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SUMARIO

Los sistemas eléctricos aislados o con neutro aislado, presentan la
ventaja de que ante la puesta a tierra de una fase, la continuidad del servicio
no se ve afectada; su contraparte es que, ante una caida de conductor a
tierra, el mismo va a permanecer con tensién en tanto no dispongan de una
proteccion que considere este tipo de fallas.

En este tipo de configuracion aislado, las corrientes de falla
monofasicas a tierra son muy pequenas, debido a la carencia de un camino
de retorno franco de las corrientes de falla y a la alta impedancia de
contacto; siendo las unicas rutas que permiten su paso las capacitancias
parasitas de los alimentadores.

Por consiguiente, se hace indispensable que los sistemas eléctricos
con neutro aislado dispongan de una proteccion contra las fallas a tierra
orientada a proteger a las personas de los choques eléctricos al romperse un
conductor de una linea aérea.

En la actualidad existen tecnologias de alta sensibilidad que permiten

detectar pequefas corrientes y/o tensiones homopolares, ya sea



directamente, o mediante la creacion de un neutro artificial conectando un
transformador Zig-zag.

En el presente informe se hace la evaluacién de distintas alternativas
tecnoldgicas, tales como la insercién de transformador zig-zag, asi como el
uso de los relés multifuncion de alta sensibilidad.

Asimismo se presenta una aplicacién para un sistema eléctrico aislado,
conformado por dos alimentadores aéreos, donde luego de evaluar las
distintas alternativas se llega a la conclusién de que la opcidn del uso de relé
de sobretension homopolar, juntamente con la automatizacion de
alimentadores en base a PLC para la discriminacion del alimentador fallado,
constituye la mejor alternativa técnico-econémica para este caso en

particular.



INDICE

PROLOGO

CAPITULO |

PROTECCION EN SISTEMAS ELECTRICOS AISLADOS

1.1 Introduccién

1.2  Relé Multifuncion Homopolar - Direccional

1.3  Transformador Zig-Zag como Neutro Artificial

1.4 Instalacion de Relé de Sobretensién Homopolar
y Sistema de Automatizaciéon con PLC.

CAPITULO Il

METODOLOGIA PARA LA AUTOMATIZACION DE LA

PROTECCION EN SISTEMAS ELECTRICOS AISLADOS

2.1
2.2
2.3
24
2.4.1

Introduccion

Metodologia

Descripcién de la Operacién
Secuencia de Operacion

Falla en el Alimentador 1

2.4.2 Falla en el Alimentador 2

2.4.3 Falla en el Alimentador 3

Pagina

12
12
13
15
17

19

19
20
22
23
23
24
25



CAPITULO Il

CALCULO DE FALLAS A TIERRA

EN SISTEMAS ELECTRICOS AISLADOS

3.1 Componentes Simétricas

3.1.1 Subsistema de Secuencia Positiva

3.1.2 Subsistema de Secuencia Negativa

3.1.3 Subsistema de Secuencia Cero u Homopolar

3.2  Calculo de Falla Monofasica a Tierra

3.3  Circuito Equivalente para Fallas a Tierra

3.4 Variaciones de la Tension Durante las Fallas

CAPITULO IV

APLICACION

41  Ubicacion

4.2 Antecedentes

4.3 Caracteristicas de los Equipos e Instalaciones Existentes

4.3.1 Transformador de Potencia

4.3.2 Transformadores de Zig-Zag Existente

4.3.3 Alimentadores de Media Tension en 10 kV

4.4  Calculos Justificativos y Analisis para la Instalacion
del Transformador Zig-Zag

4.4.1 Calculo de la Corriente Homopolar

4.4.2 Calculo de las Impedancias de Secuencia

4.4.3 Insercion del Transformador Zig-Zag

4 4.4 Analisis de los Resultados

VI

27

27
27
28
28
29
31

33

35
35
36
37
37
39
40

41

41
42
44

46



CAPITULO NI

CALCULO DE FALLAS A TIERRA

EN SISTEMAS ELECTRICOS AISLADOS

3.1 Componentes Simétricas

3.1.1 Subsistema de Secuencia Positiva

3.1.2 Subsistema de Secuencia Negativa

3.1.3 Subsistema de Secuencia Cero u Homopolar
3.2  Célculo de Falla Monofasica a Tierra

3.3  Circuito Equivalente para Fallas a Tierra

3.4 Variaciones de la Tension Durante las Fallas

CAPITULO IV

APLICACION

4.1  Ubicacién

4.2 Antecedentes

4.3  Caracteristicas de los Equipos e Instalaciones Existentes

4.3.1 Transformador de Potencia

4.3.2 Transformador Zig-Zag Existente

4.3.3 Alimentadores de Media Tensiéon en 10 kV

4.4  Calculos Justificativos y Analisis para la Instalacion
del Transformador Zig-Zag
4.4.1 Calculo de la Corriente Homopolar
4.4.2 Calculo de las Impedancias de Secuencia
4.4.3 Insercion del Transformador Zig-Zag

4.4 4 Analisis de los Resultados

VII

27

27

27

.28

28

29

.31

.33

35
35
36
37

37
39
40
41

41

42

44

46



4.5

451

452

45.3

454

45.5
46

46.1
46.2

46.3

4.7

Evaluacién de Alternativas

Alternativa 1:

Instalacion de Relé Multifuncién Homopolar-Direccional
Alternativa 2:

Transformador Zig-Zag Existente como Neutro Artificial
Alternativa 3:

Instalacién de un Nuevo Transformador Zig-zag
Alternativa 4:

Relé de Sobretensién y Sistema de Automatizacion con PLC
Alternativa Optima

Especificaciones de los Relés de Proteccion y del
Sistema de Automatizacion

Relé de Sobretensién

Relé de Proteccion Contra Sobrecorrientes

Sistema de Automatizacion

Evaluacion Econdémica

CONCLUSIONES Y RECOMENDACIONES

ANEXO A: ESTUDIO DE COORDINACION DE LA PROTECCION

ANEXO B: ESPECIFICACIONES TECNICAS

DEL RELE DE SOBRETENSION

ANEXO C: ESPECIFICACIONES TECNICAS

DEL RELE DE SOBRECORRIENTE

BIBLIOGRAFIA

VIII

49
49

50

.52

53

54
55

55
55

57

60

62



PROLOGO

Un sistema eléctrico, una red adecuadamente disefiada y operada
debe satisfacer entre otros, los siguientes requerimientos:

o Cuantitativamente, debe entregar las magnitudes de potencia y energia
eléctrica, definidas mediante acuerdos o contratos celebrados con los
usuarios, o0 con otros sistemas con los que eventualmente pueda esta
interconectado.

o Cualitativamente, la energia eléctrica debe entregarse, por un lado, sujeta
a limitaciones en cuanto a las variaciones de tension y de frecuencia,
aspectos que junto con las perturbaciones, se denomina CALIDAD DE
PRODUCTO.

e Debe reunir las mayores exigencias de Seguridad tanto para con las

instalaciones, como para con el personal operativo y con los usuarios.

Por lo general, el cumplimiento de los requerimientos cuantitativos
depende de un adecuado y oportuno planeamiento y disefio de la red
eléctrica, mientras que el de los requerimientos cualitativos, en cuanto a las

fluctuaciones de tension y frecuencia, de una adecuada operacion de la



misma. Los niveles de continuidad, en cambio, dependen de la topologia
que adopte la red, de los recursos operativos y de la filosofia de la
proteccion destinada a dicho fin.

Por su parte, los requerimientos y exigencias de seguridad dependen,
por un lado de un adecuado disefio de la red y, de otro lado, de una
oportuna politica de mantenimiento y de los criterios de proteccion de la
misma.

Respecto a este ultimo parrafo, conviene recordar que “En cualquier
tipo de sistema de suministro, con neutro o sin neutro, debera asegurarse en
todo momento que el sistema de proteccion debe ser capaz de detectar y
aislar fallas causadas por desprendimiento de conductores o fase a tierra,
para evitar tensiones de contacto y de paso peligrosas”.

En el presente informe se describen las distintas alternativas
tecnolégicas de proteccidon de fallas a tierra, que permiten detectar las
corrientes pequefnas que se producen en los sistemas eléctricos aislados,
siendo las principales las siguientes:
¢ Instalacién de Relés multifuncién Hompolar-direccional.
¢ Transformador Zig-zag existente como neutro artificial.

e Instalacion de Relé de Sobretensibn Homopolar y Sistema de

Automatizacion con PLC

Como un caso especial para los sistemas eléctricos aislados, que
tienen pocos alimentadores, se presenta una aplicacion en la Subestaciéon

Ninatambo ubicado en la localidad de Tarma, que cuenta con dos



alimentadores aéreos, luego de hacer una evaluacidon de distintas
alternativas de proteccion, se llega a la conclusién de que la alternativa
consistente en la instalacion de un relé de sobretensibn homopolar
conjuntamente con un controlador légico programable PLC, que permite
discriminar el alimentador fallado, es la alternativa mas ventajosa, tanto

desde el punto de vista técnico como el econémico.



CAPITULOI

PROTECCION EN SISTEMAS ELECTRICOS AISLADOS

1.1 Introduccion

En nuestro medio existen varios sistemas eléctricos aislados, en
conexion delta o con el neutro aislado. Si bien es cierto este tipo de
configuracién dota al sistema de continuidad en su operacién, aun cuando
una de las fases hace contacto con tierra; sin embargo su contraparte es
que, ante una caida de conductor a tierra, el conductor va a permanecer con
tensién en tanto que no se disponga de una protecciéon que considere este
tipo de fallas.

En los sistemas eléctricos aislados, las corrientes de falla monofasicas
a tierra son muy pequeias, debido a la carencia de un camino de retorno
franco de las corrientes de falla y a la alta impedancia de contacto; siendo
las unicas rutas que permiten su paso, las capacitancias parasitas de los
alimentadores.

Por consiguiente, se hace indispensable que los sistemas eléctricos

con neutro aislado dispongan de una proteccién contra las fallas a tierra



orientada a proteger a las personas de los choques eléctricos al romperse un
conductor de una linea aérea.

En la actualidad existen tecnologias de alta sensibilidad que permiten
detectar pequenas corrientes y/o tensiones homopolares directamente o
mediante la creacién de un neutro artificial, conectando un transformador
Zig-zag.

Dentro de las principales tecnologias para la proteccion frente a fallas a
tierra en sistemas aislados tenemos los siguientes:

e Relés multifunciéon de sobrecorriente hompolar-direccional.
e Transformador Zig-zag como neutro artificial.

e Relés de sobretensiéon homopolar y Sistema de automatizacién con PLC

1.2 Relés Multifunciéon de Sobrecorriente Homopolar-Direccional

En la Figura N° 1.1 se muestra el comportamiento de las corrientes
homopolares en un sistema eléctrico con neutro aislado, ante una falla a
tierra. Como se puede apreciar, en el circuito con la falla a tierra existe una
corriente desde la barra de la subestacién hacia la falla. Debido a que la
conexiéon en delta del transformador de potencia aisla al transformador del
sistema de distribucion, de acuerdo a la teoria de las componentes
simétricas, segun la ley de Kirchoff esta corriente tiene que regresar a la
barra a través de los otros alimentadores y de sus capacidades homopolares
teniendo una direccién contraria; es decir, ante una falla a tierra de un
alimentador, en todos los alimentadores de la subestacién circulan corrientes

homopolares siendo la direccién de la corriente homopolar en el alimentador



con falla  en un sentido y en sentido contrario en todos los otros

alimentadores.

Abierto para la secuencia
homopolar
MT
T T * A 1
AT A2
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- An

falla a tierra

>0

Figura N° 1.1: Comportamiento de las corrientes de falla a tierra

Por consiguiente, con la finalidad que la detecciéon de la falla sea
selectiva, se plantea como primera alternativa consistente en la
implementacion de relés de sobrecorriente homopolar direccional, cuya
tecnologia permite despejar fallas a tierra con alta impedancia y en la
actualidad se cuentan con relés que tienen una sensibilidad de 10 mA en el
lado secundario. Sin embargo, en la practica no es recomendable calibrar a
este valor, puesto que cualquier desbalance en el sistema podria sacar de
servicio el alimentador. En estos casos un valor tipico de calibracion es de 2

Amperios en el lado primario.



Por otro lado, la actuacién del relé multifuncion homopolar direccional,
en muchos casos esta limitada cuando la falla ocurre en zonas alejadas
donde la resistencia de contacto es elevada, presentandose corrientes muy
bajas. Desde que estas corrientes de falla a tierra dependen de las
capacitancias entre fases y a tierra de todos los alimentadores, se requiere
la contribucién de todos aquélios, y para sistemas de distribuciébn aéreos
demandarian 4 o mas alimentadores conectados a la barra, para lograr
corrientes que puedan ser detectadas por los dispositivos de proteccion.

Por consiguiente, en circuitos de 2 alimentadores no es recomendable
usar esta tecnologia puesto que si uno de los alimentadores esta fuera de
servicio y se presenta una falla a tierra en el segundo alimentador, no habria
contribucion de corriente y por lo tanto no se daria la apertura del

alimentador fallado.

1.3 Transformador Zig-Zag como Neutro Artificial

En circuitos con bajas corrientes de falla a tierra, una segunda
alternativa es la creacién de un neutro artificial, que puede ser a través de un
transformador Zig-zag, con el cual se logra elevar las corrientes de falla a
tierra. Es fundamental en esta alternativa que el transformador sea
adecuadamente disefiado y, por lo tanto, debe ser capaz de soportar la
corriente de falla a tierra durante el tiempo establecido, sin que sufran dafios.

Para el disefio del transformador Zig-zag, debe tenerse en cuenta la

corriente de cortocircuito monofasica en las barras donde sera instalado, de



modo que no debe exceder su capacidad que normalmente se da en
Amperios para un tiempo de 10 segundos.

Cuando la corriente de cortocircuito monofasica excede la capacidad
del transformador Zig-zag, se hace necesario el uso de una resistencia
RNGR a ser conectada entre el neutro del transformador Zig-zag vy tierra tal
como puede apreciarse en la Figura N° 1.2. Los valores tipicos de la

resistencia RNGR son del orden de 10 a 100 Ohmios.

!
-

N I
Transformador

S Zig-zag

Figura N° 1.2: Transformador Zig-zag con resistencia RNGR

Para los circuitos con bajas corrientes de falla a tierra, esta alternativa
pierde su ventaja en los casos donde la falla se presente en el extremo del
alimentador y en zonas donde la resistencia de contacto sea elevada, es
decir del orden de 1 500 a 2 000 Ohmios (casos de arenales y veredas

secas), en los cuales los valores de corrientes minimas que se obtendran



seran muy bajas, tal como podra apreciarse en los resultados de los calculos
efectuados en la aplicacion del Capitulo IV.

Con valores de corriente pequeiias, no es posible garantizar que un
relé actiue adecuadamente para despejar la falla, es decir, habria un margen

de incertidumbre en la actuacién del equipo para estas contingencias.

1.4 Instalacion de Relé de Sobretension Homopolar y Sistema de

Automatizaciéon con PLC

En un sistema aislado, cuando uno de los conductores hace contacto
con tierra, en las otras fases se presenta una sobretension respecto a tierra
la misma que puede alcanzar los niveles de tension de linea - linea. Es decir,
se presenta una tension homopolar resultante, en toda la barra y el sistema,
que sera la magnitud de actuacion para un relé de sobretension homopolar.

Una disposicion tipica para la medicion de la tensién homopolar, es la
que se muestra en la Figura N° 1.3, donde se puede notar que el primario
del transformador de tension se conecta en estrella y el secundario se
dispone en delta abierto, de modo que se pueda obtener el valor de 3Vo.

Donde:
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3 Vo

Figura N° 1.3: Conexién para la Medicion de la Tension

La actuacion de este esquema de proteccion es mas confiable
comparado con los casos anteriores, puesto que la tension homopolar se
presenta en barras y en todo el sistema, independientemente de donde se
produzca la falla; a diferencia de la magnitud de la corriente homopolar que
tiene un amplio rango de valores, dependiendo donde se produzca la falla y
del valor de resistencia de contacto que se presente en el punto de falla.

Sin embargo, desde que la protecciéon por sobretension homopolar no
puede determinar por si sola dénde se origina la falla, no puede ser
efectivamente aplicado en sistemas con varios alimentadores; sin embargo
para los casos de sistemas eléctricos con 2 o 3 alimentadores, esta
alternativa es aplicable adicionandosele un sistema de automatizacién de
alimentadores basado en un controlador l6gico programable-PLC, con una
l6gica de prueba-falla, que permitira discriminar el alimentador fallado y sélo

éste quedara desenergizado.



CAPITULO Il
METODOLOGIA PARA LA AUTOMATIZACION

DE LA PROTECCION EN SISTEMAS ELECTRICOS AISLADOS

21  Introduccion

Las fallas monofasicas S No producen
corrientes considerables como para disefiar un sistema de proteccion
selectivo, dado a que una variacion de la carga podrla ocasionar el mismo
efecto. La variacion de la tension fase-tierra, tiene la limitacion del punto de
referencia, ya que éste puede movilizarse como consecuencia de variacion
de carga desbalanceada.

Ante una falla a tierra aparecen sobretensiones homopolares, las
cuales por medio de un relé de sobretension homopolar, una vez que se
supere el respectivo ajuste, podria enviar la sefial de disparo a los
interruptores correspondientes y por lo tanto la falla seria despejada. Sin
embargo esta accion del relé de sobretension no es posible, porqu
limitacion de que no se tiene la forma de determinar la falla,
por lo tanto es necesario buscar la manera de que hay. ad de la

proteccion.
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Para este propésito se ha planteado un sistema de automatizacion en
base a un Controlador Légico Programable-PLC, que de acuerdo a una
rutina determina el alimentador fallado y ordena la apertura del interruptor
correspondiente, manteniendo la continuidad de servicio en los otros

alimentadores.

2.2 Metodologia

El relé de sobretensién homopolar generalmente se emplea como
proteccién secundaria o de respaldo, en este caso dicho relé trabaja como
una proteccion principal, respaldada por un sistema de automatizacion en
base a un controlador légico programable-PLC.

Cuando se produce una falla a tierra, se genera una tension
homopolar que es sensada por el relé de sobretension homopolar a través
de tres transformadores de tensiéon cuyos secundarios se encuentran en
conexion delta abierto, para medir la tension homopolar (3Vo) tal como se ha
indicado en la Figura N° 1.3 del acapite 1.4.

Cuando se origina una sobretension homopolar, el Relé de
Sobretension homopolar, una vez que ha superado el respectivo ajuste,
manda alarma y a la vez hace actuar el sistema de automatizacion en base a
PLC, para discriminar el alimentador en el cual se ha presentado la falla
monofasica.

Luego que el PLC ejecuta la secuencia de maniobras de los

interruptores, el alimentador con falla quedara fuera de servicio.



13

En la Figura N° 2.1 se muestra un esquema donde se puede apreciar

como interactua el relé de sobretensién homopolar sobre el PLC y éste a su

vez interactua con los interruptores de cada uno de los alimentadores.

BARRA |

| BARRA Il

BARRA AT

Interruptor 1

—

Interruptor 2

“«----

¥ Alimentador 1

i 3 » Alimentador 2

Interruptor 3

Jrr— "\

-

Alimentador 3

Transf. Tension
10V3/0.4/3 kV

Relé de
Sobretension
Homopolar

h L L -_—

Figura N° 2.1: Esquema de Operacion de la Automatizacion

Al aperturar el alimentador o circuito en el cual se ha presentado la

falla, ésta quedara despejada y por lo tanto el relé de sobretensiéon

homopolar dejara de percibir tal sefial, de modo que el circuito con falla

quede en posicién de apertura.
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2.3 Descripcion de la Operacion

Una vez que el PLC recibe la senal del relé de sobretension
homopolar, empieza a correr su légica de apertura y cierre de los
interruptores de cada alimentador, probando uno a uno a fin de determinar

en cual de los alimentadores a ocurrido la falla.

En la Figura N° 2.2 vemos que el PLC recibe como sefal de entrada
principal, la sefal del relé de sobretension homopolar y como sefales de

entrada adicionales, la posicién de cada uno de los interruptores.

Sefiales de Posicion

Relé de
Sobretension
Homopolar

| [ [ | | [ |
[ l l [ [ L |

Int. Int. Int. Int. Int. Int.
1 2 3 1 2 3

Disparo Interruptor Cierre Interruptor Alarma general

Figura N° 2.2: Esquema de Operacion del PLC
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Luego que el PLC ejecuta su légica, envia las sefales de salida;
cuando se requiere la apertura de un interruptor la seial de salida del PLC
sera dirigida hacia la bobina de disparo del interruptor que se desea
aperturar. Y cuando se requiere el cierre de un interruptor, la seial de salida
del PLC sera dirigida hacia las bobinas de cierre del interruptor que se desee

cerrar.

En la légica de la secuencia de operaciones se han tomado en cuenta

los tiempos de apertura y cierre de los interruptores.

2.4 Secuencia de Operacion
A continuacién se explica la légica de la secuencia de operacién una
vez que el relé de sobretension detecta la falla y ordena al PLC para que

inicie el sistema de automatizacion.

2.4.1 Falla en el Alimentador 1:
Si la falla se produce en el Alimentador 1, el PLC es alertado por el
relé de sobretension homopolar y empieza la secuencia de la Figura 2.3:

e EI PLC manda la aperturar el Interruptor 1 en un tiempo T1.

e Como la falla es en el alimentador 1, el relé de sobretension homopolar ya
no recibe senal de tensibn homopolar puesto que con la apertura del
interruptor la falla ha quedado despejada, quedando dicho alimentador

fuera de servicio.
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Inicio de
sefial de orden

ON :
Interruptor 1 ‘
OFF |
: T1
ON |
Interruptor 2 i
OFF |
E
ON |-
Interruptor 3 i
OFF :

Figura N° 2.3: Secuencia de Operacion con falla en el Alimentador 1

2.4.2 Falla en el Alimentador 2:

Si la falla se produce en el Alimentador 2, el PLC inicia la secuencia
que se muestra en la Figura 2.4:

e EIPLC manda la apertura del Interruptor 1 en un tiempo T1.

e Como la falla es en el alimentador 2, el relé de sobretension homopolar
seguira sefialando falla, entonces el PLC luego de un tiempo T2 ordena el

cierre del Interruptor 1 y a la vez la apertura del Interruptor 2.

e Al aperturar el Interruptor 2, la falla queda despejada, quedando el

Alimentador 2 fuera de servicio.
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Inicio de
sefial de orden

ON :
Interruptor 1 !
OFF |

: T1 T2
ON |
Interruptor 2 E
OFF !

| T1+T2

ON |
Interruptor 3 |
OFF :

Figura N° 2.4: Secuencia de Operacion con falla en el Alimentador 2

2.4.3 Falla en el Alimentador 3:

Si la falla se produce en el Alimentador 3, una vez que el PLC recibe
la orden del relé de sobretensidén homopolar, se inicia la secuencia que se
muestra en la Figura 2.5:

Inicio de
sefial de orden

1
ON :
Interruptor 1 !
OFF |
: Tl T2
I
ON !
Interruptor 2 i
OFF 1
: Tl +T2 Tl
I
I
ON !
Interruptor 3 i
OFF !
! TI+T2+TIl

Figura N° 2.5: Secuencia de Operacion con falla en el Alimentador 3
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El PLC manda la apertura del Interruptor 1 en un tiempo T1.

Como la falla es en el alimentador 3, el relé de sobretension homopolar
seguira senalando falla, entonces al lapso de un tiempo T2 el PLC

ordena el cierre del Interruptor 1 y a la vez la apertura del Interruptor 2.

Al cerrar el Interruptor 2 la falla persiste y el relé de sobretension
homopolar seguira sefalando falla, entonces al lapso de un tiempo

adicional T1 el PLC ordena la apertura del interruptor 3

Al aperturar el Interruptor 3, la falla queda despejada, quedando el

Alimentador 3 fuera de servicio.



CAPITULO il
CALCULO DE FALLAS A TIERRA

EN SISTEMAS ELECTRICOS AISLADOS

3.1 Componentes Simétricas

Para el calculo de cortocircuitos no trifasicos, se emplea el método de
componentes simétricas, que se basa en un sistema de 3 fasores que
pueden ser descompuestos en 3 subsistemas fasoriales:

e Sistema de Secuencia Positiva o Directa.

o Sistema de Secuencia Negativa o Indirecta.

o Sistema de Secuencia Homopolar o Nula.

3.1.1 Subsistema de Secuencia Positiva:
Es un sistema trifasico equilibrado que se compone de 3 vectores con
igual médulo y desfasados en 120° y se encuentran presentes en cualquier

estado o condicion del sistema eléctrico.

A+Bl1+Ci=0 ——————- 3.1
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3.1.2 Subsistema de Secuencia Negativa:

Es un sistema trifasico equilibrado similar al de secuencia positiva,

cuya secuencia es contraria. Se produce ante cualquier desequilibrio del

sistema eléctrico.

A2+B2+C2=0 ———————

3.1.3 Subsistema de Secuencia Cero u Homopolar

Es un sistema desequilibrado compuesto por 3 vectores de igual
mddulo e igual argumento, se da el subsistema de secuencia homopolar
cuanto el sistema es desequilibrado (la suma vectorial tiene resultante

distinto de cero), es decir cuando se da falla monofasica o bifasica a tierra.

A0+ B0+ Co=0 —————-

Por lo tanto tres vectores R, Sy T pueden descomponerse en sus

tres subsitemas:

R =R1+ R2+ Ro
S=S1+S82+So
T =T1+T2+To

Para calcular cada uno de los componentes del subsistema, se hace

necesario el uso de los siguientes operadores vectoriales:

a=1,120°> a2 =1,240 °

Considerando:
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St =a?R1 > T1=aR1  —————__ (3.6)
S2 =aR? —>T2=a2R2

Entonces los componentes del subsistema serian los siguientes:
Ro=S0=To=(R+S+T)/3
Ri=(R+aS+a%’T)/3  ——_____ (3.7)
R2=(R+a*S+aT)/3

3.2 Calculo de Falla Monofasica a Tierra
Cuando una de las fases de un circuito aislado hace contacto con

tierra, el analisis de las corrientes se muestra en la Figura N° 3.1:

x

S
T ; !
Is Itl

Ir = Ifalla Is=It=0
Vr = 2f x Ir

Figura N° 3.1: Corrientes de Falla a Tierra

Puesto que solamente existe corriente de falla hacia tierra por la fase
R, y en las otras no existen corrientes hacia tierra, se plantea la ecuacion

(3.8) para las corrientes de secuencia de la fase R.
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De la ecuacion (3.8) se desprende:

Iro =1Iry =1Irp =1/3lr - — - — - — - (3.9)

Asimismo tenemos que las tensiones de fase: Vr, Vs, y Vt estan

dadas por la ecuacion (3.10).

Zf Ir 1 1
vs |=1/311 a2 (3.10)
Ve 1 a

De la ecuacion (3.10) se desprende:

Ve =Vrg +Vry +Vry =3(Zf Ir)  ————- (3.11)

Por consiguiente, para el caso de fallas de fase a tierra el circuito que

corresponde a la ecuacion (3.11) se muestra en la Figura N° 3.2:

CIRCUITO ——
SECUENCIA Irl A
POSITIVA

1/3 Ir

CIRCUITO —
SECUENCIA 1r2

NEGATIVA 3 zf vr

CIRCUITO —
SECUENCIA 1z0
CERO

Figura N° 3.2: Circuito para Falla Monofasica a Tierra
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3.3 Circuito Equivalente para Fallas a Tierra
Para determinar el circuito equivalente, tenemos la siguiente

representacion en la Figura N° 3.3, con falla en el punto "P":

10 KV
60 KV
& Alimentador 1
I & Alimentador 2
& Alimentador n ...
T
| Cable subterraneo Linea Aérea :
-——
—
If 4
Falla Monofasica
a Tierra

Figura N° 3.3: Circuito con Falla Monofasica a Tierra en el punto P

Para el calculo de la corriente monofasica de falla a tierra, los circuitos

de secuencia van conectados en serie, tal como se ve en la Figura N° 3.4.

Z+
Z+,7-= Impedandia del sistema
Secuencias: (+) y ()
Cro = Capacitancia total hom opola:
z- alim entadores no involucrados
—  1—e—
Coy Co’ = Capacitancia homopolar
del alim entador fallado
Rf = Resistencia de falla.
Barra IRf

Cto

Figura N° 3.4: Circuito de Falla Monofasica a Tierra

Co
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Sin embargo en el circuito de secuencia negativa se considera la
capacitancia total homopolar de todos los alimentadores no involucrados en
la falla (Cto0), en paralelo con las capacitancias homopolares del alimentador
fallado, antes y después del punto de falla (Co y Co’).

Puesto que las impedancias de secuencia negativa y positiva son
pequefnas en comparacion con las reactancias homopolares, el circuito

puede quedar reducido tal como se muestra en la Figura N° 3.5:

ﬂl lo 3Rf

Barra
| |0.'»
G 2 O ©
i
Cro= Co== Co == | Vo

Figura N° 3.5: Circuito Equivalente de Falla Monofasica a Tierra

Del circuito equivalente se obtiene que:

Jo=— Ef ———(3.12)
GRA + :

\
\ f

\J W?(Cro +Co +Co

La corriente homopolar que circula por el Relé es:
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C
Io'=Io O —— (3.13)
CTO + CO + CO'

Cuando se trata de un sistema con varios alimentadores donde la
capacitancia total de los alimentadores no involucrados en la falla Cto es

mucho mayor las capacitancias del alimentador fallado Co y C'o, entonces

la tension homopolar Vo es :

3.4 Variaciones de la Tension Durante las Fallas
En un sistema con neutro puesto a tierra, cuando se presente una
falla a tierra, el punto neutro practicamente no sufre desplazamiento, lo que

no permite que se generen tensiones homopolares o que sean pequerias.

/ /
/ \ / \
/ \ / \
;. IV, P Vi
/ \ / \
/ \ / \
/ \ / \

/ \ / \
/ 2 \ / \
/ E \ / TN

” A\ r "l_l\
SIN FALLA CON FALLA

Figura N° 3.6: Fasores de Tension en un sistema con neutro a tierra

En cambio en un sistema con neutro aislado, el punto de referencia de

los fasores de tension se desplaza. Es decir si un conductor cae al piso o
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hace tierra en alguna estructura, la tensién de fase de las otras fases no
comprometidas se eleva de 5,8 kV (tension de fase) hasta un valor cercano

a los 10kV; generandose las tensiones homopolares.

