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‘ U N A M FACULTAD DE INGENH;RIA . :
DIVISION DE EDUCACION CONTINUA :
PROGRAMA DEL CURSO : DISTALACIO:C:S ELECTRICAS INDUSTRIALZES
- QUE SE IMPARTIRA DEL 3 AL 22 D= SEPTIZO -4 DE 198 4 :
. " L - ey 5N H
FECHA |HORARIO T E M A PR O F E S 0 R :
e LiG. LUIS [UROW ITQJUILV
3,Sept/84 17-18 IiTRODUCCION | - . I5G. ATDRES D. CHAVEZ SALUDO
FLATZAIION D3 Lcs SISTE RS ELSCTRICOS .
,Sept/84 18-21 INDUSTRIALZS L:G. LUIS 1 UROW ITQUIN
CONS LDZRACIO.ES SOSRE LA TZUSION I EL ' _
4 ée t/&J 17=21 SISTI . . I:G. AXDRES D, CHAVEZ SANUDO .
| SELE2CI0W DI CCHDUCTORES Y DUCTOS .-

,Se.t/84 17-24 (znra TeusTo) . COIDT = .
SZLEUCISHN L COUDGCTCRES Y DUCTOS ’ : ' .
Se;t /B4 47-29 LSIIA TTISION) CO DLEX. -

- SELECCION DS -COiDUCTORZS Y DUC;OS

7 Sept/ul 17=-19 (RACA TEUSTIONY) CONDULEX.

7 Sezt c4  19-21 CALOULD D_. Talla TG, AGDRIS D, CUAVEZ SAIDO .

 SISIE.AS DE 'I:.ZRRAS' ATERRIZALIZSTO DEL -

8,5ept/S4  -12 SISTEA Y ‘ALLAS, LiG. ESRIQUE OROZCO LOPSZ
'8,5ext/5d  12-14 SISTE:A DE TITRAAS: BAJA TINSION, 1.6, HECTOR SALCHEZ CE3ALIOS
10',Seilt/8¢ 17+19 CAICUL(:) DS FALLAS. ‘3. ALTAZS D. ChAVZEZ SALUDO
12,5ept/o4 _19-21 FROTESCICH COUNTRA SCORZCCRRIEITE;FUSTALES IiG. LATRISIO SIERRA DUFOT.

: - l . R . _

1,36; ‘;‘/E‘ 17__21 ;\R)‘::::::‘l CL\-: —q—ﬁaqq-“ T OO AT I -’.;- A¢Dl‘.;"s D- L‘.\AVEZ SM\U_DO
(12,5e;1/64 17-19 COORZNIOI DX FACTIR DT 207wHlTA I5G, 1UIS BUROY ITQUIN.
12,5e:8/54  19-21 LiSTALACIQUES .EX AREA AS RIZS30SAS IiG. ALFREDO GCUZAIZZ Ha
13,Sept/04 17-21 SZIESCCI0N Y ESFESIFISAZICH DT EQ’.JIEOS LiG. JESUS AVILA HSPTIOZA -
14,5ept/84 17-21 PRUZSAS A EQUIPOS Y LATERIALZS IG. GZHARO GARCIA CASTRQ.



U.N.AM. FACULTAD DE INGENIERIA
DIVISION DE EDUCACION CONTINUA

PROGRAMA DEL CURSOQ @ LiSTALACIONZS EIZCTRICAS LiDJISTRIALES

QUE SE IMPARTIRA DEL 3 AL 22 DE SEPTIE.SRE DE 1984
FECHA H,d.lf:;]b- T E M A P R 0 F E S O R
15, SEPT/C) Qw14 PROPECCTOR COITRA SOIRETEXSTONES ING. EXRIQUE OROZCO LOPEZ
7.5ept/8% 17-13 s:s@;:as DS SLERGTICIA | ING. JUAR JOSZ QUZZADA RANIREZ
17,Sept/8) 19-21 ILNTHACTON IHDUSTRIAL LiG. SERGIO GARCIA ANAYA -
18,Sept/Clh 17-21 LI TRACICY IIDUSTRIAL 15G. SSRGIO GARCIA ANAYA
9,Seut/ol 17=21 BEGLA 00 D2 TISTATACTOISS ITECTRICAS IiG. HECTOR SANCHEZ CEBALLOS
0.Sept/Ch 17-19 REGLA ZHTQ D z:smAmcxa::ﬁs EISCTRICAS LI3, @ECTOR SANCHEZ ZEZALLOS
20,5ext/th 1§-21 DESCRIPOICT DS 1A LioTrir=mTa DE: DISEi0 TG, ARTL GARCIA OROPEIZA
2Tssejt/bh 17-19 CONTRQL DE QURAS SIZITRICAS | Iig. JOSE A. ARTINEZ JZNDEZ
'21J599t/ tp_19-21 SITITHISTRO DT BNIRGTA SISCTRICA COLPANIA D IUZ Y FUSRZA
22,Sept/h 9-12 | iS4 REDONDA PANZLISTAS
22,Sept/t4 12-13 | CLAUSURA.
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11.3;3 GUIA PARA LA PLANEACION DE UN SISTEMA ELECTRICO

INDUSTRIAL

-

El siguiente procedimiento podra guiar-al {rigeniero
en el disefio de un sistema eléctrico de distribucién Indus-

trial.

4+  Levantamiento de cargas,

+ Determinacjén de la demanda.
+ Arrcglo cléctrico, v
+ Locajiznégén de equipo.

+ Seleccién de tensioncs.

+ Compafifa suministradora.

+ Generacién.

+ Diagrama unifilar.

+ Anélfsis de corto circuito.
+ Proteccién.

+ EXpan526ﬁ~Fut;Pa.

+: QOtros requerimientos.




LEVANTAMENTC DE CARGAS

- OBTENGA UNA DISTRIBUCION DE PLANTA GENERAL CON

- LA LOCALIZACION DE EQUIPO YwSUSfCARAQTﬁRlSTICAS ELECTRICAS

( POTENCIA, TENSION, FASES ETC).

EN LA MAYOR PARTE DE LAS VECES, LO ANTER{OR NO

'ES POSIBLE TOTALMENTE NO_SE DETENGA, PORQUE PUEDE CAUSAR RE~ -

- TRASOS A LA CONSTRUCCION DE LA PLANTA. POR LO TANTO, ESTIME
MEDIANTE EL USO DE CARGAS TIPICAS POR AREA, POR FUNCION, EN _

" INDUSTRIAS SIMILARES A LA PROYECTADA, ETC.

‘COONINESE CON LOS. DEMAS DISENADORES DE LA PLAN

TA. ELLOS LE IRAN PROPORCIONANDO MAS DATOS,

ELABORE USTED SUS PROPIOS INDICES DE WATTS O

+ YA POR M~ EN BASE A INSTALACIONES CONOCIDAS. -




DENSIDADES DE.CARGA ESTIMADAS EN VARIAS INDUSTRIAS

INDUSTRIAS (E. U.) (ALUMBRADO Y FUERZA)

' TIPO DE  PLANTA

VOLT-AMPERS | DEMANDADOS
VA/m2 ' -

“FARBRICA DE AEROPLANOS
FABRICA AZUCAR (REMOLACHA)

FABRICA DE PAPEL

#ARRICA TEXTIL

MANUFACTﬂRERA DE C}GAREILLOS
MANUFACTURA EN GENEéAL, QUIMICOS,

EQUIPO ELECTRICO

TALLER DE REPARACION DE MAQUINAS,

MANUFACTURA DE LAMPARAS

'MANUFACTURA DE PEQUENOS COMPONEN-
TES' |

200

FARRICACION DE PEQIENOS APARATOS.

162 - 270

150

I 30

K ' : -
108 :

80

LIBRO ROJQ, EDICION 1949,
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PARA LAS CARGAS DE ALUMBRADO EN St, SE PUEDE .

CONSUPTAR LA SECCION 4 DEL VOLUMEN “APPLICATION VOLU-

ME"‘DEL_lES LIGHTING HANDBOOK, EDICION 1981,

DETERMINACION DE LA DEMANDA

LA SUMA DE LOS‘VA NOMINALES DE LAS
CARGAS PROPORCIONARA_LA'CA?GA CONEéTADA TOTAL. DADO
QUE ALGUNOS EQUIPOS OPERAN AiMEQOSeDE SU.CAPACIDAD —
PLENA" Y OTROS LO HACEN INTERM]TENTEMENTE, LA DEMANDA

RESULTANTE ES MENOR QUE LA CARGA INSTALADA.

DEFINICIONES

Demanda La carga eléctrica en

las terminales de salida, promediada sobre un especi-

fico intervalo de tiempo. ( KVA, A, KW, etc.) El pe--

rfodo de ticupo es de !5 minutos, 1/2 horas o | hora.
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SISTEMA .~

VENTAJAS Y USOS

DESVENTAJAS

5.-

SECUNDARIO SELECTIVO

- S FALLA EL SISTEMA PRIMARIO 0 EL
_ TRANSFORMADOR
i INTERRUMPE - “ESTO REQU|ERE

EL SFRVICIO NO SE

0" SOBRE DIMENSIONAR LOS TRANS
FORMADORES. |

O AIRE FORZADO DURANTE LA EMER
QENC{A.

0 ECHAR FUERA CARGA NO ESENCIAL

0 SOBRECARGAR UN TRANSFORMADOR
ACEPTANDO PERDIDA EN LA VIDA
DEL M!SMQ ’ '

COMBINADO CON EL PRIMARIO SELECTIVO

ES EL SISTEMA MAS CONFIABLE.

MAS COSTO QUE LOS ANTERIORES

(PRIMARIO Y SECUNDARIO SELEC-

Tivo)

PARA DAR MANTENIMIENTO AL TA-
BLERO DE BAJA .TENSION REQUIERE
ECHAR FUERA LA CARGA

OPERACION MAS COMPLEJA




bISTEHA

© VENTAJAS Y USOS

o - 2l

. DESVENTAJAS

. '6--

)
"

RED SECUNDARIA CON PRO-

TECTORES.

)

L)
1)
:

)

v:LN |
I

I

A CARGAS .

# MUY- CONFIABLE™ NO HAY INTERRUPC | ONES
DE NINGUNA ESPECIE, A MENOS QUE FA-
LLE ALGUNO DE _LOS ALIMENTADORES PRI

MARIOS.  ADECUADO PARA CARGAS GRAN~

DES. . |

+COSTOS0
+S| FALLA EL TABLERO SECUN

_ DARIO, FALLA EL SISTEMA.
'{+ELEVADAS CORRIENTES DE
~ DE CORTO CIRCUITO:
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LOCALJZACION DE  EQUIPQ

- EN GENERAL, ENTRE MAS CERCA SE LOCALICEN LOS TRANS
FORMADORES DEL CENTRO DE CARGA DEL AREA SERVIDA, MENORES.SERAN
LOS COSTOS DEL SISTEMA DE DISTRIBUCION. EN CASO DE DUDA, ES __

iMPORTANTE HACER EVALUACIONES TECNICO ECONQM!CAS.

- ES IMPORTANTE CCORDINARSE DESDE EL PRINCIPIC CON _

LOS PROYECTISTAS PARA DEJAR ESPACIO DISPONIBLE PARA EQUIPOS, __

DUCTOS, REGISTROS, ETC, Y PLANEAR LOS TRABA JOS CIVILES RELACIO

SELECCION DE TENSIONES

-~ SELECCIONE LAS MEJORES TENSIONES EN CADA UNO DE

LOS NIVELES (BAJA Y MENIA TENSION) LAS TENSlONES,-QEL S1STEMA N

NQRMALMENTE INFLUYEN MAS QUE NINGUN OTRO FACTOR, EN ‘LA ECONOMJA,*f-'

TANTO EN LA SELECCION DE EQUIPO, COMO EN LA EXPANSION DE LA Fhi,

PLANTA.
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 COMPANIA  SUMINSTRADORA

TAN PRONTO COMO SEA POSIBLE, DERE EFECTUAR-

~'SE UNA REUNION CON LA EMPRESA ELECTRICA PARA DETERMINAR LOS RE-
" QUERIMIENTOS DEL SERVIC1O. - RECUERDE QUE SI LA CARGA ES GRANDE,

LA COMPANIA DE ELECTRICIDAD DEBE PLANEAR LOS CAMBIOS A SU RED _

DE DISTRIBUC!ON.
DATOS QUE SE SUGIERE PROPORCIONAR:

+ Distribucién de planta mostrando Edifi--

cios vy estructuras.

+ Carga clectrica de la planta, preferente

mente demanda maxima en KVA.

+ Punto preferido para la conexién del ser

vicio.,

*+ Arreglo clectrico de ia compafifa suminis

tradora quoe sce desea,

L)

PSR, ;. M,
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+ Programa de construccién v de puesta

en servicio.

+ Motores muy grandes fuera de lo usual

- 'que se tengan,
+ Factor de potencia esperado

+ DNescripcidn de la carga conectada

LA:COMPANIA SUMINISTRADORA DEBE PROPORCIONAR LO . .

+ Tensidn de suministro o tensiones dis

ponibles, propia o del cliente.

+ Ruta de las linecas y punto de suminis

.tro.
+ Tarifas

+ Opciones en ¢l suministro: con subes-

tacién.
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+ Espacio de la subestacién si la provee

la compaiiia,

+ Corto circuito y caracteristicas del

sistema cn el punto de suministro.
+  Requerimientos para medicién

+ Tipo de aterrizado en el sistema de

"suministro.,

4+ Requerimientos de coordinacién con el

sistema de proteccién de la compaiifa suministradora.

+ Datos sobre confiabilidad de la red,

Si €S necesario.

+ Alimentaciones de respaldo, de ser

necesarias.
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GENERACI1ON

DEPENDIENDO DE LAS REGULACIONES DEL PAIS Y DE LAS
CARACTERISTICAS DE LA PLANTA SE PUEDE DECIDIR Y BASADOS EN UN _

ESTUDIO TECNICO ECONOMICO  Si:

CONVIENE COMPRAR LA'ENERGtA:-

CONVIENE TENER GENERACION DE EMERGENCIA

'CONVJENE TENER ALGIINA GENERACION RODANTE

+ ~ CONVIENE GENERAR TODA LA ENERGIA. -

POR LO COMUN, LO MAS ECONOMICO ES COMPRAR LA ENER

GlA, PERO EXISTEN PROCESOS QUE REQUIEREN CONTINUIDAD, COMO SON ©

LA INDUSTRIA DEL PAPEL, LA PETROQUIMICA, -LAS DEL CEMENTO Y ACE--

RO, Y PUEDEN SER CANDIDATAS A LOS ULTIMOS CASOS. OTRAS INDUS-—-

TRIAS DESPERDICIAN MUCHO CALOR O VAPOR Y PODIA UT1LIZARSE ESTA

ENERGIA.

[
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DIAGRAMA_ UNIFJLAR

ES UN.ELEMENTO MUY IMPORTANTE EN LA PLANEACION

LOS SIMBOLOS ESTAN DEFINIDOS EN Et IEEE STANDARD 315-1975

-"GRAPNIC SYMBOLS FOR ELECTRICAL AND ELECTRONICS DIAGRAMS”

( ANSI Y 32.2 - 1975)

EL DIAGRAMA UNIFILAR DEBE CONTENER LO SIGUIENTE:

'+ Fuentes de potencia, tensiones y corrien--
tes de C.C.
+ Tipo, tamaio, capacidades y ndmero -de con

ductores.

+ Caracteristfcas'dc transforhadores ( RvA,

tensiones, impedancia, conexiones y métodos de puesta a

~tierra)

+ . ldentificaciédn de los aparatos de protec--- '

cién ( relevadores, fusibles, interruptores).

+ Relaciones de T.P. y T. C.
+ Cargas

+ Otros equipos conectados
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ANALISIS RE CORTO CIRLUITO Y_PROTECCION

—- CALCULE EL CORTO CIRCUITO DISPONIBLE EN'LOS

PRINCIPALES COMPONENTES DEL SISTEMA.

- DISENE SU SISTEMA -DE. PROTECCION COMO UNA PAR

TE INTEGRAL AL ‘MISMO Y NO COMO UN AGREGADO POSTERIOR.

EXPANS!ON FUTURA

- S| ESTA DISENANDO LA EXPANSION DE UN SISTEMA

EXISTENTE,. CUIDE SI EL EQUIPO SOPORTA LA CARGA ADICIONAL Y EL

NUEVO CORTO CIRCUITO.. CHEQUE CARACTERISTICAS DE CAPACIDAD NO-

. MINAL, TENSION, CAPACIDAD INTERRUPTIVA, OPERAC|ON DE_!NTERRUP—

TORES Y LA COORDINACION DE PROTECCIONES. ESTUDIE LA MEJOR MA-

" NERA DE CONECTAR LA NUEVA PARTE CON MINIMO COSTO DE CONSTRUC~-

CION Y PERDIDAS DE PRODUCCION.,

—
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Si la planta es. nueva,; conviene peveer gue la carda en mayor

o menor grado habra de crecer.

Por lo tanto el sistema debe disefarse para crecer. Con

el diagrama unifilar, imagine comoc apareceria este-si la carga -

se duplica o triplica ( Esto puede suceder en 15 0 20 afios )

y replantee que preparaciones debe tener para estas condiciones,

cuidando desde luegoe los costos. ‘ Vo

También es conveniente incluir én el diagrama unifilar -

los puntos donde se desean hacer mediciones y sus caracteristicas.

Lo mismo ‘gue, en su caso, si.la instalacidn és geografi--

camente grnade, debe incluirse su localizacidn.

No olvidarse también de indicar las aplicaciones futuras

que se hayan considerado o planes futuros.




T - 30

SEGURIDAD

VERIFIQUE DE QUE SE USEN DISPOSITIVOS ADECUA-

DOS DE SEGURIDAD EN TODAS LAS PARTES DEL SISTEMA

DENTRO DE LA PLANEACION DE LA PLANTA SE DEBE _

iNCLUIR UN S{STEMA CONF!ABLE DE COMHNICACIONES TELEFONO,

_ SONIDO, CIRCUITOS CERRADOS DE TELEVISION,‘INTERCOMUNICACIONES.

MANTENIMIENTO

VJDEBE PLANEARSE.EL SISTEMA DE TAL FORMA QUE SE
PUEDA EFECTUAR EL MANTFVIMIENTO PREVENTtVO PROPORCIONANDO
ESPACIO PARA TRABA.AR EN LOS LOCALES ACCESO FACIL A INSPEC -~

CION,-FACILJDADES PARA PROBAR O TOMAR MUESTRAS DE MATERIAEES,

MEDIOS'DE DESCONEXION PARA CUANDO SE TRABAJA EN EL EQUIPO.

s
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El éistemé de mantenimiento‘debe'tambien planearse y
puede iﬁcluir los siguientes objetivos : Limpieza, Qontrol-
de Humedéd, Ventilacidn AdeCuada, Reduc;r Corrosion, Mantehi
miento de Conductores, Inspecciones vy P-ruebas Rutinarias, -

llevar.reéord% Aplicaéion de Codigos y Normas.

i

SISTEMAS ELECTRICOS DE EMERGENCIA

Hemos visto hasta ahora diferentes arreglos que uno-

"con respecto al otro nos indican mayor o. menor confiabilidad-

depéndiendo loéicamente del.cqstq de-equipo utilizado y su --
instalaciédn, ademés_que,fenZCQSO'de alguﬁa falla.de alguno de
los equipoé o materiales usados, el tiempo paré:réstaurar el-
servicio es. menor, éétadisticémepte habiandé, segun el orden- .
en que se han visto los~diferentéslérreglos o.sistemas.'

Pero, en cualquiera de. las formés analizadgs en que se
necesite aumentar‘lé Confiabilidad.yﬁla continuacidn del éervi_

cio en cualquier  punto particular de utilizacidn de la energia

.Y 'que de acuerdo con las caracteristicas de este servicio este

deba ser de .un minimo de tiempo de interrupcidn-o no interrum-

pible, si este fuera el caso.
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En el -uso de equipo y materiales, al planear el -sistema, tahbién~podemos afirmar

que las tendencilas actuales cada vez se inclinan mnds al uso de :

1.-

Tableros de distribucién tlpo Metal—Clad que son "los tableros bllndados con —--
entreC1erres y algunos con Lntorruptores con control electrlco Y operac1on re --

mota.

Centros de control de motores tipd draw-out o de los que estan en compartimientos
independientes, retirables facilmente, para efectuar mantenimiento en forma - — -
eficiente y sequra. '
Interruptores en aire en lugar de los interruptores en aceite o la tendencia - -

actual de interruptores con camaras en vacio.

Para el uso en locales cerrados se usan trdnsformadores tipo Seco o en Askare]
o Pyrdnol aundgue cstoq lquJdos emlten gases venenosos y se esta prohlblendo su

uao actualmente.

, Los transformadores tipo seco son 15 a 20% mas caros que los normales, -
pero éon_mas baratos que los liquidos mencionados. Se ha iniciado el uso de - — -

transformadores sellados con gas inerte en el interior, como el SF-6 pero son de
Ay

30 a 40% mas caros.

Cuando las cargas varlan de p051c10n o de maqnltud se ha hecho mas comin el uso -
d? buses blindados en 1n dlatrlbuc1on. En estos eos factible de instalar interrup-
tores con solo 1nLroduc1rlns cn forma de contacto y clavija, o sea, contactos con

cllpq.

Capacitores que reducen costo de la energia y pérdidas en transformadores y ali -
mentadores y que aumentan la capacidad de transformacion vy conduccidn Y que - - -

veremos en platica aparte.
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- Reguladores de voltaje donde las variaciones de voltaje son criticas sobre todo

en los equipos automatizados modernos. También se estad acrecentando el uso de -

. cambiadores de derivaciones automdticos bajo carga, en transformadores, con los

resultados deseables de regulacidn.

También debemos hacer hincapié, al planear su sistema y su construccidn, de las

siguientes medidas de seguridad , entre otras, para la operacién y mantenimiento!

. Los- equipos de interrupcion deben ser capaces siempre,de operar bajo las mas - -

severas condiciones de operacion a los cuales se le vaya a exponer.

- En partes vivas debe protegerse contra contactos accidentales con barreras, - - -

gabinetes o situarlos fuera de alcance en niveles mas elevados.

Evitar la operacidn con carga de dispositivos que no estan hechos para eso, como

cuchillas desconectadoras. En estos casos es conveniente un entrecierre para - -

_evitar.la operacidn hasta no desconectar el interruptor correspondiente al - - -

circuito.

Espacio suficiente sin obstaculos en las areas donde estd el equipo eléctrico —-

localizado, sobre todo en lugares cerrados.

Suficientes salidas en numero y tamafio, disefindas con puertas con apertura hacia

afuera y cerraduras de apertura tipo panico.o emergencia.

Letrdros y etiquetas con nomenclatura de equipo y cables para dar instrucciones

Permanentes y la debida identificacidn de las partes.

Los sistemas deben disefarse siempre para operar con partes nuestras y en - — —

equipos debidamente aterrizados.

El mantenimiento debe hacerse cuando el equipo correspondiente este desenergi -
zado en caso que no pueda hacerse asi, deberd entrenarse al personal de mante —

nimiento para'trabajar en partes vivas con el equipo y herramientas de seguridad

necesarias para cada caso.
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.Deben usarse guantes de hule, protegidos por guantes de cuero para no danarlos,

al'operar equipos vivos sobre todo en voltajes mayores de 600 volts.

Debe instalarse alumbrado de emergencia en los lugares clave para facil - .- - -

trénsito en lugares peligrosos.

Resumiendo en parte lo que se ha platicado, podemos aconsejar lo siguiente, para

planear un Sistema Eléctrico Industrial.

o L.-

Obtenga unaldistribucién de planta y marque en -ella las diferentes cargas y con

ello determine el total de carga instalada en HP, KW y KVA, de fuerza.

Estime la cargas de alumbrado,ventilacién o aire acondicionado y otras diferentes

é_las de fuerza en lo posible de datos reales o de tablas y datos estadisticos.

Determine la carga total conectada y calcule la demanda méxima usando el factor

de demanda, con los criterios establecidos.

Investigue cuales son las cargas que son poco comunes como pueden ser el - - - -

arranque de grandes motores, operacidén de hornos de arco o soldadoras y condicio-

nes de operacién especiales Como motores auxiliares de las calderas o cargas que
deben mantenerse en operacidn bajo todas condiciones y también las cargas que -

tienen un ciclo especial en su uso.

Estudie los varios tipos de sistemas de distribucidn y seleccione el sistema o -

la combinacidn de sistemas que mejor se acoplen a los requerimientos de su planta

_y origine su diagrama unifilar preliminar.

Obtenga de la Cia. Suministradora del servicio, el dato de voltaje de suminis -—-

tro, comportamiento de sus lineas sisternas disponibles, aterrizaje de neutros,

‘protecciones, mediciones y los requerimientos fisicos del equipo.
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También capacidades interruptivas de interruptores asi como las potencias de - .

C.C. presente y los que se esperen al futuro en el punto de suministro y las -

. N . - A .
tarifas que se aplicarian en el caso especifico.

- 81 se considera generacidén de energia para usos propios, debe determinarse los

KVA-requeridds, encluyendo la carga para emergencla, el voltaje de generacién—
vy los equlpos aCCesorlos correspondlentes a protecciones, mediciones, rela - -
cidn de voltaje sincronizacidn y atérrizaje. Esto debe de revisarse con la --

Cia suministradora en caso de operacién, en paralelo, para acoplarse a sus - -
necesidades,

Es indispensable hacer el ‘andlisis de costos correspondientes a los estudlos de

los diferentes niveles de voltaje vy ]os varios arreglos de equipos, para poder-

' justificar la seleccidn de equipo y voltaje. El estudio debe ser hecho a base -

de costo insfalado, incluyendo tedos los componentes en esa parte o,en todo el-
sistema. - '

" Revise los cdlculos de C.C. , para aseqgurarse que los interruptores son de la--

capacidad adecuada , revise tambidn la selectividad de los dispositivos de-

. proteccidn durante la operacidn normal y las condiciones de disturbio o falla.

Calcule la distribucidn y caida de voltaje en varios puntos criticos.

' Igualmente determine los requerimientos de los diferentes componentes del - -

sistema eléctrico con atencidn a las condiciones de operacién y cuidado del -
equipo.,

Revise las Normas de [nstalaciones Eléctricas en vigor para cumplir con las —-

mismas y con los demas codigos relacionados.

Revise que todos los equipos tienen incorporados todos los aditamientos de se-

guridad en todos los componentes del sistema, segun se ha planeado.

: [ M
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14.~  Elabore las especificaciones del equipo.

15.- Obtenga las dimensiones del equipo y elabore los dibujos de todo el sistema.

"16.- En su caso, determine si el equipo existente es capaz de soportar las. nece -

sidades de la carga adicional, revisando su voltaje de operacidn,capacidad--

interruptiva y capacidad de conduccidn de corriente.

17.= Programe con caso de aplicaciones, que las interconexiones entre lo actual --

y lo nuevo se hagan con un nimero de tiempo de interrupcidn.

