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SUMARIO

El descubrimiento de los materiales poliméricos y su uso como
aislamiento en los cables de media tension hicieron que los cables de
aislamiento de papel se fueran dejando de lado. Actualmente los cables de
polietileno reticulado tienen gran aceptacion en nuestro mercado, debido a
sus buenas caracteristicas tecnicas y precio asequible.

Paralelamente a los nuevos cables se desarrollaron también los
accesorios (empalmes y terminaciones) adecuados para el buen
funcionamiento de dichos cables en las redes de distribucion.

De los diversos materiales que se utilizan para la fabricacion de
terminaciones, la goma silicona se destaca por su buen comportamiento
frente a la humedad, los rayos UV y la contaminacion ambiental

Si a estas ventajas anadimos la gran facilidad de montaje que
representa el sistema autocontraible, llegamos a la conclusion de que las
terminaciones de goma silicona son la mejor alternativa como accesorio para

terminar cables de energia de aislamiento seco.



iNDICE

Pagina
PROLOGO 01
CAPITULO I.
CABLES DE MEDIA TENSION DE AISLAMIENTO POLIMERICO 03
1.1 Introduccion. 03
1.2 Definicion de términos técnicos. 03
1.3 Materiales usados como aislamiento en cables de media tension. 05
1.4 Conformacion de los cables. 06
1.5 Tipos de cables de media tension. 08
1.6 Especificacion técnica del cable unipolar de XLPE, 8.7/15 kV. 10
1.7 Teoria del cable de media tension. 11
CAPITULO Il
TERMINACIONES PARA CABLES DE MEDIA TENSION. 16
2.1 Introduccion. 16
2.2 Definicion de téerminos técnicos. 17
2.3 Materiales usados en terminaciones de media tension. 19
2.4 La goma silicona: 20
2.4.1 Latecnologia autocontraible 20
2.4.2 Comportamiento de la silicona frente a la humedad. 21
2.4.3 Comportamiento de la silicona frente a los rayos UV. 22
2.4.4 Comportamiento de la silicona frente al tracking. 23

2.5 Funciones de una terminacion de media tension. 24



VI

2.6 Métodos de control de esfuerzo eléctrico.

2.6.1 Método geométrico (Cono de alivio).

2.6.2 Metodo capacitivo (Alta K).

2.7 Correccion por altura.

2.8 Preparacion del cable para instalar una terminacion.

2.9 Procedimiento de montaje de una terminacion autocontraible de
goma silicona.

CAPITULO Il

ESPECIFICACIONES TECNICAS

3.1 Introduccion

3.2 Normas de fabricacion y pruebas

3.3 Condiciones ambientales.

3.3.1 Zona costera de “Corrosion severa, alta contaminacion”.
3.3.2 Zona interior de “Corrosion moderada”.
3.4 Condiciones de operacion.

3.5 Condiciones generales de suministro
3.5.1 Caracteristicas de los cables.

3.5.2 Caracteristicas de las terminaciones.
3.6 Garantia de calidad técnica.

3.7 Especificaciones técnicas de suministro.
CAPITULO IV

PRUEBAS APLICADAS A UNA TERMINACION DE MEDIA TENSION.

4.1

Introduccion.

24

26

27

30

31

33

37

37

37

37

38

38

38

39

39

39

40

40

42

42



4.2 Pruebas de la goma silicona como materia prima.

4.3 Pruebas de diseno y producto terminado.

4.3.1 Organismos Internacionales.

4.3.2 Pruebas estandarizadas.

4.3.3 Secuenciatipica de pruebas.

4.3.4 Pruebas adicionales.

4.3.5 Descripcion de las principales pruebas de terminaciones de
media tension.

4.4 Resultado de las pruebas realizadas en terminaciones
autocontraibles.

4.5 Protocolo de pruebas tipico de terminaciones autocontraibles
para uso exterior

CAPITULO V

COSTOS Y PRESUPUESTOS

5.1

5.2

5.3

Introduccion.
Tiempos de instalacion.

Precios referenciales de terminaciones autocontraibles.

CONCLUSIONES

ANEXOS

BIBLIOGRAFIA

VI

43

43

43

43

44

44

45

51

51

53

53

53

54

55



PROLOGO

El presente Informe de Ingenieria ha sido elaborado con el objeto de
mostrar las ventajas y beneficios que ha significado el desarrollo de la
silicona como material para ser usado en terminaciones de media tension
instalados en cables de energia.

El diseno del accesorio esta directamente relacionado con el cable en
el cual se va a instalar, por lo que en el Capitulo | se detalla las
caracteristicas mas importantes del cable con aislamiento de polietileno
reticulado (XLPE).

En el Capitulo Il se analiza las terminaciones de goma silicona
autocontraible tanto en sus funciones como accesorio para terminar los
cables de energia como su comportamiento frente a las diversas condiciones
ambientales de servicio. También se hace mencion de las ventajas que
representa la tecnologia autocontraible en cuanto a la facilidad de
instalacion, lo cual disminuye los costos de capacitacion del personal.

El capitulo Il trata sobre las especificaciones técnicas que deben
cumplir estos accesorios, pudiendo hacerse pruebas adicionales de comun
acuerdo entre fabricante y usuario. Relacionado con este tema, en el
Capitullo IV se describe los ensayos a que son sometidas las terminaciones
para garantizar su performance en servicio durante su vida util.

Finalmente, en el Capitulo V se analiza los costos de instalacion de

terminaciones, donde se menciona que el precio del accesorio no es



significativo en comparacion con los demas equipos y materiales usados en

las redes de distribucion primaria.



CAPITULO |
CABLES DE ENERGIA DE MEDIA TENSION, DE AISLAMIENTO
POLIMERICO
1.1Introduccion.

Los cables de energia de media tension empezaron a utilizarse a
principios del siglo XX. Fueron del tipo NKY, con aislamiento de papel
impregnado en aceite y funda de plomo para evitar el ingreso de humedad.
En las redes de Lima aun podemos encontrar estos cables, con mas de 50
anos de servicio.

Con el descubrimiento de los materiales poliméricos se ha logrado
fabricar cables de aislamiento “seco”, los cuales son mas livianos vy
maniobrables, con la consiguiente reduccion de costos tanto en la
fabricacion y transporte de los cables como en la mano de obra de
instalacion.

Las propiedades dieléctricas del polietileno reticulado (XLPE) y su
estabilidad térmica hacen que este tipo de cable sea de uso generalizado en
redes aéreas autosoportadas y subterraneas.
1.2Definicion de términos técnicos.

Conductor (de un cable).- Alambre o conjunto de alambres, no aislados

entre si, destinados a conducir la corriente eléctrica.

Cable Unipolar.- Cable formado por un solo conductor.



Cable Tripolar.- Cable formado por 3 conductores.

Tension Nominal.- Es la tension de operacion permanente del cable en
condiciones normales de servicio.

Clase de Aislamiento (E).- Es la tension nominal de operacion entre
fases para la cual esta disenado el cable.

Maxima Tension de Diseno a Tierra (Eo).- Es la maxima tension entre
fase y pantalla o tierra, a la cual puede operar continuamente un cable,
sin sufrir deterioro alguno en condiciones normales de operacion.
Tension de Impulso (BIL: Basic Insulation Level).- Es el valor de cresta
de la tension de impulso de forma de onda especificada.

Corriente Maxima Admisible.- Es el maximo valor que puede soportar
permanentemente el cable y sus accesorios.

Corriente térmica nominal de Cortocircuito.- Es el valor medio eficaz
de la componente asimétrica de la corriente de cortocircuito al producirse
la falla, la cual debe ser liberada antes de que los conductores sufran un
aumento peligroso de temperatura.

Corriente dinamica nominal de Cortocircuito.- Es el valor de cresta de
la corriente de corta duracion, que puede soportar la terminacion sin sufrir
dano mecanico, como consecuencia de los esfuerzos electrodinamicos a
que esta sometido.

Plastico.- Compuesto organico, polimerizado hasta lograr un alto peso
molecular y puede ser moldeado en forma definida con la aplicacion de

calor o presion (o ambos), conservando esta forma cuando vuelve a las

condiciones normales.



Termoplasticos.- Se reblandecen por medio del calor, endureciéndose
nuevamente al enfriarse. El grado de reblandecimiento depende
principalmente de la temperatura alcanzada y no de la duracion del
proceso. Ejemplo: policloruro de vinilo, polietileno.

Termoestables.- Material que en el proceso de fabricacion es sometido a

calor y presion, produciéndose un cambio quimico y la obtencion de

enlaces entrecruzados. Como consecuencia de este cambio quimico, el
material no se reblandece al volver a aplicarle calor, pero se puede
quemar si se calienta en exceso.

1.3Materiales usados como aislamiento en cables de media tension.

Los materiales que se emplean actualmente como aislamiento en la
fabricacion de cables de media tension son:

a.- Policloruro de vinilo (PVC)

b.- Polietileno Lineal (PE)

c.- Polietileno Reticulado (XLPE)

d.- Goma de etileno propileno (EPR)

Cabe senalar que el cable de aislamiento de papel esta practicamente
descontinuado en nuestro medio, ya que se fabrica sélo a pedido del cliente.
El que mas se utiliza es el de aislamiento de XLPE, que es termoestable,
posee muy buena rigidez dieléctrica, bajo factor de pérdidas y excelente
resistencia de aislamiento.

En el siguiente cuadro se muestra la capacidad termica de los

conductores para cables segun su tipo de aislamiento:



4, Temperatura del Conductor
Tension °C)
Nominal Tipo de Aislamiento Servicio
E (kV) E Cortocircuito
Normal
15kV PVC 70 160
Polietileno Lineal 75 155
Polietileno Reticulado 90 250
Goma EPR 90 250

Tabla 1.1: Capacidad térmica segun tipo de aislamiento.
1.4Conformacion de los cables.

Los cables de media tension estan constituidos por los elementos
siguientes:

a.- Conductor de cobre rojo suave. Formada por varios hilos, es una
cuerda redonda compacta para obtener asi una supefficie lisa y un diametro
reducido respecto a una cuerda normal, sin por ello reducir sus propiedades
eléctricas o mecanicas a igualdad de seccion nominal.

b.- Pantalla interna: Capa semiconductora. Impide la ionizacion del aire
que, en el proceso de fabricacion del cable, queda atrapado entre el
conductor y el material aislante (efecto corona). La capa semiconductora
forma cuerpo unico con el aislante y no se separa de éste, constituyendo la
verdadera superficie equipotencial del conductor.

También mejora la distribucion del campo eléctrico en la superficie del
conductor pues la convierte en cilindrica y lisa, reduciendo asi la solicitacion
eléctrica del aislante.

c.- Aislamiento. Esta constituido por uno de los materiales que se indican
en la tabla 1.1. La termoestabilidad del XLPE hace que este material tenga

mejor comportamiento en caso de sobrecargas y cortocircuito; por lo tanto,



se obtiene intensidades de corriente admisible superiores a la de otros
aislantes para igual seccién de conductor.
El espesor del aislamiento depende del nivel de tension de diseno del

cable, tal como se muestra en la tabla 1.2

Eo/E de Diseio mm
3.6/6 2.5
6/10 3.4
8.7/15 4.5
12/20 5.5
18 /30 8

60 17

Tabla 1.2: Espesor de aislamiento, segun el nivel de tension.

d.- Pantalla Externa: Esta constituida por 2 elementos: una cubierta
semiconductora (material extruido y/o cinta de tela) y una pantalla metalica
(cintas y/o hilos de cobre o aluminio).

La cubierta semiconductora permite una distribucion uniforme y radial del
esfuerzo eléctrico en el aislamiento y evita la presencia de espacios vacios
ionizables entre el aislamiento y la pantalla metalica.

La pantalla exterior tiene las funciones siguientes:

e Confinar el campo eléctrico al interior del cable.

e Lograr una distribucion simétrica y radial del esfuerzo eléctrico en el

aislamiento.

e Limitar la influencia mutua entre cables proximos.

e Evitar el peligro de electrocucion.



e La pantalla metalica adicionalmente permite el transporte de
corrientes homopolares o corrientes de desbalance en sistemas de
conexion en estrella con neutro corrido.

e.- Armadura. E| cable puede o no llevar este componente. Es
recomendable su uso como proteccion mecanica y seguridad eléctrica en el
caso de instalacion del cable directamente enterrado. Se coloca
normalmente debajo de la cubierta exterior y esta constituida por flejes de
acero o alambres de acero galvanizado enrollados helicoidalmente.
f.- Cubierta o Chaqueta Exterior. Protege al cable del medio ambiente
donde trabaja. Es recomendable el PVC para aplicaciones directamente
enterradas y el polietileno para instalaciones aereas por su mayor resistencia
a los rayos ultravioletas.
1.5Tipos de Cables de Media Tension.

La nomenclatura de los cables de media tension se basa en el orden de
sus componentes (detallados en el acapite 1.4), los cuales son designados
con letras del alfabeto. Cada letra indica un componente del cable.

Las letras normalizadas (VDE, ITINTEC) para la designacion de los

cables en nuestro medio son:

N Cable de energia con conductores de cobre.
NA = Cable de energia con conductores de aluminio.
Y = Aislamiento de PVC de media tension.

2Y = Aislamiento de polietileno lineal.

2X = Aislamiento de polietileno reticulado (XLPE)

S = Pantalla de cinta de cobre.



SA = Pantalla de cinta de aluminio.

C = Pantalla de hilos de cobre.

E = Cable tripolar (pantalla en las tres fases).
Y = Chaqueta externa de PVC.

Para instalaciones subterraneas, los cables mas conocidos son:

a.- NYSY: Cable formado por un conductor de cobre recocido, aislamiento
de PVC, pantalla de cintas de cobre y chaqueta externa de PVC.

b.- N2YSY: Cable formado por un conductor de cobre recocido, aislamiento
de PE, pantalla de cintas de cobre y chaqueta externa de PVC.

c.- N2XSY: Cable formado por un conductor de cobre recocido, aislamiento
de XLPE, pantalla de cintas de cobre y chaqueta externa de PVC.

d.- N2XSEY: Cable formado por tres conductores de cobre recocido,
aislamiento de XLPE, pantalla de cintas de cobre en cada fase y chaqueta
externa de PVC.

Para instalaciones aéreas, los mas conocidos son:

e.- N2XS2Y - S: Conjunto de tres cables unipolares reunidos en espiral
alrededor de un elemento portante formado por una cuerda de acero
galvanizado y forrado con polietileno.

Cada cable unipolar esta formado por un conductor de cobre recocido,
aislamiento de XLPE, pantalla de cintas de cobre y chaqueta externa de PE.
f.- NA2XSA2Y - S: Conjunto de tres cables unipolares reunidos en espiral
alrededor de un elemento portante formado por una cuerda de acero

galvanizado y forrado con polietileno.
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Cada cable unipolar esta formado por un conductor de aluminio,
aislamiento de XLPE, pantalla de cintas de aluminio y chaqueta externa de

PE.

Fig. 1.1a: Cable N2XSY Fig. 1.1b: Cable N2XSEY

Fig. 1.1c: Cable N2XS2Y - S Fig. 1.1d: Cable NA2XSA2Y - S

1.6 Especificacidon técnica del cable unipolar de XLPE, 8.7/15 kV.
Es el tipo de cable mas utilizado en nuestro medio, especialmente en las

empresas de electricidad, y tiene las caracteristicas técnicas de construccion

siguientes:
e Conductor de cobre rojo suave
e Pantalla interna: capa semiconductora

e Aislamiento de polietileno reticulado (XLPE)
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e Pantalla externa: -
- Cinta semiconductora.

- Cinta de Cobre.

e Cubierta exterior de PVC color rojo.

Seccion Conductor Aislamiento Cubierta
Nominal Diam. Espesor Diam. Nuamero de Diam.
'mm2 Nominal Nominal | Nominal | conductores Nominal
; mm mm mm mm
] 23.0
o) B
25 6.1 4.5 17.3 3 470
A A 1 24.5
35 7.1 4.5 18.3 3 53.0
1 26.0
2 2
50 8.2 4.5 19.4 3 550
1 27.5
7
70 9.9 4.5 21.1 3 60.0
1 29.0
77
95 11.6 4.5 22.8 3 64.0
1 31.0
7 3 74
120 13.0 4.5 242 3 67.0
1 33.0
>
150 14.5 4.5 25.7 3 21.0
1 35.0
7 7
185 16.2 4.5 274 3 250
1 37.0
2 2
240 18.5 4.5 298 3 270
300 20.8 4.5 32.0 1 40.0
400 23.5 4.5 34.7 1 43.0
500 _ 26.4 4.5 37. 1 46.0

Tabla 1.3: Caracteristicas técnicas del cable N2XSY, 8.7/15 kV.

1.7Teoria del cable de Media Tension.
En este acapite se analiza el comportamiento del cable en presencia de

una media tension aplicada, siendo explicada de la manera siguiente:
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a) ¢,Qué pasa si a un cable que esta compuesto Unicamente por
conductor de cobre y aislamiento, le aplicamos media tension?. En la Fig.
1.2 se muestra este caso.

El conductor esta compuesto por hilos (le da flexibilidad al cable) y al
momento de aplicar el aislamiento en forma extruida sobre él, queda aire
atrapado en los intersticios del conductor. Luego, al aplicarse media tension,
este aire se va a ionizar provocando actividad de descarga llamada
descargas corona (esto es debido a la diferencia de potencial que existe
entre la superficie de los hilos del conductor y el aislamiento). Se irq,
entonces, formando en el aislamiento un camino carbonoso hacia el exterior,
provocandose finalmente la perforacion del aislamiento y la descarga a

tierra.

Descarsas ] .
= Aislamientao

Corona P

.

AN

Conductor /C'u

Fig. 1.2: Cable de energia sin pantalla semiconductora sobre el
conductor.

