUnicamente para separar las camaras El, E2 y E3.
Todos los diafragmas se mueven simqlténeamente ya que estan

- sujetos por su centro por el conjunto sujetador de diafragmas

Un resorte de carga ajustable estd unido a uno de los extre-
mos de el sujetador del diafragma. El suministro de aire en-
tra por debajo del asiento de la valvula de entrada.

En operacidn, la presidén en la cimara de sefial de salida esta
balanceada contra la presidén total efectiva de las camaras de
entrada y la fuerza de resorte de carga. Cuando la presidn
se aplica a las camaras de entrada, el conjunto sujetador de
diafragmas se mueve hacia abajo para cerrar la valvula de es-
cape y abrir la vdlvula de suministro de aire. Esto aumenta
la presién en la cdmara de salida hasta que es suficiente pa-
ra regresar el sujetador del diafragma y hacer que el vastago

"de la vdlvula vuelva a su posicidén original., La presién de

salida serd entonces igual al efecto total de la ptesidn de
entrada:y ‘la fuerza del resorte de carga,

Las presiones suministradas a las camaras El'y E3 actdan para
mover el conjunto sujetador del diafragma hacia abajo. Las
presiones suministradas a la camara E2 (y la presién de sali-
da) ejercen una fuerza hacia arriba. La presidén de salida
resultante estd expresada como sigue:

El - E2 + E3 + K = Presidén de salida = Eo

Donde: : .

El, E2 y E3 son presiones de entrada y K es la fuer-
za ejercida por el resorte de carga. Los valores de
las sefiales son 3 a 15 libras por pulgada cuadrada.

Las conexiones en la base de montaje y .la posicién del milti-
ple programador pueden variarse para'suministrar funciones al
controlador que estan enlistadas en la tabla A, el miltiple

programador transfiere las presiones de entrada desde la base
de montaje a la cdmara adecuada al controlador para efectuar

la funcidn particular deseada., Cuando el miltiple programador
estd en la posicidén "Integral" (reposicidén), se tiene una vil-



vula de estrangulamiento en la base de montaje conectada en-
tre la camara de salida y la cdmara de presién E3 para efec-
tuar la accién integral. La valvula de estrangulamiento pue-
de ajustarse para suministrar desde 0,05 a 100 repeticiones
por minuto, Funciones adicionales, algunas de lasg cuales re-
quieren entubado especial & accesorios, se muestran en la fi-
gura No. 2.

Como Controlador.

Esta unidad se utiliza para modo de control "Integral" (6 ac-
cién de reposicidn), 6 para modo de control derivativo, no es-
ta disefiado para obtener los dos modos en una unidad, sino 86~
lo uno U otro. ' ~

I Modo Integral, Fig. 2

Cuando las sefiales de entrada El y E2, son de igual valor,
el sistema esta en balance y la presidén de salida se man-
tiene en un valor. Es decir:

El = E2, E3 = Eo

a. Si en cierto momento, El >E2, la vdlvula de admisidn de
aire se abre incrementandose la presidn en la cdmara Eo

b. Un incremento en la camara Eo, provoca-un incremento en
E3 ya que estan comunicadas a través de una valvula de
aguja (ajuste de velocidad de la accidén integral cali-
brada en repeticiones/minuto), este incremento en E3

abre nuevamente la vdlvula de admisidén de aire incremen-

tando nuevamente a Eo y asi sucesivamente.

Por lo tanto el incremento de presién en la camara Eo,
es continuo e ininterrumpido mientras El  E2.

Si El vuelve a igwlarse a E2, entonces la accidén inte-
gral termina y el sistema vuelve al estado de balance.

Cc. Si en cierto momento E14 E2, la vdlvula de escape de
aire se abre a la atmésfera disminuyendo la presién en
la cdmara Eo y por lo tanto también en E3 y en forma
sucesiva y continua hasta que El se iguale a E2.

II Modo Derivativo, Fig, 2

Para obtener esta accidn de control, la sefial de entrada se
conecta a camaras El, E2 y E3. La conexidén a las cdmaras
E3 y E2, se hace a través de una valvula de aguja)cuando el

sistema esta en balance:



El = E2 = E3, E3 = Eo

Es decir, gue la sefial de salida Eo es igual a la sefial de
entrada El. )

a.

Cuando existe un incremento en la sefial de entrada El,
la vdlvula de admisién de aire se abre, incrementandose
en la misma cantidad la presidén de salida Eo.

Ahora bien, la nueva presidén de entrada también se apli-
ca a las cdmaras E3 y E2 a través de las vdlvulas de agu-
ja. Las cdmaras son de accidén opuesta de modo que si las
valvulas se ajustan con la misma sedad drea de paso, la
sefifal de entrada se aplica con la misma velocidad a las,
dos cdmaras y la accidén derivativa se anula.

Accién derivativa VE3 :?VEZ.

Cuando la valvula de la camara E3 esta mas abierta que
la de la cdmara E2, la presidén de la camara E3 se iguala
a la presién de entrada con mayor velocidad que la pre-
sién de la cdmara E2., La accidn resultante se muestra
en la figura No. 5a.

Se observa en la misma figura, que para mayor abertura
de la vdlvula de E3, mayor sera el incremento total ini-
cial que se obtiene en la sefial de salida, antes de
igualarse al nuevo valor de la presidn de entrada. Esta
caracteristica es realmente la accidén derivativa comun-
mente usada.

Accidn derivativa Y E3 4\/E2°

Cuando la vilvula de la camara E3 esta mds cerrada que
la de la cdmara E2, la presidén de la camara E3 se igua-
la a la presidén de entrada con menor velocidad que 1la
presion de la cdmara E2. La accidén derivativa resultan-
te se muestra en la figura No. 5%, se Observa en esta
figura, gque el resultado es una accién de retardo y esta
accidén definitivamente no es recomendable para los sis-
temas de control.

Debido a este efecto, normalmente no se recomienda la
valvula a la entrada de la camara E3 y en esta forma el
incremento en la sefial de entrada se aplica simultanea-
mente a las cdmaras El y E3 y con solo ajustar la valvula
en E2, se consigue el efecto correcto de la figura 5a.



Como Relevador Computador.

Esta unidad se utiliza también para funciones de computacién
y limitacidn.

I Extractor de mitad,

ot

Segin se muestra en la fig. 2 (medidor), la sefial de entra-
da se conecta con la cdmara El'y la cdmara Eo (sefial de sa-
lida), se conecta con la cdmara E2.
De la ecuacidén de equilibrio:
Eo = E1l - E2 + E3 + K
pero debido a la forma de conectar
E2 = Eo, E3 =0
Por lo tanto:
Eo = E1 - Eo + K
2Eo0 = El + K
Yy los incrementos:
24 Eo = QE1 + JK

pero K es fijo 6 sea fK=o

Por lo tanto AEo = AEl

2
II Doblador.

Seglin se muestra en la fig. 2 (doblador), la sefial de en-
trada se conecta con la camara El y E3 (sefilal entrada =El)

De la ecuacidén de equilibrio:
Eo = E1 - E2 + E3 + K

pero debido a la forma de conectar
E3 = E1, E2 = o0

Por lo tanto:

Eo = E1l + E1 + K



Eo = 2E1 + K
Hablando de incrementos:
K = fijo, AK = 0
Y AEo = 2 AEl

III Diferencia.

Segin se muestra en la fig. 2 (diferencial), las sefiales de
entrada son El y E2.

De la ecuacidn de equilibrio:

Eo El - E2 + E3 + K
tenemos
E3 =0

por lo tanto:

Eo = E1l - E2 + K

i
(o]

Hablando de incrementos: 4K
AEo = AEl = AE2
IV Suma,

La suma de dos sefiales de entrada se consigue, conectando
las mismas a las camaras El y E3.

De la ecuacidn de equilibrio:

Eo El - E2 + E3 + K

pero

E2 o
Por lo tanto:
Eo = E1l + E3 + K

Hablando de incrementos:

4K =0



AEo AEl + AE3

Totalizacidn.

La resultante de totalizar los valores de tres sefiales de
entrada es la ecuacidén completa de equilibrio:

Eo = E1 - E2 + E3 + K
y hablando de incrementos:
AK = o

OE0 = AEl - AE2 + 4AE3 .




MULTIPLE PROGRA-
-MA
PR om0 [
4-40x3/8}, |1 CONTROLADOR
EMPAQUE DEL P

_'-—.—CJ' -

" 27 g TORNLLOS
P /’,/ 32x2 7/8“
oL n O‘-}‘.‘,’Tt:w

. sl

- =%, TORNILLO DE AJUSTE NTEGR,

mareLe pro- * VIV - BASE DE MONTAJE -

DETALLES DE MONTAVE

\l ~GRAMADOR

NV!RSO

108
1] e
| - N e ©
=
i
j st .mm

PERNOS OE MON-

' JAJE 2 RGO, 38"

16 NPT

(i

3%

COMEXIONES

TABLA A.. INSTALACION YAJUSTES REQUERIDOS PARA EL conmox.noon TIPO AN.
y . AJUSTE DEL RESORTE
FUNCION oE- Pg(s)lcgo#‘ OEL (POSICION CONEXIONES DE CARGA.
EADA DEL = PROGRAMADOR |DEL CO!
CONTROLADOR  |MULTIPLE  |TADORIN-| g1 | g2 | g3 |ENTRADA(S)] SALIDA
- VERSO 1 (psia) (P3:6)
INTEGRAL ( POSICIONANTE) INTEGRAL DIRECTO ENTRAD |ABIERTO | X TAPON MEDIO RANGO MEDIO RANGO
INTEGRAL (INVERSO) INTEGRAL INVERJO ENTRAD |ABIERTO] & TAPON MEDIO RANGO MEDIORANGO
INTEQRAL (OIPERENCIAL) INTEGRAL DIRECTO ENTRADICNTRAD.1 S TAPON MEODIORANGQO MECIO RANGO
INTEGRAL (FLOTANTE ) INTEGRAL DIRECTO ENTRADIJABIERTO] SALIDA MEDIO RANGO MEDIORANGO
MEDIADOR 1 ENTR“DA MEDIADOR DIRECTO ENTRADIABIERTO | ABIERTO MAX . RANGO MEDIORANGO
DOJLADOR DOBLADOR DIRECT ENTRADIABIERTO|ABIERTO MEDIO RANGO MAX., RANOO
TOTALIZADOR B ENTRADAS & & TOTALIZADOR CIRECTO ENTRAD[ENTRAD.[IENTRADA | MEDIO RANGO MEDIO RANGO
DIFERENCIAL TOTALIZADOR DIRECTO ENTRAD |[ENTRAD.{ ABIERTO MEDIO RANGO MEDIO RANGO
INVERSOR TOTALIZADOR INVERSO ENTRAD{ABIERTOJABIERTO | MEDIO RANGO NEDIO RANGO
MMEDIADOR 2 ENTRADAS MEDIADOR DIRECTO ENTRAD.JABIERTO|ENTRADA | MEDIORANGO MEDIO RANGO
TOTALIZADOR 2 ENTRADAS G & TOTALIZADOR DIRECTO ENTRAD |ABIERTO {ENTRADA | MEDIO RANOO MAX. RANGO
PROMEDIADOR % & TOTALIZADOR DIRECTO ENTRADJAOIERTO]| ENTRADA | MEOIO RANGO MEDIO RANGO

& TAMBIEN PUEOE USARSE PARA BUMINISTRAR UNA SENAL DE RETROENLACE.
#% # LA VALYULA INTEGRAL DEBERA ESTAR ABIERTA (POBICION TOTALMENTE ABIERTO),

FIGURA l.— DIMENSIONES DE MONTAJE PARA CONTROLADOR NEUMATICO TIPO AN




X p FYTRAG:
_ % LAmienTo
| L 'Eﬂ———‘vaw 3k Q) —EIventeo
e INTEGRAL(POSICIO- |- -YENT DIFERENCIAL.
MUWVRADE | *EI—L 0 —Enewroa. NANTE)N(UTIP\.EC - B €)ENTDA. MULTIPLE PROGRAMADOR
iveNT! » PROGRAMAOOR EN PO IVENT zj’ EN POSICION TOTALIZADOR
ESTRANGU - 1E2 N\ _E)venteo SOON L E2 a/RED ENTDA,
wecero.."_‘;e'x M———D\Ex) [:":'Ei' g --m%m ey ‘:.‘1‘1' ACCrio™ DE
{ ., 0.0 sau0a 7 — ¥ 0)SALIDA E - S
A —— —— Ez + PeEsiont
VAW DE 39
K K EgTRANGU- ? -
¥ <. LAMIENTO O
r——...m»sﬂ—————mmm C 8- -Gvenre
VENT 'VENT
C AYUA INTEGRAL (FLOTANTE) byt - o
el e 1‘ O S —EDENTOA. puLTiPLE H(aocmooa) P71 € M~ B —~EDenToA. MUEL?I'PALDE PROGRAMADOR
= VENT' > EN POSICION INTEGRAL . ENT EN POSICION MEDIADOR .
SNy [—2 ‘e € E"%"Tm C ~2.3.E2 oone p7REDYENTE
I S F————hEX)
‘ 0 Bmwo ) -———D(_:)SAUDA
s
K
[——»' i E3 £3)TAPONADO msx%m.
| VENT INTEGRAL (DIFEREN- EXTERNA
VALYULA O [ T ET_M—0._3—EDENTDA. CIAL ). MULTIPLE PRO- %Sll’&Ti‘é&mmm
. “NVENT D GRAUADOR EN POSICION VALESTRANG EN POSICION TOTALIZADOR
ESTRANGU- 11 E2 Map e €DENTDA
LAMRENTO —

T ¥0) SALIDA
*———————@

K
*’fﬂ——@wwnaogmeRAL B @ mrousso
VENT £ .
vAWA BE [T ET E enToa. (INVERSO) vu.v.oe‘mo/ T SELECTOR.
g | pcd Rk L MU T
0% VENT M orea NNt (S ENPOSIE ou"&qrfe’h?.o“
" EgTRANGY-| | (E? Mo _)VENTEO EN POSICION T, :
. “EX INTEGRAL :
L% ————H0Q uum
K
" E3 Y Eventeo
VENT
+ LIMITADOR DE SALIDA
e N3 S —EDenToa. P ~€)ENTDA. MAXIMA MULTIPLE PRO-
VENT VE GRAMADOR EN POSICION~
asion G oo T i G
(S ——x0)sau0a L7 B f——H0)saLiog
—& 305
ALYULA OE
K Q\?B/t“ - K VALY DE ESTRANS.
Y . LALIEINTO ADICRTA,
€3 4—Q)—EIenToa. % - —Gentoa
YN TOTALIZADOR. | VENT * LIMITADOR DE SALIDA
b E1 2 ENTOA. MULTIPLE PROGRANADOR [7777! Ei K0 2 —EDentoa, MINIMA wuLTiPLE PRO.
VENT EN POSICION TOTALIZADOR NENT R AL e aoDR OSiCION -
o 3‘5_2 | ] SNTDA. 77” £2 @2“’1’9 .
ol B2 ) RE g
. EX —-—-——h@ 7 .73 EX X ‘s"gkh
% 0)8ALIDA iz O ——¥0)

FIGURA 2 CONZXIONES DE ENTUGADO PARA APLICACIONES TIPICAS DEL CONTROLAOOR TiPO AN



RESORYE DE LA
VALVULA

VASTAGO OE LA
VALVULA

ASIENTODE LA
VALVULA

CAPUCHONDE LA
VALYULA

TORNILLO DE BALANCE
DEL DIAFRAGMA

\

ANILLO DE RETENCION
BASE DE MONTAJE.

CONJUNTO DEL PASA-
DOR ACTUADORDE LA

VALVULA

0-RINGS

~ ESCALADE IN=
TEGRACION

FIGURA &

FIGURA 3. ESQUEMA DEL CONJUNTO DE LA VALVULA

" ADMISION -ESCAPE

CONJUNTO DE LA VALVULA
DE INTEGRACION



CAPUCHON REMOVIBLE — |

CAMARA B3

1&11“* AJUSTE DEL RESORTE DE CARGA

-

CAMARA DE VENTEO —\

]

BUJETADOR DEL CONJUNTO OE DIAFRAOMAS

/ DIAFRAGMAS(SEIS)

CAMARA El ———~__

CAMARA DE VENTEO ———___|

vl
2
CAMARA E 2 ——F=t 44

CAMARA DE ESCAPE

BECCION DE VOLUMEN

CAMARA DE SALIDA /

VALVULA DE ADMISION DE
AIRE DE SUMINISTRO

N
VA U VENTEO '\')
=17 %, .
LV A==t VENTEO
7
| | eamral L egcaPE ‘ _)
—| 4 ?ﬁ —— VALVULA
é o DE ESCAPE
. ] " AT
- ] VASTAGO DE LA VALVULA
~ RESORTE DE LA VALVULA

TORNILLO DE BALANCE DEL DIAFRAGMA

4

FIGURAS .ESQUEMA DE CONTROLADOR TIPO AN



ConTrvehDore L[N

NE2Z >VEZ

E1G@?

ENTADA

[éawazy).
Ve Vs2

SN TPZADA

22 16D

t3

go

£z (]

A

\

Y

&

()
/2

'y
10

Q

e300

L™

N9

14
/3
/2

/

10

¢
Eo

SALIDA

78, S o







CONTROLADOR BAILEY CON BANDA PROPORCIONAL AJUSTABLE,

Descripcion de Operacidn.