Todo este procedimiento. para planear el sistema no asegura el éxito por si —-

mismo, sino que debe estar complementado y cimentado en un buén criterio de ingeniero.
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GENERADORA SISTEMA PRIMARIO DE
. 3& / zgﬁimsrmaucaou REGULADO

ESTACION LINEA DE_TRANSMISION

SUBESTACION SUBESTACION

SISTEMA SECUNDARIO
’ % DE DISTRIBUCION

‘ CIRCUITO DERIVADO
TRANSFORMADOR
DE DISTRIBUCION

EQUIPC DE
UTILIZACION

SISTEMA' TIPICO DE UNA COMPANIA ELECTRICA EN GENERACION TRANSMISION

Y DISTRIBUCION




2.1.- TENSIONES NORMALIZADAS

TENSIONES MAS USUALES EN MEXICO

DISTRIBUCION

NOTAS: = (l)
‘ ()

TIENDE A DESAPARECER

TRANSMIS1ON DISTRIBUCION
(C.F.E.) PRIMARIA SECUNDARIA
~-( VOLTS ) C.F.E. INDUSTRIA] C.F.E. INDUSTRIA
' (voLTs) (voLTS) | (VOLTS) (VOLTS)
[JEXTRA ALTA TENSION
400 000 Vv
ALTA TENSION
(230 KV.)
230,000
215,000
85,000
£9,000 - '
- [MEDIA TENSION (34.5KV)]
34,500(1)" -
23,000 . 23000 -
13,800 13800 -
- ' 4160 -
2400
[BAJA TENSION (1000 V)| -
220~127 480-~-277
440 +
220~127
TENSION DE SUBTRANSMISION




NEPENDTENDO DEL TAMANO DE LA PLANTA, DE LAS

_COMPANIAS DE SERVICIO ELECTRICO Y DE EVALUACIONES ECONOMICAS

QUE CONSIDEREN LAS TARIFAS Y LOS COSTOS DE EQUIPO, LA PLANTA __
INDUSTRIAL PODRIA CONECTARSE A CUALQUIERA DE LAS TENSIONES DEL

SISTEMA:

PLANTAS PEQUENAS, O DE ALGUNOS

CIENTOS DE KVA. COMO MAXIMO

PLANTAS MEDIANAS DE ALGUNOS
MI'LES DE KVA.

PLANTAS GRANDES DE VAR10S M1z
LES .DE KVA. |

SE PUEDEN CONECTAR A LA RED
DE BAJA TENSION, O A UN TRANS

FORMADOR ESPECIAL DE LA .
COMPANIA ELECTRICA, O TENER
SU PROPIO TRANSFORMADOR Y __
RED SECUNDARIA,

SE PUEDEN CONECTAR A LA RED

PRIMARIA DE DISTRIBUCION Y _
ESTA RED DE MEDIA TENSION
PUEDE EXTENDERSE DENTRO DE-

LA FABRICA. LA PLANTA PRO---
PORCIONA LOS TRANSFORMADORES

NE MT/BT Y LA RED DE DISTRI-
RUCION SECUNDARIA.

SE PUEDEN CONECTAR AL SISTE-
MA DE M.T. O AL SISTEMA DE _
TRANSMISION Y PUEDEN PROPOR-

CIONAR LA SUBESTACION REDUC- °

TORA, LA RED DE DISTRIBUCION

PRIMARTA, LOS- TRANSFORMADQ-~

RES MT/BT Y LAS REDES SECUN-

NARIAS, -
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NIVEL DE VOLTAJE CON CARGA LIGERA SIN COMPENSACION

__NIVEL.DE VOLTAJE A PLENA CARGA

LA SUBESTACION

\ NIVEL DE VOLTAJE CON CARGA LIGERA ' )
" CON ( COMPENSAC!ON i _ ]

VOLTAJE DE LINEA NOMINAL

EFECTO DE COMPENSACION POR REGULACION EN SISTEMAS DE VOLTAJE
' DE DISTRIBUCION PRIMARIA
CASO IDEAL

. DISTANCIA DESDE -




‘_.'2.—-\ LIMITES DE TOLERANCIA ‘EN TENSIONES

- SE INTENTARA EXPLICAR LA NORMA ANS| C84.1-1970 QUE ES-
TABLECE LOS LIMITES DE TOLERANCIA EN VOLTAJES EN E.U.

~  ESTA NORMA TIENE ORIGEN EN LAS TOLERANCIAS DE = 0% __
_PERMITIDAS PARA MOTORES, DADO QUE INTEGRAN LAS CARGAS

MAS IMPORTANTES NE UN SISTEMA DE DISTRIBUCION INDUS~~-
TRIAL.

~ SE USA LA TENSION BASE DE 120 VOLTS. POR EJEMPLO, UN _
MOTOR EN UN SISTEMA A 480 V. TIENE UNA TENSION.DE PLA-
CA DE 460, O SEA '

480

= 4
120
a0 e
4
....... QUE REFERIDO AL VALOR BASE 'SER'A [I5V,

- CONSIDERANDO EL 10% ARRIRA Y 10% ARAJO SE ESTABLECIO _

EL RANGO DE TOLERANCIA “R” DE LA NORMA ANSI MENCIONA-
" PA. ' |
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c . , LI o ". _'\».‘} ‘7‘7 * : L s ’
- PROCESOS DE CALOR CON LAMPARAS INFRAROJAS O RESISTENCIAS.

R - v
b ¢ ‘_.-'.

EN EL CASO nE LAS RESISTENCIAS SE VE AFECTADO EL PROCESO EN’
FUNCION DEL CUADRADO DE LA TENSION. EN EL CASO DE LAS LAM-= '
© PARAS, COMG su RESISTENCIA VARIA CON EL CALOR, SE AFECTA .
 LIGERAMENTE. MENOR AL CUADRADO DE-LA.TENSION, -,

* . ot .o B v U . A . ‘} " '(. e e '1 '
CAPACITORES. | LA, POTENCIA REACTIVA VARIA CON vZ, UNA CAIDA
“ DEL 10% REDUCE EN 19% LA POTENCIA REACTIVA LO QUE A SU VEZ

'REDUCE EN ESE POR CIENTO LOS BENEFICIOS.,

i ') ) I -f;. ’ T -.,

'DISPOSITIVOS OPERADOS. POR SOLENOIDE. LA FUERZA DE ATRAC-——-
CION VARIA CON V%, PEROEN GENERAL ESTAN DISENADOS PARA OPE
'RAR EN £ 10% Y -ISEDE VI L

- 4
r L

ﬂESBALANCE EN LA TENSION ENTPE FASES SUCEDE CHANDO EXIS——
- TEN CARGAS MONOFASICAS Y NO ESTAN RIEN DISTRIBU!DAS SE .

" EXPRESA:

'DESBALANCEO DE LA TENSION ENTRE FASES =, .

- IYESVIACION: MAXIMA hESPECTO AL VOLTAJE PRO-
MED1O :

]

VOLTAJE PROMEDIO'ENTRE FASES.
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" DADAS LAS CORRIENTES DE SECUENCIA NEGATIVA QUE- CIRCULAN
INTERNAMENTE EN EL MOTOR, ESTAS PRODUCEN UN CALENTAMIEN
TO. COMO SE ORSERVA EN LA SIGUIENTE TABLA:

" TIPO DE MOTOR CARGA % DE DESRA % DE CALEN  CLASE DE ELEVACION
S X LANCE EN .- TAMIENTO ~  AISLA-  DE TEMPE-
TENSION EXTRA MIENTO  RATURA(C)
o 3 OPERAC | ON
MARCO 0" CNOMINAL . 0 0 : A 60
' ' NOMINAL 2 8 A 5
NOMINAL 31/2° 25, A 75
" CMARCO “T* - NOMINAL o . 0 B 80
| | CNOMINAL 8 B 85.4

NOMINAL. 3 1/2 25 "B 100




TABLA - 7' m-18
EFECTO GENERAL DE LAS VARIACIONES DE VOLTAJE EN'LAS CARACTERISTICAS DE LOS MOTORES DE INDUC-
CION. . | IR S o S

(a) . MOTORES DE ARMAZON U

CARACTERIST1CAS " FUNCION DEL VOLTAJE . VARIACION DEL VOLTAJE
' 90% DEL VOLTAJE  110% DEL VOLTAJE

- PARES DE ARRANQUE Y MAXIMO . (VOLTAJE)2 : DISMINUYE 19% - AUMENTA 21%
'DE TRABAJC, ' ' : - : :

. L .
b st A et fif e e i n S i e T B S v o e R

VELOCIDAD SINCRONA - CONSTANTE NO CAMBIA NO CAMBIA

AT I

POR CIENTC DE DESLIZAMIEN-

TO J(voLtAse)™A . AUMENTA 23%Z . . DISMINUYE 17% 3

VELOCIDAD A PLENA CARGA " DESLIZAMIENTO DE LA - DISMINUYE 1.5% AUMENTA 1%-
: : : . VELOCIDAD SINCRONA - :

CEFICIENCIA A: . v - | - ¥
PLENA CARGA -~ -~ === - .- DISMINUYE 2% - AUMENTA .5-1%

-DE CARGA e aee NTE. . PRA MENTE NO
v L AT ENTE STt

o S NO
i/2 DE CARGA o e e AUMENTA 1-2% . DISMINUYE [-2%

Bighm.:




 CARACTERISTICAS

FUNCION DEL VOLTAJE

IH}19'

VARIACION DEL VOLTAJE

90% DEL VOLTAJE |10% DEL VOLTAJE.

-

FACTOR DE POTENCIA A:
PLENA CARGA

3/ DE CARGA

'l)é DE CARGA

CORRIENTE A PLENA-CARGA

.COéR]ENTE DE ARRANQUE

'ELEVACION DE TEMPERATURA A'ELENA_QARCA
-.CﬁﬁAC}DAD DE SbBRECARGA MAX1MA

RUIDO MAGNETICO -SIN CARGA ESPECIFICA

L . T = S

- em o mm' e mm m e

— em mm em e e m e

AUMENTA 1%

AUMENTA 2-3%

AUMENTA 4-5%
AUMENTA 1%

DISMINUYE 10-12%

AUMENTA 4-7 °¢
DISMINUYE 19%

DISMINUYE LIGERA
MENTE '

DISMINUYE 3%
DISMINUYE 4%_'

DISMINUYE 5-6%

DISMINUYE 7%

DISMINUYE 1~2°C
AUMENTA 21%

AUMENTA LIGERA-
MENTE. -

DISMINUYE 10-12%

Loaciideare ol by

i

P L




(b) .MOTORES DE ARMAZON T . .°

CARACTERIST ICAS

TABLA 7 CONT INUACION)

FUNCION DEL VOLTAJE

H

Im-20 .

VARIACION.DEL VOLTAJE
90% DEL .VOLTAJE !10% DEL VOLTAJE

L
o e e

PARES DFE ARRANQUE Y DE TRABA-
JO MAXIMO. |

POR CIENTQ DE DESLIZAMIENTOQ
VELOCIDAD A PLENA CARGA
EFICIENCIA A:

- PLENA CARGA

 3/4 CARGA

| /2 CARGA

-CORRIENTE A PLENA CARGA

(VOLTAJE)?
-2
(VOLTAJE)

DESLIZAMIENTO DE VELQ
CIDAD STNCRONA

e

DISMINUYE 9%

AUMENTA 20-30%

DISMINUYE LIGERA -

MENTE

DISMINUYE 0-2%

PRACTICAMENTE NC
CAMBIA

AUMENTA O-1%

AUMENTA'S-IO%

AUMENTA 21%

‘DISMINUYE 15-20%

DISMINUYE LIGERAMEN-
TE

DISMINUYE 0-3%

 NO CAMBIA O DECRESE
LIGERAMENTE

DISMINUYE O-5%

DISMINUYE LIGERAMEN-
TE O AUMENTA HASTA
5%- ’ ‘

et

G g B gm0

Led l

o ..!J\.'TP..

REA TR
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CARACTER|STICAS

" FUNCION. DEL VOLTAUJE

VARIACION DEL,.VOLTAJE i

90% DEL VOLTAJE

m=21 -

[10% DEL' VOLTAJE :

CORRIENTE DE ARRANQUE

ELEVACION DE TEMPERATURA A PLENA
CARGA

CAPACIDAD DE SOBRECARGA MAXIMA

RUIDO MAGNET}CO-SIN CARGA ESPECI-
FICA

" VOLTAJE

-_ o = m

2
(VOLTAJE)

DISMINUYE 2 10%
AUMENTA 10-15%
DISMINUYE 19%

DISMINUYE LIGERA
MENTE

 AUMENTA 2-15% 4

- DISMINUYE LIGE«

AUMENTAZ10%

AUMENTA 21%

b S e A i

Gilpin

RAMENTE

Lig sy
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L TABLA 8. o o

. EFECTOS DE VARIACIONES. DE VOLTAJE EN LAMPARAS INCANDESCENTES.

t20 v o 125 v . 130 v

VOLTAJE % OE VIDA % DE EMISION % DE VIDA % DE EMISION % DE VIDA % DE EMISION

7

. APLICARO . . LUMINICA B © LUMINtCA LUMINICA

(VOLTS)

)

105 575 s 380 55 EE T S
Mo 310 “ | 525 65 880
s 175 | 295 - 76 500 .
120 - 100 100 170 88 280 76
Tras T s T S - oo 100 ' 165 88
130 .. 3 . 132, 59 13 100 100

B
AN S
(AN

[# SRR |

~31

¥
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2.5,-  CALCULOS DE CAIDA DE TENSION EN CONDUCTORES Y TRANS

FORMADORES.

LA FORMULA GENERAL DE LA CAIDA DE TENSION DE ACUERDO
A LA SIGUIENTE FIGURA £S:

TENSION_EN INICIO

TENSION EN LA
CARGA

< . vani
--' \< ’ “ IR COS @ 2, 1en o
oo . . CAIDA DE TEN- .~ #I+-ERROR

j SION CALCULADA A=~

CAIDA DE TENSION REAL

DIAGRAMA FASORIAL DE RELACION DE TENSION

+

"V =IR COS 4 + 1 X SEN 4

EN DONDE: |
V.= CAIDA DE TENSION, LINEA A NEUTRO

i

I = CORRIENTE
"R = RESISTENCIA DEL CONDUCTOR, CORREGIDA A 75° C (CARGA PRO-

MEDI10) O 90”°C (CARGA MAXIMA). DEPENDE SI SE USAN DUCTOS
MAGNET1COS O NO MAGNETICOS. -

¥

s : PR, s, F—




CAIDA -

CALCULLO hE OL FENSION ur-26
) - . ) } ] B
CAIDA DE TENSION DELINEA A LINEA EN SISTEMA™ TRIFASICO POR 40000 A+ M “
CON UNA TEMPERATURA DE £0°C EN EL CONIWCTOR Y A LINA FRECUENCIA DE 60 Hz, i
FACTOR DE POTENCSA : e T s
i LA cfvfsno & . CALIBRE ODEL.CONDUCTOR (AWG ¢ Kemii) ' . !l"
‘ (ATRASABO) o090 900  BOO @ TS0 P00 600 500 400 330 300 230 4/0 Mo 2M D 1 2 4 6 B* w0* 2* “u* N
Seccion 1! Conouctarcs de Cobre en Conduit Magnélico. b
100 . 0.2 .1.01 118 L2 (38 164 1.BY 223 236 2302 36! 460 553 6950 855 M1@ 733 2763 4277 €309 08T 11437 4
0.9% .64 L7V, T80 18T 184 240 233 266 289 329 361 427 493 62% - 786 920 W31 (743 2697 42.77 63.8 10528 164.3 i
0.90 - 1.87 184" 203 240 247 233 236 289 312 36. 394 427 526 623 TS6 92t #ig (710 2632 39.48 62.M 98T 3792 k
0,80 . 2.7 223 233 240 243 263 279 342 329 36! 3194 460 9526 623 156 833 0N (579 2401 B9 5393 BH 83 (4147 !
0.70 - 233 240 250 256 263 273 2,89 319 3290 3617 3.54. 427 C4983 392 680 822 9.87 1447 2171 3237 49.33 Ta96 123.02 :
Seccidn 2: Conductores de Cobre en Conduit no Magnético. o _ ’ ) ’ §
’ t.00 07% 085 052 093 108 2% 148 L8O 203 240 2.869 320 427 526 690 85% 10BS 1743 2763 4277 6509 10637 (1T437 !
0.93 Y 1.41 148 134, 164 177 203 233 2.63. 302 329 36 493 592.. T.23 8688 Mg 1743 2647 4277 6380 028 164.50
0.90 .94 57 471 4LT7  1LBO 194 223 250 279 342 361 36t 493 392 723 888 1085 1677 2333 3948 251 9840 13792
0.80 .77  .BO 487 194 203 247 240 266 2.89 349 36 56 460 5539 - 690 822 0.9 1346 2368 3649 5503 88.83 i4%.47
" 0.70- LBT 194 203 210 247 227 2.43 273 289 319 36¢ 3.6 480 B26 &138 TEP .2 144 2003 IL9L 4933 TH. 96 123.02 i
Seccion 3: Conduclores de Aluminio en Conduit Magnélico. ‘ ' - ) ) ;
1.00 138 1.48  £.61 1,7t 80 207 243 299 329 394 460 559 690 853 1085 38 1T10 2763 4277 6309 10857 o8 — ‘
C0.90% 202 243 230 240 230 273 309 361 394 460 526 S592 7.36 8.88 8 138t (743 2697 4277 65.80 10%.28 16450 —— !
0.90 227 235 230 ‘259 2.89 289 325 394 42T 460 326 625 T.46 688 .18 1348 (6T7 2393 3948 6251 -98.70 13792 —
0.80 250 263 273 279 289 312 329 394 42T 460 326 392 723 833 1032 1283 1546 2401 3619 5393 88.87 14147 —
. 070 263 2.7v3 2B6 292 3062 322 36% 394 427 460 826 559 690 (6P ©.54 .84 414 20(.38 3290 49.3%3 Te.96 $21.73 — f
Seccién 4. Conductores de Aluminio en Conduit ne Magnético, ' ;
100, 118 128 44 156 1L.6T 194 230 28% 329 3.94 480 539 690 855 10.8%5 1381 1740 2763 4277 €309 (0857 (T1.0B —
. 093 L7484 197 267 220 243 279 329 361 427 493 592 723 883 1518 {38 T 2697 4277 63560 10528 16450 —
i c 50 1.BT 200 253 2,23 233 248 2,52 36! 394 4.27 493 892 723 8.55 1085 1343 1645 2590 3048 623 9870 13792 —
; Rt} L2.0T 20T 233 240 | 2.5¢ C273 302 361 3594 427 493 559 690 - 8.2 109 12,50 1533 -23.68 3619 3393 088,87 13898 —
0.70 247 227 240 246 2%8 273 3.02 36l 361 427 40 526 359 56 9.21 1148 1381 21.03 32,37 4933 TE.86 12173 —
* Conducter Solide, . !
o PARA CONVERTIR LA CAIDA DE TENSICN & MULTIPLIGUE POR -
: UNA FASE, TRES HILOS, LINEA A LINEA 1.18
f - UNA FASE, TRES HILDS, LINEA A NEUTRO ) 0.577
i TRES FASES, LINEA A NEUTRO : 0.577
. .
i - - . ) . : . |
TABLA 2-12 |
" . -
. : -
i
- . . . j
{
J




—

o 7N | ' Ty .
/ . . -'-‘_»'('Hi'__ﬂ ‘-' . - -
CALCULO DE ALIMENTADGRES. EN BAJA TENSION m-27 .-
i
- L
v
NGMBRE LOCALIZACION CARGA INS = - CARGA 'CARGA } FACYOR | 'k V A |CORRIENTE [LONGITWD |cAIDA DE EO“NLDIU'CRTEOREE LAI0A  OF
DEL DEL TALADA EN |oEmanpana |FuTuRa DE : DEL | yewnsion TF:’“".“
o DEMANDADO] A MP. JALIMENT. | maxiua POR POR €. REAL
TABLERO - TABLERO WATTS WATTS - | watTs [POTENCIA ™ o cORRIENTE | TENSION %
A
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' Eii-- FUENTES DE.CORRIENTE DE FALIA. Y REACTANCIA DE MAQUINAS ROTATORIAS,

LAS FUENTES DE LA CORRIENTE DE C. C., PUEDEN CLASIFIC/ARSE EN 4 CATE-

" GORIAS

a) GENEZRADGRES SINCRONOS
'b) MOTORLS Y CONDENSADORES SINCRONOS
c) MOTORES DE INDUCCION

d) COMPANIA SUMINISTRADORA

LAS CORRIENTES DE ESTAS FUENTES, QUE ALIMENTAN A LA FALLA, SON LIMI-
TADAS POR LAS IMPEDANCIAS DEL SISTEMA LOS CUALES EM CABLES Y TRANSFCRMADO-
RES SON DE UN VALOR FIJC ¥ EN MOTORES Y GENERADORES SON VARIABLES CON EL =~

TIEMPO..

(X"d)e- REACTANCIA SUBTRANSITGRIZ.~ ES LA REACTANCIA AFARENTE DEL ES

THTOR EN EL INSTANTE EN GUE SE PRODUCE FEL CORTO CIRCUITO Y DETLRNINA EL =

" FLUJC DE' CORRIENTE DURANTE LOS PRIMEROS CICLOS. (HASTA 0.1 SEG.),

(X*d)e= REACTANCIA TRANSITORIA.- ES LA KREACTANCIA INICIAL APARENTE -

DEL ESTATOR, 31 SE DESFRECIAN LOS FLCTOE GE TODOS LCS ARRCLLAMIENTOS AMOR

TIGUADCGRES Y SE CONSIDERA SOLAMENTE bOS LFECTOS DEL ARRCLLAMIENTO IEL CAM-

PO INDUCTOR. LSTh REACTANCIA DETERMINA LA CCRRILNTE QUE CIRCULE DUREMNTE EL

PERICDO SIGUIENTE CUANDO LA X"d ACTUC. (HASTA Vz A 2 SEG.)




.‘5"

(X d)e= REACTANCIA SINCRONAe= ES LA REACTANCIA GUE DETERMINA EL FLU=
JO DE CORRIENTE CUANDO LAS CONDICIONES SE HAN ESTACIONADO Y ES EFECTIVA we
HASTA ALGUNOS SEGUNDOS DESFUES DE OCURRIR EL C. C.

EN LOS GENERADORES Y MOTORES SINCRONOS SE FRESENTAN LOS 3 TIPOS DE -

'REACTANCIAS ﬁNTERIO\ES, EN EL MOTOR DE INDUCCION SOLAMENTE LA SUBTRANSITO-

RIA Y EN LA COMPANIA SUMINISTRADORA QUE CONTRIBUYE EN ?ORMA CONSTANTE AL =
CORTO CIRCUITO SE REFRESENTA SU IMPEDANCIA FOR UN VALOR UNICO REFERIDO AL

EUNTO' DE ACOMETIDA.

&
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CYa
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AN A A

‘ \ CORRIENTE DE ESTADO ESTABLE.
‘ : ‘ - DETERMINADA POR LA REACTANCIA SINCRONA

Q U;_Q;_'u-__ _.__LIL\

-—

S - ) DEBIOO A LA GRAN LONGITUD DEL OSCILOGRAMA
:  BOLO SE MUESTRA EL PRINCIPIO Y EL FINAL.

—

i

~ EL CORTO OCURRE
EN ESTE INSTANTE. -

- TRAZO DE UN OSCILOGRAMA DE CORRIENTE DE CORTO CIRCUITO
PRODUCIDA FOR UN GENERADOR.
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CORRIENTE DE C.C. QUE PROPORCIONAbu COMPANIA SUMINISTRADORA
. DE ENERGIA ELECTRICA.

. 4424 SIMETRIA Y ASIMETRIA- DE LA CORRIENTE ‘BDE CORTO CIRCUITC.

TENSION GENERADA o A C o
CORRIENTE DE CORTO CIRGUITO »
~ / - -
, A aYAm
. “. \ ” 1 ” ' .
: ‘ l ll ' ‘ I
L I I A .
bl | 1 11 ;' EJE DE
] 11 | I ASIMETRIA
v ! I I I
1l 111 l
V V1 \
\ IRY \
\ ) \‘ \ »
~s \, N

x>

EL CORTO CIRCWITO OCURRE EN ESTE PUNTO.

ONDA DE TENSION Y CORRIENTE SIMETRICAS EN UN CIRCUITO DE F.P =0

EL FACTOR DE POTEILCIA DE C. C. SE DET:RMINA POR LA RELACION UNTRE -

RI_:?SIISTENCIA Y REACTANCIA EXISTENTE EN LA TRAYECTORIA DEL C. C.

" EN LA FIGURA EL C. C. OCURKE EN EL INSTANT'B DEL VALOR"M&XTIMC DE LA
ONDA DE TENSION Y LA CCORRIENTE DE C. €. INICIA DE CERO, DAINDC ORIGEM A =

UNA ONDA TOQTALMENTE SIMLTRICA.




AR O A A

ST EL C. Co OCUREL CUANDG LA ONDA DE TENSION ESTA EN CERO, SE PRESEN-'
TA LA MAXIMA ASIMETRIA EN LA ONDA DE CORRIENTE LA CUAL SE ATRASA 902 RES-—

Ky

" PECTO A& LA DEL VOLTAJE.

SI EL C. C. OCURRE EN CUALQUIER OTRO PUNTO (  ESTO ES LO MAS COMUN ),

EXCEPTO EN LOS ANALIZADOS, HABRA UN DESFLAZAMIENTO DE LA ONDA DE CORRIENTE

.. QUE DEPENDERA DEL PUNTO EN QUE OCURRA LA FALLA EN LA ONDA DE TENSION.

CORRIENTE DE

_ TENSION CORTO CIRCUITO

'#
]

ONDA DE TENSION Y CORRIENTE
" ASIMETRICAS EN UN CIRCUITO DE
FR*O. X>»R S

]

EL CORTO CIR-
CUITO OCURRE |
EN ESTE PUNTO |

BN/

EJE OE ¢ . . : ' T
ASINETRIA :

b e

——

|
!
—
\
\
\

\
\

. " .o : . . . - B
A - ot ! . ¢ '
. . -

f

EL CORTO CIRCUITO OCURRE EN ALGUN PUNTO ENTRE EL VALOR CERO
Y EL MAXIMO DE LA ONDA DE TENSION. FP=z0 X>R

)



TEN LAS SIGUIEMIES  TIrguwnd t

LA ©xXPLI(ACION DE LO ANITERLIOL %€ . PUSDE SNCOMTRAR

___—o\“'h
L Sw
Hilaw "

b i

. S“" .
CIERRA

. TRANSITORIO POR_ CONMUTACION R

AN : ' ‘1 (INICIAL CON
f‘ f\.D‘ L COMPONENTE DE C.0 ) : o
- - 1 {ESTADO ESTABLE)

TRANSITORIO POR CONMUTACION L

EN &L CAso DE ounn LESTSTENmCIA "R, &L C(iErec

MENTE  BL VALORL Qud & XTSITOA BN &l ESTADOe S 9TABLE |

EN L cas0o DE LA INDUCTANCIN YL, EL FzpoMaEwo
TE  comPReNDdE MEior MEDIANT: LA & CoN(T oM b

= 4L
E= L 95

d1r . E
dt = L

DEL SWITOH LLevaAa b LA CORRIEBMTIE A Ajumin IMAEDIATA -




AT e ey r e e T LTS VY
AT U R Wik

ESTA  ExPRES5tON  Nos Dice Que LA APLICACTON D2
ven Fla.m, (VolTAalE) A UNn INDUCTANCIA, CREARA UNA RAZOW

DE CAMBIO DE LA MAGNITUD DE LN CORRIENTE CON RIHWESCTO
AL TISMPD, CON Pendienies € /L .