Este problema se evita mediante la aplicacion de la pantalla

semiconductora sobre el conductor (ver Fig. 1.3). Con esto se logra poner al
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mismo potencial todos los puntos del conductor eliminando asi la diferencia
de potencial mencionado anteriormente. El aire atrapado no causara

descargas corona.

Pantalla
Semiconductora

Aislamiento

XLP/EPR |

Fig. 1.3: Cable de energia con pantalla semiconductora sobre el
conductor.
b) ¢Qué ocurre si a este cable lo colocamos dentro de un ducto, bajo tierra?
Enla Fig. 1.4 se muestra este caso.

Las lineas de campo eléctrico que salen del conductor no se
distribuyen uniformemente, debido a que, en forma natural, busca el camino
de menor impedancia 6 “el camino mas corto” a tierra. Vemos que se
produce una gran concentracion de campo en la zona inferior porque es mas
corta la distancia a tierra.

Esto produce un gran esfuerzo eléctrico en esa zona que

posteriormente va a causar una falla a tierra.
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Lineas de Campo Cable
Eléctrico ~ NO
A ¥ Apantallado
1

Alta Concentracion de Esfuerzos

Fig. 1.4: Cable de energia sin pantalla semiconductora sobre el
aislamiento.

Este problema se evita mediante la aplicacion de la pantalla semiconductora

sobre el aislamiento. Con esto se obtiene un campo eléctrico radial y

uniforme. Ver Fig. 1.5, donde se aprecia la pantalla semiconductora mas

la pantalla de cinta de cobre.

Pantalla
Metalica

N

Pantalla .
Semiconductora

Homogénea

Fig. 1.5: Cable de energia con pantalla semiconductora sobre el
aislamiento.
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c) Finalmente, una vez resuelto los problemas de descargas corona y la
concentracion de esfuerzo eléctrico por la presencia de un campo no

uniforme, en la Fig. 1.6 se tiene el cable tal cual se fabrica hoy en dia.

Distribucion del Campo Eléctrico
Cubierta
e Pantalla
T Metalica
Lineas Lineas de Campo
Equipotenciales Eléctrico

Fig. 1.6: Cable de media tension.
Conformacion final.



CAPITULO Il

TERMINACIONES PARA CABLES DE MEDIA TENSION.

2.1Introduccion.

Las terminaciones, llamadas también como: mufas terminales, botellas
terminales 6 cabezas terminales, fueron desarrolladas por la necesidad de
controlar tanto los efectos electromagnéticos producidos por el uso de la
media tension como los efectos que producen la humedad y los diversos
contaminantes del medio ambiente, garantizando asi la seguridad de las
instalaciones eléctricas y de los usuarios.

Actualmente, existen diversos tipos de terminaciones disenados para
controlar los efectos mencionados anteriormente, usando para ellos distintos
materiales y técnicas de montaje, entre los cuales se encuentran: el sistema
de cintas, premoldeados (slip on), termocontraibles y el sistema contraible
en frio o autocontraible.

En el presente informe se analizan las terminaciones autocontraibles de
goma silicona, las cuales estan especificadas para ser usadas en cables con
pantalla y aislamiento sélido. Su diseno de una sola pieza hace que su
instalacion sea facil, rapida y segura, no siendo necesario el uso de

herramientas especiales.
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2.2Definicion de términos técnicos.
Elastomeros.- Son aquellas resinas que al vulcanizarse con agentes
quimicos, como el azufre, producen materiales semejantes a la goma.
Monomero.- Es la unidad basica constituyente de un polimero. Asi, el
etileno es el mondémero del polietileno.
Polimero.- Es una molécula de gran tamano formada por la combinacion
de unidades quimicas mas pequenas y simples llamadas monomeros.
Terminacion.-Dispositivo para terminar cables de media tension, de
aislamiento laminado o extruido, para niveles de tension de 2.5 kV 6 mas
que se clasifican de la siguiente manera:

Clase 1: proveen control de esfuerzo en el corte de pantalla,

aislamiento externo contra corrientes de fuga y sello contra ingreso de

humedad.

Clase 2: proveen control de esfuerzo en el corte de pantalla y

aislamiento contra corrientes de fuga.

Clase 3: proveen control de esfuerzo en el corte de pantalla.
Terminacion para uso interior.- Es aquella disenada para prestar
servicio en instalaciones protegidas de la intemperie.

Terminacion para uso exterior.- Es aquella disenada para prestar
servicio en instalaciones expuestas a la intemperie.

Tension Nominal.- La tension nominal de una terminacion es aquella a
la que puede funcionar permanentemente en condiciones normales de

servicio. Se designa por la tension expresada en kV entre cada uno de
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los conductores de fase y la pantalla metalica, Eo, y la tension entre dos
fases cualesquiera, E.

La tension nominal de una terminacion sera como minimo la misma que
la del cable donde van instalados.

Tension de Extincion de Descarga Parcial (Corona).- Es la tension a
la cual las descargas parciales no son detectables en los instrumentos
(ajustados a sensibilidad y tension especificas).

Intensidad de corriente maxima admisible en régimen permanente.-
Es el valor maximo de la intensidad que puede soportar la terminacion
permanentemente, sin que la temperatura alcanzada sobrepase en
ningun caso la maxima admitida por el cable.

Linea o distancia de fuga.- Es la menor distancia sobre la supefficie
aislante del terminal, entre la parte viva y la pantalla del cable de puesta
a tierra.

Flashover.- Es |la descarga disruptiva alrededor o sobre la superficie de
un aislamiento, entre dos puntos de diferente potencial, producido por la
aplicacion de voltaje, donde el camino de descarga esta suficientemente
ionizado para mantener un arco eléctrico.

Cono de alivio o deflector.- Componente de la terminacion que, unido a
la pantalla metalica en el punto donde ésta termina, reduce el gradiente
de potencial.

Tension de Impulso (BIL: Basic Lightning Impulse Insulation Level).- Es
el valor de cresta de la tension de impulso de la forma de onda

especificada.
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Las terminaciones deben soportar las tensiones de impulso de maniobra
y atmosféricas. De acuerdo a IEEE Std 48 — 1990, en la Tabla 2.1 se

muestra el valor de BIL para cada clase de aislamiento.

Clase de Aislamiento BIL
(kV) . (kV cresta)
S 75
8.7 95
15 110
25 150
34.5 200
46 250
69 350

Tabla 2.1: BIL de terminaciones de media tension.

Constante dieléctrica K.- Es la medida de la capacidad de un

material para almacenar carga eléctrica.

Material K
Aire I
Aislamiento del cable 3
Cinta de EPR 3
Material High - K 30

Tabla 2.2: Constante dieléctrica (K).

2.3 Materiales usados en terminaciones de media tension.

Los materiales mas utilizados para la fabricacion de terminaciones de

media tension son:

Porcelana

Goma Silicona

Goma EPDM

EVA (termocontractil)
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2.4La Goma Silicona.

Hace unos 30 anos que se viene usando la goma silicona en
terminaciones de media tension. Para su desarrollo se hicieron muchos
estudios de investigacion con diferentes mezclas poliméricas hasta que se
encontré una mezcla de silicona cuyas caracteristicas permitieron obtener
terminaciones no solo faciles de instalar, sino que presenta una buena
performance en atmodsferas humedas y contaminadas.

2.4.1 La tecnologia autocontraible.

Los materiales que se usan son moldeados por inyeccion (uso
exterior) o extruidos en forma tubular (uso interior), y luego son pre-
ensanchados sobre un nucleo espiral de nylon. Cuando se retira el
espiral, el tubo se contrae, ejerciendo una presion radial fuerte,
uniforme y constante sobre el cable. Esta presion contractil ofrece un
sello contra la humedad y un buen contacto entre las superficies de la
terminacion y el cable, sin recurrir a la necesidad de utilizar
adhesivos.

La facilidad de la aplicacion son mostrados, esquematicamente, en

las Figs. 2.1a, 2.1b y 2.1c:
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Fig. 2.1a: Se coloca el tubo pre-
ensanchado

Fig. 2.1b: Se retira el tubo espiral de
nylon.

= e Fig. 2.1c: El tubo se encuentra
instalado.

2.4.2

Este sello se mantiene en el tiempo porque la goma tiene un enlace
quimico que le da al material una “memoria elastica”. Por esta misma
razon, puede amoldarse a la expansion y contraccion probable que
pueda ocurrir en el cable durante las variaciones de carga.
Comportamiento de la silicona frente a la humedad.

La goma silicona, a diferencia de otros materiales como la porcelana,
es hidrofuga, es decir, rechaza el agua. Cuando cae una gota de agua
sobre la superficie de la silicona, no se esparce, conserva una forma

casi esférica. Esto se puede apreciar en la Fig. 2.2.

Fig. 2.2: Gota de agua sobre la
superficie de la silicona
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Otra forma de expresar es que, los materiales hidrofugos como la
silicona forman un angulo de contacto grande, en cambio los

materiales hidrofilicos forman angulos de contacto mucho menores.

Angrdo de Contacto
Angsdo de Contacto

Fig. 2.3a: Hidrofugo Silicona Fig. 2.3b: Hidrofilico Porcelana

2.4.3 Comportamiento de la silicona frente a los rayos UV.
La goma silicona es basicamente inorganica, es decir, en su
estructura molecular hay poca presencia de carbono. El enlace
principal esta formado por Silicio — Oxigeno (Si — O), el cual tiene una
fuerza de enlace muy alta que dificiimente los rayos ultravioletas (UV)

pueden romper, la estructura molecular son mostradas en las figuras

siguientes:
H
| H H H H
H--C-H [ I
| Cee € el @
SHESGEIS) P @S| I R
I € Cus @@
H--C--H RS
| H H H H
H

Fig. 2.4a: Fuerza del enlace Si-O  Fig 2.4b: Fuerza del enlace C-C
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Como referencia, podemos ver en la Tabla 2.2, la magnitud de la
fuerza de enlace de diversos elementos. Es necesario aplicar una

energia mayor para romper dichos enlaces.

Energia de Enlace Polimérico
Tipo de Enlace Fuerza de Enlace
(kJ/M)

Si—-O (%) 445
C-0 360
C-C (**) 348
Si—-C 318
C-S 275
Si - Si 222

UV (luz solr a 300 nm) 398

(*) Silicona

(**) EPDM. EVA. PE. etc

Tabla 2.2: Energia de Enlace Polimérico

2.4.4 Comportamiento de la silicona frente al tracking.
Se puede definir el tracking como el proceso que produce
degradacion de la superficie de la terminacion, resultando en una
perdida progresiva del aislamiento por la formacion de caminos
conductivos.
Se produce tracking cuando tenemos presencia simultanea de:
- Contaminacion: particulas en el ambiente, sustancias quimicas,

sal.

- Humedad: neblina, condensacion, lluvia.
- Tension eléctrica.
Estos elementos hacen que la resistencia superficial de la terminacion

disminuya, produciéndose corrientes de fuga. Es por ello que las
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terminaciones para uso exterior llevan campanas, los cuales evitan
que se forme un camino continuo de humedad y contaminacion.

2.5 Funciones de una terminacion de media tension.

De acuerdo a la norma IEEE 48 — 1990, las terminaciones estan
clasificadas segun las funciones que cumplen:

Terminacion Clase 1: Estas terminaciones proveen:

- Control de esfuerzo eléctrico en el corte de pantalla.

- Aislamiento contra corrientes de fuga (tracking).

- Sello de proteccién contra el medio ambiente.

Terminacion Clase 2. Estas terminaciones proveen:

- Control de esfuerzo eléctrico en el corte de pantalla

- Aislamiento contra corrientes de fuga (tracking).

Terminacion Clase 3: Estas terminaciones proveen:

- Control de esfuerzo eléctrico en el corte de pantalla.

Es importante mencionar:

- El control de esfuerzo es analizado en el acapite 2.6

- El aislamiento contra corrientes de fuga se indico en el acapite 2.4

- El sello contra el medio ambiente debe ser tanto superior como inferior

(se realiza mediante masillas aislantes y cinta de goma silicona).

2.6 Métodos de control de esfuerzo eléctrico.

El control del esfuerzo eléctrico en el corte de la pantalla semiconductora
se resolvido inicialmente con el cono de alivio a base de cintas o

premoldeados, luego se desarroll6 la cinta de alta K y finalmente el tubo de
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alta K, que es el método que utiliza las terminaciones autocontraibles de
silicona.

Los cables apantallados estan fabricados para soportar esfuerzos
eléctricos uniformes a lo largo del cable. Tal como se indicé en el capitulo
anterior (Fig, 1.6), las lineas de flujo se distribuyen en forma radial y
uniforme, y las lineas equipotenciales son concéntricas.

Al efectuar la terminacion de un cable, es necesario cortar y retirar la
pantalla a una distancia dada del conductor segun lo mostrado en la Fig. 2.5.
Esto ocasiona una "discontinuidad en la geometria axial del cable y un
cambio brusco en el campo eléctrico, originando una concentracion de
esfuerzos en el lugar donde termina la pantalla.

Las lineas de campo, que parten perpendicularmente del conductor,
convergen hacia el extremo del blindaje electrostatico, y en consecuencia, el
espaciamiento entre lineas equipotenciales es menor en esta zona, lo que
significa que alli los gradientes de potencial resultan mayores. Estos
gradientes son mas elevados que los que existen en la zona cercana al
conductor en tramos continuos de cable (zona de mayores gradientes).

Esta concentracion, al no ser controlada, deteriora progresivamente el

aislamiento con gran posibilidad de ocurrir una falla.
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Fig. 2.5a: Corte y retiro de pantalla electrostatica

Fig. 2.5b: Lineas de campo eléctrico y lineas equipotenciales

2.6.1 Método geométrico (Cono de alivio).

Este método se conoce hace muchos anos y consiste en expandir el
diametro del blindaje electrostatico, con esto se logra que la superficie
donde se concentra el campo eléctrico sea mayor, disminuyendo de
esta manera el esfuerzo en dicha zona. En la Fig. 2.6 se observa la
distribucion del campo eléctrico y las lineas equipotenciales.

Inicialmente este aumento de diametro se hacia utilizando cintas
(goma aislante y luego cinta semiconductora) y posteriormente se
desarrolld el cono premoldeado. Sin embargo, el terminal resulta de

diametro abultado en la zona del cono y su ejecucion es lenta vy
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tediosa, especialmente en el caso del cono encintado que depende

mucho de |la habilidad del montador.

Fig. 2.6a: Cono de alivio

Fig. 2.6b: Nueva distribucion de lineas de campo
y lineas equipotenciales.

2.6.2 Método capacitivo (Alta K).
Este método consiste en el uso de un material de alta constante
dieléctrica (K), generalmente en el rango de K30, colocado encima del

aislamiento que tiene K3, como se observa en la Fig. 2.7a.
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Fig. 2.7a: Tubo de control de esfuerzo High-K

Para entender como actua el tubo de control de esfuerzo, recordemos el
concepto de refraccion de las ondas. Se basa en el hecho de que la
velocidad de las ondas varia segun el medio por donde atraviesan. Asi, Si
insertamos oblicuamente un lapiz en un vaso con agua, parecera que se
“‘dobla” a la altura de la superficie del agua; esto se debe a que la luz
pasa por dos medios de diferentes densidades.

El mismo efecto ocurre con el campo eléctrico, se refracta al pasar de un
material de constante K1 a otro de constante K2. Esta refraccion se
muestra en la Fig. 2.7b y dependera del angulo de incidencia del campo

eléctrico al pasar de un medio al otro y relacion entre sus constantes

dieléctricas.

Aislamdento K, e
!
¥ Aislamienio K,

K.* K, oy !
i
]
|
|
]
!

Taa, K,

Tma, - K,

Fig. 2.7b: Refraccion del campo eléctrico en la interfase
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En nuestro caso, el campo sale del conductor, pasa por el aislamiento
(K3) y se refracta en la interfase del aislamiento y el tubo de control de
esfuerzo (K30), dirigiéndose por dentro del mismo hacia la pantalla. El
resultado obtenido es que el esfuerzo eléctrico se reduce
sustancialmente a lo largo del aislamiento, especialmente en la zona de
corte de la pantalla. Esto se demuestra por el incremento de la
separacion de las lineas equipotenciales (ver Fig. 2.7¢), es decir, a mayor
relacion de constantes dieléctricas, mayor sera la magnitud de la

refraccion del campo eléctrico,

Fig. 2.7c: Nueva Distribucion de lineas de campo
y lineas equipotenciales.
En la Fig. 2.8 se comparan los dos métodos de control de esfuerzo.
Con el uso de tubos de alta K se ha obtenido terminaciones mas
pequefas y de mas facil instalaciéon, ya que este tubo viene
incorporado al tubo aislante de goma silicona, montandose ambos

con la tecnologia autocontraible.
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TERMINACION TERMINACION

CON CONTROL CON CONTROL DE

DE ESFUERZO ‘ ESFUERZO TIPO
TIPO CONO ALTA K

Fig. 2.8: Control de esfuerzo: Cono vs Tubo alta K

2.7 Correccion por altura.

Las terminaciones estan especificadas para instalaciones de altitudes
hasta 1000 metros sobre el nivel del mar. Para mayores alturas, se debe
tener en cuenta que la densidad del aire es menor con respecto a la del nivel
del mar y, en consecuencia, la rigidez dieléctrica del aire se reduce. La
menor densidad del aire afectara también la ventilacion natural de la
terminacion.

Por estas razones, para aplicaciones mayores a 1000 metros de altitud,
se debera derratear la Clase de tension de la terminacién usando el “factor

de derrateo por altura” (ANSI / IEEE C57.12.00) de la tabla siguiente:
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Altura Factor “Kk” de correccion
(m) de rigidez dieléctrica
1000 1.00
1500 0.95
2000 0.90
2500 0.85
3000 0.80
3500 0.76
4000 0.73
4500 0.67

Tabla 2.3: Factor de correccion por altura.

La correccion del nivel de tension por altura esta expresada por:

Voltaje Nominal

Se debera usar terminaciones con rating igual o superior al valor asi

calculado.