El mecanismo se muestra esquematicamente en la figura No. 3 y
se. compone de dos porciones; el mecanismo de medicidén y el me-
canismo de transmisidn.

Mecanismo de Medicidn. o
Consiste de dos fuelles montados sobre una.placa fija, los ex-
tremos moviles de estos fuelles van unidos a una viga mdvil

La viga mévil gira sobre un pivote central, de modo que la ac-
cién del fuelle "A" es contraria a la accidén del fuelle "B" so-
bre el giro'de esta viga. El balance de este sistema se efec-
tua por medio de un resorte montado a un extremo de esta viga.

En el otro extremo se encuentra el tirante de la lengiieta que
obstruye en mayor 6 menor grado, al orificio de descarga de aire
de la tobera, .

Mecanismo de Retroalimentacidn.
Este mecanismo consiste de un arreglo similar al anterior y se
compone de los fuelles “"C" y "D".

El propbésito del mecanismo es restablecer la tobera a la posi-
cién de equilibrio del sistema. -

Relcvador.

Esta unidad detecta la presxén de la tobera y en funcidén de esta
presién el relevador abre 6 cierra la valvula de suministro de
aire 6 la vdlvula de desfogue paragsi aumentar 6 disminuir la

presidén de salida hacia el slstema restablecedor y hacia el ex-
terior,

R

Presidn tobera Accidén Relevador

P > 2 psig Incremento presibén salida
P = 2 psig Mantiene presién salida.

P &L 2 psig Disminucién presidn salida

Esto significa que la presibén es de 2 psig en la tobera cuando
el sistema esta en balance.

Balance y Desbalance.
El sistema estd en balance cuando la presién de salida se man-
tiene en un valor fijo.




o e

Cuando en alguna viga el équilibrio de fuerzas de los fuelles

y el resorte se efectia en una posicidén diferente al parale-
lismo entre viga y base, entonces el sistema esta fuera de ba-
lance, . RN
En esta condicién de desbalance.la presién de la tobera es di-
ferente de 2 psig y por “Io tanto la presidén de isalida esta va- .

riando en su valor, buscando la condicién de balance. - NP

Ganancia, = S an, Ry

o w TE o L g e ch 2 - R ) ~ : R e e s i RS

POxr defini¢ién de ganancia tehemos. - - . oL C e s
- - (‘

LI N . v e s Feu L ey
. . SR <

G = Cambio en la presidén de salida = AD___

’Cambio en la preéién'de‘entrada":i(AA—AB) C ot e

IET - . -
L “a P KT a . , R - u)'

LR Sk
La preslon de Ballda bqhxvale a la presxon del fuelle "D"’ e

3 £ v o Lf

La presxon de entrada equivale a la d1ferenc;a de los fuelles

IIA" Y IIBH ' . ! . B ~:'

’ Y

Para una calibracién dada, G es un valor constante Y podemos tr
escribir.

AD = G (4A-4B) S e
En No. "G", es una constante de proporcionalidad entre D y
(@A-a4B). ot Co SO

Sabemos que % banda proporcional = ( 1 ) 100

Ca ‘ ganancia O oY
:“ ! | S " N - 4 oL e e S
6 sea %°B.P; = 100-, 'G = lo0 - ' e o ran

N %BP ' 4t @z
PRI [ : T N : B - -
por lo tanto AD = 100 (4A - AB)
%BP
Esta constante de' proporcionalidad se obtiene me&éniéémehte=y:
consiste en la relacidn entre el desplazamiento de la lengiieta
y el movimiento’ de la viga A = B, : =

El valor de estad relacidén se obtiene, variando-el:"&ngulo"- entre
la lengilieta y el brazo del sector, segin:we muestra en la figura
6.-

, T 4 B '1'7
El desplazamiento de la lengilieta es igual al desplazamiento que
la tobera debe efectuar para encontrar el balance.

- e
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El desplazamiento de la tobera lo efectia un incremento de pre-
sién en "D" (@D), por lo tanto dicho angulo relaciona al movi-
miento (4A -AB) y al resultado 4D.

Ecuacidén del Controlador. t -
Hasta el momento hemos mencionado la relacidén que existe entre
las camaras A, By D, Yy lo anterior es correcto si consideramos
presidén cero en dicha cédmara C.

Ahora blen~ la acc;on de la presidn’ sobre la cidmara C es opues-
ta a’ la de’ la cdmara D, por lo tanto podemos escribir.

(AD - Ac) = G (AA - AB)

<o .

Hablando de’ presionés valores absdlutos y considerando que:

1° Rag = Fuerza del resorte en viga A - B
Rpe = Fuerza del resorte en viga D - C
2° . signos(+)para incrementos en céimara que resulten en

incrementos en salida.

Slgnos(?)Para incrementos en:camara que resulten en
_ disminucion en salida.
"D (+)o c ( )a A (+)o B (-) b o )

Segﬁn esto: La ecuacidén general. del controlador es-en el momen-
“to de balance. o : ; N

(D-Cc+ RDc) =G (A-B+RAB)
Por lo tanto (D-C) =G (A-BIRAB)i RDC'(

Esta ecuacidén es la de una funcidén 11nea1 (recta) Y su interpre-
tacidon se tiene en la figura 8. . -

En sistemas de computacién y control se da el ajuste de acuerdo
al comportamiento deseado (fig. 8), y una vez ajustado los valo-
res RAQY Rpe son constantes y en la mayoria de“los casos, lo
qué interesa es la relacidén entre los incrementos y no de los va-
lores absolutos ya que estos ultimos son valores arbitrarios.

en esth forma, 4Rpe = 0, ORgp = O T - 7
por lo tanto (AD-AC) = G (8A-4B)

AD= G (AA - AB) + AcC

<O
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6 .... AD =1 (A - AB) + 4C.

. Efﬁ

Como Controlador. , ,
Esta unidad puede operar como un controlador con los diferen-~
tes modos de control y estos se consiguen haciendo ciertos
arreglos de.interconexién entre las cédmaras.C, D y el releva-

dor. amplificador de transmisidn (Booster).

Al

vl

I Controlador con Accidén Proporcional,
La 80010n proporcional. es la relaC1on llneal agustabla en-
tre la sefial de entrada y la sefial de ‘salida (fig. No. &)

Como se ilustro anterxormente, el aJuste de esta relacién

. -se- llama. banda proporcional, Supongamos. que hemos ajustado
el valor de banda pr0porc10nal en 50% y hemos variado el
valor de la sefial de entrada en. 2 psi, tendrémos

(4a - AB) = 2
Por lo tanto:

(AD - AC) = 100 (2)
c, ‘%BP

(4D -~ AcC)

100 x.2 = 4 psi
50

ahora bién, para el control de accién proporc1ona1 el fue-
lle C va a la atmésfera con su vialvula de agya totalmente
abierta (flg, 5b) . - . ,

AD = 4 psi (seflal de.salida) . -

La variacidn.de 4 psi puede ser en mas 6 en menos depen-
diendo del signo del termino (AA - AB)._

.II . Controlador con Accién Inteqral.

Esta accién se consigue interconectando los fuelles C y D
a través de una vdlvula de aguja situada a la entrada del
fuelle C (flgura 5a). :

Cuando el gistema estd en equilibrio, la preszon en el fue-
lle C es iqgual a la presién en el fuelle D.

y podemos escribir AD = 4C

¢



Yy sustituyendo en la ecuacidn tendremos:
0 =G (AA - AB)

Sabemos que G es diferente de cero, por lo tanto, debe
cumplirse:

AA = 4B

- -~ 'Si ‘la -sefial de entrada al fuelle A es 'la variable, enton-:
-1 ces ld seflal al fuelle B es el valor de control dereado
(set point neumdtico) y viceversa.

‘"En algunos ‘casos el set point- neumdtico es sustituido’con
" un set ‘point mecanico mediante un ajuste en el resorLe'Af

) RAB. "o - Cod

El valor del set point se compara continuamente con el va-
lor de la sefilal -de entrada y si no tienen el mismo valor
entonces se provoca una posicién de desbalance variando. la
presién de la tobera y por lo tanto variando también la se-
fial al fuelle D en la sefial de'salida.. La nueva presidén -en
D, tiende a reposicionar a la tobera a su posicién de balan-
ce pero en ese momento la nueva presidn del fuelle D se
aplica paulatinamente al fuelle C, oponlendose a la accidén
de ' balance del fuelle.D en forma continua.:

Esto quiere decir que el valor de la sefial de salida estard
variando en forma ininterrumpida hasta que se cumpla la
igualdad A = B, es decir que el valor de la variable sea
igual al valor del set point.

1 ]
s
ES N

Controlador con Accidén Derivativa., .

Para conseguir esta accidon, se instala un fuelle doble - en la
posicién "D" como se muestra en la figura 7.

LA a = T
El fuelle D interno se conecta directamente a la sefial de salida
del Booster y el fuelle D externo se conecta también a la sefial
de salida excepto que se hace a través de una valvula de aguja
ajustable.

Por otro lado: \ L e

B
=Y

Area fuelle D externo =7 G e
Area fuelle D interno

Para entender esta accidén derivativa, pensemos que la valvula
de aguja esta cerrada e incrementamos la presidén en el fuelle
|IA.' .

]
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Este incremento produce un aumento en la sefial de salida, has-
ta un balance que podemos escribir:

Ac = 0O

3

Por lo tanto:
7 4D = G (4AA - AB)

Esto significa que el balance se obtiene con siete veces el va-
lor-:normal, que se consigue cuando se aplica a toda el area del
fuelle D. : .

Si ahora abrimos un poco la vilvula de aguja, la presidén .de sa-.
lida, se aplica lentamente al fuelle exterior y paulatinamente
1ra descendiendo la presidén de salida hasta el valor normal:

AD = G (AA - AB)

-cubrlendose la accidn derlvatlva.
. VI . ’ N . It
-Como Relevador COmputador.
I Extractor de Mitad. : cn . oo
Para conseguir esta funcidén, la sefial de entrada se conec-
ta al fuelle "A" y la.banda proporcional se ajus;a en 200%

haciendo.- 4C .= o, AB = o (atmbsfera)

. B . N B .o
¢ B o, v, v k A

sustituyendo-en: .. :

r

AD - AC = 100 (4AA - AB)

B.P. Y 2
queda : = . g e e L I
-4D = 100 (4A) '
e 200 N !
£ AD = 1 AA e e
2

11 Doblador. o T
Para conseguir esta accidén, se considera el caso anterior
excepto que ahora B.P. = 50, eantonces: :

4D = 100 4A
50 ‘

(»-
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\'4

4D = 2 AA-

Accidn Suma, .

Para conseguir esta accidén, se conectan las seflales de

entrada a los fuelles A y C, la banda proporcional se

ajusta en. 100% y entonces @D = AC) = 100 QA =- 48)
e 100

o sea:
' AD = 4A - 8B + AC
se hace AB_ = o (atmésfera) L

por lotantoAD AA+AC’ - LS T

si hacemos B.P, dlferente de 100, la accidén seria "pro-~
porcional + suma". AD= \_O_‘é AA +A0C.

1

Accidén Diferencia.

Para esta funcidén se conectan las seflales de entréda a fue-
lles A y B, el fuelle C se ventea a la atmésfera de modo
que con banda proporcmnal = 100 tenemos:

,A‘D=AA‘-AB . .

!

si hacemos B.P, diferente de 100, entonces la: acc1on se- .
ria “"diferencia + proporcional", Ab= }_% (bA b\‘BD

. -
I . -

i

Suma y Diferencia Simultaneas.

Esta accidn involucra tres sefiales de entrada a los fuelles

‘A, B y c, por lo tanto: : ' , K

AD = 100 (4A - AB) + Ac S ,
B.P. ' - ”

| [ . ! - P
o, ' - ®

se ajusta la banda proporcional en: 100¢ y entonces~

:AD=AA-AB+Ac : —, Sy

1

si la B.P. es diferente de 100 entonces la acc:.on sen.a
"diferencia + proporcional + suma“.

avz 100 (aA-AB) ¥ AC.
3.

v
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RETAINING SPRING

EXHAUST

FIGURE 4—Operation of Inlet - Exhoust Valve in Booster Unit
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SYSTEM COMPOSITION OF
VUMATIK LINE

The Miniature, High-Performance
Pneumatik instrument System

—VumatiK Line—

List of VumatiK Line Instruments

3

The VumatiK Line is the newest mimature pneumatc
instrument series providing a wide model selection from VSI
to the recorder series. It features 4 force-balance type con-
troller that adopts a fluidic potentiometer gain mechanism,
and a balanceless » bumpless Auto/Man. transfer system.
The standard case (600 mm depth) and the short case (400 mm
depth) are provided.

The VumatiK Line models are listed belew.

Model No.
Description
St'd Case T Short Cose
Deviation Cascade set-point NUS 02,03 | —
indication Monual set-point (Locol) NUL 01, 02, 03 —
Indicator
controller Cascade set-point NUC 52, 53 —
Fixed scale -
indication Coscade set-point (w/o Man. setting) NUR 52, 53 —_
Manual set-point (Local) NUL 51, 52, 53 —
Coscade set-pm;n — NUS 09
Deviation
indicaton Cascade set-pomnt (w/o Man. setting) NUR 00 —
| g Control Manual set-point (Local) NUL 00 NUL 09
! 4 station Coscade set-point — NUC 59
£ Fixed scale
‘ T:», indication Cascade set-point (w/o Man, setting) NUR 50 NUR 59
| & Manyol set-point (Local) NUL 50 NUL 59
g Pointer Single NUF 70 NUF 79
' - indication Dual NUF 80 NUF 89
o | | Screen Single NUG 70 NUG 79
c - .
3 indication Duol NUG 80 NUG 89
g | Menuoi loader _NUH 90 NUH 99
s : Precision manual setter NUI 20 NUI 99
‘! Rato/Bias station NUB 90 NUB 99
{ Jock board ynit NUJ 90 NUJ 99
! Separate mount control unit — NUE 91, 92, 93
l 1-pen NUX 10 —_
' Recorder 2-pen NUX 20 —
|
! 3-pen NUX 30 —
|
1-pen NUT 10 —
Cs Trend
| § recorder 2-pen NUT 20 -
g 3-pen NUT 30 —
i = 1-oan Coscade set-point (w/o Man. setting) NUR 12, 13 —
-pe
' Recorder Manual set-point NUL 12,13 - —_
controller 2 Cascode set-point (w/o Man. setting) NUR 22, 23 —
) -pen
i o Manual set-point NUL 22, 23 —
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indicator controlier and control station
© Deviation indicator © Fixed scale indicator

\

< i)
NUR 0 NUL O NUC § NUR 5§ NUL &
Cascode Set-point Cascade Set-point Manual Set-point Cascade Set-point Coscade Set-point Monuol Set-point
(w/o Moanual Setting) (Locol) (w/o Manual Setting) (Locatl)
£ Indicator Ratio/bias station Jack board unit
© Pointer indication © Screen indication ;
] i [ 0°8
X2 &
’ {ni}u 6 6
" n (.) g) -
L]
NUF 7 NUF 8 NUG 7 - NUG 8 NuUB 9 NUJ 9
1 Pt. Ind. 2 Pts. Ind. 1 Pt. Ind. 2 Pts. Ind.
] Manual loader (NUH 9) [ Precision manual setter (NUI 9)
e w_Ta-—Tu ATl = azacs =
LT W, =] SRR
= & =
NUH9[J-X-X  NUH9[JXF NUH9[J-XD NUH9[J-X-B NUI9O-XX  NUI9[J-X-F  NuI9(J-X-D
with with with with with
, Input Inpu? Ind. Input Ind., input Input Ind.
Indicotor & A/M Transfer Indicator &
A/M Transfer & Bias A/M Transfer

Efj Recorder, recorder controlier and recorder control station.

© Recorder © Trend recorder ‘G Recorder controller and Recorder control station

(
w ™
< 1o 4 L

q . I
670665 e T
?o"p".o".o"-s. e DL&:J =S

NUT 1 NUR 1 NUL 1

NUT 2 NUR 2 NUL 2



FEATURES OF VUMATIK LINE

FEATURES OF VUMATIK LINE

'g Refined Human Engineering Design

¢» They present only a 50 mm X 150 mm bezel face. the small-
est 1n the world, suitable for high density mounting.

© Despite of it’s compact sizing, all operator controls are
easily mampulated maintaining a conventional visible
scale length for indicators. '

© Identical size and mask design with it’s electronic counter-
part, the NutromiK Line, permits a well balanced panel
design when both pneumatic and electronic instruments
are mixedly used.

2 Broadest Line Instruments

® The VumatiK is equipped with a vertical scale indicator
controller, indicator, trend recorder, recorder controller,
manual loader, preciston manual setter, and a ratio/bias
station to match to any type and any size of instrumenta-
tion system.

@ Either standard case of 600 mm length or short case of 400
mm 1s selectable to facilitate to mount on a panel that has,
a hhmited spacing.

© Both deviational indication system and fived scale indi-
cation system are adopted for the vertical scale indicators
and controllers for a unified and flexible panel design.

© Complete force-balance type transmitter series are provid-
ed to back-up the versatile instrumentation systems.

3 Truly Reliable Controller

© Rehable control actions owing to an adoption of perfect
force-balance type mechanism with a proportional band
restriction. -

O Proportional band mechanism that has-no mechanical
frictions eliminates the troublesome balancing adjustment.