BN Bl @xTiéEmo DEiecudo DE LA FIgura ANTERIOR ,
'AP&Q&CE LA COvRTENTE DE ESTADO _éSTAaga . t:_c_.{,; e5Ta ATIZA -
- SaDA 90° CON REsPEdTO AL VoLTASE Y TIENE , LA MAXIMN PEN-—
QJQ:.NT;; PoosITiva C.unndd LA TENSION ESTAl N SU MAXIMO VA LD @.
PooITivo ¢ Tiaus uN VALOR FIdo CUANDG LA TENSTOM 2% LE:LO\-'
‘i"&e GLESANMDD LA CurvAa AL Mc)mt-:ﬂwo DL CTEreE Del. INTERRYPIOR-
{ Lanen ?\_,MT.E.;\DLI) NQTESE EDIE (A (ORRIENTE D= BERIA E‘:‘S'\"r.;KL.

A ON 90 Y% Del PIco MEGATINOG Yoo (OMO ES SwLOTTCH

ESTA ABIERTIO ) ESTA (DRAIENTE PARTIRA

bz C&ERO AL (_‘-,;::;_ |
QAR Yy DESARLOLLARA LA MISMA PENDIENTE @uE Tendiim &N )

By EsTAde astaBlE  ( LINGA LLens DS W Figoen) ¥ =sto
= |

LoCRa DESPLAZANDS LA CURVA HACIA

ARQRIBA , (OMO ST-
TOVIERA  UNA (OMPENTE P& D y uNb DT C.A. e




Jo2ele= COMPONENTE DE Co Do DE LAS CORRIENTES DE Ce Ca ASIMETRICAS'

LA DIFICULTAD PARAANALIZARLAS, HA LLE&ADO A DESCOMPCNERLAS EK DOS

COMPONENTES SIMPLES

a) COMPONENTE DE C. Aes SIMETRICA.

'b)  COMPONENTE DE Ce Do

PR T P

t— INSTANTE DONDE EL G.C. OCURRE

CORRIENTE
ASIMETRICA
TOTAL

L\ COMPONENTE C.0.

lt‘--——<:c:ml=o:r4£u1‘é C.A.

b EJE DE
ASIMETRIA

i
\
|
“E
' . COMPONENTES DE LA CORRIENTE MOSTRADA EN LA FIGURA 5.

LA MAGNITUD INICIAL DE LA COMPONENTE LE Ce Day VARIA DESDE CERO A =

UN MAXIMO VALOR IGUAL AL FICO DE LA COMPONENTE SIMETRICA DE C. As, DEPENww

. DIENDO DEL INSTANTE EN QUE OCURRE EL C. C.’

;— ESTA RELACION, MEDIDA A LO LARGO DE LA TRAYEC-
TORIA DEL C. Ce., AFECTA EL COMPORTAMIENTC DE LA COMPONENTE DE Cs Day SI w=’

X . _ .
; = 00, LA COMPONENTE DE C. D. NUNCA DECAERIA, SI §f= 0, ENTONCES LA CAI=

. DA ES THNSTANTANEA. CUALQUIER.OTRO VALOR PUEDE PRESENTARSE COMCG 5E OBSERVA
"EN LA FIGs 9.
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: METRICA QUE' INGLUYE LA COMPONENTE DE C. D.

LA MAYORIA DE LCS SISTEMAS TIENEN UNA CONSTANTE DE- TIEMFO Y ES EL —-

TIEMFO REQUERIDO POR LA CCMPONENTE DE C. De PARA REDUCIRSE APROXIMADAMEN -

TE A UN 37 % DE SU VALGR ORIGINAL.

CORRIENTE ASIMETRICA TOTAL

OSCILOGRAMA MOSTRANDO EL DECAIMIENTO DE LA COMPONENTE
OE C.D. Y SU EFECTO EN LA ASIMETRIA DE CORRIENTE.

. _ COMPONENTE C.0. _ , R IR O

~ . #3.37% DE b (APROX)
. »

\\a ‘\
U

CONSTANTE DE TiemPo |
EN SEGUNDOS

RAZON INICIAL OE DECAIMIENTO:
DE LA COMPONENTE DE C.D.

ILUSTRACION GRAFICA DE LA CONSTANTE DE _TlEMPd.

lalde3 e~ FACTORES DE MULTIELICACION
PARA CALCULAR LA COMPONENTE DE C. D., SE HAN DESARROLLADO METODOS
SIMPLIFICADOS MEDIANTE EL USO DE FACTORES DE MULTIPLICACION GUE CONVIE‘RTBN

'EL VALOR RMS DE .CORRIENTE ALTERNA SIMET_RICA.A VALORES RMS DE UNA ONDA ASI-




LOS FACTORES DE MULTiPLf[C)"CION PUEDEN TOMARSE DE La uI'GUII:;'I»‘-'I‘:“.. GRAFI~ .

CA "OBSERVESE QUL EL MAXIMO VALOR QUL I-‘UE,DE ALCANCAR LA COMPONENTEL DC

l'l
(e}
.

" p. S 1.7;2__@:;_»1_@ EL_VALOR RMS DE LA COMPONENTE DE. Co Ao

\\ [~
'-‘ \ \ haal F L)
\ -
‘PACTOR DE Xy T ]
MULTIPLICACION 2% 1.
st
Ih\ .
[—
P '_"'::-u_._.
004 0.08 o.ce o 012
Loy, o Meweo-sesgwos L :
) [ 2 3 -4 [} s 7 '
TIEMPO EN CICLOS (80 c.p.3.)
F1G. 9

Ve . . FACTORES DE MULTIPLICACION PARA EL DECAIMIENTO oe LA COMPONENTE DE €.D.

m——— | § e e e—emt——— -
1

TABLA 1 REACTANCIAS DE MAQUINAS Y FACTORES DE MULTIPLICACION USADOS EN CALCULOS
: SIMPLIFICADOS .DE LA CAPACIOAD NOMINAL DE CORTO CIRCUITO EN EQUIP

760 DE DESIGNACION NOMINAL DE REACTANCIAS DN MAGUINA A USAR o
(2] SIGNACION NOMINAL F
+ Lorrocmeurro v caseoe couso | SENERADOR | wotoR | wotonoe | LT IRl KON U ASE
. [FORTOCIRCUITO Y CLASEDE EQUIPO | “g\\ cpong SINCRONO | INDUCCION - ! )
. ’ CAPACIDAD INTERRUPTIVA PARA ' X .
: : INTERRUPTCRES OE POTENCIA | ) ) CASO GENENAL CASO ESPECIAL
E CON LLOS SIGUIENTES TIEMPOS : » »
OL INTERRUPCION. . .
8 CICLOS {SUBTRANSITORIA| TRANSITORIA |  WULA g 1.0 [
. 3 CiCLOS : SUBTRANSITOMA! TRANSITORIA NULA 11 .2’
" ) 3 ciCLos " ISUBTRANSITORIAl TRANSITORIA NULA 1.2 4.3
2 CICLOS SUBTRANSITORIA TRANSI|TORIA MULA 1.4 {.8
CAPACIDAD MOMENTANEA PARA . CASO QENER
N {NTERRUPTORES DE POTENCIA SUBTRANSITCRIA| SUBTRANSITORIA |SUBTRANSITOMA s r.Ec 'nﬁ' Gaso f:’:ﬂ“
CAPCIDAD INTERRUPTIVA PARA INTES
ARUPTORES DE POTENCIA EN BAJA SUBTRANSITORIA |SUBTRANSITORIA |SUBTRANSITORIA 1.0
TENSION . : —
CAPACIDAD INTERRUPTIVA PARA INTE :
ARUPTORES EN CAJA MOLOEADA SUBTRANSITORIA |SUNTRANSITORIA [SUBTRANSITORIA _ 1.0
CAPACIDAD INTERRUPTIVA PARA - CASO GENERAL CAS0 ESPECIAL
FUSIBLES {ARRISA DE 1300 YOLTS) SUBTRANSITORIA suarnnslngm SUBTRANSITORIA S Y T .2 Eaw
CAPACIDAD INTERRUPTIVA PARA .
: . FUSIBLES EN BAJA TENSION SUBTRANSITORIA | SUSTRANSITORIA [SUBTRANSITORIA 1.¢
; (890 vous © MENOS .
CAPACIDAD mnanunm PARA
COMDINACIONES ARRANCADOR T ;
FUSIBLE © TENMOMAGNETICO SUSTHANS ITORIA [SUSTRANSITORIA |SUBTRANSITORIA .28 .
PARA MOTORES - - _ .- :

MOTAS—. Ei, VALOR Of CORRIENTE SIMETRICA AL QUE SE APLICA AL MULTIPLICADCR DEBE 3ER AMS

S # USE LA COLUMNA CASO ESPECIAL SOLO S! EL YALOR SINETRICO IICIQI 300 MYA Y 31 EL CIACUITO K3
, ) ALIMENTADO DIRECTAMEINTE POR GENERADORES *

Wt USE LA COLUUNA CASQ ESPECIAL 31 LA TENSION DE OPERACION EI 500\' 0 HEHOS ¥ SIEL CIRCI.I.ITO
no €9 ALIMENTADO DIRECTAMENTE POR GENERADORES

W% UIE LA COLUMNA CASO ESPECIAL 31 LA TENSION DE OPERACION £3 1300 © MENOR Y 31 Los FUSIBLES
© MO SOM DEL TiPO LIMITADOR DE CORRIENTE Y.SI LA RELACION x/m u; SUMINISTRG €3 MENOR 4 4

st T

Foumrs:

e




. Paea Consoliar Acerca DE Lol FhCTORES DS MULTT -
S PLIcacion Y (AS NOTMAS PARA  Lh APLTCACION "DE Ture 22uP-

TORES  BE PUEDEN (ONSULTAR LAS STEUIENTES NORMAS

ANSI/IEEE C 37.13. 19780, “IEEE.E- S‘TAND!S}LD Fow
LOow VolLtage ‘A€ Powef CIRCUIT BREAKERS uvsad Iu

ENMCLOo SuRes”

ANST /IEEE C 37.010 . 1979, "L EEE APPLICATION GuUide
FD\L A HIQ_H YOUTAGE CINCVOIT PBRLEAKERS r&r;"rr-:-s ON

A SymmETical  CoreEwT  BASLS (CONSOGUIDBTED EDITION)

'ANSI /1€EE €375 - 1479 "TEEE Guibs ol (alca—
L LATION  ©fF FAOLT CoureewTs FTor APPLICATION oF A -
WIGH VouiaGe CTpcory B}aepuags RATED ON A TOINL

C.uze Wy gasys ‘ _ | ‘ o B o |

ANST € 37.4) - 1969 (R-1974) "DEsren Tesrs For
DT STRT BUTEON ¢ uv OuTS AND' Fusse LINKS, SEComDARY L
Foses ;. VISTRIBUTION ENCLOSED .STI.NGLE' PoleE AR Swi- :
Tenas , Power Thses, TusE DISCoNNECTING ST TCHES

. y
T OAND ACCE SORIES .




ANALT 916 De CIRCUITOS VeSBAAMCEADOS

MR APROXSIMACTON AN UM Pl c&DIMIENTO ADECUASC Tagn
CCALCULAR LA CORRIENTE Pz LA TASE A &N Un STSTEMA TLI -

TASIC(e Se OBRIERUA &M LA FIGURA SIGUIGNTE °

[A cew Zan Mpa Mca Mya MGA

/-“ HD AN VO i VU VOUY s VOVY s ,
____?_,"v’r\f\},z --.l’v‘\rYl (:(YY‘] l'rv'v‘\ W .

J_ P L

N - *

Ig —*

¥
14

CEA A= ladan tluMps Y IcMoa Y TaMya Y IgMGa

CIRCUITO TRIFASICO; 4 HILOS , CARGA -DESBALANCEADA

‘ Pada c;f.\.Dr.\ CIRCUITO TISICo (OMIUCTOR \a CaAlba DS
’Taamg;:c,;q TOTAL S & LEPLEaE&nTn (OM™MO LP{ Su‘v\r.\ DE LAS CAT ~
‘Dl\é Dz Tenszon -Por. LA THPZ IaNCIn ?;zo?lnx Mas LA CaAuSADA
Pore uas .'IM?&.DI.'?\{IC_'E.AS, MUTURG DS LA TASS (Con LOS OTizos

ELcMeEnTos (Fases B, G NEoiro y Tigrea)
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L B
R e H
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CCON UM [SLSTEMA SiMET'QL(_o TRABMAANDO CoM sz;m% '
STIMETRICAS BALANCEADAS, ©5TE PROBLEMA S& REDUCE, PoEsTe
Que Lo QUi Lz swwede A (n FAse l\, Le Suc=ps A LA
B A SR WS LT SoLy Con DESTUNZAMTIENTOS éunia <1 'De

yzo° . | |

ASs U 1MP&DAK\Q1L\ APARENTE &S I1GunL Yy . ONTCAN Y 25 LA
MONOFASICR D= LINSA A NEUT?_CU TAC Como ';:\sz@c:—. en Ua
FTGola SIGUIEBNTE 1. ' R

. A R L [ T LT T R ™ ) PO P

r
- o
o
. G ZGR
b b
o e e b 1 e bt o e et < e b e 4 i 2 e i L ;
IMPEQANCIAS PARA CADA SECUENCIA SIMETRICA
SECUENCIA POSITIVA Zg - '
SECUENCIA NEGATIVA Zgz ‘
SECUENCIA CERO Zao+ 3Zgr®
* BASADA EN CORRIENTE CEROC EN EL CONDUCTOR N.
e : . EaEa= 1aZg) + Inz Zge
+ Tao(Zgo +32Zer)
CIRCUITO TRIFASICO, 4 HILOS, CON CARGA SIMETRICA BALANCEADA
Lo ANTEQTOR ES VALIDO, Z=PeTimos, ¥aRA CoANDO S& TLENG UN
CiRCoITo  BAwhNCceaDo | &L (pRTo CIRCUVING TR IFASIco cComPie (oM
ESTA CONDICTION, NO Siendd €L C(ASo De OTRo TiPo bz FALLA - -
T ?‘i-,
e




T T T T P T TR SR iy S =Py - o T TR ARy T or
T R T -;ﬁ§‘fw?_1~{1--.*‘.V;.z,,m_?.k.w_\,'gn?_?'e;a,;rﬁ, B R R R A B O TN S L TR

R : ; .!" A I‘T! ;:u B f:.-,:‘ -.f_,-:,__.. “_,,_‘. . T

bt

COMO =L DT LINER A LINEA O U D= LINSA A Trseras

Paes ©stodb TROBLEMAS DE (oRI0 CTRCUITO DISBALANCEA-

DS, LLAMOLE L MEICDD DE (OMPONENTES SIMETRICHG .

. —— Me ToDos D= (LM PONENTES STMETRICAS ==

ESTE  CONCEPTO S& BASER &SN QUE .CunLQATSIL CONDICION

CONCEBIRBLE DE DESBALANCEO PuiEDE SER (DREZECTAMENTE -~
SINTETLZADN TORZ @ 0SS DE VARIOS SISTEMAS STMETRICOS

BOLANCENDOS ATLoPIADSS &N . MAGRNITUD 7 &N ANGUWO 95 Fase,
EM  UN SISTEMN TZIFASICO, (ON SE&PARRMCIOM D& FASES

De 120%, exTyren TRES PESLBLES SISTEMBS SIMETexcos

Y PusdaN &L IPENTIFICAPDS &N LA VFiduea TIGUTNENTE §

Va o

e Vbo .

U V F

Vel o -
PosiTive (+) NEGATIVE (=) T cEee (o)

Figuin COMPONENTES D& SECUENCIA DE VOLTASES

|
C
|

A




O ESTOs  SISTeMAS BALMNCEADDS  SIMETRIcos Sow Sl DE

| PECuENCIA  POLITIVA , DSCuEMCrA  MNEGATIVA ¥ STCUGSMLIN (ERD.

L E3T0S BISTEMES PIEDEN ReFeRILGE . &M TERMINOS D (ORLTENMTS,

NOLTAJE & IMPEDANCEN .

. Los (aMPonenTes DT STCOENcTs TOIITLVA CONSISTEGN &M
TRes TASORSS IGUALEY &N maGueEtwd, IEFmgapos J20°, cow
LA MISMA SECoOENCIA D= Fases O RotacroM DuaE A DE Lol

' GensnadouEs  Fuenrs, 5% Alumaer QuE s SFwoENaIA PossTive.

CES Agé,) '?&.—‘t_l.o G TA SECSENMCIN PASITIVA Agzg,"‘g?—u 6 PR % b =T - : 1
‘MA DE GeNsuseron ACS . Loy CoMPONENTES DT S& cosMCIs }

: N.E_c,';i-tvp vou 3 TASoLEZS IGUALES En .MAc,NrTUi)', Dastiazados
Ao, oM Gun SECuENCER DT TaASzS O?u‘esn-._ .A‘ Lp sa:-c;;eaucr.b.
.;N‘EG'QTIVA. oS @M’PbNaNTés . D= .5E'CMEM'C-ID- CE‘LO CbuSKSTGN
L en 3 TASQRES IGUALES &N MAGNTTUY _‘.y T EN "fnsé (oMo s@ QQES«-'_

TOIRA &wn wa FIGuaasa ANTERTOR,

L SUBTINMOICE §  BE usa VAMA IDENTIFICAR UM (amPo- S
NENTE DE & cusNCIAP PoeTTEva , &L SOBINDTGE 2 7PARa ON
COMPENBNTE P& SScuENCER NEGATIVA Yy L O .VARA LA ST -

CaENCTA C=ra . : - .--;'-

Dode QuE Los TRES FAsonssS SN CuUnLBIISW SScosw-
CIA  Som STEMPRS LGUALES @GN MAGNITW , Los TrsEs GroPes
PuEpen EXPREBARIF =M Tewmines P2 UM TA San - TSR Camua-

NEENCIA , §F Tuads vsar. &L Fason P e TASS A




7 3!_ TR & LA v - “mﬁ
SECUENCIA Po3XTIVA ‘Sec'u.eucn\ NzZGATIVA %éc...;ém_,;m C2iLa
\./gu = \.lo;- \‘laz, = Vql \Icug = Va.o
\.I‘bl = o Va.y | Vbl = Cn.\‘/a.zr \.{b° = \./r.go
\'Ic.a = O Vou \;(.z = Ql\.(cn_ _ . \./r_o = \}G..o
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REDUCCION DE REDES DE SECIENGIA

cua;uao a& aEAL/éaU CALCVLOS NMAUBUARLES,
LA R2ED COMPLETH DE{. s:sre)«m’: SE REDUCE
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PALOBACION  cOMO PARA DETERMINAR £ FLU-
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LA RED, S& cowsS/DERA OVNA FALLA €N EL
L Bus' "  y se& RredvyRAN LAS DISTINTAS
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PEDLED\M\EM"D PAQA CALCULAR LAS maa\am‘as

DE . %L"L"A! o .. . ) ‘f‘

o)

"d)

N

mq”“as auﬁ eF2h (oSh SE DEBREW MNVOCEIRZ
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QUE IMTEEDQ’DTQQE_.S».,&TAQ ABRIERTOS Y CyuA-—
LES cERRADOS ) MAXI MA Y ‘M\_M\N\A ESENE -
Q_Ac:.'\.on.q. E =i wall¥ '

Hfhe.f; 'uM'-".l:»f&e\-\zl_\.m',;vu\#ig:bu?; c.ca\'-'\ v-;Lé"Eo
PARA TBL . SSTEMA ,  INCLUYENDO ‘e.ewaxz};m-

Res T‘ZASFOTZMAI::C:Q__E.SI LINEAS | woToRes

' sawarzomcs Yy DE . \NDUCccioN,  CABLES
Bu%&s y, _-3;-:—., DERERAN ‘_ e.mcsn-_:z-.' LS \H?.E-
Dc:ucub-_s DE seclennan  (+) , -2y (o) 'A_DE-:
(‘4&1_3'5 COM POMNENTE, o
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LADA REeD DE SECUENCIA (+, -, 0o )
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_LAS' IM PEDAONCIAE DE LA DELTA (O-?.A' , Ol oy O.:Z.:E;_)
SE CONVIERZTEN A ESTRELLA PARA SO  ReEDUC-

CION

Y= 0:24 X0.28 - .1084
' o &2

Y, = 028 X o) L O.0452
0.62

Z/ = 0.24 X O ~ 0,037
" 0.52 s .
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4.5424= CALCULO DE CORRIENTES DE C, C., PASC A PASO.

4 ) _ . ‘ i

CONOCIENDO LAS IMPEDANCIAS DE LOS DISPOSITIVOS‘O'EQUIPO QUE SE ENCUEN="

[
st

U TRA'EN EL SISTEMA, SE PROCEDE DE LA SIGUIENTE FORMA t

. a). ELABORAR EL DIAGRAMA UNIFILAR DEL SISTEMA.
b) ELABORAR EL DIAGRAMA DE IMPEDANCIAS CON “TODOS LOS DATOS NECESARIOS.® l h

c) SELECCIONAR LCS PUNTOS CRITICOS DE FALLA EN EL DIAGRAMA UNTFILAR.

Rrarsani b sar RN Sl

'd) PARA CADA PUNTO DE FALLA, RESOLVER LA RED DE IMPEDANCIAS Y CALCU-—o

_LAR LA CORRIENTE SIMETRICA A PARTI& DE LA RELACICN _ji_

z
) APLICAR_LOS FACTORES DE MULTIPLICACION AFROPIADOS PARA SER UTILES - o
ENALA SELECCION DEL EQUIPO DE INTERRUPCION DEL c. C. |
;H‘-. £) HACER CUALQUIER CALCULO SUPLEMENTARIO FARA CONOCER OTROS VALORLS DE
CORRIENTES DE C. C., TALES COMO VALOR INSTANTANEO, DE TIEMPO CORTO
Y LARGo;pAéA SELECCiONlﬂﬁ EGUIPO Y FROTECCIONES.
R LOSVDATOSIDE IMPEDANCIA DE LOS GENERADORES, ‘MOTORES Y TRANSFORMADORES

'SON’ DADCS FOR EL FABRICANTE.

.. LA IMPEDANCIA DE CABLES POR LA TABLA No. 2.

b

L g e

. LA IMPEDANCIA DEL SISTEMA QUEDA FIJADO POR LA CIA. SUMINISTRADORA Q -

BIEN. POR LA. CAPACIDAD INTERI'UPTIVA DEL INTLRRUPTOR QUE ALIMENTA AL CIRCUITO.
ANALIZADO. |
. "LA IMPEDANCIA DE LOS MOTORES. QUE PUEDEN CONTRIBUIR A ALIMENTAR LA FAwe

LLA,. CONSIDERANDOSE DE LA SIGUIENTE FORMA : oo SR




5-5/
_féENERALMENTE éARA MOTORES DE INDUCCION MENORES DE 50 H, Pe Y QUE ES =
iﬁpRAéTIco ELABORAR EL DIAGRAMA DE RLACTANCIAS CON TODOS ELLOS, SE CrLCULA
. RA LOELH. P. DE UN MOTOR EQUIVALENTE TCMAKDO EL VALOR DE REACTANCIA DE LA
sisQJENTE TABLA | |
b
"REACTANCIAS TIPICAS DE MOTORES DE INDUGCION
ek F. V.,.BASE KVA DE LA MAGUINA
| X xo
E ‘ . ‘ .
;' ARRIEA DE 600 V veeues 0,17 ———— ST _;"
E. 600 VO MENOS .veevow 0425 ¢ . —
: ' ?’%L'yALOR.DE'Xﬁ PARA NMOTORLS DE 600 V. O MENOS HA SIDO INcﬂﬁﬁngADo LI~
”.GénAﬁawtﬁ PARA COMPENSAR EL RAPIDO DECREMENTO.DE_LA CBRRIEN%E.bE C. C.
.Q;, " EN EﬁTOSiPEQUEﬂbS MOTORES. | | | ?

é; o ( TQMADA DEL LIBRO ROJO IEEE. PAG. 103 EDIC..1969 )

S

" . . "
i 5

: '  EJEMPLOS :

SISTEMAS DE 240 V, 480 v, © 600 V,

©  DIAGRAMA UNIFILAR _ DIAGRAMA DE IMPEDANCIAS
I ()JL) ' ReACTAMNC A n.05 PR A
- e < . T » Ve .
o OY ey ‘ SISTEMA P Reacianciy
- ' EQUIVALENT &
e ) ‘ TeAcTAN /A C.0LY PE MOTORES
. - ' : R ‘
E— *"*““‘”‘l - | AN ]|
! l T A _ [N ISR P
| v
| 51

;l ) ) )  ' ‘ - JSOKUVA BASE
. I MOTOR. EQUIVA . |

ORI O/ | ' - ‘ ' .

|
I CARCLUNO



s 2

TOMADA DEL LIBRO INDUSTRIAL POWER SYSTEMS HANDBCOK DE DCONALD BEEMAN

‘

PAG.QB.

*ABLA'. . RESISTENCIA APRgXIﬁADA gEACTAN

‘ Cl1A
£ IMPEDANCIA DE CABLES DE OOVOLTSEN DUCTOS
MAGNETICOS PARA 100 PIES -
rawaRo [TRES CONDUCTORES SENCILLOS POR
o DUCTO, GHMS POR 100PIES o
cablLe R* X z # BASADAEN 78°C
Ne. 14 awg. | 031380 | 0.007es | 0.31380
Ne. 12 AWG. [ 0.1972 0.00710 0. 1972
Ne. 10 AWG. | 0.1240 0.00687 | 0.1240
me. & awg. | 0.01T9 0.00630 0.0792
Me. & AWG, | 0.0498 0.00398 | 0.0300 _
Mo, 4 AWS. | 0.038 0.00881 | o.0322 '
i : K TABLA.X
M. 2 AWG. | 0.0203 0.00513 0.020¢ FACTORES DE CORRECCION PARA DUCTOS NOMAGNETICOS
e | AWG- 0.0183 Q.00500 0.0 PACTORES DE . -
W 120 AWG. | 0. 01} ©.00495 | 0.0140 CD?ECCSIO?N og| FACTOR DF CORRECCIOM DE RESISTENCIAS
. . . REACTANCE
D L -5 g,_'& Eua{Nois o | NaBo [Ne00a [300a [, 00l
Ne. 2/0 Awa. | 0. 0106 0.00490 | c.onv ECABLE |Ho@ AWG No.0 AWG |250 MCM | 300 MCW
Me 3/0 AWG. | 0. 00860 | ©.00488 | ©0.c0ses 0.8 1.0 0.96 | 0.93 083 | 072
Ne 4/0.AWG.| 0. 00700 | 0.00482 | 0.00880 » :
L . ‘ , ) ;
* 280 MCM.. - | 0.00800 0.00480 | 0.00TTS S . ' E
300 mCM. 0.00%20 0.00474 0.00T04 . L ' .
380 MCM. 0.00481 0.00489 | ©.00650 R '
aco Mcu® | 0.00419 | 0.00462 | o.00628
soomcw. | 0.00389 | o.00450 [ 0.00578
T8O MCM. . | 0.00200 | 0.00438 | 0.00320

Luu@mwgkkagkAAA*HM#‘..%MAH
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Fa

, NAR UN NUMERO ARBITRARIO PARA &

553

_ 445434~ VALORES POR UNIDAD

UN NUMERO
NUMERC BASE .