2.8 Preparacion del cable para instalar una terminacion.

Tan importante como la buena instalacion de una terminacion es la
buena preparacion del cable, para lo cual debemos tener en cuenta las
siguientes recomendaciones:

a.- Leer bien las instrucciones de montaje antes de iniciar el corte y retiro de
las distintas capas que conforman el cable, verificando las dimensiones que
se deben respetar.

b.- El operario debera mantener las manos limpias y secas durante todo el
proceso de montaje para no contaminar la zona de trabajo.

c.- Cortar el extremo del cable en caso de observar daho mecanico o

presencia de contaminantes como polvo, arena, humedad y otros.
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d.- Limpiar y lijar la zona adyacente al corte de la cubierta del cable, antes de
retirar dicha cubierta (el lijado provee mayor adhesion de las gomas tipo
mastic que se utilizan para el sello contra ingreso de humedad). No dejar
este paso para el final de la preparacion del cable, evitando asi contaminar
la parte expuesta del semiconductor y del aislamiento.

e.- La “regla de oro” de la preparacion del cable es: cortar y retirar cada capa
del cable sin dahar la siguiente capa.

f.- Si al retirar la pantalla semiconductora se hace un corte superficial en el
aislamiento, debemos eliminarlo usando la lija no conductiva. Pero, si el
corte es profundo, es preferible cortar el cable y empezar nuevamente. (Un
corte profundo puede ocasionar que quede aire atrapado, el cual al ionizar
producira descargas corona y finalmente ocasionara la perforacion del
cable).

g.- El corte de la pantalla metalica debe ser limpio, recto y sin rebabas.

h.- En caso de requerir marcas provisionales en el semiconductor, se debera
usar cinta aislante con el adhesivo hacia afuera.

i.- La limpieza debe realizarse con el solvente que viene en el kit (no usar
gasolina, kerosene o thinner). Debe evitarse el contacto del solvente con el
semiconductor para evitar arrastrar particulas conductivas hacia el
aislamiento.

j.- Usar bornes terminales de compresion o conectores tubulares tabicados
para evitar el ingreso de humedad. El prensado debe hacerse con la prensa

y dados apropiados, con el numero de compresiones recomendados. En

caso de rebabas deben ser eliminadas.
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2.9Procedimiento de montaje de una terminacién autocontraible de

goma silicona.

Cada kit contiene materiales suficientes para hacer 3 terminaciones

unipolares. Los componentes son:

El

3 tubos de goma silicona autocontraible, con tubo de alta K

incorporado.

3 sistemas de puesta a tierra (platina de Cu estanado y resorte de
presion constante)

3 tiras de mastic.

1 rollo de cinta semiconductora.

1 rollo de cinta de goma silicona.

3 cojines de grasa de silicona.

1 kit de preparacion de cable (lija no conductiva y 3 panos con

solvente)
1 instructivo de montaje.

procedimiento para hacer el montaje de una terminacion

autocontraible de goma silicona estan indicados en las figuras 2.9a, 2.9b vy

2.9c.
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CAPITULO Il

ESPECIFICACIONES TECNICAS

3.1 Introduccion.

En este capitulo se establecen las caracteristicas tecnicas que deben
cumplir las terminaciones de media tension, para efectos de ser utilizadas en
las redes de distribucion de una Empresa de Electricidad. Esta informacion
es normalmente requerida en las licitaciones de obra, por lo que, para
aclarar los conceptos que se deben especificar, se indican ejemplos de
valores tipicos, los cuales, en el caso de las terminaciones autocontraibles
de goma silicona, resultan ser iguales o mayores que los solicitados.

Tambien se especifican otros elementos relacionados con las
terminaciones como son: los cables de energia, las condiciones ambientales
y de operacion.

3.2 Normas de fabricacion y pruebas.

Los accesorios considerados, deberan cumplir con la norma IEEE Std
48, “Standard Test Procedures and Requirements, for Alternating — Current
Cable Terminations 2.5 kV Through 765 kV”

3.3 Condiciones ambientales.
Se establece las condiciones ambientales en las cuales trabajaran las

terminaciones de media tension. Las Empresas de Electricidad de Lima han
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clasificado las siguientes zonas de su area de concesion, segun el nivel de

corrosion:

3.3.1 Zona costera de “Corrosion severa, alta contaminacion’.

Altura sobre el nivel del mar . hasta 300 m.
Humedad relativa de 70% hasta 100%
Temperatura ambiente 15°C a35°C

Neblina con suspensiones de sal, humos industriales y carencia de

lluvias. Ambiente que presenta alta contaminacion y corrosion.

3.3.2 Zona interior de “Corrosion moderada’.

Altura sobre el nivel del mar : desde 300 m hasta 2000 m.
Humedad relativa hasta 70 %
Temperatura ambiente 10°C a 35°C

Lluvias y neblinas durante los meses de Diciembre a Abril.

3.4 Condiciones de operacion.

Con el objetivo de realizar una buena seleccién de las terminaciones de

media tension, es necesario conocer datos sobre el sistema eléctrico donde

van a ser instaladas, siendo ellos:

Tension de servicio.
Tension maxima de operacion.
Nivel de cortocircuito.

Tipo de conexion del neutro.
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3.5 Condiciones generales de suministro.
Ademas de las caracteristicas técnicas de las terminaciones, es necesario

conocer los tipos de cables donde van a ser instaladas, por lo que se indican

los datos de ambos materiales.

3.5.1 Caracteristicas de los cables.
Para efectos de seleccion de la terminacion adecuada para un cable
determinado, es necesario conocer los datos siguientes:
e Tension de diseno del cable.
e Tension de servicio.
e Tipo de aislamiento del cable
e Conformacion del cable.
e Diametro sobre el aislamiento
e Calibre del conductor
e Tipo de instalacion
e Altitud sobre el nivel del mar
3.5.2 Caracteristicas de las terminaciones.
Las caracteristicas técnicas basicas que las terminaciones deberan
cumplir son:

e Las terminaciones seran Clase 1, es decir, proveeran control de
esfuerzo eléctrico, aislamiento resistente al tracking y sello contra

ingreso de humedad.

e Indicar la tecnologia de montaje.
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e Tipo de instalacion, uso interior o exterior.
e Seran ofrecidos en kits de 3 juegos completos.
e Incluiran el conector de puesta a tierra.
e EIl borne terminal sera estanco y tendra un bano de estano para
proteccion contra la corrosion.
e El instructivo de montaje, preferentemente en espanol, sera
-incluido en el kit.
e La caja de cada kit llevara los datos siguientes:
Terminacion interior (o exterior).

Tension nominal de diseno (Eo/E) : Ej. 8.7/15 kV

Tipo de cable : Ej. Unipolar (o
tripolar)

Seccion :Ej. 1 x 120 mm2

Diametro sobre el aislamiento :Ej. 16.3-22.9 mm

Numero de catalogo - Ej. QTII 5633K

Cddigo de stock
3.6 Garantia de Calidad Técnica.

La garantia técnica otorgada es de 2 anos, a partir de la entrega del
material y consiste en la obligacion de reponer el producto que presente
fallas atribuibles al diseno o al proceso de fabricacion.

3.7 Especificaciones técnicas de suministro.
Las especificaciones técnicas deben ser abiertas, es decir, no deben

estar direccionadas a determinado fabricante o tecnologia. En la Tabla 3.1



se da un ejemplo de especificaciones en

dados por normas internacionales.
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la cual los datos requeridos estan

CARAC] PERISTICA UNIDAD SOLICITADO OFRECIDO
Marca
Modelo QTII
Nuamero de catalogo 5633KC-70
Tipo Autocontraible
Norma de.disefno y pruebas IEEE Std 48 I[EEE Std 48
Seccion del conductor mm?2 1 x70 1 x70
Diametro sobre el aislamiento mm 16.3-229
Tension de servicio kV 10 Clase 15 kV
Tension de prueba, descarga kV 13 28
parcial (< 3pC)
Tension alterna sostenida. en kV 50 85
seco, | min.
Tensidén alterna sostenida. en kV 35 80
seco, 6 hr.
Tensién alterna sostenida, en kV 45 65
humedo, 10 seg.
Tension directa sostenida, kV 75 75
15 min.
Tension de impulso kV 110 150
Linea de fuga minima mm 400 438

Tabla 3.1: Especificaciones técnicas de terminacion polimérica unipolar, uso
exterior, para cable N2XSY, 10 kV




CAPITULO IV

PRUEBAS APLICADAS A TERMINACION DE MEDIA TENSION

4.1 Introduccién.

En nuestro medio, para realizar las pruebas de terminaciones de
media tension, se considera como referencia las normas IEEE Std 48.

Las pruebas se consideran pruebas tipo, es decir, son realizadas por
el fabricante durante el desarrollo de un nuevo producto o modelo de
terminacion, y seran tales que después de haber sido superadas, no deberan
repetirse, a excepcion que dicho modelo sufra modificaciones en su
concepcion o en alguno de los materiales utilizados.

Estas pruebas, garantizan la buena performance a largo plazo de los
accesorios. En general los accesorios deben tener una expectativa de vida
similar al cable.

Debido a la variedad de materiales usados y modelos de estos
accesorios, el fabricante tiene la potestad de disenar sus propios metodos de
calificacion de sus productos, por lo que no se puede establecer pruebas de
rutina. Sin embargo, las pruebas minimas a ser a las terminaciones seran

convenidas entre el fabricante y el usuario.
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4.2 Pruebas de la goma silicona como materia prima.

La goma silicona tiene buenas propiedades fisicas, que la hacen apta
para ser usada como materia prima para la fabricacion de terminaciones de
media tension. En el Anexo B se muestran caracteristicas como: factor de
disipacion, constante dieléctrica, elongacion, carga de rotura y otros.

4.3 Pruebas de diseno y producto terminado.
4.3.1 Organismos Internacionales:
Los principales Organismos Internacionales que se consideran
como referencias para realizar las pruebas de diseno y producto son:

ABNT - Brasil

e BSI - Inglaterra

e CENELEC — Europeo
e EDF - Francia

e |EEE-USA

e JCAA - Japodn

VDE - Alemania
4.3.2 Pruebas estandarizadas
De acuerdo a la norma IEEE Std 48 (ver Anexo D), las
terminaciones deben pasar satisfactoriamente las pruebas siguientes:

a.- Prueba de tension sostenida a frecuencia industrial, 60 seg. en

SecCo.
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b.- Prueba de tension sostenida a frecuencia industrial, 10 seg. en

humedo.

c.- Prueba de tension sostenida a frecuencia industrial, 6 hrs. en seco.

d.- Prueba de descargas parciales (corona).

e.- Prueba de tension de impulso (BIL).

g.- Prueba de carga ciclica.

4.3.3 Secuencia tipica de pruebas:

Las pruebas mencionadas no se realizan separadamente, sino que

deberan seguir una secuencia de pruebas. Una secuencia tipica es la

mostrada en la tabla siguiente:

|©
~0

30

4°
50
6°

Descarga parcial.

Tension sostenida AC — | min..
Tension sostenida AC — 6 hr.

Tension sostenida AC — 10 seg. (lluvia).
Tension sostenida DC — 15 min.
Impulso (BIL)

7° Descarga Parcial

8° Ciclos térmicos.

9° Descarga parcial.

10° Impulso (BIL)

| 1° Prueba de presion (detectar tugas)

Tabla 4.1: Secuencia tipica de pruebas de diseno de terminaciones.

4.3.4 Pruebas adicionales:

Adicionalmente a las pruebas estandarizadas, el fabricante puede disenar

sus propias pruebas de producto en coordinacion con el usuario. Entre ellas

mencionamos las siguientes:

a.-

Prueba salina: Las terminaciones son expuestas a una mezcla

vaporizada de agua y sal, y energizadas a 1 x Eo de tension (8.7 kV
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para Clase 15 kV). El nivel de conductividad de la solucion salina es de

1000 pS/cm.
b.- Prueba de contaminantes solidos: Simula zonas industriales, de alta

humedad y costeras. Las terminaciones son cubiertas con una mezcla

de contaminantes solidos (ASTM-D-2132) que incluyen:

Piedrassilicia 85 partes
Arcilla 9 partes
Sal 3 partes
Pulpa de papel 3 partes

| Agua 100 partes

Tabla 4.2: Composicion de contaminantes para
prueba de laboratorio

Son constantemente rociadas por agua y energizadas a un valor de
150% de la tension nominal.
c.- Prueba francesa de humedad: Se utiliza para terminaciones de uso
interior, en ambientes de humedad relativa 95% y temperatura de 30 a
45 °C. Se aplica una tension de 2 x Eo durante 350 horas.
4.3.5 Descripcion de las principales pruebas de terminaciones de media
tension:
Previamente a la realizacion de las pruebas, las muestras deberan estar
preparadas teniendo en cuenta lo siguiente:
e Deben estar limpias
e Deben estar secas o humedas (segun el tipo de prueba)

e Deben estar montadas sobre el cable de mayor calibre para el cual

estan disenadas.
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e Deben ser montadas siguiendo las instrucciones del fabricante,
incluyendo el control de esfuerzo y el sello contra ingreso de
humedad.

e Deben estar conectadas a los equipos de prueba utilizando
elementos similares a los que se usan en una instalacion estandard

a.- Prueba de tension sostenida a frecuencia industrial: La tension de
prueba se aplicara entre el conductor y la pantalla puesta a tierra para el
caso de cables unipolares y entre un solo conductor y los otros dos
unidos entre si y a las pantallas puestas a tierra, para el caso de cables
tripolares.

Si la muestra soporta la tension de prueba especificada, durante los

tiempos que se indican en las columnas 3, 4 y 5 de la Tabla 4.3, se

considerara que la muestra ha pasado la prueba. Si ocurre descarga
disruptiva 6 perforacion, se debera repetir la prueba. Si en la repeticion

de la prueba se presenta nuevamente una descarga disruptiva o

perforacion, se considerara que la muestra no paso la prueba y sera

rechazada; en cambio, si en la repeticion no hay presencia de descarga
ni otro tipo de falla, entonces se considera que la muestra si paso la
prueba.

Cabe mencionar que la prueba de tension sostenida durante 10

segundos, en humedo, solo es requerido para los modelos de uso

exterior.
b.- Prueba de descargas parciales (corona) — Tension de extincion: E|

instrumento detector de descargas parciales debe estar ajustado para
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medir pulsos de descarga del orden de 3 pC. La tension de prueba debe
ser elevada por lo menos hasta 120% del valor indicado en al columna 8
de la Table 4.3. Si la descarga parcial excede de 3 pC la tension sera
disminuida hasta el valor indicado en la columna 8 y debera mantener
este nivel minimo 3 seg. y maximo 60 seg. La muestra pasara la prueba
si el nivel de descarga parcial no excede de 3 pC durante el periodo
indicado.

Prueba de tension de impulso (BIL): Se realiza con la tension
normalizada de 1.2/50 s, con los valores de cresta que se indican en la
columna 9 de la Tabla 4.3. Se deben aplicar 10 impulsos positivos y 10
impulsos negativos entre conductor y pantalla puesta a tierra para el
caso de cables unipolares y entre un solo conductor y los otros dos
unidos entre si y las pantallas puestas a tierra, para el caso de cables
tripolares.

Se considera el resultado como satisfactorio si no se producen
descargas externas ni perforaciones. Se admite que durante los
ensayos de un terminal se produzca una descarga externa, en cuyo
caso deberan aplicarse 10 nuevos impulsos de la misma polaridad. Si
no se produce ninguna descarga externa ni perforacion, se considerara
que la muestra paso la prueba.

Prueba de tension sostenida en corriente continua: La muestra sera
sometida a la tension continua indicada en la columna 11 de la Tabla 4.3

durante 15 minutos. Si ocurre una descarga o perforacion, se repite la
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prueba. Si vuelve a producirse descarga o perforacion, se considera que
la muestra no paso la prueba.

Prueba de ciclo de carga (envejecimiento acelerado): Para
terminaciones en cable unipolar y clase de aislamiento hasta 46 kV, se
prepararan 4 muestras montadas en los extremos de 2 tramos de
cables. Estos tramos de cable tendran una longitud de 2.0 m como

minimo cada uno y estaran conectados en paralelo con ambas pantallas

conectadas a tierra.
La prueba consta de 3 etapas:

Primera etapa: En la columna 6 de la Tabla 4.3, se indica la tension que

sera aplicada sin interrupcion durante un periodo de 30 dias. La fase de
calentamiento se inicia haciendo circular por los conductores una
corriente tal que la temperatura en el cable se encuentre a unos 5 °C de
su temperatura maxima de operacion en emergencia y por un periodo
de 6 horas. La fase de enfriamiento se realiza sin corriente pero con
tension aplicada, durante un tiempo tal que la temperatura del cable se
enuentre a unos 5 °C de la temperatura ambiente.

Un ciclo de carga aproximadamente se logra en 24 horas dependiendo
del tiempo que tome llegar a las temperaturas requeridas de
calentamiento y enfriamiento. Se debe completar 30 ciclos de carga.

Segunda etapa: Luego de los 30 ciclos de carga mencionados, las 4

muestras seran sometidas a la prueba de descargas parciales (corona).

Tercera etapa: Finalmente, las 4 muestras seran sometidas a la prueba

de tension de impulso aplicando una tension normalizada de 1.2 /50 us.
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Luego de haber realizado las tres etapas, se verifica el estado fisico de
las muestras y si se comprueba que se haya producido perforacion o
danos en el dieléctrico en una de las muestras, se considerara como
falladas todas las muestras.

f.- Prueba de presion (deteccion de fugas): La muestra sera sometida a
una presion de 200 kPa (30 Ib/pulg2) en el extremo del cable, por 1
hora. Si se usa gas a presion, la muestra debe ser sumergida en un
recipiente de agua con solucion jabonosa a no menos de 5 cm debajo
de la superficie. Si se usa un liquido a presion, la muestra debera ser
espolvoreada con tiza en las zonas de los sellos y se aplicara una
presion de 100 kPa (15 Ib/pulg2) durante 2 horas 6 50 kPa (7 Ib/pulg2)
durante 6 horas.