@ The use of two metallic bellows and the insertion of a rate -

unit 1n feedback circuit permit a sharp improvement in
off'set

© Compact yet large capacitied pilot relay (50 N//min.) results
in fast response and better controilability.
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/..‘ Easy to Operatae Recorder

@ Newly designed., powerful pen servo mechanism matenal-

17¢s an accurate recording on chart.

O Vertically moving record pen to be compatible with the

vertical scale type instruments.

@ Color-coded tapes track with the pens to provide clearly

visible bar graph type indication.

@ Umque pen drive mechanmism permits a smooth recording

for the vertical full span of 100 mm.

@ Either roll type or folding type record chart is optionally

sclectable.

© Up to 3 integral alarm lamps are provided for monitoring

[ ang

Processes.

3y Easy Operation and Maintenance

<

Qo

One-touch, balanceless and bumpless, transfer of AUTO-
MAN operation.

A quick-connect method is adopted throughout, both for
electrical and pneumatic, to facilitate easy servicing.

All operator controls required for operation and adjust-
ment, are located in front panel for the convenience of
servicing '

Modular construction permits quick adjustment and
replacement of the units.

Independent automatic and manual control umits. The
manual control unit is removable in AUTO operation and
m MAN the automatic control unit can be detached.

o
:.L Highly Reliability

<

Metallic bellows are used for every major signal receiver
to improve safety.

The use of non-metallic tubes that have connectors at both
ends are minimized Connections between units are made
thiough mantfolds of aluminum diecast.

Felt filters are placed at the restriction of major units, and
metallic filters are inserted to external connection tubes
to protect from dirty air supply source.
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LIST OF RECORDERS, RECORDER > SPECIFICATION. SHEET | ..
CONTROLLERS ) SPECLFICATION. SHEET
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INTRODUCTICN TO PNEUMATIC PROCESS CONIROL - ZART 1

Dwery con%rollar ( air or oiherwice ) convains a dcvice
fyr couparing if Gesired measurcment value with the actural
saaouscd velue, and, if thesc are nct the same, the controllsy
is supposed to do nomumn;rg avout it. Thic comparison d.uvice
is custonmarily called the crror detector. The degired value 1
the setl woint ( 3P ) aad the actunl value is called the neasur

=
~

ed -
variable ( ¥V ). . .
In simple tnermostats, this error detector is a setv of »oiyi:
One wvoint is connecied to a dial whiclk 1s -set by hand (3P). The
other point is noved by a temporalturs sensing device, i.e. a
brmetallic syrip (V). ‘When the controlleld area COOlo off, the
MV point mekes contact with the 32 point and turns on the heat.

(]

thi: air controller crror detecvor is somewhat similar to
this. i action. It*use:, owever, a J'nozzle-baffle! or "jet-valwc
device in place of the eleCuxloal soints. Let us oonsidcr, for
2 nomens, the nozzle-~baffle principsle, ‘

Imgine an air press ure gauge withh an open tec in <the air

supnly line and air escaping from the open-leg of the tee. 1L a
Tiager is presced against the open leg, the gauge pressure wiil
rise. .

, Rir SuprLyY
This pressiure rise will be grecater as the finger is pressed
tighter, Minally, it will be found <hat a finger movemeny of a
Traction of an iach will produce pressure cnanges from mininum
TO maximum.

thin m3tal strip for the finger, we h

sunstizutiag a AL N
nozzle-saffle cevice, e musz® hOUOVCL malce some refinements
for the best result Tne woliic (cr ””lao;br”) is to ve con-
rected To Lhe mens or pen Arm anda asoved bJ it oxly
e et allow the aove the balffle. Ve musd, thb*e O”o-
reduce alr pressure and make the nozzle bove small,

e
ans heen found that a resz*lxb on
- )

, 3y ?rial and error, iv
\ rinice) in the air linc of bouv C;OLO” and a nwozzle bore of
abous CG.O0LCOY are woriable. Lot us consider next -the clcayanc.
“~7at;on::1ps invoived in a no;zle—baffle yfteno
e foilcowin sketceh, Thoe arzza of the cyllruer sr.ovn zi7
& lirzes o n3l. Area of the ozzlc opening 4 A DER
ndcr ~rea oxcecedes nonLcle opening arca, baf: e n, 1o _e.
ffeet on nozsle pressure. The llmlt of haffle e’rccive-
refore. L3 woen:
Cylinder arsa = Uozzle opening area i

= J§iD? . -

cr: (simplifying) = %D S

o

N

=

»)

-
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I, sneraforc, we have o no=wnls Bore of GC.0 lO" che maXimwn
efrfeztive tr-vel of fhe birfle 1s C.020/% or O, OOZS”L
[N
Tz | BAFFLE
¥
] __.!.__
Nezz iz (1(T i
i 1 | .
The nosnle-w.ffle arraizemont, therefore, 1s exiremely
. . - B - oo " L]
sensitive to the vosition ol tiie ©ille. In one respect, tnhis |
15 n advenioge, ne in othirs, 1% is noet. Ve chun, howevel,
AR S A e A S0
cid-.Qu & L 1ne dQJo
ot us visunlize 2 sin e contrellor oving v nozilee—
vaffic moch niza onlr. The jon wrw L0 ldnkad o the baffle,
and-the sev yoint indew, to tho ucnnle.
ORFICE
DA vl Mezzif Seand
- | ; AIR SurPLY
| 1 1
Pan AR LNy ‘*E — . l
i OUTPW o VAWE

Phe vperfornince of tiiil: sinnle contro
he wwshticfactory beaciuuse ot
(&) Dvcescive censitivity
(b) Air output too Jeeble
ily rectified by using an
1y be remedied by "r“emln
because of excessive I
The difficulty, thre
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this is j or tic.l
sowey of the NEen AT
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bellows to thc provious

ller, however, would

and oscillation

to give proper réspon:
amplifying relav. Itcn
g down" the linknge, ©
Triction and iinitec
refore, is solved oS

simple controllcr,

2rci (PROPUZTIOMNAL ) BELLOWS

PIR SupprV

FEEDT
S
ANUESTRBLE LzvEr Arms — - ”'—-‘—'{VW
N -‘_\.?L,‘) L/W\Tj ;O"Rj.T—‘lC.E
\ :1'\'... l
Pow Ram Liag \‘i i l

Y

Tow, ony movement of the balile Ly the pen

CuUTPVT

arm 1ink will cruse
-
v

opreccure c:qnoo which will mzke thie bellows counterazt tre
crizinal boflle movement. Assuaing that the bellows has Lulfici:
travel, Ttlhc dc gree of counteraction will depend on tie lever roil
vied., This leover razno is usually nade adjustable, wiich ooliss
oz ovrorking wngb ol the coL"rol¢cr adjustable. The grei-zr wlico
Lirount of feedback from the bellows, the farther the ven is T
LOVE noross tie chart Yo malie g change in output pressure.  Thil
aLjurtanle working range is kiiown as the ”oroportlonw; bandt Lol
vre feedbock is called, "negative feedback',.
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Increiciag the amount of neg.tive feeddbuck ( by adjusting
she lever ratio ) reduces sensitivity 3CCOT11HR~Je “a& The
relotively 1cuu trivel of the Teedbzck lever systenm {about ¥)
panimizes the feets of ]1UM¢VU in tne 001nccrlnﬂ liniks (which
in poesibly 2 vouu 0.001"), Thc necessary powsr LorT ROVILg the
lever systen ig pupnlied by the ~ir bulloVﬂ, relieving thre
mensuring element of this lowd. Let us next condider this Torm
sproportionsl hand" further,’ '

EFroportionzal control means that controller output is

1
1

proportional to error (&vVlduth of measured variable from sed
point). LYroportional band is ihe per cent of controller chary
spoen within which-all coxt“ol action t~kee pluace. Thus, in &
0 = 100 pui c.ntroller, o 209% pro:or tloaa1 b.nd nmeans that all
cotrol action takes place over & 20 psi soprewd, 10 poi on each
si =z of the set ocwntg A wvide bhand like 100p tberefOfy, menas -
gr dunl (and thorefore slow) action, since hcrﬂ the pen would hav:
to .trav:l a distance euuAI to the cntirce chari width beforc the
co .trol action would go fSrowm one zxtreme to the other. This
grodull .Culon, howovcr, is a great ald in attaining stabilizy,
wh ¢h i3, of coursec, ithe rcason wide hrnd action is so widely

s .d, )

Tvwy other words are frejuently used to describe nroyort-ond;
co trollur nction. These arc "”Ol““ulVluV" and “"gain"., The; azre
s entiilly t..e reciprocal of proportlonhl hand. Thus wide band
gl e slow, gridunl, and stoble control that can be taousat oFf ac
"iiwensitive", The narrower the bund gcto, the faster the contrcl
achion obcoues, neking it more uquitive, sATTOW band, thcn, :

im-lies nigh censitivity and fast (but of cn unesta ole) action,

The word "gain" has becn borrowed from the electricnl ficli;
vinere ivomcanns umol; ica uiono An air controller w1ll a311fj oo
bancs less thon IOON. amplifica tloa increasing as the b nd
nnows. (Gl very narrvow bands, Lo “y‘mple, a small pen OV 2 e:tg
i.c. 2 change in the mexsured v*“qu;p, awoy from the set point ~
will causge o large change in controller output pressure with
correspondingly vigorous action by the cont“ol valve., I this ’
wal , & small Werron! signal is amplificd. This, of course, 1s 0%
wlvays desirable. Gain, then, is related to proportional bond oc

Lo lows:

Goin = 200 ___ = Q‘iJgT_ghwn"el psl gFonr force-
S Prop.Band input change, poil balance tyone

In umnAry, proportional band, sen%itivity, and goain all reflzz To .

the some phenomenon or '"mode" of control.

Proportional action, however, caeuses offset. Offse
ne aanentv devin L on from the desired set point. Inogine
of waoiter whone lcvel is controlled by a {loat valve. Sup :
the n2ll float hes a total verticul travel of 24 inches
v .ve notving frow tight shut to wide open. This 24 incn
then, rcprccants the working band of the float valve., I
ing talled in a tonk 48 inches aecw, the "proportional band"
re.reseated by the 24 inch float travel is 24/48 or 350/,

,
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level to drop. The flooat will
valve uvatil cnough witer enters
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' R | ‘Il.‘ £
. - A‘\,r,
If, howev:r, the vilve (r. 2t) is natrtly open, the p ~ODOTBIG !
bellows will sct first, Tollowet by 2 groducl return vo the Lo
cquxlibrium LOSihlcn caused by .ir le~king tkrough she resct - .
needale valve This "gradunl *@*u”n" iz the reset action. o
Sinde proportional netion, 1lthiouch glv:ug utthlltj, bccom
nore ‘luuu*nu az the band becoumcs wider, the nced arises for nom"

sort of tewporary spcodup to prevont control fron lagging too far
behiind on wide bands This spexiup effect or mode bhecame knovn ~
as "rate" action or, from its r ~chematical exprenssion,'"deriv.lives,

b yroduced in at least wwo Aifferentd, -

ways; eliner by (elaying the o 2arance of proportloaal acticn -

or by zimkply boOo. ting tlc conty ller output rressure temoo;arll/

vith »n added relay. Although acrctice varies, one

tynic2lly obtain derivative bj delaying the nagative feedoach

it 1s ecsential for proporticuil action, Tnls de31y is’ eas*lj
he feedbaclk line

produced by partially closing ¢ needle valve in

We can,therefore, add derivative to our 81mule recet controawcr
by 2 cuitnble wooster relay.in lhe ouunuto An even easier meuhou"..
rowever, is to i¢d o needle valve.in. the feedbaek to the pro-
vorticnnl bellows. Referring to the previous skotcli,” this would
be at point "D", ' ' : ' . L A

If this galve is closed ne~rly shut, proporsioral (feedl
ion 1s deluyed, cuausing a r »id change in out ul pressure
ic ul of on-off control). This rapid stari, liowever, will taper
alr leoks through the- dorlvatlv needle vilve, restforinrg
n*ovoxt¢onﬁl action. ¥ L L ' e

‘ It will be cpparent from ithe foregoing that adjustment of the-
end derivative needle valves calls for cauvion and sound

.ction con bhe
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C.R. HOJEL & Co., S.A.

TIBER No. 94 MEXICO, D.F.
Tel, 833-66-356 con B lineas

VALVULAS AUTOMATICAS DE CONTROL

Las Valvulas de Control son el elemento final de control de un proceso
y regulan el flujo de un fluido para mantener una variable (temperatura,
presién, nivel, flujo) dentro de los limites deseados.

Las Vdlvulas de Control para su estudio se dice que constan de un cuer-
po a través del cual fluye el fluido a manejar y un actuador que es el que
proporciona la fuerza para abrir y cerrar el paso a través del cuerpo de la
vdlvula,

ACTUADOR

Como deciamos anteriormente es el que suministra la fuerza necesaia
para abrir y cerrar el paso del fluido a través del cuerpo de la vdlvula de
control. Los actuadores rads usuales son los denominados de diafragma ila-

mados asi por constar precisamente de un diafragma flexible atornillado en
el interior de una caja dividida en dos partes. Si se aplica una presién de
aire a uno de los lados del diafragma, la fuerza producida es contrarresta la
por un resorte que limita la carrera del actuador.

Existen actuadores de una gran variedad de medidas, suficientes para
cubrir un amplio rango de fuerzas. Las medidas nominales son 9, 13, 15, l&
y 24. La mayoria de los actuadores tienen un rango de operacién de 3 a 15
psi o sea que con 3 psi de presién de un lado del diafragma éste empieza a
moverse, y con 15 psi se ha desplazado toda su carrera.

El resorte es ajustado de tal forma que un aumento de presién superior
a 3 psi causard un movimiento del diafragma asi como del vdstago al cual se
encuentra unido el diafragma; asi porejemplo, si se aplican 9 psi de presidn
al diafragma se mueve la mitad de su carrera,. '

Debido a que el diafragma estd atornillado entre cajas de didmetro inte-
rior fijo, dd la impresidén de que el drea del diafragma permanece igual en
cualquier posicidén de su carrera; sin embargo, esto no es real y puede de-
mostrarse por medio del siguiente experimento: Si a un actuador No. 13
por ejemplo, se le quita el resorte y se coloca descansando en su vdstago
sobre una bdscula, con 10 psi de presién de aire aplicadas al diafragma,
leeremos en la bascula una carga total de 1220 lbs; dividiendo 1220 entre las 10
psi aplicadas resulta un drea efectiva del diafragma de 122 pulgadas cuadradas.
Si ahora cortamos el vdstago 13" méds corto que el anterior, encontramos que

- PRINCIPALES ABASTECEDORES DE MATIRIALES PARA GAS
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con las mismas 10 psi de presidén hay una carga en la badscula de 970 lbs y

un drea efectiva en el diafragma de 97 pulgadas cuadradas, lo cual nos estd
demosttando que el drea no permanece constante en diferentes posiciones de
su carrera. En la posicién superior tenemos el drea mayor, la cual se va re-
duciendo a2 medida que el diafragma se mueve hacia abajo; el hecho de que el
drea afectiva del diafragma cambia con la carrera, hace suponer que con un
carribio ‘en la presién sobre el diafragma del actuador, nos produciria una fun-
cién no lineal con respecto a la carrera. En realidad si se experimenta a di-
ferentes posiciones de carrera'y se grafica el cambio de drea efectiva, a medi-
da que el diafragma se desplaza a la carrera del actuador, se encuentra que
la curva resultante de presidn sobre el diafragma contra carrera es casi lineal.

Para ’probar lo anterior tomemos el mismo actuador No. 13 antes men-

cionado. Sabemos que a cero carrera la presion sobre el diafragma es 3 psi
y que'a 'su carrera total de 13" la presién sobre el diafragma es 15.-psi; es-decir
que con:3 psi de presién de aire sobre el diafragma el resorte de la vdlvula de
control estd cargado lo suficiente para mantener el diafragma en la posicién su-
perior extrema y que con 15 psi el diafragma y el vdstago se mueven en una lon-
‘gitud igual a la carrera originando una carga adicional en el resorte. Conocien-
do la diferencia de carga en el resorte (debida al cambio de posicién del dia-
fragma y el vdstago) y la carrera del vdstago, se puede calcular con exactitud
el tipo de resorte requerido para mantener la vdlvula totalmente abierta con 3
psi de presidén y totalmente cerrada con 15 psi de presidén de aire, si es que se
trata de una vdlvula que cierra con presién de aire.

- . .
Por medio de la siguiente férmula se puede calcular el resorte requeri-

do en cada caso : K - Pf Af - P. A.
Yr

f.K-«Carga de Resorte Yr - Carrera P - Presién A - drea F - final 1 - 1n1c1a1
nen nuestro caso actual K - (15x97)-(3x122) = 725 1b/in.
1.5

Calculemos ahora la presién actual sobre el diafragma para distintos
valores.de carrera del vistago, por lo que despejando Pf de la férmula anterior
tenemos que : .