POR UNIDAD

UN NUMERO BASE LES TAMDIEN LLAMADO VALOR UNIDAD, FRECUENTEMENTE EN EL w=

bISTEMA POR UNIDAD TILNE UN VALOR DE 1 & UNITARIO, [OR LG TANTO EL VOLTAJE -

BASE PUEDE 'SER DENOMINADO VOLTAJE UNIDAD.

SIMBOLO : TAL CGMO EN UN SISTEMA CUYOS VALORES SE EXPRESAN EN PORCIENTO
Y TIENE EL SIMBOLO (%), TAMBIEN EN LOS SISTEMAS POR UNIDAD SE EMPLEA EL SIMe

... BOLO (o/1) PARA REPRESENTAR SUS VALORES.

SELECCION DEL NUMERO BASE.- EN UN SISTEMA EN POR UNIDAD, USADO PARA EXw

' VPRESAR PARAMETROS DE VOLTAJE, CORRIENTE E IMPEDANCIA, 5§ NECESARIO SELECCIO-

A T LN o
——

VOLTS BASE

AMPERES BASE
COfi LO ANTERIOR, QUEDAN FIJADOS LOS SIGUIENTES TERMINOS :

VOLTS BASE
AMPERES BASE

OHMS BASE =

VOLTS

VOLTS (o/1) =
" VOLTS BASE




AMPERES
AMPERES BASE

MPERES ( ° /1) =

OHMS (o / 1) = __ OiMS

OHMS BASE

EN LA PRACTICA ES MAS CONVENIENTE SELECCIONAR

" YOLTS RASFE

KVA BASE
CON ELLO AUTOMATICAMENTE. QUEDAN FIJOS LOS SIGUIENTES VALORES 1

PARA SISTEMAS MONOFASICOS

\

.AMPERES BASE KVA- BASE X 1000 KVA BASE
BA - VOLTS BASE 7 KV BASE
 VOLTS BASE (orts 812 © (kvB)2 X 1000
OHMS BASE = : o T ‘
AMPERES BASE KVA p X .1000 . . KVA p
OHMS ( ©/ 1) - OHMS X KVA B X 1000  ©  OHMS X KVA g

(VOLTS g)° " (KVB)2 % 1000

DONDE LOS KVA BASE Y VOLTS BASE 50N MCNOFASICOS
ES DECIR KVAB SON DE 1 SOLA FASE Y VOLTSp DE LINEA A NEUTRO.

PARA SISTEMAS TRIFASICOS SE TIENE

KVAp X 1000  ~ Kva g

3 X VoLTS 3 KvV B

VOLTS B -
3 fB

OHMS B =




——

+

OHMS X KVAg X 1000 OHMS X KVAg
(VCLTS 'B)2 : (Kvg)® X 1000

oms (%71 =

DONDE LOS KVAg SOHN TRIFASICOS, LOS VOLTS B DE LINEA A LINEﬁ Y .08 CHMS

SON POR FASEe

‘ 'FRECUENTEMENTE LA IMPEDANHCIA DE "UN -CIRCUITC PUEDE ESTAR EXPRESADA EN «ww

© TERMINOS DE LOS KVAg PARTICULAR Y ES DESEADLE EXPRESARLOS EN TERMINCS DE ==

" . KVAp DIFERENTE QUE SEA COMUN ENTCHNCES. -

. f-, . O, N ' T OKVAs ' . ' .
(. JOHMS (/1) DE KVARy o o B2 x omMS (°/1) DE KVAg,

12

KVAg1 ‘
, g S | , \
. OHMS BRE VO
: OHM (7/1) SOBRE VOLTS p» . ( VOLTS g4 ) , 1
ouMs  (®/1) SCBRE VOLTS g4 i VOLTS , . - )2
onms  (9/1) SOBRE VOLTS g, wOMMS (/1) SOBRE VOLTS py % (VOLTSpq
OHMS (°/1) g, = OHMS (°/1)g4 KVp1 KVaga
: _ S - KVpo : : KVAp1

'4464= EFECTOS DE LAS CORRIENTES DE.FALLA EN EGUIFOS Y CAPACIDAD INTERRUFTIVA

(- C. e ) EN DISFOSITIVOS DE DESCONEXION Y CONDUCTCRES.

-CAPACITAD INTERRUFTIVAs~ ( cois) ES LA CAPACIDAD ‘DE UN ECQUIPC PARA LI=-

BRAR 'O INTERRUMPIR UNA CORRIENTE DEBIPA A UNA FALLA EN UN LAPSO DE TIEMEO DE

- TERMINADO Y SIN GUE EL EGUIPO SEA DARADO, POR ELLO; UNA.SELECCTON INADECUADA

2



e =

5S¢

' [y

" EN LA PROTECCION DE UN SISTEMA, PUEDE CAUSAR DAKOS SEVEROS EN LAS INSTALACIO

NES ¥ AL PERSONAL. MISMO,.

LOS.CORTOS CIRCUITOS MNO CONTROLADOS, PUEDEN CAUSAR GUE EL SISTEMA QUEDE
FUEgA'DE-SERVICIO, QUE LA PFRODUCCION DE UNA FACTORIA Sb VEA AFECTADA SERIAw=. | -
MENTE, SE PUEDEN INTERRUMEIR SERVICIOS VITALES Y PROBABLEMENTE DEGENERE EN =

INCENDIOS. OCASIONANDO FRECUENTEMENTE, MUERTES DEL PERSONAL,

EN PRIMERA INTENCION ['ODRIA CONSIDERARSE EXAGERADO EL PLANTEAMIENTO AN-
TERIOR,'PERO 51 SE‘ANALIZAN TODOS LOS ASPECTOS AL OCURRIR UN C. Co EN CUALww

" QUIER PUNTC DEL SISTEMA, SE VERA QUE SI NO ES LIBRADO OPORTUNAMENTE, SUCEDE .

QUE :

@)e= SE CAE EL VOLTAJE EN CIERTA FPROI'ORCION.-EN TODO EL SISTEMA.
b)e= SE INICIA FROCESO DE COMBUSTION CON TODAS'SUS_CONSECUENCIAS.

"¢)e= TODOS LOS COMFONENTES QUE SE VEN AFECTADOS POR FL C. C., QUEDAN SU
JETOS A ESFULRZCS TERMO MECRNICOS.
. ' : N

d)e= TODAS LAS MAQUINAS ROTATIVAS SE COMPORTAN COMO GEMERADORES Y AlLle=

MENTAN A LA FALLA.

4

FOR LO AWTERIOR, ES CLARO GUL SE DESLN DISPONER EQUIPOS PARA INTERRUM—-
PIR-ESTE TIPO DE CORRIENTES MUY RAPIDAMENTE, ANTES DE QUE SE DESCONTROLE EL

SISTEMA,

LOS EQUIPOS MAS COMUNMENTE EMELEADOS PARA ELLC SON LCS INTERRUPTORES ==
TERMOMAGNETICOS Y ELECTROMAGNETICOS DE LOS CUALES EL FABRICANTE FROFORCIONA
SUS CARACTERLSTICAS Y ENTRE ELLA SU cei. GQUE DEBE SER IGUAL O MAYOR AL C, C.

.DISPONIBLE EN LOS DIFERENTES PUNTOS DEL SISTEMA PREVIAMENTE SELECCIOKADOS.
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TAELA Noe CAPACIDAD INTERRUPTIVA DE INTERRUPTORES
| - ELECTROMAGNETICOS MARCA Fo Pa Eo
_ VOLTAJE * CORTO CIRCUITO TRIFASICO KA SIMETRICOS
: ‘MARCO DEL SISTEMA - =
TIPO “YampERES) | (VOLTS) INSTANTANEO TIEMPO CORTO -
25Hw2 600 240 a2 22
30H-2 .| 800 240 a2 30
dsou-2 | 1600 240 65 50
GSH;Z - 2000 240 65 50
. |758e2 .| 3000 240 85 - 65
s001-2 | 4000 240 130 85

DY -

g arpt

—

———— i

.* EXISTEN PARA 600 Y 480 V.




i S5O
TABL:’_\ Noe CAPACTIDAD INTERRUPTIVA f)E INTS. TERMOMAGH ETTICCS
DIFERENTES MARCAS
MARCO ¥ TIPO DE No. DE CAP}'\CID:’\_D INTERRUBPTIVA
FARBRICANTE INTERRUFTOR PCLOS "
. ) ?.40 V Cc A "
- _ 250 V C D
; KA SIM | KA rSIM
. - TEF-15-100 A ) 18 20 10
- THEF=-15-100" A : 65 75 20
, TEF-15=-100 A . 18 20
G.E 3
, Ton THEF=15-100 A 65 75
' ‘NEF-15-100 A 18 20 10
FePEa . 2 :
: : HEF=15=100 A 65 75 10
o NEF=15-100 A : 18 20
F .I) - E L ] 3
- HEF=15=100 A 65 75.
WeHe FB=15«150 A 2 18- 20 10
| - -
g WeHa FB=15-150 A 3 18 20
| . -
| G+E. TFK-70-225 A 3 25 30
F.P. NFJ=70-225 A 3 25 30
WoHa LB=175-225 A 3 25 30 -
* PUEDEN EMPLEARSE PARA 480 V.Cu.A. Y LOS HAY PARA 600 VoCoha
i [ GO '

%

e s .,




ASPECTOS PRACTICOS EN EL CALCULO DE CORTO CIRCUITO

h LA MANERA MAS RAPIDA DE SABER EL ORDEN DE LAS CORRIENTES DE C.
C. ES CONSIDERANDO'AL SISTEMA EN  T. COMO ” BUS INFINITO” Y APLI-
CANDO LA IMPEDANCIA DEL TRANSFORMADCR. :

Y

EJEMPLO. - SEA UN TRANSFORMADOR DE 500 KVA CdN'UNA_lMPEDANCIA -
DEL-5% Y TENSIONES DE 13,800/480 V. - ; CUAL ES LA CORRIENTE DE COR-
TO CIRCUITO ? | ' | |

KVA. - 500 .

| NOMINAL = — YA 7. ‘
_ V3kvy 1.732 x 0.48
= 601 A.
_ 1 . -
") c.e, = =——0 X | NOMINAL
. Fa ‘ .
= 1 __ xe01
0.05
| c.c. = 12,020 A.

- ( VALOR RMS PARA UN C.C. TRIFASICO, VALOR SIMETRICO )




EN BAJA TENSION EL FACTOR DE ASIMETRIA PUEDE CONSIDERARSE 1.

3! SE QUIERE TENER UNA IDEA SOBRE LA DEGRADACION DE LA CORRIEN
TE. DE C. C. CON LA DISTANCIA DE LOS CABLES PUEDEN- CONSULTARSE LAS

IABLAS ANEXAS.

LA kEDUCCION DE LA MAGNITUD DEL C. C. ES PARTICULARMENTE IMPOR
TANFE PARA SABER LA CAPACIDAD INIERRUPTIVA DE LOS TABLEROS SECUNDA-

© RI0S DE DISTRIRUCION DE FUERZA Y ALUMBRADO.

T T e A iy Ty ey W e

T T R "‘_.‘jt‘_

" EN EL CASO DE QUE EXISTA CONTRIBUCION DE MOTORES SE PUEDE SU-

MAR LA- CAPACIDAD TOTAL EN H.P. . DE ELLO% Y HACERLA EQUIVALENTE A VA-
LORES EN KVA. (APROX ). LUEGO SE CONSIDERA EL. 25% DE LA IMPEDANCIA -

EQUT VALENTE.

POR EJEMPLO, REFERIDO AL EJEMPLO ANTERIOR, SUPONGAMOS UNA CAR-
CA DE 400 HP TOTALES. LA REACTANCI A ( Y EN FORMA PRACTICA LA IMPE=
DANCIA )} SERIA : ' '

Z' mot: o0« 0.25
mot 400 X .
= 00,3125 P.u.

" POR LO QUE EL DIAGRAMA QUEDARIA :

|

= ’ ' 3 -3
(= i ' _gzm‘: O. 5175

NoNels } ; !
' X-L




S~ G
Y LA CORRIENTE DE FALLA SERIA :
11

b3 g = .0_05-+ IV x | NOMtNAF

  :! 3 ﬁ (23.2) x (601)

| 3¢ = 13,943.0 A

_ RECUERDE QUE EL CORTO CIRCUITO EN UN SISTEMA AUMENTA CONFORME -
LA CAPACIDAD DEL TRANSFORMADOR CRECE. NO SE OLVIDE QUE EL EQUIPO PARA.
ALTA CAPACIDAD INTERRUPTIVA ES MUCHO MAS COSTOSO. |

 SI OPERA LOS TRANSFORMADORES EN PARALELO, CUIDE LA MAGNIiTUD DEL
" CORTO CIRCUITO RESULTANTE, DE PREFERENCIA, NO OPERE TRANSFORMADORES EN
 PARALELO, | | B

N SR, .
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Secﬂon I— The Nature of aclShort-clrcun Currents R T

E!ectnr powcr ayatems in mduu-
i trial pla' ts,-commercial’and- mmtu-- .twe dcv:cea-—the
'ttonal bmldmgn are. dcmgned to'serve and ,;fuaxble aw:tc
" loads ind-safe and reliable manner. .. accomplish; th:s.ﬂt
" Qne of_.zthe_,major consxdcratxom in__.vice must-have th
© the design of a-power system is ade-
- quate - control of short-circuits or-
- faulta as they are commonly caucd
Uncontronedw ahort circuttl drean”
¥ cause: aerv:cc;outages with accom.
panymg productmn downtlmc "and
assoclated mconvcmcncc. interrup-. ~
< tion of csscrltml facilities. or. vital
servxcca. extengive -equipmenty ‘dam-
srsonnel in jury or fatahty, and
}ﬂﬁle fire damagel-- ¥ 1L
I.'r. Electric - power - wstems ~are- de. .
<'signed to be as fault free as possible

cxrcu:t current.’
5 The.maximum

the- protectwe ‘devi

¢ - faults do“occur;; Some’ causes -are!
;‘-‘,prcacnce “of: vcrmm*or*rodents in;
;eo -:mcnt looae c0nnect1ons volt- Nmotor‘ Ifra short;
| . urges dctenora{—um or‘maula-s 1 o
' t:on accumulatxon of. mmsture. dust, ™ the flow cof: short-
concrcte JUH‘?C apd contarnmants the o
mtruawn of mctalhc or conducnng‘ '
ob_;ecta such aa 'ish: Lape. toolunack~ e
e ..
hammCrs or payloaders and’a‘large- " ", 2

ey Ak el 4
1600 AMP .

removed from the power sy stem, and
ligi:
tma i8 thc JOb of the ctrcmt protec- "-motor) therefore; the -short-circuit -

i.! HE

c:rcmt brcakera‘“ current i8'1000 amperes or; 200 tunes -

Fupt-the maximum short- cxrcuxt cur-
rent which.can flow for-a fauit at the
device IGcation. The max:mumzvuluc:; tramformer. -one
- of:short-circuit current.is frcqucntlyl (amperea. |s s'ubatxtutcd for thc 100 ~-
A.referred 1to as-the- ”a,vanlable" ahort-;’ :ampere,,umt, T
at “Fy'"" (bottom, of Fig.4d) bccomcs o

circuit current.is: directly. related for ">"of thet largcrmtransfomcr Although  *
-the size-and capacity “of the' power:
. source andis independent of the lead.’

. capacity of ‘the power scurce,.the

‘determines theflow of load eurrent --
- da.the-120" ohms. impedance .of the .

Saddlun e f,Q Bl

. ';‘ e L I T - — ‘ t ‘L: .
’;W' 2 |
R A Clcarly. the fau!t must be qulckly the transformer imipedancé (0, 1 ohm. '4“, =
'ﬂ"OdUC"Oﬂ e compared - with 20 .ohms for_.the.: - ..

hes.- In‘(ordcr to* aa grcat aa"the‘load currcnt.y-c
hc ptotectwe de- !
e. abthtyhto mtcr

amperes... ; “1
If,ath: ioad grows and. a,.larger
ratcd_:’ at 1000

thcn the short c:rcuu
value of short- limited by 0.0%;0hm, the impedance .
‘the load current: :a at:ll five amperes;:

jce. The larger the. 'must. be iable! to' 'mtcrmpt“ that
. amountu J ﬂf,’-'!"-‘T—::J’;ﬂ 'r % papg

r; through carcful system and’ cquxp-‘ greater. the - short-circuit .eurrent. . - o R e

F ment dca:gn. as well as proper in. w:ll be, B R A oty I b me >.m . f,; ‘
'sta“at:on ‘and maintenance. -How™ ° For . a. aimplc example. conmder b 3 s

" ever, evett with, these prccauuons. F:g 1 (top) ~The impedance whxch’lisoursesa Of Sl:lo.r! S"““{!.f_

*When determining the- magmtude
of short-c:rcutt .currents, lt ts;ex-
circuit ,occurs.at. 1,1trcmcly 1mportant thatlall sourcca of

“the:only impedance .limiting .. short.circuit \be considéred’ and thiat" ”-‘-_

circuit 1currcnt 8 the;,i:mpcdancc charactenstncs"o-f
10 ram {' S 1 Jfrngc',‘ tared '
uusr BE CAPAaLEFOF mraRRUP'rmsmooowAMPzﬁes

3.~;A11 componenta carrymg the
short cu‘cuxt currcnta are subd

LRI}

MUST iBEcapanle or’mwsaaumms 10/0003AMPERES: = 7,{,

Pl ”L:’ ™ "“'3 e ” "“” K Ky I‘r"'v-‘—n* )'r ‘l S'IIZ "

jeet tothcrmal and mcchamcal‘“ 1 neomdr, umt: T m,_h I~ LA R T
‘stress:. Thts Stress’ vancs ds 'a’:‘. i s1h 3 L "
function of the currcnt aquarcd . &) AMP"* e »-;- - .b::t - ‘
o (I') -and the durat:on of cur; L ‘E VIR DN et '?; ':1
- rentflow, - R " R 4 T e ot MOTbRT'LbAD‘?WF’Dm I P
© 4. Systemivoltagedrops in;pro, 5| 1oov . o TL% e s CURRENT T 2Ty
" portion;to:the :magnitude of . .., 10004 T o Vmme o i S AMRAL (L e e T e
.. _ the-/shorticircuit!s current. .. .%7.%0. °, °"‘l“f°'_ ’fl_'"'f“.:fn.T v ““‘“_""""-“ A RN O
s Maximum voltage drop occurss, + . UJ\L',, o AR R TG I A A 1T UL REE % SRR
Mt the: fault: location (t0.26r0,% | 7 v iy wopid oo i Cen J’,oc',ﬁ” 1 CRRT e Ty
N mammum.;fault)hbu;y ally " : s's”)onjrdﬁgﬁcug“fundnsyr ;- 7 25 oon |o,ooo ‘MPERESJ VREUs, T ef ey
.}partsrof the,power system will, .. R e erian f' ‘“ R AR S PEIERI ALY L e 1 e

1.i;Notes Th

. ,"-be subject to; pome;, degrec,pf,nng.
-".»vcltage drop e .

*

" rather than to represenf nctual syit

7iq it fn g
ese valuu huvo boon chosgg: to simpllfy lllustrutlom €}
\mlut'.ulL SHTLY OL e g

s e

e ‘the’ short-circuit: clirrent’increases to - ‘
-eurrent. of the circuit protected by" +10,000 ampercs" Cu-cu:t brcakcrz:‘A”

' -undetcrmmed* phe-i -+ R A
-1 N _:t" —;:'{.u“ s H ey .',‘,. . "‘E :
. " Y, - "gl ' . ; Y .
thn a_,short circuit occurs on ‘8 - I ‘ ot ~Mo'rons LOAD PN
p e systcm, acvcraI things happcn o Ioo v"” ;.a.;'_ R R E I
. N o ‘“ _-‘“' et Lt . X - CURRENT) L2 R
: fthcrg.Pad: . s }‘--‘- T g A b se NIVt G grAMp s Sy I
* l'.;,l-;r “*r, 9“3: NaLy-a l“r,\ pih . j - .’_:-_.
1 At theifault, locatnon. arc}ng R '°”°H“3‘ o fr.l-h‘, P2o D APPARENT “r 1 i
: and burmng can, occur,; 11" o 1-; ca .}' ';:‘7 i"-"" ‘;E‘~ LY STh! b WMPEDANCE Srvc ying . .M'.'
. o i T et s ‘.rm-‘.z‘_:',.-z O IOHMS ™ irnioh -
2 Short cnrcuxt currcntn 1:flows o -.‘u, .::sz_-wj . R . Foriy ‘;‘ 5. "_ Fe ok
BRI from the vanous nourccs to the is R 4 R E:- o 100, N SN M T u, : ...:_‘..,,. o
;- ’ {ault !ocat:on ) i HO 1' cmcun‘ cga‘n‘aﬂ’ -| zT @ —-—‘”-nooo AMPERES ,[ﬁ TR LN
- :'v» 4 Frov “1!!_



.:Secfibn':’l'-_-”- The"NJalu'_r_e- of ac S:hqr.lv--'cii-cuit Cur'rents",,l

. ) .
. S -‘mover drives a generator, the iaertia -
o " of the load and motor rotor dfives
T T _ the synchronous motor. The syn. . - -~
. e -FROM ELECTRIC ' . ' ... . . . . chronous motof then becomed a gen-.
c ' UTILITY SYSTEM | . ° _ '+ erator and dclwers ghort-circuit cur-

'ng;':.

I ¢

>‘.thcse sources be known. .. .o

There are four basic sources “of "
short cifcuit current

1. Generators "
2 Synchronous ] Motors .
. 3. Induction Motors

4, Electric Utility Systems .

All ‘these can feed short-circuit
urrent into a short c1rcu1t (Fig. 2).

]

GENERATORS

Gcnerators are dnven by turbmes,
chcscl engines, water whcels or other
typcs of prime movcrs When a short
circuit occurs on the circuit fed by a

_ generator, the generator continues to
~ produce voltage because the field

excitation is. mamtamed “and the
pnme mover drives the gencrator at

-normal- speed. The generatcd volt- :

age produces a short-circuit ‘current
of a large magnitude that flows from
the, generator (or gencrators) to ‘the’
short circuit. Thxs ﬂow of  short-

'fotnl shorf-elr:uh currern equals wrn u( sources. T

et

TURBINE GENERATOR * METALCLAD.
L = SWITCHGEAR .
@ ookl |
. SHORT-CIRCUIT | '-'DED D.U.D D.D_.D DP.U U.U'U -
T I U S L 18 (5 EERE
GENERATOR o S A )
RS SYNCHRONOUS + AT
ek & | roraLsHoRrT -
/ CCCIRCUIT . ¢
M || B
‘ N @ ~{.  FourR U
- | lH SHORTGIRCUIT. ol |5 070 7
QURRENT FROM. |} ' . & )
~2 SYN.. R o
' b &) [ invuetion - o v .
G © SHORT-CIRCUIT MOTOR: o
R T cURRENT.FROM/ o T
S, L . INDUCTION n .
ST - MOTOR L
T t - ‘” ..‘ - . Q

3

circuit cufrent is hm:ted on!y hy ‘the

" impedance of the generator and of
" the circuit between the generator
and the short circuit. For a short

" ¢ircuit at the terminals of the gen-
erator, the current from the gen-

erator is limited only by 1ts own
Jmpedance.

SYNCHRONOUS ;_; g

MOTORS < . |

Synchronous motors ‘are

Normaslly, synchronous motors draw
ac power from the line and convert
electric cnergy to mechanical energy.

During a system short-circuit, the
_voltage on the system is reduced to a
“very low value. Consequently, the
-motor stops delivering energy to the
mcchanical load and. starts slowing
down Howcver just as’ the pnme

con-.
structed rhuch-like generators; that,
is, they have a field excited by direct
current and .a stator winding in’
which alternating current flows..

" rent for many cycles after the short

circuit has occurred. The amount of o

the motor dcpcﬁds upon“the imped.

-

-, . R v

" INDUCTION MOTORS -

. ‘The inertia of the lbad and rotor
of an mductmn rnotor has the same

feﬂ'ect on an induction motot as on & *

‘synchronous motor; that is, it drives
the motor after the system “'short

circuit .occurs, Thére is’ orne major'_ -
dlﬂ'erence The mductton motor hiss |
_no-dc field winding, but thcre is &-

- flux in the mduct:on motor durmg

normal opcrat:on This acts, hxe flux’”
produced by the d¢ ﬁeld wmdmg in

the synchronous motor, Sy

‘The field of the mductlon motor is

' 'produccd by 'inductiofl from the
ing. The rotor ﬂux remains normal’
stator from an external source. ‘How-

a short-circuit occurs on thc systcrn.
the flux in the rotor cannot ‘change

instantly. Because the rotor - ‘Aux’

* ghortscircuit , current produced by

ance of the synchronous inotor and: .
lmpedance of the syatem to the point
- of ahort circait. , ‘

cannot decay instantly and because_

Pl
ES
i

. .83 long as voltage is apphed to the:

drives the mductwn .raotor; a; volt-

- age is generated in the stator w:nd
ing: This causes a-short-circuit cur:

~ .n8tator rather than from the dc wind- - -

. cvcr. ifthe cxternal sourcé of voltage-. S
were suddenly rcmoved asit’ 1s whe-1 Ll

the inertia of the rotatmg parts

rent to flow to the short c:rcu;t unn L

the rotor ‘flux decays to’ zero ' The

short-circuit current vamshes almoss: . -

completely in about four cycles,

since .there i 1s no sustained field cur- -

rent in the rotor to prowde flux; as

in the case ofa synchronous machine. -

“The flux does last long encugh to
produce enough short-circuit current
to affect the momentary duty on
circuit breakers and the interrupting
duty on devices that open within ong

“or two cycles after a’ short. circuit.

Hence, the short-circuit current pro-

duced by induction motors must be
- considered in -certain calculations:

The magnitude of a.short-circuit ;-

<

¥
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! Section |- The Ndture of ac Short-circuit Currents .0 .