La muestra pasara la prueba si no se presentan fugas ni roturas, luego

de haber realizado el ensayo.



Tension alterna Descarga b %
: : Tension Tension
: r parcial Tension ;
Ciclode | Radio " Impulso continua
10 seg, tension Impulso ! p e
X 6 h, seco carga, Interfe Lo op [ Maniobra | 15min,
seco hiimedo : extincion (Bil) seco
(Vrms) | (kVems) (kVrms) seco rencia g o (kVeresta) (BSL) seco
o my D03 (kVrms) nv) (kV cresta) | (kVavg)
(kVrms)
Columna | Columna | Columna | Columna | Columna Columna Columna Columna Columna
3 4 5 6 7 8 9 10 11
25 1.6 20 20 10 4.5 50 20 60 40
5 3.2 25 25 15 9 50 5 75 50
8.7 5.5 35 30 25 15 50 S 95 65
15 9.5 50 45 35 26 50 13 110 75
25 16.0 65 60 55 43 100 215 150 --- 105
345 220 90 80 75 60 150 30 200 140
46 19.5 120 100 100 53 200 40 250 170

Tabla 4.3: Pruebas dieléctricas para terminaciones instaladas en cables de
media tension de aislamiento extruido.
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4.4 Resultado de las pruebas realizadas en terminaciones
autocontraibles.

En la Tabla 4.4 se muestra los resultados obtenidos al realizar las
pruebas de diseno, para una terminacion autocontraible de goma silicona de
4 campanas, Clase 15 kV, tomando como referencia los valores indicados
por la norma IEEE Std 48-1990.

Datos adicionales para mayor numero de campanas y/o clase de aislamiento

se muestran en el Anexo B.

Clase 15 kV
TEEP Bidads Requerido Resultado
AC 60 seg, seco S50kV 85 kV(¥)
AC 10 seg, himedo 45 kV S5 KkV(¥*)
AC 6 hr, seco 35kV 80 kV(*)
Corona 3 pC, CSV (inicio) -- 33 kV
CEV (extincion) 13 kV 28 kV
DC 15min, seco 75 KV Paso 75 kV
Impulso ) +165 kKV(*)
DL -150 kV(¥)
Ciclo de carga, 30 dias
AC, 130°C 28 5kV Paso
e Corona3 pC,CEV 13 kV Paso
e Impulso 10+ +110 kV Paso
10- -110 kV Paso

Tabla 4.4: Resultados tipicos de pruebas de diseno, modelo QTIl de 4
campanas.

4.5 Protocolo de pruebas tipico de terminaciones autocontraibles para

uso exterior.

En el Anexo C se muestra el protocolo de pruebas de una terminacion

autocontraible de goma silicona para uso exterior, en la cual se observa que
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los resultados de las pruebas exceden los valores requeridos por la norma

IEEE Std 48



CAPITULO V

COSTOS Y PRESUPUESTOS

5.1 Introduccion.

Las terminaciones fabricadas con materiales elastoméricos son cada
dia menos costosos, razon por la cual no tienen mayor ingerencia dentro del
presupuesto de una obra. Los materiales y equipos, tales como:
transformadores, celdas de transformacion, cables de energia y otros, son
mas significativos en la estructura de costos de obras en redes de
distribuciéon primaria. Sin embargo, en forma referencial, se indican en este
capitulo precios de terminaciones de goma silicona y el costo de la mano de
obra para el montaje en obra.

5.2 Tiempos de instalacion.

El tiempo total de instalacion de una terminacion esta dado por la
suma del tiempo de preparacion del cable mas el tiempo de montaje del kit.

En la tabla 5.1 se muestran los tiempos referenciales que toma la
instalacion de terminaciones en un cable seco unipolar de 35 mm2, 15 kV,

segun el tipo de tecnologia que emplea para su montaje.

<utocontraible: | Termocontraible . Porcelana:| EPDM
1.5 2.0 1.5 1.5
Montaje de terminacion 0.5 1.2 2.2 0.8
Tiempo de Instalaciéon 2.0 3.2 3.7 2.3

Tabla 5.1: Tiempos de instalacion de terminaciones con diferentes
tecnologias de montaje.
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Vemos que la tecnologia autocontraible es la que emplea menos

tiempo para instalar un kit de terminaciones, por lo tanto el costo de mano de

obra también sera menor.

5.3 Precios referenciales de terminaciones autocontraibles.

En la tabla 5.2 se muestran los precios de mercado de kits de

terminaciones unipolares, clase 15 kV, tanto para uso interior como exterior.

Calibre Modelo Precio del kit Mano de Obra

(US$) (USS$)

Unipolar. uso interior:

25 -70 mm?2 QTII 5623K 140.00 70.00

95 — 240 mm?2 QTII 5624K 180.00 80.00

300 - 500 mm?2 QTII 5625K 220.00 100.00

Unipolar. uso exterior:

25-70 mm?2 QTII 5633K 270.00 70.00

95 - 240 mm2 QTII 5635K 295.00 80.00

300 - 500 mm?2 QTII 5636K 340.00 100.00

Tabla 5.2: Precio de kits de terminaciones autocontraibles

Cabe mencionar que cada kit contiene 3 terminaciones unipolares y 3 bornes
terminales de cobre estanado.




CONCLUSIONES

e La silicona, por sus caracteristicas eléctricas y mecanicas y sus
ventajas frente a otras alternativas, han demostrado en los ultimos 30
anos ser un buen material para la fabricacion de terminaciones de
media tension. Estas caracteristicas y ventajas son:

Es hidrofuga, es decir, rechaza el agua.

Tiene gran estabilidad frente a los rayos ultravioleta.

Tiene una superficie lisa que minimiza la adhesion de
contaminacion.

Es, en su mayor parte, inorganica, por lo que las erosiones
producidas por descargas eléctricas, no forman caminos
conductivos de carbono.

e Las terminaciones de silicona, frente a otros materiales como el
termocontraible, EPDM, y la porcelana, tiene las ventajas siguientes:

Es facil de instalar.

No requiere el uso de herramientas especiales.

Pocos componentes por cada Kit.

Con pocos tamanos se abarca todos los calibres de cable.

e Las terminaciones autocontraibles son las mas faciles de instalar

pues la elasticidad de la goma de silicona permite ensanchar el tubo
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aislador y su “memoria elastica” permite que recupere su diametro
original al retirar el soporte de plastico que lo mantiene ensanchado.
El diseho de la terminacion, de una sola pieza, reduce la cantidad de
componentes del kit de terminacion. Esto disminuye la posibilidad de
error humano y el tiempo de ejecucion de la terminacion.

Las terminaciones autocontraibles utilizan tubo de alta K para
controlar el esfuerzo eléctrico en la zona de corte de la pantalla
semiconductora. Este método es mas eficiente y el tamano final de la
terminacion es menor que en el caso donde se usa el método de cono
de alivio de esfuerzos.

El precio de los kits de terminaciones autocontraibles no es
significativo dentro de un presupuesto de obra. El factor determinante
para la seleccion del usuario es la gran facilidad de montaje y el
hecho de no tener que utilizar herramientas especiales.

Las terminaciones de goma silicona exceden las exigencias de las

normas técnicas internacionales.



ANEXO A

ESPECIFICACIONES TEC}\IICAS DE CABLES DE ENERGIA DE MEDIA
TENSION, DE 3.6/6 kV A 12/20 kV.



Cablesde Energia
Polietileno Reticulado

H = AEg

CEX-3

CONSTRUCCION:

Conductor de cobre rojo suave

Pantalla Interna: capa semiconductora

Aislamiento de polietileno reticulado (XLPE)

Pantalla externa

4.1. Capa semiconductora

4.2. Alambres o cinta de cobre

5. Cubierta exterior de Policloruro de Vinilo (PVC) color rojo.

Eal ol

NORMAS DE FABRICACION
ITINTEC 370.050

IEC-502
TENSION DE DISENO
Eo/E = 3,6/6 kv.

; BIMENSIONALES!
Seccion Conductor Aislamiento Numero Cubienrta Peso Neto
%] Espesor %] de Espesor O exterior Nominal
Nominal Nominal Nominal Nominal Conduc- Nominal Nominal

mm? mm mm mm tores mm mm kg/km

1 1,8 17,0 390

o S e N 3 1.9 35.0 1490

1 1,8 18,5 480

= s 2.5 12,0 3 2.0 38.0 1865

1 1,8 19,5 595

25 e e LERS 3 2.1 41,0 2310

1 1,8 20,5 710

35 71 2.5 14,3 3 2.1 43,0 2725

1 1,8 22,0 850

50 8,2 2,5 154 3 2,2 46,0 3245

1 1,8 23,5 1085

70 B e UosL 3 23 50.0 4140

1 1.8 25,0 1370

55 .6 25 18,8 3 25 54,0 5190

i i 7.8 26,5 1630

120 (=0 g au 3 2.6 57.0 6130

1 1,8 28,0 1915

150 14,5 2,5 21,7 3 27 61.0 7210

1 1,8 30,0 2300

185 16,2 2,5 234 3 2’8 65.0 8580

1 1,9 33,0 2910

S L 2.6 ) 3 3.0 71.0 10730

. 300 20.8 2.8 28.6 1 2,0 36.0 3595
Il

! 400 23.5 3.0 31.7 1 2.1 39,0 4480
|

fl 500 26.4 3,2 35,0 1 2,2 43,0 5520

Valores nominaies sujetos a tolerancias normales de manufactura
i) CEPER PIRELLI se reserva el derecho a modificar, cuando io crea necesario, los datos que figuran en el presente catalogo.




Cables de Energia
Polietileno Reticulado

CereErnhirELLY

CONSTRUCCION:

Conductor de cobre rojo suave

Pantalla interna: capa semiconductora

Aislamiento de polietileno reticulado (XLPE)

Par:talla externa

4.1. Capa semi conductora

4.2. Alambres o cinta de cobre

5. Cubierta exterior de Policloruro de Vinilo (PVC) color rojo

Hwp

NORMAS DE FABRICACION
ITINTEC 370, 050

|IEC - 502

TENSION DE DISENO

E./E = 6/10 kv

Seccion Conductor Aislamiento Numero Cubierta PesoNeto
Nominal (%] Espesor (%) de Espesor Q exterior Nominal
mm? Nominal Nominal Nominal Conduc- Nominal Nominal kg/km.
mm mm mm tores mm mm
16 4.8 3.4 13.8 3 ;Z? ig:g 2330
25 6.1 3,4 15,1 : 12:2 3;18 .
35 7.1 3.4 16.1 ; ;;2 iﬁ;g 3?2(3)8
| e | o+ | e | 4 | 8 | B | e
70 9.9 3.4 18,9 : e 2 P
s | e | s | e | 5 | i2 | Z0 | i
120 13,0 3.4 22,0 : 8 P o
wo | es | e | s | 1| i | 2o | =
185 16,2 3.4 25,2 : 30 4 v
240 18,5 3.4 27,5 ;1; :23.' ? gg',g 1?:15?8
300 20.8 3,4 29,8 1 2.1 37,0 3810
400 23,5 3.4 32,5 1 2.2 40.0 4700
500 26.4 3.4 354 1 2.3 43,0 5760

Valores nominales sujetos a tolerancias normales de manufactura

CEPER PIRELLI se reserva ei derecho a modificar, cuando lo crea necesario, i0s datos que figuran en el presente catalogo.




. VOLTENAX 6/10 kv.

:CAPACIDAD DE CONDUCCION DE CORRIENTE

Directamente enterrado (A)

Aire (A)
Seccic 3 Cables 3 Cables 3 Cables 3 Cables
eccion . . . .
Unipolar Unipolar 1 Cable Unipolar Unipolar 1 Cable
Nominal enplano sm' Tripolar enplano Sl Tripolar
Espaciam. Espaciam.
mm?
/ (o
® o ® @ D |9 &
16 144 128 118 145 126 121
25 188 168 155 186 162 156
35 229 204 189 222 194 187
50 274 244 226 261 228 221
70 341 305 281 317 279 270
95 417 372 341 377 333 322
120 479 429 391 425 377 365
150 545 486 444 473 423 409
185 621 559 506 522 475 460
240 734 662 595 597 549 531
300 840 757 - 664 617 ---
400 945 863 --- 708 688
500 1081 987 783 768 -
Temperatura ambiente: 30° C al aire libre
25° C directamente enterrado
Resistividad termica del terreno: 0,9 k. m/w
B oy o ey . REACTANCIA XL (ohm/km)
Seccion Res. Ohmicamaximaen esistencia ENDIETO En riangulo Trpolar
Nominal C.C.a20°C enC.A. %
mm? ohm/km ohm/km. @ ®® J @
16 1,15 1,47 0,244 0,174 0,162
25 0,727 0,928 0,232 0,162 0,150
35 0,524 0,670 0,223 0,154 0,142
50 0,387 0,495 0,216 0,147 0,136
70 0,268 0,343 0,208 0,139 0,128
95 0,193 0,248 0,201 0,132 0,122
120 0,153 0,197 0,197 0,128 0,118
150 0,124 0,161 0,193 0,124 0.114
185 0,0991 0,130 0,189 0,120 0,111
240 0,0754 0,100 0,185 0,115 0,106
300 0,0601 0,0818 0,181 0,112
400 0,0470 0,0662 0,178 0,109 ---
500 0,0366 0,0542 0,175 0,106




Cables de Energia
Polietileno Reticulado

CEPER BIRELLS CEX-5

CONSTRUCCION:

Conductor de cobre rojo suave

Pantalla interna: capa semiconductora

Aislamiento de polietileno reticulado (XLPE)

Pantalla externa

4.1. Capa semiconductora

4.2. Alambres o cinta de cobre _

5. Cubierta exterior-de Policloruro de vinilo (PVC) color rojo

RO~

NORMAS DE FABRICACION
ITINTEC 370.050
IEC-502

TENSION DE DISENO
Eo/E = 8,7/15 kv.

ARA - s » DN A
- Conductor Aislamiento Numero Cubierta p Net
Seccion %] Espesor 5] de Espesor | Oexterior ﬁso e |°
Nominal Nominal Nominal Nominal Conduc- Nominal Nominal Saallt
mm?2 mm mm mm tores mm mm kg km
1 1,8 23,0 760
K 6.1 4.5 17.3 3 24 47,0 2780
1 1,8 24,5 870
1 , ,
35 7.1 45 8.3 3 2,4 53,0 3600
1 1.8 26,0 1020
4' ’ »
50 82 5 19.4 3 25 55.0 4170
1 1.8 27,5 1270
70 9.9 4.5 Gl 3 2.7 60.0 5170
1 1,8 29,0 1560
95 11,6 4.5 22,8 3 2.8 ~4.0 6270
i] 1,9 31,0 1840
120 13,0 4,5 24,2 3 2.9 67.0 7260
1 1,9 33,0 2140
150 4, , :
g g
185 16,2 4,5 27.4 3 31 75.0 10800
1 2,0 37,0 3180
240 i .
18.5 4.5 29.8 3 33 77.0 11500
300 20.8 4.5 32,0 1 2.1 40,0 3820
400 23,5 45 34,7 1 2.2 43.0 4700
500 26,4 4.5 37,6 1 2,3 46,0 5730

Valores nominales sujetos a tolerancias normales de manufactura

CEPER PIRELLI se reserva el derecho a modificar, cuando lo crea necesario, los datos que figuran en
el presente catalogo.



! VOLTENAX 8,7/15 kv.

: CAPACIDAD DE CONDUCCION DE CORRIENTE

Directamente enterrado (A)

Aire (A)
Seccion 3 Cables 3 Cables 3 Cables 3 Cables
Unipolar Unipolar 1 Cable Unipolar Unipolar 1 Cable
Nominal enplano sin Tripolar enplano Sl Tripolar
Espaciam. Espaciam.
mm?2
©®®®| & & |[eeo| & &
25 188 169 156 184 161 155
35 229 207 191 219 193 186
50 274 247 229 258 227 221
70 342 309 284 314 278 269
95 417 377 344 374 332 322
120 478 433 395 417 375 364
150 543 493 447 465 421 408
185 620 564 510 519 474 460
240 734 668 599 595 549 531
300 827 760 639 611 ---
400 944 869 --- 708 688 ---
500 1079 995 --- 785 770 ---

Temperatura ambiente: 30° C al aire libre
25° C directamente enterrado

Resnstlvudad termica del terreno: 0,9 k.m/w

REACTANCIA XL (ohm/km)
Seccion Res. ohmica maximaen Resistencia En plano En triangulo | Tripolar
Nominal C.C.A20°C enC.A.

mm?2 ohm/km . ohm/km ® ® ® & @
25 0,727 0,928 0.239 0,170 0,159
35 0,524 0.670 0.231 0.162 0.151
50 0,387 0.495 0.224 0,155 0.144
70 0.268 0.343 0,215 0.145 0,136
95 0,193 0,248 0.208 0,138 0.129

120 0,153 0,197 0.204 0,134 0,125

150 0,124 0.161 0,199 0,130 0.121

185 0,0991 0,130 0,195 0,126 0,117

240 0,0754 0.103 0,189 0,120 0,112

300 0,0601 0.0819 0,186 0,117 ==

400 0.0470 0,0662 0,183 0,113 =

500 0,0366 0.0542 0,179 0.110 ---




Cables de Energia

-]
E EPER I IRELL] Polietileno Reticulado CEX-6

CONSTRUCCION:

Conductor de cobre rojo suave

Pantalla interna: capa semiconductora

Aislamiento de polietileno reticulado (XLPE)

Pantalla externa

4.1. Capa semi conductora

4.2. Alambres o cinta de cobre

5. Cubierta exterior de Policloruro de Vinilo (PVC) color rojo

o=

NORMAS DE FABRICACION
ITINTEC 370.050

IEC - 502

TENSION DE DISENO

Eo/E = 12/20 kv.