/ \
/ \
/ Vra
/ \
/ \
/ \
/ \
/ \
/ . * \ /
1_.\ th
SIN FALLA CON FALLA

Figura N° 3.7: Fasores de Tensién en un sistema aislado



CAPITULO IV

APLICACION

4.1 Ubicacidn

La Subestacion Ninatambo se encuentra ubicada en al localidad de
Tarma, capital de la provincia de Tarma en el departamento de Junin,
localizada a 3.053 m de altitud, a orillas del rio de igual nombre, situada a
unos 50 kms. de La Oroya.

La Subestacion Ninatambo recibe suministro energético desde la
subestacién Condorcocha en 44 kV, la que a su vez recibe suministro
energético desde Caripa en 138 kV, subestacion ésta ultima que se conecta
a la red de ELECTROANDES S.A. La linea en 44 kV que viene desde la
subestacién Condorcocha (14,50 Kms), continia hacia la subestacion de
Chanchamayo.

La Subestacion Ninatambo cuenta con un transformador de potencia
de tres devanados en 44/22,9/10 kV, de los cuales el que corresponde a 10
kV esta en conexidon delta, es decir es un sistema aislado; desde el cual se
abastece el suministro de energia eléctrica a la localidad de Tarma a través

de dos alimentadores aéreos, de los cuales el primero lleva suministro
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energético a la localidad de Huaricolpa y el segundo alimentador lleva

suministro energético a la poblacién urbana de Tarma.

4.2 Antecedentes

La configuracion en delta dificulta la deteccién de las corrientes de
fallas monofasicas a tierra, al presentarse corrientes muy pequenas, debido
a la carencia de un camino de retorno franco de las corrientes de fallay a la
alta impedancia de contacto; siendo las unicas rutas que permiten su paso
las capacitancias parasitas de los alimentadores.

En estos sistemas con neutro aislado, si bien es cierto presentan la
ventaja de que ante la puesta a tierra de una fase, la continuidad del servicio
no se ve afectada; sin embargo como contraparte se da que, ante una caida
de conductor a tierra, el mismo va a permanecer con tensién en tanto no se
disponga de una proteccién que considere este tipo de fallas.

Por consiguiente, se hace indispensable que los sistemas eléctricos
con neutro aislado dispongan de una proteccién contra las fallas a tierra
orientada a proteger a las personas de los choques eléctricos al romperse un
conductor de una linea aérea.

La subestacion Ninatambo contaba con un relé de sobretension
homopolar electromecanico marca BBC instalado en las barras de 10 kV que
al producirse una falla fase a tierra, activaba una alarma pero no es posible
interrumpir el suministro porque no se podia determinar en que circuito se
producia la falla. En conclusién no se contaba con un sistema de proteccion

efectiva que pudiera despejar este tipo de fallas.
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Por otro lado en la Subestacion Ninatambo se cuenta con un
transformador Zig-zag, que se habia previsto para ser instalado como neutro
artificial, pero que nunca se puso en operacion.

Ante esta situacion la empresa ELECTROCENTRO que es propietaria
de las instalaciones, ha visto por conveniente dotar de un sistema de
proteccién efectivo, el cual es materia del presente informe, en el que se
hace la evaluacion de la operatividad y la conveniencia o no de la inserciéon
del transformador zig-zag existente, en la barra de 10 kV. Asimismo, se han
evaluado otras alternativas tecnolégicas de solucién para el despeje de las
fallas monofasicas a tierra; buscando la alternativa técnico-econémica mas

adecuada.

4.3 Caracteristicas de los Equipos e Instalaciones Existentes

4.3.1 Transformador de Potencia

En la subestacién Ninatambo existe un transformador de potencia de
tres devanados cuyo primer devanado tiene posibilidades de conectarse a
44 0 60 kV, el secundario del transformador a 22,9 kV y el terciario a 10 kV.
Tanto el primario como el secundario estan conectados en estrella con
neutro aterrado y el terciario en delta. El devanado terciario alimenta a una
red de 2 troncales en 10 kV, para suministrar energia a la localidad de

Tarma.
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Los datos de placa del transformador de potencia se indican en el

Cuadro N° 4.1 siguiente:

Marca BBICT

Ano de Fabricacion 1985

Norma de Fabricacion ITINTEC 370-002

Altitud de operacién (m.s.n.m.) 3100

Enfriamiento ONAN

Tensién Nominal (kV)
- AT 44 /60 £ 10x1,36/1% kV
- MT - BT 229kV - 10kV

Tension de prueba al impulso con
44kV en el Primario

- Entre fases (kV) 325/125/75

- Fase - Neutro (kV) 95/ 95
Clase de aislamiento Clase A
Grupo de Conexién YnynO / YNd5
Potencia Nominal 10/5/5 MVA
Regulacién de Tension Bajo carga
Numero de posiciones de taps 21
Tensién de cortocircuito (%) AT/MT 3,3/3,1%

AT/BT 5,0/4,9%
MT/BT 1,5/1,5 %

Calentamiento 60 /65 °C
Peso total 29 550 kg

Cuadro N° 4.1: Datos de placa del transformador de potencia

Las impedancias de cortocircuito del transformador de potencia de tres

devanados son dadas en el Cuadro N° 4.2 siguiente:

Devanados Vcce (p.u.) MVA
Primario-Secundario 0.033 10
Primario-Terciario 0.050 5
Secundario-Terciario 0.015 5

Cuadro N° 4.2: Impedancias de corto circuito del Transformador de Potencia
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4.3.2 Transformador Zig-Zag Existente

En la subestacién Ninatambo existe un transformador zigzag de 10
kV, de una capacidad de 57,4 KVA, con una impedancia homopolar de 96,4
Ohms y que puede soportar una corriente de 10 Amperios por el neutro,

durante 10 segundos. Los datos de placa se dan en el Cuadro N° 4.3.

Marca BBC

Ano de Fabricacion 1987
Serie Nro. L17774
Tipo ND10ON
Potencia Nominal 57,74 - Trifasico
Frecuencia 60 Hz
Grupo de Conexién Zno
Norma C.E.l

Ais. Fase/neutro BIL kV 38/38
Altitud 4,000 msnm
Zo 96,4
Enfriamiento OA
Primario Bornes U-V-W Tension 10000 V
Neutro Bornes (@)
Tensién Bornes OU-OV-OW Tensién 57,74 V
Peso total del transformador 370 Kg
Peso del aceite 110 Kg
Servicio Continuo

KVA No se tiene
Tension 10000
Servicio Corta Duracién

KVA : 57.4
Tiempo (Segundos) 10
Amperios en el neutro 10

Cuadro N° 4.3: Datos de placa del transformador Zig-zag
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En el acapite 4.4 del presente informe se hace un analisis de la
posibilidad de conectar el transformador Zig-zag existente a la red de 10 kV

y se plantea como una alternativa de solucion.

4.3.3 Alimentadores de Media Tension en 10 kV

A partir del lado de 10 kV del transformador de potencia de la
Subestacién Ninatambo salen dos alimentadores aéreos, de los cuales el
primer alimentador lleva la energia a la localidad de Huaricolpa y el segundo
alimentador a la parte urbana de la localidad de Tarma.

El primer alimentador Radial A4701 tiene una longitud total de 9,7 Kms
con una carga instalada de 3 867 kW y el segundo alimentador Radial
A4702 tiene una longitud de 4,2 Kms con una carga instalada de 3 615 kW.
La demanda maxima proyectada es de 1,52 MVA para cada uno de los
alimentadores.

Las redes son de aluminio en diversas secciones, siendo la de mayor
seccion 70 mm2. Las potencias de los transformadores son también
variados, de modo que en la Salida 1 la mayor potencia es 250KVA y en la

Salida 2 la mayor potencia es de 400 KVA.
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4.4 Calculos Justificativos y Analisis para la Instalacion del

Transformador Zig-Zag Existente

4.4.1 Calculo de la Corriente Homopolar

Para la obtencién de la impedancia capacitiva de los alimentadores,

se han utilizado las siguientes ecuaciones:

6
10
Xc = Omhios | fase @ — —— —— — 4.1
272fCo Jfe (4.1)
Co = 10 ° microF (uF)/ fase (4.2)
2 mfXc N '
3lco = 2+/3 ”ff oL Amperios — - - ——— — (4.3)
10
Donde:
f = Frecuencia en Hz.
Co = Capacitancia a tierra en microF
E = Tension de linea del sistema en Voltios

Una aproximacion que puede ser usada para la capacitancia de las
redes aéreas en funcién de su longitud y de los transformadores, son las

siguientes:

Para transformadores : Co=0.01 —0.001 microF

Lineas aéreas : Co=0.01 microF/milla = 0.0062 microF/km

Si consideramos que en el futuro la localidad de Tarma llega a tener 5
alimentadores (actualmente se tienen 2), asumiendo 5 kilémetros por cada

alimentador, se tendria un total de 25 kilbmetros de linea. Asimismo,
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considerando 5 transformadores por cada alimentador, en total se tendria 25
transformadores. Luego la capacitancia total de los 5 alimentadores con 25

transformadores por alimentador seria:

Co =25km x 0.0062 microF/km + 25 x 0.01 microF = 1,405 microF ----(4.4)

De esta forma obtenemos los valores de Xco e lco:
Xco= 6 549,6 ohm/fase

3lco= 2,64 A.

Para un valor tipico de resistencia de falla de 1000 Ohmios en terreno
pedregoso o terreno arenoso, con esta corriente se tiene una tensién
homopolar del orden de:

3Vo= 2640 Votios

Como se puede apreciar, la corriente de falla a tierra en este tipo de
redes aéreas, son muy bajas y se hace mucho menor cuando la resistencia

de contacto a tierra es muy grande.

4.4.2 Calculo de las Impedancias de Secuencia

Para el analisis de cortocircuito se han tomado los resultados del
estudio de coordinacién de la proteccién del Subsistema 138/44/35/22.9/10
kV Caripa - Condorcocha - Ninatambo - Chanchamayo, realizado por
ELECTROCENTRO S.A. De este informe obtenemos las potencias de
cortocircuito trifasicas y monofasicas en 44 kV en Ninatambo con la finalidad

de obtener las impedancias equivalentes.
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Para el calculo se han tomado las siguientes bases indicadas en el

Cuadro N° 4 .4:

KV Base | MVA base Z base | base
(Ohms) (A)
44.00 10.00 193.6 | 131.2160
10.00 10.00 10 577.3503

Cuadro N° 4.4: Bases para el calculo en p.u.

a) Impedancias de Secuencia del Sistema
Los niveles de cortocircuito en la subestacion Ninatambo en las barras

de 44 kV son las que se muestran en el Cuadro N° 4.5:

Fases Potencia | Corriente | Tension
MVA KA KV
Trifasica 116.60 1.53 44
Monofasica 165.47 2.04 a4,

Cuadro N° 4.5: Niveles de cortocircuito en Barras de 44 kV

Con estos valores se obtiene las impedancias equivalentes de
secuencia, del sistema aguas arriba de las barras de 44 kV, las que a

continuacion se indican en el Cuadro N° 4.6:

Impedancia Ohm p.u.
Secuencia positiva 16.6035 0.0858
Secuencia negativa 16.6035 0.0858
Secuencia cero 4.1509 0.0214

Cuadro N° 4.6: Impedancias de secuencia equivalentes del Sistema
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b) Impedancias de Secuencia del Transformador de Potencia
Las impedancias del transformador de potencia de la subestacion

Ninatambo, llevados a la base de 10MVA, son las indicadas en el Cuadro N°

4.7 siguiente:
Devanados Vee % MVA Vcce (pu)
nueva
Primario - Secundario 3.1 5 0.062
Primario - Terciario 49 5 0.098
Secundario - Terciario 1.5 5 0.030

Cuadro N° 4.7: Impedancias de secuencia del Transformador de Potencia

Para el calculo de la corriente de cortocircuito monofasica se ha tenido
en cuenta la impedancia entre los devanados primario y terciario, es decir el

lado de 44 kV y el de 10 kV.

c¢) Impedancia Homopolar de Transformador Zig-zag
Finalmente, la impedancia homopolar del transformador zig-zag en la

base de 10 MVA es de 96,4 Ohmios ( 9,64 p.u.)

4.4.3 Insercion del Transformador Zig-Zag
a) Maxima Corriente de Cortocircuito.Monofasica

Con los valores de impedancias en p.u., uniformizados en una misma
base, se han calculado las maximas corrientes de cortocircuito monofasica

que se pueden presentar en las barras de 10 kV.

Considerando que en el neutro se puede colocar una resistencia para

limitar la corriente por el mismo, de modo que no sobrepase la corriente
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maxima que puede soportar el transformador zig-zag, para distintos valores
de resistencia del neutro, se han efectuado los calculos obteniéndose los

resultados mostrados en el Cuadro N° 4.8:

Resistencia Io lo Ifalla = 3lo
Neutro kv Maxima
RNGR (pu) (A) (A)

0 10 0.0987 | 57.01 171.03
100 10 0.0316 | 18.23 54.70
200 10 0.0164 9.49 28.46
300 10 0.0110 6.37 19.12
400 10 0.0083 479 14.38
500 10 0.0067 3.84 11.52

577.35 10 0.0058 3.33 9.98
600 10 0.0055 3.20 9.61

Cuadro N° 4.8: Corrientes de Falla Monofasica Maximas

b) Minima Corriente de Cortocircuito.Monofasica

Para los casos en que la falla se presentara en el extremo del
alimentador, se considera la impedancia del alimentador, la resistencia de
contacto y la resistencia del terreno; con ello se obtienen las corrientes

minimas mostradas en el Cuadro N° 4.9 siguiente:

Resistencia Resistencia lo Ifalla=3lo
Neutro KV de Falla Minima Minima
RNGR (Ohm) (A) (A)

600 10 100.00 2.75 8.24
600 10 500.00 1.75 5.25
600 10 1000.00 1.20 3.61
600 10 1500.00 0.92 2.75

Cuadro N° 4.9: Corrientes de Falla Monofasica Minimas
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4.4.4 Analisis de los Resultados

La impedancia capacitiva de la red, asumiendo el maximo de valor de
capacitancia a tierra para los transformadores, asi como considerando 5
alimentadores de 5 km cada uno, llegaria como maximo a 6 549,6
ohm/fase, y la contribucién por parte de ésta seria de 2,64 A, tal como se ha
visto en el acapite 4.4.1. Valor muy bajo con el que no se podria garantizar
la actuacion efectiva de un relé multifuncién de alta sensibilidad.

De los resultados de cortocircuito monofasico visto en el acapite 4.4.3,
se puede observar que el neutro del transformador Zig-zag no puede ir
conectado directamente a tierra (sin resistencia conectada a neutro) dado
que se origina una corriente de cortocircuito maxima de 171 A, tal como
puede apreciarse en el Cuadro N° 4.8 cuando la resistencia RNGR es cero.
Este valor estda muy por encima de la capacidad del transformador Zig-zag

que es de 10 Amperios durante 10 segundos.

Para que esta alternativa sea considerada, es necesario que el neutro
del transformador Zig-zag se conecte a tierra a través de una resistencia
cuyo valor seria alrededor 600 Ohmios, que de acuerdo a los resultados de
cortocircuito monofasico obtenidos, la corriente de falla seria 9.61 A (ver
Cuadro N° 4.8), valor que no sobrepasa los 10 A que tiene como capacidad

el transformador zig-zag.

La configuracion del circuito tiene se muestra en la Figura N° 4.1:
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21G-2AG
Transformer

Figura N° 4.1: Transformador Zig-zag con resistencia RNGR

Las restricciones de disefio para la resistencia de neutro son las siguientes:

R = — Ohmios - - —— — — — 4.5
NGR NEYE (4.5)
Xco
R < Ohmios — — — - — — — 4.6
NGR 2 fXe i (4.6)
Ig =2 3lco Amperios - - - — — — (4.7)
Wnor = 1& RNGR Watts — — — — — — — (4.8)

De las ecuaciones (4.5) al (4.8), la resistencia que va conectado al
neutro deberia ser 10kV/(V3x 10 A) = 577.35 ohm. Luego, introduciendo
esta resistencia en los calculos de cortocircuito obtenemos una corriente de
falla monofasica de 9.98 A. Asimismo la potencia de consumo seria de 57,74

kW. Tenemos ademas dos restricciones adicionales: la impedancia
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homopolar capacitiva a tierra de los alimentadores (XCo) y la contribucién

por parte de ellas (3ICo).

Como se puede apreciar en la ecuacién (4.6) el valor de RNGR debe
ser menor o igual que XCo/3, asimismo en la ecuacion (4.7) la corriente IG
debe ser mayor o igual que 3lco; con los resultados obtenidos se cumplen
ambas condiciones, concluyéndose que es posible conectar el transformador

zig-zag, en la barra de 10 kV.

Sin embargo, aun cuando se conectaria el transformador Zig-zag,
debido a la alta resistencia de contacto y a la resistencia RNGR las corrientes
de falla monofasicas minimas, en los extremos del alimentador y con
resistencia de falla de 1 000 Ohmios, son del orden de 3.61 A; con lo cual se

tiene incertidumbre en la operacion del sistema de proteccion.

4.5 Evaluacion de Alternativas
La evaluacion se ha efectuado para todas las alternativas posibles de
aplicar en la subestacion Ninatambo, siendo estas las siguientes:
¢ |Instalacion de relé multifunciéon Hompolar-direccional.
e Transformador Zig-zag existente como neutro artificial.
¢ Instalacion de un nuevo Transformador Zig-zag, de mayor potencia que
el existente.
e Instalacion de Relé de Sobretension Homopolar y Sistema de

Automatizacion con PLC
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4.5.1 Alternativa 1:

Instalacion de Relé Multifuncion Homopolar-Direccional

Tal como se vi6 en el acapite 1.2, con la finalidad que la deteccién de la
falla sea selectiva, se plantea como primera alternativa la implementaciéon de
relés direccionales de sobrecorriente homopolar, cuya tecnologia permite
despejar fallas a tierra con alta impedancia y en la actualidad se cuentan con
relés que tienen una sensibilidad de 10 mA en el lado secundario; sin
embargo, como ya se dijo en la practica no es aconsejable calibrar a este
valor, puesto que cualquier desbalance en el sistema podria sacar fuera de
servicio el alimentador. Es recomendable un valor tipico de calibracion de 2
Amperios en el lado primario.

Por otro lado, la actuacién del relé multifuncién homopolar direccional,
en muchos casos esta limitada cuando la falla ocurre en zonas alejadas
donde la resistencia de contacto es elevada, presentandose corrientes muy
bajas; tal como se ha calculado en el acapite 4.4.1, donde la corriente es de
2,64 Amperios.

Esta corriente es pequena, con la cual no se garantiza la operacién
efectiva del relé de sobrecorriente homopolar direccional, puesto que este
valor puede disminuir cuando el conductor cae en una zona donde se
presenta una alta resistencia de contacto.

Por otro lado, en circuitos con 2 alimentadores no es recomendable
usar esta tecnologia puesto que si uno de los alimentadores esta fuera de

servicio y se presenta una falla a tierra en el segundo alimentador, no habria
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contribucion de corriente y por lo tanto no se daria la apertura del
alimentador fallado.

Se concluye que, debido a que solamente se tienen dos alimentadores
de 10 kV en la Subestacién Ninatambo, se presenta poca contribuciéon de
corriente por parte de las capacitancias parasitas, motivo por el cual en el
presente proyecto se descarta técnicamente el uso de esta primera

alternativa.

4.5.2 Alternativa 2:

Transformador Zig-zag Existente como Neutro Artificial

Para crear un neutro artificial se puede hacer uso de un transformador
Zig-zag, con el cual se logra elevar las corrientes de falla a tierra, para esto
el transformador debe ser adecuadamente disefiado.

En el acapite 4.4.3 se han efectuado el analisis considerando la
insercién del transformador Zig-zag, de donde se desprende que se origina
una corriente de cortocircuito que es del orden de 171 A, muy por encima de
la capacidad del transformador Zig-zag existente en la subestacion
Ninatambo (10 A durante 10 Segundos), por lo que se hace necesario el uso
de una resistencia RNGR a ser conectada entre el neutro del transformador
Zig-zag y tierra tal como puede apreciarse en la Figura N° 4.2. El valor debe
ser del orden de los 600 Ohmios, de acuerdo a los resultados de
cortocircuito monofasico (9.61 A). Dicha resistencia RNGR resulta un valor
inusualmente elevado, puesto que los valores tipicos son del orden de 10 a

100 Ohmios.
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Z1IG-2AG
Transformer

RNGR
600 Ohmios

Figura N° 4.2: Comportamiento de las corrientes de falla a tierra

Esta segunda alternativa se torna preocupante en los casos donde la
falla se presente en el extremo del alimentador y en zonas donde la
resistencia de contacto sea del orden de 1 500 a 2 000 Ohmios (casos de
arenales y veredas secas), en los cuales los valores de corrientes minimas
que se obtendran seran muy bajos, segun se desprende de los resultados de
los calculos indicados en el Cuadro N°4.9 del acapite 4.4.3.

Por lo tanto con estos valores de corriente que son muy pequefios,
tampoco seria posible garantizar que un relé actiue adecuadamente para
despejar la falla, es decir, habria un margen de incertidumbre en la actuaciéon

del equipo para estas contingencias.
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4.5.3 Alternativa 3:
Instalacion de un Nuevo Transformador Zig-zag

Puesto que el Transformador Zig-zag existente en la Subestacion
Ninatambo no tiene la capacidad adecuada y requiere una alta resistencia
RNGR para limitar la corriente, se plantea una tercera alternativa consistente
en el suministro e instalacion adicional de un nuevo transformador Zig-zag
provisto de una capacidad de transporte de corriente en el neutro de 171
Amperios.

Sin embargo, analogamente a lo indicado en la alternativa anterior para
los casos de fallas en los extremos del alimentador o en zonas donde la
resistencia de contacto sea del orden de 1 500 Ohmios (casos de arenales y
veredas secas), se generan corrientes de falla muy bajas, y sea que se
instalen relés con alta sensibilidad, de todas maneras como en los casos
anteriores, la operacién del relé no estaria garantizada en la totalidad de los

Casos.

4.5.4 Alternativa 4:
Relé de Sobretension Homopolar y Sistema de Automatizacion
con PLC
Como ya se mencion6 en el acapite 1.4 en un sistema aislado, cuando
uno de los conductores hace contacto con tierra, en las otras fases se
presenta una sobretension respecto a tierra la misma que puede alcanzar los

niveles de tension de linea-linea. Es decir, se presenta una tensiéon
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homopolar resultante, en toda la barra y el sistema, que sera la magnitud de
actuacion para un relé de sobretensién homopolar.

Como también ya se mencion6 en el acapite 1.4 este tipo de proteccion
es mas confiable comparado con los casos anteriores, puesto que la tensién
homopolar se presenta en barras y en todo el sistema, independientemente
de donde se produzca la falla. Por lo demas, en nuestro pais se tiene una
vasta experiencia de instalacién de estos esquemas.

Puesto que la proteccion por sobretension homopolar no puede
determinar por si solo donde se origina la falla; para este caso en particular
de un sistema de distribucién con 2 o 3 alimentadores, es aplicable la adicién
de una automatizacion con PLC, que basandose en una logica de prueba-
falla, permite discriminar el alimentador fallado y quedar desenergizado.

Esta alternativa es aplicable puesto que los interruptores instalados en
las celdas de salida de la Subestacién Ninatambo, poseen bobinas de

apertura y cierre.

Asimismo se ha previsto el reemplazo de los relés electromecanicos
de sobrecorriente BBC-ICM 22KP, existentes en cada alimentador y del

cable de comunicacion de 10kV.

4.5.5 Alternativa Optima

Luego de evaluar todas las alternativas posibles de aplicar en este
caso particular para la Subestacién Ninatambo, se llega a la conclusién que
debido a la poca cantidad de alimentadores, su contribucién para la

generaciéon de corrientes homopolares es minima, generandose pequefas
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corrientes que no garantizarian la operacion del sistema de proteccion de
sobrecorriente homopolar direccional.

Tampoco es posible la puesta en servicio del transformador Zig-zag
existente, puesto que no soportaria la corriente de falla a tierra maxima que
se produce en barras. Por otro lado con la inserciéon de una alta resistencia
RGNR y en los casos de caida de conductor en zonas con alta resistencia de
contacto, las corrientes de falla a tierra en los extremos de los alimentadores
son muy pequefias, con lo cual tampoco se garantiza la efectiva operacion
de un relé de sobrecorriente homopolar direccional, aun cuando este ultimo
sea de alta sensibilidad.

Por la tanto, de la evaluacion efectuada en este caso particular para el
sistema de 10kV de la Subestacién Ninatambo, se desprende que la Cuarta
Alternativa cumple técnicamente con el propésito de despejar las fallas a

tierra en este caso especial de dos o tres alimentadores.
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4.6 Especificaciones de los Relés de Proteccién y del Sistema de

Automatizacion

4.6.1 Relé de Sobretension

Relé de sobretension homopolar con medicion de componentes
simétricas, marca SEG, modelo MRU - 21 DM, sera instalado en barras de
10 kV.

Caracteristicas Técnicas:

Alimentacion Multirango (16 a 360 Vdc / 16 a270 Vac)
Funciones 59N, 27, 59 47
Medicién Tensiones de fase y

componentes simétricas de tension.
Protocolo Modbus RTU

Con capacidad de registro de fallas y oscilografias.

Caracteristicas adicionales del relé de sobretensién homopolar son

dadas en el ANEXO B,

4.6.2 Relé de Proteccion Contra Sobrecorrientes

a) Proteccion de Alimentadores

Relés de proteccion contra fallas a tierra entre fases y fase a tierra
direccional, para sistemas en delta, seran instalados a la salida de los

alimentadores de 10 kV, estan preparados con la funcién de sobrecorriente
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homopolar direccional para que en el futuro puedan operar cuando se
incrementen el numero de alimentadores.

Caracteristicas Técnicas:

Marca y Modelo . SEG MRI3

Funciones de proteccion : 50/51 y 67N

Alimentacion Auxiliar : 16 a 360Vdc, 16 a 270 Vac
In fases / In neutro . S5A/1A
Protocolo : Modbus RTU

Registro de Fallas y oscilografias, con autosupervision.

b) Proteccion del Cable de Comunicacion a Barras 10 kV

Relé de proteccién de fallas entre fases y fase a tierra, no direccional,
para la proteccion desde la salida del transformador hasta la llegada a las
barras de 10 kV, también es un respaldo de la proteccion de los
alimentadores.

Caracteristicas Técnicas:

Marca y Modelo . SEG MRI3

Funciones de proteccion : 50/51 y S50N/51 N

Alimentacion Auxiliar 16 a 360 Vvdc, 16 a 270 Vac
In fases / In neutro . S5A/5A
Protocolo . Modbus RTU

Registro de Fallas y oscilografias, con autosupervision.

Caracteristicas adicionales del relé de sobrecorriente son dadas en el

ANEXO C,
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4.6.3 Sistema de Automatizacion

Para la elaboracion del sistema de automatizacion se ha tenido en
cuenta la metodologia explicada en el Capitulo Il. Cuando se origina una
sobretension homopolar, el Relé de Sobretension homopolar, una vez
que ha superado el respectivo ajuste, manda alarma y a la vez ordena al
PLC el inicio de la automatizacion de los alimentadores; cuya légica de
operacion se muestran en los Cuadros N° 4.3, N° 4.4 y N° 4.5 siguientes:

Falla en el Alimentador 1:

Inicio de

sefial de orden
ON 1———
Interruptor 1 !
OFF —
! 400ms
ON F
Interruptor 2 i
OFF
i
ON i
Interruptor 3 |
pt OFF :

Figura N° 4.3: Secuencia de Operacion con falla en el Alimentador 1

Falla en el Alimentador 2:

Inicio de
sefial de orden

ON

interruptor 1

OFF

400ms 300ms

ON ———————

Interruptor 2 E
OFF |

i 700ms
ON |
Interruptor 3 i
P OFF |

Figura N° 4.4: Secuencia de Operacion con falla en el Alimentador 2
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Falla en el Alimentador 3:

Inicio de
sefial de orden

ON i
Interruptor 1 !
OFF }
! 400ms 300ms
ON !
Interruptor 2 i
OFF | -
! 700ms 300ms
|
]
ON }
Interruptor 3 i
OFF :

1000 ms

Figura N° 4.5: Secuencia de Operacion con falla en el Alimentador 3

Condiciones de Operacion

En la subestacion se dispone de fuente auxiliar en 220 V corriente
continua (Vcc), sin embargo para los requerimientos del PLC, se ha
considerado una fuente para su alimentacién en 24 Vcc.

Se ha requerido una senal de posicion de cada interruptor (3
entradas). Esto para realizar un salto en la secuencia de disparo en el caso
que ocurriese una falla en uno de los alimentadores y uno de ellos esté por

alguna razén fuera de servicio.

Se ha requerido una sefal adicional de entrada al PLC, este
corresponde al relé de sobretensidon homopolar. Esta sefial es muy

importante ya que inicia la secuencia en el PLC.



S1

De acuerdo a la secuencia, el PLC enviara una sefal de disparo a
cada uno de los interruptores, para la apertura de los interruptores; o enviara
senal de cierre a cada uno de los interruptores segun sea el caso. Siempre
se ha tenido en cuenta el criterio de que para los circuitos de disparo, se
necesitara un contactor auxiliar 220 Vcc por cada interruptor, luego el PLC

debera contar con una salida tipo relé por cada interruptor para alimentar

dicho contactor.
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4.7 Evaluacion Economica

De la evaluacion efectuada en los acapites anteriores, para el caso
particular de sistemas eléctricos aislados con dos o tres alimentadores la
Cuarta Alternativa cumple técnicamente con el propésito de despejar las
fallas a tierra.

Y de acuerdo al Cuadro N° 4.10 donde se indican los costos por el
suministro y mano de obra de cada una de las alternativas, se concluye que
la Cuarta Alternativa: Instalacion de un relé de sobretensién homopolar con
sistema de Automatizacion de Alimentadores en base a PLC, es la

alternativa técnico-econémicamente mas adecuada para este caso especial.