Pf - Kyr - Pi Al - (725x0.75) - (3x122) - 8.8 psi |

- Af 104 "

el valor del Af se obtiene de las curvas de cambio de drea del diafragma a dife-
rentes carreras.

i c’:'-. o ' . P

vete 4 Siguiendo- el mismo procedimiento podemos determlnar la presmn actual
sobre el diafragma para carreras de 0.375" y 1, 125", encontrando va.loz;es de
5.9 psi y 11, 8 psi respectivamente. ‘

= -P-RINCIPALES ABASTECEDORES DE MATERIALES PARA GAS
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Con esta informacién podemos graficar carrera contra presién en el
diafragma y vemos que la curva encontrada forma una linea casi recta. De
donde deducimos que a pesar de que el drea del diafragma no es constante a
lo largo de su carrera, si, de todos modos su funcién es lineal,

Hemos anteriormente hecho mencién del resorte del actuador, cuya
funcién deciamos es la de contrarrestar la fuerza producida por la presién
aplicada sobre el diafragma, limitando en esta forma la carrera del actuador.

Se ha igualmente mencionado que el rango mas usual en los resortes es
el de 3-15 psi o sea que con 15 psi depresidén sobre el diafragma, obtenemos
la fuerza necesaria para vencer el resorte y pasar de la posicién totalmente
abierta o totalmente cerrada; por tanto la compresidn inicial del resorte ten-
drd lugar a partir de las 3 psi de presién sobre el diafragma.

Para que un actuador pueda manejar el desbalance de fuerzas en el cuer-
po de la vdlvula de control debemos suministrar una fuerza adicional a la que
nos permite exclusivamente pasar de posicidn abierta a cerrada. Esta fuerza
adicional puede ser propdrcionada por 'medio del tornillo de ajuste, el cual nos
permite dar mayor compresiin al resorte de tal forma que el desplazamiento
inicial del vdstago sea a un valor de presién sobre el diafragma distinto de 3
psi v.gr de 8 psi,.

Puede también esta fuerza adicional proporcionarse con un resorte mds
ligero que termine su carrera a una presién menor de 15 psi v.gr. 11 psi.
teniéndo en esta forma una presidén extra disponible en este caso entre las 11
psi y las 15 psi de presién sobre el diafragma.

Desbalanceo de Fuerzas en la Vdlvula de Control

La fuerza necesaria para actuar una vdlvula de control de ser mayor o
igual a la fuerza resultante de las fuerzas actuando en el tapén de la vdlvula
de control. Dentro de las fuerzas que deben ser vencidas por el actuador
pueden considerarse las siguientes :

1. Friccidén del Vdstago.- Esta fuerza se encuentra tanto en las guias del
vdstago como en el empaque del mismo; correspondiendo a este dltimo la mayor
parte de esta fuerza de friccidén, que a su vez depende de la edad y lubricacidn
del mismo.

2. Fuerzas Estiticas.- Resultan de la caida de la presién a través de la val-

vula o sea la diferencia entre la presidn de entrada y la presién de salida, pro-
duciendo una fuerza en el vdstago del tapdn de la vilvula,

PRINCIPALES ARASTECEDORES JE MATERIALES PARBRA GAS
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3. Fuerzas Dindmicas. - Una de ellas es la llamada del tapdn de bafio, el
cual tiende a ser succionado a medida que este se aproxima al asiento, debi-
do al aumento de velocidad del fluido al pasar por un espacio reducido, crean-
do un &rea de baja presién. Otro tipo de fuerza dindmica es la carga lateral
sobre el tapdn debido al choque del fluido, normalmente esta fuerza es de pe-
quefia magnitud.

Las fuerzas dindmicas son mucho mds dificiles de analizar que las fuer-
zas estdticas.-

Propiamente para la determinaci del actuador adecuado se consideran
exclusivamente las fuerzas estaticas; por lo que para nuestro estudio conside-
ramos estas fuerzas actuando sobre una vdlvula de control de asiento sencillo.

Considerando el cuerpo de la vdlvula de control sin el tapén de la misma
y manejando un fluido, el cuerpo actua como un recipiente a presién en el cual
las fuerzas actuan perpendiculamente a las paredes internas.

Considerando ahorael tapén y el vdstago solos instalados en un cuerpo
de vdlvula, de presién del fluido actda perpendicularmente en todas las superfi-
cies expuestas al fluido, por tanto cualquier fuerza actuando sobre un lado del
tapdén se encuentra balanceada por otra fuerza igual y contraria, por lo que to-
das las fuerzas horizontales se anulan resultando Gnicamente fuerzas verticales.

l L-IT-—‘ VASTAGO

GUIA

=I—— ASIENTO

N

Eliminando la guia del vdstago, para fines de cdlculo podemos considerar
exclusivamente dos dreas sobre las cuales actda la presién, siendo estas Al y
A3, Al es el d4rea del asiento, Ai-A3 es el 4rea del asiento menos el 4rea del
vdstago.

A3

Ay

La eliminacidén del contorno del tapén en el anilisis estdtico, asegura que
el tapén estd completamente rodeado por las fuerzas que actdan sobre el, lo
cual da el mayor cambio en fuerza,

La mayor caida de presion se tiene cuando la restriccién es la menor po-

sible, siendo por tanto el valor médximo de dicha AP cuando la vdlvula se encuen-

tra totalmente cerrada. )
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Consideramos primero una vdlvula operando con el flujo tendiendo a abrir,
es decir que el fluido pasa de la parte inferior del asiento a la parte superior del
mismo. Sea Pl la presidn de entrada y P2 la presidén de salida.

En el primer caso la vidlvula se considerarid totalmente cerrada.

FuerzasPositivas= Pt Aj
" Negativas = —P2 (Al-A3)
= ~P2AL 4 P2A3
Suma de las Fuerzas = PjA|- B AL PyAg = A|(P-B) + PA;
Fuerza Resultante - P2A3 + ALAP ... (1)

Considerando la vdlvula totalmente abierta, la presién P2 rodea completamente el
tapbén y el vdstago, .. Pl- P2 ‘

Fuerzas Positivas = P2Al\
" Negativas =—P2 (Al-A3)
--P2Al « P2A3

Suma de las fuerzas = P2A| - P2A[ + P2A3
Fuerza Resultante - P2 A3 ... (2)

Comparando ks expresiones (1) y (2) vemos que ambas contienen a P2A3 que
es el desbalanceo del vdstago o sea la fuerza que tiende a empujar el vidstago fuera
del cuerpo de la vdlvula, y por tanto esta fuerza de desbalanceo estd presente in-
dependientemente de si la vdlvula se encuentra abierta o cerrada. Este desbalanceo,
normalmente se ignora debido a que el didmetro del vdstago es pequefio con res-
pecto al didmetro del asiento; sin embargo debe ser considerado en aplicaciones
de altas caidas de presidn.

Consideramos ahora, para efectos delandlisis estdtico de fuerzas; el flujo
tendiendo a cerrar la vdlvula, es decir, que el fluido pasa de la parte superior
del asiento a la parte inferior del mismo.

Cuando la vdlvuvla se encuentra totalmente abierta Pl - P2

Fuerzas Positivas = PJAlL

" Negativas =-Pl (Al - A3)
~PlAlL & PLA3

PRINCIPALES ABASTECEDORES DE MATERIALES PARA GAS
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Suma de Fuerzas - PiAl - PlA]l & PlA3
Fuerza Resultante = P{A3

Valvula totalmente cerrada
Fuerzas Positivas = P2Ai

" Negativas ~PL (Al - A3)
~PlAl + PlA3

Suma de Fuerzas = ~PlAl § P1A3 4 P2A}
Fuerza Resultante = Al (-Pl4P2) 4+ P1A3
--~A) (p1-P2) 4 PLA3
--AIAP 4 PlA3
Por lo tanto en este caso el flujo tiende a mantener la vdlvula cerrada
mientras que APA| sea mayor que PJA3. Existen casos especiales en los cuales
el drea del vidstago A3 es mayor que eldrea del asiento Ai y entonces la fuerza
resultante tiende a abrir la vdlvula y no a cerrarla como en el caso anterior.

Desbalanceo de Fuerzas en las Vidlvulas de Control de Asiento Doble

Aparentemente estas vdlvulas se encuentran disefiadas con asientos de
dreas iguales, por lo que podria suponerse que con una caida de presién de Pl
a P2 la fuerza resultante que tiende a abrir la vdlvula se encontraria desbalan-
ceada por la fuerza resultante tendiendo a cerrarla, por lo que ambas fuerzas
Unicamente tenderian a separar los tapones del vdstago, y si este es lo suficien-
temente fuerte para resistir dichas fuerzas, llegaremos a la conclusidén de ba-
lanceo.

Sin embargo, para facilitar el ensamble de una vdlvula de doble asiento,
es necesario tener una diferencia en el 4rea de los asientos, la cual aumenta
a medida que aumenta el tamaifio de la vdlvula,

Debido a esta diferencia de dreas encontramos que la fuerza resullante
es igual a AP (Al-A2) y estard en direccidén del asiento de mayor drea.

Las fuerzas dindmicas en una vdlvula igualmente son impredecibles y no
requieren analisis debido a la pequefia parte en que intervienen en el balance de
fuerzas. Sin embargo, debemos recordar el afecto del tapdén de la tina de bafio
en las vdlvulas de asiento sencillo. Exactamente lo mismo ocurre en las su-
perficies lisas y contorneadas de tapones de vdlvulas de asiento doble. La fuer-
za dindmica resultante de este efecto del tapén actia hacia abajo mientras que
la resultante de las fuerzas estdticas actda hacia arriba en direccién del asiento

PRINCIPALES ABASTECEDORES DE MATERIALES PARA GAS
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de mayor d4rea. A medida que el tapén de la vdlvula se desplaza de la posicién
de abierto a cerrado, hay tendencia a haber un cambio de sentido de la fuerza
resultante de una direccién a otra, lo que resulta en una tendencia del tapén a
atascarse. En vdlvulas de tamafios abajo de 6' este efecto de atascamiento rela-
tivamente no tiene importancia; sin embargo, debe ser considerado en tamafios -
mayores de 6', por lo que se recomienda en estos casos utilizar un tapén tipo
puerto en V en lugar de Parabdlico.

Caida de Presién Permisible

Antes de ver que caida de presién pueden manejar la combinacién del cuer-
po de una vdlvula y un actuador determinado; debemos establecer que para deter-
minar el tamafio del cuerpo que permita el flujo de un determinado fluido, debe-
mos considerar la caida de presién actual; mientras que cuando tratamos de de-
terminar el tamafio del actuador debemos considerar la presién de entrada como
la caida de presidén a través de la vdlvula, ya que esta serd la condicién més se-
vera y por tanto requerird de mayor fuerza proporcionada por el actuador.

La caida de presién permisible es mds importante en valvulas de asiento
sencillo. En este tipo de vdlvulas si se instalan con el flujo tendiendo a cerrar
existe tendencia del tapén a golpear a medida que se aproxima al asiento; por
tanto en aplicaciones de vdlvulas de un asiento debe evitarse si es posible el flu-
jo tendiendo a cerrar e instalarse siempre con el flujo tendiendo a abrir la vdlvu-
la de control,

Como via de ejemplo de caida de presién permisible consideramos una val-
vula de 4" con actuador tamafio No. 13, con carrera de 1, un drea inicial del
diafragma de 122 pulgadas cuadradas y un drea final de 97 pulg. cuad., el cuer-
po tiene un 4rea de asiento de 10" cuad. y un drea de vdstago de 0. 2" cuad. Su-
ponemos que esta vdlvula ha sido seleccionada para manejar un flujo determina-
do y que estard operando con una presién de entrada de 100 psig. Como primer.
caso vamos a instalar la vdlvula con flujo tendiendo a abrir y con un actuador de
accién directa instalado para cerrar con aumento en la presién de aire. El ac-
tuador trabajard contra una gran fuerza de desbalanceo cuando el tapdn esté en
la posicidén de cerrada. Vimos anteriormente en el ewtudio de fuerzas estdticas
que cuando la vdlvula se encuentra cerrada y el flujo tendiendo a abrir, la fuer-
za resultante era igual a P2A3 - APAl, por tanto substituyendo tendremos que
F. Resultante = 0 (0.2) - 100 (10) = 1000#. En virtud de que con el cambio de pre-
sién de 3 a 15 psi sobre el diafragma la vdlvula pasard de totalmente abierta a
totalmente cerrada cuando.no hay una caida de presién a través de la vdlvula,

PRINCIPALES ABASTECEDORES DE MATERIALES PARA GAS
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debemos en este caso que estamos ya aplicando una caida de presién, tener un
exceso de presién de aire para vencer la fuerza de desbalance; que serd igual
al cociente de la fuerza de desbalance entre el drea final del diafragma, o sea

exceso de presidon = _1000# - 10 psi
\ 97 in2
deb‘en'ademés, como factor de seguridad, considerarse 2 psi mds lo que nos

da en exceso igual a 12 psi.

Por tanto para mantener la vdlvula cerrada contra una caida de presidn
de 100 psi, serd necesario aplicar al diafragma las 15 psi necesarias para mover
la vdlvula a la posicién de cerrada mds las 12 psi de exceso para mantenerla en
esa p081c1on es decir que la vdlvula empezard a moverse con 3 psi de presién
y no llegard hasta su posicién de cerrada hasta que la presion del diafragma lle-
gue a 27 psi. ” '

Con la misma vdlvula y mismas condiciones, pero utilizando ahora un ac-
tuador inverso o sea de accibén abre con aire fuerza de desbalance seria también
P3A3+ APAL - 0 (0.2) - 100 (10) = 1000 # 3. En este caso serd necesario ajus-
tar el resorte de tal forma que la compresién inicial sea suficiente para mante-
ner el tapdn en la posicién de cerrado.

Compresién Inicial de Resorte - 1000 # = 8.2 psi + 2 psi = 10.2 psi. Es
122 in 2
decir que serd necesario tener ajustado el resorte en tal forma de que cuando

se aplique una presién de 10. 2 psi sobre el diafragma, €ste junto con el tapdn
empiecen a moverse.

El actuador No. 13 que hablamos seleccionado en nuestro ejemplo tiene
una compresién inicial de resorte de 3 psi, por lo que no serd suficiente para
mantener la vdlvula cerrada contra la caida de presidén; ni ain utilizando rango
de 6 - 30 psi tendremos la compresién inicial necesaria en el resorte; debemos -
por tanto estudiar con el siguiente tamafio de actuador No. 15 que tiene un drea
inicial de 178IN2.

Compresidén Inicial Resorte = 1000 #  _ - .
! —Ig— = 5.6 + 2 - 7.6 psi. Aparentemente,

este actuador con rangos 3-15 076-30 psi tampoco puedea manejar la conp residn
inicial requerida de 7. 6 psi, sin embargo, este actuador No. 15 tiene una carre-
ra médxima de 2" por lo que dandole mayor compresién podemos reducir la carre-
ra a 1%_—" que es la de la vdlvula de 4" segin los datos de este ejemplo; y con esta
compresidén vemos que el rango del resorte queda de 11-30 psi é sea que las 11 psi
de compresién inicial en el resorte son suficientes para manejar la compresién
inicial requerida de 7. 6 psi. Por lo tanto deducimos que en este caso es necesa-
rio utilizar un actuador No. 15 operando a 13' de carrera.
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Veamos ahora al mismo caso anterior pero considerando ahora el flujo
tendiendo a cerrar, con accién de la vdlvula aire para abrir o aire para cerrar.
Debemos recordar la tendencia del tapén a golpear a medida que se aproxima
al asiento. Se hizo anteriormente mencién del efecto del tapdn de la tina de
bafio lo que dificulta grandemente el efectuar un andlisis de las fuerzas dindmi-
cas, por lo que en estos casos el tamafio del actuador adecuado se determina
por medio de una regla establecida a través de la experiencia; esta regla nos
dice que el producto de % del rango del actuador por el 4rea efectiva del diafrag-
ma, debe ser mayor que el desbalance estdtico. Si un actuador se dice tener
rango de 3 a 15 psi, el valor de § se toma de la diferencia que es 12 . . £ x 12 =
3. Esta regla para determinar el actuador adecuado, es aplicable en vdlvulas
que van a ser usadas para control; cuando la vdlvula va a ser utilizada en ser-
vicio de apertura rdpida o sea abrir y cerrar exclusivamente, en lugar de con-
siderar 3 de rango, se consideran 3/8.

Aplicando la regla al ejemplo desarrollado con anterioridad, en el cual
con una caida de 100 psi teniamos un desbalance resultante de 1000#.

Actuador No. 13, Rango 6 - 30 psi (24) (105) = 630 # valor menor que

el desbalance.

pf

(24) (145) = 870# valor menor que

D=

Actuador No. 15, Rango 6 - 30 psi
el desbalance. :

Actuador No. 18, Rango 6 - 30 psi
que debe utilizarse.

(24) (200) - 1200#.. Es el actuador

EYE

Si hacemos finalmente un andlisis de los resultados obtenidos en los dife-
rentes casos, encontramos que un actuador No. 13 es el adecuado cuando el flujo
tiende a alrir y la accidén de la vdlvula es de cerrar con aire. Un actuador No.
15, es necesario cuando el flujo tiende a abrir y la accidn es abrir con aire, y un
actuador No. 18 debe emplearse cuando el flujo tiende a cerrar independiente de
la accidén de abrir o cerrar con aire.

Actuadores de Pistdn

Los actuadores de pistén neumdticamente operados y con posicionador in-
tegral estdn cada dia adquiriendo mayor importancia en virtud de que en los di-
ferentes procesos y presiones mds altas son manejados.

Los actuadores de pistén son operados por medio de un abastecimiento de
aire que varia entre 20 psi minima y 100 psig médxima, una precarga de 10 psig
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v . e - . ./ . . .
minima y una méxima igual a la presién de abastecimiento menos 10 psig.