ARA - ' 9 @ s
Secgi()n Conc{l;ctor Espef;\ésrlamlentoa Nulr;:aero EspgsoCrUb'e%aextgrior Pﬁgom?;:o
Nominal Nominal Nominal Nominal Conduc- Nominal Nominal
mm? mm mm mm tores mm mm kg/km
35 71 5.5 20.3 ; ;:g 2?;8 482(5)
50 8.2 5.5 21.4 3 27 500 4735
70 9,9 5.5 23.1 ; ;(3 22:8 ;222
95 11,6 5,5 24,8 ; 12'_3 22:8 égfg
120 13,0 5.5 26,2 3 30 730 7985
W e [ e | wr [ 4 | 2| ae | o
185 16.2 5.5 29,4 A 55 200 rooas
240 18,5 5,5 31,7 ; §;1 3218 13322
300 20,8 5.5 34,0 1 22 42,0 3975
400 23,5 5,5 36,7 1 23 45,0 4860
500 26,4 5,5 39,6 17 2,4 48,0 5945

Valores nominales sujetos a tolerancias normales de manufactura ] .
CEPER PIRELLI se reserva el derecho a modificar, cuando lo crea necesario, los datos que figuran en el presente catalogo.



'VOLTENAX 12/20 kv

AD DE CONDUCCION DE CORRI

Aire (A) Directamente enterrado (A)
Seccioén 3 Cables 3Cables 3 Cables 3 Cables
Unipolar Unipolar 1 Cable Unipolar Unipolar 1 Cable
. en plano sin Tripolar en plano sin Tripolar
pomingl Espaciam. Espaciam.
mm?
P®® | & @ oo @
35 230 209 193 217 192 185
50 275 250 231 255 226 220
70 342 311 286 311 277 269
385 416 379 347 - 368 331 321
120 478 436 397 415 375 364
150 542 495 450 462 420 408
185 620 567 513 517 473 460
240 732 671 603 592 548 531
300 825 763 638 611
400 942 873 708 688
500 1058 991 757 764

Temperatura ambiente: 30° C al aire libre
25° C directamente enterrado

Resistividad termica del terreno: 0,9 k.m/w

OLTENA
4 l V' ¢
Seccion Res. ohmicamaximaen Resistencia REACT';N(‘:I,: = :ohm/l;-n?) |
Nominal C.C.A20°C enCA. En plano n triangulo ripolar
mm? ohm/km ohm/km @ @ @ &) @
35 0,524 0,670 0,238 0,168 0,158
50 0,387 0,495 0,231 0,161 0,151
70 0,268 0,343 0,221 0,152 0,142
95 0,193 0,248 0,214 0,144 0,135
120 0,153 0,197 0,208 0,139 0,130
150 0,124 0,161 0,204 0,135 0,126
185 0,0991 0,130 0,200 0,130 0,122
240 0,0754 0,100 0,194 0,125 0,116
300 0,0601 0,0819 0,190 0,121 ---
400 0,0470 0,0662 0,187 0,117 ---
500 0,0366 0,0544 0,182 0,114 ---




APACIDAD:.QO 0 0 ORF
Aire (A) Directamente enterrado (A)
S . 3 Cables 3 Cables 3 Cables 3 Cables
eccion Unipolar Unipolar 1 Cable Unipolar Unipolar 1Cable
' enplano sin Tripolar enplano sin Tripolar
Nominal Espaciam. Espaciam.
mm?2 0
®®®| & @ (@@ % @
10 107 95 88 107 94 90
16 143 127 118 145 126 121
25 188 167 154 187 162 156
35 228 203 188 223 194 187
50 273 242 225 262 228 221
70 341 303 279 319 279 270
95 417 371 340 378 333 323
120 480 428 389 427 378 365
150 545 487 442 475 423 409
185 621 557 504 523 475 460
240 735 661 593 598 550 531
300 840 756 664 617
400 963 866 --- 740 694
500 1081 986 --- 783 768 ---
Temperatura ambiente: 30° C al aire libre
25° C directamente enterrado
Resistividad termica del terreno: 0,9 k.m/w
£) b/6
DA BR:-A G - ()
REACTANCIA XL (ohm/km)
Seccion Res.ohmicamaximaen Resistencia . .
Nominal C.C.A20°C enC A, En plano Entriangulo Tripolar
mm? ohm/km ohm/km ® ® ® (% @
10 1,83 2,34 0.259 0,185 0,171
16 1,15 1,47 0,240 0,171 0,158
25 0,727 0,928 0,228 0,159 0,147
35 0,524 0,670 0,220 0,151 0,139
50 0,387 0,495 0,214 0,144 0,133
70 0,268 0,343 0,205 0,136 0,125
95 0.193 0,248 0,199 0,129 0,119
120 0,153 0,197 0,194 0,125 0,115
150 0,124 0,161 0,191 0,121 0,112
185 0,0991 0,130 0,187 0,118 0,109
240 0,0754 0,100 0,182 0,113 0,104
300 0,0601 0,0817 0,179 0,110 .-
400 0,0470 0,0661 0,177 0,107 -
500 0,0366 0,0541 0,174 0,105 ---




ANEXO B

ESPECIFICACIONES TECNICAS DETERMINACIONES
AUTOCONTRAIBLES DE GOMA SILICONA, PARA USO EXTERIOR, DE
15 - 345 kV.



Quick Term IT

Silicone Rubber Termination Kits
5630K and 5690K Series

1. Product Description

3M 5630K and 5690K Series Quick
Term II Silicone Rubber Termination
Kits are ane-piece Cald Shrink
teminations for Tape Shield, Wire-

Shield and Uni-Shield® power cables.’

They meet the requirements of IEEE
standard 48-1990, for class 1 ter-
minations. In addition they meet Ger-
man standard VDE 0278 parts 5 & 100,
British standard BS C-89, Spanish stan-
dard UNE 21-115-75 and Brazilian
standard A.B-N.T- 9314. Similar ter-
minatioes using Quick Term II technol-
ogy meet French EJF standards HN
33-E-01 and HN 41-E-01. Data an for-
eign standards are available upan re-
quest. The 3M Quick Term I cansists
of a high dielectric canstant (High-K)
stress coamol tube insulated with a
molded silicope skirted insulator. There
is a four skirt design rated 15 kV, a six
skirt designrated 25/28 kV and an eight
skirt design rated 34.5 kV. Each insula-
tr design incarparates an extended
base feature which when cambined
with mastic ensures a seal at the cable
jacket end where the tamination
ground strap is brought cut. Quick Term
I terminations are provided in an ex-
panded state, mounted an a removable
inner supponing plastic core. As sup-
plied in this pre-stretched condition the
tamination is ready for Geld mstalla-
tion. During jnstallation the core is un-
wound, allowing termination to shrink
andform atight seal. Collectively, these
txmination kits cover cables with
primary insulation O.D. from 0.33” to
1.95" (0.85 to0 49.5 mm) and with cable
jacket O.D. from 0.55" 10 2.40” (14.0t0
61.0 mm).

Thesekits can be used toterminate Tape
Shield, Wire-Shield and Uni-Shield
power cables from:

#8 AWG to 2000 kcmit at S kV,

#8 AWG 10 2000 kcmil at 8 kV,

#4 AWG 101750 kcmil at 15kV,

#2 AWG t0 1250 kcmil at 25.0 kV and
#2 AWG to 1000 kcmil at 345 kV.

Stress Control

The 3M Quick Tam O conoals the
electric field swrrounding the termi-
nated cable insulaticn shield end, by use
of a special high dielectic canstam
(High-K) material which is an integral
pant of the termination. The High-K
material has a dielectric constamt of
about 25. By coarrolling the elecmrical
field, the swess concentration in the
applied termination materials and at the
air interface is less than 15 volts/mil at
rated voltage. In the shielded partion of
15 kV cable, the stress concentrations
typically vary from 50 volts/mil at the
shield to about 70 volts/mil at the
conductor. When taminaed with the
Quick Term 0, the stress in the cable
underneath this unit is less than it is in
the shielded partion of the cable.

Figure 1 shows an actual camputerized
stress plat of the Quick Term II.

Cold Shrink Insulators

The 3M Quick Term I Skirted Insula-
tars are coostructed of non-tracking
silicone rubber which minimizes leak-
age currents in wetted conditions for
three reasoas:

15 kV-34.5 kV

1. The smooth surface o the siliccne
rubber insures that a2 minfmuom
amount of contaminatiocn will
adhere to the trminarion.

2. Silicane rudber has a hydrophobic
surface: When water cames in can-
tact with the silicane it beads up and
runs off the skints rather than cam-
pletely wertting these surfaces. Thus
a less canductve path is famed aa
the silicone andleakage currenteare
lowered.

3. When leakage currents do increase
and arcing occurs on the surface, the
ash famed by ersion o the
silicone insulatar is non-arganic o
noncoaductive. Continued degra-
datian is thereby deterred.

Under heavy rain conditians, canven-
tonal skirted terminations with even-
skint diameter insulatars tend to fam
drip paths or coatinucus water paths
from insulatcr skirt tip to skirt tip. By
comparisan, 3M Quick Tarm I insula-
tars are designed with unique, uneven
skin diameters. This feaure allows
water dripping from the upper skirt to
fall free, avoiding the skirt to skirt con-
ductive path that can develop with
even-skirt diameter insulatcxs. This
design of the 3M Quick Term II ter-
mination optimizes perfmance nnder
heavy rain conditions.

SEMI-CONDUCTIVE
INSULATION SHIELD

Figure 1



Kit Contents

Each kit contains sufficient quantities of the
following materials to make three
terminations:

— 3 Hi-K Silicane Rubber Terminatians
— 3 Mechanical Ground StrapAssembties
— 3 Strips of Mastic

— 1 Roll of Scach™ 13 Scmi-Con Tape
— 1 Roll of Scaxch 70 Silicone Tape

— 3 Packs of Silicane Grease

— 1 Scach Cable Preparation Kit

— | Insauction Sheet

2. Applications

The 5630K and 5690K Series Quick Term I
Silicane Cold Shrink Terminations are used
10 taminae Tape Shield, Wire Shield and
Uni-Shield power cable rated 15 kV, 25/28
kV and 345 kV having extruded solid
dielectric = Insulation as  follows:
Palyethylene (high and low dendity),
cross-linked polyethylene (XI1P) and
ethylme propylene rubber (EPR). The
terminations are light weight for eitber
freeshanging (e brackct-mamung
arrangeaments. They can be used in bath
praected  and  weather  exposed
contaminated areas. The amount of airbarne
contamination  determines the operating
enviraomzent—Opearating environments are
described as areas having varying degree of
airbarne contaminant ar pallution severiry
that mgy, or may nct effect the long term
perfamance o temminations. These
Operating environmentsaredefined as light,
medium, beavy and exmemely heavy
variztions of poluticn severity. The
appropriate termination selecion depends
an the system voltage and oOperating
environment. (See tables to right)

3. Data: Physical and
Electrical Properties

The 5630K and 5690K Series Quick Term I
terminaticos can be used on cables with a
rated operating temperarure o 90°C and an
emergency overload rating of 130°C,
(reference: AEIC CSS and AEIC CS6).
These kits meet requirements fara 15 kV, 25
kVand345kV, Class | termination mIEEE
Standard Test Procedures and Requirements
for High-Voltage Cable Taminations ((EEE
Standard 48-1990). (See Section 5,
“Perforumance Tests”). The current rating
of Quick Term I teminaions meets and
exceeds the current rating of the cables.

Recommended Appllcatlon Guide

56(;::’- Sskég)'ll( 548kvV| v v v
L, | il
soaaK - searK | 228KV | v

o S | 28RV v v v
sact K (| 258KV v v v
8

W, | |

Ersn [ o] v [ - | v | -

Recommended operating envionmants are marked with a check (v)

% Conault IM sales reprasentative.

Pollution Severity Level Gulde

[‘. WiCEE P T T
e Areas without industry and with
low density housing.

e Areas subjected to frequent winds
and/or rain fall with low density
industry and housing.

e Agricultural areas. &

e Mountainous areas.

All of these regions should be
situated at least 7 to 15 miles from
the coast and should not be exposed
to coastal winds. ¥

UM R E IS N ) DI D .

| ST m

s High density industrial areas and
some urban areas with high
density housing, espedally those
with infrequent rain falil.

o Areas subjected to a moderate
concentration of conductive dust,
particularty industrial smoke
producing deposits.

» Areas generally close to the coast
and exposed to coastal spray or
to strong winds carrying sand
and sait, and subjected to regular
condensation.

¢ Non polluting industrial areas
subject to infrequent rain fali
and with average density
housing.

e Areas subjected to frequent
winds and/or rainfall with high
density industry and housing.

e Areas exposed to wind from the
coast but generally over two miles
from the coast.

¢ Very small isolated areas where

e Usually very limited areas having
extremely heavy poliutants from
industrial sites especally those
located near ocsans and
subjected to prevailing winds from
the sea.

terminations are located
immediately adjacent to a
poliutant source, espedally
downwind (cement plants, paper
mills, etc.).

% Use of fertilizers by spraying, or
the buming ol crop residues, can
lead to a higher poliution lavel due
to disperaal by wind.

2

# Distances from coast depand on the

topography of the coasta! area and
on the extreme wind condtione.
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FOUR-SKIRT TERMINATION
A. Typical Dimensions
r WOsT W 171 T T T
13.25° (max) 1.62- 2.60° 18.0° (max) 13.75” (max)
(337 mm) (41,1 mm) (66,0 mm) (457 mm) (349 mm)
12.0” (max) 1.67~ 2.68° 17.25” (max) 12.5” (max)
(305 mm) (42,4 mm) (68,1 mm) (438 mm) (317 mm)
12.0” (max) 1.82° 2.75° 17.25° (max) 12.5° (max)
(305 mm) (46,2 mm) (69,8 mm) (438 mm) (317 mm)
13.5” (max) 2.007 3.25 19.25 (max) 14.0” (max)
(343 mm) (50,8 mm) (82,5 mm) (489 mm) (356 mm)
13.75° (max) 2.00" 3.55” 19.50” (max) 1425 (max)
" . (349 mm) (50,8 mm) (90,2 mm) (485 mm) (362 mm)
B. Termination Selection Table
0.33-0.68 in. 0.55-0.82 in. |
@8.4-17.5mm) | (140-23,4mm) | &2P ol o &4 &5
0.64-0.90 in. 0.80-120in.
(16,3-22,0 mm) | (20,3-30,5 mm) 3/0-300 2/0-250 1/0—/0 230 4-1/0 2-1
0.84-1.33in. 1.00-1.60 in.
R5K:| (21,333.8mm) | (25,4~40,6 mm) 350-750 300-750 250-600 3/0-500 2/0=350 1/0-250
eagw| 1.10-1.65in. 1.30~1.90in. -
5636’)(;- (27,941, mm) | (33.0~48,3 mm) 750-1500 | 750-1250 | 600-1000 | 500-1000 | 350-750 300-500
neil 1.30-1.95in. 1.50-2.40 in.
§637K (33,049.5 mm) | (38,1-61,0 mm) 1000-2000 | 1000-2000 | 800—-1750 | 750-1750 | 600—1500 | 600-1250
* Also appropriate for 5 kV (133%).
** See Recommended Apoplication Guide, on page 2.
C. Typical Results per IEEE STD. 48-1990 Tests
G ] .. BKVClass 8KV Class i 15KV.Class o | (25 KV Class.
i f Requirement | Resudts i Requinment (|- iResults ;| Requirement’| Resuits .| Requiremsam ‘| :*Results
60 sec. w/s ac 25 kV 75 k\V® 35 kv 80 kv" 50 kv 85 kv* 85 kV 90 kV*
10 sec. w/s wet ac 25 kV 55 kV* 30 kV 60 kv* 45 kY 65 kv* 680 kv 5 kv
8 hours w/s ac 15 70 kV® 25 kV 75 kv* 35 kv 80 kv" 55 kV 85 kv
Corona@3pc.CS — 9.0 kV — 12kV — 33 kV -_— 38 kV
\% 4.5 kv 8.5 kv 7.5kV 11 kV 13 KV 28 kV 21.5kv 32 kV
(013
v
15 min. w/s dc 50 kV Pass 50 kV 85 kV Pass 65 kV 75 kV Pass 75 kV 105 kV pass 105 kV
+125 kV* +130 kV* +185 kV* +180 kV*
Impulse w/s 75 kV PETTIIVE 95 kv 2125 kv~ M0 kV 2150 KV 150 kV 2185
30 day Cyclic
Aging @ 130°C
wis ac 9 kV Pass 1S kV Pass 28.5 kV Pass 48 kV Pass
Corona @3 pe.
CEV> 4.5kV Pass 7.5kV Pass 13 kV Pass 21.5kV Pass
Impuse 410 +75 kV Pass +95 kV Pasa +110 kV Pass +150 kV Pass
-10 -75KV Pass —95 kV Pass ~110 kV Pass =150 kV Pass

At higher voltage flashovers occur.
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SIX-SKIRT TERMINATION
A. Typical Dimensions
15.0” (max) 1.67° 2.687 23.0” (max)
(381 mm) (42,4 mm) (68,1 mm) (584 mm)
15.0” (max) 1.82° 2.75° 23.0” (max)
(381 mm) (46,2 mm) (69,8 mm) (584 mm)
16.5° (max) 2.00” 3.25° 25.75° (max)
(419 mm) (50,8 mm) (82,5 mm) (654 mm)
16.75° (max) 2.00” 3.55° 26.0” (max)
(425 mm) (50,8 mm) (90,2 mm) (660 mm)
‘B. Termination Selection Table
0.84-1.33in. 1.00-1.60in.
(21,3-33.8mm)  (25.4—0,6 mm) /0400
: R 1.10-1.65in. 1.30-1.90 in.
§693K . (27,9-41,9 mm) (33,048.3 mm) 500-750 400-750
1.30-1.85in. 1.50-2.40 in.
(33,048,5mm)  (38,1-61,0 mm) 800-1750 800-1500
** See Recommended Appiication Guide, on page 2.
C. Typical Results per IEEE STD. 48-1990 Tests
Requirement - " Reaults
6C sec. w/s ac 50 kv 100 kv* 85 kv 110 kV* 90 kV
10 sec. w/s wet ac 45 kv 70 kV* 80 kv 80 kv* 80 kV
8 hours w/s ac 35 kv 85 kV* S5 kv 105 kv* 75 kW
Corona@ 3pc. csv 33 kV 36 kV
CEV 13 kV 28 kV 21.5kv 2 kV 30 kV
15 min, w/s dc 75 kV Pass 75 kv 105 kV Pass 105 kV 140 kV
1 +195 kV* +210 kVv*
mpuise w/s 110 KV 2180 KV 150 kV o5 kv 200 kV
30 day Cydlic Aging @
130°C w/s ac 28.5 kV Pass 48 KV Pass 88 kV
Corona@3 pe. CEV> 13 kV Pass 21.5kV Pass 30 kV
Impuse +10 +110 kV Pass +150 kv Pass +200 kV
-10 - 110 kV Pass =150 kV Pass =200 kV

125 kV ciass Quick Term Il terminations will also meet prorated values for 28 kV rated systems.