.l'
Y " !

current produced b} the mduchon

» motor dcpends upon the :mpcdsnce-

" of the motor, and the ‘impedance of

. the system t0. the point of short, cir--

_cuit, The machine impedance, effec-
“tive at.the tigmie of ghort circuit'cor-

" responds c]osely to thé impedance -

"at  standstill, * Consequently, " the

- initial value of short- circuit cuprent"

. is approxmaately equa] to the locked-™
. rotor starlmg ‘Gurrent or the motqr

N

‘ELECTRIC UTILITY SYS. -

TEMS, (SUPPLY TRANS-
FORMERS) S

T

T elcctnc utthty systcrp or the
| sufi/ transformcr from the eléctric -

utility system are often conszdered 8
- source of-short-¢ircuit currem Strict!
ly speaking, this is not correct be-
cause’ the atility svstem or supply

.7

.ROTATING MACHINE
REACTANCE '

. The impedance of a rotatmg ma-
chmc consists pnmanly of rcactance -
and is not one simple value as it is
foi-a transformcr or a piece of cablc.
but is complex and variable \nth
time. For example, if a short: scircuit
.is applied 'to the terminals of.a gen- .
. erator, the short- cxrcunt current bc
haves as shown in Fig. 3. Thc cur-
rent starts out at a-high. value and
. decays 1o a steady-state value after
gome time has clapsed from the in-
ccptxon of the'short-circuit, Since the”
ﬁeld excitation voltage and speed

_hive remained relatively constant .’

7 within the short interval of time con-.

. 'sidercd the reactance of the machine

trans[orn.er mcrclydelw et stheshort—‘"‘

circuit current from theé 'utility sys-

“tem generators. Transformcrs mercly
change the system voitagc and mag-
nitudeof current but gcncratene:ther.
T short. circuit’ current delivered
b%ransformer is detcrmmed by its

erators and systcm to-the terminals
- of the, transformer and the imped-

ance of the” Cll'CLllt from thc trans-
N formcr to the short cireuit. = °

secondary \o.tage r.mng and 1mpcd ‘*vqlues of reactance arc assigned .to
ance, - the 1mpedancc of the gena™ 'gf.nerators and motors for the pur-

‘ance, transient reactance, and syn:.

mdy be assumed--:to. explain the .
changc in the current value— to have
‘changed with time after the. short«
cn‘cu:t was initiated.’ - :
"Expression of such a vanable re-
“actance at any instant requires a .
comphcatcd formula involving time .
"as one of the variables. Thercfore,’
for: the sake of simplification,-three

posc of calculating short-circuit cur-.
* rent at specified times. These va]ues
are called -the subtransient; react-

———

SHORT CIRGUIT

"SHORT CIRCUIT . cURRENT .
OCGURS AT - .
f: B '.'5 TIME, .
3-

Flg.
N by a genorator.'\ -
tig . o "

s

!

3

o

P o7
STEAM/STATE B

CURRENT' os'rsnmmco "
| - BY SYNCHRONOUS T
4:\ REAGTANCE -

NG

Ao
BECAUSE' OF GREAT LENGTH
OF TOTAL OSCILLOGRAM .°
- ONLY TWO'ENDS SHOWN
+HERE. THIS REPRESENTS |
THE BREAK BETWEEN
THE TWO PARTS..

4

Onclllogrcm of a symmeirical shon-clrcuit curront produced

"
. same kind' of rcactance as’a gen:

‘;Symmemc_ulcund,
-Asymmetrical Currents - *.

-I¢urrent.

chrvnous aeactanve and e

scribed as fo:lows

1. Subtrans:cnt reactance (K )
1. {5 the apparent’ reactante of
‘the Stator winding "at’ the
“instant™ short' circdit oceurs;
and 't determmes the current

al‘t‘

.

after short cxrcuxt o :

2 Transxent
e dctemnnes the current fuliow-'-'
-ing the period

trollmg “sralue, Transxent re-
sactance, is. eP’cct:ve up.to_one
-haif second- or longer,-depend-,

ma-..hme

3. Synchronous reactance- (X',) is

" the redctahce that detérmines -
the current flow when & steady
state condition is réached. It Jis
not effective until, severa! sec.

+ “onds after the "short’ c:rcu:t
occurs! consequeml}. it'is. not -
gcnerally used in“short: mrcu:t

. ,calculatlons ; I

A synchronous motor - has “the

erator, but it is of a. dlf.crvnt
valuc Induchon “motors’ have no
" field co:ls, but thé Totor bats act hke
the amortisseqir mndmg in".a gens

" eratory’ therefore, "induction -motors

are said to have subtrans:ent reat.t—
ancc only. .

LS

The 'words. symmetncal"
of the a¢ waves:about theé zero axis: .
if the envelopes of the peaks of the
waves.. are. symmetrical.
around the zero-axis, they are called
"symmetncal current’’
(Fxg 4y, If the: ‘envelopes are “not
syrnmctﬂcal around the zero axis,
they are called “‘asymmetrical cur-
rent’. envelopes (Fig. 5). The enve:
lope is a line drawn through “the’
-. peaks of the waves. . -*
Most short circuit’ curfents’ are *
nearly always asymmetncal dunng
the first few cycles after the short
c:rcuxt occurs. The asymmetncal
current is at:a maximum durmg the
ﬁrst ey clc aftcr thc short cm::ult

f

envelopes -

; w hen SUbDsen v
e Lransient reactance is the cotiy -~ o

and "_
'“asvmmetncal" describe the shape

reactance e N

L
i

ing  upon the design - of the -

=%

. ‘_C\-,_-;
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!‘?: . e T

P 1 e -,
- + - - v -
- T I I e e e : . L :
)- - Lo i Y ..+ _occurs and in a few cycles gradually
L 5 b - . . e e . e T o . -
: ‘c‘-l?-"?;f A . becomes~ symmietrical. --An-: oscillo-
- E I R ‘
a9 SRR - 7 r gramof a t»p:cal short c:rcm't cur-
‘ e T } rent is shown in Fig. 6
’ ... - > . |'

ENVELOPES OF PEAKS.. WHY SHORT C|RCU|T

OF SINE WAVE RRE T iy
smusrmcm. ABOUT"‘CURRENTS ARE ASYM'

. THE ZERO AXIS. ~METRICAL . .~ /.-

In ordmary powcr systems the'
. applied or generated voltages are of *
“'sine-wave form. When a ‘short-eircuit
oceurs, substantial sine-wave short-
circuit currcnts result,. The following
‘ . dlscussmn assumes sine-wave volt-
oW . .. . & agesand currents B
_ - S The power factor ofa short, circuit -
- T i - W ATy L*_,xs determmed by.the senes resistance -
- Flg. 4.- Symmﬂrleal ac wcve. Ce ‘ . ; and, reactance of the “circuit (from .
: wl ';l“: “'_m"‘ har s o . ... .the fault back? to-and; ifcluding the:
ety o ".:_rf')_ﬁ I » ..+ ‘source or sources of. the- short Cirs
S R S ST . _ o euip). ‘Foréxample, +in F1g “7, the .
L SRS Fiier A W .f!:.:n. N f

N cane e g : : - v, reactance equals 19,c,there51stance

x

. .
b .“ . e

i

AXIS oF -
SYMMETRY

Y ZERO

b i AXES e
SO o vTOTALLY OFFSET T ! S
* STy e o T . . A . -
| poa YN 1_.5,;“‘_ LT § _— o o -
: ¥ . K Lo e A e LT Ty
RS PR . . L - .PAF"\“TIAL.L.Y." OFFSET" » = Y v o
y i i . .' DRI . . - . . . . . . - ) s
g F!g. 5. , Alymma}:lcul ae. quel. P . "J’* MRS RN
| "{ o ..Mst,,:“ L e -,‘|’_,, i "“r" et o ' ST equals-—l 4‘(.rand the short c:rcuxt
, Lo ":" *_; s APRELAAS o (¥, power- factor equals 7.4, dc*er- _
SR ff*'-fﬂ-.“.-;“ A : .1 .U mined by Wsing the formula, b
+ N . .
. ',‘_“‘I",'J ::‘., tes .o ) i - ‘l (( ‘ R . ) .
: . - T . ; i —_—-:__.,-- .
: N ENVELOPES' OF PEAKS ARE NOT g ! VRHX

'
i SYMM . ’ :
—~ METRICAL ABOUT ZERO AXIS. U 'I‘he relat:onsh:p of thes res:sta—lcﬂ
L

. and reactance of d circuit is some- "~
. T, times expressed in terms of the X/'R
. ratio. For example, the X/'R ratio ¢f .
the cn’cmt shown in Fig. 7 is.13.6.
- In high-voltage pow! er circuits, the
' resistance of the circuit back to and
mcludmg the power sourcs is 10& .
* compared with the reacta*c— of =
mrcult. Therefore, the short- c1rcu-_
. curtent lags the source xmtage [+
_ approximately 90 degrees (see Fig.
- *7).° Low-voltage © power " circuits
s co »?ﬁ~34 - . (bclow 600.volts) tend to have'a
: -t %
Flg. 6. Ol:lllogram of a fyplwl shorf clrtult. - larger percéntage of rcs:stance andc

~1
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Sechon I—The Nafure of dc Short-c:rcuut Currents

Yu .

TOTAL AS!MM[TRiCAL CURRU\T

AT
_L_f__u__u___\/

UTIY -

o

-4 ' s -
R
f ,, e

LN

Pig, 31, d
S olymmefry of currem.

JIJ

)

1

.
l

et ] Y i

\. [V .._,' o
. flow for-a. fault at'a device location.
CThis mnxxmum .cutrent. i3~ called, . peres. Since these-protective devices
~ the *‘available" - short-circuit cur-y! .are fast operating (contact: parting:
© “rent, Bul this in not entirely correct. within the first cycle or two), their
__F a fault. on: the load side of the short- circuit ratings. are based on
Mc. the actual current that ‘the " maximum current during. the first
dcw:c doss mterrupt 'may beé ‘less’ Icyclc Therc!‘ore. the subtranmcnt
_than the avaﬂnble current due: to' - reactance X” is used-for.all_sources
" the \mpcdance o!‘ the device, the im=i -of short-circuit ‘current-in the’ bas:c
: pcdnnce of- the drc on "contact part-"'iequation 1=E/Z. Nc multlplymg
. ing, and the abthty ‘of: the device to-vifactors are requxred 1o be applied to
) currcnt hrmt ‘a3 in the case’of a cur:’ *this calculated aymmetncal vatue-of
. rent hm:tmg fuse, The basic concept syavailable short-ciréuit cirrent. . - -
1s that ‘the dcv:ca must--have the .. Although rated on-a symmetncal

. Devices’ and Equipment

"y, when applied atia: location current’ basis, these dev:ccs and
/a given available short.circuit "equ:pmcnt are tested-on: the bas:s of -
currcnt to satlsfactonly interrupt a * typical’ circuit 'asymmetncal ‘condi.
fault-at its-16ad teffinals. On this .tions as covered. by the apphcable
basis, the dévice sHort: circuit, ratmg xstandards‘ e 018 L ,J IE

is stated in-terms off thc?available 3
!

short- c:rcu:t cun'ent X Hlﬁh-voltage CerUlf

. The same it:cmccpt apphes to the- . -
- short.¢ ircuit- ‘réting of busway and Breakers (qbove 600 T
volts) .

¥ - bus structurcs ‘Wwithin sw1tchgear and . . :q
K pane]boards in that the' rating rcfcrs; ‘1 To apply high- voltage cireuit .
= to the' avm}able short. -cireuit’current-. Breakers, the short:circuit duties dur
. at the' locatxons -where . thc* equip-J: ing the first cycle (momeritary) and
-*“'ment is'to be Corinected. - MU at contact parting time (interrupt-.’
: v ‘ T 4 ing) must be compared with: the
Low.volfuge Pro te cﬂve Y ;c:rcult breaker’s short-circuit capa-
- bilities to close and latch during the
first cycle and to mterrupt at some -
“time later.

AT
b

1A

. @"

“. h

) . Pl

(balow: 600 volts) - .

w- oltage protectwe dev:ces,

e
S

)
[

“e .

L

Total Current Basls;,of
Rul'lng VB e
‘' ANSK standard 037 6:1966 ‘arid .

ur

Oulllogrcm lhowlng decay of de componem'und Bffoct of. .

" mum.short.-circuit current’which camv fuscs. and busway:are rated on’ the -
- basis‘of :available; symmetrica] am-.

\/

T

Flg, 12, Symmetrlcal shor‘t clr-

jcult curren‘rs “from} four sources

- Tl -

comblned In?o to?ul.

1
earher 1ssues hst hlgh voltage mrcunt
breakers rated on ,a total current
‘basis, The. prevxous standard descn,b-
.ing the lcalculat:on .of short-circuit
duties’ to apply these breakers s
ANSI C37. 5. 1953 This standard”is-

T now supe;seded by 'ANSI ‘C37.5-- h

1969 which descnbes a rev1sed cal—
cuIatlon -for. oBtam:ng short—carcu:t .
duties. to appl} total cufrént rated ~
breakerq RIREL TS S

. 'The ﬁrst-cycle duty'( momentary)

i is determined-by ANSI C37.5.1953
.was follows: F:rst a syminetrical short-
cxrcmt current value 18- calculated;

LT

T
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“Asymmatrical” short-cir-
cwit-curfents . plus the de compo-
nem from all sources,

" using subtransient Teactafice (X,4"). .
" for all sources of short-circuit current '
in the equivalent circuit of the power .
‘system. Next, mulnplymg factors are

. “applied-to this calculated symmet-
.rical;;value .to determine asym-
. metrical shoft-circuit. duty. In the
- revised- calculation procedure ANSI -
- C37.5-1969, ‘the.-firétfcycle._duty
.. (momentary) ‘calculation.is very .
- similar. Differences occur in modi-
fied reactance values' for’ medium’

end small ‘induction motors
.. The interrupting duty according

A6 ANSI C37.5-1953 -is determined
using .an equivalent circuit that has -

subtran51ent reactance (X,") for
synchronous generators, transient re-

. ‘actance’ (Xji') :for 'synchronous
" _motors'and that neglects the contri-
The-
short-circuit interrupting MVA or’
" current calculated from the circuit,

bution’ of " induction motors.

is then multlphed by a factor that

: depends on-the circuit breaker rated

lnterruphng time and’'on power sys-

© tem’ operatmg conditions.-

- The contact’ parting time (inter-

; rupting) duty calculated by the.
"~ ANSI C37.5-1969 method. uses sub-

tra.ns:ent reactance (Xd ) for syn-
chronous generators, 1.5 times
subtranslent reactance {1.5X," ) for

synchronous motors, and modified

subtrdansient reactances for induction
" motors which are divided into three

categories each with a different reac-
tance multiplier in the power system
reactsnce network equwalent circuit.
The circuit is then reduced to an

" equivalent X (reactance) value and
symmetrical shoqt-circuit"
-eurrent is calculated, Then a multi-

an- E/X

plying factor obtained from curves
in ANSI C37.5-1969 is applied to

_ obtain the tota! short-circuit duty to.

be compared with the capability of
a total; rated circuit breaker, The

_ multiplying factor depends on the

circuit breaker contact parting time,

~ the fault point X/R ratio, and the
ANSI
~C37. 5-1969 ‘describes the fault.point

proxlmlty of generat:on

X/R™ ratio ‘calculation  utilizing  a

resistance network correspondmg to‘

the reactance net“ ork.

L |

Tél‘alé'l p"!ﬂi,.f‘ 12. contains a sum-

‘mary of machine reactances - and

multiplying factors used, in short-
circuit calculations:. described in
ANSI 037 5.1953, PR

Symmetrlcol Current
Basis of Rating-

ANSI standard C37.06-1966 and

later revisions: list high-voltage cir-
cuit bfeakers with a symmetrical .
current basis of short-circuit rating.
The “symmetrical current 'value of -
rated short-circuit. listed for a

.breaker in the tables applies only at

rated maximum voltage. The short-
circuit capability at an actual lower

_operating voltage will be higher and
. is found by applying the voltage ’
ratio to the’rated short-circuit

current,

The calculation method used to-

apply symmetncally rated breakers
is described in ANSI C37.010-1972.
The first-cyéle duty calcTlation by
this standard is exactly the same as
in ANSI C37.5-1969. The result is
a asymmetrical first-cycle duty that
is compared ‘with the asymmetrical
closing .and latching capabilities of
the symmetrically rated breaker.
‘The contact parting time short-

- cireuit (interrupting) duty calcua-’
tion, as described by ANSI C37.010-°

1972,. uses the same reactance net-
work as the calcu!atron described in

ANSI C37 5.1969 and the samé E/X

ple'wiil be shown later.

calculated current value. A different

multiplying factor is applied to E/X |
to establish the duty to be compared -

with the symmetrical short-circuit

‘nterrupting capability of a symmet— R

“rically rated breaker.

As long as the X/R ratio for each .

network element or the faiilt poirt;.
X/R ratio js 15 or less, the mutiply- '

ing factor is 1.0-(When the X/R ratio

circuit duty never.exceeds the sym-
metrical short-circuit duty by & mar-

gin greater than that by which the. .
,breaker's asymmetrical short-circuit .

. capability, as required by the stand-

ards, exceeds its symmetncal short- ,

c:rcu:t capability.)

When the X/R ratro exceeds 15 :

the | ‘multiplier usually exceéds: ‘1.0

Mult:plymg factors are determmed ‘

from curves in ANSI-C37. 010 1972
and depend on ‘the contact. parting

(interrupting time) of -the circuit: .
breaker, the fault point X/R ratio s L
and the proximity of generatton to "

‘the point -of fault. The X/R" ratio
calculation of ANSI C37. 010: 1972

" is 15 or less, the asymmetrical. short-

is the same as by ANSI C37 5 1969 o

R

Compunson of Duty
Calculation Methods "

.The newer calculation: methods
ANSI C37.5-1969 (for total.current
basis rated- circuit breakér) and

ANSI C37.010-1972 " (for . symmet- *

rical current basis rated ‘citcuit

breakers), differs from ANSI C37.5-"
* 1953 principally in data collection-

%

(not only reactance values but also :

X /R ratios. or resistance xa]ues are

needed for system components) and-- "

in the treatment of reactances. -
“The first cycle (momentary) dnty

calculated by the newer. methods :

will.not generally be greatly..dlffer-

‘ent from that calculatéd by the

earlier method. The interrupting duty
calculated by the. newer methods
often is' higher because of the

“increased motor contnbunons rec-_

ognized by. them. SN,
The first-cycle . duty calcu]a*xons
used in selecting low-véltage. (belou.

600 vojts) protective devices, in set- - - '

ting -instantaneous .relays. and in

selecting current limiting fuses areé -

‘the same as those of ANS/ C37.5-

1953. A mrnplxﬁeq! calcolau_on exam-

i
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Anvexample of short-ircuit duty -
calculations by the néwer methods,

. | ANSI €37.5-1969 (total current -

_ basis “of ratmg -duty) and..ANSI
C37. OIO 1972 (symmeéttical current i
basi§. of rating duty) is not included *
in thns text due to space limitations. -
For a descnptlon of these procedures
the followmg references are recom

mended :

1. Amencan National Standard Instituta
a) C37.010-1972 (and. later. re'.mon)

. b). C37.5.1969

. ”Imerpretation of ‘New Amoncen
National ‘Standards for Power Circuit -
Bresker Appllcnuon" --by
*Tuening, Jr. '

\ EE Transactmns on Indum‘y and

. “watneral Applications Vol. IGA-5, No. 5 .

- Sept./Oct. 1969 {GER-2660) !
3. *Electric Powér Distriburion For Indus-
" trial’ Plants’—1EEE- Publication L4y
(Red Book) dated~ 1969 or later re-
vuton) . . .

'!" - “a

ater c.
on a three. phase power system in

{(above 600 volts)

voltage fuses is'given'in asvmmctn-
~'cal amperes. Thc machme réactandes’
used in the calculatlons are itienfical ~
to those used for - caiculatmg mo- .
mcntary duty for ‘high- voltage cir-
Ceuit “breakers as -explained " abovc
Rcfer to Tab!c 1 :

RV

P =

b

TYPES on POWER . .
“SYSTEM -FAULTS - -« .o

Faults or $hort- c:rcuxts can occut

sweral ways. The protc(_uvc dévice
_or: Lqumment‘ must have thc‘abxhty
to ifterrupt or w:thstand any type,
“Bf fault whxch can occur. ‘The' basie
type “of fauits will be described, But’
it should be noted that the ‘basic -

High-'voltuge- Fuses: .- .

~equipment is.the three.phase bolted |

fault._

The mtcrruptmg rat:ng of hxgh Three phase Bolted FGU"

‘A -three-phase boltcd fault de-" .
scr:bes the condition where the three™ -

“conductors ‘are physically Held to:
- gether-with zero impedancé between

Jthem ‘just as 1f they were boltcd. :

togcther

A

. “While this type of fault condition‘

is not the most frequent in occur-'

rence, ‘it gcnerally results in' max:-

mpm short-circuit valies and for

_ this reason is thc basic fault'cal-

‘culation in - .commercial’ and indus-
‘trial powcr systetns, -

%o

Lme to-line Bolted Faults, ;

* In. most three- -phase power sys-
tems. the levels of line-to-line bolted
fault currents are approximately

fault calculation for the selection of 87C of thrée-phase bolted fault cur-

PRI - Gl

Table I—Mnchme Reuclnnca ‘and Mulhplying Factors Used ln Slmplihed

Culculaﬂons of Short-circuit Duty (ANSI-C37.5- 1953)

L
WL e
. F

s .
% LA ..‘ X . ,"'.

.
»

Machisne Reacionzes 1o Use Myln plymg Futw'

ta bas Applied _

. 1
Equipment - Type af Shortgirguil : . 10 Calcutared
L Roting Synchionoys Syachronous | Induction Symmuirical.
o c e 8 - Genaratany Méfoisn | . Molors " VYalua*
L N R e . e . T
. T L “ -
L V Power Cin.uil Brachern |~ .- . . -
L., . .
. N . ' L] +
L- V Molded- tate; Cir:uh_ v . B
Ircnhu . . . N T
(R Mo!or Conir’eﬂ.n fin- ° Sylwo'rlml Monu ‘Sifialtcnlilnl Subtransien Suhlmnnnnl - Mong
¢orporating Fussrormaldeds ., Avoilable . L. AR o DXT) [T'§) e .
ol Cir:u‘! Rrugkarns) L s : - o "\
‘Fuul [ . ) ) b L\F
. P . L 3 1.
v lnu-oy e . T
[P - oo h R
Bus Broting: T fLL - ‘ oo

1.V Switchgear. . [N
1-¥ Swirchooards . CE
* L-V motor-controi Canten
L.v: P-u.lboardl .

l
i
LN LS

ted I
;

Inurrupimg Svmmnmul

. e
i |G-ntral‘ Special

Powar Cirguir Bractars = | Coset - Cosat
febove 600 volns) Amperu or MYA 'i Subtransiant Transjent Heglect
with -Ruted Interrupting L Available’, | PR 1 o B AP I Ao
Times,of & cyclos l ‘ BN L i o e
{Relar 10" tha Torol - ' i . - T . .
Currant, Rating Borir—= ' . ' :
ASA CI7.6---1944) -} letmry—Awmﬂulrunl Subtrpniient (Subtraniient, . |Subtiamignt .| 183 1--15L.
N . s Ampares Avoilable | xy . i 1% X" s I R I
: : . ) ’ : ‘ ' ) R .
Fusel and Fused ™ :lniﬂruphnq—Awmmnlnmi' Sublransient ! Sublransiunr Subtraniient ;1A% i .2
wtoyn -1 Ampares Avoilobie X7, e (X") b P,

luhou lSDO verrs} |

Wt . I

‘ ! i
‘ | oo

- The‘ calculated symmetrical’ volue-.to. .
which the multiplier.is applied should be.
in rms ampcrcs kV, or- MVA' depending -

-on the terms in which the rated capability

" the particular cquipment is-expressed.
. special-case multiplier ONLY if the ©
'\!Ie‘ulmed :ymmetncal value:excéeds 500
MVA AND the circuit is principaily fed .
direct from'gentrators or entirely thiough
curfent-Hmiting reactors”otherwls: use
gcneral-case multiplier. .2 -
Use specml rcase multxphcr ONLY if op--
P .| -
12 -
Lt

"

erating voltagc is 5000 or less AND the ..

circuit is' NOT principally féd direct from

L

" generators orentirely through current--

limiting reactors. othcrwase. use gencral
case mulnp]ter. R ,

e

Use specml case mulnphcr ONL\ :f the

operating voltage is 15000 or below, AND
-the fuses ure NOT of the curcent. llmmng'

‘type, AND the supply-circhit X 'R’ is

less than 4; . otherwist use general.case
multmltcr .- . v

U rents,, but ‘this calculat:on is seldom

.required because. it. is not the max-
;. imum- value. . e

P

|.|ne to ground Bolted
FGU" de .

"In sohdly grounded systems. lme-

‘.__"T Ed

to ground bolted faulit” current’ is -

usually equal to,or less than a. three-. o
phase bolted fault current‘ Some- . - o~
titnes'it is significantly lower than =~

the threé-phase bolted fault current . - -
due 'to’' the high impédance of the . -

ground-return- c¢ircuit (that.is, con-

-duit, ‘busway- enclosure, :grounding:

conductér, and buﬂdmg steel). Line-

to-ground fault-calculations are sel- -

" dom necessary in solidly-grounded;
low-voltage -industrial and commer-

cial power systems. . . -, .

When required; symmetrical com- .

ponent’ techniques are used to ang-

; lyze line-to'ground faults where the |

"“line‘to-ground fault current can be -

-cxpressed as: Cy

32

Where' EI_..

C e

I

hne-to-neutral voitage .

;o Z,—posxtwe-sequence dimped-

‘ance -, -

LY .

T Z,= negatwe—sequence :mped-

i
ER

tRS i -ance

Zo——zero-sequence u'npedance
- Z, = ground return impedance

dncluding: resistance-

of

‘ neutrel groundmg resistor

1f any

~®
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Nature of ac Short-circuit Currents

v

.

In’ resnstance -grounded, mednum-

. voltage systems (2.4-13.8 kV) the

resistor is generally selected to limit

ground fauit current to a value rang-

iy - ing between 400 and 2000 amperes.’

Lme to- ground fault magnitudes on
.theéde dystemns are determined pri-

“ marily by the resistor itself and a.
-~~line-to-ground short-circuit calcula-

" tion'is generally not required. -

-

Arcmg Fault

; Many: power system fau!ts, par- -
"+ ticularly

_ in low-voltage systems,
- tend to be arcing in nature.
.‘; Arcmg faults can display a much

lower Ievel of short. circuit current

.

than a bolted fault- at the -same-

% locatxon particularly in low-voltage
systems These lower levels of cur-
. rent.are due.in part to the imped-
-ance of the arc inserted mto the
circuit: ' o \
The Iow Ievels of arcmg fault-cur--
rent in Iow voltage systems become

lmportant in désigning adequqte Sys- -

tem protectton Due to its complex
" nature; arcing faults is a subject all

.to itself and is. treated as such in’

GET—6533

"-‘-I\M-'-ﬂ--.a TSP FORS. S o

Selechon of Eqmpment

In order to provxde for personall-

safety and to minimize equipment
“damage, it is absolutely essential to
‘us¢ equipment with shaort-circuit rat-
.ings’ equal to or greater than the
: ava:lable short-circuit current that
can occur at the equrpment locat:on

The' 1975 National Electrical Code

" states: .
= Article 110-9- L

Interruptmg Capacity. De.
RS v:ces intended to break. cur- .

L rent ‘shall have an .interrupt- .