Fuerza Disponible del Pistén con accién reversa o sea cierra con aire

T Pd x APo - Fsc

T Fuerza de desbalance en 1b.

Pd - Precarga en psig.

Apo = Area superior del pistén en IN2

Fsc : Compresién del resorte en lb.

Fuerza Disponible del pistén con accién directa o sea abre con aire.

T - Ps x Apu - Pd x Apo - Fsc

T Fuerza en 1b.

Ps - Presién de abastecimiento en psig.
Apu = Area inferior del pistén en 1IN2
Pd - Precarga en - Psig

APo = Area sup. del pistén en IN2

Fsc - Compresién del resorte

Ejemplo de cdlculo: Vdlvula de 2", flujo tendiendo a abrir, accidn cierra
con aire, presién de entrada 1000 psig. drea del orificio del asiento 2. 07 in2

Desbalance = 2. 07 x 1000 - 2070 1b.

En los actuadores de piston los diferentes tamafios se diferencian por medio
de letras, asi tenemos los tamaifios A, B,C, D y DD las caracteristicas inherentes a
c/u de ellos pueden verse en lastablas correspondientes.

Consideramos para nuestro ejemplo un actuador tamafio A el cual tiene un
drea superior de pistén de 30. 9IN2 y una fuerza de compresidn del resorte de 175
1b.

Aplicando la férmula de fuerza disponible del pistén con accién cierra con

aire, tenemos:

PRINCIPALES ABASTECEDORES DE MATERIALES PARA GAS
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3070 -« Pd x 30.9 - 175 Pd - 2070 + 175 - 73 psig

30.9

Por regla general debe siempre usarse como precarga un 10% més de
lo calculado, por lo que en este caso Pd requerido debe ser de 80 psig por lo
que el aire de suministro debe ser por lo menos de 90 psig, si consideramos
que el suministro mdximo permisible en los actuadores de pistdén es de 100 psi
vemos que llegamos a un valor muy cercano al médximo, el cual se aproximara
aln mds si tomamos en nuestros cdlculos en cuenta,la fuerza producida por la
friccibén del vdstago. Deducimos de esto que debemos efectuar el mismo estu-
dio en el siguiente tamafio de actuador o sea el B que tiene un drea superior de
pistoén de 51.5IN2 y una fuerza de compresién del resorte de 180 lbs. . Pd =

20705;" 51,80 : 44 psig + 10%"{35i con abastecimiento de aire de por lo menos

58 psi. Por tanto este seria el actuador adecuado. Si consideramos ahora una
vdlvula de 4" con flujo tendiendo a cerrar, accién abre con aire, presién de en-
trada de 400 psig drea de orificio del asiento de 9.95 in.2, drea de vdstago de
0.79 que en este caso disponemos de 80 psig de presién mdxima en el aire de
suministro.

Si consideramos inicialmente un ac¢tuador tamafio B con drea superior
del pistdn de 51.51 in2 e inferior de 56.2 in2, tendremos primeramente que la
fuerza de desbalance cuando la vdlvula estd cerrada es igual a 9. 95 x 400 -
4000 1b. y cuando la vdlvula estd abierta es igual a 0.79 x 400 - 316 lbs.

La precarga requerida Pd - T - 316 - 316 _ 6.1 psi
Apo 51.5 5T.5

en virtud de que se establecid que la precarga minima en actuadores de pistdn
debe ser de 10 psig, consideramos estd en este caso.

La presién de suministro debe ser: Ps = T & Pd Apo -
Apu |
3660 4 10 x51.5 - 74.3 psi4 10% = 82 psi. Como se establecid que la presién
56.2

mdxima de suministro disponible era de 80 psi necesitamos efectuar el estudio con
el tamafio C de actuador, el cual tiene una drea superior 98.7 in2 y 103 in2 de
drea inferior.

Pd - 316 - 3.2 psi . . Se considera 10 psig.
98. 7
Ps = 36601‘}'012 x 98.7 - 45 pSig + 10% - 59 pSi

Este serd el actuador adecuado.
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CONTROL DE RUIDO EN VALVULAS DE CONTROL

El ruido producido por las vdlvulas de control se ha convertido en un punto de
atencidn, el cual debe limitarse en zonas industriales a 90 db por 8 hr de expo-
sicién 6 115 db hasta 15 min. de exposicidn.

Existen 3 fuentes de ruido asociadas con las vdlvulas de control.

a) Ruido debido a la vibracién mecédnica v. gr. resonancia de los interiores de
la vdlvula. Este puede ser eliminado cambiando el didmetro del vdstago, cambi-
ando la masa del tapdn o algunas veces cambiando la direccidn del flujo. ‘

b) Cavitacién. Este ruido es producido por el colapso de burbujas de vapor en
una corriente de fluido liquido. Esto puede ser evitado usando un valor alto de cf
o kc.

¢) Ruido producido por la turbulencia del fluido, el cual es casi imperceptible
en liquidos, pero muy importante en gases o vapor debido a la alta velocidad cuan-
do pasa el orificio de la vdlvula a caida de presién critica.

Lo siguiente es un medio matemadtico para estimar el nivel del ruido en 1b. de-
bido a la turbulencia.

El SPL nivel de presidn del sonido para gases con caida de presién critica y a
una distancia de 3ft de la vdlvula puede ser calculado por medio de la siguiente
formula. SPL = 10 log. (10" n PP, C-G Cf) 4 Sg -+ St - A (db).

SPL = Nivel de presién del sonido

N = Factor de Eficiencia

A = Factor de atenuacidén db

Sg = Factor del gas db.

P} = Presién de entrada psia

P, - " " salida n

St = Factor de correccidén de temperatura db
Cv - Coeficiente de flujo

La férmula anterior puede resolverse por medio de grdficas. Se suman
los factores Su, Sp y Se de las grdficas con St y Sg de las tablas, de esta suma se
substrae Sa . . SPL = Su4 Sp t+ St } Sg - Sa.

Como via de ejemplo vamos a determinar el nivel de presién de sonido
SLP en una vdlvula de dngulo de 2'" con orificio reducido manejado con gas natural
a presién de entrada de 3460 psia y 740 de salida, Cu = 3.8 cf = 0.55 instalada en

tuberia de cédula 80.

De las tablas Su = 6 Sp = 89 Se = 21.6sgn=1S5a= 18 SPL = 6- 89 - 21. 6
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- 1- 18 = 97.6 db.

Para determinar el nivel de presidén del sonido a distancias mayores de
3 ft se emplea la siguiente férmula: SPL dist. = SPL - 10 log (distancia en
ft/3). Estas férmulas mencionadas inicamente son aplicables cuando la ve-
locidad a la salida de la vdlvula es inferior a la velocidad sénica.

Cuando en la velocidad sdnica existe turbulencia producida por la alta ve-
locidad de salida y es la fuente predominante de ruido; la f6rmula para determi-
nar el nivel de presidn del sonido es :

SPL = 10 log (5 x 10" P,d4) + Sg + St - Sa

d-= didmetro de la salida de la valvula.

Ing. Armando Herndndez
Julio 197 2
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DATA

Effective
Area (InZ2) Spring Forces (1lb)
Actuator|Max. Nominal| Over Under |Spring under piston*|Spring over piszon*# Max.
Size Stroke |[Size Piston|Piston|Spring Spring Spring Spring Stroke
(In) (In2) Apo Apu Compressed| Extended |Compressed| Extended | w/Spring
Fsc Fse Fsc Fse (In)
A 3/4 25 30.9 35.4 175 40 118 102 3/4
B 1-1/2 50 51.5 56.2 180 60 123 90 1-1/2
C 2-1/2 100 98.7 103 3C0 0 200 50 2-1/2
700 350 2-1/2
D 6 200 188 198 300 0 3
DD 6 400 387 396

* Furnished on air-to-close unit unless otherwise specified.

k%

Not standard.

TABLE 1
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FACTOR DE CAPACIDAD Cv
EN VALVULAS DE CONTROL

El uso de un coeficiente de flujo Cv, se introdujo en 1944 y
fué rapidamente aceptado como un nimero universal que especi=-
fica claramente la capacidad de las vélvulas.

Es tan prdctico, que actualmente las discusiones sobre espe-
cificaciones, disefios 0 comportamiento del flujo, emplean di-

cho coeficiente,

¢2De donde proviene este coeficiente?

Recordemos el comportamiento de un fluido cuando a su paso
existe una restriccidén (orificio) en una seccidén de la tube-~
ria.

La ecuacidén general de flujo para un fluido no compresible,
es: .

Q = ca, WV;(’_—I)?
D

= coeficiente de descarga

Area orificio

constante gravitacional

caida de presidén expresada en columna del fluido
didmetro orificio

= didmetro tuberia

= flujo en unidades de volumen

N
n

oo »O
]

Ahora bien; para una tuberia y orificio dados

Q=k Yn 7

Siendo K una constante de proporcionalidad expresando la dife-
rencia de presidn en funcién de h, sabemos que en general la

energia de presién debido a la presidén en cualquier seccidn es
igual a:

£ =P
P

Siend02?4' = pero especifico del fluido,



z

Para la diferencia de presiones a través del orificio

dép =X = _ﬁ,w fa

mmem——

/’lap.
o (fﬁ)ﬁ e

‘//’7—_.__m ¢ Densidad relativa.
il - m ?”= peso especifico del liquido a la.
temperatura de operacidn.
%= peso especifico del agua a 60°F.

por lo tanto %:/7 X m
sustituyen&o en h;

4 = AP

—

e

sistituyento en Q;

Q=KK%E’7

%4

pero es una constante, por lo tanto

Q=K’V:ﬁ£ K4

Si hacemos Q = Galon, A}7= 1 psi
Min.

y consideramos fluido agua con‘//’7= 1
tendremos
Q =K, ) y por lo tanto
K] representa al nimero de galones por minuto gue pasan a
través del orificio, cuando la caida de presidén es de 1 psi y

el fluido tiene una densidad de 1 (agua).

Hablando de vdlvulas de control, al nimero K) se le llama coe-
ficiente de flujo 6 coeficiente de capacidad “Cv"



sustituyendo en Q tendremos, .

Q = Cv ap

N

Y finélmente
cv=0\/2
ap

Desde luego, esta expresidn es correcta para flujos turbulen-
tos con No. Reynolds arriba de 15, 000.

como puede verse en la figura No. 6, el coeficiente de descar-
ga "C" varia solo entre 0.60 y 0.61 para diferentes relaciones
de d

D
esto significa que es valida la ecuacién.

Cv=Ql/ e i

aprP

Siempre y cuando se tendan No., Reynolds arriba de 15,000.

"Cv" para flujo laminar.

Cuando el No. de Reynolds es menor de 15,000, el flujo se torna
laminar y esto puwede suceder en los casos siguientes:

a., Viscosidad arriba de 20 centipoises "u",
b. P de valor pequeiio.

Para estos casos es necesario la siguiente ecuacidn.

C%' = 0.0722 <('—:;39F2'/) é%

6 puede utilizarse un factor de correccidén al Cv calculando
normalmente, por medio de graficas hechas para este propdsito.

Coeficiente de flujo para gases,

Las formulas para cdalculo de capacidades (Cv) de valvulas ma-
nejando gas 6 vapor, se derivan del mismo principio y andlisis
que para los liquidos, excepto que se introduce un factor de



v

_ 4

correccidédn por peso especifico.
una de ellas es:

Q : pies cubicoa STD.
T : Temp., absoluta,.

PRESION CRITICA.

A través de un orificio 6 restriccidon (figura 7), se tienen
gradientes de presidon que nos dan tres valores discutibles,
estos son:

a. Presidén antes de orificio (P;)
b. Presidn en la vena contracta (Pv)
c. Presidn después de orificio (Pj)

Un flujo restringido muestra un grado de recuperacidén de pre-

sién, por ejemplo: un orificio de medicidén de flujo con una

relacién de diametro d = 0.80, recupera el 62% de la diferen-
5 .

cia de presiones (P} - Pv), es decir que la pérdida de presidn

no recuperable (P] = P2) equivale al 38% de la caida (P} - Pv).

P] - Pv (Caida de presidén en orificio)
Py - P2 (caida de presidén no recuperable)

4 Po
4P

Ahora bien; si para ciertas condiciones de P} y temperatura
de un liquido se va reduciéndo el area del orificio, llega
esta drea a un valor tal que la presidn Pv sea la presidn de
vaporizacidén del liquido,

A este valor de presidn Pv se le llama presidn critica (Pve).

A este valor de presidn critica , le corresponde un cierto

valor de presién P2, que es superior a la presidén critica abvia-
mente, pero a dicha presién P, corresponde una Pvc, por lo tanto
se dice: :
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para Pv = Pvc !
Py - Py = AP critica

con presién g@ritica en el orificio (Pvc), el liquido se vapo-

riza en la vena contrac¢ta. La segunda fase es que dichas bur~
bujas de vapor pasan a una presidn superior debido a la recu-

peracidn de presién y en ese momento la presidén es superior a

la presidon de vapor y por lo tanto las burbujas sufren un co-

lapso produciendo "cavitacidén" en la valvula y puede resultar

un dafio grave en la misma,

Para no tener efecto de cavitacidén, la presidén en la vena con-
tracta debe mantenerse arriba de la presidén de vapor.

Cuando la presidén de la vena contracta es menor a la presidn

de vapor, dijimos que existe vaporizacidn del liquido, ahora
bien; si la recuperacidén de presidén posterior a la vena contrac~
ta resulta en una presidn todavia abajo de la presidn de vapo-
rizacidén, las burbujas de vapor permanecen en ese estado y no
hay colapso. En estas condiciones se dice que solo existe efec~

to "Flashing".

Cuando se tiene este efecto flashing, en la descarga del orifi=
cio se sufre un atascamiento y el flujo ya no se incrementa con
la disminucién de presidén a la descarga, es decir que solo au-
mentando el afea del orificio se podria conseguir aumento de flu-
jo.

Este comportamiento es una desviacidén de la ecuacidén original del
Cv, por lo tanto para utilizar dicha ecuacidén original, es nece-

sario primero calcular la caida de presidén critica antes de apli-
carla a la ecuacidn,

APc = Km (P) - ro Pv)

siendo: 4 Pc = caida de presidén critica,
Km = coeficiente de recuperacidn presidén por ta-
blas.,
P]1 = Presidén de entrada
Pv = Presidén de vapor
¥e = Pv : Por graficas hechas para diferentes li-

P critica (quidos.
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Velocidad critica en Vapcr vy Gases.

Si un cierto flujo se pasa a través de una reduccidn, se tie~
ne una cierta velocidad en la vena contracta, la cual serd
funcidén de la caida de presién a través de la misma( 2 P ).

Ahora bién: si se va reduciendo el drea de esta reduccion,
manteniéndo la presidn de entrada, la caida de presién va aumen-
tando y por lo tanto también la velocidad, hasta que llegamos a
la velocidad del sonido.

Con la velocidad del sonido (velocidad critica), la presidn de
salida es critica con respecto a la presidén de entrada y a par-
tir de esta condicidn, aunque se disminuya la presidn de salida,
el flujo permanecerd sin aumentar.

i . -
Para estos casos la forma de aumentar la capacidad de la valvula
es aumentando el &rea., Existen ecuaciones para condiciones sub-
criticas y criticas. -

La volocidad del sonido es muy molesto y puede dafiar los inte-
riores de las valvulas. -

Velocidad Limite en Cuerpos de Vdlvula.

Otro aspecto muy importante que hay que considerar es que arriba
de ciertas velocidades del fluido se presenta ruido y vibraciones

Si rebasa la velocidad limite en el lado de salida; asi como ero-
sidén y ruido si rebasa la velocidad limite a la entrada.

a. Velocidad Limite a la Entrada.
A continuacidn se muestran los valores de volocidad limite
para diferentes tamafios de valvula.

Tamafio Velocidad Limite
Gases 6 Liquidos
Vapor
pies/min. pies/seq.
X" a 1" 25,000 25
1 1/4" a 2" 20,000 20
2%" a 4" 17,000 17
5" a 8" 15,000 15

10" a 12" 12,000 12



Z

b. Velocidad Limite a la salida. .
Los fabricantes nos dan un valor de 50,000 pies/min. para
velocidad limite a la salida de la valvula, para gas, aire
y vapor.:

La velocidad limite para agua es de 20 pies por seg. con
cuerpo de acero al carbdén y 35 pies por seg. para cuerpos
~de aleacidn cromo-molibdeno.

En los casos que se tengan por cdlculo, velocidades arriba de
las velocidades limite, es necesario especificar un cuerpo de
mayor tamafio y conservar el mismo tamafio de puerto gue nos ma-
neje el Cv redquerido.

Con cuerpo de mayor tamafio, ;a velocidad baja de valor, de la
ecuaciodn; Q = VA,

Caracteristica de Fluijo.

La caracteristica de flujo de una vdlvula de control es la rela-
cidn,

CQF. = % F].Ujo
% Abertura

Se tienen dos tipos de caracteristica de flujo
a., Inherente
b. Actual

La caracteristica de flujo inherente se refiere a la caracteris-
tica observada con una caida de presidn constante a través de la
vdalvula, para diferentes aberturas.

l.La caracteristica de flujo actual, es la que se observa en el
proceso cuando la caida de presién varia en funcidén del flujo y
otras variaciones del proceso. °

El propdsito de caracterizar las vdlvulas de control es el de su-
ministrar una estabilidad uniforme en todo el rango de operacién
del sistema. Esto requiere un andlisis dindmico del sistema.