“Athigher voitage lashovars occur.

15.5” (max)
(394 mm)

15.5” (max)
(384 mm)

17.0° (max)
(432 mm)

1725° (max)
(438 mm)

1/0-250
300-500

600-1250

115 kv*
90 kV*
110 kV*

41 kV
39kV

Pass 140 kV

+225 kV*
=210 kV*

Pass
Pass
Pass
Pass
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EIGHT-SKIRT TERMINATION
A. Typical Dimensions
HE S 5 O
3 19.57 (max) 1.82° 275 30.07 (max) 20.0” (max)
(485 mm) (45,2 mm) (69,8 mm) (762 mm) (508 mm)
21.5* (max) 2.00° 3.25° 33.07 (max) 22.0° (max)
(548 mm) (50,8 mm) (82,5 mm) (832 mm) (559 mm)
21.75° (max) 2.00" 3.55° 33.25” (max) 2225° (max)
— (552 mm) (50,8 mm) (90,1 mm) (845 mm) (565 mm)

B. Termination Selection Table

0.84-1.33 In. 1.00-1.60 in.
(21,3-33,8 mm) | (25.4~40,6 mm) S0-400 e LG
1.10-1.85 in. 1.30-1.90 in.
(27.9-41,9mm) | (33.048,3mm) 500-750 Syl
1.30-1.95 in. 1.50-2.40 in.
| e e 800-1750 600-1250 500-1000

= See Recommended Appiication Guide, on page 2.

C. Typlcal Results per IEEE STD. 48-1990 Tests

i = — L it = e = Ll ey
T
80 sec. w/s ac 50 kV 11S kV* 85 kv 12S KV~ 90 kV 135 kV*
10 sec. w/s wet ac 45 kV 75kV” 60 kV 85 kv~ 80 kV a5 kv*
6 hours w/s ac 35 kv 100 kv* 55 kv 110 kV™ 7S kV 120 kV*
Corona@3pe. csv — 33 kv —_ 38 kV — 41 kV
CEev 13 kV 28 kV 21.5kV 32kV 30 kv 39 kV
1S min. w/s dc 75 kV Pass 7S kv 10S kV Pass 105 kV 140 kV Pass 140 kV
+215kV* +235 kV* +255 kV*
Impulse w/s 110 kv ~200 kV® 150 kV -220 kKV* 200 kv 240 KV*
30 day Cyd-c Aging @
130°C w/ 28.5kV Pass - 48 kV Pasa 68 kV Pass
Comm@:i pc. CEV> 13 kV Pass 21.5kV Pass 30 kV Pass
Impulse +10 +110 kV Pass +150 kv Pass +200 kV Pass
-10 -110 kV Pass =150 kV Pass -200 kV Pass

At higher voltage fashovers occur.



D. lyg]ca] Physical
& Electrical Properties

| Sllicone Rubber Insulator

Physical Properties

Jest Method Jypical Value®
« Color Munsel Gray
« Permanent Set 8%
22 hours @ 100°C (212°F)
100% elongation
5 minute recovery
» Ultimate Tensile
Strength 1200 psi
(ASTM D412-68) (8.28 MPa)

{ Electrical Properties

Jest Method Iypical Value®
+ o Dielectric Constant (K)
(ASTM D150-70)
23°C (73°F) 3.4
90°C (194°F) 3.0
130°C (266°F) 2.7
» Dissipation Factor
(ASTM D150-70)
23°C (73°F) 0.4%
90°C (194°F) 1.3%
130°C (266°F) 12%
« Dielectric Strength
(ASTM D14S-70)
075° gap 507 volts/mil
(1,80 mm) (20 kV/mm)
« Track Resistance
(ASTM 2303-68)
2.5kV, 10k Ohms 10 hrs.

EPDM Rubber High-K Stress
Control Tube

Physical Propertles

22 hours @ 100°C (212°F)
100% elongation
5 minute recovery

Electrical Properties

¢ Dielectric Constant (i)
(ASTM D150-70)
60 Hz; @ 60% strain
@400V @3kV
23°C (73°F) 25.7 28.8
65°C (149°F) 245 272
90°C (184°F) 25.2 27.7
vs. frequency @ 23°C (73°F)

150 Hz 35
1,000 Hz 29
10,000 Hz 24
100,000 Hz 20
¢ Dissipation Factor
(ASTM D150-70)

60 Hz; @ 60% strain
@400V @3 kV
23°C (73°F) 0.096 0.166
65°C (149°F) 0.093 0.165
90°C (194°F) 0.132 0.161
vs. frequency @ 23°C (73°F)

150 Hz 0.16
1,000 Hz 0.15
10,000 Hz 0.14
100,000 Hz 0.12

‘Average values, not intended for spedcification
purposes.

4. Specification Guide

Open Specification

The cable termination must be a one-piece
Cold Shrink 15 kV, 25 kV ar 345 kV Class
device and meet all 1S kV, 25kV or 345 kV
requirememts for Class 1 termination as
recaxded In [EEE Standard 48-1990. The
termination must be a molded rubber unit
wherethebuilt in stress relief mechanism uses
the coocept of high dielectric canstant
capacitive smess grading. The molded rubber
insulator must be made fram silicane rubber.

the 3M Brand 5630K and 5690K series Qui
Term 1 Silicone Rubber Tarmination Kits.

5. Performance Tests

A. Corona Tests

The purpcse of the carana tests is toinsure th
all properly installed terminatians Opere
corna-free at a minimom of 150% o the
operaling voltage. In this test, phase to grou-
voltage is gradually increased wnnl hig
frequency discharges are displayed an
oscilloscope.

The voltage at which these discharges reac
three picocoulambs is recarded as the carx
starting voltage (CSV). The voltage is the
lowered until the discharges are lessthan thr
picocaulambs. This valtage is recaded as t
caroua extinction voltage (CEV). All Quic
Term I terminations confarm with the IPCE
recanmended minimum caana exunclc
(CEY) level of 150% of opaarng vdtag:
Samples installed ca 15 kV class cable a
typically carona-free at 30 kV. Sample
installed an 34.5 kV class cable are typical
corcna-free at 40 kV.

B. Impulse Tests (BIL)

In this test a naminal 1.2 x 50 miguosecax
wave, both positive and pegative, is used Te
consecutive impulses at each palarfry ar
applied. All Quick Term IT teminations mes
the BIL requirements as recaded in IEE
Standard 48-1990 with a cansiderable amou-
of safety margin

C. Alternating Current
Withstand Tests

All terminations meet ac withstand tests &

specified in IEEE Standard 48-1990. See a

plicable tables “Typical Results per IEE"

STD. 48-1990 Tests.”

The average value o voltage which will ar
over the terminaian surface in air, framn th
cable connecting lug to the ground strap at th
tamination base, is shown in table below.

To determine dielectric strength, terminatior
* szinmate Tensile ) Closed Specification are immersed in SF¢ gas. The SF¢ gas. havin
rength 1394 psi Terminate all 15kV, 25kV and 34.5kV Class  a higher dielectric swength than air, prevent
AST
(ASTM 412-68) (9.6 MPa Tape Shield, Wire Shield, and Uni-Shield termination flashover. The ac breakdown va!
* Permanent Set 18% Cables in accardance with the instructions in  ues are shown in table below.
; SR AC Breakdown In8Fg SR
25KV .| 348} BkVClmas | ISKY i} 25KV | 34.5kY
E S— Clsss TR Clags | :Ciass = Class
i
85 kV 85 kV 85 kV 100 kv 130 kv 185 kv
105 kV 115 KW 130 kV 155 kV 197 kV
125 kV 135 kV 130 kV 155 kV 197 kv




D. Environmental Performance
When airbane contaminants are depcsited an
ateaminfTion surface destuctive leakage cur-
rents can be iitiated when the surface be-
comes wet. Fog and drizzle are warse than
rain. Rain tends to wash the pollutants off the
terminafion while fog will wet the pollutants
making the surface conductive to varying de-
grees pranoting leakage current farmaticn
This is most typical of hydrophillic surfaces
typified by parcelain (Figuwre 2). The surface
of 3M Quick Term I silicone insulmor is hy-
| drophobic which makes it less likely to erode
or gack becamse the surface does not wet
readily. (Figure 3). This either prevents oc
minimizes leakage current famaicn. On oc-
casion severe environmental conditions can
) be sustained for lang time periods and canse
rany polymeric suface to lose its
| hydrophobicity. Because of this, EPDM paly-
i mers tend to lose their hydrophobicity over
| time, and parcelain surfaces became increas-
! ingly hydrophillic with time, which will resalt
in premarure failure or flashover However,
the silicane surface will
re-establish its hydrophobic surface within 24
| bours (Figure 4). This unique ability of the
Quick Term II silicane is a major factar to in-
sure long service life.
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HYDBOPHILLIC
CONTACT ANGLE

WATER WANTS TO WET
ENTIRE SURFACE

BORCELAIN
FIGURE 2

HYDROPHOBIC

CONTACT
ANGLE

WATER WANTS TO “BALL
UP — NOT WET SURFACE

SILICONE
FIGURE 3
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E. Sealing Tests

The batam seal co shielded power cable
famed with mastic placed under and overt
flat ground strap, which is then over-wrapp
with vinyl tape. The tape wrap campresses t
mastic to provide a maisture seal around t
ground strap. The elangated base of a S63C
ar 5690K Series Quick Tam I Cold Shri-
insulatar covers the cable jacket end and taf
mastic region to camplete the seal. The &
seal on the lug is provided by the use of Scoxc
70 Silicane Rubber Electrical Tape.

The seals are tested by immersing the lug ez
in water and applying air pressure to U
canductar. Both seals will withsand interr
air pressure test per [EEE Standard 48-19%

F. Ultraviolet Resistance

After 1,000 hours of testing in 2 Weather-C
Meter accading to Specificarins AST?
D750 and ASTM G23, the silicane msularr
exhibited no crazing, aracking or change
surface appearance. Silicane rubber, unlix
carbon based elastamers, is inhaemly stk
under exposure to sunlight This is because ¢
the silicone molecular back bane (the silicor
oxygen bond) has a bond suength greater the
the ultraviolet energy of sunlight while t-
carban-carbon boad of an EPDM elastamer
less than sunlight.

RECOVERY OF CONTACT ANGLE
FOR Q7O SILICONE RUBBER.

100—

1

3

—‘L-.=|1

0 10 20 30 40 S0
HOURS AFTER REMOVAL
FIGURE 4



6. Installation Techniques

A detailed instruction sheet regarding

propex installation is included in each kit

A trief summary of these procedures is as

follows:

A Prepare cable accarding to standard
procedure. (Figure 1)

9. Shelf Life

3M 5630K and S690K Series Quick Term
II Silicane Rubber Termination Kits are
packaged three teaminatians per canan.
As provided in the expanded state, ter-
minations have an an-shelf starage life of
five years.

B. Install salderless ground swap and

mastic seal, (Figure 2)

Ovawrap mastic with proective
vinyl tape layer. (Figure 3)

Apply a liberal coating of silicane
grease to the edge of the cable semi-
canductive insuladon  shield (ar
13-Tape). (Figure 3)

Place termination over cable and un-
wind the care allowing the tamina-
tion to shrink into place. (Figure 4)
Install terminal lug and apply
70-Tape Top Seal (Figure 5)

7. Field Maintenance
Hypotting

These terminations can be tested accard-
ingtothe instructions given in [EEE Stan-
dard 400-1980, “Guide far Making High
Direct Voltage Tests in the Field.”

Surface Cleaning

It is not uncomman in areas of extreme
contamination for users to pericdically
clean terminarions and other insulatcrs.
Energized or deencrgized, established
techniques for cleaning cable termina-
ticms can be used, e. g. high pressure water
and pulverized cam cobs.

C

D.

8. Availability

3M 5630K and S690K Series Quick Term
O Modlded Silicone Rubber Terminaticn
Kits can be purchased through your local
authorized 3M electrical dismibutac

Maximum recommended starage temper-
atuwre is 110°F (43°C). They are nt
effected by freezing starage tempera-
tores. The year and quaner of manufac-
ture is maolded into the base of each Quick
Texm 1 termination. Stock raation prac-

tice is recammended.
—A B
[ | | I —l
%‘_,,_____f;?ﬂ.
FIGURE 2
FIGURE 3
FIGURE 4
FIGURE 5 |

IMPORTANT NOTICE TO PURCHASER:

Al statements, technical information and re-
commendations related to the Seller's products
arsbased on information belleved to be refiable,
butthe accuracy or compieteness thereof is not
Quanantieed. Before utllizing the product, the
User should determine the suitabillty of the pro-
duct kor ita intended use. The user assumes al
m and liabillty whatsoever in connection with

use.

All statements or recommendations of the Sedar
which are not contained in the Seler’s current pub-
Bcations shall have no foroe or effect uniess con-
tained in an agreement signed by an authorized
officer of the Seller. The statements contained
herein are made in lleu of all warmmanties expresaad
or lmpiied, Including but not limitad o the Implied
warranties of merchantabifity and fitneas for a par
Scular purpose which warmanties are heraby ex-
pressly disclaimed.

© M 190

SELLER GHALL NOT BE LIABLE TO THE
USER OR ANY OTHER PERSON UNDER ANY
LEGAL THEORY, INCLUDING BUT NOT LIM-
ITED TO NEGLIGENCE OR STRICT UABIUTY,
FOR ANY INJURY OR FOR ANY DIRECT OR
CONSEQUENTIAL DAMAGES SUSTAINED OR
INCURRED BY REASON OF THE USE OF ANY
OF THE SELLER'S PRODUCTS.

3M Electrical Products Division

6801 River Place Bivd.
Austin, Texas 78726 — 9000
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Cold Shrink™ 7695-S-4 QT-III Termination

Certified Test Report

This report details the evaluation of the 7695-S-4 Cold-Shrink Termination to IEEE Std
48-1996 and 3M design tests. The 7693-S-4 terminations met or exceeded requirements
as per [EEE Std 48-1996. The design testing verified performance well in excess of I[EEE
test requirements. This qualification testing was done to 25 kV test levels and 130 °

centigrade conductor temperature for current cycling.
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3M Report Number: CR7695-S

Summary

This report details the evaluation of the 7695-S-4 (production units) Cold-Shrink

Termination to [EEE Std 48-1996 and 3M design tests. The 7695-S-4 terminations met or
exceeded requirements as per [EEE Std 48-1996. The design testing verified performance well in
excess of IEEE test requirements. This qualification testing was done to 25 kV test levels and
130° centigrade conductor temperature for current cycling. The results obtained are characteristic
of all other 25 kV class terminations in the 7690 series of the QT-III line.

Purpose

Evaluate 3M Cold Shrink 7695-S~ Silicone Rubber QT-III Termination on both the largest and
smallest cable they are designed to accomunodate. The evaluation was run according to the
following standards and some additional internal tests used by 3M to verify product performance:

IEEE Std 48-1996 “IEEE Standard Test Procedures and Requirements for High-Voltage
Alternating-Current Cable Terminations”

IEEE Std 4-1995 “IEEE Standard Techniques for High-Voltage Testing”

Test Specimens

Each of the test specimens was assigned a specimen nwnber as it was constructed. This is
the description of each of the test specimens:

85115 and 85116 Each of these specimnens had two 7695-S-4 QT-III Terminations installed on an
8 foot length of 1000 kcmil stranded aluminwn conductor, 260 mil XLPE 100% insulation level,
ribbon shielded cable. These specimens are for the maximuwn cable size the 7695-S-4 QT-III

Terminations are designed to accommodate.

85122 and 85123 Each of these specimens had two 7695-S— QT-III Terminations installed on an
8 foot length of 4/0 stranded conductor, 260 mil XLPE 100% insulation level, ribbon shiclded
cable. These specimens are for the minimum cable size the 7695-S-4 QT-III Terminations are

designed to accommodate.

85214 had one 7695-S—4 QT-III Termination installed on a 3 foot length of the 4/0 kcmil
stranded copper conductor, 260 mil XLPE 100% insulation level, ribbon shielded cable. This
specimen is for the minimum cable size the 7695-S-4 QT-III Terminations are designed to

accomunodate.

85215 had one 7695-S-4 QT-III Termination installed on a 3 foot length of the 1000 kcmil
stranded aluminum conductor, 260 mil XLPE 100% insulation level, ribbon shielded cabie. This
specimen is for the maximwn cable size the 7695-S— QT-III Terminations are designed to

accommodate.
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3M Report Number: CR7695-S+

Test Deviations

3M chooses to report actual Partial Discharge Levels obtained during testing in lieu of pass or
fail at a specified level as required by [EEE Std 48-1996.