Cuadro N° 4.10

EVALUACION ECONOMICA DE ALTERNATIVAS

Alternativa 1 (*)

Alternativa 2

Alternativa 3

Alternativa 4

Item Descripcion Cant.| Unidad Relé Homopolar 2Zig Zag con R Nuevo Zig Zag Reléy PLC
PU US$ PT US$ PU US$ PT US$ PU US$ PT US$ PU US$ PT US$
Relé Multifuncion 50/51P, 50/51N, 67N .
L (alta sensibilidad y oscilografia) Marca SEL . Al Gl hely
2 [Relé de Sobrecorriente Marca SEG (Cable comunicacién) 1 Unid 2,980 2,980 2,980 2,980 2,980 2,980 2,980 2,980
3 JRelé Multifuncién 50/51P, 50/51N Marca SEG - Alimentadores 2 Unid 2,850 5,700 2,850 5,700 2,850 5,700
4 'Relé de sobretension marca SEG (Alemania) 1 Unid 2,500 2,500
5 IControlador Légico Programable-Automatizacion 1 Glob 2,750 2,750
6 [|Transformador de Corriente Tipo Toroidal 2 Unid 570 1,140
7 JAnunciador de Alarmas 1 Unid 1,200 1,200 1,200 1,200 1,200 1,200 1,200 1,200
8 |Transformador Zig Zag nuevo 1 Unid 8,500 8,500
9 |Resistencia limitadora de corriente 1 Unid 6,000 6,000
10 ]Gabinete para resistencia 1 Unid 1,000 1,000
Materiales consumibles, borneras, cable GPT 2.5 mm2,
11 Terminales, Cintillos, Numeradores, Cable NYY 4 mm2, etc. L Glob 100 100 100 100 100 100 100 100
Ferreteria para la instalaciéon del transformador ZIGZAG
12 (Terminales, Cable, Conectores, Base Transformador) L Glob 1,000 1,000 1,500 1,500
Suministro, transporte y montaje del equipamiento del
13 |transformador zigzag (Seccionador de potencia, fusibles 1 Glob 2,000 2,000 2,000 2,000
limitadores, pletinas, etc.)
14 JMano de obra para la instalacién 1 Glob 5,400 5,400 5,800 5,800 6,200 6,200 4,200 4,200
VALOR DE VENTA DE SUMINISTROS Y MANO DE
OBR‘Z © 0 uss 19,220 | uss 25780 | uss 28,180 | USS 19,430
133% 145% 100%

(*) Alternativa de referencia pero no es evaluable por su no aplicabilidad.




1.

CONCLUSIONES Y RECOMENDACIONES

En la actualidad se cuentan con relés de sobrecorriente homopolar
direccional de alta sensibilidad, de 10 mA e incluso 5 mA. Estos equipos
funcionan de una manera efectiva en circuitos con muchos alimentadores
y sobretodo en aquellos circuitos con redes subterraneas. Es decir en
aquellos circuitos donde las fallas de fase a tierra, generan corrientes

homopolares por encimade 3 6 5 Amperios.

Los relés de sobrecorriente homopolar direccional de alta sensibilidad,
aun cuando sean de 5 mA, en los casos de circuitos con pocos
alimentadores que generan corrientes homopolares pequenas, no
garantizan una operacion efectiva para despejar las fallas a tierra. Mas
aun no es recomendable ajustar la corriente homopolar por debajo de los
20 mA, puesto que cualquier desequilibrio o desbalance del sistema
eléctrico, el relé dispararia ordenando la apertura del interruptor en

cualquier momento, aun sin condicion de falla.

Para los casos en los cuales se cuenta solamente con dos

alimentadores, cuando uno de los alimentadores esta fuera de servicio
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(por mantenimiento), la situacion empeora, puesto que un alimentador
solo no tendria la capacidad de generar las corrientes necesarias para
poder usar relés multifunciéon de sobrecorriente homopolar direccional. En
este caso no es recomendable usar la proteccién con relé multifunciéon de

sobrecorriente homopolar direccional.

El transformador Zig-zag existente en la subestacién Ninatambo, no tiene
la capacidad suficiente para soportar las corrientes de falla a tierra que

alcanza su valor maximo de 171 A en las barras de 10 kV.

La instalacion de un nuevo transformador Zig-zag de mayor potencia, en
la subestaciéon Ninatambo, tampoco es de mucha ayuda puesto que las
corrientes de falla en los extremos de los alimentadores son muy bajas,
no siendo posible la proteccion teniendo en cuenta las corrientes

homopolares.

Por lo tanto, en el caso particular de dos alimentadores aéreos en 10 kV
de la Subestacion Ninatambo, se recomienda usar un relé de
sobretension homopolar con un sistema de automatizacion en base a
PLC, para discriminar el alimentador con falla a tierra y sacarlo de
servicio; puesto que satisface las condiciones técnicas y .es la alternativa

mas conveniente econdémicamente.



ANEXO A:
ESTUDIO DE COORDINACION
DE LA PROTECCION DE ALIMENTADORES DE 10 KV



ANEXO A
ESTUDIO DE COORDINACION DE LA PROTECCION DE LOS

ALIMENTADORES DE 10 KV DE LA SUBESTACION NINATAMBO

INTRODUCCION

La Subestaciéon Ninatambo tiene un transformador reductor de 3
devanados 44/22.9/10 kV de potencias 10/5/5 MVA. El lado de 10 kV
alimenta la poblacién de Tarma a través de dos alimentadores, donde el
primer alimentador lleva suministro energético a la localidad de Huaricolpa,
el segundo alimentador lleva suministro energético a la poblacion urbana de
Tarma.

Los transformadores de distribucién a lo largo del primer alimentador,
tienen una carga instalada de 3 867 kW. Asimismo en el otro alimentador la
carga instalada es de 3 615 kW. Sin embargo en el “Estudio de coordinacién
de la proteccién del Subsistema 138/44/35/22.9/10 kV Caripa-Condorcocha-
Ninatambo-Chanchamayo” de ELECTROCENTRO, se indica una maxima
demanda para los préximos afios de 1.52 MVA, en cada alimentador.

La subestacion Ninatambo contaba con los siguientes relés de

proteccién en lo que respecta a sobrecorrientes entre fases:
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N° kv TC | Marca Tipo Observaciones

1 44 150/5| BBC | ICM 22kp | Transformador, lado alta

2 44 100/5| IORI AS1 Salida a Chanchamayo

3 229 |200/5| BBC | ICM22kp |Principal, lado del transformador
4 229 (100/5| BBC | ICM 22kp |Salida 1

5 229 (100/5| BBC | ICM 22kp |Salida 2

6 10 |400/5| BBC | ICM 22kp | Principal, lado del transformador
7 10 150/5| BBC | ICM22kp |Salida1

8 10 150/5| BBC | ICM22kp |Salida 2

Cuadro N° A.1: Relés de proteccion de sobrecorriente entre fase

Los relés R6, R7 y R8 indicados en el Cuadro N° A.1, que protegen
los circuitos de 10 kV, son reemplazados por relés nuevos de ultima
generacioén, con la finalidad de darle mayor precisién, rapidez y sensibilidad
ante fallas entre fases. Los relés R6, R7 y R8, electromecanicos protegen
por fase, se utilizan dos unidades para proteger el circuito, en las fases R y
T; ahorrandose la unidad que protege la fase S, esto es valido para un
sistema aislado. Los nuevos equipos de proteccién son unidades trifasicas

para cada circuito.

CRITERIOS Y METODOLOGIAS
Los criterios y metodologia usados para el estudio de Coordinacién de la

Proteccion son los siguientes:

» Los equipos de proteccién (relés de sobrecorriente) siempre deben dar
seguridad de operacidén cuando se le requiera, sensibilidad a los valores de
entrada de los Transformadores de corriente (CTs), rapidez de operacién

frente a fallas severas y otras caracteristicas adicionales como facil
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mantenimiento. Estos equipos por lo general no trabajan continuamente, en
algunas ocasiones no trabajan por largos periodos, pero cuando existe una

falla es importante su operacién en ese momento.

» El analisis de cortocircuito toma como base un equivalente en la red de
44 kV en la Subestacion de Ninatambo, este equivalente es calculado para
la condicibn de maxima demanda. A partir de esta consideracién se han
calculado los niveles de cortocircuito trifasico en la barra de 10 kV y en los
alimentadores a una longitud equivalente de 5 km, con la finalidad de
verificar la sensibilidad de los equipos de proteccion. Los datos de la
potencia de cortocircuito monofasico y trifasico en la barra de 44 kV para la
determinacion de los equivalentes, se han tomado del estudio de

coordinacién de la proteccion realizado por ELECTROCENTRO S.A.

» Los relés de proteccion responden a fallas a lo largo del alimentador, y
si es posible de forma instantanea. Para fallas al otro lado del transformador
de distribucion ubicadas a lo largo de los alimentadores, el relé de proteccién
no debe aperturar de forma instantanea, debe permitir un tiempo para que su

proteccién local despeje la falla.

» Para la coordinacion de la proteccion se ha considerado un umbral de

tiempo de 300 ms de modo de asegurar la selectividad de la proteccion.

» Los ajustes de los relés de proteccidn de sobrecorriente toman en
consideracién un 25% adicional de la maxima demanda proyectada para el

alimentador respectivo.
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» La referencia para la coordinacion de la proteccion es el relé de
sobrecorriente ubicado en el lado de 44 kV del transformador en Ninatambo.
Los ajustes seran tomados del estudio de coordinacion de la proteccion

realizada por ELECTROCENTRO S.A. los cuales no son modificados.

» La proteccion de sobrecorriente ubicada en la barra principal funciona
como respaldo de los alimentadores, esto quiere decir que la funcion
instantanea, su ajuste, esta rezagada por encima de la maxima corriente de
falla en la barra de 10 kV. De otra manera no se podria garantizar la

selectividad y por consiguiente la coordinacion de la proteccion.

DATOS CONSIDERADOS

Los datos considerados para la realizacién del estudio fueron recogidos
del estudio de Coordinacion de la Proteccion del Sub-sistema
138/44/35/22.9/10 kV Caripa- Condorcocha- Ninatambo — Chanchamayo,

realizado por ELECTROCENTRO S.A.

1. Para el calculo de los equivalentes se utiliz6 la potencia de cortocircuito
en la condicion de maxima demanda, estos son mostrados en el

Cuadro N° A.2:

Tension | Falla Falla Falla Falla
BARRA Nominal | Trifasica| Trifasica | Bifasica | Monofasica
kV MVA KA kA KA
Ninatambo 44kV 44 116.45 1.53 1.95 2.04

Cuadro N° A.2: Relés de proteccion de sobrecorriente entre fase
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Luego considerando una Potencia base de 10 MVA, se obtienen los

parametros equivalentes dados en el Cuadro N° A.3:

Impedancia Ohm p-u.
Secuencia positiva 16.625 0.0859
Secuencia negativa | 16.625 0.0859
Secuencia cero 4.107 0.0212

Cuadro N° A.3: Parametros equivalentes

Los datos del transformador son los siguientes:

Lados Vcce (p.u.) MVA
Primario-Secundario 0.033 10
Primario-Terciario 0.05
Secundario-Terciario 0.015

Cuadro N° A.4: Datos del Transformador de Potencia

En cuanto a los datos de los alimentadores, se tiene el siguiente: Salida

1 — Radial A4701 y Salida 2 — Radial A4702

Salida 1: Radial A4701

Salida 2: Radial A4702

Longitud Longitud
Calibre Material Red Calibre Material Red
(m) (m)
2x16 Aluminio 692 2x10 Aluminio 854
2x25 Aluminio 50 2x16 Aluminio 377
3x10 Aluminio 910 2x25 Aluminio 33
3x120 Aluminio 440 3x120 Aluminio 161
3x16 Aluminio 405 3x16 Aluminio 203
3x25 Aluminio 4,479 3x25 Aluminio 160
3x35 Aluminio 738 3x35 Aluminio 658
3x70 Aluminio 1,969 3x50 Aluminio 151
Total : 9,684 3x70 Aluminio 1,570
Total : 4,167

Cuadro N° A.5: Longitudes de Conductor de los Alimentadores
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Los transformadores de distribucion a lo largo de los alimentadores son
muy variados, para el analisis se ha considerado el mas grande por
cada uno de los circuitos. De esta forma para la Salida 1 el
transformador de 250 kVA es el mas grande cuya impedancia de
cortocircuito a considerada fue de 4%. Asimismo para la Salida 2 el
transformador de 400 kVA es el mas grande cuya impedancia de

cortocircuito considerada es 4%. Ambos con relaciéon 10/0.23 kV

La maxima demanda proyectada para cada alimentador es de 1.52
MVA y en conjunto se tiene alrededor de 3.04MVA, el consumo de
servicios auxiliares es minimo, teniendo instalado 25 kVA. Luego, se ha
considerado una demanda proyectada de 3.07 MVA para el lado de 10
kV del Transformador de Ninatambo. Estos valores son importantes ya

que estos fijaran el ajuste respectivo.

. Tension Carga
Circuito
(kV) P (MW) |Q(MVAR)| S (MVA)
Lado del transformador 10 2.30 2.00 3.07
Alimentador 1 10 1.15 1.00 1.52
Alimentador 2 10 1.15 1.00 1.52

7.

Cuadro N° A.6: Potencias Proyectadas

Los demas datos se han colocado en el respectivo diagrama unifilar, en

donde se puede apreciar la relacion de transformacion de los
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transformadores de corriente, de potencial, como también el consumo y

su clase de precision. Ver Figura N° A.1.

En la Figura A.2 se muestra el diagrama unifilar de proteccién, donde
se indican los relés de sobrecorriente. Los relés de sobrecorriente
ubicados en el lado de 10 kV son nuevos, los relés del lado de 44 kV y
22.9 kV son existentes (electromecanicos), siendo importante para el
presente estudio el del lado de 44 kV ya que es la referencia para la

coordinacion de la proteccion. El ajuste de este relé es el siguiente:

Relé

Ajuste Instan-
0P | ~,rva | Temporizado | taneo

(A) TAP | DIAL | TAP

Marca/ Tension

Modelo | (kv) | T°¢

R1

BBC 44 150/5| 90 Very |3Amp.| 35% Infinito
ICM 2kp Inverse

10.

Cuadro N° A.7: Ajustes del Relée R1

El relé a utilizarse en el lado de 10 kV del sistema eléctrico de
Ninatambo (R2, R21 y R22) son de la marca SEG-Alemania, cuyo
modelo es MRI3, que es un relé digital multifuncion para proteccién de
sobrecorriente. En el presente analisis se usa la unidad de

sobrecorriente entre fases temporizada e instantanea (50/51).

Con los datos mostrados arriba se ha efectuado el estudio de
coordinacién de la proteccion en el lado de 10 kV del Sistema Eléctrico

de Ninatambo.
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ANALISIS DE RESULTADOS

Uno de los resultados inmediatos es la simulacion de cortocircuito
para fallas entre fases, este resultado se puede visualizar en los reportes
graficos de contribucion (Figuras N°° A3, A4, A5, A6 y A7). Aqui se

muestra el resumen de estos resultados:

Ubicacién Te(r;s\,,i)én Falla (':‘(rl'i\f)ésica
Barra 10 kV — Ninatambo 10 3.05
Long. Equiv. (5km) — Salida 1 10 1.31
Long. Equiv. (5km) — Salida 2 10 1.31
Trafo Distribuciéon — Salida 1 0.23 13.99
Trafo Distribucién — Salida 2 0.23 21.03

Cuadro N° A.8: Corrientes de cortocircuito

De las simulaciones de cortocircuito, las cuales se pueden apreciar en
las Figuras: A.3, A4, A5 A6y A.7; existe un gran margen entre las fallas
para una longitud equivalente y una posible falla en un transformador de
distribucion de uno de los transformadores. Asi, en el Alimentador 1 se tiene
una contribucion de 1,31 kA para una falla trifasica a una distancia de 5 km.
Mientras que para una falla en el lado de 0,23kV del transformador de
distribucién ubicado bastante cerca de la barra de 10 kV (200 m de
Ninatambo), se tiene una contribucién por el Alimentador 1 de 0,32 kA. Para
el caso del segundo alimentador solo varia en el caso de la falla trifasica en
el transformador de distribucién, siendo la contribucién de 0,48 kA. Luego
podemos garantizar un ajuste instantdneo en un 80% del nivel de

cortocircuito al final de la linea equivalente en cada alimentador.
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Una falla entre fases cercana a la barra de 10 kV (3 050 A) en
cualquiera de las salidas, permitira que pase por el respectivo transformador
de corriente (150/5 A) un poco mas de 20 veces su capacidad nominal. Se
ha recomendado verificar que dicho transformador de corriente tenga una
clase de precisidon que soporte por lo menos 20 veces su valor nominal, en
todo caso se ha previsto el cambio.

Con este resultado de cortocircuito se ha verificado la coordinacién de
la proteccion de sobrecorriente en el lado de 10 kV. El ajuste de los relés

R2, R21 y R22 de acuerdo a los criterios considerados tienen los siguientes

valores:
Relé Tension Max. Iprim. Isec. [1.25lsec| lajuste
% aw P @ | T e | @ | )
R2 10 3.07 177.25| 400/5 | 2.22 | 2.78 0.56xIn
R21 10 1.52 87.76 | 150/5 | 293 | 3.66 0.73xIn
R22 10 1.52 87.76 | 150/5 | 293 | 3.66 0.73xIn

Cuadro N° A.9: Ajustes de los Relés R2, R21 y R22

El ajuste de Dial para la coordinacién respectiva, se ha tomado de
acuerdo a los criterios mencionados arriba y del resultado de la Grafica de la
curva de coordinacién. De este modo se ha obtenido el ajuste completo de

los relés R2, R21 y R22:

. | Tensién . Ajuste .
Relé (kV) CT | Marca | Tipo TAP |DIAL] INS Observaciones

R2 10 |400/5| SEG [MRI3|0.56xIn [0.33 |[Infinito | Salida Trafo

R21 10 |150/5| SEG [MRI3|0.73xIn |0.20 |6.7xIn |Salida 1

R22 10 |150/5| SEG |MRI3|0.73xIn |0.20 |6.7xIn |Salida 2

Cuadro N° A10:; Ajuste Completo de los Relés R2, R21 y R22
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1  Introduction and application

The MRU3-2 is a relay for vollage supervision with
universal application, it protecls the three-phase net-
work agains! vollage unbalance or earthfaulls in iso-
lated networks. Beside the pure rms value measure-
ment of the line vallage the MRU3-2 evaluales the
symmetrical components (posilive-, negalive- and zero
sequence system). By evaluating these components re-
loy MRU3-2 can delect the phase sequence, vollage
unbalance and earthfaulls.

Imporlant:

For additional common data of all MR-elays please
refer 1o technical description "MR - Digital Multifunc-
tional Relays”.

TB MRU3-2 12.00 E
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Features and characteristics

Microprocessor lechnology with watchdag,

digital filtering of the measured values by using dis-
crete Fourier analysis lo suppress higher harmanics
ond d.c. components induced by faulls or system
operatians,

analog low pass filter,

Iwo parameler sels,

vollage supervision each with twa step under-/ and
avenvallage delectian,

Voliage supervision far each phase separalely
Completely independent lime seflings far vollage su-
pervision

separale tripping elements for over- and undervolt-
age and positive sequence syslem

overvollage delection in negative- and zera se-
quence syslem, '

display of measuring values of the line vollages and
system vollages UO, U1 and U2 as ims values
(zero-, posilive- and negalive sequence syslem)
alternatively connection and measurement of the
phase-to-neutral or phasetophase vollage

display of the phase sequence,

display of all measuring values and sefting parame-
ters for normal operation as well as Iripping via o
alphanumerical display and LEDs,

display of measuring values as primary quantities,
iripping memory for all line vollages and the volt-
ages of the symmetrical components,

slorage and display of tripping values in a fault
memory [vollage-failure safel,

recording of up lo eight fault occurences with time
slamp

for blocking the individual functions by the external
blocking input, paromelers can be sel according to
requirement,

suppression of indicalion affer an activalion

(LED flash),

free assignment for output relays,

display of date and lime,

in complience with VDE 0435, part 303 and IEC
255,

mains frequency is adjustable to 50 Hz or 60 Hz or
variable from 40 - 70 Hz,

RS48S5 interface for communication with master sys
lems

serial dalo exchange via RS485 interface possible;
alternatively with SEG RS$485 Pro-Open Dala Proto-
col or Modbus Prolocol.
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Design

3.1 Connections
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T . prEyeye lm Aoa_‘_ea____
| | | | 1 l ‘ =)-D1
\ \ \ 1 { Power exteoner Blnckur S-c
[ Supply Reset mnq'\ngl -
thtle,
] = %;lmnmlnq Relais 1 | !
I v Relay 1 I =
- | - > _—-— —
' U</u b= --~ =-£2
. D"DJ
A Relais 2 ’
| W< 11U> o Relivy 2 ] r
) | | | | l L
! SELECT/
) RESET
[ Relais 3
J i Relay 3
Li Ul</Ul>
L [ «|= U2> Retais 4 0
! uo> ENTER Relay 4 " o
1 = - — - .- I
tUit< /Wi~ o
I 2> TRIP =hstuberwachunc !
! o> selfsupervision =
| e _ g —=E7
i Sedielte Schnittstelie I
| Scrial Inictiace
(] [~] !
| [ m
_____________________________ — 1
Figure 3.1: Stor connection of the voltage transformers
exlernat Blocking
Resel Tput
Le/l LN
L2 L3 L Aeodeo fon L Aea dos Lie
| | | r s o
! =-C!
\ t Pewiet externer Blackier- !
= / s..,»ﬁly Reser eigang _ _ | ——== El
Tutls
= S[lmlmunq Relais 1 ! ! .
I v Retay 1 [} =
| <|~ U</ U> D= - J —a)-f2
A Relais 2
g Relay 2 |
W< /1U> o __ =
i i B
! SELECT/ ‘
o RESET ——=D-E4
+ Relais 3
Relay 3 S
—D=r - -
bJ ; <lUl> - =>-D6
-|= & Relas 4 | :-
[ U0> EN ] ER RN-’I‘Y A }Cf)
] A 1 N ol B )
| Wi NUt> 10
2> IRil clbstaberwac g [
! o> selfsupervision cl
I e /=) ]
I Serielle Schniltstelle I
| Ul IE. Serial Interface
f ) | | o o !
& (G ] (0] |
] 2 [ ]
S ===~ T Y )
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Allention |

I the input Iransformers are connecled in delta circuit
no detection of zero phase sequence (U,) is possible.
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3.1.1 Analog input circuits

The anclog input vollages are galvanically decoupled
by the input transformers of the device, then fillered
and finally fed 1o the analog digital converter. De-
pending upon the demands the MRU3-2 can be con-
necled direclly to the mains or via external vollage
transformers in star- or della conneclion. The priority
should be given lo the star conneclion, because of the
abilily 1o delecl a sero sequence system.

3.1.2 Blocking input

When the vollage, which mus! be in the admissible
range of the auxiliary vollage, is connected fo termi-
nals D8/E8, the following Iripping funclions are
blocked undelayed:

e undevolioge U</U<<

e overvollage U>/U>>

* posilive sequence syslem undervollage U<
» posilive sequence syslem overvollage U1>
* negalive sequence system overvollage U2>
* zero sequence syslem overvollage UO>

Blocking can be freely selected via the allocation
mode. (refer lo chapter 5.9).

Input D8 is the ground (L- or N for blocking and the
external rese!. The blocked functions are again re-
leased undelayed when the auxiliary vollage is dis-

connecled from the terminals D8/E8.

The above mentioned funclions remain blocked lor 2 s
alter the supply voltage had been applied.

3.1.3 External reset input

Refer to chapter 5.9.2

1B MRU3-2 12.00 E

3.1.4 Output relays

The MRU3-2 is equipped with 5 outpu! relays.

e Relay 1, C1, DI, El oand C2, D2, E2

e Reloy 2; C3, D3, E3 and C4, D4, E4

e Reloy 3; C5, D5, ES

e Relay 4, C6, D6, E6

» Relay 5; Signal self-supervision (internal failure of
the unit ) C7, D7, E/

All irip and alarm relays are working current relays, the
relay for sell supervision is an idle current relay.

3.1.5 Fault recorder

The MRU3-2 has a fault value recorder which records
the measured analog values as instantaneous values.
The instanlaneous values

U, Uy U, for star connection
U

2
; U,, for delta connection

or 23

12
are scanned al a raster of 1.25 ms (al 50 Hz) and
1.041 ms (ot 60 Hz) and saved in a cyclic bulfer.

Storage division

Independent ol the recording lime, the entire storage
capacily can be divided into several cases of dislur-
bance with a shorler recording time each. In oddition,
lhe deletion behaviour of the fault recorder can be in-
fluenced.

No wriling over

Il 2, 4 or 8 recordings are chosen, the complete
memory is divided into the relevant number of partial
segments. If this mox. number of fault event has been
exceeded, the fault recorder block any further record-
ings in order lo prevent Ithat the stored dala are writlen
over. Aller the dola have been read and deleled, the
recorder lo ready again for further aclion.
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Writing over

"I 1, 3 or 7 recordings are chosen, the relevant num-
ber of partial segmenls is reserved in the complete
memory. If the memory is full, o new recording will
always write over the oldest one.

The memory part of the faull recorder is designed as
circulaling storage. In this example 7 lault records can
be stored [wrillen over).

Memory space 6 1o-4 is occupied.
Memory space 5 is currenlly being wrillen in

8 1

Figure 3.3: Division of the memory inlo 8 segmenls, for exomple

Since memory spaces O, 7 and 8 are occupied, this
example shows that the memory has been assigned
more than eighl recordings. This means that No. 6 is
the oldes! faull recording and No. 4 the most recent
one.

‘j _ Irigger occurence

i
recording 4uration

i
Y

!
H ;3
| : ts)

Figure 3.4: Bosic setup of the foult recorder

Each memory segment has a specified storage time
which permils setting of a lime prior to the trigger
evenl.

3.1.6 Parameter settings

System paramelers
Uprim/Usek Primary/secondary measured value
display of the voliage transformers

D/Y Selection of swilching groups

fy Rated frequency

LED-Flash  Suppression of LED flashing after
aclivation

P2/FR Parameler switch/external trigger for the

fault recorder

Protection parameters

1/3 1-phase or 3-phase U</U> tripping

U< Pickup value for undervoltage

bo. Trip value for undenvoltage low set element

U<< Pickup value for undervolloge

. Trip value for undervoltage high set element

U> Pickup value for overvolloge

Ly, Trip value for overvoltage low set element

U>> Pickup value lor overvollage

hyss Trip volue for overvollage high set element

Ul< Pick-up value for undervoliage in positive-
phase sequence system

Fies Trip value for undervoltage in positive-
phase sequence syslem

uls Pick-up value for overvollage in positive-
phase sequence syslem

Ly, Trip value for overvoltage in positive-
phase sequence syslem

u2> Pick-up volue for overvollage in negative-
phase sequence system

s Trip value for overvollage in negative-
phase sequence system

uo> Pick-up value for overvollage in zero-

phase sequence syslem
Trip value for overvoltage in zero-phase
sequence syslem

(Y

Parameters for the fault recorder

FR Number of dislurbance events
FR Trigger evenls

FR Pre-trigger time T,

Date and time

Year Y =00

Month M =04

Day D=18

Hour h =07

Minute m = 59

Second s=23

Additional functions
Blocking function
Relay configuration
Faull memory
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3.2 Display

The disploy is used for indicating all sefling- ond
measuring values. The aclual measuring volues as also
the fault values can be indicated. In foullless operation
the indicated volue of the normal operation can be
called by pressing the <SELECT> and <ENTER> push-

bullons.

Alter tripping the display changes inlo the tripping
mode from where foult data can be called.

3.3 LEDs

LEDs L1, 12, L3, U1 and U2 left from the display are
two-colored and indicate the measured quantities;
green for measuring values and red for foull indication.

LED UO lights yellow which normally indicates [relay
nol lipped) that the measuring value of the zero se-
quence system and in case of Iripping the tripping
value of the zero sequence system is shown in the dis-

ploy.

The LED marked with the letters RS lights up during sel-
ting of the slove address for the serial interface
(RS 485) of the unit.

The LED marked with "FR" lights up during parameler
selling ot the faull recorder. When LED O lights up,

date and lime are displayed. LED "PS" indicates the

phase sequence.

The 9 LEDs below the <SELECT/RESET> pushbutton
signalize the parameler of the individual Iripping ele-
menls. In case of ipping they indicale, logether with
the upper LEDs, the respective kind of foull.

A permanent red light indicates tripping. When the
tripping deloy has nol elapsed the LEDs of the corre-
sponding combination [at pickup) are flashing.

If one of the limit values is exceeded for only a short
time before the set lripping deloy is not expired, the
corresponding LED combination flashes. This flashing is
shorler than for warning. This pickup warning signal
can be swilched off with a resel. This aclivation signal
can be shutdown with the "Rese!” key (refer to chapter
5.9.2] or suppressed by the FLASH/NO_FLASH func-
tion. The aclive parameler set is indicated by LED "P2".
LED D/Y lights up_during parameter sefling for the in-
terlinking of the input vollage CTs.

TB MRU3-2 12.00 E

3.4

Front plate

D

L1 L2 L3 U1 0

O O o oo
U2 U0 PS RS FR
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SELECT/RESET A A
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ENTER
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Figure 3.5:

Front plote MRU3-2




4 Working principle

4.1 Analog circuits

The input vollages are galvanically insulated by the in-
pul transformers. The noise signols caused by inductive
and capacilive coupling are supressed by an analog
R-C filter circuit.

The analog vollage signals are fed lo the A/D-
converler of the microprocessor and translormed to
digital signals through Sample- and Hold- circuits. The
analog signals are sampled with o sompling frequency
of 16 x f,, namely, a sampling rate of 1.25 ms for
every measuring quantily, at 50 Hz.

4.2 Digital circuits

The essential part of the MRU3-2 relay is o powerlul
microcontroller. All of the operations, from the analog
digital conversion to the relay Irip decision, are carried
out by the microcontroller digitally. The reloy progrom
"is located in an EPROM (Electrically-Progrommable-
Read-Only-Memory). With this program the CPU of the
microcontroller calculates the three phase voltage in
order lo delect a possible [aull situation in the pro-
tected obijec!.

For the calculation of the vollage value an elficient

digital filter based on the Fourier Transformation (DFFT -

Discrete Fast Fourier Transformation) is applied to sup-
press high frequency harmonics ond d.c. components
caused by faultinduced Iransients or other system dis-
turbances. The microprocessor continuously compares
the measured volues with the preset thresholds stored

in the parameler memory (EEPROM). If a fault occures
on alarm is given and alfter the set tripping deloy has

elapsed, the corresponding Irip relay is aclivated.