‘ mg capacny suﬁ'zcnent for the

I

: voItnge-empIc;.\'ect and for the
current which must be inter- -
rupted

, For any-given location there may
~beiseveral types of protective de-

vices which have an adcquate short-
circuit rating. Selection of a specific

device would then depend on other

factors such as economics; usérs
preference; protection charactcns
tics: maintainability, and so on,

There is, however,; one instance .
“when equtpment can be applied at a

localxon where the available short-
circuit” current ‘is higher than the

‘short-circuit rating of the device.

This arrangement utilizes a current
hm:tmg fuse or other dev:ce which
can furnish short- mrcu:t protection
for down-stream equxpment

. al

CASCADE OPERATION. OF

. CIRCUIT BREAKERS.

Thé ~¢ascade operation of low-

© voltage.circuit breakers (GE TYPE

AK)' is, no. longer recognized by
NEMA with the publication of $G-3-
1965. This— application procedure
-previously allowed a feeder, breaker
to be applied on a system where the
available short-circuit current was in
éxcess of the breaker’s :short-circuit

rating, provided the feéder breaker

was backed: up by an adequately

" rated main breaker. In addition, the

NEMA standards 'specified certain
other requ:rements for this apph-
cation.

In recent years, cascaded arrange-
ments have been infrequently used

- in industrial and commercial power

systems mostly because of the

. increased recognition of the impor-

tance of service continuity. In cas-
cade operation, when a fault occurred

on. a feeder circuit; both the rmain’

and feeder breaker would probably
trip. . ‘
Neither mo]ded -case cirduit
breakers nor high-voltage circuit
breakers may be.applied in cascade

- ““"nﬂ':mgements

CURRENT-LIMITING FUSE -

PROTECTION FOR--

. DOWN-STREAM- .~
EQUIPMENT -

The current- hrmtmg eﬂ'ect of low-
voltage, current-limiting fudes and
current limiters (in: TRI.- BREAK‘
breakers) can be utilized to provide -
protection for down-stream’ protec- |

tive devices and equipment. A .cur- g

rent limiting fuse or limiter'can hrmt
the peak.let-through current to val.
ues lower than the available short-
circlit current., The *energy let.
through which is proportional to I t
is reduced in a similar manner. By
properly matchmg the fuse and the
down-stream equipment, the down: |

" stream equipment can be applied on _'

circuits with a h:gher than ratmg
available short-circuit- current be- :
cause of the. current limiting eﬁ'ect
of the fuse. . -

Down-stream equlpment when

protected by a properly matched
fuse can be applied whett the ava:l-'
able short -cireuit current is in €xcess .
of the eqlipment short- c1rcu:t rat-

Jing. For example, consxder a pane‘

board contammg TEDc:rcult break-
ers- wnth .a short- c1rcu1t ratmg of
14, 000 ampcres located" where Lhe ‘
avm]able short carcult current
45,000 amperes
breakers do not have an, adeq1 .:te
short- c:rcu;t ratmg by themselves

However, if current hmxtmg fuses -

(C]ass J) rated 400 ampcres of less

Obvxously. these e

are located in the mains of the'pan- . -
elboard or at an up-stream locatlon )

such as a bus- plug feeding the’ panel-
board, the. TED breakers. will be
adequately protected.

The Appendix contains tab]es

which show ‘matched. combmanons .

_of current limiting fuses and down

cu'cun: equ1pment

Finaliy, it has, been determmed
that the matched combmatnons must
be verified by actual test in.a short-

‘circuit laboratory, and th:s is the

basis of these tables. R
"Trodl-rnm‘_t of ihe General Electric Company, .
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““of short-clrcu:t current .is I=E 'Z :
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i"frod umon

n Scctlon I the general. nature of .

ac nhort circuits, including the. calcu-
" ation of short-circuit currents, was
‘discussed, It was determined: that
the basic equation for the-calculation .

whcre E is-the ‘systeiil driving volt- -
age- and Z {or X) is the proper sys- @
tem zmpedancc (or reactance).of the

powet system back to and’ mcludmg S

the sourcc(s) of short -circuit current. -
Furthermore,the proper value of
impedance depends on 'the basis of

. ghort-circuit.rating for the.device.or . ..

eonipment under consideration,
+this section the details of short-*

. crrcuat calculations: will be preserited.: -
‘Much-of the detail of ‘a short-tircuit -

- ealculation Jor study iivolves the-
reprcsentatron of the proper system -
impedances from “thet ‘point of fault
‘back to and, including the source(s)
- of short- circuit current. After ‘this
rcpresentauon i5 - accomplxshcd the .

actual: fault, romputatron is veryu_.'

f “nIe Step bystep: procedures will:
‘&.vpresented for® makmg short-
crrcu:t calculatnons‘ :

Th¢sc step -by- step procedures will

1
¥ il

- L)

‘provide. a ‘basis ‘for makmg ahort--ﬂ :

circuit ca\culauons for most types of :

mdustnal and commercial power ~

systerns from an cxtensive industrial

.- system’ where thé “primary -service .
v may be- 115 kv with distribution and””
zauon voltagc at 13.8 kV, 2. 4"

A80Y, 277 vand 208Y--120 v,
mcludmg in-plant: gcneratlon. o a~‘
commerc:ai «building-system, where
the’ servrce and utilization voltage ig"
208Y.'120° volts «The; industrial sys-
tem’ would require an extensive rep-

: rcsentauon and many- procedural

-steps whrle the burlng system may

- require niinimal represmtatron with'’

just a-few steps. Sometrmes. ashort- -
circuit calculatlon is required ‘for
only’'a part, of ‘the system—for in.

' stance; to‘determine the fequired

4

short-circuit ra:mgs for equipment
to be. acrved*fl om a new feeder to an
exnstmg burldmg service equipment,
or for low- voltage systems where the
¢ " dources of short-circuit current
gt supply, transformer (or-a utility
system), and-indluction motors. Ex-
-amples are _mc_ludcd which show sim-
ple and direct sc':h.!tionsl for the cases,
&
I

;

i D . . Lo
® o . !

" combined’ one:line~and impedance

(S

T

B

Step-by-step Procedures .
The following .steps identify the
.basic considerations in making short-..
circuit calculations. In the simpler
.§ystems, several steps may be com-
bined—for example, the use of. a

equipment- ‘and components and. .
'show' their interconnections.>Fig. 14.

: 3.1.

&

TYPE, AND LOCATION
OF FAULTS REQUIRED

-diagram.

e r

.di&gram'

1. Prepare System One Line Dia-
“gram.” Includc all’ s:gmﬁcant

" system compon Lnts

otherwise . 1dentrﬁcd Thc qlocatron
- where short. circuits are requrred

. 2. Decide on fault locatrons and
type of short-circuit current

.. calculations requu‘ed Jbased on

Lotype- of equipment bcmg ap-.
plied. Consider the variation of
system operating, conditions
required to d:splay the most
severe duties. Assxgn bus num-
‘bers or suntablc :dentrﬁcatron _
to the fault locations.

all"bugés dre fau]tea The” type of
short- Cll'\..UIt currents reqmréd
' baged"on the short circult ratitg- of
thc cqurpment locatcd at the fau!'ced

+

"SYSTEM CONDITIONS
_FOR MOST ' SEVERE .
DUTY - .. 'n:'}

" Itis sometimes guite d:Fﬁcult to

—

[N

3. Prepare an impedance dra
" gram.-For systems above 600--

volts, two diagrams are usually ° -vestigated to reveal'the mdst 'severe.
réquired ¢ to..calculate s inter: 4, ¢ieq " for. “various - components
» 'Tupting andmomentary duty  gdvergdutiesare those that aré most
_ for high-voltage:circuit break-- 'y oly o tax the capabﬂrtres of com-
ers. Refer to Table 1-for deter- ponents.’
.mining the.type -of. short- -eir-v Futufe growth and- change 4

. cuit fating requifed for various. system can modify short-circuit cur-
+ kinds ofequipment as.wcll as

_the machine reactances to use
- ~»in the impedance . diagram.,
Selectsuitable kVA and. volt- .
age.bases for the study when.
“the. per' unit sys_tem;..is;:bein_g
Jused, Cown

4 -For the dcsrgnatcd fault.loca:
~ tions and system” conditions,
Yon 'rcsolve the-impedance rietwork Thcrefore,
. gmde ea!culatc the required-~ detO!'Cd in the present calculatxons'
: symmetncal "currents (E’Z
‘or E’X). When ‘calculations®
are being'made on a computer, *
"‘su'brnit' ‘impedance” data in
© proper forrn as’ required.by the-
"dpecific’’ program.’ For “high-
voltage equipment apply ap-
propriate  multipliers: from
Table 1 to calcillated sym-
metrical *values so.that the
ghort.circuit currents will be in
terms of equipment rating.

‘available short-circuit duty for an.
-in- bu:ldmg system being ° mvestr—
‘gated may be 150 MVA. But future
' rg;rowth Pplansmay call for an mcrease
in available duty to 750 MVA gév.
" eral years hence. This i increase could
substantrally .raise:the short crrcmt
duties-on the in-building cqurpment
‘the - increase  must bc

4

ment can. be selected. In a 'similar
ing expansions very often will-raise

of the powér system so that, fiture
expansions must also be consrdered
initially.

.

e

‘ occurs when ‘the maximum concen- *

The conditions most likely to_ in-.
A SYSTEM ONE-LINE~
DIAGRAM

The system one-line diagram is

l. Which machines and circuits
. "are-to be consrdered in actual
operatron'-‘ :

o

illustrates-a typrcal system one lmc .

should be selected. In many studies, .

~manner; future in-plant or in-build: -

short-circuit-duties 'in various-parts -

@ind_a}_:.ﬁenral .to short.circuit anal-.
ysig. It.should ‘include all sigrificant

'

v

- All buses should be numbercd or ,

. -

51'.:

' rents. For example, the mmal ut:hty .

so that adequate in’ building equip- -

.

The - most .severe ~duty usually‘

‘tration of machinery is in operation
arid all interconnections are closed. .

fluence -the critical-duty include: ™ ...

R

predict which of the intended or. pos- e
“gible system conditisiis’ shot‘ﬂd be if-

w
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¢

b0
!

‘,,
.
&

¢ | uriLiTy system - - S
- x%TRANS o - GENERAfQ_R ‘
. ' F
s >L ‘ " |Bus 2 . .
- cneu:‘é” |
SHORT _ )
CIRCUIT .. . . o LARGE
c _CABLE|J _ MOTpR
; . o 3 -“ . l .
‘ " BUS 3 . Ay~ TRANS H
' 480°VOLT
MOTORS -

) 'Flg.f_,!‘li.' A typléal systahion-e-llne diagrﬁm_.

-l Tl e e e
2‘ thch sthchmg units arc to
' be open or closed?

. 3. What| future expansions.
. or systcm ‘changes will affect
o e ——"m plant or in-building short-
: c1rcu1t currents?
Prepurmg Impedume
- Diagrams

The. impedance diagram dlsplays
the - interconnected circuit” imped.-
ances that control the magnitude of

_short-circuit currents, The diagram

- is derived from the system one-line |
diagram, showing an-impedance for

every system component that exerts
a significant effect on short.circuit

‘current magnitude, Not only must

the :mpedances be interconnected to

reproduce actual circuit. conditions, "

but it will be helpful to preserve the

same arrangement pattern -used in”

the’ ‘one. line. dtagram See F:g 15

COMPONENT

-"'IMPEDANCE VALUES

Component :mpedance values are -

exprcsscd in'terms of any of the
following units: .
1. Ohms -per-phase

2. Per-cent on rated kVA or a

‘reference kVA base

. Per- unit on. &’ rcference kVA‘
'basc .

‘In formulating the impedance dia-
© gram,-all impedance values inust be
expressed in the same units; either in

Ohms-per-phase or per-uni{ on a-

reference kVA base (per-cent is a
form of per-unit). oL

-USE "OF PER- UNIT OR
OHMS

*. Short-circuit calculations can ‘Be~ <

made with impedarices represented
in per-unit or ohms. Both represen-

tations will yield identidal resylts.

Which should be used?

In general, if the system _Being,

studied has several differént voltage -

--.levels or is a. high:voltage system -
(above 600 volts) per-tinit-imped-
ance representation will provide the

~~—-gagier, more straightforward caleula- .

tion: The per-unit system is idcal for~

studying multi-voltage -

cluded

systems.
Also, most of the comporedts in-
in high-voltage: networks .
- (machines, transformers. and utility

-systems)- are -given' in’ per- -unit or"

per- -cent values and further conver-
siofi is not requiredr T

.On the other hand, wheré few or -.

no voltage transformatnons .are Gn-o T
volved and for low-voltage systems D
where many conductors are mcluded-_' '

in the impedance net\\ork. repre-
‘sentation of system ‘elemeilts

in

"ohms may prov:de the éasier, more.

straightforward calculation. -

5 | SYSTEM DRIVING VOLTAGE
%A B 2¢ F .26 s
< - -
. ‘ ..éo‘
‘ ' .
leust|. - Bus2
o , 5
sC .
’ Wv. ‘H
Bus3 | ] .~

Fig. 15.-
santed in flg. 14.

An equlvulem Impedunce dlagrum for fhe

system repra-

15
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' NEGLECTING s
. RESISTANCE |

All system components: have. an
lmpcdance (Z) consisting. of ‘resist-
~  gaee: (R) and inductive reactance
(X) where: 1 e
C Zey R’J-X*

Many systern components such as
rotating machines, transformers, and

»sented by reactance only, regardless

reactors have high values of react- »

ance: compared to resistance: When
the pystem impedance consists
mainly of such components, the

magnitude of a short-circuit current

*r lerived by the basic equation I =
m. 18 primarily determined by the
reactance ;80 the resistance cani,
pract:cally.bc neglcctcd in the calcu-,
lation.  This. allows a much- mmplcr
calculatton ‘because then I=E X

Conductors (cables,. buses, .

,open-wire “fines), however, have

s:gmﬁcant resistance compared to

-their. reactance so that when the

svstem . impedance - contains

 srable éonductor unpcdance. the

' '?ﬂ/istancc mdy have an'effect on the:

magmtude ‘of the short-dircuit cur-
rent'and shou!d beincluded Ain the
calculatmn '

. The result is the appearancc of
usmg Z-or X interchangeably. The.
proper concept. ig that whenever the
resistance does not significantly .
ffect  the calculated . short-circuit
\T,rent . a network™ of ‘reactances
alone can be used to. represent the
system impedance. When .the .ratio
of -the reactance to the resistance
{X'R ratio) of the system imped- -
“ance is greater than 4, négligible-
errors.(less than 3 ) will result from .

mtroduces some error but always in-
creases the ‘calculated ‘current.

On systems above 600. volts, cir-
cuit:X R ratios usually are greater
than" 4-and. resistance cam generally.
be neglected in short-circuit calcula-
tions. However, on  systemis below
600 -volts, the circuit X R ratio at

*'—msformer .can be low .and: the re.

and .

of the system voltage, an exception
being transformers with impedances
less-than 4€¢, ‘Fig: '16-summanrizes.
- the locatio'ns in a system ‘whete re-
sistance ' iz~ génerally " used 'in thc

- short- cnrcult calculatlon

EM HIGH VOLTAGE CABLE
1300FT KOORVA TRANS:
NQ.4/0} AECY . -

USE_ONLY REACTANCE
OF THESE CIRCUIT
LEMENTS™ A
IN GENERAL USE  MOT,
REACTANCE & RESIS-
TANCE OF THESE PARTS
SHORT CIRCUIT CURRENT ‘ﬁgF‘T g,'f'&g”’
CONSIDERING REACTANCE
ONLY v 9840 AMPERES
SHORT CIRCUIT CURRENT
CONSIDERING REACTANCE OF ALL PARTS
PLUS RESISTANCE OF LOW VOLTAGE
CABLE v 6210 AMPERES  °

.Flg. 16. locations in_sysfem'
where - reacfunce and. resistance
are generully used for short-
cireult calculations., .

v,

COMBINING OF

con- °

™

"MPEDANCES - - -

Ar impedance (Z) containing re-
sistance {(R) and reactance (X} is5.a
complex quaniity or véctor.
frequently -expressed” in the fo
R+5'X and is itlustrated:in Fig, 17, ,

- When combining - 1mpedances in ..

series, impedances (Z) cannot be
added directly. The resistance (R) -

and recactance €)-values  must be
“added together separately, and then
Z can be computed, Z=1 R*+X"

Fig, 18 illustrates .the addition of
1mpcdances in series. Further detadils
of complex quantity mampulatfon'
arc mc]udcd in the Appendlx .

PER-UNIT

ncgtectmg rcs:stance Neglecting R REPRESENTA"ONS )

In the per-unit system, there are .

four base.quantities: base kV A, base
volts, base ohms, and base amperes.
When any two. of the four are as-
signed ‘values, the other two values
can be derived. It is common prac-
tice to assign study base values to
kVA and voltage. Base amperes and

locations rcmote from the. supply base ochms are then derived for_each -

. of the voltage levels in the system.

‘ ,.ancc of c:rcuxt conductors should For example, refer to Table 3 in

tﬁc]uded in, the short-circuit cal-

Section I11. The kVA bese assigned

culation. Bccausc of their high X ‘'R - may be the kVA rating of one of the

. ratig, rotatmg mach.ncs. transform-

ers and reactors are generally repre-

16

prcdommant pieces of system cqu:p~
ment. such as a gcncrator or trans-

It is -
the form !

.

former. but-. more - convemently a
numbcr such as 10,000 is selected as,

"base kVA. The latter selection has

some - dvantage --of commanality.

when many-studies are made.while °

the former choice means. that the
" impedance or, reactance of at, leadt
one significant component w:ll tiot

. have to be converted to a new base, -
e . K e,

".""A"""'

. —— i f— —— v ——

RA+JX .0 )

‘whece: R=.2 and X6, "

N

A T
R T % .‘:.6_324.-.‘-_ R

[

[ - . oo

Flg. 17. lmpeddni:e vectors.

The nommal line- to- hne system

s

voltages are normalty used “as, the

base voltages Conversxon of imped-
-ances to’ per- ‘unit on an. ‘assigned
study kVA base will be 1llustrated
for vanous equtpmt_nt ‘components.
A summarv of frequently used per-
unit’ relannsh:ps ‘follows, The Ap-
pendlx contams a more detailed d1s-
cussion of the per-unit system

Bas:c per-umt reIananshtp e
: ’ Actual volts

Base volts

Per umt vclts
R SR

Actual ampcrcs

Base ampéres

Per-unit amperes =

R 4
Actual ohms ..

~.Base ohms,

Pi:r-un"i_i: ahiﬁ_s'- '
. For three«phase sysfems

. Ass:gned Values L T
Base voltsr:lme -to-line volts
Base kVA= thrce phase kVA

TN
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Derwed Values

: Base kVA (]000)
-B_aqe amperes = ——=—

PUIRR \ 3 (Base volts)
. _BasekVA
v 3 E;‘.e KV
Base volts

Base ohm‘s (bage amperes)

’ o'r i s
3 Base kV (1000)
Base ohms =f - Base KVA

Changing from-per-cent on an old

* base to per-unit on a new base

~7100

K (Row ese kv A)
Old Base - kVA

Old Base V(}hé) !

New Base Volts

THE ELECTRIC UTILITY
SYSTEM ‘

The clectnc ut:llty
represented by a.

system is i
single .

ot 480 volts

. } . ""A v . A. - equi\-alent reactance referred to the
Rt T ' o user’s point of connection-which is .
o P T ST equivalent to the available.short- - -
AR I TS D - .. direuit current from the un!nv This. 7. .
o ‘. . . e - . value is obtai ined from the utility,- .
; . S L  ran _and may be expressed 'in several .
T Zp = R 4Jx) = 24d6 e
o . S ) . “Three-phase short. c'rcu t l’\/n o
b . oo : ‘ available, ) ’
o ; o _ ) | ' ‘ .2, Three-phase ‘short. c:ru.nt am- .
@ LR z‘ '[ i N - : " peres avail table.’ at a gnen"f
L Lo L 4% . s : . . . . .
$: .. L Tll - :_ .‘. o N R +J.x = I 4‘]'8 " \’Oltﬂge : E o :
e r : . 22 2" a ) :' 3. Per-tent or. per umt rPacta'lce :
L . ., ) ETO S ! .ona speuﬁed LVA base. - v
I SPTT EETREE : ‘ 4. Reactance in Ghrhs: -per-phisé
P K Co > - : o . (sometimes R+ JX) at a given
u ~ - : 23* R3+JX3 = 7 4Jd7 ‘ vo‘.tage : . ) S,
o i | N " | 4 ! Examples"l LA £ ';‘:‘ .
EUREE EEOW: L e I . e Convérsion to per- unh on a
S R J.) ' : 10,000 kVA'base (kVA,), ‘
. R - . . R ) b 1. Available: “35- short Cll’L‘Ut
- B . .. - . kVA=500,000VA (nOO\I\’A)
N P ' ' kVA;,___lO 000 I
e, T SR RPu=iVa, 500,660 20 -
' PRI Z-r' ( R + R2+‘ R3) 'i""J (X|+ X2+X3) 2. Available 35 ﬂ*ortcrcun_r.r
- . SO . peres-—20 QwO at 1?8kV '
C kva o
Zt (24— +7)+J(6+8+7) Xpu o e VAL
L TN V) s
- © 1 St v ' . . 10,000° - A :
.ZT RT + J X 1 "I'O _+J 2;[ SR "\ 3 (20, 940) (13, 8) |
R ".‘v' ' ' i 2. 3 _Equivalent utxlxty reactance =t
e : ' 5 _m_' 2 0.2 per-unit-on a 100, 000 kVA
“ \/RT +xT (1012+<21) base
. b
_}‘p“ x"“"“(on.,)
775 23.26, " (-1_0_.900) oy,
oo e T_ . o N 0.2 \i5a,050) =007
- - - + S T
f @ L -0 4 Fqun'a ent u1. il reacta“ﬂﬂ— .
. . : . . N N 1 ' t re -
. Fig. 1 8. ‘How Impedances are udded. | 0.38 ?.i\?:ﬁ ks "as‘e.a.t 13'8 ¥
' Xpu=X (1’()50'1_\/'-)

038( 0008 )“602"‘-:*.-
o Y960 (13.8)° A

Conversion to ohms pel‘-phnse.,

1. Availabls 35 short-circhit ¥
kVA=627270 " s -
KVI (1000) (0.48) 1000
T TRVA T 62270 ,
=0.0037 ohms-per-phase at 48C
" volts | - o

:
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1Avaxlable 3¢ short-circuit-am-,
peresm?a 000 at 480 volts

_,_VoltsLN <277 R

A 75,0007 "7 7

—0 0037 ohms per phase at 489
volts

3.-:Equivalent utility reactance =

.-z, 1605 per- umt on_a 10,000
k\]A base. .

kV? (1000)) )

x=%pu (%

(0.48)° 1000)

10,000
_—-0 0037., ohms per-phasc at 480
’ volts o

[PAR A

Transformer reactancc (:mpcd
ance) wxll most commoniy be ex-
pressed as’ a per -cent value (' e Xy
or YeZ.Y 6n the tfansformer rated .

Convarsion fo. poer-unit. on a
' 10,000 kVA base (kVA,}

R =0.0294 ohms '1000 ft.,
R =0.00735 ohtis "250 ft.

X =.0.0349 ohms /1000 ft,,

X =0, 008?2 ohms 250 fL

Rpu=R (woo Vi)

10,000 ol
-0 00735 (1000 0. 45) =0.319

. kVA' L
= Xl L2 ) >
Ko (1000 LV? :

_ ....10,000
= 0.00872 (1000 @ 48)) 75.378
- Z,,=0.319+5.378. S

For high- \oItage cables (above
- 600 volts). the resistance 'of cables
can generally. be_om;tted -in fact, for

short  high-voltage cable runs (less

kVA, (Impedancc values arerusuaily © than 1000 feet)-the entire impedance

N expressed 6n " the" self- cooled kVA
' ,ratlng) " y

-F 1mp|es' SRR
" 500 kVA transformer w:th an
. :mpcdance'of 54, on’its kVA rating |
s (assumc :mpedance is all reactance)

Conversion to ‘per- unh ‘oh u-
'IO ;000 kVA huse (kVAb)

. X kVA
o -/( Tf b
;._x pu 160~ (Transf WAL
5 (19_9,@)
. 7y T 10007500

. Converslon to ohms-per phase

-ct 480 volts : Y e,
"'X-.=

LV 1000 ) '
Transf kVA
(0 48) 1000)

e Xp (

100
100 U300

=0i023 ohms -per- phase at 480
volts. :

BUSWAYS, CABI.ES,

’ CONDUCTORS

The resnstance and reactance of

l busway. cab!es, and conductors will

most } frequently ‘be available in’
tcrms .of ohms -per- phasc per. unit

: Ier"'th (see Appendlx)

mples: e T
250: ft. of./a.. three conductor 500

- mem “cablé (600 ‘volt) installed in

steel’ Conduu: on a 480- volt system.

‘of the cable can be omitted with .
“neglible error.

ROTATING MACHINES

Machmc reactances arc usually
expresscd in,, terms of per- -cent re-
actaice (,.;X Yor per-unit reactance.
(xp.,) on~the normal rated: kVA of
' the machirie- (ste”Appendix). Either
the subtranstent réactance (X*) or

“*the transient reactance:(X’) should

. beselected, depending on the type of -
short- circuit calcu]at:on required
(refer to Table1). Motor rated kVA

can be estimated; given motor horse- .

R LT

r

. . power as follows:

Kind of

Machine Rated kVA =
s R R
(V rated) (I rated)
Al B 1000

™t (éxact)

n

Induction’

motors and . Rated hp
0.8 PF.Syn. (approxlmate)
motors '

1.OPF 0.8 ratcd hp-~
‘Syn maotors (approx:mate)

Y R

Motors’ Rofed Above

600 Valts

“Moturs rated above. 600 \o]ts are !
genc'dliy hxgh in hérsepower rating
andwill haveasigaificant bearing on

short-circuit * current magnitudes:

Very ‘large motors-of severalithou- -:
'sand’” horsepower should be con: _—
sidered individually and their react- i

ances-should ‘be accuratelyﬂdelcrL

mmed ‘before". §tarting ‘the short-

cnrcutt study - Hov.cucr in
plants’ uhere thc—re are numcrous
motors of several hundred horse

power; each-located.at one bus, it is D

“large -

often desirabie to group such mMotors. - .

and nepresent ~them . as a single
qu:valent motor. with one reactance
n thc 1mpcdance diagram., - e

’ e g e C e et

Motors Roted 600 Vohs_-';';i-;‘.-.{.-

or-Less. oL e
Insystems of 600 volts or: loss -the

several hundrcd_horsepower) are

~-usually-few-in number-and represent. . ;-

only-d.small portmn of the total. ot~
nccled horsepou ér. " Theésé " large '
mol;ors can. 'bé ‘represented | indi-

vidually, orf the_) can be lumped in
‘with_the, smaller motors. rcpresem- :

- ing- the . comp]ete :group.” as ~one

“equiivalent’ motor in’ the 1mpedamc

d1agram Small motors are turtied:
off and on frcquenﬂ, ,.50 it.is, prac'
tically impossible to, predict which .
ones w 111 bc o thc line when a short
c:rcuu " occurs.. “Therefore;- small
motors - are. .generally

available, the fol]ou.mg procedutes
may be used in representing--the

‘,.comb:necl reactance of a group of

nusccliancous motors A

1. In industrial svstems rated
600, 480, 0r  volts, assume
““that the: runmng motors: are
" groupéd :at’ the transformer’
secondary bus and have:a re- ,
actance of 23%; on a kVA rat-

" irg equdl to”1007¢ “of the
transformer rating.