The standard Wet Test Procedure, according to [EEE Std 4-1995, calls for a 60 second
withstand, table 3 on page 72. That standard and table also refer to “practice in USA" calling
for a 10 second wet withstand. [EEE Std 48-1996 calls for the 10 second withstand even
though IEEE Std 4-1995 refers to this as “an earlier test method”. 3M uses the more

stringent 60 second withstand for wet testing.

3M also reports Partial Discharge Results initially and after completing the test sequences
(Short term voltage withstands and 30 day current cycling).

3M uses one set of specimens for both the short term and 30 day current cycle tests.
According to [EEE Std 48-1996 the manufacturer is allowed to use a separate set of test
specimens for the short tenn electrical tests, and the 30 day current cycle.

According to [EEE Std 48-1996 paragraph 8.1.c the terminations be installed on the largest
cable the termination is designed to accommodate. When possible, 3M will electrically test

on both the largest and smallest cable the termination is designed to accommodate. In some
instances, this may take some additional titne, and will be covered in a future revision of the

report.

In addition to the [EEE Std 48 test sequence, 3M engineers ran additional tests to verify the
overall performance of this termination product. These additional test results are included as
a part of this report. All of the tests performed on each of the six specimens are 1eported in
chronological order. It must be pointed out that the values obtained during these tests are for
the specific specimen tested. Testing another specimen with the same terminations could
result in identical, higher, or lower test levels.
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3M Report Number: CR7695-5
Test Results On Specimen Number 85115, 1000 kemil Conductor

Tests In Chronological Order: Value: Result:

Partial Discharge (Corona) Extincrion Voltage Covering IEEE Std 48-1996 8.4. 1.5 (Deviation cited)

Direct Calibration, Haefely 2.0pC Verified Test Circuit
Partial Discharge Inception Voltage 46.0 kV-RMS

Magnitude 30.0pC

Partial Discharge Extinction Voltage 42.7kV-RMS @ <3 pC Exceeds IEEE requirements

Power Frequency Voltage One Minue Dry Withstand Test According To IEEE Std 48-1996 8.4.1.1
Oue Minute Withstand 65 kV-RMS Meets [EEE requirements

Power Frequency Volage Six Howr Dry Withstand Test 4ccording To IEEE Std 48-1996 8.4.1.3
Six Hour AC Withstand 55 kV-RMS Meets [EEE requirements

Power Frequency Voliage Ten Second Wet Wuhstand Test According To IEEE Std 48-1996 8.4.1.2 (Deviarion cited)
Termination A" Sixty Second Withstand 60 kV-RMS Exceeds IEEE requirements
Termination “B" Sixty Secand Withstand 60kV-RMS Exceeds JEEE requirements

Direct Voliage Fifteen Minute Dry Wihstand Testc dccording To IEEE Std 48-1996 8.4.1.9
Fifteen Minute DC Withstand - 105 kV-DC Meets IEEE requirements

Lightning Impulse Voltage Wuhstand Test According To IEEE Std 48-1996 8.4.1.7
Test Surges, 10 Surges At Each Polanty + 150 kV-Crest Meets IEEE requirements
Actual Impulse Wave Shape Applied 1.44psec. fron/49.5 psec. tail  Within required tolerance

Partial Discharge (Corona) Extincnion Voltage Covering IEEE Std 48-1996 8. 4. 1.5 (Deviation cited)

Direct Calibration, Haefely 2.0 Verified Test Circuit
Partial Discharge Inception Voltage 47.5 kV-RMS

Magnitude 43.8 pC

Partial Discharge Extinction Voltage 43.9kV-RMS @ <3 pC Exceeds IEEE requirements

Cyclic Aging Test According To IEEE Std 48-1996 8.4.2

Jacket Temperature For 130° C Conductor Temp. 70.75° Centigrade Verified Test Circuit
Current Required For 130° C Conductor Temp. 1220 Amperes Information

Cycle Used 10 Hours On, 14 Hours Off Informaton

Voltage Applied (100% On Time, Not Cycled) 43 kV-RMS - Meets IEEE requirements
Total Number Of Days At Voltage g 30 Days Meets IEEE requirements
Total Number Of Current Cycles 31 Cycles Exceeds IEEE requirements

Parrial Dischdrge (Corona) Extincion voltage Covering IEEE Std 48-1996 8.4. 1. 5 (Deviation cited)

Direct Calibration, Haefely 3.0pC Verified Test Circuit

Partial Discharge Inception Voltage 48.8 kV-RMS

Magnitude 18.4 pC

Partial Discharge Extinction Voltage 449 kV-RMS @ <3 pC Exceeds IEEE requirements

Lightning Impulse Voltage Withstand Test According To IEEE Std 48-1996 8.4.1.7
Test Surges, 10 Surges At Each Polanity 1+ 150 kV-Crest Meets [EEE requirements

Actual Impulse Wave Shape Applied 1.46 psec. front/48.7 psec. tail  Within required tolerance
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’ 3M Report Number: CR7695-S—4
Test Results On Specimen Number 85115, 1000 kemil Conductor

The following tests are not part of the IEEE Std 48-1996 Test Sequence. They were performed in order to help define the design
parameters of these particular Teqminations.

Partial Discharge (Corona) Extincrion Vollage Covering IEEE Std 48-1996 8.4.1.5 (Deviation cited)

Direct Calibraton. Haefely 2.0 pC Verified Test Circuit
Partial Discharge Inception Voltage 44.0 kV-RMS
4.0 pC

Magnitude
Partial Discharge Extinction Voltage 41.5kV-RMS @ <3 pC Exceeds IEEE requirements

AC Step Test. 3M Design Test
This specimen was taken to 55 kV-RMS and held at that voltage for | hour. After the hour withstand was completed the voltage was

increased 5 kV-RMS and held for another hour. This cycle of voltage increases and | hour withstands was continued to tlashover or
breakdown. This specimen went to 85 kV-RMS and failed after 38 minutes into the 60 minute withstand.
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' 3M Report Number: CR7695-S—
Test Results On Specimen Number 85116, 1000 kcmil Conductor

Tests In Chronological Order: Value: Result:

Partial Discharge (Corona) Exninaion Volrage Covering IEEE Std 48-1996 8.4.1.5 (Deviation cited)

Direct Calibration, Haefely . 2.0pC Verified Test Circuit
Partial Discharge Inception Voltage 29.1 kV-RMS

Magnitude 7.0 pC

Partial Discharge Extinction Voltage 27.3 kV-RMS @ <3 pC Exceeds [EEE requirements

Power Frequency Voltage One Minute Dry Wahstand Test According To IEEE Std 48-1996 8.4.1.1
One Minute Withstand 65 kV-RMS Meets IEEE requirements

Power Frequency Voltage Six Hour Dry Withstand Test According To IEEE Std 48-1996 8.4.1.3
Six Hour AC Withstand 55 kV-RMS Meets IEEE requirements

Power Frequency Voltage Ten Second Wet Withstand Test According To IEEE Std 48-1996 8.4.1.2 (Deviarion cired)
Termination *A” Sixty Second Withstand 60 kV-RMS Exceeds IEEE requirements
Termination “B” Sixty Second Withstand 60 kV-RMS Exceeds IEEE requirements

Direct Voltage Fifieen Minute Dry Withstand Test According To IEEE Std 48-1996 8.4.1.9
Fificen Minute DC Withstand - 105 kV-DC Meets I[EEE requirements

Lightning Impulse Voliage Withstand Test According To IEEE Std 48-1996 8.4.1.7
Test Surges, 10 Surges At Each Polarity 1 150 kV-Crest Meets IEEE requirements
Wave shape applied will be the same as specirnen 85115 Within required tolerance

Parnal Discharge (Corona) Extincrion Voltage Covering IEEE Std 48-1996 8.4.1.5 (Devianon cited)

Direct Calibration, Haefely 2.0 Verified Test Circuit
Partial Discharge Inception Voltage 46.6 kV-RMS

Magnitude 8.3 pC

Partial Discharge Extinction Voltage 43.8 kV-RMS @ <3 pC Exceeds IEEE requirements

Cyclic 4ging Test According To IEEE Std 48-1996 8.4.2

Jacket Temperature For 130° C Conductor Temp. 72.25° Centigrade Verified Test Circuit
Current Required For 130° C Conductor Temp. 1220 Amperes Information

Cycle Used 10 Hours On, 14 Hours Off Information

Voltage Applied (100%5 On Time, Not Cycled) 43.0 kV-RMS Meets [EEE requirements
Total Number Of Days At Voltage 30 Days Meets [EEE requirements
Total Number OF Current Cycles 31 Cycles Exceeds IEEE requirements

Partial Discharge (Corona) Exinction 1olsage Covering IEEE Std 48-1996 8.4.1.5 (Devianon cized)

Direct Calibration, Haefely 3.0pC Verified Test Circuit
Partial Discharge Inception Voltage 46.6 kV-RMS

Magnitude 5.4 pC

Partial Discharge Extinction Voltage 44.2kV-RMS @ <3 pC Exceeds [EEE requirements

Lightning Impulse 1'oliage Bithstand Test According To IEEE Std 48-1996 8.4.1.7
Test Surges. 10 Surges At Each Polanty * 150 kV-Crest Meets [EEE requirements
Wave shape applied will be the same as specimen 85115 Within required tolerance
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- 3M Report Number: CR7695-S~
Test Results On Specimen Number 85116, 1000 kemil Conductor

The following tests are not part of the IEEE Std 48-1996 Test Sequence. They were performed in order to help define the design
parameters of these particular Terminations.

Partial Discharge (Corona) Exxinaion Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation cited)
Direct Calibration, Haefely 20pC Verified Test Circuit

Partial Discharge Inception Voltage 44.2 kV-RMS
Magnitude 4.5pC
Partial Discharge Extinction Voltage 42.5kV-RMS @ <3 pC Exceeds IEEE requirements

AC Step Test. 3M Design Test
This specimen was taken to 55 kV-RMS and held for 60 minutes. After 60 minutes the voltage was increased 5 k V-RMS and held for

another 60 minutes. This cycle of voltage increases and 1 hour withstands was continued to flashover or breakdown. This specimen went to
95 kV-RMS and flashed over at 14 minutes into the 60 minute withstand.

Maximum Impuise. 3M Design Test
For this test three surges were applied at each impulse level starting at +150 kV-Crest and increasing the crest voltage up to +220 kV-Crest

in approximately 10 kV-Crest increments. At +220 k V-Crest there were 3 flashovers. The same was done on the negative polanty, when
the termination got to -170 kV-Crest there was | withstand followed by 3 flashovers.
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3M Report Number: CR7695-S4
Test Results On Specimen Number 85122, 4/0 AWG Conductor

Tests In Chronological Order: Value: Result:
Partial Discharge (Corona) Exzincion Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviadion cited)
2.0pC Verified Test Circuit

Direct Calibration. Haefely
Partia] Discharge Inception Voltage 49.7 kV-RMS
5.8pC

Magnitude
Partial Discharge Extinction Voltage 42.4 kV-RMS @ <3 pC Exceeds [EEE requirements

Power Frequency Voltage One Minute Dry Withsiand Test According To JEEE Std 48-1996 8.4.1.1
One Minute Withstand 65 kV-RMS Meets [EEE requirements

Power Frequency Voltage Six Hour Dry Wahstand Test According To IEEE Std 48-1996 8.4.1.3
Six Hour AC Withstand 55 kV-RMS Meets [EEE rcquirmmt_g

Power Frequency }olrage Ten Second Wer Withstand Test According To IEEE Std 48-1996 8.4.1.2 (Deviation cited)
Termination “A” Sixty Second Withstand 60 kV-RMS Exceeds [EEE requirements
Termination “B" Sixty Second Withstand 60 kV-RMS Exceeds [EEE requirements

Direct Voltage Fifteen Minure Dry Withstand Test According To IEEE Std 48-1996 8.4.1.9
Fifieen Minute DC Withstand - 105 kV-DC Meets IEEE requirements

Lightning Impulse 1'oliage Withstand Test According To IEEE Std 48-1996 8.4.1.7
Test Surges, 10 Surges At Each Polanty + 150 kVCrest Meets IEEE requirements
Actual Impulse Wave Shape Applied l.19pusec. fron/48.9 psec. tail Within required tolerance

Partial Discharge (Corona) Exrincsion Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation cited)

Direct Calibration, Haefely 2.0 Verified Test Circuit
Pantial Discharge Inception Voltage 32.4 kV-RMS

Magnitude 41.5 pC

Partia] Discharge Extinction Voltage 30.8 kV-RMS @ <3 pC Exceeds IEEE requirements

Cyclic Aging Test According To IEEE Std 48-1996 8.4.2
Jacket Temperature For 130° C Conductor Temp. 74° Centigrade Verified Test Circuit

Current Required For 130° C Conductor Temp. 598 Amperes Information

Cycle Used 8 Hours On, 16 Hours Off Information

Voltage Applied (100%% On Time, Not Cycled) 43.0 kV-RMS Meets [EEE requirements
Total Number Of Days At Voltage 31.7 Days Exceeds I[EEE requirements

Total Number Of Current Cycles 32 Cycles Exceeds [EEE requirements

Parmial Discharge (Corona) Extinction Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation cited)
Direct Calibration, Haefely 2.0pC Verified Test Circuit

Partial Discharge ILnception Voltage 65.0 kV-RMS

Magnitude <3pC Discharge free at the one minute withstand
level.

Lighming Impulse I'olsage Withstand Test According To IEEE Std 48-1996 8.4.1.7

Test Surges, 10 Surges At Each Polarity + 150 kV-Crest Meets IEEE requirements

Actual Impuise Wave Shape Applied 1.19usec. front/49.5 psec. tail  Within required tolerance
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y 3M Report Number: CR7695-5—4
Test Results On Specimen Number 85122, 4/0 AWG Conductor

The following tests are not part of the [EEE Std 48-1996 Test Sequence. They were performed in order to help define the design
parameters of these particular Terminations.

Partial Discharge (Corona) Extincrion Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation cited)

Direct Calibration. Haefely 2.0pC Verified Test Circuit
Partial Discharge Inception Volltage 58.9 kV-RMS
11.0pC

Magnitude
Partial Discharge Extinction Voltage 574 Exceeds IEEE requirements

AC Step Test, 3M Design Test
This specimen was taken to 55 kV-RMS and held at that voltage for 1 hour. After the hour withstand was completed the voltage was

increased § kV-RMS and held for another hour. This cycle of voltage increases and | hour withstands was conitnued to flashover or
breakdown. This specimen went to 115 kV-RMS and flashed over at | minute into the 60 minute withstand.

Maximum Impulse, 3M Design Test -
For this test three surges were applied at each impulse level starting at +150 kV-Crest and increasing the crest voitage up to +230 kV-Crest

in approximately 10 kV-Crest increments. At +230 kV-Crest there were 3 flashovers. Test was repeated on the negative polarity, at -210
kV-Crest there were 2 withstands followed by 3 tlashovers.
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3M Report Number: CR7695-5-4

Test Results On Specimen Number 85123, 4/0 AWG Conductor

Tests In Chronological Order:

Parrial Discharge (Corona) Exxinczion Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation cired)

Direct Calibration, Haefely

Partial Discharge Inception Voltage
Magnitude

Partial Discharge Extinction Voltage

Value: Resuit:

2.0pC Verified Test Circuit
41.0 kV-RMS

7.9 pC

40.1 kV-RMS @ <3 pC Exceeds IEEE requirements

Power Frequency Voliage One Minute Dry Withstand Test A ccording To IEEE Std 48-1996 8.4.1.1

One Minute Withstand

65 kV-RMS Meets IEEE requirements

Power Frequency Voltage Six Hour Dry Withstand Test According To IEEE Std 48-1996 8.4.1.3

Six Hour AC Withstand

55 kV-RMS Mexzts IEEE requirements

Power Frequency Voltage Ten Second Wer Withstand Test According To IEEE Std 48-1996 8.4.1.2 (Deviarion cited)

Temination “A" Sixty Second Withstand
Termination “B” Sixty Second Withstand

Direct Voliage Fifteen Minuse Dry Withstand Test According To [EEE Std 48-1996 8.4.1.9

Fifteen Minute DC Withstand

Exceeds [EEE requirements
Exceeds LEEE requirements

60 kV-RMS
60 kV-RMS

-105kV-DC Meets [EEE requirements

Lightning Impulse Voltage Wuhstand Test According To IEEE Std 48-1996 8.4.1.7

Test Surges, 10 Surges At Each Polanty

Wave shape applied will be the sanie as specimen 85122

Meets [EEE requirements
Within required tolerance

+ 150 kV-Crest

Partial Discharge (Corona) Exxincrion 1'olrage Covering IEEE Std 48-1996 8.4.1.5 (Deviation cited)

Direct Calibration. Haetely

Partial Discharge Inception Voltage
Magnitude

Partial Discharge Extinction Voltage

Cyclic Aging Test According To IEEE Std 48-1996 8.4.2

Jacket Temperature For 130° C Conductor Temp.
Current Required For 130° C Conductor Temp.
Cycle Used

Voltage Applied (100% On Time, Not Cycled)
Total Number Of Days At Voltage

Total Number Of Current Cycles

2.0 Verified Test Circuit
58.6 kV-RMIS
44.0 pC

55.5kV-RMS @ <3 pC Exceeds IEEE requirements

Verified Test Circuit
[nformation
[nformation

69.0° Centigrade
598 Amperes
8 Hours On, 16 Hours Off

43.0 kV-RMS Meets [EEE requirements
31.7 Days Exceeds [EEE requirements
32 Cycles Exceeds [EEE requirements

Parrtial Discharge (Corona) Extincrion I‘oltage Covering IEEE Std 48-1996 8.4.1.5 (Deviarion cited)

Direct Calibration, Haefely

Partial Discharge Inception Voltage
Magnitude

Partial Discharge Extinction Voltage

2.0pC Verified Test Circuit
59.2 kV-RMS
4.0 pC

48.9kV-RMS @ <3 pC Exceeds IEEE requirements

Lightning Impulse Voltage Withstand Test According To IEEE Std 48-1996 8.4.1.7

Test Surges, 10 Surges At Each Polanity

Wave shape applied will be the same as specimen 85115

Meets [EEE requirements
Within required tolerance

+ 150 kV-Crest
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3M Report Number: CR7695-54

Test Results On Specimen Number 85123, 4/0 AWG Conductor

The following tests are not part of the IEEE Std 48-1996 Test Sequence. They were performed in order to help define the design
parameters of these particular Terminations.