The relay selling values for all parometers are stored in
a parameter memory (EEPROM - Electrically Erasable
Programmable Read Only Memoryl, so that the actual
relay sellings cannot be los!, even if the power supply
is interrupted.

The microprocessor is supervised by a builtin "watch-
dog" timer. In case of o failure the walchdog limer re-
sels the microprocessor and gives an alarm signal via
the output relay "self supervision".

4.3 Selection of star or delta

connection

All six connections of the input vollage transformers are
led o screw lerminals. The nominal vollage of the de-
vice is equal 1o the nominal vollage of the input trans-
formers. Dependent on the application the input trans-
formers can be connected in either della or star. The
connection for the phasetophase vollage is the dello
connection. In star conneclion the measuring vo|lcge is

reduced by 1/ /3. During parameter sefling the con-
nection conliguration either Y or A has to be adjusted.

Sec. winding of
mains V.T.

Figure 4.1: Input v.1.s in delto conneclion (D)

Sec. winding of
mains V.T.

i

a A3
o = =
| jm

| ‘U3
A8
"t
N I

Figure 4.2: Input v.1.s in slor connection (Y)
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4.4 Voltage supervision

4.4.1 1-phase/3-phase supervision

The vollage relay MRU3-2 prolecls eleclrical genero-
lion syslems, consumers and appliances in general
agains! over- and/or undervoliage. The relay is
equipped with an independenl, 2-slep over- (U>, U>>)
ond undervoltage supervision (U<, U<<) with sepa-
rately adjustable Iripping values and delay times. Volt-
age measuring is 3-phase. In this process there is a
conlinuous comparison of the line conduclor vollages
in case of a della conneclion and of the phase voll-
ages in case of a slar conneclion with the pre-sel limil
values.

With the MRU3-2 the highes! vollage is always evalu-
aled for overvollage supervision and the lowes! voll-
age for undervollage supervision.

A dislinction is made belween 1-phase and 3-phase
Iripping. (1/3 — Parameler)

With 1-phase Iripping the vollages are evaluated as
follows:

U</U<</U</U>>: Aclivalion cum Iripping lakes
place il at least one phase has fallen short of the Irip-
ping value.

With 3-phase tripping the vollages are evalualed as
follows:

U<: Aclivalion cum Iripping takes place if all three
phases hove fallen short of the Iripping value.

U<<: Aclivalion cum tripping lakes place if one phase
has fallen short of the tripping value.

U>: Aclivalion cum Iripping lakes place if all three
phases have exceeded the Iripping value.

U>> Activalion cum Iripping lakes place if one phase
has exceeded the Iripping value.
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4.4.2 Principle of the voltage unbalance
protection

The principle of this procedure is lo delect faulls which
elfect an asymmelry of the vollage veclor.

A single-phase line inlerruplion can for inslance cause
vollage unbalance in the mains which does nol guar-
anlee that the vollage will be zero in the faully phase.
Especially in higher impedance nelworks the missing
phase can parlly be rebuill thiough 1unning engines or
transformers. A pure undervollage prolection cannol
delect this condilion, however, the rebuill phase does
nol coincide with ils old posilion in amount and phase.
So an asymmelrical vollage veclor syslem is formed.

In a compensaled or isolaled grid a single-phase
earthfault will hardly cause a significant earth current.
Because, however, the laully phase lakes on the earth
polential the enlire volloge veclor syslem is shilled by
the amoun! of the faully phase and does nol rolate
anymore oround the inilial slar poin! (earth). The rela-
live posilion of the vollage veclors between each other
is hereby not changed. Also this veclor syslem is nol
symmelrical anymore in relation 1o the earth polential.

The MRU3-2 can delect such asymmelry.



4.4.3 Measuring principle

Any rolaling three-phase syslem [original system) can
be replaced by three symmelrical syslems occ. lo the
method of the "symmelrical components”’, o posilive
sequence syslem, a negalive sequence system and a
zero sequence syslem.

Posilive sequence system Ul:

The rms value of the posilive sequence system repre-
senls the component of the original system which is
symmelrical and solates in the posilive direclion acc. lo
its definition. A pure symmetrical vollage vector system
consisls only of ils posilive sequence system.

The residual vollage in the posilive sequence syslem is
calculoled by:

Negalive sequence system U2:

The rms value of the negalive sequence system de-
scribes the component of the vector system which ro-
lales in negalive direction. The rolating lield, which ro-
lales in the mathemalical sense in the negalive direc-
tion (socalled "left rolating field’), consists only of o
negalive sequence system. A measure for the size of
the asymmelry of the original system represents the re-
sidual vollage in the negalive sequence syslem.

The residual vollage in the negative sequence system
is calculaled as follows:

Zero sequence system UO:

The zero sequence system describes the displacemenlt
of the veclor siar point from the reference siar point.
This reference slar point is generally the earth polen-
tial.

The residual volloge in the zero sequence syslem is
calculated os:

UO='/3|(_L_J|+u7+LJ.3||

Used variables:
[complex veclors are underlined)

U, rms value veclor of phase vollage L,

U, rms value veclor of phase vollage L,

U, rms value veclor of phose volloge L,

uo rms value of the zero sequence
syslem

Ul ims value of the negalive sequence
system

u2 rms value of the posilive sequence
syslem

o' = e """ rolation operalor for 120"

a’ = e ™" rolalion operalor for 240

Explanation:

o’ U, means:

Rotole the vollage veclor U, by 240° in positive direc-
tion (1o the lefl).
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4.4.4 Negative sequence system of
a symmetrical voltage system

Uy
/'."4“
-
{ -
'
Ui,
Rotation of the vollage vectors Addition ol the iolated phase
Symmeliical vollage syslem lor caleulation of the negalive veclars lo the negative phase-
phase sequence syslem sequence syslem vollage (U2 - O )

Fiquie 4.3 Giaphical determination of the nogoliva sequance systam in a symmetical systom

Figure 4.3 shows a symmeliical veclor syslem. As in and adds them. Ace. 1o delinition the 1esall ol the voe
dicaled in the calculation the MRU3-2 lorms the nega- tar must be mulliplied by 1/3. In this example the sum
live sequence syslem. For this il rolales per sollware equals zera, Conclusion: 1he soutce syslem is symmel
bolh vollage veclors U, by 240" and U, by 120" rical,

4.4.5 System with voltage unbalance

Ull'
-
|
|
Ug=--- S Y
.
\ 3x U2,

Ll

UI.J
Rolation ol the vollage vector lor Addition ol the rotaled phase
Asymmmelrical calculating the negative veclors lo the negative phase

vollage veclor sysiem phase-sequence syslem sequence syslem vollage (U2 » 0 )

Figure 4.4: Giaphical determination of the negative sequence sysiem in an asymmehical system

Figure 4.4 shows Ihe vollage veclors of an asymmelri-
cal grid. A residual negalive sequence syslem vollage,
which is nol zero, is calculated in this example. Should
this residual vollage exceed Ihe sel treshold, which is
indicaled as rms value, Ihe relay Irips aller the prese-
lecled lime delay. !

For the exac! rolation of the current veclors by 120” or
240" Ihe syslem lrequency has 1o be pricisely ad-
justed.
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4.4.6 1Zero sequence system

To decide whether a vector syslem-is symmelrically,
the point, the symmelry has 1o refer 1o, is always 1o be
menlioned. Usuolly this point is the earth polential.

When an earthfoull occurs in an isolaled or compen-
saled grid, it does nol influence the relative position of
the Ihree vollage veclors lo each other, mains opero-
lion can be mointained. The veclor peak of the missing
phase is forced on the earth polential. For an observer
who lakes the earth polential as reference, the slar
point shifts by the amounl of the missing phase. For
him the vollage veclor syslem is nol anymore symmelri-
cal. The exacl measure of the shifting resulls from re-
placing this syslem in symmetrical components in the
developed zero sequence system.

Phase-to-phase voltage

i

star point

L

Symmetrical vector system

Figure 4.5: Zero point shifling after earthfault in the isoloted grid

Note:

Shall the relay evaluate the zero sequence syslem it is
absolulely necessary that the vollage Iranstormers and
the MRU3-2 are wired in slar connection. The slar
poinls mus! be earthed, furthermore the MRU2-2 musl
be sel 1o Y-conneclion. In delia conneclion no zero
sequence system evalualion is possible and thus no
earthfaull detection.

When only the phase-lo-phase vollages are measured,
the veclor slar poinl is nol known, thus also the posi-
tion of the slar poinl in regard lo the earth polential
cannol be delined.

Phase-to-phase voltage

400V

]
|

star point

| U0~-230v

Vector system with earth fault
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5 Operations and settings
5.1 Display
Function Display shows Pressed pushbutton Corresponding LED

Normal operation

[SEG

Measured operating values Aclual measured vaolue <SELECT/RESET> L, 12, 13, Ul, U2,
one lime lor each value uo
Phasenlolge 123; 321 PS
Tronslormer ratio of the CT's (SEK) 1.01-6500=prim <SELECT/RESET><+><> L, 12, 13
Selling values Y /DELT <SELECT /RESET>< 4 ><-> D/Y
Star/della connectlion
Mains frequency f=50Hz f=60H:z <SELECT/RESET><+><-> f,,
v=50Hz v=060Hz
Parameter switch/external trig- | SETT, SET2, B_S2, R_S2, [ <SELECT/RESET><+><> P2
ger for the lault recorder B_FR, R_FR, S2_FR
Swilch-over LED flash FISH <SELECT/RESET><4+><->
No LED flash NOFL
U</U> 1-phase/3phase U<>1/U<>3 <SELECT/RESET><+><> 1/3
Iripping
undervollage (low set) Setting value in voll <SELECT/RESET><+><-> U<
tripping delay of low sel element Selling volue in seconds | one lime for each value "
undervollage (high sel) Setting value in voll <SELECT/RESET><+><-> U<<
tripping delay of high sel element [ Selling value in seconds [ one lime for each value hee
overvoliage (low sel) Selling value in voll <SELECT/RESET><+><-> U>
ripping deloy of low sel element Selling volue in seconds | one time for each value .
ovenvoliage (high sel) Selting value in voli <SELECT/RESET><4+><-> Us>
tripping delay of high set element | Selling value in seconds | one lime for each value oo
posilive-phase sequence system un- [ Selling value in voll <SELECT/RESET><4><-> Ul<
dervollage Ul <; trip delay 1, Selling value in seconds | one time lor each value by
positive-phase sequence syslem Selling value in voll <SELECT/RESET><+><-> Ul>
overvoliage U1>; Irip delay 1, Selling value in seconds | one lime for each volue by
negalive-phase sequence syslem Setting value in voll <SELECT/RESET><+><> u2>
overvollage U2>; Irip deloy t,,,. Selling value in seconds | one tlime for each volue o
zeiophase sequence system UO> [ Setting volue in voll <SELECT/RESET><+><-> uo>

trip delay 1,

Selling value in seconds

one lime for eoch volue

L0
LED of blocked pa

Function blocking EXIT <+> unlil max. setling
<-> unlil min. selling jameler

Slave adresse of serial inlerface 1-32 <SELECT/RESET><+><> RS
Boud-Rate " 12009600 <SELECT/RESET><4+><> RS
Parity-Check " even odd no <SELECT/RESET><4><-> RS
Recorded fault dala: Tripping values in voll <SELECT/RESET><4+><-> one | L1, 12, L3; U, U2,
Star-connection: LI, 12, L3 time for each phase U0, U<, U<<, U>,
Symmelrical componenls: Us>, Ulg, Ul>,
ul, U2, Uuo u2>, Uo>
Della-canneclion: L1 /12, 12/13, Tripping values in voll <SELECT/RESET><+><-> L1, 12, 13, Ul, U2,
L3/11 one lime lor each phase U<, U<<, U>, U>>,
symmetrical componenls: U |, U2 Ulg, Ul>, U2>
Sove paromeler? SAVe <ENTER>
Save parameterl SAVI <ENTER> for aboul 3 s
Delele lailure memary wail <-> <SELECT/RESET>
Enquiry failure memory FLTL; FLT2..... <><H> L1, 12, 13

; U<, U<<, U>, U>>
Tiigger signal for the faull recorder | TEST, P_UP, A_PI, TRIP | <SELECT/RESET> <4><-> FR

" only Modbus.
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Function

Display shows

Pressed pushbutton

Corresponding LED

Number of fault occurences

S-25-45-8

<SELECT/RESET> <+><>

FR

Display of date and time

Y =99 M=10,
D=1,
h = 12,m=2,s= 12

<SELECT/RESET> <+><->

®

Soltware version

Firsl part (e. g. DO2|
Second pail le. g. 6.01)

<TRIP> one time for each par!

Manual trip IRI2 <TRIP> three limes
Inquire password PSW2 <SELECT/RESET>/
<+>/<>/<ENTER>
Reloy Iripped ] TRIP <IRIP> or faull ripping
Secre! password input XXXX <SELECT/RESET>/
<+>/<>/<ENIER>
Syslem resel [SEG <SEIECT/RESET>
for about 3 s

Table 5.1: Possible indicotion messoges on the display
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5.2 Setting procedure

In this paragraph Ihe setlings for all reloy paramelers
are described in delail. For parameler selling a pass-
word has lo be entered firs! (please refer lo 4.4 of de-
scription "MRDigilal Multifunctional Relays").

5.3 System parameter
5.3.1 Display of residual voltage U,
as primary quantity (U_,_/U,,)

The residual voltage can be shown as primary measur-
ing value. For this parameler the transformation ratio of
the VT has 1o be sel accordingly. If the parameler is sel
lo "sec”, the measuring value is shown os raled secon-
dary vollage.

Example:

The vollage transformer used is of 10 kV/ 100 V. The

iransformation ralio is 100 and this value has 1o be sel
accordingly. If still the raled secondary vollage should
be shown, the parameler is lo be sel 1o 1.

5.3.2 D/Y - Switch - over

Depending on the mains volioge conditions, the inpul
volloge transformers can be operoled in della or Y
conneclion. Change-overs are elfecled via the <+>
ond the <-> keys and stored with <ENTER>.

5.3.3 Setting of nominal voltage

For proper functioning it is necessary o firsl adjus! the
raled frequency (50 oder 60 Hz).

It can be selected belween [ = 50 Hz", f =60 Hz"
or v =>50Hz" "v=60Hz"

The difference lies in the method of vollage measuring.
Wilh the seliing v = 50 Hz" or “v = 60 Hz" vollage
measuring is independen! of the exisling requency.
This means, the vollage value can be correclly meas:
ured between 40 Hz and 70 Hz withou! adverse ef-
fects from Ihsfrequency.

Wilh the sefiing "f" = 50/60 Hz the measured volloge
value is inlluenced by Ihe frequency. (see lable 5.2)

Declination of measuring value at 50Hz

100,5
100.0
99,5
99,0
98.5
98,0
97,5

44 46 48 50 52 54 56

(%)

[Hz)
Declination of measuring value at 60Hz

100,5
100,0
99,5
99,0
98,5
98,0 |-t p—— |
97'5 | Lo

(%]

54 56 58 60 62 64 66 [Hz)

lable 5.2: Impairment of volloge measuring

This difference in sellings is required for the faull re-
corder. If the faull recorder is 1o be used, Ihe setling
mus! be f = 50 Iz or [ = 60 Hz.

A1 50 Hz or 60 Hz the foult iecorder delernmines 16
measured values per period. Wilh the selling "v = 50
Hz" or "v = 60 Hz" 16 measured values of the pres-
enlly measured frequency would always be deler-
mined. The dislurbance recorder would not indicale
any frequency changes and thus render incorrect
measuring resulls.

Setting v=2>50 f=50 v =60 f=60 |

Rated frequency 50 Hz 50 Hz 60 Hz 60 Hz

Influence on vollage none 0,5..1%/z none 0,5..1%/z

measuremen! (refer 1o 1able 5.1) (refer 10 1able 5.1)

Fault recorder Recording Recording Recording Recording
distorled* * correct* * dislorled * * correct* *

Influence on all other none none none none

functions

Toble 5.3: Deviolion of meosured volue of 50 Hz or 60 Hz

* Selling is importon! lor correct recording of foult recorder

** Somple role is voriobly odjusled to the momentarily meosured frequency. 16 somples ore olwoys meosured in one period.
*** Somple role selling is lixed to 50 1z or 60 Hz. 16 somples per 20 ms or 16 67 ms ore olwoys meosured.
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5.3.4 Display of the activation storage

If ofter an activation the exisling current drops again
below the pickup value, e.g. U<, withou! a frip has
been iniliated, LED U< signals tha! an aclivation has
occured by floshing fast. The LED keeps flashing until it
is resel again (push bulton <RESET>). Flashing can be
suppressed when the parameler is sel lo NOFL.

5.3.5 Parameter set change-over
switch/external trigger for the

fault recorder

By means of the parameler-change-over swilches it is
possible lo aclivale two differenl paromeler sels. Swil-
ching over of the parameler sels can either be done
by means of software or via the exlernal inputs RESET
or blocking input. Allernatively, the ‘exlernal inpuls can
be used for Resel or blocking of the triggering of the
foull recorder. ;

Soltware- Blocking input | RESET inpul
parameler | used as used as
SET] Blocking input RESET inpul
| SET2 Blocking input [ RESET input
B_S?2 Parameler swilch [ RESET input
R_S2 Blocking input | Parameler
swilch
B_FR Externe Trig- Resel inpul
gerung des SI6r-
schreibers
R_FR Blocking input | External Irigger-
ing for the fault
recorder
S2_FR Parameler swilch | External trigger-
ing for the fault
recorder

With the sellings SET1 or SET2 the parameler sel is
aclivated by software. Terminals C8,/D8 and D8/E8
are then availoble as exlernal reset inpul or blocking
inpul.

With the selling B_S?2 the blocking input (D8, E8) is
used as parameler-sel change-over swilch. With the
selling R_S2 the reset input (D8, E8) is used as pora-
meler-sel change-over swilch. With the selling B_FR the
faull recorder is aclivaled immediately by using the
blocking input. On the front plate the LED FR will then
light up for the duration of the recording. With the sel-
ling R_FR the foull recorder is aclivated via the resel
inpul.

With the selling S2_FR paromeler sel 2 can be oclivo-
ted via the blocking inpul and/or the faull recordler via
the reset input.

The relevant function is then aclivated by applying the
auxiliary vollage 1o one ol the external inpuls.

Important nole:

When funclioning as paromeler change over lacility,
the external input RESET is not available lor reselting.
When using the external input BLOCKING the protec-
tlion funclions mus! be deaclivaled by software block-
ing separalely [iefer lo chapler 5.9.1).

5.4 Protection parameters

5.4.1 1-phase or 3-phase U</U>-

tripping

Swilching-over ol the parameler permits selection be-
tween |-phase and 3-phase tripping of the U</U>
sleps.

Keys <+> or <-> are used lo change the volue ond
<ENTER> lo slore il.

Nole

When the MRU3-2 is 1o be used for measuring the re-
sidual vollage in syslems with isolated or compensated
neutral or as generalor earth fault prolection, the
measuring vollage has lo be opplied 1o lerminals
A3-Ad. Undervollage funclions U< and U<< have lo
be sel 1o "EXIT" and overvollage funclions U> and U>>
have lo be adjusled 1o the required pickup values.

The frequency mus! be sel to 50 or 60 Hz. The po-
rameler |-phase or 3-phase Iripping mul be sel 1o
U<>1 (1-phase Iripping).
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5.4.2 Parameter setting of over- and

undervoltage supervision

The selling procedure is guided by wo coloured
LEDs. During selling of the vollage thresholds the LEDs
U<, U<<, U> and U>> are lit green. During selling of
the trip delays 1, I,..., .. and \,.. the according LEDs
light up red.

Thresholds of the voltage supervision

During selling of the threshold U>, U>>, U< and U<<
the displays shows the voliages direclly in volt. The
thresholds can be changed by the <+> <> push but-
tons and slored with <ENTER>.

The undervollage supervision (U< and U<<) as well as
the overvollage supervision (U> and U>>) can be de-
aclivaled by selling the threshold 1o "EXIT".

Tripping delay of voltage supervision

During selling of the tripping delays 1,,., 1,.., k.. and 1.
the display shows the value directly in seconds. The
tripping delay is changed via the push bullon <+>
and <-> in the range of 0,04 s 1o 50 s and can be
stored with the push bullon <ENTER>.

When selling the tripping delay lo "EXIT" the value is
inlinil meaning only warning, no fripping.

5.4.3 Positive sequence system

voltage (Ul<, Ul>)

Rms values and Iripping delays can be sel in the simi-
lar manner as described for the normal under-/over
vollage seflings. Both elemenls can be blocked or sel
as alarm slages.

5.4.4 Negative sequence system
overvoltage (U2>)

This parameler determines the treshold for the rms
value of the negative sequence syslem. As described
in 5.4.2, the enlire sloge can be blocked or sel as
alarm element.
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5.4.5 Zero sequence system

overvoltage (UO>)

The Ireshold for the rms value of the zero sequence sys-
lem can be sel with this paiameler. Also here il is pos-
sible, as described in chapler 5.4.2, 1o block the en-
lire element or lo set it only as alarm element.

5.4.6 Adjustment of the slave address

By pressing push bullons <+> and <-> the slave ad-
diess can be sel in the range of 1 - 32. During this ad-
justment the LED RS lights up.

5.4.7 Setting of Baud-rate (applies for

Modbus-Protocol only)

Dilferent transmission rales (Baud rale) can be sel for
dala transmission via Modbus Prolocol.

The rate can be changed by push butions <+> and
<> and saved by pressing <ENTER>.

5.4.8 Setting of parity (applies for

Modbus-Protocol only)

The following three parily setlings are possible :

» ‘even’  =even
e 'odd” =odd
e 'no’ = no parily check

The selling can be changed by push bullons <+> and
<-> and saved by pressing <ENTER>.

5.5 Parameter for the fault recorder
5.5.1 Adjustment of the fault recorder

The MRU3-2 is equipped with a fault recorder [reler 1o
chapler 3.1.5). Three paramelers can be delermined.



5.5.2 Number of the fault recordings

The mox. recording lime is 16 s at 50 Hz or 13.33 s
al 60 Hz.

The number of max. recordings requested has to be
delermined in advance. There is a choice of (1)* 2,
(3)* 4 or (7)* 8 recordings and dependent on this the
duration of the individual faull recordings is defined,
ie.

(1)* 2 recordings for a duration of 8 s [with 50 Hz)
(6.66 s with 60 Hz)
(3)* 4 recordings for a duration of 4 s (with 50 Hz)
(3.33 s with 60 Hz)
(7)* 8 recordings for a duration ol 2 s (with 50 Hz)
(1.66 s with 60 Hz)

* is wrillen over when a new Irigger signal arrives

Caution:
If the fault recorder is used, the frequency should be
settof=50Hzorf =60 Hz (refer to chapter 5.3.3).

. 5.5.3 Adjustment of trigger occurences

There is a choice belween four different occurences:

P_UP (PickUP) Slorage s iniliated afler recognilion
of a general aclivation.
TRIP Storage s initioled ofter a Irip has

occured.

A_PI (Alter Pickup) Slorage is initiated after the lasl
activation threshold was fallen
shorl of.

Storing is aclivated by simultaneous

aclualion of the keys <+> and <->.

During the recording time the

display shows “Tes!".

TEST

5.5.4 Pre-trigger time (Tvor)

By the time T__ it is delermined which period of time

prior lo the tigger occurence should be stored as well.

It is possible to adjust a lime between 0.05s and the
max. recarding interval (2, 4 ond 8s at 50 Hz and
1.33; 3.33 and 6.66 s at 60 Hz). With keys <+>
ond <-> Ihe values can be changed and with
<ENTER> be saved.

5.6 Date and time
5.6.1 Adjustment of the clock

When adjusling the date and time, LED @ lights up.
The adjusiment method is as follows:

Dale : Year Y=00
Month M=01
Day D=01

Time : Hour h=00
Minule m=00
Second s=00

The clock starts with the set date and time as soon as
the supply vollage is swilched on. The time is safe-
guarded against shorterm vollage failures (min. 6
minules).

Nole:
The window for parameler selling is located behind

the measured value display. The parameler window
can be accessed vio the <SELECT/RESET> key.

7B MRU3-2 12.00 €



5.7 Indication of measuring values

5.7.1 Measuring indication
In normal operation the following measuring values
can be disployed.

* Vollages (LED L1, L2, L3 green)
* In star connection all phaseto-neulral vollages
¢ In della connection all phaseto-phase vollages
e Phase sequence (LED PS yellow)

5.7.2 Unit of the measuring values

displayed

The measuring values can optionally be shown in the
display as a multiple of the "sek” rated value (x In) or
as primary current (A). According lo this the units of the
display change os follows:

Indicalion as
Sec. vollage
Primary vollage

Range Unit
000V - 9%V |V
.00V - QQQV |V

1kOO - 9k99  |kV
10kO — 99kO  [kV
100k — 999k [kV
1MOO — MV
3MO0

Toble 5.4: Uniis of the disploy

5.7.3 Indication in faultless condition

In normal operalion the display always shows |SEG.
Alter pressing the pushbutton <SELECT/RESET> the
display swilches cyclically to the next value. Alter the
measuring volues had been indicaled the selling po-
ramelers are disployed. Hereby the LEDs in the upper
seclion signalize which measured value is indicaled,
the LEDs in the lower seclion signalize which setling
parameler is indicated on the display. longer actual-
ing the pushbutlon resels the reloy and the display
changes into normal operation (|SEG).
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5.7.4 Indication after pickup / tripping
In tripped condition "TRIP" appears on the display and
the LEDs of the operaling measuring data light up red
together with the LEDs of the Iripping parameter (UO:
yellow). All operating data, which were measured ot
the moment of Iripping, can now be called one after
another by pressing pushbutton <SELECT/RESET>. [re-
fer 1o chapler 5.8). By pressing the <-> key, the faull
memory can be reliieved. Il in this condilion selling
paramelers are lo be indicaled, pushbullon <ENTER>
has 1o be pressed.

The graphic below shows again the diflerence be-
tween the dillerent disploy modes.
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<ENTER> <SELECT>

' .~ <SELECT>

: Parameter s

Measuring dala

: Tripping
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Display alter tripping

<SELECT> M

<ENTER>

Parameter

Figuie 1.1: Switching over ol the dhsplay in d-pendence of the operating mode.

5.7.5 Indication of the phase sequence

Ihe indication refers 1o the designation of the vollage
inpul terminals. The sequence can be "123" or "321".
Which phase sequence is the conect one depends
upon the given case of application. Bul in any cose
the assignment has lo be mel which phase sequence
shall correspond lo the positive sequence syslem.

Display "123" means thal the connecled rolating lield
has the posilive sequence system ol unit MRU3-2 and
thus is considered as correcl. If these vollages are ad
ditionally symmetical, theie will be no negative se-
quence syslem and the positive sequence syslem has
the same ims value as the phase vollages.

Il the phase sequence "32 1" is indicaled the assign-
menl could be wrong. This has 1o be checked whether
lhe opplied vollages show a wiong phase sequence
or whether Ihere is a faull in the conneclion. When
"222" is indicaled the unit signalizes that no clear
measurement of the phase sequeiice is possible.
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5.8 Fault memory

When the relay is energized or is energized or rips,
all lault data and times are stored in a non-volatile
memory manner. The MRU3-2 is provided with a laull
value recorder for max. five faull occurrences. In the
even! of additional Irippings always the oldes! dala sel
is wrillen over.

For laull indication not only the trip values are re-
corded but also the slatus of LEDs. Fault values are in-
dicated when push bullons <-> or <+> are pressed
during normal measuring value indication.

e Normal measuring values are selected by pressing
the <SELECT/RESET> bution.

e When then the <-> bullon is pressed, the lales! lault
dala sel is shown. By repealed pressing the <->
button the last but one laull data set is shown elc.
For indication of laull data sels abbreviations FLT T,
FLT2, FLT3, ... are displayed (FLT1 means the lales!
lault data set recorded). Al the same lime the pa-
rameler sel aclive al the occurence is shawn.

o By pressing <SELECT/RESET> the faull measuring
values can be scrolled.

e By pressing <+> il can be scrolled back 1o a more
recenl faull dala sel. Al first FLT8, FLTZ, ... are al
ways displayed.When laull recording is indicaled
(FLT1 elc), the LEDs llash in compliance with the
stored Irip information, i.e. those LEDs which
showed a continuous light when the fault occured
are now blinking blinking o indicale that it is not o
current lauli. LEDs which were blinking blinking dur-
ing Irip conditions, (element had picked up) just
brielly flash.

o | the relay is slill in Irip condition and nol yel resel
(TRIP is sill displayed), no measuring values can be
shown.

e To delele the Irip slore, the push butlon combina-
lion <SELECT/RESET> and <->, has lo be pressed
for about 3s. The display shows “wait".
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Recorded laull dala:

Measuring |Displayed values Correspon-
ding LED

Voliage L1: 12; L3; slar L1;12;13

L1/L2; 12/13; L3/L1: delia
Time stamp
Date: Y =99 ®

M =03 (o

D=10 ()
lime: h=17 Q)

m= 21 Q)

s=14 ®
Symmelri-  |Voltage:
cal com-  |posilive-phase sequence ; |U1; U2; UO
ponenls  |negalive-phase sequence;

zerophase sequence
Phase 123: posilive sequence; PS
sequence [l 32: negalive sequence
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5.9 Additional functions
5.9.1 Setting procedure for blocking the
protection functions

The blocking lunctlion of the MRU3-2 can be sel ac-
cording lo requiremenl. By applying the aux. vollage
lo D8/E8, the lunclions chosen by the user are
blocked. Selting of the parameler should be done as
follows:

e When pressing push butlons <ENTER> and <TRIP>
al the same lime, -message "BLOC" is disployed |i.e.
the respeclive funclion is blocked) or "NO_B" (i.e.
the respeclive function is not blocked). The LED allo-
cated lo the first protection lunction U< lights red.

e By pressing push bullons <+> <> the value dis-
ployed can be changed.

e The changed value is stored by pressing <ENTER>
and enlering the password.

« By pressing the <SELECT/RESET> push bullon, any
further protection function which can be blocked is
displayed.

o Thereafler the menu is lefl by pressing
<SELECT/RESET> again.

e It the <SELECT/RESET> key is aclualed again, the
blocking menu is left and the assignment mode is
accessed”.