En base a estos andlisis dindmicos se han llegqado a recomendacio=-
nes guia, para poder especificar la caracteristica de flujo co-~
rrecta,
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La figura 8, muestra la caracteristica de flujo inherente en
cada tipo de tapdén de vdalvula.

Es importante gque se suministre el tapén adecuado para cada
aplicacidon, para obtener mejores resultados en el sistema de
control.

Como ilustracién damos el ejemplo siguiente:

Supongamos un domo de caldera, el cual esta operando a presidn

constante para todas las demandas de vapor. A este domo se le

esta suministrando agua por medio de una bomba cuya caracteris-

tica se muestra en la figura 9.

Seguin esta caracteristica de bomba a bajos flujos la presidn
de entrada es mayor que a altos flujos.

El Cv para esta valvula es:

a 100% flujo: 240 . S35
Cv = 240)fL- " = === =
!/jp 497
a 50% flujo: 7. Jae = /2.0
Cv = 120[f o= = =
20 /0

Como se observa el Cv no es lineal al flujo debido a que P
varia. A 50% flujo requerimos tan sélo el 23% del Cv midximo,
esto significa que para poder tener una relacidén linear entre
flujo y abertura se necesita un tapdén que tenga Cv aprdéximada-
mente de 12 para 50% viaje del vdstago, esta caracteristica 1la
da el tapdén de igual porcentaje.

Aplicando este tapén en la valvula de control de agua se tendrad
una caracteristica casi lineal entre % viaje vdstago y flujo al
domo y el sistema de control es mds estable y mds facil de con-
seguir pequefios incrementos de flujo sobre todo a bajas cargas.
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1.

POSICIONADOR NEUMATICO.

Descripcidn de Operacibn,
El Posicionador figura No. 1, consiste esencialmente en el equi-
librio de dos fuerzas opuestas, aplicadas sobre una viga.

cuando la viga estd en balance, el par producido por la fuerza
del fuelle (hacia arriba), serda igual al par producido por la
fuerza del resorte (hacia abajo).

La fuerza ejercida por el fuelle depende del valor de la sefial
de control establecida por el sistema y en relacidén con la deman-
da del medio controlado.

La fuerza ejercida por el resorte depende de la posicidén del vas-
tago de la valvula (abertura en interiores) y de la configquracidn
de la leva, debido a que el desplazamiento lineal del vastago se

traduce mecdnicamente en movimiento angular de la leva.

Por lo tanto, la configuracién de la leva nos da la relacidén que
existe entre el valor de la sefial de control (fuelle) y la posi-

cidén del vastago de la valvula (4rea en los puertos).

Arreglos Valvula - Posicionador,

Dependiendo de la aplicacidn, el posicionador puede ser ajustado
para operacidén directa U operacidén inversa (fig. 2).

a. Accidn Directa.
Se dice gue la accidén es directa, cuando a un incremento en la
sefial de control sobre el fuelle del posicionador, corresponde
un incremento en la presidén hacia el actuador de la valvula.

b. Accibén Inversa.
Se dice que la accidén es inversa cuando a un incremento en la
sefial de control sobre el fuelle del posicionador, corresponde
una disminucién en la presidén hacia el actuador de la valvula.

Ejemplo:

Accidén Directa, fig. 2, esquema A,

Un incremento en la sefial de control sobre el fuelle, produce
un desplazamiento del vdstago de la vdlvula piloto hacia arri-
ba, el drea del puerto de salida aumenta y por lo tanto aumen-
ta también la presidén al actuador de diafragma.

El vidstago de la vdlvula de control se desplaza hacia el inte-
rior del cuerpo de la vdlvula,




El brazo operador del posicionador hace girar la leva en di-
reccién de las manecillas del reloj dando mayor tensidén al re-
sorte, hasta que la nueva tensidn se equilibre con la presidn
actual sobre el fuelle.,

La presién de salida del piloto se incrementard hasta el valor
que sea necesario para conseguir la nueva posicibén de la vdl-
vula, que corresponde a ese nuevo valor de seflal de control,

3. Funciones,

El posicionador neumdtico puede cubrir las funciones siguiéntes:

Repetibilidad.

La parte mévil de las valvulas esta sujeta no sélo a la influen
cia de las fuerzas correspondientes a la presién del aire y del
resorte, sino también a otras fuerzas como la producida por 1la
presidén del fluido y fricciones.

Dichas fuerzas no son de valor constante produciendo diferentes
aberturas de valvula para los mismos valores de sefial de control

El posicionador elimina estas desviaciones y permite Jue losg va-
lores de abertura contra sefial de control dados en la configura-
cién de la leva, siempre sean los mismos.

Rango Ajustable (Figs. 3 y 4)

En algunos casos es necesario que la vdlvula tenga posicidn ce-
rrada con una sefial ‘de control diferente al 0% y una abertura
mixima menor del 1l00% de abertura, con una sefial de control del
100%. '

Cualguier combinacién entre desplazamiento del vastago contra
seflal neumdatica de control, se puede conseguir el posicionador,

Control Caracterizado (fig. 4 y S5) .

La configuracién de la leva puede hacerse de tal forma que se
consiga cualquier relacidén L = £ (P), siendo:

L = sgseflal de control
P = posicidén de valvula
Paralelismo.

Cuando se desean operar dos 6 mds vilvulas con una sefial de
control de modo que el efecto sobre los medios controlados ten-




gan una inter-relacidn bien de finida a los distintos valores
de demanda.

En este caso cada vilvula tendria su propia caracteristica,
haciéndolo en forma similar al método de la fig. 4.
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Positioning Cam,| Inner Valve Position (P) | Fig.
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Aor A-1/2 Squarc Root (L =-VP) 7
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- RAZONES PARA LA EBULLICION AL VACIO. -
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shglvsfu el punto en que la azicar sélida se separa de la solucidn en forma de cristales.,
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Este principio también se aplica a las soluciones azucaradas, por lo fanto nosotres hervi
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mos nuestra solucidn azucarada bajo.una condicién'de vacio tan alta como otras condi=

i ST

‘ciones nos lo permitan. Estas otras condiciones serdn discutidas mds adelante .
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‘Otra razén para la ebullicion a bajas temperaturas, es que esto permite usar vapor de -

‘baja presién en las calandrias de los tachos. Es importante que la ebullicion de la so-

lucion azucarada sea tan rapida como sea posible, ya que a medida que el tiempo de -
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ebullicidn es mas largo, la formacién de la coloracion café serd mas intensa.

Supongamos que hemos encontrado por experiencia que necesitamos un diferencial de -
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temperatura de 80° C. entre el vapor y el licor azucarado en ebullicidn para hervirla
apropiada y rapidamente. Si hervimos a la presion afmosférica, vemos por las tablas _
de vapor que tendriamos la necesidad de alimentar una presion de 130 psig de vapor
para poder obtener ese diferencial de temperatura. Ahora, si nosotres hervimos a ~
un vacio de 24" donde el punto de ebullicion serfa de 60° C., se necesitarfa vapor a

una presion de 38 psig para obtener el mismo gradiente de temperaturas

ELEVACION EN EL PUNTO DE EBULLICION.

Como se ha mencionado anteriormente; el punto de ebullicion del agua disminuye pro
porcionalmente al vacio que se hace sobre su superficie, desafortunadamente cuando
se tienen soluciones azucaradas el punto de ebullicién de estas soluciones es mayor -
que el del agua pura, en otras palabras, a mayor brix de la solucion azucarada, ma-
yor es su punto de ebullicidn sobre el correspondiente punto de ebullicion del agua -
pura. La diferencia entre el punto de ebullicién de una solucién azucarada a el pun
to de ebullicién del agua pura, es llamado " aumento en el punto de ebullicion " 6 -

" BPE " y su valor cambia con la temperatura a la cual la solucion estd siendo hervi-

da.,

¢ CUALES SON LOS EFECTOS PRACTICOS DEL "BPE" AL HERVIR LICORES AZUCA
RADOS ? |

La principal desventaja que nos presenta el BPE es que para un diferencial de tempe-
ratura dado a través de la calandria de un evaporador o tacho, la presion de vapor -
necesitard ser mas alta que la necesaria para el agua. Por ejemplo, si un licor de -

80° brix en ebullicién, a 20" de vacfo requicre 50° C. de diferencial de temperatura




a través de la superficie de calentamiento para trabajar eficientemente, la presin de
vapor necesaria seria de 25 psig. Si no hubiese BPE, una presion de 16 psig nos da-
ria el diferencial de temperotura adecuado.

El aumento en el punto de ebullicldn nos proporclona una forma simple para medir el
brix de la meladura o licor en los tachos. Si medimos la temperatura a la cual la ma
sacocida estd hirviendo y medimos la temperatura de su vapor de agua, la diferencia
entre estas 2 temperaturas es el BPE y este corresponderd siempre a un determinado -- .
brix, el cual puede ser encontrado en tablas. Condicién indispensable serd que el -

tacho tenga una buena circulacidn y el vacio sea estable.

CONSIDERACIONES SOBRE LA ELEVACION DEL PUNTO DE EBULLICION.

Ha sido punto de controversia a qué temperatura el vapor se desprende de una solucidn
en ebullicion con un punto de ebullicion elevado. |

De acuerdo con la definicion del Profesor Badger en su libro " Transferencia de Calor

", establece que el vapor se desprende sobrecalentado en una cantidad

y Evaporacion
igual al aumento en el punto de ebullicion.
Sin embargo, se ha demostrado que el vapor no estd sobrecalentado, adn cuando se -

desprenda de un licor con un punto de ebullicion elevado. Que lo hace a la tempe

ratura correspondiente al punto de ebullicion del agua bajo el vacio utilizado.

¢, PORQUE LA TEMPERATURA NO PUEDE SER MEDIDA ?
Si se pusiera un termdmetro por encima de la superficie del licor en ebullicion, el --
bulbo se salpicaria con algunas gotas del mismo, el cual tiene un punto de ebullicion

muy elevado y falsearfa la lectura. Si el bulbo del termémetro se sitda lo suficiente



mente lejos, digamos en la tuberfa de salida del vapor, de forma que estuviese libre de
salpicaduras de licor, se argiiiria que el vapor ha cedido su sobre-calentamiento a la -
tuberia de vapor y otras partes del equipo. Se han obtenido datos que muestran que el
vapor deja a la masacocida a la temperatura correspondlente a la de temperatura de va
por saturado del agua a la presion de trabajo y no a una temperatura de ebullicién ele_

vada o arriba de la anterior.

¢ SERIA CONCEBIBLE QUE UN LICOR EN EBULLICION A 65° C. PRODUJERA VA--
POR A UNA TEMPERATURA DE 55° C, ?

Si nosotros encontramos esto dificil de creer, consideremos ahora el efecto contrario.

ELEVACION EN EL PUNTO DE CONDENSACION.

La condensacién es el fenomeno opuesto a la evaporacion.

Si hervimos una cierta cantidad de agua a la presion atmosférica al nivel del mar, la -
evaporacion tendrd lugara 100° C,

Consideremos el burbujear el vapor obtenido en agua fria. El vapor se condensaria en
el agua y gradualmente calentard a ésta hasta alcanzar su punto de ebullicién a 100°
C., después de esto-no habrd mas condensacion y el vapor burbujeado pasard a través -
del agua y saldrd de la misma sin condensarse. Consideremos ahora el burbujear el va
por en und solucion concentrada de sosa cdustica, la cual tiene un considerable BPE, -
El vapor a 100° C, se condensard en la solucién de sosa cdustica y calentard a &sta has
ta que alcance su punto de ebullicion, digamos por ejemplo 150° C. Se ha hecho un
experimento de laboratorio, en el cual se ha tenido agua hirviendo a 63° C. bajo un -

9

vacio de 23" y condensando su vapor en una solucidn de sosa cdustica cuya temperatura




g

7

era de 155° C. donde se tenia una elevacién en el punto de condensacion de cerca de
100° C.  Si una solucién a una temperatura alta puede condensar un vapor mucho mds
frio que la misma, 4 porqué no podria ser posible que ésta proporcionara un ‘vapor mds
frio que si misma cuando estd en ebullicion ?

La solucion a alta temperatura condensard el vapor frio debido a que la misma estd --
por debajo de su punto de ebullicion y obviamente no puede existir vapor libre en ella.
El vapor por lo tanto se condensa y cede su calor latente para calentar la solucion.
Cuando la solucion ha alcanzado su punto de ebullicién, el vapor podrd existir debido
al equilibrio y la adicion de cualquier cantidad extra de calor causard que el vapor --
burbujeado pase a través de ella sin condensarse y sin cambiar su temperatura, asf en--
tonces un vc;por de baja temperatura burbujeado dentro de un liquido mas caliente en -
ebullicién, pasard a través de &l sin cambiar su temperatura. Si el vapor al pasar a -
través del licor caliente fuera sobre-calentado a base del calor que le cediese la solu
cion, causarfa que la temperatura del licor cayera por debajo de su punto de ebulli--
cion y la condensacion empezaria nuevamente.

En resumen nos encontramos con 2 factores a simple vista extrafios, el primero es que -
un liquido caliente puede condensar un vapor relativamente més frio si el vapor es bur
bujeado dentro del 1iquido, siempre y cuando el liquido esté por debajo de su punto -
de ebullicion. Segundo.~ Un vapor frio puede burbujearse a través de un liquido ca
liente sin que se sobre-caliente, siempre y cuando el liquido se encuentre en su punto
de ebullicion. Esto por lo tanto, demuestra que el vapor que deja a una solucion ~ -

con punto de ebullicién elevado, lo hace a la temperatura correspondiente al agua en

ebullicion y no a la temperatura correspondiente al punto de ebullicion elevado.



TACHO AL VACIO.

El tacho al vacio estd en aquel punto del proceso donde la miel es llevada hasta la so-
bre-saturacion para formacion de cristales de azicar. Por lo anteriormente discutido,
la ebullicidn es llevada a baja temperatura para evitar la caramellzaecldn & quemado -
de la miel y se hace siempre bajo condiciones de vacios altos.

El licor o miel es llevado hasta alcanzar su sobre-saturacion, esto quiere decir que en
ese punto la azicar en solucion estd en una cantidad superior a la que esa misma solu-
cidn tendria en una condicidn normal de temperatura.

A continuacion se agrega una pequedia cantidad de azGcar finamente dividida a la ma
sacocida. A esta operacion se le |lama semillamiento o semillado. Estos cristales -
crecerdn lentamente a medida que la azicar del liquido se va depositando en ellos. -
Cuando esta operacion es llevada a cabo, es importante que la masacocida se manten-
ga en aquella zona de sobre-saturacion llamada zona meta-estable.

Existgn 3 distintas zonas de sobre-saturacién a saber:

Primera: Zona Meta-Estable. Es aquella zona de concentracion, en la cual existen
cristales que crecerdn de tamafio, pero no se forman ningunos nuevos.

Segunda: Zona Intermedia. Es aquella zona en la cual los cristales existentes crece
n;J'n, pero también se forman nuevos cristales.

Tercera: Zona Lébil. Es aquella zona en que los cristales se forman espontaneamen
te.

La formacion de nuevos cristalles, independientes de aquellos que se han agregado en
la operacion de semillamiento es indeseable.

Los nuevos cristales que se forman en el tacho tienden normalmente a fijar impurezas

&,
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en los mismos, ademds que su estructura y figura geométrica no es uniforme, lo que -
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da como resultado un producto no uniforme.

Otro problema que acarrea la formacion de cristales no controlades, ademds de los arri
ba sefialados es en centrifugos, ya que debido a la diversidad de tamafios de los mismos
los mds pequefios pnsa;'én a través de la canasta de la centrffuga, y los més grandes obs
truirén la malla impidiendo el purgado del licor, obligando a agregar agua para reali-
zar la purga, con la consiguiente nueva dilucidn de la sacarosa, en otras palabras, la

eficiencia del centrifugado baja notablemente.

CONTROL DE SOBRE-SATURAC_ZION PARA TACHO.

Cor; el objeto de controlar los factores antes anotados y obtener un producto de calidad
uniforme er; los tachos, se ha desarrollado un instrumento muy sencillo que disefiado en
los principios de sobre~-saturacion anteriormente discutidos, facilita enormemente Iar -

operacién del tacho.

DISCUSION DEL CONTROLADOR PARA TACHOS.

PRESENTACION:

Hasta un perfodo reciente, la operacion de tachos al vacio descansaba en operarios -~
quienes dependfan totalmente de la experiencia adquirida. Cada individuo tiene su -
criterio en relacion al método de operacion de los taches, con el resultado de que exis
te una variacion considerable sobre la forma y calidad de los cristales.

Generalmente, podrd decirse que ha sido imposible obtener un producto realmente -=

uniforme .

METODOS DE CONTROL;




Para solucionar estas dificultades, distintos técnicos de la Industria Azucarera han lle-
vado a cabo una gran labor investigativa para lograr el método por el cual se elimina-
ria el factor humano de la operacidn del tacho. Varios métodos se han utilizado con

éxito, y seguidumentel presentamos uno de estos nuevos sistemas el cual ha proporciona_

do optimos resul tados.

DISCUSION DEL INSTRUMENTO.