2. °In “all” 208-voit systems ‘and’
480 volt commercial. ‘building
" systemns, a substantial por tion

. of the load cons sts of llghtmg.

lumped L7~ PR
gethcr and assumcd to be runmng o
"Where more accurate data are not -

- large motors (that s, motors of « . ¥
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_ " so,assume ‘that the runnii:g
'-motors are grouped at’ the
transformcr secondary bus and
"have a reactance of 257 on a
kVA ratmg equal to 50“6 ot‘

- the transformer rating. = - "

3. Groups ‘of small induction-
- motors as served by a motor:
control -center, can bé repre-

=, sented by considering the

‘ group to have a reactance of

- 257 on a kVA rating equal to
. the cannected -motor horse-

power

.

Examples-

;. Conversion to per-unit on-.a
- 10,000 kVA base (kVA,)

A 500 hp, 0.8. PF synchi'onous

. motor has a subtransient reactance -
',,Z‘_(X’)of 15,0. : !

=‘/c ( kVAb ) .
i_QO__ Motor kVA_'_ :

< 15°1£10,000
”'i‘o”{)( 500 ) -3'°

p\l

. Conversion: to, ohms- per-phusa

" at 480 volts -

A motor control center_has induc-

"’ tion motors with a connected horse-

“.power-totaling 420° horsepower:.

- of 420 J

L X=

Assume group of motors to have a
reactén‘cc of 25%; on a kVA ratmg

a‘ e et

°" ( kV’ 1000 )
100 Motor kVA

(cmx 1000)
100 420

volts

OTHER CIRCUIT

.. IMPEDANCES

i There are other. circuit imped-
ances such as those associated with

: cnrcu:t breakers. current transform-

ers, bus structures and connections
which for ease of calculation are usu-
ally neglected in short:circuit calcu-’

... lations. Accuracy of the caiculation is -
" 7. not:generally. affected because the
effects of the impedances are small

. and- omitting them provides conser-"

vative (higher) short-circuit currents.

"Hc:jvevcr. on low-voltage systems

an parncularly at 208 volts; there’

-' s ) N

. are cases where their inclusion in the

calculation can result in a lower

short-circuit current and allow’ the:

use .of lowef-rated circuit compo-
nernts. The system designer may want
to-include thcse 1mpcdances in such
cascs.. -

SHUNT-CONNECTED ~ .
IMPEDANCES -

" In eddition to the componcnts,'
. already. mentloncd every system in-
cludes other componénts or loads’

_that would be represented in a dia-

gram as shunt- connected imped-

- ances. Examples are lights, welders,

" ovens, furnaces and capacitors. A
technically accurate. solution  re-
quires that ‘these impedances be in;_
cluded in the equwalcnt circuit used.
< in calculatmga short-circuit current,
but practical considerations allow
.the .general practice of om:ttmg -
them. Such impedances are ‘rela.
* tively high values and their omission

will not s:gmﬁcantly affect the calcu-
lated results .

SYSTEM-,DR_I-VING

_VOLTAGE (E) .

. Thc.systcm-drivir;g volfa{ge (E)in .

‘the batic equation can be repre-

ar ity

sented by the use of' a gingle over-all
driving voltage as illustrated in Fig.

15, ;rather than the array of indi-

- acting - within
“. machines. This single driving -volt-
. .age is-equal to the prefault voltage
. --0 137 ohms -per- phasc at 480 “

vidual, unequal generated voltages
individual rotating

at the point of fault connection. The

.equivalent- circuit .is a valid.trans-
- formation accomplished. by The-
“venin's Theorem and permits an

accurate determination of short-
circuit current for the assigned

values of system impedance. The -

prefault *-oltage referred to is ordi-
narily taken as system. nominal voli-

. age at the point of fault as this calcu-

lation leads to the full value of short-
circuit current that--may be pro-
duced by the probable maximum
" operating voltage.

In making a. short-circuit ca]cula-

tion on three-phase . balanced sys--

tems, a smglc phase representation
of a three- phase. system is utilized so

* line-to-line  voltage
.neutral voltage have equal valués:
both would have wvalues.
of1.0. L

‘are expressed

that all impedances are expressed in .
.and the system- .
drnmg voltage (E). is exprcssed in. -
“!ine’to-neutral volts. Line-to-neutral -
voltage is equal to line-to- line volt- *

. age divided by the 3

ohms-per-phase,

When usmg the per- ‘unit system,

_'nf the system per- umt impedances
are -established on voltage bases.
equal to system nominal .voltages,

e L

the per-unit driving voltage is equal

to 1.0. In the pér-unit system, both
and line-to-

that is,
When system impedance values

rather. than per-unit, the system-

in chms- per-phase_ SR

dnvmg voltage v.ould be .equal, to

is, 277 volts for a 480 volt system

"

Determmnﬂon of i

Short-circuit Currents

. After” the \mpedance dlagram is
prepqred the short-circuit: currents -

can be determined.” This can be

computer- tcchmques

In general the presence.of c105°d
loops in the impedance network,

. such’ as might be found in a large
industrial plant h:gh voltage system,

and the rieed for short-circuit duties

at many system locattons,wgll favor-”

" accomplished by Ionghand calcula- -
" tion, network analyzer or .dlg:_ta.\l ‘

‘system line-to-neutral voltage ‘that . ;

.

using a network analyzer or digital.”,

compiiter from an economic .-and
time-saving  standpoint.’r Simple

“radial systems, such as those used in
' most low-voltage systems,
“easily resolved by longhand calcula-
tions though digital computers-ean---

yield significant :time savings par-
ticularly when short-circuit duties

at many system ‘locations are. re- L

can be

quired and when resistance is bemg'

_'mcluded in the calculation.

r

r

A Ionghand solution requires the_ 5

. combining of impedances in séries

and parallel from the source driving -

voltage to the location of the fault.
being calculated to determme the’

smgIe equwalent' nctwork xmped-. ,

ance, The ca]culatlon to derwe the

.
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- .
symmetencal short c:rcu:t current is
is “ the system
driving voltage ‘and ‘(or- X) is the

! s:nglc:equwalcnt network: imped-

R T '

ko

ance.”
When ‘calculations are “made in

- per-udit;. the follou.mg “formulas

apply: © 17
Sym. 3¢ short circuit I Epu
current m per umt P N
. * st - v
Sym. 3:5 short ‘cifcuit’ I
current in’ amperes .'
" Sym :qs short c:rcuxt v A;kvab
. pa
where: I = per- umt ampercs, .

Zp\, = equwalent netiwork:
" per -init impedance,

' Epu--per umt volts
I;, = Basc amperes

KVAb-Base KVA, -.'

L “-' o i=DBase ICVA

thn calculatlons are made in

ohms:: - - S S
SR g

Sym 3¢ short circuit - I__E_,_,_,

in amperes

&

) wherc E,,,—.hne to neutral voltage
ard Z= cqu:valent network. zmped-..

£y, it ohms-per- phasc

A new combmat:on of 1mpedances'

to determmc, the smgle equwalent

- network 1mpedance 18 requu'cd Jfor.

. each fault locat:on

For a radial systcm. thc Ionghand
solution is fairly simple. For systems
containing loops, simultaneous.equa-
tions may 'be necessary. though -

delta-wye network: ~transformations .

- can - usually.t be. ysed- to -‘combine— USE OF. ESTIMATING

impedances. Meéthods _of combining .
impedances are included in-the. Ap:

pendix; Some of the newer electronic

calculators can ‘be excellent time-
savers,in, makmg long hand calcula:

: tions. Examplcs.nf Jong-hand calcu-

.-la*

1s are mcludcd ina later section.
.'g,l v ";" f
.1 i
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"NETWORK ANALYZERS
AND DIGITAL COMPUTER
SOLUTIONS

Netv. ork analvzcrs have been usecl
for many years,{o. makc POjVer sys-
tem _ghorticitcdit studics._Quite

'.slimply, a network analyzer is a.

model using interconnected driving
voltages and impedances to simulate
a power system ‘Faults are actually.~
apphed to the svstem ‘model and
actual currents and voltagcs re-
cordccl With
d:gltal ‘computer, ’

however," few

the advent- of “the

available. for commonlv used trans-
formers and for varicus conductor
com"'guratzons Use of these tables:
may €'iminate’ the need for a formal
short-circuit studv and can be us;d
- where- appropriate, Estxmatmg ta-

-bles and curves are-included: in lhe
Appendix, and: thelr use is :llustrated
in Section III

T
AR

Means for: Reducmg cn
Short-tircuit Current

- There is"a- ‘natural réduction <of
short -circuit duty due to the imped-

-power system stud:es are stid made ance:of the. conductors from the

“on the network analyzcr
Digital computer solutions require -

-computer program in-a manner dic-’

cards or papcr tape for ‘batch
proccssmg thh the master program

- ~gtored-on mgnetlc tape, A new de-

veiopmeént in: computcrs ig the time-
sharing concept where data can be:

- submitted at a remote tcletypex\ riter

by the pcrson making the short-
citcuit study; With time-sharing svs- -
tems, it is.not-uhusual'to subinit the
'.téquired input data and receive the
“answers within a pcnod of 10 to 20
minutés at a very low cost. for “the
computer time!. .

Computer. solut:ons have more”
«than ’ Just econormc beneﬁts A

curacy, i§. extremely high. Calcula--

- power source to the.loads. For ex-

ample, the short-circuit duty at the™«-

'the input of systcm data -into-the~ terminals of a 1500 kVA, 480-volt"’
transformer may be 35,000 amperes, -
tated by .the prog:am bemg used. * whii¢'at the end of a‘600:amp'cable. " -
‘This may take the form of' puhched - 'run, the duty may -be- 13,000 ams.-

peres.-But beyond this natural- e’

" duction in short-circuit duty, it is

.sometimes desired or necessary to.

insert additional. 1mpedancc in ‘the
form of reactance to achieve a lower
required: duty. for application of

" some specific equipment. This can be’
--done -with current-limiting reactofs -

(all :valtages)- or .current-limiting .

‘busways (600 volts and below).
»For instance, thc avallable short-
cucu:t duty from a  utility service

. supplving a plant or bualdmg may be

850 MVA at 13: 8 kV This would
require - 1000 MVA circuit breakcrs
for the in- plant or, in-buildihg' sys:

tions 'are practically .error-free. In . tem. ‘A more ;jeconomical approach

‘addition, input and output -data are.!
prm ted in-a' systematzc form, provxd-
g a’complete ‘fécord 6 the study

- 'and thereby elinmdinating the need for

further data : stranscription withe«its,
possibility of further error. Examples:
-of computersolutions-will be shown
in. Sectlon 10 0 R LR

+

TABLES AND.- CURVES

*Thére ‘dre’ many “tirfies” «whei''a’
short-circuit duty is required at the
secondary ‘of a'transformer or at the

end of a a-low-voltage: conductor. |

Curves- and ‘tables, which give the

--estimated - shorticiraiit duty, -are -~

maght ‘be to apply.-current- hmmng
.reactors on- the: mcotmmg line. ‘to .
reduce™the avallable duty to" less

_than 500 MVA so that lower-cost

500-MVA cu-cuxt breakers can’, bc
applied.

. Example Two in Section III :llus-
trates the use.of a current- hm:tmg

busuav to rcduce the, available - .

short circuit tduty from 'a :480- volt"'

spot nctwork y

The general procedurt. is to detcr- v
mine the additional reactance. re-
quired to reduce the short-circuit
duty,to the dcs:rcd level as follows

P U T TR W L
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‘Introduction

The followmg examples illustrate ‘

"% how short- circuit currents are caleu-

lated by several of the procedures”

described in ' Sections L and IL

Included afe typica! industrial and

commetcial - building -pow er systems

, and’ the method of calculation nor-

- mally used in'each. Itis understood,’
however, that the selection of the |

method of calculation must be coord-
inated with the particlar svstem de-

- sign shown in the prcvxous sections.

Example One: The Indus-

trial Power System

' STEP A-—THE SYSTEM
- ONE-LINE DIAGRAM .

; Flg 19 shows a one-line dtag_ram .
"of an’industrial power system. It
* contains-the. basic information that

...,_>>'|

i

identifies thc various electric: com-

: poncms of the system and shows
. how they are interconnected,
- ‘dldgram also includes:

* The utility short:circuit duty.

2 “The-kVA and. impedance of

transformcrs_ Ti, T2, and T3,
3. The type, - size,
ance(s) of machines G1,

motors on bus 2, .
'4. The ‘cable type, length, 'md
simpedance . of ' the cable be-
1tweer’1 bus 2 and bus 4. (Cables
“serving T2 and T3 are not in.

The

and  react- .
Mi;. .
M2,. M3, and thie lnducllun,‘

-

. .-".cludad becausé their lt.ngU‘ 15 .

such that’ :mpedanu: i$ neg-
ligible.)

STEP B=TYPE AND.

LOCATION .OF SHOR'I'
CIRCUITS

* Protective devxces arc located at
buses1, 2, 3 and 4, and these are the
locatlons where short-circuit, éut-
rents are rcquxred Fault locations

* F1, F2, F3, and F4 are designated.

o Hl(,h voltage ‘power-circuit breakcrs
" -are located at.bus 1; therefore, both

. i

a momentary current and interrupt-

. ing current will be calculated. Low-

“wvoltage circuit breakers and equip-

,‘ment are located dt buses 2, 3, and 4,

" thus requirfipg a syn-':mctricgl sh’ort-

' s-'ﬁ

Y ' o
TY = |5QO MVA} L £,

375 KVA ™

. .
R . IND ' O.BPF SYN COPF: SYN: i\
: 4500HP 5000 HP 6000 HP

- X" 220%. X" =10% X" 515%

: x' =15%; X' =24% s
o T2 o T3
A A ol —————
»-_E>.~ ol 1500 k VA . 500k VA .
= !) ’ x'=5-?5°/o X 500/9
480v/277 v [BUS2 2oswab—v BUS3 i
' TN, (NO~ M?.T?B_S’

BUS 4

F4

= 25% ON 1500 kVA

X"
‘ 700FT 3/C CABLE, 250!\‘.CM4 .
' &= (00552+J00379)ﬂ/1000FT

s

=

Fig. 1 ?. A one.line dlc;grum of an industrial power sfstlem_.

circuit current calculation at these
buses.

Three- phase boltcd fau]ts will be
calculated because maximum values
are needed for device selection. The
mosy, severe duty will occur when all

breakers-are closed, the utility is.

connected, and G1, M1, M2, M3,
and all other mducuon motors are
operatmg

STEP ¢~ SYSTEM
: IMPEDANCE DIAGRAMS

* The one.or more impedance dia-

grams should be patterned.after the °

one-liug diagram. The arrangement

of elements should assist easy iden-.

tification of any given component

in the two typés of diagrams (one-

line vs. impedance) even- though
identification ' of components and
significant points in the circuits may

resolved into'a’ smgle value imped-
ance.
The per- -unit sy stcm lends ifs=i{ w0

the several .voltage levels. A base
kVA of 15,000 will be assigned. The
assigned base voltages will be the
nominal system, voltages of 13. 800.,

480, and 208 volts. Base amneres '

and basc ohms for each of the volt-

21

become impossible as the network is - *

" analysis. of this system because of -

=G, 5 % , K S
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. }aﬁle 3—Three- phase Vaiues for

Exnmple One.

Auvigned Volues Derived Values

WAR . Ve e l n
15000 134 - o 827 12.7

18, 000 Q.480 , 18040 0.0154
15000 . .0.208 41600 . _0.00787

e

age levels can then be derived as
showh in Table 3; :

Figs. 20 and 21 are the impedance
diagrams for the one-line diagram in

. Fig.-19. The impedance diagram in

Fig...20. contains -machine $ibtran.
s “t'reactances (X*) for calculating

high-voltage circuit breaker momen-
tary current at fault location F1 and
symmetrical current-at F2; F3,-and

- F4 Fig. 21 is'the.impedance diagram-’

for the calculation .of high voltage
circuit breaker-interrupting current
at fault location F}. Note that it
contains transient reactances (X')

- for the synchronous motors:M2-and

M3, does ‘nét include induction

‘motors. . Transformers T2.-and- T3
. and the 480- volt feeder are omitted

because they.are not uwolvcd in. thc

calculanon :
The per-unit. values for all :com-

po:xent nnpcdanccs ‘inFig.s 20 are

-derived '\nd_hst.ed as follows:

\o’:' - ¢
) . ) e ",
ar . t !
N . . .
Rt
‘ Co CEP SYSTEM DRIVING VOLTAGE RPN
S rl. ' . ) ,. —-
- wi N ]k- . - B L ’ . &
R $ T -
BRTRN REAAE Tt o
agovs . |+ L o
M Gl 2y
‘gg’;‘.ﬁ; : s ~ (J.152) = (.3 J 968
't ) ) .
. Lee R tEem, N .
!. . " i
7 ¥
C N T ey - BUS | "
L PECA - lFI
- ) 2 ] L‘ . ' .
- « T3
, :tw 575) 3 LS
- - R ‘
© ] 7 . 4sov}]  Buse zogv | Bus3 N
' ::':& A . le J[Fs.
e e o TeaBLE L
4, 1 (2841730 ) e :
TR Y ‘
4 o LS ’
;. Uvagov|  Busa BASE KVAs 15,000

EE T I k)

. U{'ﬁity —--_X '

Transt TR

. Transf. T3I—X = —

15,000+
. 1,500,000
R n:.ooo*;"o—d_
100 115.000)
6:5 (13,000%
9:5 (15,0008 4 152 punr
100 ( 5:375) ?'-‘7—“—' -

20 (15,0007 g
S A 0.666.

100 ( 4,500), p“ St
10 (15, ooo) ‘
Met, Mz Xeo—to. {)3 pu
e . 110045, 000) - - g s

o 215 ¢ .15, 000)
Mf“ M3. x 100 USOOOxOB)
<0468 pu_- ., .
“‘“:‘ 25 (15 000\ i

T 100.( 1300) :

5.75 (13,000}

100 { 1,500) =+ > PU
5 (15.000) Cispu -
100 - (3000 DS .o

Gen..Gl-—X =

Mot M1—X =

480V Mot

Transf. T2—-X =

.

J7(0.05524j.0379)" " ¥ o
© =0, 0386+_) 0265 ohms -per- .
it phase. .. : E
0.0386 (15,000) - C
~ 1000 (028 - 231 LS
. 0.0265 (15,000) o
= 1000 (0.48)° =rapw
The. per-unit values for’ all Com-
ponent. xmpcdances in Fig. 21 are,

Z(700 rt)

derived and listed a$ follows: e

- Utility —-—X =0.01pu, -

Transf;T]——Xr:OO? pu. -
Gen, Gl—x 0.152 pu .
15 (15, ooo) .
Mot, M2—X = ot
ot: X= ~ 100 { 5,000), °4°p‘,‘l
-24 (15,000) ’
M°‘ M3~ 3ox= ~ 100 (6000 X -8).~ =0.75 pu

STER. D CALCULATIQN

" - OF FAULT DUTIES

The longhand calculations for this
example are intentionally kept

simple to emphasize the.-procedures,

The network resolutions employ

~only series additions and parallel

combinations of 1mpedances, mvolv-
ing ordinary arithmetic with only a

" touch of complex-number opera-

tions. Details of network resolitions ¢
are contained in the_Appendix.-

The base voltages were assxgned'
values equal 0 the nominal’ .aystem
voltagés which are equwalcnt to the”

{' g An . Impedance: dlugrnrn tor calculating "HV.CB. mamentary: -PT¢- -fault or, gperating voltage, This

~Flg. 19,

~*gurrent and L.V. symmetr!cal curren! for system shown in

'
'

means that ~the!“system.. -per- umt
drwmg voltage (E)equals 1.0.", ~

001 o L

PRI R

- 480V.Fdr—250 MCM, 3 :Cleable- . »JFityris



- A'total of five cases will be syste-

» matically presented by: (1) indicat-

ing an applicable network; (2) re-

solving it to’a single-value imped- . .
ance; (3) calculating a -symmetrical -
- current (or kVA), and (4) applying.a -
proper - multip!ymg factor, if re- -: -

quu'ed i e

Case One—Fault at Fl:.
Momentary Current

The impedances of Fig. 20 are to
be resolved irito a single reactance
value that- hrmts the current for a

SYSTEM DRIVING VOLTAGE |

i

Gl -
..a»:z--‘gJ,ISE) :

§t,.}~.‘§s} '

13

Y ew

75)

BASE KVA=15.000

An Impedunce dlugram for colculuﬁng HVPCB mterrupﬂng. ‘

+

threc«phase fault at F1. The pro- - .- o P e
cedure requires addition of series- ’ : : '
“branch values directly ‘and addition - .
-of reciprocals of parallel-branch L
- values as indicated below: e .
Branch /X I3 8KV
Utxhty Tl 1/(0 010, 07)%12.50 a .
Gl s +|'1/0.152° ="6,58 " . , o e
M1 .1/0.666 - = 1.50 . ‘.
- M2 "1/0.3 = -3.33 .
M3 - 1/0.468 0 = 213
: Mot_—TQ 1%,7(2.54—‘0.5\75):- 033. . .
' L 26.37 Flg. 21:
Equwalent xn =1/26.37 = , o eurrenf for system shown in Fig. 19,
0:0379 pu ) RS

s

RS
',

X

- "'-r:%-pv‘z’f:a"-'.- B T

. .-" o '7 o
- L .
i w— ,w g -
. . oy .

Thc symmetr;cal fault current at
F—L—m—per unit.is E/x or:

E '10

3

Clmie 2637pu (sym- '

x,, ) 0.0379
metncal) ~:

142637, (Ib) =26.37 (627)=r

.,16,537 amperes (symmetrical)
- ‘The - pou}er'-ctfeuit— ‘breeker mo-

" mentary duty is.given in asym-
. metrical .amperes, and this value is

. determined by using the multaphcr
of 1, 6 frorn Table 1.

—-16 537 (1.6) =126, 460- ampcrcs
(asymmetr:cal)

Thxs valu¢ would be compared to

the. momeMﬂFy rating of the 13.8 kv .

_power- cu‘cmt hreakers

Cd's_'e -Two—Faqu at Fl: '

_HV Circuit-breaker/
Inferrupﬂng kVA
The 1mpcdances of Flg 21 can be

resolved in a manner similar to Case
-1 in order to determine th three-

I

phase PCB mterruptmg duty at Fl

Equwa!‘ent erl 122, 63--* ¢
: 0.0441- pu B

Branch .- 1/X,
Uuhty—'rl 1/¢0.0140.07).=.12.50
G1 , 1/0,i152 ' = 6.58
M2 .1 1/0.45- = 2.22
Ma, 1/0:_75 s = 1,35

: 1+ 22 63

) “The power-circuu brea}:cr inter-’

! ._I.E.. 627

T Xl 0.0441°
(symmetrical)

kVA, 15,000

14 190 amperes

CKVA =P 2 = 330,000 kVA‘

"Xp1

“ (symmetrical) . (These . equa-’

... tions are other-foris of the
basic I=E‘Z calculation of
Case 1.) .. - -

. rupting rating.is expressed in sym- -
metrical amperes or kVA (8 cycle
breaker), and these valies' can be. %
cnlculated as foilows for a faultj

“atFlie.c o0 e JEoRT

‘Case Three —~Fault-at F2:.

LV Symmetrical Current.

I

PR Y-S U}

...The impedance network of Fig'.'zo,- o

‘must be rearranged from  that of
Case 1 to determine the single fau]t

at F2 as fo]lows

Thc S) mmetr c‘al fault current at

F2 is:
23

i Ll danh o)

Branch : o 1x .
: ‘Utihty—Tl LA ,-W. 7 12,50
S 6.58
w150
S L .333
Jo=26.0%
v 7 =0.0384
‘ x1 -T2-—0 0384+o 575=0. 6j3‘4 :
Equwa]cnt XH—— N T
(Xm) (X1+T2) ,
mm—}-(Xl-—TQ)
2. a(o 6134) )
2 s+0 6134 0.4925

¢ amipgh g e R
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S

B (R 18, 049_36 500 Case Four=Fault at F3: =0.037941.5=1,3379 . -

P Xpy 004925 amperes LV symmetrical current ~ The s»mmetrtcal fauilt currcnt at’ ..
: (s':-vmmétrical) . . -'Thg equivalent reactance 1o bus 1 F3is: e e
o L T ot has already been calculated in Casel -+ 41,600 0 " R
¥ Low-voltfage power- circuit“break- ;| to be 0.0379. The cquivalent react- I=}"<" Sty 33 9 =27,050 ampcres

. oers are rated in sy mmctncal &m-  ance for a fault at F3 is thercfore: e .

' - pcrcs ' - Equivalent Xg,:= 003794 T3 (symmctnca})
’ v T o ’ ' I ' ¢ ’ . -. v
e __POWER _CO__VAULT _ 1500 KVA 13.2 ky-480¥/277V_ ‘' NOTES: i .
* T CUTTACLITALLTTALLL T | > BUS NUMSBER'
e ' . . o : ‘ e F”NELBC‘ARD
S L g -E(""T"‘ , ;L‘—"‘] ORMOTOR
i RPN L @ WP gNwP WP . 1 ConTROL .

. . . . 1. | e CENTER“'

' U e e = - foio s - — R ‘__..;__-‘.;'_H__:‘_J

{,AILABLE SHORT CIRCUIT DUTY/ 1) AR-TS t AKTS e

\m POWER COMPANY NETWORK - o ¥y . L

BUS IS 55600 AMPERES: 3¢ , ol o a2k R A . _
SYw AETRICAL.. AT4 80V (46.17MVA) 1% . 83 : '
R - 7] - v
SR A8 ]R3 _
N@p 0
' © 4BOY/277. - ®3 @ @ 3| 480Y/ 277V - L,
[ W) ;. MAIN sw:rcdosm NORTH ' MAIN' SWiTCHGE AR-SOUTH | R
L : AK-50 | AK-50 AK-50 § AK-50, . .
, _-9_ -6004 , 116004 ! )IOOOA } L)I_ZOQA‘
T - - '& P [
o K Zl - i y = P e
bi; . ) - : § . g : !
g : ' : ' P . o - o
o ‘ : ) 3\ ’ ! . g ‘ of
. ‘.. t'\l" . E L A \f|3 ) ‘ . . :
a '-: ) o ,'lﬂ . _:._"‘" - 1
l . "‘? . ’ R 8 L . N 8 b ‘ g‘ B
1 L IRy - é_ . @CCl o ,r. -— | . B wt ‘(f‘ :‘
© ' - . ' .
- e . A L .