Function | Description Display | LED
U< Undervollage slep 1~ | BLOC | green
U<< Undervoliage step 2 | BLOC | green
U> Overvoliage slep | NO_B |green
U>> Ovenvollage slep 2 NO_B |green
Ul< Undervalioge step in , |BLOC | green
posilive-phase
sequence syslem
ul> Overvoliage step in BLOC |green
posilive-phase
seguence syslem
|u2> Ovenvoliage step in BLOC |green
negolive-phase
sequence syslem
uo> Overvoltage slep in BLOC [green
zerophaose sequence
syslem )

Toble 5.5: Blocking function for o parameler sels

Assignment of the output relays:

Unit MRU3-2 has five oulput relays. The [ifih output re-
lay is provided as permanent alarm relay for self su-
pervision is normally on. Output relays 1 - 4 are nor-

mally off and can be assigned as alarm or tripping re-

lays to the voliage functions which can either be done
by using the push butlons on the front plale or via se-
rial interfoce RS485.
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The ossig\nmenl ol the oulput relays is similar to the set
ting ol paromelers, however, only in the assignment
mode. The assignmenl mode can be reached only vio
the blocking mode.

By pressing pUsh button <SELECT/RESET> in blocking
mode again, the assignment mode is selecled.

The relays are assigned as follows: LEDs U<, U<<,
U>, Us>, Ul>, Ul <, U2> and UO>are two-coloured
and light up green when the outpul relays are as-
signed as alarm relays and &, 1,... %o, loae oo e
Lo, 0nd t,.red os tripping relays.

Definition:
Alarm reloys are oclivated al pickup.
Tripping relays are only octivated after elapse of the

tipping delay.

Alier the assignment mode has been oclivoled, lirst
LED U< lights up green. Now one or several of the
four output relays can be assigned lo under voltage
element U< as alorm relays. Al the same time the se-
lected alarm relays for under vollage element 1 are
indicaled on the display. Indication "1_ _ _" means .
that oulpul relay 1 is assigned lo this under voliage
element. When the display shows "_ _ _ _", no alarm
reloy is assigned fo this under vollage element. The as-
signment of outpul relays 1 - 4 1o the current elemenls
can be changed by pressing <+> and <-> push bul-
tons. The selecled assignment can be slored by press-
ing push bullon <ENTER> and subsequent input of the
password. By pressing push butlon <SELECT/RESET>,
LED U< lights up red. The oulpul relays can now be
assignéd 1o this vollage elemenl as Iripping reloys.

Relays 1 - 4 are selecled in the same way as de
scribed beloie. By repealedly pressing ol the
<SELECT/RESET> push bulion and assignment of the
relays all elemenls can be assigned separalely 1o the
reloys. The assignmenl mode can be lerminated ot any
time by pressing the <SELECT/RESET> push bution for
some lime (abl. 3 s).

Note:

e The function of jumper ]2 described in geneial de-
scriplion "MR Digital Muliifunctional Relays" does
no! apply for MRU3-2. For relays withou! assign-
menl mode this jumper is used for parameler selling
of alarm relays (aclivation at pickup or tripping].

A form is allached lo this descriplion where the setling

requesled by the customer con be filled-in. This form is

prepared for telefox ransmission and can be used lor
your own reference as well as for telephone queries.
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5.9.2 Reset

All relays have the following three possibilities o resel
the display of the unil as well as the outpu! relay at
jumper posilion |]3=ON.

Manual Reset
e Pressing the push button <SELECT/RESET> for some
lime (about 3 s)

Electrical Reset
e Through applying auxiliary vollage to C8/D8

Software Rese!

e The soltware resel has the same elfect as the
<SELECT/RESET> push butlon (see also communicao-
tion protocol of RS485 interface]

The display can only be resel when the pickup is not
present anymore [otherwise “TRIP* remains in display).

During reselling of the display the paramelers are not
affected.

5.9.3 Erasure of fault storage

To delete the trip slore, the push bulton combination

<SELECT/RESET> and <->, has lo be pressed for
about 3s. The display shows "wait”.

Relay function Output relays Display- Corres-
ponding
] 2 3 Indication LED
U< Alarm ____ |U<; green
U< Tripping X I.___ |W<red
U<< Alarm ____ |U<< green
U<< Tripping X 1 ___ |tU<<red
U> Alarm ——w_ |U>green
iU> Tripping X 1 . |WU>red
U>> Alarm ——__ |U>>green
iU>> Tripping X 1 ___ |tU>>red
Ul< Alarm ____ |Ul<green
Ul < Tripping X _2__ |Mi<red
Ul> Alarm ____ |Ul>green
1> Tripping X _2__ |Wi>red
u2> Alarm : ____ |U2> green
2> Tripping X __3_ |WU2>red
uo> Alarm ____ |U0> green
1U0> Tripping ___4 |1UO> red

Toble 5.4: Exomple of ossignment motrix of the oulput reloy (defoulls sellings)

TB MRU3-2 12.00 €
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6 Relay testing and
commissioning

The following les! insiructions should help lo verify the

proleclion relay performance before or during commis-

sioning ol the proleclion syslem. To avoid a relay

damage and lo ensure a correcl relay operalion, be

sure thal:

e The auxiliary power supply raling corresponds lo the
auxiliary vollage on sile.

e The raled [requency and raled vollage of the relay
correspond lo the plant data on sile.

e The vollage Iransformer circuils are connected lo the
relay correclly.

« All signal circuils and oulpul relay circuils are con-
nected correclly.

6.1 Power-On

NOTE!

Prior lo swilch on the auxiliary power supply, be sure
that the auxiliary supply vollage corresponds lo the
raled dala on the lype plale.

Swilch on the auxiliary power supply lo the relay and
check that the message "ISEG" appears on the display
and the self supervision alarm relay (walchdog) is en-
ergized (Conlact lerminals D7 and E7 closed).

It may happen that the relay is Iripped because of un-

der- vollage condition after power-on. (The message

"TRIP* on the display and LED L1, 12, 13 and U< light

up red). An undervollage condilion has been delecled

afler power-on, because no input vollages are applied
lo the relay. In this case:

e Press the push bullon <ENTER>, thus enlering inlo
the selling mode. Now sel the paramelers U< and
U<< 1o "EXIT" to block the undervoliage funclions. Af-
ler tha!, press the <SELECT/RESET> for app. 3 s to
resel the LEDs and "TRIP" message.

e The undervoliage Iripping after power on can also
be eliminaled by applying three phase raled volr-
ages after power-on and resel the LED and "TRIP*
message.

» Apply auxiliary vollage 1o the exlernal blocking inpul
(Terminals E8/D8) Io inhibit the undervoliage lunc-
lions (refer lo 6.5) and press the <SELECT/RESET>
for app. 3 s Ia resel the LEDs and "TRIP" message.

Refer 1o chapler 5.9.1
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6.2 Testing the output relays

NOTE!
Prior lo commencing this lesl, inlerrup! the Irip circuil lo
lhe circuil breaker il Iripping is nol desired.

By pressing the push bullon <TRIP> once, the display
shows the first part of the soliware version of the relay
le.g. ,DO8-"). By pressing the push butlon <TRIP>
Iwice, the display shows the second parl of the soll-
wate version of the relay (e.g. ,4.01". The sollware
version should be quoted in all correspondence. Press-
ing the <TRIP> bullon once more, the display shows
"PSW2". Please enler the correcl password lo proceed
wilh the lesl. The message "TRI2" will follow. Confirm
lhis message by pressing the push bullon <TRIP>
again. All oulpul relays should then be aclivaled and
the sell supervision alarm relay (walchdog) be deener-
gized one aller another with a lime inlerval of 1 sec-
ond. Therealler, resel all oulpul relays back lo their
normal posilions by pressing the push bullon

<SELECT/RESET>.

6.3 Checking the set values

By repealedly pressing the push bullon <SELECT>, all
relay sel values may be checked. Set value modilico-
lion can be done with the push bullon <+><-> and
<ENTER>. For delailed informalion aboul thal, please
refer to chapter 4.3 of the descriplion “MR - Digilal
multifunclional relays”.

As relay input energizing quanlilies, three phase volt
ages should be applied 1o MRU3-2 relay input cir-
cuils. Depending on the syslem condilions and the
vollage Iransformer used, three vollages can be con-
nected lo the relay inpul circuils with either slar or
della conneclion. In case of a slar conneclion the
phase-loneulral voltage will be applied 1o the vollage
inpul circuils, while the phase-lophase vollages will be
connecled lo the vollage input circuils in case of a
delta conneclion. The vollage input conneclion mus!
be sel as a parameter, and should correspond with
the aclual vollage input conneclion:

Phaseto-neulral vollages will be
measured and evalualed.
Della connection: Phaselo-phase voliages will be
measured and evalualed.

Siar conneclion:

NOTE!

For MRU3-2 relay used for earth faull proteclion be
sure thal the liequency sel value (f=50/60) has been
selected correclly according lo your syslem frequency
(50 or 60 Hz).

This also applies when using the disturbance recorder

refer 1o Chapler 5.3.3).
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6.4 Secondary injection test

6.4.1 Test equipment

e Volimeler wilh class 1 or belter

* Auxiliary power supply with the volloge correspond-

ing to the rated dala on the type plate

» Three-phase vollage supply unit with lrequency regu-
lation (Voltage: adjustable from Oto 2 2 x U, |
» Timer lo measure the operating lime (Accuracy class

+10 ms)
* Swilching device
e Tesl leads and 1ools

6.4.1

Example of the test circuit

For tesling of the MRU3-2 relay, a three phase volt-
age source is required. Figure 6.1 shows an example
ol a three-phase test circuit energizing the MRU3-2 re-
lay during tesl. The three phase vollages are applied

to the relay in Y-connection.

) | MRU3-2
I
A
- R 3$.
; Y
~ 12 0-f—37o B 2
~ : a6 | l
— N
L R —j
&—+fo0 N o— -
+ J L
Start “';“"
Stop

. Einstellbore Sponnungsquelle
Varioble volioge source

. Scholigeral

Swilching device

Volimeler

. Zeitgeber
Timer

5. 2u testendes Relois

Relay under test

N —

& W

U1E

Versorgung Extern Reset  Blockiereingang
Supply External Reset  Blocking Input

L LN +L L+ L-IN L+

C9 E9 IDQ 2 ,C8 D8 .E8

? ? T =

- —b—

Versorgung
Supply

Wamung / Anzelge
Atarm / Indication

Scrlollo Schnlttstollo
Serlal Interface

[N] [N]

Figure 6. 1: 3phase les! circuit
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6.4.2 Checking the input circuits and
measuring functions

Apply three vollages of raled value to the voliage in-
pul circuils (lerminals A3 - A8) of the relay. Check the
measured vollages, frequency and veclor surge on the
display by pressing the push button <SELECT/RESET>

repealedly.

The vollages are indicaled on the display in volis, al
Y-conneclion:

e Phasetoneutral vollages: LED L1, 12, L3
Della-conneclion:

e Phaselophase vollages: LED L1412, 12+13, L3+L1

Change the vollages around the raled value and
check the measured vollages on the display.

Compare the vollage displayed with the reading al
volimeler. The devialion for the vollage must not ex-
ceed 1%.

By using an RMS-melering insirumenl, a grealer devia-
tion may be observed if the lest vollages conlains har-
monics. Because the MRU relay measures only the
fundamental component of the input signals, the har-
monics will be rejecled by the internal DFFT-digital fil
ter. Whereas the RMS-melering inslrumenl measures
the RMS-value of the input signals.

6.4.3 Test of the symmetrical

components values

Ihe following lests describe basically the indicating
values and vollages of the symmetrical components
with which the measuring functions of the MRU3-2 can
be lesled. If simullaneously the Iripping function is 1o
be lesled, the corresponding parameler must be sel
between the rated vollage and the theorelical value
accepl! 1o the Iable.
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Symmelrical measuring vollage system

For this les! the relay has 1o be correctly connecled
with all of the three phases and the slar poinl. If the
measuring vollage syslem is symmelrical, the unil
should indicale the following measuring values:

measuring indicalion
value
L1, 12,13 Uy
Ul = U
U2 =0
o) =0

Table 6. 1: Indication at normal rotating field (symmerricall

The devialion mus! not exceed some Volls. Exacl dala
cannol be given here because this depends upon the
aclual symmelry of the tes! vollage syslem. By an ex:
actly symmetrical system the data must be precisely
within the lolerance of the unil. Also a devialion of the
mains frequency from the sel lrequency can lead lo er-
rors in the measuremenls. In this case il is beller lo sel
the system frequency lo “v = 50 Hz" or "v = 60 Hz".

Wrong phase sequence

For this lesl two phases must be reversed to the
MRU3-2. The third phase and the star point Nl are
connecled as usual. The theorelical indicaling values
are:

measuring | indicalion
valve
L1, 12,13 Uy
Ul =0
U2 = U,
uo =0

Table 6.2: Indication during simulated left rotating field

Phase failure

The MRU3-2 is now o be connecled with the wo
phases |2 and L3 and with the neutral conduclor. The
two phases musl be assigned correclly. The measuring
input of phase L1 is connected with the star point of
the relay in order lo prevent interlerence vollages af
the input. (This simulation is realistic because in a real
case of failure other relays in parallel or the vollage
transformer itself would cause this "pull down" effect).
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The test can basically be carried out with any phase.
The result of the measurement differs only in the indi-
cating valuves for the phase voltages L 1-13.

Measuring | indication
value
L) 0
L2, L3 Uy
Ul =2/3xU,
U2 =1/3xU,
Uuo = 1/3 xU,

Table 6.3: Indication of phase failure

Earthfault

For this test all conductors L1-L3 have lo be correclly
connecled. The star point N from the mains is not con-
necled. Inslead the star point of the MRU3-2 is con-
necled with phase L1. This lype of conneclion simu-
lates an earthfaull of phase L1.

Measuring | Indication
valve
Ll 0
12, 13 3 x U,
Ul = U,
U2 =0
uo = U,

Table 6 4: Indication at earthfault

6.4.4 Checking the operating and reset-
ting values of the over/under-
voltage functions

Apply three vollages with the rated value and gradu-
ally increase (decrease) the vollages until the relay
slarls, i.e. al the moment when the LED U> (or U<)
lights up or the voltage alarm output relay (conlact ter-
minals D4/E4) is aclivaled. Read the operating voli-
age indicated by the volimeler. The deviation must nol
exceed 1% of the sel operating value.

Furthermore, gradually decrease (increase) the vall-
ages unlil he relay resels, i.e. the vollage alarm outpul
relay is disengaged. Check that the dropout to pickup
ralio is greater than 0.97 (for overvoliage funclion} or
smaller than 1.03 (for undervollage).
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6.4.5 Checking the relay operating time
of the over/undervoltage functions

To check the relay's operaling time, a timer mus! be
connecled o the Irip oulpnut relay contact (Conlact
terminals D1 /E ).

It must be ensured that the respeclive oulput relay is
assigned lo the function to be tested. (refer lo chapler
5.9.1).

The timer should be started simullaneously with the
vollage change from sound condition to a faully condi-
lion and slopped by the trip relay contacl. The operat-
ing time measured by timer should have a devialion
aboul 3% ol the sel value or < 20 ms.

6.4.6 Checking the external blocking
and reset functions

The external blocking input blocks the selected volloge
functions.

Care mus! be taken thal these terminals are also as-
signed the blocking function {refer to chapler 5.9.1).
The external blocking input inhibits undervollage lunc.
lions. To lest the blocking function apply auxiliary sup-
ply vollage lo the external blocking input of the relay
(terminals E8/D8). Inject a les! vollage which could
cause fripping for the functions above menlioned. Ob-
serve that there is no Irip and alarm.

Remove the auxiliary supply vollage from the blocking
inpul. Apply test vollages lo trip the relay (message
.TRIP” on the display). Relurn the tes! vollages lo the
sound condilion and apply auxiliary supply vollage to
the external reset input of the relay (lerminals C8,/D8).
The display and LED indications should be resel im-
medialely.
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6.5 Primary test

Generally, o primary injection tes! could be carried out
in the similar manner as the secondary injection test
described above. With the difference that the pro-
tected power system should ke, in this case, con-
necled to the inslalled relays under tesl ,on line”, and
lhe tes! voltages should be injecled 1o the relay through
lhe vollage transformers with the primary side ener-
gized. Since the cost and polential hazards are very
high for such a tesl, primary injeclion lests are usually
limited lo very imporlant prolective relays in the power
syslem.

Because of ils powerful combined indicating and
measuring functions, the MRU3 relay may be lesled in
the manner of a primary injeclion test without extra ex-
penditure and time consumption.

In actual service, for example, the measured vollage
values on the MRU3-2 relay display may be com-
pared phase by phase wilh the concerned indications
of the instruments of the swilchboard 1o verily that the
relay works and measures correclly.

6.6 Maintenance

Maintenance testing is generally done on site al regu-
lar intervals. These inlervals vary among users depend-
ing on many factors: e.g. the type of proleclive relays
employed; the imporlance of the primary equipmenl
being protecled; the user's pos! experience with the re-
lay, elc.

For electromechanical or static relays, mainlenance

lesting will be performed al leas! once a year accord-

ing lo the experiences. For digilal relays like MRU3-2,
this interval can be substantially longer. This is be-
cause:

e lhe MR- relays are equipped with very wide sell-
supervision functions, so thal many faulls in the relay
can be delecled and signalised during service. Im-
portant: The self-supervision outpul relay must be
connected lo a central alorm panel!

¢ the combined measuring funclions of MR+elays en-
able supervision the relay funclions during service.

e the combined TRIP test funclion of the MR+elay al-
lows 1o test the relay outpul circuits.

A lesting interval of two years for maintenance will,
therefore, be recommended.

During @ mainlenance les!, the relay funclions includ-
ing the operating values and relay Iripping limes
should be lesled.

28

TB MRU3-2 12.00 £



7 Technical Data

7.1 Measuring input circuits

Raled dala:

Power consumplion in
vollage circuil:

Thermal wilhsland in
vollage circuit:

7.2 Common data

Dropout to pickup ralio:

Dropoul time:

Time log error class index E:
Minimum operaling lime:

Max. allowed interruption of the
auxiliarxy supply wilhoul ellecting
the lunction of the device:

Weiglht:
Mounling position:

Influences:

Frequency inflluence on vollage
measuring circuil:

Voliage inlluence on lrequency
measuring circuil:

Temperature inlluence:
Auxiliary vollage influence:

Gl-Approbation:
Bureau Verilas Approbalion:

TB MRU3-2 12.00 E

Nominal vollage U, 100V, 230V, 400 V
Nominal frequency |, 40 - 70 Hz

< | VA per phase at U,

continuously 2x U,

U>/U>> : >98% U</U<< : < 102%
40 ms

+10 ms

40 ms

50 ms

appiox. 1.5 kg

any

091,<l<1.11,<2%/ Hzbei 50/60 Hz

0.5U,<U< 1.5U,, noinlluence
20°C ... 70°C, <1 %

no inlluence within the admissible range

@8776-96H-H
2650 6807 AOO H
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7.3 Setting ranges and steps
Function Para- Selting range Step Pickup tolerance
meler
Transformer ratio [U_ /U, [(sek) 1.01...6500 0.01,0.02;0.05; 0.1;
0.2;0.5;1.0;20; 5.0;
10; 20; 50
Swilch group D/Y D =DELI/Y =Y
Roled frequency |, [=50/1=60/v=50/v=060
LED blinking at FLSH,/NOFL
pick-up ‘
Parameler P2|2 SET1/SET12/B_S2/R_S2/B_[R/R_FR/
swilch/ext. . S2FR
Triggering for
the %ull re-
corder
1/3-phose 1/3 U<>1; U<>3
Iripping
U< U<; U<< |U,, = 100 V:
Ul< 2..200 V (EXIT) |V 1+ 1% ol sel value or
U, =230 V: <0,3% U,
2...460 V (EXIT) |V
U, =400 V:
4...800 V (EXIT) 2V
e bies 10.04...50 s [EXIT) 0.01;0.02;0.05;0.1; +1% oder £15 ms
by 0.2,0.5;1.0,20s
U> Us, U, =100 V:
Us>>, 2...200 V (EXIT) |V +1% of sel value or
uls, |u,=230V: <0.3% U,
2,460 V (EXIT) R
U, =400 V:
4...800 V (EXIT) 2V
o b 10.04..50 s (EXIT) 0.01; 0.02; 0.05; 0.1;[+1%or +15 ms
figi 0.2;,0.5,1.0,20s
U> u,=100V:
U,.. U,. [2...100V [EXIT) IV +1% of sel value or
U, = 230 V: <0,3% U,
2...230V (EXIT) (%
U, = 400 V:
4...400 V [EXIT) 2V
by ho. ] 0.04...50 s (EXIT) 0.01; 0.02; 0.05; 0.1;|+1%or £15 ms
0.2;0.5;1.0;20s
7.3.1 Interface parameter
Function | Parameter Modbus-Protocol RS485 Open Data Protocol
RS Slave-Adiesse 1-32 1-32
RS Baud-Rale* 1200, 2400, 4800, 2600 Q600 (lixed)
RS Parity* even, odd, no .even Parily” (lixed)

* only Modbus Prolocol
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7.3.2

Parameter for the fault recorder

Function | Parameter . Adjustment example )

FR Number of recordings (1*2x8s;(3)*4dx4s; (7)*8 x 2 s (50 Hz)
(1)*2x6.665s, (3)*4x6.665s, [7)*8x 1.665
(60 Hz)

FR Savings of the recording at the occurence P_UP; TRIP; A_PI; TEST |

FR Pre-trigger-time 0.055-8.00s

*

7.4

is wrillen over when a new trigger signal arrives

Output relays

Tri

MRU3

TB MRU3-2

12.00E

Alarm relaya/change-over contacts

T 3/]
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8 Order form

Mains decoupling relay ~ MRU3-

Standard

incl. measuring of the posilive phase-sequence,

negative phase-sequence and zero phasesequence

syslem companent

Rated volloge

100 V
230V
400V

Housing (12TE]

19" rack
Flash mounling

RS 485

Aliernalively with
Modbus prolacol

Technical dalo subject 1o change withaut naticel
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Setting list MRU3-2

Project:

Function

Relay functions:

group: = localion: +

SEGob.-No.:
Relay code: -

Password:

Date:

All sellings mus! be checked al sile and should the occasion arise, adjusted to the object/item 1o be prolected.

Setting of the parameters

System parameter

Function Einheil Default Aclual
seltings sellings
U../U,_ |Volloge tronslormer ralio sek
D/Y Input voltage correclion dependent on the conneclion of DEIT
the input lronsformer
b Roted frequency Hz f=50Hz
LED Flash |LED - Disploy of the aclivalion slarage FLSH
P2/FR Parameter switch/exI. Iriggering for the Taul SET1
recorder
Protection parameter
} Aclual
Funclion Unit Default setting selling
Set 1/Sel 2 Set 1/Sel 2
1/3 1-phose/ 3-phose hipping U<>1
U< Pickup value for undervolloge elemenl v 90/210/360*
foe Tripping deloy lor undervolloge elemenl s 0.04
U<< [ Pickup volue far undervoliuge elemenl \% 80/190/320*
1,<< Tripping deloy for undervolloge elemenl s 0.04
U> Pickup volue for overvolloge elemenl Vv 110/250/440*
1> Tripping deloy for overvolloge element s 0.04
U>>  |Pickup volue for overvolloge element Vv 120/270/480*
tos Tiipping delay lor overvollage elemenl s 0.04
Ul< | Pickup value far undervoliage in posilive-phose sequence syslem Y ©0/210/360*
L Trip value for undervollage in posilive-phase sequence system s 0.04
Ul> | Pickup volue for overvollage in posilive-phase sequence system Y 110/250/440*
b Trip value for overvolloge in posilive-phase sequence system s 0,04
U2> | Pickup value for overvolloge in negotive-phose sequence system \ 50/115/200*
bua Trip volue far overvollage in negolive-phase sequence system s 0.04
UO> | Pickup value for overvoliage in zero-phase sequence syslem \Y 30/70/120*
o Trip volue far overvollage in zero.phose sequence system s 0.04
RS Slove address of the serial interfoce !
RS** | BaudRate 9600
RS** | Pority-Check even
* thresholds dependent on raled vollage 100V / 230V / 400V * *only Modbus
TB MRU3-2 12.00 E 33




Fault recorder

Default Actual
Function Unit sefling sefling
FR Number of recordings 4
FR Saving of lhe recording al the occurrence TRIP
FR Time prior lo lrigger impulse s 0,05
Uhr Year selling year Y=00
Uhr Month selling | month M=01
Uhr Day selling doy D=01
Uhr Selling of the hour hour h=00
Uhr Selling of the minule minule m=00
Uhr Selling of the second second s=00
Blocking function
Default setting Actuala setting
Blocking Not blocking Blocking Not blocking
Parameter set Set | . Set 2 Set | Set 2 Set 1 Set 2 Set 1 Set 2
U< X X
U<< X X
U> X X
U>> X X
Ul< X X
Uul> X X
uz2- X X
UO> X X
Assignment of the output relays
Funktion Relay 1 Reloy 2 Reloy 3 Relay 4
Default Actual Defoult Actual Default Aclual Defaull Actual
seltings settings setlings setlings setltings settings settings settings
U< alorm
I, Ifipping X
U<< alorm
l,.. Wipping X
U> alorm
1. ipping X
U>> alorm
I, fipping X
Ul < alorm
I, Ifpping } X
U,. olarm
1, ripping X
U, alarm
e, fipping X
U, olorm
1. ripping X

34

7B MRU3-2 12.00 E




Setting of code jumbers

Code jumper )1 12 13
Default Actual Default Actual Defoult Actual
settings settings seftings settings settings settings
Plugged
Not plugged X No lunction X

Code jumper

low/High-ronge for reset input

Low/High-range for blockage input

Default settings

Aclual seltings

Werkseinstellung

Eigene Einstellung

low=plugged

X

X

High=nat plugged

This technical manual is valid for

For softwareVersion number:

Modbus-version number:

T8 MRU3-2 12.00 E

DO67.01 (MRU3-1)
DO7-8.01 (MRU3-2)

D56-1.01 (MRU3-1-M)
D57-1.01 (MRU3-2:M)
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ANEXO C:
ESPECIFICACIONES TECNICAS
DE LOS RELES DE SOBRECORRIENTE



HIGH TECH LINE

MRI3 - Digital multifunctional relay for overcurrent protection

@ %
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2 Features and characteristics

3 Design
3.1 Connections
3.1.1  Analog input circuits
3.1.2  Output relays
3.1.3  Blocking input
3.1.4  External rese! input
3.2 Relay output contacts
3.2.1 Fault recorder
3.2.2 Parameler sellings (see chapter 5)
3.3  LEDs
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4.1 Analog circuits
4.2  Digital circuits
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phase
4.4 Eorth foult protection
4.4.1 Generalor stator earth fault protection
4.4.2  System earth fault protection
4.5  Eorthfoult directional feature
(ER/XR-relay type)
4.6  Determining earth short-circuit foult
direction
4.6.1 Directly - earthed system
4.6.2 Resistance - earthed system
4.7  Demand imposed on the main current
transformers
5 Operation and settings
5.1 Disploy
5.2 Setting procedure
5.3 System parameler
5.3.1 Disploy of measuring values as primary
quantities (I_, phase)
5.3.2 Disploy of earth current as primary quantity
(I earth)
5.3.3 Disploy of residual voltage U, as primary
quantity (U, /U, )
5.3.4  Voliage transformer connection for residual
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5.3.5 Nominol frequency
5.3.6 Disploy of the activation storage
(FLSH/NOFL)
5.3.7 Parameter switch/external triggering of the
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5.4.1  Pickup current for phase overcurrent
element (1>)
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overcurrent element ()

5.4.12
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5.4.14
5.4.15
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5.4.17
5.4.18
5.4.19
5.4.20
5.4.21

5.4.22
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59.4
5.10
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Reset setting for all tripping characteris-
tics in the phase current path

Current setting for high set element (1>>)
Trip delay for high set element {1,..)
Relay characteristic angle RCA

Pickup value for residuol vollage U,
(ER/XR-relay type)

Pickup current for earth fault element (I, )
WARN/TRIP changeover

(E/X and ER/XR-elay type)

Time current characteristics for earth foult
element (CHAR 1) (not for ER/XR-relay
typel

Trip delay or time multiplier for earth fault
element (t,,.)

Reset mode for inverse time tripping in
earth current path

Current setting for high set element of
earth fault supervision (I, )

Trip delay for high set element of earth
foult supervision (1.,

COS/SIN Measurement

(ER/XR-relay type)

SOLI/RESI changeover (SR-relay type)
Block/Trip - time

Circuit breaker failure protection tg,
Adjustment of the slave address

Setting of Baud-rate (applies for Madbus
Protocol only)

Setting of parity (applies for Modbus
Protocol only)

Fault recorder

Adijustment of the fault recorder
Number of the fault recordings
Adjustment of trigger occurences
Pre-trigger time (T )

Adjustment of the clock

Additional functians

Blocking the protection functions and
assignment of the output relays

Setting value calculation

Definite time overcurrent element
Inverse time overcurrent element
Indication of measuring and fault values
Indication of measuring values

Units of the measuring values displayed
Indication of fault data

Fault memory

Reset

Erasure of fault storage
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6.4.9  Checking the ¢ temal blocking and reset
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7.3.2  Earh fault protection (SR-Type)
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7.3.7 Interface parameter
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7.3.9 Inverse lime overcurrent protection relay
7.3.10 Direction unit for phase overcurrent reloy
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7.3.12 Delermination of earth fault direction
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7.4 inverse time characleristics
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8 Order form
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1 Introduction and application

The MRI3 digital multifunctional relay is o universal
time overcurrent and earth faull protection device in-
tended for use in medium-vollage systems, either with
an isolated/compensated neutral point or for networks
with a solidly earthed/resistance-earthed neutral point.

The protective functions of MRI3 which are imple-
mented in only one device are summarized as follows:
« Independent (Definite) time overcurrent relay,

e inverse time overcurrent relay with selectable charoc-

leristics,

« integrated determination of fault direction for appli-
cation to doubly infeeded lines or meshed systems,

* twoelement (low and high set) earth fault protection
with definite or inverse time characleristics,

« integrated determinotion of earth foult direction for
application to power syslem networks with isoloted
or arc suppressing coil (Peterson coil) neutral
earthing. (ER/XR-relay type),

« integroted determination of earth short<ircuit foult di-

reclion in systems with solidly-earthed neutrol point or

in resistonce-earthed systems (SR-relay type).