El mejor método de control es el de elevacion del punto de ebullicidn, representado -
por la diferencia entre la ?émperatura de la masacocida en la superficie de ebullicion
y la temperatura del vapor saturado. En términos simples, el control del tacho de--
pende de la lectura de los dos termometros colocados de manera tal que las lecturas -
de las temperaturas sean correctas, 6 preferiblemente que la diferencia de las lectu--
ras de estos dos termémetros sea precisa. Debemos sefialar que el elemento sensible -
que indica-la temperatura de la masacocida deberd ser instalado justamente al centro
del tubo ebullidor, y ligeramente debajo del nivel de la placa superior de la calan--
dria. De montarse el elemento en otra posicion, las temperaturas indicadas serian -
algo mds elevadas que las del valor real debido al efecto de la carga hidrostética. -
Al instalarse el bulbo de temperatura, deberd cbservarse estrictamente este detalle,

El elemento que indica la temperatura del vapor saturado opera en un princi;ﬁo total -
mente distinto. Aqui, la presion absoluta en la cipula del tacho es utilizado para -
posicionar el indicador de temperatura, la trayectoria del cual es convertida para que
corresponda a la relacion existente entre la presion absoluta y la temperatura del va-

por al punto de saturacion.

CARACTERISTICAS DEL INSTRUMENTO:



El instrumento por lo tanto, tiene dos indicadores de temperatura. El primero es recto
y representa la femperatura de la masacocida. El segundo es curvo y ajustado para re
presentar la teméemtym del vapor en el punto de saturacion. Los dos indicadores fun
cionan libremente sin riesgo de interferencia, puesto que no estdn a la misma distancia
del plato que soporta la grafica del instrumento. Los centros de rotacidn no son exac
tamente idénticos, pero muy aproximados, lo que permite un movimiento libre sin fri:

cion excesiva. Detrds de los indicadores existen |fneas en la gréfica, las cuales re--
presentan la diferencia entre las dos temperaturas indicadas 6 sea, el aumento del pun
to de ebullicion. El punto intersector de los dos indicadores nos proporciona la posi-
cidn donde las |fneas de aumento del punto de ebullicion se muestran en la grdfica, -
por lo que es muy sencillo cbservar directamente esta variable critica por medio de la

cual es controlada la operacidn de la templa.

RELACION ENTRE SOBRE-SATURACION Y AUMENTO DEL PUNTO DE EBULLICION,
Se han preparado tablas para establecer la relacion para todas las condiciones durante
el periodo de funcionamiento del instrumento. Existe una tabla para cada pureza apa
rente entre 60 y 100 ( valores pares ). \Cadu tabla proporciona el aumento del punto
de ebullicion para valores de schre-saturacion de 1.00, 1.25 y 1,40 y para temperatu
ras entre 130° F. y 180° F, con intervalos de 5° F.

Con estas tablas es posible preparar las gréficas para cada pureza aparente. El instry
mento se suple con unas gréficas las cuales. se preparan fdcilmente, Mdrquese el va-
lor de aumento del punto de ebullicion para cada sobre-saturacion en las lineas rec-- .
tas, las cuales representan la temperatura de la masacocida. Seguidamente, nanse

todos los puntos que correspondan a cada scbre-saturacion con una curva adecuada.



El espacio entre la curva superior ( la cual representa 1.00 de scbre-saturacién ) y la
parte superior de la gréfica, serd coloreada en amarillo - la zona amarilla - donde -
la concentrécidn estard por debajo del punto de saturacion. En esa zona, se disol -
veran los cristales. La siguiente zona entre las curvas de sobre-saturacién de 1.00
y 1.25, podrd quedar en blanco y representa una concentracién sobre el punto de sa
turacidn, donde los cristales crecen pero lo hacen tan lentamente, que de operar en
ella se perderia un tiempo de produccién valioso. La zona entre las curvas de sobre-
saturacion de 1.25 y 1.40, se coloreard de verde y representa una concentracion op=
tima para obtener una buena operacion. Durante la templa, la subida del punto de
ebullicién deber§ mantenerse en la zona verde. La curva de sobre-saturacién de —-
1.25 representa el punto donde deberdn inyectarse los cristales de azdcar en polvo -
para lograr granos control—ados.

La zona debajo de sobra=saturacion 1.40, se coloreard en rojo y es aqui donde se --
producen granos falsos y conglomerados. Esta es la zona de peligro que debera ser -

evitada,

COMENTARIOS:

El sistema descrito anteriormente es el que se recomienda para un buen control del ta
cho. Maés adelante se explicord la practica normal de operacion. Antes de proce-
der al empleo de los instrumentos, es necesario observar ciertas precauciones.
Primeramente, la alimentacion no deberd ser introducida en el tubo ebullidor, ya --
que existe el riesgo de mezclar la alimentacion de baje concentracion con la masaco
cida, la cual estd sumamente concentrada, y en esas circunstancias es probable que el

5

instrumento indique una saturacion menor que la que realmente existe en la masacocida,



En el caso de tal indicacion incorrecta, es posible penetrar en la zona roja sin darse -

cuenta y producir granos falsos y conglomerddos. Por consiguiente, revise el sistema

i

de alimentacion y cénlbiese de tal manera que el producto entre en un punto debajo de
la placa inferior de lo' calandria entre el tubo ebullidor y la pared del tacho. Ade--
mds, cuando el nivel de la masacocida alcance una elevacion mayor de 3' sobre la ==
placa superior, el efecto de carga hidrostatica produce una temperatura excesiva de -
ebullicién la cual aumenta mds y més al subir el nivel. Por lo tanto, no conffe en --
las indicaciones del instrumento después de una altura en el tacho de 3'c 4' sobre la -
placa superior. Es aconsejable no prestar atencion a las indicaciones de los instru---
men-tos después de haber alcanzado la altura critica. Cuando exista un circulador en
el tacho, es posible prescindir de la indicacion del instrumento totalmente, una vez ~
que la masacocida ha alcanzado el punto adecuado, puesto que la alimentacion po-—

dria ser controlada automdticamente de acuerdo con el par de torsién del mando del -

agitador.

PROCEDIMIENTO PARA HACER TEMPLAS DE GRANO CON EL INSTRUMENTO,

1)  Montese una grafica preparada con la pureza adecuada en el plato de soporte de
la grafica del instrumento, _

2) Iniciese la operacion del tacho y continlese la evaporacién hasta que«el cruce
de los indicadores penetre en la zona verde.

3)  Aliméntese el azicar en polvo por un dispositivo especial que evite que el aire.
penetre al tacho. Prepdrese la suspension del azicar en polvo en alcohol iso-

propilico en la proporcion de | lifro por cada libra de azicar. La cantidad de

polvo utilizado depende de su grado de fineza { tamafio ) y deberd ser determina




4)

5)

6)

7)

8)

da por experimenfo.f Para la primera prueba, se sugiere una iibra de azicar por
cada 1000 pies ¢cUbicos de templa "C*.

Justamente antes de alcanzar la zona roja, bdjese el vacio hasta que se produce
una temperatura de vapor saturado de aproximadamente 147° F.

Si la concentracion es tal que el cruce de los indicadores se aproxima a la zona
roja nuevamente, aliméntese el tacho con una pequeda cantidad. (Lo sufi---
ciente para mantenerse en la zona verde ).

Una vez que los cristales hayan crecido hasta un tamaiio tal que la templa esté
"apretada”, aliméntese el tacho para mantener una concentracion normal .
Restitiyase graduglmente el vacio a su valor original en un periodo de unos 15 -
minutos.

De aqui en adelante sigase la prictica normal .

La misma técnica deberd seguirse para todas las purezas. La grdfica deberd —--
cambiarse para corresponder con la nueva pureza. Los tachos se operan de la -
misma forma para azicar refinada (pureza de 90 a 99.5), meladura 6 jarabe -~
(pureza de 80 a 85), y mieles (pureza de 65 a 70). Es posible cristalizar con -
purezas menores, hasta de 58, pero la operacion es muy lenta. Si la pureza -
de la templa es demasiado baja, se requiere agregar meladura o jarabe para ob-

tener una de alrededor de 70, y entonces la operacion es mds facil .

PRECAUCIONES:

Antes de iniciar la operacion, es aconsejable verificar el funcionamiento de los ins--

trumentos. Esto se logra después de instalarlos en el tacho, tal como se indica segui

damente.
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Llénese el tacho con agua pura a un nivel aproximado de 1' sobre la placa superior de
la calandria. Comiéncese la ebullicion del agua, en un vacio de unas 24" de mercu
rio, con una inyeccion pequefia de vapor, y manténgase la ebullicion por un tiempo

no menor de cinco minutos.

.Obsérvese que los dos indicadores del instrumento indiquen la misma temperatura, de -

ser asf, no se requieren correcciones. Si existiera una diferencia en las lecturas de =
los dos indicadores, cambiese la posicion del que indique lectura incorrecta para que
corresponda con la ofra, puesto que el elemento de temperatura en el agua deberd co-
rresponder exactamente con la temperatura del vapor saturado.

Para saber cual es el valor correcto, un manémetro de mercurio de presién absoluta po.
drd incorporarse al tacho durante el periodo de verificacidn de la calibracidn.

Si este aumento no se consigue, un manémetro de mercurio sencillo de tubo "U" po--
drd ser utilizado conjuntamente con la lectura local de la presion barométrica. La -
lectura de la presion barométrica se puede obtener de la estacion meteorol 6gica mds -
cercana.

Una vez que se hayan revisado, los instrumentos estén listos para ser utilizados. De

vez en cuando es aconsejable hacer una verificacion de la calibracion del instrumen-

to, y es indispensable hacerlo después de su instalacidn.

NECESIDAD DE UN VACIO ESTABLE.

Todos los técnicos estdn completamente de acuerdo que es de suma importancia el ---
mantener estable el vacio durante el periodo de la templa. Si el vacio es variable,
se formardn granos falsos y conglomerados. Por lo tanto, es esencial un buen control
del vacfo. Es casi imposible lograr optimos resultados sin prestar la necesaria aten--

cion a este deralle.,



No solamente el resultado serfa una pésima operacion, sino que serfa imposible utili-
zar los instrumentos para indicacion de sobre-saturacion sin un vacio estable. Nun
ca deberdn-existir combios bruscos en el vacio. Debe considerarse que el elemento
de temperatura del instrumento requlere clerto tiempo para alcanzar su equilibrio con
la masacocida, y que cambios bruscos no pueden seguirse perfectomente. Ademds,
al existir un cambio en el vacio, demoraria varios minutos la temperatura de la masa
cocida en ajustarse a las nuevas condiciones, y el instrumento no responderia inme-
distamente. Por.otro lado, el elemento que indica temperatura de vapor saturado -
L] . 4 . L] . .
reacciona instantaneamente, y si el operario observa la subida del punto de ebulli--
°® . « & . ) . - of e ° . x4
cion, existira un error de varios minutos. Si el operario utiliza esta indicacion tem
’ . . X4 . . ° & ° o # .
poral para cambiar la alimentacion, es obvio que existird una desviacion considera-
ble, la cual podria producir malos resultados, dado la inestabilidad original del va-
cfo. Asf pues, es imperativo estudiar cuidadosamente el asunto de la estabilidad -
de vacio para obtener 6ptimos resultados. Si un controlador de vacio automdtico es
. * ’ . . . . .
incluido con el instrumento indicador, es posible ajustar el control para que resulte
un vacio estable. No haga cambios bruscos del punto de ajuste, puesto que en ta-
les ocasiones el controlador cambiard bruscamente el coudal del agua al condensa--
dor, lo que proporcionaria cambios repentinos del vacio.
La seleccidn de la vdlvula de control sobre la Ifhea de agua al condensador acoplado
. ° . s &
al tacho, es de mucha importancia. Una vélvula inadecuada preduciria un control

de vacio pobre 6 nulo.
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Componentes del Instrumento para Tacho al Vacio

General

Fig. Ill. Diagrama Esquemdtico de la Instalacion Ge-
" neral

Sistema Termal
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En adicion si el controlador estd incluido:
Controlador Neumdtico _
Vélvula de Transferencia 3 posiciones

®

4 posiciones

Hoja

N N —

NOOO U h WW

0 @

Nom.
51-1002
11-9001
51-1003

11PE1000

12T-1000

*53P-4000

53TA1310
53TA1410

Véase hoja de datos para nimero de modelo del controlador especifico.



INTRODUCCION.

La manufactura del cristal geométricamente 1

bien formado de tamafio uniforme por los ta

s * ) A
chos al vacio en el proceso del azucar mos- Co
trado en la Fig. lll; depende de la exacti-
tud y continuo control de la presion duran-

te la templa.

Esto en efecto, requiere simplemente de un

1

.
oy
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A . AR by
I

5
S

control constante de la presién absoluta 6 -

vacfo parcial directamente sobre la fase |-

MODELO 9101

quida (masacocida) & del material cargado
en el tacho o vaso de proceso. \ Figura I.

Considerando que la diferencia entre la temperatura del punto de ebullicion de la masa-
cocida en el tacho y la temperatura del punto de ebullicidn del agua en el mismo, no so
lo proporciona una excelente me’dida de concentracion, sino que también la elevacidn
en el punto de ebullicion de la masacocida se ha desarrollado un método simple y conve
niente de control de concentracion del tacho al vacio. '

E;te boletin de instruccion cubre las partes fundamentales del instrumento para tachos al
vacio.

El instrumento es en si un indicador de sobre-saturacion de 2 punteros con o sin control
de la presidn absoluta, Modelo # 9101PEQ1-TCO1 y Modelo # 9101PE11-TCO1-53PR4511
respectivamente,

En los boletines de instruccion suplementarios listados en la hoja de la tabla de conteni
do, se da la informacién completa relativa al controlador neumdtico, elemento de pre-

sion absoluta,



La Fig. Il muestra un instrumento de tacho al vacio equipado con controlador neumd-

tico.

AVERD

1. Opposed Bellows 3. Pneumatic Controller

- (absolute pressure) (Optional)
2. Temperature Element 4. Transfer Valve and Reg-
and Bulb, ulator (used with con-
troller)

- L S

- Fig. 1l Componentes del Instrumento para Tacho al Vacfo.

Instalacion.

l. GENERAL. H

La instalacion consiste de: 1) Montaje del instrumento como se menciona en el Bo-
letin de Instruccion 51-1102; 2) Montaje del bulbo de temperatura, de acuerdo con
el Boletin de Instruccion 12 T-1000 y Boletin de Instruccion 51-9101T; 3) Conexion
del sistema de presion, segin el Boletin de Instruccion 11-9901; 4) Conexion del su

ministro de aire y Ifneas de transmision de sefial de salida como se sefiala en el Bole-

tin de Instrucciones de la estacion de transferencia de 3 y 4 posiciones.

e
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Fig. 11l. Schematic Diogrom of Over-oll
Instellction

Il. SISTEMA TERMAL.

El sistema termal es del tipo de compensacion por temperatura ambiente de caja y lle-
nado de liquido. Los rangos standard son de 130° F. a 180°F., y 135°F. a 185° F .,
6 de 55a 82° C. y de 58 a 85° C., con una proteccion por sobre-rango de 250° F. o
120° C. ( Ver hoja de datos ). Un arreglo especial se proporciona para montar el --
bulbo en la bajante del tacho 6 tubo hervidor, consistente de un juego de varillas de
soporte montadas en dos bridas que aumentan la rigidez del conjunto del bulbo.

Léase el Boletin de Instruccion 12T-1000; y después instdlese el bulbo de temperatura
como estd mostrado en la Fig. IV,

Cortar 6 taladrar la pared del tacho, con el proposito de instalar convenientemente el

sistema termal .
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BULD SHOULD BE

Fig. IV. Temperature Bulb Installotion

Insertar el bulbo a través del tubo.

por medio de una horquilla atornillada a la estructura.

dria, después que la instalacion se ha completado ).

Fabricar una brida para conectar un tubo de 2" y atorniliese sobre la horadacion
en la pared del tacho, atornillar un extremo del tubo de latdn de 2" fijandolo en

ambos extremos, dentro de la brida en un extremo y en el ofro apoyando el tubo -

( El tubo, que debe estar

equipado con una tuerca union adecuada, deberd ser lo suficiente largo para per-

mitir que la linea central coincida con el centro del tubo ebullidor de la calan--

Aflojar la tuerca union, pasar el bulbo dentro de un codo de 2" y aternillar el -
Ciidese de no torcer el tubo capilar.
Aiustar la tuerca union de forma que el codo conectado se oriente hacia abajo. -

Agréguese un niple de ser necesario al extremo inferior del codo.



5)  Colocar el adaptador sobre el bulbo, atornillar el adaptador denfro del codo 6
niple.

6)  Remover las varillas de soporte y su ensamble del adaptador tipo tuica,

7)  Deslizar el odapfador-fﬁerca sobre el bulbo y mientras se ajusta la parte plana
contra la empaquetadura del bulbo con una herramienta apropiada, atornillar el
adaptador-tuerca para sellar el sistema, cuidando de no torcer al bulbo ni a la -
empaquetadura,

8)  Finalmente montar las varillo;s de soporte y su ensamble alrededor del bulbo y -
atornillar las tuercas del cable de seguridad en su fugar.

Recuerde que el bulbo debe estar tan cerca del centiro de la bajante central como
sea posible y que el bulbo debe quedar instalado por debajo del nivel de la placa

superior de la calandria.

ill. SISTEMA DE PRESION ABSOLUTA.

El tamafio de la |fnea de presion y otras informaciones generales de entubado, se en--
cuentran en el Boletin de Instruccion 11-9001.