. . Ty ' o A ) . f“ . ' ) ! . : “f{ ' ‘;:.
k__, .7 - INDMTRS IND MTRS: : | E
Co . ..A4soY/277v . DPI o, . tT _pp2 . _4BOY/277V
G TTHIR l THIK I THJK [ THIK THIK | THUK - LTHIK T THIK v T THUK-

. ] )r25A s HBSA - =)i25A°  )350A --}i7SA  )400A 12504 ;, ")5OOA )t25A
. F i X § .. R .§ o 9- . b
- . " . : ) , ~ = .
8 . 9 o 5 L e ‘. g e e .
wtom 3 il v ®
. @ ol ] R o of .
o . <,0E - \ .
; . .[HAB] - r‘"‘:; [McC3] [F8% ] [FA7)
. : 400A. :
e - ‘. ~ BUSWAY .
¢ v 43?55— 2ngré;ov . 'RISER IS 48%-2&8‘(”20
: KVA3.76% - ~ 150 k VA
A ™ IN INDMTR o
R A ?’T‘ SO MTRS s 4> 435% ,
S LY - LA2
.o E oo .

Fig. 122.

4 4 N
. LR N )

A one-line diagram for a typlcal building served

from 4,80‘(1277-v;:lf'ﬁe1w,6rk.
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" to be'0.4925. The cablé impedance to
! bus 4 contains s:gmﬁcant resistance .

most buses are at the 480-volt level,

Cuse Five ~Fault’ ut F4:
system 1mpedances.,can be. repre-

kv symmefri:ul current
““The equivalent reactance'to bus 2

has already been calculated in Cased 4 impedances are shown in ohms-

per phase. The impedance values as
shown on the d:agram are derwcd
" as follows:

‘ Utahty Spot . Network—-- available

which will be included:in the calcula-
- tion for a fault at F4 as follows:

:j'zr‘
. control center MCC 1.

sented in ohms rather than per-unit’
and the’ calculanons made directly. .

x“fj 4925 I _short-circuit duty at 480-volts=
Z M " L 55 600 ampercs rms symmetncaf
294-—-2 5+]2 22 L A S ek
: : X E, a_ 277V
The symmetncal fault currcn'c at Equwa ent A= 1. T55600
' Ff:sl '18040 . ' =0.00498 ohms phase "~ -, -
! l:ﬂ: > ‘= ’ - ::.'.-53963mpgrgg ' Motofs (typlcal)— DSS hp Of m- .
' 2. 5 . ,2 22 (|ymmatncal) ductton motors connected to rnotor—l-

. Assume reactance of 25% onkVA

- -EXﬂmple TWO. The BUlldmg base to'be equal to. motor hp.

)
k
: 'Power System L, (gXif v, 1000)
srsp A=THE SYSTEM ‘°°( 48;t§;0*;‘0’;’*
-ONE I.INE DIAGRAM D “Too\ 885 &
R
e
<

. .bolted-fault values are requited. The

Tt mlim

< .a’utility spot- network The daagram
- inclddes: © u T e '
-.";.1'..

. STEP B=TYPE AND - . "=

. short-circuit. duty -of §5,600 amperes
. 3¢ aym from the utility Spot net-

STEP C—SYSTEM

. Fig..221is a ‘one:line diagram of'a 3-‘_0 104 ohms/phase LI
bulldmg power system served. from :
. Conductors (typzcal)-——Fecder to

- Panel BAI 380 ft. of two -350 MCM -

v . cables- pcr phase e

The ut\hty short circuit duty
- at the network bus.

2. The conductor : typc and = . : . -
lcngth o Ll et P e

.- The kVA and :mpedancc of 30- TS e A

. and.150 kVA transformers: k

Ay

(IR

" and.

Z=

Impedance of 350 MCM cable is =%
0.0378+.0491 ohms '1000.ft. - . .:

,380(0.0378+4j.0451) -
1000 2 (cables/s): ,°°°72+ ol

" 10093 ohms; phase R ’ Bl

STEP D—-CALCULATION'
OF FAULT DUTIES ... .

The 1mpedances of F:gure 23 are
resolved into a single equivalent im-
‘‘pedance faf each fault location.

" JTechniques for the resolution of
paralie! impedances when. the im- ..
pedances are complex numbers (R .- =
& JXY are d:scussed m detall m the ca T
 Appendix. © 7 I

Many ‘of thé mrcmts in the ex- & ..
amp]e radial .system’ hate~ imped- s
" .ances.in series, -and- equwalents are. e
determined.. by summxng resistance' ' .
reactance components sepa-; -
rately, Where the utzhty and induc- :
_ tion fotor. Sources of short-cxrcu;t;_ W

* eurresit act togetﬁer, :mpedance par- S

2TV AvsTEM GRVING VOLTAGE . -,

alleling is necessary,.and this is done '

by summing reciprocals, = Uy L
.A.record is kept of the steps. used :

to calculate-the- short-circuit cur-v-‘ '

.rents, because many of .the imped- "~ ¢ . =

" - anCe combinations .found initially . . )

A R A
L] : . .-- "~.| :

_41-" The lumped connected horse-', IV 7| e _
power of induction motors. © R + o .

* 200498

g 3

20843

A
00032 +J DO

v

T e

I.O_CAT,I_ONS,OF SHORTZ ™ Uil o s
CIRCUITS | P

Short-circuit currents-are required
at all buses where protective devices -
will be located (buses 1 through 18). oL 1
A symmetrical short-circuit current =~ = -
is required 'since all devices are rated - -

s

00132 + COZOW

&

AN
AR

480  volts:and below. Three.phase ...

2087 |0

Sl are

most severe duty wiil occur with all ... . . :
brcakers closed, with a maximum - |

012 43 00

osp84_ ¢ 02

1 oruootu

work

IMPEDANCE DIAGRAMS

003« JUOSY

12NV S Q0N
A A—
09 1 10080
A —]

02743008

T

1O KA T f x| ’
TAAMSF - .

m II.L ruxms USTED in omﬂ:msr.

The impedance diagram for this l ‘ S
system is shawn in Fig. 23 Since Flg. 23.

.
]

) An'lmpedunce dlugram forjbulldlng system shown In Fig. 22.

5

e T W T T T T
s i R SV g
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e e g

v‘_ ‘-i ‘..‘:_"'», ‘J.,._..
are used repeatedly ‘and can simply
be copied, For_recording - purposes, '
utility and motor sources of short-

-

circuit current ‘are-identified in.this .. .

example with their bus number pre- ’

ceded by the letter 8.

Followmg are-thie Blileulations and
impedarice combinations, sused " in
determining the short—cxrcmt cur-
rent. . . .

Bus 1: .

(l) Z.. utlhty sy stem Sl as pre-

viously determlned i :

2 (Sl)#O 10 004980

(2) Z..- ) M683 hp of mduct:on
motors and feeders to bus 2 ($3- 2):.
motors {83)= .0 + jO 0345

fe bus 3 to 2 '
: (3-;5 -—0 0072 -'\— jO 0093

total Zh (53-2) -—0 0072 - jO. 0938 9]

(3) Z., 226_ hp  of mductmn
‘motors’ ‘and feeders to bus 2 (58-2):
.fRotois (SB)‘—' 0 +';0255 :
feeder, - hus-B o4 T e
(8-4) =0. 0076 + ;0.0121

feeder, bus- 4 to .2 : T
w (42) =0, 00133 -1- 0.00200
b,! 2 (58 2) = 000892+;026929

~ et C

;!:

(4 z, p'a}auel combination of Z;
and "(S3 8-2)"
(a) Companenty of /2, are
G,=R, (R X,") .
wooon/((ﬂ 0072)% -1-.(0.0938)")
=0.0072/0: 00885::0 814 mho

o

- St el AV el B
'

v €7) 2, 167 hp of induction motors o

KX

—~B, =X, /(R’-«%—Xb’) ' St

==0.0938-0.00865=10.60 mho
) 1:2,-—0.814 — j10.60 mho ,.
'(b) Components of 1/2, afo °
G, ==0.00892/( (0. 00892)" - (0.2692)* )
. .._000892,007255 =0.123 mho .
- LB, ==0.2692/0.:07255=3.71 mho o
112 =0.123 — j3.71 mho
\/Z ...lfzb—r 1/Z, =0, 937 14 31 ‘mho

.. .- (e) Components of Z, are N
. Ry=mG/(G) B
5093?/((0937)’-«} (143!))
==!0937/2[)5.7--—(!CJC'-456Q LT
X;= —BJ/(GS % BN
=214.31/205.7=0.0596 0}
Tz, (838 2) =:0.00456 + j0.0696 Q) ,

(5) Z., impedance Z¢ and fecder'

“to bus 1 (83, 8-1):

¢ Z, (53,8-2)=0.00456 - 109696
feeder, bul 2w 1
(2 1)_0 00032 - ,:(J 00195

’ tor.al Z ($318- -1) =0.00488 %1 j0.07155 )

'.4“

N

e (6) Zy, 555 hp of mductno:i motors
- a’n'd'feeders to bus 11 {812-11); ,

motors (812} =
fuedor, bus 12 to 11
’ (12 119:= 0001 -0, 0012

total. ‘Z, (512 11) =0.001° e 30 1052'Q)

0 +f0104 o

and feeders to bus 11 (514-11):

motors (814)= 0O -+ 10.346
leeder. bus 14 to 13
- {14-13)==0.0128 ‘—-100099
feeder bus 13 te 11
(13. 11) =0 0019 8 !00029

lotnl zZ, (S14. 11)-'00147-1-1035389

v
4

and Z, (512, 14-11), using the'-
method .detailed. when calculatmg
T2

'1/2, . =0.0904° —j 9505
1/Z, =0.1140 —j 2.782 .
©1/Zy. ==0.2044 —j12.287 mho

2, (512,14-11) =0.00135 — o, 0814 ¢ "

(é’) Zi, impedance Z, and feedgr,”i'_-'

to bus 1 (512, 14- 1) . —

Z (512,14-11) -—0 00135 — 10 0814
feed r, bus‘il to 1
(11 1)-—000039 --;000"03

v

i

_ totT Z,(512,14-1) =0.00174 - j0.0834 (2

_ (hO) Z, pafall‘el_:combination of .
2., 2. andZ, (81, 3,'8, 12, 14-1),

-1 short Cll"CL\lt
V/Z,  J— ;200.8
l/Z —0949—; 13 D%

'l/z --—0250 —~j 1199
K 1/2, —-—1 199—]2267 mho

- Z (513812 ’ .
. 141)—'000002“-;0004410

e _000441n '

v .. [
L RS I
e 63

The short-cxrcmt current at bus 1.
[ - *
1 =E \/Z-—277r000441_

62 810 A symmetrltgal ms '

Z -~\‘('900002) ——(00044!)' .

..total equ.walent :mpedance for bus '

(8) Zu, parallel combination of Z,
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- . ] - . ! "7 ‘3‘1‘
e B
‘\" N \
. " ' iy " Bus 2
& . - For the short-circuit current at bus 2, snm:lar impedance. reduct:on calcu-
A . Iations are recorded in an abbreviated table as follows- B R
3 i . VIR | . I V7 4 - 0 3
v Element® R X G -8 Sum of Squase st . - . F
$12,14-1, (2} - 000174. 00874 ... 0250 1199 . 000896 - A
N ' 11 (z;; o .- ,  D.oC4vE — 0 200.8 o
X . $1,12,14;1 000001 020470 e 0250 2279 45280 :
. : 1-3 ) 000032 050195 _ . i
- ro AP W) PR
$9,12,14-2 000033 - Q00688 = - . T&dd 15000 i+ adn Xt 0B
satyt (Z,1 . 00072 00938 T —. . DBlA-.-- 1G4 -00oEds .- -
58.2 ., (%) “-oo0evz  02ef2 -~ - 0123 I .. 007255 - :
- $13.8,12,14-2 0.00031 '_é.ooanr — . a3 16231, 27070 .
- , e *Source, branch, or combmatmn J e e Ty N
14 tR! 4 X’ when finding 2 hom 2, G{8 when ﬁndmg Z from I/Z G B b
.J X ! .4
e , The total equivalent impedance is LR RR A
. == 17(0.00031)"+ . 00607 )* == ‘ :
- - , 0.00608 O '
and the short-circuit current at’ bus PRyt
) . 2is L
- , I-.=277/000l508 =45 560 A, s LT
R symmetrical rms . = -
; o &
a ) ,\h A T
: Bus 3; _ _ o '
R For the bus 3 short-eircuit curs = .o s row o oo
N “rent the abbreviated table is as fol- Tl e R
N - ¥
. ! ‘Jows: v . .
o . . : - 11 N L ‘
R o Elament L c X -owe @ - Sum of §quoru -4
s ‘ : : ) ; e RN
Co . $1,12,14:2 0.0003)  0.60883v v 7444 150,00 -E"-ua:lx1o~' ol
Y 0 se.r ' | 000897  0.2892 B XY 7L 1 0072 § ;
- . . < $1,0,12,14.2 0.00032 | 000651 o~ 7567 15371 LT R o
.' . ) a 257 ©.0072 0.0093 Co L e ST
" e : 51,012,143 000757 001381 — 24535 _5%s8 - aBasWiod .. - L.
& s o . 00845 - .0 _ el :
$1,2.,8,12,14.3 000531 001372 e 24835 - &34 : 4623
1 v :
. Thie total equivalent impedance is
: z—:,»\f(ooossn' (0.01372)7 = o
I . o 0.147 02 i i
»3 .and the short-c'ircuit current at bus . oo
) 3is =
! 1,=277/0. 014718 840 A,
) symmetncal rms ’
o ; [}
I ' .
. 27
.\.» ) 1 i
iy " 4 ]
: ' e et e res e an e
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of ac Short-circuit Calculations: -~ -

1 r

- Transformer reactance m othf
phase at 208 volts.

Xi= /-x{ “kV? 1000 )__ 376 -
- TP 100 \'rmnsf kVA g .
o (ro 208)" moo)
430_' Y A e

. =0.05422 ohms/rlh.ase at 208" volls

K.,«Equwalent impedancé to. bus

seven wis cédlculated to be 0, 05028~
702892 . ohms.‘phases at 480- volts...
~ These values are changed to a 208-
" volt level as follows:

208 n
(D 05028 - 302892)( 280
-"0 00944 -~ }.00543-
“Total equwalent mpedame to
bus 17 equals o -
. Pojosszt T
0.00944 —~—j00543 Lo s

0.00044 — . u.-,gl'i‘s"= 008041 .

& 120 o '
R = 1987 :
1+ 52 0-06041 nmpares -, ;

' L (symmetncal rms) for a moroe accurate.result. i
. PRI T “‘N' , -
. L v -
W . .. - L] ' '
. % LN T .
¥. I .
. d A '
el
.
’ L0 4
e B UL P ’ .
B - [ * .
Mo - L. = ;o . [ v
L T S “h A " v . L i ' — . . ies

The.short-circuit current at a'208- - C OMMENTS O N

volt bus can‘also be caluulated usmg

‘ per-umt as follows:

- s Fimmgs b e a " -

Bus 18*"- .
Solvmg in per~umt w:th a 150

kVA:base, -- =~ e s

Short-c:rcu[t kVA at Bus 15
se \ '3(0.48) (14 690)"“12 213..

System avaxlable on, prlmary of
1 h
{. =2 = 0.0123 .
trans ormu:‘ g 12213 ; Py

Transformer X:-00455 pu

Tot. Equiv. Imp. = 0.0578 pu
At a base voltaga of 208 volts. the base
150

"curront I = '—"“——"-" = 416A
\ Ex0.208
S T :
1o ot em o = 7197 amperes
"X T 00s7e e

£ symmetricnl rms}

*In thxs caleulation eveilable duty wes
assumed to be a.Il renctive. The complex

" value of impedance could have heen used

EXAMPLE TWO™ ~ 7

This example illustrates the usc"' .

of a current-limiting busway to re-

diice the short-circuit current at the . .

main switchboards (buses two and

cleven). If a conventional busway .-
. were used, the short-circuit current - .

at these buses would have been only

tion included R+jX for bus six but
only jX for bus five. The short.cir-

- cuit currents for buses five and six

slightly less than at the network bus. .
Identical fevders feed buses five .
and six from bus four. The calcula-

are 23740 amperes and 1356Q. am- |

peres respectively. This illustrates
why resistance should be-used' in
low-voltage fault calculations.

b - -
Bus 4 - . S:mxlar calculanons for shortecircuit
~ For’ the bus 4 short c1rcu1t cur- o " o ‘ ' eurrents at the remaining buses pro—
. rent the-values, are ‘s follows: - S o - the the following results. ’
 Blemant™ - ety 2. s Sum of ' ymmetrical Rms
et on of Saveras Bus Short-circuit
S102062 000033,  0.00685 ‘7AM 15000 4433 X0 ‘ Current Amperes
L A 0.0072 . 00938 0814 . 18.60 0.00885 ” - =
$1,9,)2,14.2 0.00032. ~ 0.00821 18298 ... 18040 . 28 840 .5 5 ,..23740 o ST
24 Looeorsz  ooorcy. Tl ‘ e 6 - =" 15560 e
$13,12,144 -.'goom X ‘oooaao ~ &R ses - zasaxier 7 .- 4790 v
R Gotré 0017 - , . o 8 o 13;88.
. N rore i ' ' .9 o 1172
584 00076 . < 0.2471- rtere Bl leereenns 3T . 0.071 , . . . 2 )
. O i s - Lo e | - masn30
51,3,5,1z,|¢_.4 0.00153 0.00804 . <2302 1194k ;,‘.vu aaq_____-i— . 11 44760 -
: : . ' 12 37750
- : : o . 13 -30040
; he total equivalent :mpednnce.l.s_. SN o . 14 120307
"z \'(0 00155)'4- (0.00806)" = o 15 "14690
0,00821 - 16 9280 :
. and the” short-mrcunt current-at bus. ) G . . K -
N _ .
I, --277/0 00821=33 740 A, - - st st
syimnmetrical: rms. - ' o
‘Bus 17: ' '
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Exumple Three—-(omputer.
CSolution Ty

¢ “Many _r;omputer-mprogra}hs‘ have’
beeri written for the calculation -of

short-circuit ‘cufrents. The "systems .

_ designer who knows how to use
'\"“"lhese programs benefits from the

be computers wellvknown accuracy and-

speed, © | T vTw ,

A typical computer solution for
the- building system. described in.
‘Exemple Two and shown in: Fig. 22
will be illustrated. -

-A separaté data” -reductwn com-,

./ puter prografn is used to convert
:° raw-data (transformer kVA, cable
-+ and’ busway size"and length, motor

-

oo

horsepower, ~etc.} - into impedance :

-
A

values. Using X ‘R 'ratios.: transient -
and sub transient reactance. R and:
X values are calcu]ated which pro-
vide more - exact- -values -of short-:
circuit-current than is normally done

‘with hand. calculations, The R-and-

X wvalues are  converted into per

unit values which .are-rused as an in--
.put_to.the computer rprogram Yor

calculating short-circuit”™ currents..

The first section contains the project -
- identihcation,

the second, section"
shows. the inputi data (per unit).
obtained from .ithe, data reduction
program and the, thud :section shows.
the ottput data. This-includes for-
each bus the total short-circuit curs:.
rent available, the contribution Irom

‘other buses and the X ‘R ratio.

1
' 1

- L Computer 'Prfnto'ut;,_lf‘ﬁd.-304.;&"'4'\_1_};1". "

-
Y.

-The time -required- once: the-one--

. lme diagram.: Figure .22, was com- .

plete. was less than-rone hour for .- i

¢ someone .experienced -with the pro: .- -
gram: Approximately - 30 rhmt_.ltes } .
was-:required to’place. the informias - :-.:
tion from Figure 22 inia format suit- = -
able -for.-entering .in*the -computer; . .
-approximately.15 miriutes-was.spent.. =
~at.the ‘teletypewriter: entenng .the...

1

information and five minutes wasTe
quired for .printout: On!y av smallt,
-+ fraction was actual computer calcu-
~ lating  time, .not .only does.the com-.

_ puter:: calculate:-faster. . and - \THOTe:; .o

- accurately but the necessity-of mék--"" -
.. ing an impedance. diagram is elimi- -
- nated! Raw. data-from the .one-ling:- -

d:agram may . be used.

Lol : ) Ly

Exumple Four:
~ Estimating: Short. Circuifs
useful

- duty. For cxample consider the 1500
kVA “transformer T2 Fig.. 19, Ex-

R S SR

.- vample One. The, prirhary"a\;ailablé '

short-circuit-duty-asicalculated for a

Tables and” curves can be very -
in_‘estimating short-circuit,

Yo

3 L4

- fault ‘at F1 in. Emmple One is 339
- MVA. Rcfermg o Table 4 for a’
1500 kVA; 480-volt,"5. 75,,( trans-_ ‘

former.,.with..500 - MVA. primary:’

-avallable and 1007 motor short-.

circuit.” contnbuuon. wei seé the

.secondary _short-circuit;” current -is

37,700- ampetes- {rms.symmetrical).

‘This comparcs ‘with-the:36,600 am-:

A . LU

percs calculat:ed fora. fault at-F2in" |

NP

Example One.' : coy e

- Fig:~,25-29 ito be+" 5300‘ amperes
(symmetrical): which compares; wrth
"the calculated ivaluet of - 3390 .am-. .
peres in. Examplc One b Sar b

" .Also,.the"short-circuit current ‘ate ...
"~ E4:at_the. end of th&é 700+ It 1250 %
MCM cable can be est:mated from Co




Secnon - Examples of ‘ac Short-clrcu:t Culculahons‘ '

3()

‘w ' GENERAL ELECFRIC CO. . ‘
*1 50 BUS.'SHORT CIRCUIT PROGRAM-. 60 HERTZ -
CASE I ‘ ll/l4/75 . BASE MVA .y IO”

FIRS[*CYCLE FAULF CURRENT CALCULATInws )

- 'FOR' BUILDING_ SERVED FROM 480/277 VOLT NETHDRK o :

SAMPLE PRUBLEM L R oL T .
4INPUT DATN ;.:..-gg S ROt -
. -BUS -TQ ~BUS" =" R STAN ) R R : g
Lo 0 T 1 70,0083 | 0L21659 - '

Y A A7 11,6369  4.6548 - - 1 .
18 S 18 - 11,2693 0 2,755 0 w0 oo
ool o 2 = D 01406 .~ 0.08438 . . LN C
SO 1 0.01701-* .0,08811 @ . .

20 30 043123 0440360 7 T T e s
w2 ‘40,0573 .'0,0007, v T v
R ) KN "12 - 0.,0434 . G.0521 TR0 f
N 3. ;0,0825 .. 0.1259 . C e ,
13, 18 0.3689 = 02865 C
S 4 .5 o 0.1523
SRR N .6 0.5208 . 0.1523 ' .,
o4 7 T2.LLTE Y 20489060 s e
T A 8 0.3299 0.5252
L4 9 0.6293 0.4036 . :
L4 o . .0.217 . - 0.3602 Lo -
Wt 13 14T 005556 00,4297 - L
13 16 0.9722 0.3472 o
RV w3 .0.2002 . 4.3924, 0 L L
.0 © 8 ' 1.0495. 13,2743 . ..
0. 12, om2¢77 5,4054 - . . ;
,Aﬂ-o; 14.,, <72 7 17.9641° "
-’RESULIS IN SYM KILDAMPS..QLT!ijfi"-Hmfl;, o

o BUS V=6l 5211 - 5I.I48 MVA);~ X/R
. .CONTRIBULIGN ¢~ . . s

BUS:2:= 3. 277:¢.;= . BUS 11 = 2 785, :_u _GEN = .55.4548"
“BUS 272 44,5065 ¢ 37,077 MVA) mx/R = 11,585 VOLI= 0.48

CUNTRISUTION 1 ‘ :
' fBUS 1 - 4[ 2424 -+ BRUS 3= 2 4938 : BUS 4 =

\BUS.3 =718.2422. (5 15.166 MVA). - X/R.

18,454 . VOLTZ 0,48 .

.2.398: :VOLT=:

N.8616

S

KV -

0.48 Kv. @ .

LI
“ e
e -
byt
L1 s
i
» ot A
!
E
- el
+
4

. .CONTRIBULION + S L :
;BUS 2 =1 15,7001 .. OEN:= 207356 -, S , -
}BUS ‘4 =33, 0995 ¢ 27. 485 MVA) . X/R = 4.578 VOLT= 0.48 KV *
JCONTRIBUTION. s a - o a
. iBUS:2 = 32,1982 : Bus 5 =0 BUS 6 = 0
. BUS T =0 ~ BUS B =0.8673 BUS -9 =.0 N
: %q?ﬁua lo=0 . o o &
fuBus 5 5 23.4168 (19,468 MVA)© X/R = 6,538 VOLT=.0.43 'Kv-.
,‘*CDNTRIBUTIDN I LT R
‘30_ i .




Sechon III— Examples of ac Short-c:rcunt Lalculahons |

- .31
)~ . ‘
BUS 4 = 23.4168 |
BUS 6 = 15.3258 ( 12.742 MVA)  X/R = 0.848 VOLT= 0,48 . KV.
'CONTRIBUTION ¢ .- , : .
BUS 4°= 15,3258 , :
""" “. - ‘BUS T = 4,7758 ¢ 3.97 MVA) X/R = 0.569 VOLT= 0.48 KV -
. CONTRIBUTION s . . . 77
BUS 4 = 4.7757 . BUS i7 =0 ‘" - N |
) BUS 8 =-13,1231 ( 10,91 MVA)  X/R = 2.31 VOLT= 0.48 KV~ :
. 'CONTRIBULION t T L e
(BUS 4 = 12,2719 . GEN's 0.9033 | S
BUS 9 = 11,5959 ( 9, 641 MVA)  X/R = 11074 -VOLT=-0,48+KV. <
s CONTRIBUTION ¢ | S AR
- BUS 4 = 11,5959 - _ |
BUS 10 = 15,5415 ( 12,921 MVAY: X/R = .2.429° VOLT=.0.48 "KV.
CONTRIBUTION ¢ - - - : SETTT A
BUS 4. = 15,5416 e | | ;
(BUS: I1.= 43.7657( 36.386 WA xR = (10,656 - VOLT= 0.48 K.
CMWMBMTWGS- . R
. BUS 1 = 40,9225 ,Bus 12 “;222005: | BUS 13 = 0.6448
) & . o . S . o . .
| BUS-T2' = 36:8119 ¢ 30. 605 MVA) X/R'= 5,027 - VOLT= 0,48+ KV - .
CONTRIBUTION &~ . TR T Lo
BUS 11 = 34.615 GEN = 2. 2225 T
| BUS- 13 = 29. 4224 ( 242461 MVA)'~ X/R = 3 769 vour 0,487 KV
-  CONTRIBUTION v _ »
| BUS 11 = 28,7796 . :BUS- 14-- 0.649 BUS 15 =.0 -
w CBUS 16 =0 - S . o -
BUS 14,5 11..8524 ( 9. 354 MVA) -XZR,;-4.3373>VOLT=‘0¢48"KVF c
CONTRIBULION'® - . . S .
BUS-13-=.11.2883 . GEN = 0.6665 | .
) . BUS 15 = 14,49 ( 12.047 MYA)  X/R = 1.439. VOLT= 0.48 kv '
. CONTRIBUTION + SR T
(BUS 13 = 1449 ©  BUS 18