Furthermore, the reloy MRI3 con be employed as o

back-up protection for distance and differential protec-
tive reloys.

A similar, but simplified version of overcurrent reloy
IRIT with reduced functions without display and serial
interface is also available.

Imporlont:
For additionol common data of all MR-relays please
refer to manual "MR - Digital Multifunctional relays".

On page 51 ol this manual you can find the valid
software versions.

2 Features and characteristics

« Digilal filtering of the measured volues by using dis-
crete Fourier analysis 1o suppress the high frequence
harmonics and DC components induced by faults or
syslem operations,

¢ lwo parameler sels,

seleclable protective functions between:

definite time overcurrent relay and

inverse lime overcurrenl relay,
selectable inverse lime characlerislics according to
IEC 255-4:

Normal Inverse (Type A}

Very Inverse (Type B

Extremely Inverse (Type C)

Special characteristics,

« resel sefling for inverse time characleristics selectable,

high set overcurrent unit with instantaneous or de-

finite time function,

* twoelement (low and high sel) overcurrent relay both
for phase and earth faulss,

« directional feolure for application to the doubly in-
feeded lines or meshed systems,

« earth foult directional feature selectable for either iso-
loted or compensated networks,

« sensitive earth fault current measuring with or without

directional feature (X and XR-relay type),

determinotion of earth short-circuit fault direction far
systems with solidly-earthed or resistance-earthed
neulral point,

« numerical display of sefting values, oclual mea-sured
volues and their aclive, reactive companents, memor
rized foull dota, elc.,

« display of measuring values as primary quantities,

withdrawable modules with automatic short circuiters

of C.T. inputs when modules are withdrawn,
blocking e.g. of high set element (e.g. for selective
foult detection through minor overcurrent protection
units after unsuccessful AR),

reloy characteristic angle for phase current direc-

lionol feature selectable,

circuit breaker foilure protection,

« storage of trip values and swilching-off time (I, of

5 foult occurences (failsofe of vollagel,

recording of up 1o eight faull occurences with fime

stamp,

free assignment of output relays

seriol data exchange via RS485 interface possible;

alternatively with SEG RS485 ProOpen Dala Proto-

col or Modbus Protocal,

* suppression of indication after an activatian
(LED flash),

e display of date and lime
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Valloge measuring for the direclional detection:

u1

u2

ul
LA |

Figure 3.4: Mceosuring of the phose voltoges for the directionol
delection ol overcutrent, shortcircuit or earth-foult

protection (I>, I>>, I, ond I_.).

For delails on the connection of ER/XR-unit type c.1.s,
see paro 4.5.

L1—

2
: |
I
i
L1
] s i : i U1
1 |
u2
-
» W
B n]
I
Figure 3.5: Voltoge transformer in V-connection for the

directionol deteclion at overcurrent ond shori<ircuit
prolection.

The Vcannection can not be applied ot earth tault di-
reclional feoture.

3.1.1 Analog input circuits

The protection unit receives the analog input signals of
the phase currents IL1 (B3-B4), IL2 (BS-B), IL3 B7-B8)
and the current IE (B1-B2), phase valloges U1 (A3),
U2 [AS), U3 (A7) with A2 as star point, each via
separale input fransformers.

The constantly detected current measuring volues are
golvanically decoupled, filtered and finally fed to the
onalog/digital canverter.

For the unit type with earthfault directional features
(ER/XR-relay type) the residual voltage U in the sec-

ondary circuit of the valtage transformers is internolly
formed.

In case na directional feature for the phase current
poth is necessary the residual vollage from the open

delta winding can direclly be connected to A3 and
A2,

See Chapler 4.5 for volloge transformer connections
on isolated/compensated systems.

3.1.2 Output relays

The MRI3 is equipped with 5 output relays. Apart from
the relay for self-supervision, all protective functions
can be optionally assigned:

e Reloy 1: C1, D1, El oand C2, D2, E2
e Reloy 2: C3, D3, E3 ond C4, D4, E4
e Reloy 3: C5, DS, ES

* Relay 4: C6, D6, E6

* Relay 5: Self-supervision C7, D7, E7

All Irip and olorm reloys are working current relays, the
relay for self supervision is an idle current relay.

3.1.3 Blocking input

The blocking functions adjusted before will be blocked
if an auxiliary voltage is connected to (terminals)
D8/E8. (See chapter 5.7.1)

3.1.4 External reset input

Please refer to chapter 5.10.
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3.2 Relay output contacts

Hitfsspannung Extern Resel Blockiereingang
Powar Supply External Rosel Blocking Input
’.__/
. Len LN Lerl
1 ce 08 (4]
B L] I I
L}
i
I
|
L I
Hiltsspannung (]
Powor Supply i
]
i
Rotais Y =~ 0
Retay ! L= C1
[ 7= R = E'
b 02
- C2
—pmr— €2
——- D3
Relnis 2
Relay 2
C4
E4
Relais 3 - D5
Relay 3 |__a—a—C§
EOFCE —pre E5
Rolats 4 '——::' 06
Relay 4 - C6
(== 3080506800 —u— EO
Selbstoberwachung - 071
Seltsupervision - C?
(== Jo0s0o80R — €7

Senetla Schnittatelle |
Scnal Intedace

5

Fiquie 3.6

Conlocls al MRI3:

To prevent that the C.B. Irip cail circuit is interrupted
by the MRI3 firsl, i.e. before interruplion by the C.B.
ouxiliory conloct, o dwell time is fixed.

This setling ensures thot the MRI3 remains in self hold-
ing for 200ms alter the foult current is interrupted.

3.2.1 Fault recorder

The MRI3 is equipped with o distutbonce volue re-
corder which records the meosured onologue volues
os momentory volues. The momentory volues

ore sconned within o grid 1.25 ms (with 50 Hz) or
1.041 ms [with 60 Hz) ond filed in o circuloting stor-

oge. The mox. storage copocity omounlts 1o 16 s (with
50 Hz) or 13.33 s (with 60 Hz).
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Storoge division

Independent of the recarding time, the entire sloroge
copocily con be divided inlo severol coses of distur-
bance with o shorter recording time each. In oddition,

the deletion behaviour of the foult recorder con be in-
fluenced.

No writing over

I 2, 4 or 8 recordings ore chosen, the complete
memoary is divided into the relevant number of portial
segments. If this max. number of faull event has been
exceeded, the foult recorder block ony further record-
ings in order 1o prevent that the stored data ore wrilten
over. Alter the doto hove been reod ond deleted, the
recorder 1o ready ogoin for further oction.

Writing over

If 1, 3 or 7 recordings ore chosen, the relevant num-
ber of portiol segments is reserved in the complele
memory. If the memory is full, o new recording will
olwoys write over the oldest one.

The memory port of the foull recorder is designed os
circuloting storoge. In this exomple 7 foult records con
be stored (wrilten over).

Memory spoce 6 1o 4 is occupied.
Memory spoce S is currenlly being wrilten in

8 1

Figqure 3.7: Division of the memory into 8 segments, for example

Since memory spoces 6, 7 ond 8 ore occupied, this
exomple shows thot the memory has been ossigned
more thon eight recordings. This meons thol No. 6 is

the oldest foult recording ond No. 4 the mos! recent
one.



"
v .
P triggor ocourence

rocording duration

Tpre

Iy
[

Figure 3.8: Recording scheme of the foult recorder with
pre-lrigger lime

Eoch memory segment has o specified storoge time

which permits sefting of o time prior to the trigger
evenl.

Via the interface RS485 the daola con be read ond
pracessed by means of o PC with HTL/PL-Soft4. The

doto is grophically edited ond disployed. Binory tracks
ore recorded os well, e.g. oclivation ond trip.

8 TBMRI3 12.00E



3.2.2 Parameter settings (see chapter 5)

System poromeler

Reloy type MRI3- | IE | IRE IR | IER |IRER ER E ISR IRSR SR

) X IRX IXR [ IRXR  XR X

Disploy of measuring values as pri- X X X X X X X X

mory quontities (I, . phose)

Disploy of eorth current as primory X X X X X X X X X

quontities (I, earth)

Disploy of residuol volioge U, os pri- X X X

mary quantity (U, /U )

3pha/en/1:1 X X X

50/60 Hz X X X X X X X X X X X

LED-Flosh X X X X X X X X X X X

RS 485/Slaveaddress X X X X X X X X X X X

Boud-Rate " X X X X X X X X X X X

Pority-Check " X X X X X X X X X X X

Adjustment ol the clock: X X X X X X X X X X X

Y = year; M = month; D = day;

h = hour; m = minute; s = sec.

lable 3.1: Svstem porometers of the dilferent reloy types

Protection parometer

Reloy type MRI3- | IE IRE | IR IER IRER ER E | ISR IRSR| SR
IX IRX IXR | IRXR  XR X

2 poromeler sels X X X X X X X X X X X

I> X X X X X X X X

CHAR I> X X X X X X X X

I X X X X X X X X

0s/605s " X X X X X X X X

I>> X X X X X X X X

e X | X | X | X X X X X

RCA X X X X

U, X X X

k. X X X X X X X X X

warn/rip X X X X X X

CHAR |, X X X X X X

e X X X X X X X X X

Os /60s” X X X X X X

R X | X X X X X X X X

e X X X X X X X X X

sin/cos X X X

sali/resi X X X

ICBFP X X X X X X X X X X X

Block/Trip X X X X X X X X X X X

Table 3.2: Protection paromelers of the different relay ypes.

" Only devices with Modbus-Protocal
" Resel setting far inverse lime choracleristics in phase current path
" Reset sefling for inverse lime characteristics in earth current poth

TBMRI3 12.00E




Parameter for the fault recorder

Relay type MRI3- | IE | IRE | IR [ IER [IRER | ER E | ISR [IRSR| SR
IX | IRX IXR | IRXR | XR X

Number of fault events X X X X X X X X X X X
Trigger evenls - X X X X X X X X X X X
Pre-trigger time (T_.) X X X X X X X X X X X
Table 3.3: Parometers for the foult recarder of the different reloy types
Additional porometers

Relay-type MRI3- | IE | IRE| IR [ IER |IRER| ER E | ISR |IRSR| SR

IX | IRX IXR | IRXR | XR X

Blocking mode " X X | X X X X X | X X | x [ X

Reloy parometerizing X X X X X X X X X X X

Foult recarder X X X X X X X X

Toble 3.4: Additional parometers of the different reloy npes

" For 2 poromeler sets [separotely for each porometer set)

10 TB MRI3 12.00€
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Figuie 3.9: Front plate MRI3-
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Figure 3.10: Front plote MRI3-E/X
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Figure 3.11: Front plale MRI3-IR
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Figure 3.12: Front plote MRI3-ER/XR
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MRI3-SR

7 N 7/

Figure 3.13: Front plate MRI3-SR

Figure 3.14:

@ @

1 PHASE
IT——1eARTH

-

MRI3-IRER

D @

Front plate MRI3-IRER/IRXR and MRI3-IER/IXR

3.3 LEDs

The LED:s left from the display ore portially bi-colored,
the green indicoling meosuring, and the red fault indi-
cation.

MRI3 with directional feature hove o LED (green- ond
red orrow) for the directional display. At pickup/trip
ond poromeler sefting the green LED lights up to indi-
cote the forward direction, the red LED indicales the
backword direction.

The LED marked with letters RS lights up during setting
of the slove address of the device for serial doto com-
municalion.,

The LEDs orranged ot the choracleristic points on the
selting curves suppor! the comfortable setting menu se-
lection. In occordance with the display 5 LEDs for
phose foult avercurrent reloy ond 5 LEDs for eorthfoult
relay indicote the carresponding menu paint selected.
The LED lobelled with the letters R is olight while the
foult recorder is being adjusted.

U2 EO
0O 000 o0
. lg = RS FR
O 0 00 O
SELECT/RESET A {-{-\
- ENTER
e @
.7 PHASE
\ZI___JEARTH
i
MRIJ-IRSR

Figure 3.15: Front plate MRI3-IRSR; MRI3-IRE/IRX and MRI3-ISR
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4 Working principle
4.1  Analog circuits

The incoming currents from the main current transform-
ers on the protected object are converted to vollage
signals in propartion o the currents vio the input trons-
formers and burden. The noise signals coused by in-
ductive and capacitive coupling are supressed by on
analog R-C filter circuit.

The analog voltage signals are fed 1o the A/D-
converler of the microprocessor ond transformed 10
digital signals through Sample- and Hold-circuits. The
analog signals are sampled at 50 Hz (60 Hz] with o
sampling frequency of 800 Hz (960 Hz), namely, o
sampling rote of 1.25 ms (1.04 ms) for every meosur-
ing quantity. {16 scans per periode).

el [ | e a—
T
o | |t

Mikroprozessor
Microprocessor

—\;— o | U'}
o, N0 1 i
G TN

TN |

Typ ER/XR

Type ER/XR
Komparaloren andere Typen
Comparalors other types :

Figure 4.1: Block diogrom

4.2  Digital circuits

The essential part of the MRI3 relay is o powerful mi-
crocontraller. All of the aperations, from the anolog
digital canversion to the relay trip decision, are carried
out by the microcontroller digitally. The relay program
is located in an EPROM (Electrically-Progrommable-
Read-Only-Memory). With this progrom the CPU of the
microcontroller calculates the three phase currents and
ground current in order to detect a passible foull situo-
tion in the protected object.

For the calculotion of the current volue an efficient digi-
1al filter based on the Fourier Transtormotion (DFFT -
Discrete Fast Fourier Transformotion) is opplied to sup-
press high frequency harmonics and DC companents

caused by faultinduced transients or other system dis-
turbonces.

T8 MRI3 12.00E

The calculoted actual current volues are compared
with the reloy settings. If o phase current exceeds the
pickup value, an alarm is given ond after the set trip
deloy has elopsed, the corresponding rip relay is acli-
voled.

The relay setting values for all parometers are stored in
o porameter memory (EEPROM - Clectricolly Erasable
Programmoble Read-anly Memory), so that the actual
reloy setlings cannot be lost, even if the pawer supply
is interrupted.

The microprocessor is supervised by a builtin "walch-
dog" timer. In case of a failure the watchdog timer re-
sels the microprocessor and gives on alarm signal, vio
the output relay "self supervision".

4.3 Directional feature

A builtin directional element in MRI3 is available for
applicotion to doubly infeeded lines or 1o ring net-
works.

The meosuring principle for determining the direction is
based on phase angle measurement and therefore
also on coincidence lime measurement between cur-
rent and vollage. Since the necessary phase vollage
for determining the direction is frequently not ovailable
in the event of a faull, whichever line-loline vollage fol-
lows the faulty phase by Q0° is used as the reference
volloge for the phase current. The characteristic angle
ot which the grealest measuring sensitivily is achieved
can be set to precede the reference voltage in the
range from 15° 10 83°.

RCA=83'
RCA=72'
Uija 4 Roasor
| ~J l RCA=49"
T RCA=3®
VY RCA=27°
\ ¢
\_g RCA=1S5®

1]

N

= U23

-~ -

U3 U23 U2

Figure 4.2: Relay characteristic angle

The TRIP region of the directional element is deter-
mined by rotating the phasor on the maximum sensitiv-
ity angle far + 90°, so that o relioble direction deci-
sion con be achieved in all foully cases.



4.3.1 Reversal in direction during the
activation phase

Reversal of the current direction during the activation
phase can lead 1o hyperfunctions. This mainly applies
to installations where parallel connected lines are
monitored by current relays with directional feature.
For this reason the directional determination for the
phase current is shown in a time window; this applies
to all SR versions. In cose of activation due to a fault,
a timer is startled and measures the time in the deter-
mined direction for max. 1 s. This timer runs back-
wards at half speed if, during the actlivation phase, a
fault causes reversol of the direction. Only when the
timer is ot zero again, the MRI3 recognizes the rever-
sal in direction. The switch-over time is max. 2 s. The
activation delays 11> and 11>> are not affected by the
delayed recognition of direction.

Recognition of
forward direction
<Greon LED> Is alight

-] L
Timer runs at

Recognition of girection reversal / © half speed

Il ! L ] i L -
T T g g

15 10 05 i 05 10 15 (s

Trip delay st direction reversal

Figure 4.3: Recording scheme of the foull recorder with leod
lime
1=09m
i=ium
Figure 4.4
14

Example:

Figures 4.4 and 4.5 illustrate a possible fault situation
with a reversal in direction in the faultree line.

The current transformers used hove a primary current of
250 A. The switch point for the I> stage is 0.25 kA
and for the I>> stage 1 kA. All devices hove the some
setting and will, if set to “Forward”, recognize the di-
rection in relation to the forward direction of the line.
The critical point here is the MRI3 No. 1. Using delay
action in directional recognition, it is possible to pre-
vent shutdown of the faultfree line.

The following relay sefting applies:

I> 1.00 x In
CHAR I>  DEFT (inverse)
-trip delay
1>(V) 10s
Trip delay in forward
direction
t>(R) EXIT no trip) Delay in
backward direction
[>> 4.00x In
1>>(V) 0.1s
11>>(R) EXIT

-

=0

t=3m

L 1l

Figure 4.5
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Line impedance

If line impedance and internal resistance of the gen-
eralor is only ohmic:

l

U,

U
’ U, U

If line impedance and internal resistance of the gen-
erator is only induclive:

U, u,, u,

The maximum sensitivity angle corresponds to the R/L
component.

TBMRI3 12.00E

The TRIP region of the directional element is deter-
mined by rotating the phasor on the maximum sensitiv-
ity angle for £90°, so that a reliable direclion decision
can be achieved in all foulty coses.

[ mox, sensitiviy

1 “ chaiacteristic angle

™ CA
7\ lnp region = advonce ditection
AN = \V V?J
b [ reference woltage
for phose 1}
L]
- lagging

Figure 4.6: TRIP/NO TRIP region for diteclionol element in MRI3.
In this case the loreward direction is defined os TRIP
region and the backward direction as NO-TRIP region.

By means o accurate hardware design ond by using
on elficient directional algorithm a high sensitivity for
the voltage sensing circuit and a high accuracy for
phase angle measurement are achieved so that a cor-
rect directional decision can be made even by close
three-phase faulls.

As an addition, lo avoid maloperations due to distur-
bances, ot least 2 periods (40 ms ot 50 Hz) are
evaluated.

For the MRI3-overcurrent relays with directional feature
different time deloys or time multipliers can be set for
forward and backward faults [ref. 1o chapter 5.4.3).
If the 1rip delay for backward faulls is set longer than
the one for forward faults, the protective relay works as
a "backup™relay for the other lines on the same bus-
bar. This means that the relay can clear o fault in the
backward direction with a longer time delay in case
of refusal of the relay or the circuit breaker on the
foulted line.

If the trip delay for backward faults is set out of range
[on the display "EXIT"), the relay will not trip in case of
backward faults.

The assignment of the oulput relays can be used 1o se-
lect in which direction the failure is 1o be indicated (re-
fer also to Chapler 5.7.1). It is possible to indicate the
aclivation and/or the tiipping for each tripping direc-

tion via the output relays.



4.4  Earth fault protection

4.4.1 Generator stator earth fault
protection

With the generator neutral point earthed earthed as
shown in Figure 4.7 the MRI3 picks up anly ta phase
earth foults between the generator and the location of
the current transfarmers supplying the relay.

Earth foults beyand the current ransformers, i.e. on the
consumer or line side, will not be delected.

Source Network

e L1

L2

L3

Figure 4.7: Generolor stotor corth fault protetion

4.4.2 System earth fault protection

With the generator neutral point earthed as shown in
Figure 4.8, the MRI3 picks up only ta earth faults in
the power system connected to the generator. It does

not pick up to earth faulls on the generator terminals or
in generator slalor.

Source Network

T 5

] ’
.
~

Figure 4.8: System eorth loult protection

TBMRI3 12.00E



4.5 Earth-fault directional feature

(ER/XR-relay type)

A builtin earth-loult directional element is available for
applications lo power networks with isoloted or with
arc suppressing coil compensated neutral paint.

For caithfoult direction detection it is mainly the ques-
tion lo cvaluate the power llow direction in zero se-
quence system. Both the residual volloge and neutral
(residual} current on the protected line ore evaluated 1o
ensure a correc! direction decision.

In isolated or compensated systems, measurement ol
reactive or active power is decisive for earthfoult de-
tection. It is therelore necessary 1o set the ER/XR-relay
vpe 1o measure accarding 1o sin @ or cos @ methods,
depending on the neulial-paint connection method.

The residuol voltage U, required for determining earth
foull direction con be measured in three different
ways, depending on the voltage transformer connec-
lions.

[refer 1oTable 4.1). Total current can be meosured by
cannccling the unit either 10 o ring core C.T. or 1o cur-
rent transformers in o Holmgreen circuit. However,
maximum sensilivity is achieved if the MRI1 pratective
device is connected to a ring core C. T. (see Figure

3.2).

The pick-up values I, and I (aclive or reactive current
component for cos @ or sin ¢ method) for ER-relay
lypes con be adjusted from 0.01 10 0.45 x |,,. For re-

loy type MRI3-XR these pick-up values can be adjusled
from 0.1 10 4.5% \,,.

Adiustment Application Voltoge transformer Measurd Carrection fac-
possibility connections voltage at tor for residual
earth fault voltage

3-phase volloge K] r._"f’?',‘_f'? )

translormer connected » A ;

to terminals A3, AS, : _' :

“3pha” A7, A2 : K=1/3

(MRI3-IRER; 2 a :

MRI3-IER; ; J ;
MRI3-ER/XR) . a?.i. .

| o |V

e winding MRIER

connecled lo < A

terminals A3, A2 : _. ;

“en” (MRIS-IER; N : K=1/43

MRI3-ER/XR) —ﬂ—j
|

l n A2 !‘ _‘ :

L o

Neutrol-point voltage | b n ;:’fﬁ".'?’f..é

(= residual voltagel ' l:

terminals A3, A2 I

250 (MRI3-IER, “’***j ‘; Un = Uy K=1

MRI3-ER/XR)

Table 4.1: Connection of the voliage Ironsformers
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‘ Elo)

{ 0) nonfoulied lines

Figure 4.9:
systems {sin ¢}

U, - residual volloge

l - zero sequence currenl
lc - copacilive component of zero sequence cui-
rent

. - resistive component of zero sequence current

(b) fouled lines

L
]
]

NoTripregion!
{

! Elo) \L'
e

I
|
]
I Tripregion
I
\
|
I

'wib)

TS

o

(c) Trip / NoTripregion

Phose position behveen the residual volioge ond zero sequence current for foulted ond non-foulted lines in case of isoloted

By colculoting the reactive current component (sin @
odjusiment) ond then comporing the phose ongle in
relotion 1o the residual volloge U;, the ER/XR-reloy
type determines whether the line 1o be protected is
eorth-foulted.

On non-eorthfoulted lines, the copocitive compo-*
nent Iclo) of the Iotal current precedes the residual
volloge by on ongle of 90°. In cose of o foully line
the copoacity current |, logs behind the residual

Cio)
volloge ot 90°.
T ‘jf T
NoTripregion
' Efo)
(o) \. 'Wio)
! Wiol e ay TR
'Clol ')~ Wbl - - - - SE_______
I Iwib)
'Efb) ‘
| Tripregion
{o) non - foulted lines |b) foulted lines |c) Tip / NoTiipregion
Figure 4.10:  Phose position between the residual voltoge and zero sequence current for foulled ond non-foulted lines in cose of

compensoted syslems (cos @]

residual volloge

l, - zero sequence currenl

X inductive component of zero sequence current
[coused by Petersen coil)

lc - copacitive component of zero sequencel current

- resislive component of zero sequence current

In compensoted moins the eorthfoult direction connot
be determined from the reaclive current components
becouse the reactive port of the eorth current depends
upan the compensotion level of the moins. The chmic
component of the lotal current (colculoted by cos ¢ od-
justment) is used in arder to determine the direction.

18

The resistive component in the non-foulted line is in
phose with the residual volloge, while the resistive
component in the foulled line is opposite in phose with
the residual volloge.

By meons of on efficient digital filler hormonics ond
foull ronsients in the foult current ore suppressed. Thus,
the uneven hormonics which, for instonce, ore coused
on electric orc foult, do not impoair the protective func-
tion.
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4.6 Determining earth short-circuit

fault direction

The SR-relay type is used in solidly-earthed or resis-
tonce-earthed systems for determining eorth short-circuit
foult direction. The meosuring principle for determining
the direction is bosed on phase angle measurement
and therefore olso on the coincidencetime measute-
men! between carth current and zero sequence volt-
oge.

The zero sequence voltage U, required for determining
the eorth short-circuit foult direction is generated inter-
nally in the secondary circuit of the voltage Iransform-
ers.

With SR/ISR-reloy lypes the zero sequence voltoge U,
con be meosured direclly ot the open delto winding
(e-n). Connectlion A3/A2.

4.6.1 Directly - earthed system

Mos! foults in o chorocteristic ongle are predominontly
inductive in choracter. The choracteristic ongle be-
Nveen current and volloge ot which the greoles! meos:
uring sensilivily is achieved has therefore been se-
lected 10 precede zero sequence voliage U, by 110°.

|

No - Trip - region

mox. sensilivity

Trip - region

[
Figure 4.1 1: Characteristic angle in solidly eorthed-sysiems (SOLI)

4.6.2 Resistance - earthed system

Mos! foults in a resistonce-eorthed system ore pre-
dominonlly ohmic in character, with o smoll inductive
part. The chorocleristic ongle for these types of sysiem
has therefore been set ot +170° in relotion 1o the zero
sequence vollage U, (see Figure 4.12).

chorocteristic ongle
b

No - Trip - region

Trip - region

]
]
L}
'
[

Ll
i

mox. sensitivity

Fiquic 4.12:  Choracteristic ongle in resistonceeorthed systems

(RESI)
The pickup ronge of the directionol element is set by
turning the current indicolor at the choroclerislic angle
through + Q0°, 10 ensure relioble determinotion of the

direclion.

Un

Adijustoble sensitivity

Figure 4.13:  Adjustable characteristicol ongle of 45° to 309°

For oll other opplicotions the choracteristicol ongle
between 45° ond 309° is free selectoble
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4.7 Demand imposed on the main
current transformers

The current transformers hove 1o be rated in such a
way, that a saturation shauld not occur within the fol-

lowing aperaling current ranges:

Independent time overcurrenl

function: Kl =2
Inverse lime overcurrent function: K1 = 20
High-set function: Kl=12-1.5

K1 = Current factor reloted 1o set value

Moreaver, the current Iransformers have lo be roled
occording 1o the moximum expected short circuit cur-
rent in the network ar in the protecled objecls.

The low pawer consumption in the current circuit of
MRI3, nomely <0.2 VA, has o positive effect on the
selection of current ronsformers. It implies that, if an
electromechanical relay is replaced by MRI3, o high

accuracy limit factor is automatically obtained by using

the same current transformer.

20
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Assignment of the blocking function:

Default setting Actual setting

Paromeler swilch Set Set 2 Set | Set 2
Blocking the protection function PR_B PR_B PR_B
Blocking the trip step TR_B

Defoult setting Actual setting
Function Blocking No blocking Blocking No blenking
Parameler set Sel | Sel 2 Sel 1 Set 2 Set | Sel 2 Sel | Set 2
I> X X
I>> X X
| X X
. X X
o X X

This technical manual is valid for:

software version

Madbus-Version-number:

TBMRI3 12.00E

DO1-9.03 (MRI3-ER; -IER; -IRER)

D20-3.03 (MRI3-XR; -IXR; -IRXR)
D24-2.03 (MRI3-X; -IX; -IXR)
D0O0Q.04 (MRI3; I; E; IE; IR; SR; -IRE; -ISR; -IRSR)

D51-2.12 (MRI3-ER-M; -IER-M; -IRER-Nij
D70-2.12 (MRI3-XR-M; -IXR-M; -IRXR-Mi
D74-2.12 [MRI3-X-M; -IX-M; -IXR-M)

D50-2.12 IMRI3-M; IM; EM; IE-M; -IR-M; SR-M:; -IRF-M; ISR-M:; IRSR-M]
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Fault recorder

Default Actual
Function . Unit settings seftings
R Number of recordings 2
IR Soving ol the recording ot the occurrence TRIP
IR Time prior to trigger impulse s 5
G Ycor settings Year Y=00
(O] Month settings Manth M=00
(] Doy sctings Doy D=00
e Selting of the hours Hours h=00
m Setting of the minutes Minutes m=00
* Setting of the seconds scconds +=00
Setting of code jumpers
Code jumper N 12 13

Default selting  Actual setting

Plugaed

Default setting  Actual setting  Default setting  Actual setting

Not plugqed

Code jumper

no function

Low/High-range for Reset input

LOW/HIg'l range fon B'()«'Lnun in:m'

Default setting

Actual setting

Default selting

Actual selling

low=plugged X X
High=not plugged
Assignment of the output relays:

Funclion Relay 1 Relay 2 Relay 3 Reloy 4
Deloult Actual Defaull | Actual Default | Actual Default | Actual
selling selting selling sefling selling sefing sefling sefting

I> alarm (V) X

1. tripping (V) X

I>> alarm (R)* X X

1.. lripping (R)* X

IE>> alarm (V) X

.. ipping (V) X

IE > alorm (R)*

| 1, tripping (R)* X
.. alarm (V) X

L. ipping (V) X

l,. olarm (R)* X

I, ripping (R)* X

lc.. alarm (V) X

I... iripping (V) X

IE>> alarm (R)* X

.. ripping (R)* X

lewr 'ripping

* only relays with directional function

50
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Setting list MRI3

Note !

All settings must be checked ot sile ond should the occosion orise, odjusted to the obiject / item lo be protected.