Conectar una linea de 3/8" de tuberia desde el colector de vapor del tacho al conden
sador instalado debajo del instrumento.

La instalacion de la tuberia en el condensador deberd hacerse como se muestra en el -
esquema ilustrado en la Fig. V.

Para proveer los medios de drenaje periddico del condensado acumulado en el sistema

de presion, instdlece una vélvula en la salida del extremo inferior del condensador.
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IV. CONTROLADOR,

Cuando el instrumento del tacho controla también el vacio, referirse al Boletin de Ins

truccidn de estaciones de transferencia para la instalacidn del suministro de aire y |i-

o s [ . . . e
nea de transmision. Para obtener un control optimo, asegurarse que el aire suminis-

trado al controlador estd limpio, seco y a la presion correcta de 20 psig.

V. GRAFICAS,

Dos tipos de grdficas estdn disponibles, graduadas tanto en unidades inglesas (F°). o6 -

unidades métricas (C°. Un tipo es aplicable para el uso en fabricas de azlcar cruda

( Ingenios ) y estd graduado para mostrar la elevacion del punto de ebullicidn ya sea -

de 14°a 30°F., 6de 894 15°C,

El otro tipo es usado en las refinerias de azlcar -

blanca, y muestra la elevacion del punto de ebullicion, ya sea de 9°a 23° F., 6 de

59a12°C,

= W



Referirse a la tabla de datos ( Tabla | ) que se proporciona con el instrumento. Esco=-
ger la tabla apropiada para la pureza promedio ( aparente 6 verdaderq ) de la parte -
Ifquida de la masacocida deseada. Trazar las lineas correspondientes a las sobre-sa~
turaciones de 1,00, 1.25 y 1.40 en la gréfica. Colorear el drea entre sobre-satura-
ciones 1.25 y 1.40 en color verde; colorear el drea entre sobre-saturacion 1.40 y el
Iimite de la carta en rojo. Finalmente indique la carta con el ndmero del tacho y pu
reza de la masacocida. Para un ejemplo ilustrativo, ver Fig. IV.

Girar el plato de la gréfica colgado superficialmente, alinearse la parte superior e in
ferior de las ranuras en "V" con el plato porta-grafica y la grafica respectivamente; -
colocar la gréfica en su lugar.

1. MORNAL OPERATION AREA COLORED OREEN
2 FALSE GRAIN FORMATION OCCURS IN AREA COLORED REL
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Fig. YI. Chert for Cone Sugar Mill Strikes

OPERACION,
I. GENERAL.



El puntero recto indica la temperatura de la masacocida, el punteroicurvo indica -
temperatura de vapor ( esto es posible porque la gréfica estd graduada en temperatu

ras de vapor saturadp, las cuales corresponden a las presiones absolptas medidas ).

A}  Pointer Intersection C) M i
assecuite T
B) Vagor Temp&_zrature Indicator Po(i!thg:mture
Indicator Pointer D) Absolute Pressure Con- '
| trol. Set Pointer and
Index Secale

Fig. Vil Chart and Pointer Nomeaclature

La inferseccion superior de los 2 punteros da una continua y constante indicacién de
la sobre-saturacion. Bajo una operacion normal, es necesario regular y mantener -
todas las variables de tal forma que se mantenga la interseccion de los punteros en -
la zona verde { Precaucion: La interseccion de los punteros en la zona rojo deberd
ser evitada ya que ésta indica la formacion del grano falso ).

De este modo, coloreando la gréfica, como previamente se ,describié y manteniendo
la interseccién de los 2 punteros dentro del drea verde, es posible mantener al tacho

a su mdxima capacidad de evaporacion y evitar la formacion del grano falso.



Si se supone que los punteros estdn fuera de calibracion, referirse a la seccion de -

" Ajustes ".

1. CONTROLADORES.-

Poner el controlador neumético ( si lo tiene el instrumento ) en operacidn, como se es
pecifica en el Boletin de Instruccion del Controlador Neumatico. El controlador - -
neumético en conjunto con una vélvula de control (3‘0 15 psi ) montada en la lfnea -
de suministro de agua al condensador, controla 6 dosifica automdticamente el gasto -
de la misma y por lo tanto mantiene una presion absoluta en el tacho que corresponde
a lo indicado por el puntero respectivo.

A la derecha y justo arriba de la grdfica estd una escala con un puntero de control pa
ra fijar el valor de la presion absoluta deseado.

Usar la perilla que pasa a través de la parte superior de la puerta del instrumento para

ajustar el valor deseado de presion absoluta.

MANTENIMIENTO.
1)  Referirse a los boletines ;Ie instruccion para el mantenimiento e informacion de -
ajuste de los componentes individuales.
2)  Informacion especial de ajuste,
a) Usar un mandmetro de mercurio y presién atmosférica conocida para cali
brar el puntero de presion absoluta ( puntero indicador de temperatura -
de vapor ). Esta practica debe hacerse aproximadamente una vez por -

afo.

b) La calibracion del cero en un sistema de temperatura se hace cargando -



el tacho con agua y llevandola a ebullicion bajo un vacfo parcial con-
trolado.
Verifique que cada una de las posiciones del indicador de temperatura
corresponda con la temperatura de ebullicion del agua a condiciones -
de la presion absoluta de prueba. Adn mds, debido a que la presion -
absoluta es indicada en términos de temperaturas de vapor saturado, -
simplemente ajistese el puntero indicador de temperatura de la masaco
cida al valor 6 valores correspondientes de temperatura, mostrados por
el indicador de temperatura de vapor saturado.

Calibrar siempre a cero el puntero de presion absoluta, usandolo como referencia pa-

ra la calibracion del puntero de temperatura.
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TABLA 1. ELEVACION EN EL PUNTO DE EBULLICION EN MASAS-

ZAS Y SATURACIONES. "

COCIDAS DE AZUCAR DE CANA A VARIAS TEMPERATURAS PURE-

3
P

P.A. 60.0-68.6 P.R.

¢
y

T.C. M, P.A. 62.0-70.2 P.R. P.A. 64.0-71.7 P.R.
Grados A las siéuientes S.S. A las siguientes s. s. A las siguientes s. s.
F. 1.00 1.25 1.40 "1.00 1.25 1.40 1,00 1.25 1.40
130 16.40 20.45 22,90 15.85 19.80 22.20 15.60 19.50 21.80
135 17.00 21.20 23.80 16.45 20.55 23.00 14.15 20.20 22.50
140 17.50 21.90 24.60 17.00 21.30 23.80 16.70 20.90 23.20
145 18.10 22.60 25.40 17.60 22.00 24.60 17.30 21.60 24.10
150 18.75 23.40 26.20 18.20 22,70 25.40 17.85 22,30 24.85
155 19.30 24.10 27.00 18.70 23.40 26.20 18.40 23.00 25.60
160 19.85 24.80 27,80 19.35 24,20 27.00 18.95 23.70 26.00
165 20.50 25.60 28.60 19.90 24,90 27.80 19.50 24,40 27.20
170 21.10 26.30 29.40 20.50 25.60 28.60 20.10 25.10 27.95
175 21.60 27,00 30.20 21.05 26.30 29.40 20.60 25.80 28.70
180 $22.25 27.80 31.00 21.60 27.00 30.20 21.20 26,50 29.50
T.C.M, P.A. 66.0-73.3 P.R, P.A. 68.0-74.9 P.R. P.A. 70.0-76.4 P.R.
Grados A las siguientes s. s. A las siguientes s. s. A las siguientes s. s.
F. "1.00 " 1.25 1.40 1.00 " 1.25 " 1.40 1.00 1.25 1.40
130 7 15.05 18.80 21.10 14.70 18.40 20.60 14,25 17.80 20.00
135 15.60 19.50 21.90 15.20 19.00 21.40 14.80 18.50 20.80
140 16.15 20.20 22.70 15.70 19.70 22.20 15.40 19.20 21.50
145 16.70 20.90 23.50 16.30 20.40 23.00 15.90 19.90 22.30
150 17.30 21.60 24.20 16.90 21,10 23.70 16.50 20.60 23.10
155 17.80 22.30 25.00 17.45 21.80 24.50 17.05 21.30 23.80
160 18.50 23.10 25.80 18.00 22.50 25.25 17.60 22.00 24.60
165 19.05 23.80 26.55 18.55 23.20 26.00 18.10 22.60 25.40
170 19.60 24.50 27.30 19.10 23.90 26.30 18.64 23.30 26.20
175 20.20 25.20 28.10 19.70 24.60 27.50 19.20 24.00 26.90
180 20.70 25.90 28.85 19.80 24.70 27.70.

20.20 25.20 28.30:



T.C.M, P.A. 72.0-78.0 P.R, P.A. 74.0-79.6 P.R. P.A. 76.0-81.2 PR,
Grados A las siguientes s. s. A las siguientes s. s. A las siguientes s. s.
PO 1,00 1,25 " 1.40 """ 1.00 1.25 1.40 1.00 1.25 1,40
130 13.85 17.30 19.40 13.45 16.80 18.80 13.10 16.40 18.30
135 14.40 18.00 20.20 14,00 17.50 19.60 13.60 17,00 19.00
140 15.00 18.70 21.00 14,55 18.20 20.40 14,20 17,70 19.80
145 15.50 19.40 21.70 15.05 18.80 21.10 14,70 18.40 20.50
150 16.10 20.10 22,50 15,60 19.50 21.80 15.20 19.00 21.30
155 16.55 20.70 23.30 16.15 20.20 22.60 15.75 19.70 22.00
160 17.10 21.40 24.00 16.70 20.90 23.40 16.30 20.40 22.80
165 17.70 22.10 24.80 17.30 21.60 24.20 16.80 21.00 23.60
170 18.25 22.80 25.60 17.85 22.30 25.00 17.35 21.70 24.30
175 18.80 23.50 26.30 18.40 23.00 25,70 17.90 22.40 25.10
180 19.35 24,20 27.10 18.95 23.70 26.60 18.40 23.00 25.90
T.C.M, P.A. 78.0-82.7 P.R, P.A. 80.0-84.3 P.R. P.A. 82.0-85.9 P.R,
Grados A las siguientes s. s, A las siguientes s, s. A las siguientes s. s.
F. = 1.00 1.25 1.40 1.00 1.25 1.40 "1.00 1.25 1.40
150 12.80 16.00 17.90 12.55 15.70 17.50 12.25 15.30 17.10
135 13.40 16.70 18.60 13.05 16.30 18.20 12.72 15.90 17.80
140 13.90 17.30 19.40 13.50 16.90 18.90 13.20 16.50 18.50
145 14.40 18.10 20.10 14.10 17.60 19.60 13.75 17.20 19.20
150 14.90 18.60 20.80 14.55 18.20 20.30 14,25 17.80 19.80
155 15.45 19.30 21.60 15.05 18.80 21.00 14.73 18.40 20.50
160 15.90 19.90 22.30 15.60 19.50 21.80 15.20 19.00 21.30
165 16.50 20.60 23.10 16.10 20.10 22.50 15.70 19.60 22,00
170 17.05 21.30 23.80 16.60 20.70 23.20 16.15 20.20 22.70
175 17.53 21.90 24.60 17.10 21.40 23.95 16.65 20.80 23.40
180 18.10 22,60 25.30 17.60 22.00 24,70 17.10 21.40 24,10,
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T.C.M. P.Ao 8400-8704 PQR. Pvo 8600-8900 P.R. P.A. 88-0-90.6 P.R.

Grados A las siguientes 5. s, A las siguientes s, s. A las siguientes s. s.
F. 1.00 1.25 1.40 1.00 1.25 1,40 1.00 1.25 1.40
130 11.92 14,90 16.70 11,70 14.60 16.30 11.37 14.20 15.90
135 12.40 15.50 17.40 12.16 15.20 16.90 . 11.85 14,80 16.60
140 12.90 16.10 18.00 12.65 15.80 17.60 . 12.32 15.40 17.20
145 13.35 16,70 18.70 . 13.05 16.30 18.30 ¢ 12.80 16.00 17.80
150  13.85 17.30 19.40 13.52 16.90 18.90 13.20 16.50 18.50
155 14.32 17.90 20.00 14.00 17.50 19.60 13.70 17.10 19.10
160 14.80 18.50 20.70 - 14.50 18.10 20.30 14.16 17,70 19.80
165 15.30 19.10 21.40 14.97 18.70 20.90 14.65 18.30 20.40
170 15.76 19.70 22.10 15.45 19.30 21.60 15.12 18.90 21.10
175 16.32 20.40 22.80 15.92 19.90 22.30 15.53 19.40 21.60
180 16.80 21.00 23.50 16.40 20.50 23.00 16.00 20.00 22.40

T.C.M. P.A. 90.0-92.2 P.R, P.A. 92.0-93.7 P.R. P.A. 94.0-95.3 P.R.

Grados A las siguientes s. s. A las siguientes s. s. A las siguientes s. s.
F. 1.00 1.25 1,40 1.00 1.25 1.40 1.00 1.25 1.40
130 11.12 13.90 15.50 10.90 13.60 15.20 10.57 13.20 14.80
135 11.52 14,40 16.10 11.37 14,20 15.80 10.97 13.70 15.40
140 12,00 15.00 16.80 11.77 14,70 16.50 11.45 14,30 16.10
145 12.50 15.60 17.40 12.25 15,30 17.10 11.92 14,90 16.70
150 12.90 16.10 18.10 - 12.65.15.80 17.70 12.25 15.40 17.30
155 13.37 16.70 18.70 13.12 16.40 18.40 12.80-16.00 17.90 -
160 13.85 17,30 19.40 13.60 17.00 19.00 13.30 16.60 18.60
165 14.32 17.90 20.00 14.00 17.50 19.70 13.76 17.20 19.20
170 14.80 18.50 20.70 14.50 18.10 20.30 14.18 17.70 19.80
175 15.20 19.00 21.30 14,97 18.70 20.90 14,64 18.30 20.50

180 15.70 19.60 21.90 15.45 19.30 21.60 15,12 18.90 21.10.
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T.C.M, P.A. 96.0-96.9 P.R, P.A. 98.0-98.4 P.R, P.A. 100.0-100.0 P.R.

Grados A las siguientes s. s. A las siguientes s. s. A las siguientes s. s.
F. 1.00 1.25 1.40 1.00 1.25 1.40 1.00 " 1.25 °1.40
130 10.30 12.85 14,40 10.04 12.50 14.00 9.85 12.30 13.70
135 10.72 13.40 15.00 10.56 13.40 14.60 10.25 12,80 14.30
140 11.20 14.00 15.60 -10.92 13.65 15.30 10.72 13.40 14.90
145 11.60 14.50 16.30 11.37 14,20 15.90 11.12 13.90. 15.60
150 12.10 15,10 16.90 11.85 14.80 16.50 11.60 14,50 16.20
155 12.52 15.65 17.50 12.25 15.30 17.10 12.00 15.00 16.80
160 12.97 16.20 18.20 12.72 15.90 17.70 12.50 15.60 17.40
165 13.45 16.80 18.80 13.17 16.45 18.40 12.89 16.10 18.00
170 13.85 17.30 19.40 13.60 17.00 19.00 13.37 16.70 18.60
175 14,32 17.90 20,00 14.05 17.55 19.70 13.76 17.28 19.20
180 14,72 18.40 20.60 14,50 18.10 20.30 14,16 17.70 19.80.

TCM. TEMPERATURA DE LA MASACOCIDA.

PA. PUREZA APARENTE,

R. PUREZA REAL.
SS. SOBRESATURACIONES.






Curso de Instrumentacién Neumdtica para Procesos Industrial

Primera Préctica

S&bado 29 de Julio

;L continnccidn ve estoy enviando la relacidén de los instrumentos
qua o van a instalar para la prictica del curso el dfa 29 de ju
iio del presente afio, de 8.30 a 13.00 Horas. Se ha estimado una
asilstencia de 21 personas.

La prictica se llevara o cabo en la siguiente forma:

a).- Descripcidn de la practica y explicacidn de la
formn de rcalizarla
D).~ Equipo de, prueba parg la calibracidn
5.- Realizacidn de 1la practica formando grupos de 3
persvunas.,

Colocazcidn de Instrumentos:

- odelo Referencia
) SHL2-75 MI-17-138
o Y] MI- 4-116
Z LRORNY MI—l?—ABO
5 B : MI- 5-625
= "o Valvactor MI-12- ?MO
iy _21 MI-17-420
C L5 NI—14—07O

2o amente .
T ”_(“‘\ s

AR ?%REIO VITE S ~-DEPARTAMENTO DI SERVICIu

Foxboro, S. A.



Sucursales.
Aramderti 509 Pie.  Jisto Sierra 381-109 -
ey, N L Guoselaara, Jal.
s ot PR =ga L U o ol T . -
FOXbOFO, S l‘"\ Durango 247-ter. piso Anartaca Postal 7-638 México 7 D.F. Tel. 5-1-97-0G - Pant s 4 d-h E i o J‘b ; “;"‘_‘—95 -
. . . ico 7 D.F. Tel nta Avena 410-A Coi, Granjas México, Menco 8, DL F.
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NEUMATICC, U.N.A.M.
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CESAR PONCE MONTUY

A cuntinuacidn te envio el plano del Centro de Entrens
miento de Foxboro, S.A. ( Durango 247-1° piso, México
7, D.F. ), en donde se impartird 1z practica del curso

¢l 29 del presente
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