Project: SEG job.-no.:
Functiongrovp: = Locotion: + Reloy code: -
Relay functions: Possword:
Dote:
Adjustment of the porometer
Systemporomeler
Relay type MRI3- | IE | IRE| IR [IER [IRER| ER [ E | ISR [IRSR| SR Default Aclual
X | IRX IXR |IRXR| XR | X seftings sellings
1. _Iphase) X X | x| x x7]x SEK
I, lecrh) X | X X[ x x| x| x]x]x SEK
U._/U,_, [2aoh) X X X SCK
1:1 / 3pha / en X X X 3pho
50 /601 X X X X X X X 501z
Indicaton Pickup X X | X FLSH
Parameter ssitch/eternal X X X X X X X SET)
niggering for the foult e
cordoer
Prolection porometer
Reloy type MRI3- I IE |IRE| IR | IER [IRER| ER | E [ ISR [IRSR SR Dofoult Actual
IX | IRX IXR [IRXR| XR | X Seflings Sellings
2 patomeler sets X X | X | x| XXX X | x X sel 1 / set 2 Sel 1 /Set 2
~ X X | X | X|X]|X X | X 0.2 x,
CHAR I> X X X X X X X X DEFT
A X X | X | X | X]|X X | X 0.03s
Os / 60s [phose) X X X X X X X X Os
I>> X X X X X X X X 1.0 xl,,
VAR X X | X ]| X XX X | X 0.03s
RCA X X X X 49°
U, X[ XX V/2V/5V
L X X X1 X X | X| X]| X X|00I«4@01%N
Irip / warn X X X X X X X X X Trip
CHAR |, X X X X X X DEFT
o 7 X X X X | X]|X X X X 005 ER/R)
0.04s others
Os / 60s (Phose) X X X X X Os
n X X X X X X X X X [001x(E01%X
Lo/ Yo X X X X X X X X 0.05s [ER/XR)
0.04s others
SIN / COS X X X SIN
SOl / RESI X X X SOu
Block/1ip - time X X X X X X X X X X X ExIT
Tor X X X X X X X X X X X EXIT
RS48S / Slove X X X X X X X X X X X |
BoudRate* X X X X X X X X X X X 9600
Poriy-Check X X X X X X X X X X X even
* only Modbus Protokoll

TBMRI3 12.00E
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8 Order form

Time overcurrent- / MRI3-
Earth fault current relay
3-phase current 1>, 15>’ none ’
Roled curient 1 A n
S5A 15
Phase foull directionol
fealure none O
Roted volloge? 100 V R1Y
230V R2
400V R4
Eorth current meosuringJ none *
Rated current  standard 1A El
S5A ES
sensitive 1A X1
S5A X5
‘solid 1 A S1
'qrounded 5A $5
Directional leatue
in earth poth  none ¢
Rated valloge? 100V R1
in conh circuits 230V R2
400V R4
Housing (1 2TE) 19"rack

Flush mounting

Communicotion protacal RSA_85 Pco Open Dolo;

Modbus RTU

leave box empty il option is not desired (no extro charge)

Only in connection with diteclionol detection in the eorth current path
Both rated volioges must be the somel!

48

Al leost one of these versions must be chosen
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7.5 Output contacts

Number of relays:
Contacts:

5.6 78910

20

dependent on reloy type
2 chonge-over contacts for trip reloy

10

Delinite time overcurrent reloy

1 chonge-over contact for olorm reloys

Technical doto subject to chonge without naticel
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7.4 Inverse time characteristics
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7.3.10 Direction unit for phase overcurrent relay

Directional sensitivity for

vollage input circuit: <0.025% U,, [phaseto-phase voltage) at | = 1 x |,
Connection angle: Q0°

Characteristic angle: 15°, 27°, 38°, 49°, 61°, 72°, 83°

Effective angle: +78° reloted 10 reloy characteristic angle at U,

7.3.11 Determination of earth fault direction (MRI3-ER/XR)

Measurement of oclive current

component for compensated systems:
Measurement of reaclive

currenl componenl for isolated systems:  I;x sin ¢

Angle measuring accuracy: +3° ot lgx cas ¢ or lex sin ¢ >5% |

7.3.12 Determination of earth fault direction (MRI3-SR)

Characterislic angle: "SOUI" setting - 110°
"RESI" setting - 170°
Effective angle: 45°-309%in 5.625° - sleps
+70° related to relay characteristic angle at U,, / V3
Residual vollage sensitivity: <0.2% U, a1 =0.1 x|,
TBMRI3 12.00E
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7.3.9 Inverse time overcurrent protection relay

According 1o IEC 255-4 or BS 142

0l4
Normol Inverse (Type Al = | 502 h> (s]
G
Is
Very Inverse (Type B) t= -—‘I3—’5-—!| > (s
211
(&)
Extremely Inverse (Type C) = —— > [s]
|
(&) -
long Time Inverse | = IIQO > [s]
1)
g
Rl-Inverse Time I= ‘ h> s
0,330 Ll0

*RXIDG - characleristic

Where: t = tfipping lime
> = time mulliplier
I = fault current
Is =" Starting current
l, = natural logorithm

*only for earth current

44

TBMRI3 12.00E



7.3.4 Earth fault protection (ER/XR-Type)

Setting ronge

Step

Toleronce

I> 0.01...0.45 x |, (EXIT) (ER} | 0.001; 0.002; 0.005; 0.01 x | +5% from set volue or
0.1...4.5% |, (EXIT) (XR) | 0.01%; 0.02%; 0.05%; 0.1% x | +0.3% |, (ER); £0.03% I, (XR)
> 0.05-260s 0.01; 0.02; 0.05;0.1; 0.2; 0.5; 1.0; |+3% or +15 ms
(definite time) 2.0:50;10;20 s
| >> 0.01...0.45 x |, [EXIT) (ER} | 0.001; 0.002; 0.005; 0.01x |, +5% trom sel volue or
0.1...4.5% 1\, EXIT) (XR)  [0.01%; 0.02%; 0.05%; 0.1% x I +0.3% I, (ER); £0.03% 1,(XR)
1>> 0.05..2.05 0.015;,0.025,0.055s + 3% orxl5 ms
" U,= 100 V: | £5% from set volue or
3 PHA/en: 1 -70V [RY <0.5% U,
IEE 1- 120V 1V
U, =230 V:
3 PHA/en: 2-160V 2V
11 2-300V 2V
U,, = 400 V:
3 PHA/en: 5-300V 5V
1:1: 5-500V 5v

7.3.5 Block/Trip - time

[0.1-20s EXT__[0.01;0,02;0.05:0.1 5 |£1% bzw. £10 ms

7.3.6 Switch failure protection

[Icmr

10.1..2,0s, EXT  [0,01;0,02;0,05:0,1' s [+1%bzw. 10 ms

7.3.7 Interface parameter

Function | Porometer Modbus-Protocol RS485 Open Dota Protocol
RS Slove-Address IS 1-32

RS Baud-Rate * 1200, 2400, 4800, 9600 9600 {fixed)

RS Parity * even, odd, no "even Porily” (fixed)

*only Modbus Protocol

7.3.8 Parameter for the fault recorder

Function | Parometer Adjustment example

FR Number of recordings (N*2x8s;(3)* 4x45s;(7)* 8x2s(with 50 Hz)
(1)* 2x6.665, (3)* 4x3.335, (7)* 8x 1.665s

FR Saving ol the recording at the occurence | P_UP; TRIP; A_PI; TEST

FR Pre-trigger-time 0.055-8.00s

* is wrillen over at new lrigger signal

TBMRI3 12.00E
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7.3

Setting ranges and steps

Syslem porameter

Selting range

Step Tolerance
(.. [SEK) 0.001...50.0kA | 0.001; 0.002; 0.005; 0.01; 0.02; 0.05; 0.1,
IC.. 0.2
U,. [ISEK) 1.01...6500 ]0.01;0.02;0.05;0.1;0.2;0.5; 1, 2; 5, 10;
../ 20; 50
U..)
7.3.1 Time overcurrent protection (I-Type)
Setting range Step Tolerance
I~ 0.2...4.0 x| 0.01;0.02; 0.05; 0.1 x|, +3% from set value or
min. 2% In
1> 0.03-260s 0.01: 0.02; 0.05;0.1; 0.2: 0.5: 1.0; 2.0; +3% or +10 ms
(definite time) 5.0;10; 20 s
0.05-10 0.01;0.02; 0.05;0.1; 0.2 +5% for NINV
linverse lime) and VINV
+7.5% for NINV
and EINV
I>> 0.5...40 x|, 0.02;0.05;0.1; 0.2, 0.5; 1.0 x|, +3% from set value or
min. 2% In
he 0.03...10s 0.015;0.025,0.055,0.15,0.25 +3% or£10 ms

7.3.2 Earth fault protection (SR-Type)

Selting ronge Step Tolerance
> 0.01...2.0x |, 0.001; 0.002; 0.005; 0.01, 0.02; 0.05 x 1, |+5% from sel value or
10.3% I,
> 0.03-260 s 0.01; 0.02; 0.05;0.1;0.2; 0.5; 1.0; 2.0; +3% or+15 ms
(definite time) 50;10;20s
0.05-10 0.01;0.02; 0.05;0.1; 0.2
(inverse lime)
I>> 0.01...15 x|, 0.001; 0.002; 0.005; 0.01; 0.02; 0.05; 0.1; | £5% from set value
0.2; 0.5 x|,
1.>> 0.03...10s 0.015:0.025,0.055,0.15;0.25 +3% or+15 ms

7.3.3 Earth fault protection (E/X-Type)

Setting range

Step Tolerance
> 0.01...2.0 x I, [EXIT) (E) [0.001;0.002;0.005;0.01;0.02;0.05x |+5% from set value or
0.1...20% I, (EXIT) (X) |1 10.3% I (E); £0.03% I, (X)
1> 0.03-260 s 0.01;0.02; 0,05% |, +3% or£15 ms
(definite time) 0.01;0.02; 0.05:0.1; 0.2; 0.5: 1.0; 2.0;
0.05-10 5.0;10; 20
{inverse time) 0.01;0.02; 0.05; 0.1, 0.2 -
I>> 0.01...15.0 x 1, (E) 0.001; 0.002; 0.005; 0.01; 0.02; 0.05 +5% from set value or
0.1; 0.2, 0.5 x I +0.3% I (E); £0.03% 1, (X)
0.1...150% I, (EXIT) (X} [0.01;0.02; 0,05 % |,
1>> 0.03...100s 0.015;0.025 0.05s +3% or £15 ms
42

TBMRI3 12.00E




7 Technical data

7.1  Measuring input circuits

Roted dola:

Power consumption in
current circuit:

Power consumption in
vollage circuit:

Thermal withstond capability
in current circuil:

Thermal withstand in
volloge circuit:

GL-Approbation:
Bureau Veritas Approbation:

7.2 Common data

Dropout to pickup ratio:
Dropout to pickup ratio for
phase current in range
0.2x1,100.5 x 1,
Returning time:

Time log error class index E:
Minimum operating time:
Transient overreach at
instanlaneous operalion:

Nominal current |, 1 Aor5 A
Nominal valtoge U, 100V, 230V, 400V
Nominal frequency f,, 50 Hz; 60 Hz adjustable

atly=1A 0.2 VA
atl,=5A 0.1 VA
<] VA

dynamic current withstand

(half-wave) 250 x I,
for 1's 100 x |,
for 10's 30 x |,
conlinuously 4 x|,

continuously

Q8776-96HH
2650 6807 AOOH

>97%

=100%
30 ms
+10 ms
30 ms

<5%

Influences on the current measurement

Auxiliary voltage:

Frequency:
Harmonics:

Influences on delay times:

Gl-opprobation:

TRMRI3 12.00E

in the range of 0.8 <U,, / U,,, <1.2
no additional influences can be meosured
in the range of 0.9 < f/f, < 1.1; <0.2% / Hz

up to 20% of the third harmonic; <0.08% per percent of the third harmonic
up to 20% of the fifth harmonic; <0.07% per percent of the fifth harmonic

no additional influences can be measured

@8 775-96 HH
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6.6 Maintenance

Mainlenonce testing is generolly done on sile al regu-
lar intervals. These intervals vory omong users depend-
ing on mony foclors: e.g. the type of protective reloys
employed; the importonce of the primary equipment
being protected; the user's post experience with the re-
loy, efc.

For electromechonical or stotic reloys, maintenonce
testing will be performed of leost once o yeor occord-
ing 10 the experiences. lor digilal reloys like MRI3,
this intervol con be substontially longer. This is be-
couse:

o The MRI3 reloys ore equipped with very wide sell-
supervision functions, so thot many foulls in the reloy
con be detected ond signalized during service. Im-
portont: The self-supervision output reloy must be
connecled 1o o central alarm panell

¢ The combined meosuring functions of MRI3 reloys
enable supervision the reloy functions during service.

e The combined TRIP test function of the MRI3 reloy ol-
lows 1o test the reloy output circuits.

A lesting interval of twao years for maintenonce will,
therelare, be recommended.

During 0 maintenonce test, the reloy functions includ-
ing the operoting vaolues ond reloy tripping chorocleris-
tics os well as the operoting times should be tested.

40
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6.4.9 Checking the external blocking and
reset functions

By meons of the externol blocking input, it is possible
to block oll protective funclions. To give on example,
the blocking function of the phase current high set ele-
ment is described.

This con be tested by first sefting the parometer for the
phase current high set element 1o ,BLOC" ond then
connecling the auxiliory vollage 1o terminals E8,/D8.
The phase current low set element 1> should be set to
EXIT for this tesl. Inject o test current which could cause
o high set (I>>] tripping. Observe thot there is no Irip

of any ossigned oulput relay af the high set or low set
element.

Remove the auxiliary supply vollage from the blocking
inpul. Inject a test current lo Irip the reloy (messaoge
.TRIP” on the display). Interrupt the test current and op-
ply ouxiliary supply voltoge to the exlernol reset input
of the relay (terminals C8,/D8). The disploy and LED
indications should be reset immediately.

6.4.10 Testing the external blocking with
Block/Trip function

In order to simplify things, the shortcircuit stage is to
be tested here as described in Chapter 5.7.1.

For this purpose, the parameter for the Block/Trip func-

tion must be set to "TR_B" (first value in the blocking
menu of the protection functions Chopter 5.7.1. The
opperlaining Block/Trip time should be longer than
the set Iripping lime 1I1>> (see chapler 5.4.18). Here,
too, a curren! is impressed which should make the
short-circuit slage Irip. After the Block/Trip time has
expired, tripping will loke place. Tripping tokes place
when:

o the blocking input has been set

» o Iripping stoge has been excited

 the appertaining tripping time has expired

» the Block/Irip time has expired

If the Block/Trip time is set shorter than the Iripping

time, Iripping will only toke ploce after the tripping
time has expired.

TBMRI3 12.00E

6.4.11 Test of the CB failure protection

For testing the tripping lime o test current of about 2
times the roled current to be injected. The timer is
storled upon tripping of the reloy of a protection func-
tion (I>, I>>, |>, [>>) and slopped os soon as the re-
lay for the CB failure protection has picked up. Mes-
sage "CBFP" is disployed. The tripping time ascer-
lained by the timer should not deviate more thon 1%
or, at short trip delay, less thon £10 ms from the set
fripping lime.

Alternatively, the timer con be started when the oux.
vollage and the tes! current are injected simultane-
ously. The timer stops when the corresponding outpul
relay for circuit breoker failure protection frips.

In this cose the previously meosured Iripping delay has
lo be subtracted from the totol tripping time meosured.

6.5 Primary injection test

Generally, o primary injection test could be carried out
in the similor manner as the secondary injection tes!
described above. With the difference that the pro-
tected power syslem should be, in this cose, con-
necled 1o the inslalled relays under test “on line”, and
the test currents and vollages should be injected fo the
relay through the current and vollage transformers with
the primary side energized. Since the cast and poten-
tiol hozards are very high for such a test, primary in-
jection tests are usually limited to very important protec-
tive reloys in the power system.

Because of its powerful combined indicating and
measuring functions, the MRI3 reloy may be tested in
the manner of a primary injection test without exira ex-
pendilure and time consumplion.

In actual service, for example, the measured current
values on the MRI3 relay displaoy moy be compared
phase by phase with the current indications of the
ommeler of the swilchboord to verify that the relay
works ond measures correclly. In case of o MRI3 relay
with directional feature, the active and reaclive ports
of the measured currents may be checked and the ac-
tual power factor moy be calculated and compared it
with the cosg -meler indication an the switchboard to
verify thal the relay is connected to the power system
wilh the correct polority.
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6.4.8 Test circuit earth fault directional feature

£

&

Versorgung Ertemn Reset  Blocklereingang
Supply Exiemal Reset Blodung Input
LeAL LN LOIL LOIL

o L

Einstellbare Sponnungsquelle
\Varioble voboge soutce

N

E'nsrelfoare Spannungsquelle mit Phosenschicber
Varigble volioge source with ohase shiting
3. Schaligero
Swilching device
4. Senenwidetsiond
Series resistor
5 Volmeter

Vev:ovgung

. 23]

Relais 1 [

Relsy 1 - P Eq

=----- . "Q——_—‘

D2

c2

—-ﬁ»— [$]
1 Relais 2 [ hig g:

e g3

n D4

U C4

Wamung / Anzeige E4

Alarm / Indication Relais 3 b DS
U2e Relay 3 cs
LT ——sm- ES
Relsis ¢ >~ D8
Relay 4 cs

Use = ------ €6
Serielle Schnttistelle  Selbstuberwachung o7

Serial Interface Selfsupervision 4 C;

H ~ W1l & ----- E

: 1ok R
[p] ] H

0. Amperemeter
Ammcler

7 7eageber

limer

2u tes'endes Relois

Relay under Test

®

Figure 6.3:  Test circuit

Far testing reloys with earth fault directional feature,
current ond volloge input signals with adjustable phose
shifling are required. Figure 6.3 shows on example of
a single phase tes! circuit with adjustable voltoge and
current energizing the MRI3 reloy under test.

Far tesling a relay with earth fault directional feoture,
one of the inpul energizing quanlily (vollage) sholl be
applied o the relay with a constant volue within its ef-
fective range. The other inpul energizing quontity (cur-

_ rent) and phase angle shall be appropriately varied.
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With the oid of phase angle indicated on the display
the correct function of the relay can be checked (ER-
relay type).
Parameters |, and |

.,.should be set to EXIT.

The following measured volues are shown:

Measured value LED
_Eorlh current E, ..
Aclive share E. I
reaclive share E, Iy
Earth vollage E. U,
Angel E I, U,
Toble 6.4
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Current input | Terminols Reference Terminals Display
valtoge
S2/S51 L/N Phose I, b

n B3/B4 u23 AS5/A7 1.00 £3% £+0.0+3%In |+1.0+3%In
12 B5/B6 U3l A3/A7 1.00 +3% £0.0 +3%In |+1.0 £3%In
13 B7/88 ul2 A3/AS 1.00 +3% +0.0 £3%In |+1.0 +3%In
£* B1/B2 Ul A3/A2 1.00 £5% +1.0+5%In [+0.0 £5% In
Table 6. 1:

* Only SR-Types

In order 1o check this, the following parometers should
be set:

Parometer Setting
I> 0,5xIn
> (V) EXIT
t> (R) EXIT
IE> 0,5xIn
HE> (V) EXIT
HE> (R) EXIT
Table 6.2
for reloy assignment:
Porometer Relays
{> Alorm (V) 2_
I> Alorm (R) GE
IE> Alorm (V) _2__
IE> Alorm (R) _3_
Toble 6.3

Atest current of 1 x In is impressed upon the current
input 11. The voltage source is 1o be connected os
provided for in Table 6.1. With on ongle sefting of
49" leoding, reloy 2 must respond and LED —« lights
up green. If the ongle is now changed beyond the
marginal regions, the LED —« changes from green 1o
red. Relay 2 drops ond reloy 3 responds. This test
mus! be repeoted for current inputs 12 ond 13.

TBMRI3 12.00E

Input currents ond corresponding on the conduclor vollages

In order to determine the direction in the eorth current
circuit {SR version) refer 1o 4.11 with the chorocteristic
angle in the rigid grid (SOLI) and 1o Fig. 4.12 with the

choracteristic angle in the grid with resislance earthing
(RESI).

To check the trip deloys for forward ond bockword di-
rection they hove 10 be set differently, becouse there's
only one trip reloy for both directions.

Greo! care must be token lo connect the test current
ond test volloge lo the reloy in correct polority. In Fig-
ure 6.2 the reloy ond test source polorily ore indi-
coted by o * mork neor the terminals. The markings
indicote that the reloy will trip in its moximum sensitive
angle when the volloge drop from the marked end to
the non-marked end in the valloge input circuit has 49°
phase ongle lagging the current flowing from the
marked end 1o the non-marked in the current input cir-
cuit. Of course, regardless of polorily, the current level
must be obove the pickup value.
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6.4.7 Example of a test circuit for MRI3
relay with directional feature

-4

=

Stop

Vorsorgung Extom Rosot  Blockloraingang
Supply Extomal Rosol  Rlocking Input
LA LN LA
a co [} €8

: 3 © '
—]|—0 o-|—o o—«—4—=

I b nsielibore Sponnungsquelle

Vouoble voltoge source
2 1 avelbare Spanaungsquelle mit Phasenschieler
Varlable volloge soutce with ohose shiling in
Schahaerol e
Switching device
Senenwdernstond

ﬂ

w

Wamung / Anzoige
Alnrm / indieation

Ammeier

~

Jorgeher
Il"‘&“

. 2w testendes Rekais
Relay under Test

T

Figure 6.2: Test curcuit

For lesting reloys with directional feature, current and
vollage input signals with adjustable phase shifting ore
required. Figure 6.2 shows an example of a single
phase test circuit with adjuslable vallage and current
energizing the MRIJ relay under lesl.

For tesling a relay with directional feature, one of the
input energizing quantity [voltage) shall be applied 1o
the relay with a constant value within its effective
range. The other input energizing quantily [current) and
phase angle shall be appropriately varied.

MRI3 is a three phase direclional time overcurrent re-
loy with relay connection angle of O°. The relay input
currenls and their corresponding reference vollages are
shown in Table 6.1 |also refer 1o 4.3);

Il the single phase tes! circuit as illustrated in

Figure 6.2 is applied 1o test the directional feature of
the relay and the current source is connected to

phase 1 current input (B3/B4), then the vollage source
should be connected lo relay terminals AS/A7.
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In order to lest the directional feature, all threshalds
should fitst be set 1a “EXIT". Then a test volloge equiva-
lent 1o the rated valtage is cannecled to lerminals
A5/A7 and a current of 1 x In is impressed upan the
current inputs B3/B4.

It is now passible lo read and check all measured val
ues in accordance with Table 6.1. If the phase posi-
tion is changed, the values I and |, change. If the an-
gle is changed by 90", for example, the measured
volue for current input |1 must be 1.0 for |, and

$0.0 for |,

Delermining the change in direction

The angle of greates! sensitivily for determining the
phase direction is adjuslable belween 15° and 83°.
Consequenlly, the greales! sensilivily is achieved with
sefling 49 if the input current leads the input vollage
by 49°. This sefting results in a tripping range in for-
ward direction of 139° leading to 41° lagging if the
marginal regions are neglecled on account of lack in
measuring precision.
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6.4.5 Checking the relay operating time

To check the reloy operating time, o timer must be
connected 1o the Irip aulput reloy contoct. The timer
should be storted simulloneausly with the current injec-
tion in the current input circuit ond stopped by the trip
reloy conlacl. Sel the current 1o o value corresponding
lo twice the operaling volue ond inject the current in-
slonlaneously. The operoling time meosured by the
timer should have o deviation of less than 3% of the set
volue or £10 ms (DEFT). Accuracy lor inverse lime
characteristics refer 1o IEC 255-3.

Repeat the test an the ather phases or with the inverse
time chorocleristics in the similar monner.

In case af inverse lime choracleristics the injected cur-
rent should be selecled according to the choracleristic
curve, e.g. two times |,. The tripping time may be red
ltom the choracterislic curve diogrom or colculoted
with the equations given under "technical doto”.
Please abser e that during the secondory injection test
the tes! current must be very stable, not devioting more
thon 1%. Otherwise the tes! resulls moy be wrong.
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6.4.6 Checking the high set element
of the relay

Set o current above the set operoling value of [>>. In-
ject the current instontoneously ond check that the
olorm autput reloy 1>> operates. Check the Iripping
time of the high set element occording chopter 6.4.5.
Check the occurocy of the aperaling current selling by
grodually increosing the injected current until the 1>>
element picks up. Read the cuirent value form the om-
meler ond compare with the desired sefting.

Repeatl the enlire lest on other phases ond earth current
inpu! circuits in the some manner.

Note !
Where tes! currents >4 x |, are used, the thermal with-

stand copability of the current paths has 1o be consid-
ered (see technicaol dato, chapter 7.1).
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6.4.2 Example of test circuit for MRI3
relays without directional feature

For testing MRI3 relays without directional feature,
only current input signals are required. Figure 6.1
shows a simple example of a single phase test circuit

with ad-justable current energizing the MRI3 relay un-
der test.

Varsorgung Extorn Raset  Dlockietaingang
Supply External Reset  Blocking Input
LeA LN - LeAL
08 EB
1" MRI3 [t' R
I 2 k] 4 . —— .
1 £ 83 ' L1 }
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-~ 1 . — " R
N - B4 { L12 !
b ] . os | 121 l__ !
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— 12 Su |
86 [ 122 it ! i
— et \
87 o L3 L DY
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8 2 Relay 1 > Et
+ ¢ = ------ | S —
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—_— 5 —‘t_ L—a~-C2
— IE —ai- E2
82 [ M [——-v» 03
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2 Schangerat .

Switching device !
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Sorics rosistor

4 Amperemeler |

Ammeler 1

S. Zeitmesser i

Timer
6 zu tostendos Rolais ]
Relay under Test

Alarm / Indication

Serielle Schnitistelle
Senal Interfaco

Figure 6.1: Test curcuit

6.4.3 Checking the input circuits and
measured values

Inject a current, which is less than the relay pickupcur-
renl set values, in phase | (lerminals B3-B4), and
check the measured current on the disploy by pressing
the push buttan <SELECT>. For a relay with rated cur-
rent In = SA, for example, o secondary current injec-
‘lion of 1A should be indicated on the display with
about 0.2 (0.2 x In). When porameler Iprim = ,SEK”
is set, the indication is 0.2 x In and at ,5" the indica-
tion is 1.00 [A). The current can be also injected into
the other current input circuits (Phase 2: terminals BS-
B6, Phase 3: terminals B7-B8. Compare the displayed
current volue with the reading of the ammeter. The de-
viation mus! not exceed 3% or 1% In. By using an
RMS-metering instrument, a grealer deviation may be
observed if the test current contains harmonics. Be-
couse the MRI3 relay measures only the fundomental
component of the input signals, the harmonics will be
rejecled by the internal DFFT-digilal filter. Whereas the
RMS-metering instrument measures the RMSwalue of
the input signals.
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6.4.4 Checking the operating and

resetting values of the relay

Inject a current which is less than the relay set values in
phase 1 of the reloy and gradually increase the cur-
rent unlil the relay starts, i.e. at the moment when the
LED 1> and L1 light up or the alorm output relay 1> is
activated. Read the operaling current indicated by the
ammeler. The deviation must not exceed 3% of the sel
operaling value or 1% In.

Furthermore, gradually decrease the current until the re-
lay resels, i.e. the alarm outpul relay I> is disengoged.
Check that the resetting current is smaller than 0.97
limes the operaling current.

Repeat the test on phase 2, phase 3 and eoarth current
input circuits in the some manner.(Accuracy of earth
current measuring £3% of measuring value or

0.1% of In for E-type; 0.01% of In for X-ype).
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6 Relay testing and
commissioning

The test instructions following below help 1o verify the

protection relay performance before or during commis-

sioning of the protection system. To avoid a reloy

damage ond fo ensure a correct relay operotion, be

sure that:

* The ouxiliory power supply roting corresponds 1o the
ouxiliory vollage on site.

« The rated current ond rated vollage of the reloy cor-
respond 1o the plant dato on site.

o The current transformer circuits and volloge frons:
former circuits ore connected 1o the relay correctly.

o All signal circuits and output relay circuils are con-
necled correclly.

6.1 Power-On

NOTE!

Prior 1o swilch on the auxiliary power supply, be sure
that the auxiliory supply vollage corresponds with the
roled data on the type plate.

Switch on the auxiliory power supply 1o the reloy and
check that the message "ISEG" appears on the display
and the self supervision alarm relay (walchdog) is en-
ergized (Conloc! terminols D7 and E7 closed).

6.2 Testing the output relays and LEDs

NOTEI

Prior to commencing this tesl, interrupt the trip circuil 1o
the circuil breaker if fripping is not desired.

By pressing the push button <TRIP> once, the display
shows the first part of the software version of the reloy
le.g. "DO8-"). By pressing the push button <TRIP>
twice, the display shows the second part of the soft-
ware version of the relay (e.g. “4.01"). The software
version should be quoted in all correspondence. Press-
ing the <TRIP> button once more, the display shows
"PSW2". Please enter the correct password o proceed
with the test. The message "TRI2" will follow. Confirm
this messoge by pressing the push button <TRIP>
agoain. All output reloys should then be activated and
the self supervision alorm relay (watchdog) be deacti-
vated one ofter another with a time interval of

3 second and all LEDs with a deloy of 0.5 seconds,
with the self-supervision relay dropping. Thereafter, re-
sel all oulput reloys bock 1o their normal positions by
pressing the push button <SELECT/RESET> (obout 3 s).
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6.3  Checking the set values

By repeatedly pressing the push button <SELECT>, all
relay set volues may be checked. Set volue modifico-
tion can be done with the push button <+><-> and
<ENTER>. For delailed information about that, please
refer 1o chopter 5.

For a carrect reloy operotion, be sure that the fre-
quency set value ((=50/60) has been selected ac-
cording 1o your system frequency (50 or 60 Hz).

6.4 Secondary injection test
6.4.1 Test equipment

e Volimeter, Ammeler with closs | or better,

« auxiliary power supply with the vollage correspond-
ing 10 the roled doto on the type plate,

« single-phase current supply unit (adjustable from
Otlo24xln),

* single-phose volloge supply unit (adjustable from O
to 2 1.2 x Un| (Only for reloys with directionol feo-
fure),

« limer o measure the operating time
{Accuracy closs € £10 ms],

* swilching device and

e tes! leads and tools.
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5.9.4 Fault memory

When the reloy is energized or trips, all foult doto ond
times ore stored in o non-vololile memory monner. The
MRI3 is provided with o foult volue recorder for mox.
five fault occurrences. In the event of additional trip-
pings always the oldes! dato set is writlen over.

Far foult indicotion not only the trip volues ore re-
corded but olso the status of LEDs. Foult volues are in-
dicoted when push buttons <-> or <+> ore pressed
during normal measuring value indicotion.

e Normal measuring volues ore selected by pressing
the <SELECT/RESET> butian.

e When then the <-> buttan is pressed, the lotes! foull
doto set is shown. By repeated pressing the <->
buttan the lost but one foult dato set is shown elc.
Far indicotion of fault doto sets abbreviotions FLT1,
FLT2, FLT3, ... ore disployed (FLT1 means the latest
foult data set recorded). At the some time the po-
romeler sel aclive at the occurence is shown.

o By pressing <SELECT/RESET> the foult meosuring
volues can be scrolled.

e By pressing <+> it can be scrolled back to o more
recenl foult dolo sel. Al first FLT8, FLT7Z, ... ore al-
woys disployed. When fault recording is indicoted
(FLTY elc), the LEDs flash in complionce with the
stored Irip information, i.e. those LEDs which
showed o continuous light when the foult occured
ore now blinking blinking to indicote that it is not o
current foult. LEDs which were blinking blinking dur-
ing Irip conditions, (element had picked up) just
briefly flash.

o Ifthe reloy is shill in trip condition ond not yet reset
(TRIP is still disployed), no meosuring volues con be
shown.

o To delete the trip store, the push button combino-
tion <SELECT/RESET> ond <-> has to be pressed
for obout 3s. The display shows “wail”.

32

Recorded fault values:

Value disployed Relevant LED
Phose currents L1, L2, L3 ini/In [ L], L2, L3
Eorth current | in 1/1;n E
C.B. swilching ime in s " C.B.
Expired tripping time of 1> I>
in%oft ?
Expired tripping time of I, le,
in % oft,,”
Time stamp
Date: Y =99 C)
M = 04 o
D=20 ®
lime: h=11 o
m = 59 ®
SE=RIES ®
Table 5.3

N

C.B. tripping time:
Time between energizing of the trip output reloy
ond switching of the C.B. (current < 1 % | )).

2

Expired tripping time:
Time between pickup ond releose of the low set
element. This volue is only disployed for 1> ond |,.

5.10 Reset

Unit MRI3 has the following three possibilities to reset
thedisploy of the unit os well as the output reloy ot
jumper position J3=0ON.

Manual Reset

o Pressing the push button <SELECT/RESET> for some
time (about 3 s)

Electrical Reset
« Through opplying ouxiliory voltoge to C8/D8

Software Reset
e The software reset has the some effect as the

<SELECT/RESET> push buttan (see also communico-
tion protocol of RS485 interface).

The display can only be reset when the pickup is not
present onymore (otherwise "TRIP" remains in display).

During resefting of the display the porometers ore not
offected.

5.10.1 Erasure of fault storage

The foult sloroge is erosed by pressing the key combi-
nolion <SELECT/RESET> and <-> for about 3 s. Al the
display "Waoif" oppeors.
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5.9.2 Units of the measuring values

displayed

The measuring values can optionally be shown in the
display as a multiple of the “sec” rated value (xIn) or as
primary current (A} According 1o this the units of the

disploy change as follows:

Phase current:

Earth current (normal):

Indication as Range Unit
Secondary current |.000-15.0 x In
Active portion |, +00-15 x In
Reactive portion |, {+.00 - 15. x In
(E/SR/ER types)
Primary earth .000 - 999. A
current kOO0 - k@99 kA*
1k00 - 9k99 kA
10kO - 99kO kA
100k — 999k kA
1MOO0 - 2M00 MA
Active portion |, +.00 - £999 A
+k00 - £k9Q9 kA*
+1k0 - +9k9 kA
+10k - +9%k kA
+M10 - +MO9 MA
+IMO - £2MO MA
Reactive portion |, | +.00 - +999 A
k00 - £kQ9 kA*
+1k0 - +9k9 kA
+10k - +9%k kA
+M10 - MO MA
+1MO - +2MO MA
* rated current transformer >2kA
Earth voltage:
Indication as Range Unit
sec. Voltage 000V - 996V \4
primary voltage | .000 - 999V Kv
1KOO - QK99 KV
10KO - Q9K KV
100K - 999K KV
1MO0 - 3M0O0 MV

Indication as Range Unit
Secondary current | 0.00 - 40.0 x In
Active portion |, +.00 - 40 x In
Reactive portion |, + 00 - 40. x In
Primary currenl .000 - 999. A
kOOO - k999 kA*
1k00 - 9kQ9 kA
10k0 - 99kO kA
100k - 999k kA
1MO0 - 2MO0 MA
aclive porlian |, +.00 - £999 A
+k00 - k99 kA*
+1kO - £9k9 kA
+10k - +99k kA
+M10 - tM99 MA
+ MO - +2MO MA
Reactive partion |, | £.00 - 999 A
+k00 - k99 kA*
+1k0 - +9k9 kA
+10k - £99k kA
+M10 - tMQ9 MA
+1MO - +2MO MA
*rated current transformer >2kA
Earth current (sensitive):
Indication as Range Unit
Secondary current | .000 - 15.0 x In
Aclive portion |, +.00-15 x In
Reactive portion |, | +.00 - 15 x In
(X/XR ypes)
Primary earth 00mO - 99mQ mA*
current 100m - 999m mA*
.000 - 999. A
kOOO - k999 kA*
| 1k0O0 - 9k99 kA
Active portion |, +00m - +Q9m mA*
+.10 - £999 A
k00 - £k99 kA**
+1kO - +9k9 kA
Reactive portion |, | +tO0m - +99m mA*
+.00 - £999 A
k0O - £k99 kA* *
+1k0 - +9kQ kA

* rated current kiansformer 0.019kA
* * r1oted current ransformer 20kA
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5.9.3 Indication of fault data

All faults detected by the relay are indicated on the
front plate optically. For this purpose, the four LEDs (L1,

L2, L3, E) and the four function LEDs (I>, I>>, IE>,
IE>> und =) are equipped at MRI3. Not only fault

messages are transmitied, the display also indicates

the tripped protection funcfion. If, far example an

overcurrent occurs, first the corresponding LEDs will
light up. LED I> lights up at the same time. Alfter trip-

ping the LEDs are i

I permanently.
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5.8 Setting value calculation

5.8.1 Definite time overcurrent element

Llow set element (I>)

The pickup current setting is determined by the load
copocily of the protected object ond by the smollest
foult current within the operoting ronge. The pickup
current is usuolly selected obout 20% for power lines,
obout 50% for tronsformers ond motors obove the
moximum expected load currents.

The deloy of the trip signol is selected with considero-
tion to the demond on the seleclivity occording 1o sys-

tem time groding ond overlood copocily of the pro-
tected object.

High set element (I>>)

The high set element is normolly set to oct for neor-by
foults. A very good protective reoch con be ochieved
if the impedonce of the protected object results in o
well-defined foult current. In cose of o linetronsformer
combinotion the sefting volues of the high set element
con even be set for the foult inside the tronsformer.
The time deloy for high set element is olwoys inde-
pendent 1o the foult current.

5.8.2

Inverse time overcurrent
element

Beside the selection of the time current chorocteristic
one set volue eoch for the phose current poth ond
earth current poth is odjusted.

Llow set element I>

The pickup current is determined occording to the
moximum expected load current. For example:
Current transformer ratio: 400/5 A

Maximum expected load current: 300 A
Overload coefficient: 1.2 (ossumed)

‘Starting current setting:

Is = (300/400) x 1.2 = 0.9 x |,

Time multiplier sefting

The time multiplier sefting for inverse time overcurrent is
a scale factor for the selected chorocleristics. The
choracteristics for two adjacent relays should hove a
time interval of about 0.3 - 0.4 s,

High set element I>>

The high set current setting is set as a multiplier of the
nominal current. The time delay I>> is olways inde-
pendent to the fault current.
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5.9 Indication of measuring and fault
values

5.9.1 Indication of measuring values

The following measuring quontities con be indicated
on the display during normal service:

* Apparent current in phose 1 (LED L1 green),

e oclive current in Phase 1 (LED L1 ond |, green), *

e reoctive current in Phase 1 (LED L1 and |, green),*
e opporent current in phase 2 (LED L2 green),

e octive current in Phose 2 (LED L2 ond |, green), *

« reaclive current in Phase 2 (LED L2 and |, green), *
* apparent current in phose 3 (LED L3 green),

e aclive current in Phose 3 (LED L3 ond |, green),*

« reactive current in Phase 3 (LED L3 ond |4 green),*
e apporent earth current (LED E green),

» active eorth current (LED E and |, green), *

« reactive earth current (LED E ond |, green), *

e residual voltage UR (LED Uy} only ot ER/XR-relay
lype,

angle between |, and U, (only ER/XR)

(LED E green, LED I, yellow and LED U,_ yellow).

* only in cose that the directionol option is built in.
The indicated current measuring values refer to rated

current. (For MRI3-XR/X relays the indicated measur-
ing values refer to % of |,)
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Alier the assignmen! mode has been aclivated, firs!
IED I> lights up green. Now one or several of the four
oulpul relays can be assigned 1o current element I> os
olarm relays. Al the same lime the selecled alarm re-
lays for frequency elemen! | are indicated on the dis-
play. Indicotion "1_ _ _" means thol oulpu! relay 1 is
assigned 10 this curient element. When the display
shows "_ _ _ _", no alarm relay is ossigned 1o this cur-
rent elemenl. The assignment of oulpul relays 1 -4 1o
the cunient elements can be changed by pressing <+>
and <-> push bullons. The selecled assignment con be
slared Ly pressing push bullon <ENTER> and subse-
quent inpul of the password. By pressing push butlon
<SELLCT/RESET>, LED 1> lights up red. The outpul re-
loys can now be assigned 1o this current element as
lripping reloys.

Relays 1 - 4 are selecled in the same woy os de-
saribed belore. By repeatedly pressing of the
SSELLCT/ZRESET> push button and assignment of the
relays all elements can be assigned separalely 1o the

rclays. The ossignment mode con be lerminaled ol any

time by pressing the <SELECT/RESET> push button for
some lime (abt. 3 s).

Note:

e The funclion of jumper ]2 described in general de-
scription "MR Digital Multifunctional Relays” has no
function. For relays without assignment mode this
jumper is used for parameler selting of alarm relays
[activation al pickup or Iripping).

o Alorm is allached 1o this description where the sol-
ling requesled by the customer con be filled-in. This
lorm is prepored for telefox transmission and can
be used for your own relerence as well as for Icle-
phone queries.

Relay function Oulpu! relays Display- | Lighted LED
2 3 1 indication

1> (V) alarm X _2__ |5, 2« green
1> (V) Iripping X 1 ___ | oe green
I> (R) alarm X _2__ |5 mered
1> (R) Iripping X 1 __ |h: —ered
I>> (V) alarm X __3_ |, o green
1>> (V) Iripping X 1 ___ |l... o2& green
I>> (R) alarm X __3_ |l oered
1>> (R) Iripping X 1 ___ |th..—oered
IE> (V) alarm X —__4 |l e green
1HE> (V) lripping X 1 ___ |t >e green
IE> (R) alarm X ___4 ], o«red
HE> (R) Iripping X 1 ___ |, oered
E>> (V) olorm X ___4 |\ o geen
IE>> (V) Iripping X | |le.i D& green
IE>> (R) alarm X ___4 |l »ered
HE>> (R) Iripping X V__ |l oered
ICBFP Iripping ____ |CB.; red

V) = forwand direction;
{R} = backward direction

This way, o tipping relay can be sl lor
cach activation and tripping direction.

lable 5.4: Example of assignment matrix of the output relays (delaull settings).
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5.7 Additional functions

5.7.1 Blocking the protection functions
and assignment of the output relays

Blocking of the protective functions:

The MRI3-IHE is equipped with o blocking function

that con be porometerized orbitrory. Connecting sup-

ply voltoge 1o terminols D8/E8 blocking of those func-
tions which were selected by the user tokes place.

It is possible 1o choose between two types of protec-

tive blocking:

1. Blocking of the individual protection stoges. The
excilolion of the blocked proteclion sloge is
blocked..

2. Blocking of the individual tripping stoges. The in-
dividuol protection stoges ore excited ond the sel
tripping lime expires. Tripping only tokes place
when:

o] the volioge ot the blocking input D8/E8 is re-
duced;

b) the volloge ot the blocking input D8/E8 is op-
plied, the tripping time ond the blocking time hove
expired. (refer 1o Chopler 5.4.8)

Porometer setting is to be corried out os follows:

o Alter the <ENTER> ond <TRIP> keys hove been
octuoted simultoneously, the disploy shows the text
"PR_B" {the protection stoges ore blocked) or
"TR_B" (the tripping stoges ore blocked).

o The seftings con be chonged by octuoting the
keys <+> or <->. In this procedure, the LEDs I>;
I>>; IE>; IE>> ore simultoneously olight in cose of
protective blocking "PR_B" ond LEDs 1I>; 1I>>; 1IE>,
NE>> simultoneously emit light in cose of trip
blocking "TR_B".

e Actuotion of the <ENTER> key with o onetime en-
try of the possword will store the set function.

o Alter this ocluote the <SELECT/RESET> key to coll
up the first blockoble protection function.

o The display will show the text "BLOC" (the respec-
tive tunction is blocked) or "NO_B" (the respeclive
function is not blocked.

e Actuotion of the <ENTER> key will store the sel
function.

e By pressing the <SELECT/RESET> pushbution, all
futther protective function thot con be blocked ore
called one after the other.

Alter selection of the lost blocking function renewed

pressing of the <SELECT/RESET> pushbution switches

to the ossignment mode of the output reloys.
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Function | Display |LED/Colour
Blocking of the protection | PR_B 1>; 1>>; l.;
stoge le..
Blocking of the trip function | TR_B by hoos heos
'I'))
I> Overcurrent NO_B |I>red
I>> Short circuil BIOC [I>> red
le. Eorth current NO_B |, red
1" element
le.s Eorth current NO_B |, red
2" element
(- Circuit breoker |NO_B | CB green
foilure protection

Table 5.2: Defoult setlings of both porameler sets

Assignment of the output reloys:

Unit MRI3 has five output relays. The fifth output relay
is provided os permonent alorm reloy for self supervi-
sion is normolly on. Oulput reloys 1 - 4 are normolly
off ond can be ossigned os alarm or tripping relays to
the current functions which can either be done by us-
ing the push butions on the front plate or vio serial in-
teffoce RS485. The ossignment of the output reloys is
similor lo the setting of parometers, however, only in
the ossignment mode. The ossignment mode con be
reoched only vio the blocking mode.

By pressing push button <SELECT /RESET> in blocking
mode ogoin, the ossignment mode is selected.

The relays ore ossigned os fallows: LEDs 1>, I>>, |,
l,,. ore twocoloured and light up green when the out-
put reloys ore assigned as olorm reloys ond red os
tripping reloys.

In oddition, the LED —« olsa lights up with eoch od-

jusiment. Green meons forword and red bockword di-
rection.

Definition:
Alorm relays ore octivoted ot pickup.

Tripping reloys ore only octivated ofter elopse of the
tripping deloy.
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5.4.22 Setting of parity (applies for
Modbus Protocol only)

The following three parity seltings are possible

e ‘even’

= even
e ‘odd” =odd
e "no’ = no poarity check

The setling can be changed by push buttons <+> and
<-> and saved by pressing <ENTER>.

5.5 Fault recorder
5.5.1 Adjustment of the fault recorder

The MRI3 is equipped with a foult recorder (see chap-
ter 3.2.1). Three parameters can be determined.

5.5.2 Number of the fault recordings

The max. recording time is 16's ot SO Hz or 13.33 s
at 60 Hz.

The number of mox. recordings requested hos to be
determined in odvance. There is a choice of (1]* 2,
(3]* 4 or [7]* 8 recordings and dependent on this the

duration of the individual foult recardings is defined,
ie.

(1)* 2 recordings for o duration of 8 s (with SO Hz|
(6.66 s with 60 Hz)
(3]* 4 recordings far a duration of 4 s (with 50 Hz)
(3.33 s with 60 Hz)
[7]* 8 recordings for a duration of 2 s (with 5O Hz)
(1.66 s with 60 Hz]

* is wrillen over al new lrigger signo|
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5.5.3 Adjustment of trigger occurences

There is a choice between four different occurences:

P_UP (PickUP) Storage is initioted afler recognition
of a general activation
TRIP Storage is initioted after o trip has

occured
A_PI (Alter Pickup] Storage is initiated after the las!
aclivation threshold was fallen
short of.
Staring is oclivaled by simulloneous
actuation of the keys <+> and <->.
During the recording time the
display shows “Tes!".

TEST

5.5.4 Pre-trigger time (T_)

By the time T_ it is determined which period of time
prior lo the Irigger occurence should be stored as well.
It is possible 1o adjusl o time between 0.05s and 8s.
With keys <+> and <-> the values can be changed
ond with <ENTER> be saved.

5.6  Adjustment of the clock

When adjusting the date ond time, LED O lights up.
The adjusiment method is as follows:

Date : Year Y=00
Month M=00
Day D=00

Time : Hour h=00
Minute m=00
Second s=00

The clock starts with the set date ond time as soon as
the supply voliage is swilched on. The time is safe-

guarded agains! shorterm voliage failures (min. &
minules).

Note:

The window far parameter setting of the clock is located
behind the measured volue display. The parameter win-

dow can be accessed vio the <SELECT/RESET> key.
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5.4.11 Time current characteristics for
earth fault element (CHAR 1,)
(not for ER/XR-relay type)

By sefting this parometer, one of the following 7 mes-
soges oppeors on the display:

DEFT Definite Time (independent overcurrent
lime protection)

NINV Normal inverse (Type A)

VINV Very inverse (Type B)

EINV Extremely inverse (Type C)

RINV Rinverse

LINV Llong Time Inverse

RXID Speciol chorocleristic

Anyone of these four chorocterislics con be chosen by
using <+> <->-pushbutions, ond con be stored by us-
ing <ENTER>-pushbutton.

5.4.12 Trip delay or time multiplier for
earth fault element (t, )

(Similor to chopter 5.4.3)

5.4.13 Reset mode for inverse time
tripping in earth current path

(Similor 10 chopter 5.4.4)

5.4.14 Current setting for high set element
of earth fault supervision (1, )

(Similor 1o chopter 5.4.5)

The pickup volue of X ond XR-relay type relates to % |

5.4.15 Trip delay for high set element
of earth fault supervision (t, )

(Similor to chopter 5.4.6)

5.4.16 COS/SIN Measurement
(ER/XR-relay type)

Depending on the neutral eorthing connection of the
prolecled system the directionol element of the eorth
foult reloy must be preset to cos @ or sin @ meosure-
ment.

By pressing <SELECT> the display shows "COS" resp.
"SIN". The desired meosuring principle con be se-
lected by <+> or <-> ond musi be entered with pass-
word.
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5.4.17 SOLI/RES!I changeover
(SR-relay type)

Depending on the method of neutrol-point connection
of the system 1o be protected, the directionol element
for the eorth-current circuit must be set to "SOLI" (= sol-
idly eorthed) or "RESI" = (resistonce eorthed).

5.4.18 Block/Trip - time

The block/1Irip time serves for detection of o c.b. foil-
ure protection by reor interlocking. It is activoted by
sefting the blocking input D8/E8 ond by setting the
poromeler 1o TR_B. Affer the set block/Irip time has
expired, the reloy con be tripped if the excitotion of o
protective function has been opplied the deloy time of
which has expired ond the blocking function is sill ac-
tive. If the porometer PR_B is set, the individual protec-
lion stoges ore blocked (refer to Chopler 5.7.1).

5.4.19 Circuit breaker failure protection
'(BFP

The CB foilure protection is bosed on supervision of
phose currents during tripping events. Only ofter trip-
ping this protective function becomes active. The test
criterion is whether all phose currents ore dropped o
<1% x |, within 1, (Circuit Breoker Foilure Protection -
odjustoble between 0.1 - 2.0 s). If not all of the phose
currents hove dropped 1o < 1%xl,, within this time, CB
foilure is detected ond the reloted reloy octivoted. The
CB foilure protection function is deoctivoted ogoin os

soon os the phose currents hove dropped to <1% x |,
within g

5.4.20 Adjustment of the slave address

Pressing push buttons <+> ond <-> the slove oddress-

con be set in the ronge of 1-32.

5.4.21 Setting of Baud-rate (applies for
Modbus Protocol only)

Different tronsmission rotes (Boud rote) con be set for

doto tronsmission vio Modbus protokol.

The rote con be chonged by push buttons <+> ond
<-> and soved by pressing <ENTER>.

TB MRI3 12.00E



fFor the MRI3-version with directional feoture, the dif-
ferent trip time delays or the time multipliers can be
chosen for forward ond backward faulis.

By setting the frip deloy, the octuol set value for for-
ward faulls appears on the disploy first ond the LED
under the arrows is olight green. It con be changed
with push bution <+> <-> and then stored with push
button  ENTER>. Alfter that, the actual trip delay (or
time factor) for bockward loults appeors on the disploy
by pressing push button <SELECT> and the LED under
the arrows is alight red.

Usually this set value should be set longer thon the one
for forward foults, so thot the relay obtains its selectivity
during fonward foulls. If the time delays are set equally
for both fonward and backward faulss, the relay trips in
both cases with the same time delay, namely without
directional feature.

Note:
When selecting dependent tripping characleristics ol
relays with directional phase current detection, atten-

tion must be paid that a cleor directional detection will
be assured only after expiry of 40 ms.

5.4.4 Reset setting for all tripping cha-
racteristics in the phase current path

To ensure tripping, even with recurring foult pulses
shorter than the set trip delay, the reset mode for in-
verse lime Iripping characleristics can be switched
over. If the adjustment IRST is set ot 60 s, the Iripping
time is only reset after 60 s foullless condition. This
function is not available if IRST is set to O. With fault
currenl cease the trip delay is resel immediately and
started again ot recurring foult current.

5.4.5 Current setting for high set element
(I>>)

The current selling value of this parameter appearing
on the disploy is related 1o the rated current of the re-
lay.

This means: I>> = displayed value x |,,.

When the current setting for high set element is set out
of range (on disploy appears "EXIT), the high set ele-
ment of the overcurrent relay is blocked.

The high set element can be blocked via terminals
E8/D8 if the corresponding blocking parameler is set
to bloc (refer ta chapter 5.7.1).
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5.4.6 Trip delay for high set element (t, )

Independent from the chosen Iripping characteristic for
1>, the high set element I1>> hos always a definite-time
iripping characleristic. An indication value in seconds
appears on the disploy.

The setting procedure far forward- or backward faults,
described in chapter 5.4.3, is also valid for the trip-
ping time of the high set element.

5.4.7 Relay characteristic angle RCA

The characleristic angle for directional feature in the
phase current path can be set by parameter RCA to
15°,27°,38°, 49°, 61°, 72° or 83°, leading 1o the
respeclive reference vollage (see chapter 4.3).

5.4.8 Pickup value for residual voltage
U, (ER/XR-relay type)

Regordless of the preset earth current, an earth foult is
only identified if the residual vollage exceeds the set
reference value. This value is indicated in volt.

5.4.9 Pickup current for earth fault
element (1,))

(Similar to chapter 5.4.1)
The pickup value of X and XR-relay type relotes 1o % |,,.

5.4.10 WARN/TRIP changeover
(E/X and ER/XR-relay type)

A detected earth fault can be parameterized as fol-
lows. After delay time.

a) "warn" only the alarm relay trips

b) “rip” the Irip relay trips and tripping values are
stored.

25



5.3.7 Parameter switch/external
triggering of the fault recorder

By meons of the porometerchonge-aver swilches it is
possible 1o activote two different porometer sets.
Swilching aver of the parometer sets con either be
done by meons of software or via the external inpuls
RESET or blocking input. Alternatively, the external in-

puts con be used for Reset or blacking of the triggering
of the foult recorder.

Software- Blocking input | RESET Input

porometer used os use 0s

SET1 Blocking input | RESET Input

SET2 Blocking input | RESET Input

B_S?2 Porometer switch | RESET Input

RS2 Blocking input | Porometer
swilch

B_FR Ext. wriggering of | Reset input

the FR

R_FR Blocking input | Ext. Trigger for
FR

S2_FR Parometer swilch | Ext. Trigger for
FR

With the settings SET1 or SET2 the paromeler set is
octivated by software. Terminols C8/D8 ond D8/E8
ore then ovoilable os external reset input or blacking
inpul.

With the selting B_S2 the blocking input (D8, E8) is
used os poromeler-set chonge-aver switch. With the
sefting R_S2 the reset input (D8, E8) is used os po-
romelter-set change-over swilch. With the setting B_FR
the foult recorder is octivoted immediotely by using the
blocking inpul. On the front plote the LED FR will then
light up for the duration of the recarding. With the set-
ting R_FR the foult recorder is octivated vio the resel
input. With the setting S2_FR porometer set 2 con be
oclivated vio the blocking input and/or the foult re-
corder vio the resel input.

The relevant function is then activoted by applying the
ouxiliory volloge to ane of the external inputs.

Important note:

When functioning as porometer change over focility,
the externol input RESET is not ovoiloble for resetting.
When using the externol input BLOCKING the protec-
tion funclions must be deactivoted by software block-
ing seporately (refer to chopter 5.7.1).
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5.4 Parameter protection
5.4.1 Pickup current for phase
overcurrent element (1>)

The setting volue for this porometer thot oppeoars on the
display is reloted 1o the nominal current (I} of the re-
loy. This meons: pickup current (Is] = disployed volue x
nominal current (l) e.g. disployed volue = 1.25 then,
Is=1.25 x|

5.4.2 Time current characteristics for

phase overcurrent element
(CHAR I>)

By sefting this porometer, one of the following & mes-
soges oppeoars on the display:

DEFT Definite Time
NINV Normal Inverse
VINV - Very Inverse
EINV Extremely Inverse
RINV RiHnverse

LINV long Time Inverse

Anyone of these four characteristics con be chonged

by using <+> <->-push buttons, ond con be stored by
using <ENTER>-push button.

5.4.3 Trip delay or time factor for
phase overcurrent element (t,)

Usually, ofter the choracteristic is chonged, the time
deloy or the time multiplier should be chonged occord-
ingly. In order 10 avaid on unsuitoble orrangement of
reloy modes due ta corelessness aof the operolor, the
following precautions ore token:

If, through o new setling, onother reloy chorocteristic
other thon the old ane has been chosen [e.g. from
DEFT to NINVJ, but the time deloy sefling has not been
chonged despite the warning from the floshing LED,
the reloy will be set 1o the most sensitive time setting
volue of the selected choracteristics after five minutes
warning of flashing LED 11>. The most sensitive time set-
ting volue meons the fostest Iripping for the selected re-
lay choracteristic. If o definite time choracteristic has
been selected, the display shows the Irip deloy in sec-
onds. When selecling on inverse lime chorocteristic,
the time multiplier oppears on the display. Bath settings
con be charges by push-butions <+><->. When the
time deloy or the time multiplier is set out of ronge (Text
"EXIT" oppears on the display), the low set element of
the avercurrent reloy is blocked. The "WARN"reloy
will not be blocked.
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5.2 Setting procedure

After push button <SELECT/RESET> hos been pressed,
olwoys the next measuring volue is indicated. Firstly
the operoting meosuring volues ore indicoted ond then
the setting parometers. By pressing the <ENTER> push
buttan the setting volues con directly be colled up ond
chonged. Before poromeler setting con be storted the
relevant possword must be entered (refer 1o chopter
4.4 of the "MR Digital Multifunctionol Reloy™ descripti-
on).

5.3 System parameter
5.3.1 Display of measuring values as
primary quantities (1_. phase)

With this porometer it is possible 1o show the indico-
ton as prmary measuting value. For this puipose the
porometer must be set to be equol with the rated pri-
mory CT cutrent. If the poromeler is set to "SEK", the
measuring volue is shown as o multiple of the roted
secondory CT current.

Exomple:

The current tronsformer used is of 1500/5 A. The
flowing current is 1380 A. The porometer is set lo
1500 A ond on the display 1380 A" are shown. If

the porometer is set 1o "SEK”, the volue shown on the
display is "0.92" x In.

Note:

The pick-up volue is set to o multiple of the roted sec-
ondory CT current.

5.3.2 Display of earth current as primary
quantity (I_,  earth)

The parometer of this function is ta be set in the some
woy os that described under 5.3. 1. If the porometer is
not set 1o "SEK", to reloy types MRI3-X ond MRI3-XR it
opplies 1o, that the meosuring volue is shown os pri-
mory current in ampere. Aport from that the indicotion
refers 10 % of |,,.
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5.3.3 Display of residual voltage U,

as primary quantity (U_, /U, )
The residual valloge con be shown as primory meosur-
ing volue. For this porometer the tronsfarmation rotio of
the VT has to be set occardingly. If the porometer is sel
to "SEK", the measuring volue is shown os rated sec-
ondory volioge.

Example:

The valtoge tronsformer used is of 10 kV/100 V. The

tronsformotion ratio is 100 and this volue has 1o be set
accordingly. If still the rated secondary vollage should

be shown, the porometer is to be set to 1.

5.3.4 Voltage transformer connection for
residual voltage measuring
(3pha/e-n/1:1)

Depending on the connection of the valloge trons-
former of ER/XR-relay types three possibilities of the
residual volloge measurement con be chasen

{see choper 4.5.

5.3.5 Nominal frequency

The odopted FFT-algorithm requires the nominal fre-
quency os o porometer for correct digital sompling
ond filtering of the input currents.

By pressing <SELECT> the display shows "f=50" or
"f=60". The desired nominal frequency con be od-
justed by <+> or <-> ond then stored with <ENTER>.

5.3.6 Display of the activation storage
(FLSH/NOFL)

I ofter on octivotion the exisling current drops agoin
below the pickup volue, e.g. I>, withaut o trip has
been initioted, LED I> signals thot on activotion has
occured by floshing fost. The LED keeps floshing until it
is reset ogoain (push button <RESET>). Floshing con be
suppressed when the paromeler is set to NOFL.
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Function

Display shows

Pressed push button

Corresponding LED

Blocking of the protection function

BLOC, NO_B

<+> <-><SELECT/RESET>

>, 15>, L.

Save paromeler|

SAVI

<ENTER> for obout 3 s

Soltware version

First part (e.g. DO1+)
Sec. port [e.q. 8.00)

<TRIP>
one lime for each port

Monual Irip TRI? <TRIP> three limes
Inquire_password PSW? <TRIP><ENTER>
Relay rripped TRIP <TRIP>
or ofter fault ripping
Secrel possword input XXXX <SELECT/RESET>
<+><-><ENTER>
System reset SEG <SELECT/RESET>
for about 3 s

Toble 5.1: possible indication messoges on the display

"refer 1o 4.4
7 only Modbus
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