Parrial Discharge (Corona) Exanction Voltage Covering IEEE Std 48-1996 8.4.1.5 (Devinnon cired)

Direct Calibration. Haefely 2.0pC Verified Test Circuit
Partia) Discharge Inception Voltage 44.5 kV-RMS

Magnitude 12 pC

Partial Discharge Extinction Voltage 40.7kV-RMS @ <3 pC Exceeds JEEE Requirements

AC Step Test, 3M Design Test
This specimen was taken to 55 kV-RMS and held at that voltage for 1 hour. Afler the hour withstand was completed the voltage was

increased S kV-RMS and held for another hour. This cycle of voltage increases and 1 hour withstands was continued to flashover or
breakdown. This specimen went to 115 k V-RMS and flashed over at 21 minutes into the 60 minute withstand.

Maximum Imnpulse. 3M Design Test
For this test three surges were applied at each impulse level starting at +150 k V-Crest and increasing the crest voltage up to +200 kV-Crest

in approximately 10 kV-Crest increments. At +200 k V-Crest there was 1 withstand followed by 3 flashovers. Test was repeated on the
negative polanty. at -190 kV-Crest there was 2 flashovers followed by 3 withstands. At -200 kV-Crest there were 3 flashovers.
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3M Report Number: CR7695-S-4

Test Results on Specimen Numbers 85214 (1000 kemil Conductor) and 85215 (4/0
Conductor)

Specimen 85214 and 85215 were both pressure tested according to /[EEE Std 48-1996 7.1.2 Class 14 Specimens were
constructed according to 8.1.a, b, d, and g (deviation cited concerning minimum and maximum cables used for testing.)

(1) Both of the termunated ends of the specimens, 85214 and 85215, were submersed in a water bath. The cable ends of
both specimens were fitted with atr fitings and the specimens were pressurized to 7.0 psi. There were no

indications of any leaks during or at the end of the six hour pressurization. Meess JEEE Std 48-1996 8.4.3 (a)
Requirements.

(2) Both of the specimens 85214 and 85215, were installed on a vacuum line with a isolation valve and vacuum gauge
on the specimen side of the valve. The specimens were evacuated to 67 Pa (0.5 torr.). The vacuum source and
specimen was isolated by closing the valve. After 30 munutes there was no loss in vacuum. Meexs [EEE 48-1996
8.4.3 (b) Requirements.
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3M Report Number: CR7695-S—4

Impulse Test Oscillograms:

Common Settings To All Oscillograms:

Deflection = 20 Volts Per Division

Sweep = 0.5 and 10 pseconds Per Division
Measaring Ratio = 2.141 kV/Volt Corrected To The Prevaillng Atmospheric Conditions At Test Time.

+150 kV-Crest, Sth and 10th Surges 150 KV-Crest, 9th and 10th Surges

Specimen 85115 Oscillograms Taken After Current Cycling

150 kV-Crest, 9th and 10th Surges 150 kV-Crest, 9th and 10th Surges
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3M Report Number: CR7695-S-4

Impulse Test Oscillograms:
Common Settings To All Oscillograms:

Deflection = 20 Volts Per Division

Sweep = 0.5 and 10 pseconds Per Division
Measuring Ratlo = 2.141 kV/Volt Corrected To The Prevailing Atmospheric Conditions At Test Tlme.

. i

150 kV-Crest, 9th and 10th Surges 150 kV-Crest 9th and 10th Surges

Specimen 85116 Oscillograms Taken After Current Cycling

150 kV-Crest, 9th and 10th Surges 150 kV-Crest 9th and 10th Surges
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3M Report Number: CR7695-S—4

Impulse Test Oscillograms:
Common Settings To All Oscillogrums:
Dellection = 20 Volts Per Division

Sweep = 0.5 and 10 pseconds Per Division
Measuring Rado = 2.141 kV/Volt Corrected To The Prevailing Atmospheric Conditions At Test Time.

Specimen 85122 Oscillograms Taken Before Current Cycling

150 kV-Crest, 9th and 10th Surges 150 kV-Crest, 9th and 10th Surges

Specimen 85122 Oscillograms Taken After Current Cycling

150 kV-Crest, 9th and 10th Sarges 150 kV-Crest, 9th and 10th Sarges
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3M Report Number: CR7695-S-4

Impulse Test Oscillograms:
Common Settings To All Oscillograms:
Deflection = 20 Volts Per Division

Sweep = 0.5 and 10 pseconds Per Divislon
Measuring Ratio = 2.141 kV/Volt Corrected To The Prevailing Atmospheric Conditions At Test Tine.

4
150 kV-Crest, 9th and 10th Surges 150 kV-Crest, 9th and 10th Surges

Specimen 85123 Oscillograms Taken After Current Cycling

150 kV-Crest, 9th and 10th Surges 150 kV-Crest, 9th and 10th Su.rgu'
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Specimen Photographs

“85115 Set up for Partial Discharge Testing

85116 Set up for Impulse Testing
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Specimen Photographs

85122 Set up for Impulse Testing

85123 set up for Partial Discharge Tesdng'
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3M Report Number: CR7695-S-4

Specimen Photographs

) 85214 Set up for the pressure test.

85215 Set up for vacoum test
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3M Report Number: CR7695-S-4

Specimen Photographs

4
85214 Set up for the pressure test.

85215 Set up for vacuum test
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3M Austin High Voltage Laboratory - 3M Report Number: CR7695-5—

Impulse Generator

= Emile Haefely & Co. LTD, Basel-Switzerland

Manufacturer

Model = Series “E” Generator

Number Of Stages =8

Muximum Voltage Per Stage = 100kV

Maximum Output Voltage =800 kV

Energy At Maximum Voltage =401kJ

Capacitance Per Stage =100 oF

Impulse Voltage Divider = 1.2 MeV

Commission Dates = Divider 1967, Control Desk/Trigatron 1986, Generator 1988
Culibration Cycle = Yearly, suspect, or after repair or maintenance, which-¢ver comes first

Measuring System = Tektronix Digtal Storage Oscilloscope Model 468

Generator Diagram

Circuit Variables Utilized For Test:

Measuring Ratio (kV/Volt On DSO) = 2.1335/1 Further corrected to prevailing atmospheric conditions at test
time

Rucio = 148.1Q

Input Aftenuation = 6:1

CRO Volts/Division = 20

Surge Dwell Time = 22 Seconds

Number Of Stages And Configuration = Four Stages In Series, Top Four Stages Shorted Out.

This configuration was used for all four specimens covered in this report.
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3M Austin High Voltage Laboratory

AC Dielectric Test Set

Manufacturer

Output Rating

High Voltage Metering
Duty Cycle

Callbration Cycle
Guaranteed Discharge Level
Actual Discharge Level
Distortion

Impedance

Options

Commission Date

Trunsformer

3M Report Number: CR7695-S-4

Phenix Technologies (Formerly American High Voltage Test Systems)
250kV (@ 500 MA, Partial Discharge Free Winding (<2 pC)
Capacitive Tapped High Voltage Bushing

1 hour on/1 hour off rating 125 kVA, Continuous Rating 100 kVA
Yearly, suspect, or afler repair or maintenance, which-ever comes first
<2pCat250kV

<0.75 at 250 kV

< 5%

< 15% at rated current

4 172 Digit Panel Meters, accurate to 2% ot full scale

Multiple function timer circuit

IEEE 488 GPIB for control, meter reading functions, and automated testing
Input power RF filtering

Sottware for Computer Controlled Testing

August. 1988

480 VAC L

Ve

i
Control Counsel ’
IEEE488 [ Voimeter

Buss

Diagram
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3M Austin High-Voltage Laboratory

Current Source

Power Source:
Current Source:

Conflgurution:

3M Report Number: CR7695-S+4

Vanable Auto-Transtormer (Vanac).
Specimen with a jumper connected in a loop configuration through 1000:5 Window

Type Metering Transformers.
Multiple, whatever combination of series/parallel transformers required to drive the

current needed.

High Voltage Source: AC Test Set.
TT2 T3/T4 TS/T6 T7/T8 T9/T10

Vanac

T1 Thru T10 = 1000:5
Melering Trangormers

Typical hook-up of five paralle] banks of two transformers in series was used. Senes/Parallel combinations were selected according to the
load being presented by the test specimen. We have several power sources we routinely use from 115VAC/5 Amp to 480VAC/60 Amp.

Loop current measurements are taken with a digital ammeter.

Typical Current Source...There are a number of different sets and configurations used In the laboratory.
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Equipment Utilization List:

3M Report Number: CR7695-S-4

Calibrantion Due:
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Equipment: 3IM Instrument Number:
Haefely Partial Discharge Detector 85762 9/30/97
Biddle Partial Discharge Detector 67327 3/15/97
AC Test Set, American High Voltage, 250 kV-RMS 67567 11/27/97
AC Test Set, Phenix 123495 7123/97
AC Test Set, Phenix 67468 7/2/97
AC Test Set, Phenix 67469 7/2/97
AC Test Set, Biddle 81604 12/3/97
DC Test Set, Biddle 81553 3/26/97
Impulse Generator, Haefely 598901 3/26/97
Omega Psychrometer 123497 3/5/97
Tektronix DSO 76811 8/7/97
Ashcroft Pressure Gauge 123420 10/18/97
Ametek Vacuum/Pressure Gauge 123569 4/15/97
Ammeter, AW Sperry 123463 3/18/97
Ammeter 117490 9/10/97
Omega Temperature Meter 123693 3/18/97
Fluke 87 DVM 123316 11/14/97
Instrument calibrations are done m the 3M Metrology Laboratory or by Haefely Test Systems Inc., or Rothe
Development. Calibrations are traceable to NIST. The High Voltage Laboratory equipment is calibrated yearly, after a
repair, if suspect, or found to be off during a random spot check.
All original dalta, and Oscillograms are filed in the 3M Electrical Products, U&I Sector, Testing & Services Group Master
File. Some original data may be in the form of an electronic files as some tests are computer driven.
Revision History
Revision: Change:
0 Original report, no changes, additions, or deletions.




3M Report Number: CR7695-54

Important Notice

All statements, technical information and recommendations related to the Seller’s products are based on
information believed to be reliable, but the accuracy or completeness thereof is not guaranteed. Before
utilizing the product, the user should determine the suitability of the product for its intended use. The user
assumes all risks and liability whatsoever in connection with such use.

Any statements or recommendations of the Seller which are not contained in the Seller’s current
publications shall have no force or effect unless contained in an agreement signed by an authorized officer
of the Seller. The statements contained herein are made in lieu of all warranties, expressed or implied,
including but not limited to the implied warranties of merchantability and fitness for a particular purpose

which warranties are hereby expressly disclaimed.

SELLER SHALL NOT BE LIABLE TO THE USER OR ANY OTHER PERSON UNDER ANY LEGAL
THEORY, INCLUDING BUT NOT LIMITED TO NEGLIGENCE OR STRICT LIABILITY, FOR ANY
INJURY OR FOR ANY DIRECT OR CONSEQUENTIAL DAMAGES SUSTAINED OR INCURRED
BY REASON OF THE USE OF ANY OF THE SELLER’S PRODUCTS THAT WERE DEFECTIVE.

M

Electrical Products Division
6801 River Place Blvd.
Austin, TX 78726-9000
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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies
and the Standards Coordinating Committees of the IEEE Standards Board. Members of the com-
mittees serve voluntarily and without compensation. They are not necessarily members of the Inst-
tute. The standards developed within IEEE represent a consensus of the broad expertise on the
subject within the Institute as well as those activities outside of IEEE that have expressed an inter-
est in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply
that there are no other ways to produce, test, measure, purchase, market, or provide other goods and
services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in
the state of the art and comments received from users of the standard. Every [EEE Standard is sub-
jected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents,
although still of some value, do not wholly reflect the present state of the art Users are cautioned to
check to determine that they have the latest edition of any IEEE Standard.
F

Comments for revision of [EEE Standards are welcome from any interested party, regardless of
membership affiliation with [EEE. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as
they relate to specific applications. When the need for interpretations is brought to the attention of
IEEE, the Institute will initiate action to prepare appropriate responses. Since IEEE Standards rep-
resent a consensus of all concerned interests, it is important to ensure that any interpretation has
also received the concurrence of a balance of interests. For this reason IEEE and the members of its
technical committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideraton.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

Note: Attention is called to the possibility that implementation of this standaru may
require use of subject matter covered by patentrights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying all patents
for which a license may be required by an IEEE standard or for conducting inquiries
into the legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for intemal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate
fee is paid to Copyright Clearance Center. To arrange for payment of licensing fee, please contact
Copyright Clearance Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA;
(508) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.



Introduction

(This introduction is not part of IEEE Std 48-1996, [EEE Standard Test Procedures and Requirements for Alternating-
Current Cable Terminations 2.5 kV Through 765 kV.)

This standard supersedes IEEE Std 48-1990, IEEE Standard Test Procedures and Requirements for High-
Voltage Alternating-Current Cable Terminations.

Severa) definitions have been added to reflect use of polymeric designs and to differentiate between various
environments encountered To clarify test procedures, Class 1 terminations have been divided into three
classes: Class 1A for extruded dielectric cable, Class 1B for laminated dielectric cable, and Class 1C for
pressure-type systems.

Partial discharge requirements for laminated cable terminations have been replaced by ionizanion test
requirements, which are more applicable for laminated cable constructons. Retesting is not intended now as
the partial discharge is more difficult. Reflecting cable voltage trends, table 1 contains test requirements up
to 765 kV for laminated dielectric terminadons and 230 kV for solid dielectric cable terminadons.

Clause 9 has been expanded to include a pollution severity guide to assist the user to define a partcular
environment and help determine type and creepage length needed. Effects of solar radiaton are addressed
and test methods are recommended. The user is also advised to refer to the manufacturer for contamination
testing, particularly if difficult environments are encountered.

At the time this standard was approved, Working Group 1040 of the Accessories Subcommittee 10 of the
Insulated Conductors Committee had the following membership:

Harold C. Hervig, Chair Glenn J. Luzz, Vice Chair

Torben Aabo

Thomas Black
Michael Bayer

Paul Bloyed

Vincent J. Boliver
Thomas C. Champion
Peter Day

John P. DuPont
Henry Dresch

Torben Aabo

T. J. Al-Hussaini
R. W. Allen

W. O. Andersen
Richard H. Armdt
Thomas P. Amold
Theodore A. Balaska
Anthony Barlow
Earle C. Bascom
Michael Bayer
Chas. W. Blades
David T. Bogden
Vincent J. Boliver
Kenneth E. Bow
Harvey L. Bowles

Engene Favrie

R. D. Fulcomer
Robert B. Gear
Wolfgang Haverkamp
Albert Kong

Raoul H. Leuteritz
Jeff Mackevich

John Makal

James Nation

The following persons were on the balloting committee:

John E. Bramfint

Kent W. Brown
Michael D. Buckweitz
R. R. Burghardt

Paul S. Cardello

John L. Carlson
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Paul L. Cinquemani
W. E. Cole

E. J. D’Aquanno
James M. Daly

Russ C. Dantzler
Joseph A. Di Costanzo
Claus Doench

John P. Dupont

Greg P. Rampley
Dean Redman
Marthew H. Spalding
Wendall T. Starr
Frank Stepniak

Duc B. Trinh
Richard Votoupal
Steven P. Walldorf
Harry Yaworski

George S. Eager
R. M. Eichhorn
John S. Engelhardt
Stephen Fitzhugh
Arthur R. Fitzpatnick
Robert E. Fleming
Eric O. Forster

S. Michael Foty
Ronald F. Frank

R. D. Fulcomer
John B. Gardner
Robert B. Gear

A. Godoshian

Joe H. Groeger
Laurence H. Gross

iii



Kenneth Hancock

Andrew R. McCulloch

Grover L. Stell, Jr.

Richard L. Harp E. J. McGowan Orloff W. Styve
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IEEE Standard Test Procedures
and Requirements for Alternating-
Current Cable Terminations

2.5 kV Through 765 kV

1. Scope

This standard covers all indoor and outdoor cable terminatons used on alternating-current cables having
laminated or extruded insulation rated 2.5 kV through 765 kV, except separable insulated connectors, which

are covered by IEEE Std 386-1995, IEEE Standard for Separable Insulated Connector Systems for Power
Distribution Systems Above 600 V [B16).!

Cable terminations and component parts shall be capable of withstanding the tests specified in this standard.

2. References

This standard shall be used in conjunction with the following standards. When the following standards are
superseded by an approved revision, the revision shall apply.

IEC 270-1981, Partial Discharge Measurements.2
IEEE Std 4-1995, IEEE Standard Techniques for High-Voltage Testing (ANSD).3

IEEE Std 82-1994, IEEE Standard Test Procedure for Impulse Voltage Tests on Insulated Conductors
(ANSI).

IEEE Std 835-1994, IEEE Standard Power Cable Ampacity Tables (ANSI).

The numbers in brackets correspond to those of the bibliography in clause 10.

2IE.C publications are available from [EC Sales Deparument, Case Postale 131, 3, rue de Varembé, CH-1211, Genéve 20, Switzeriand/
Suisse. [EC publications are also available in the United States from the Sales Department, American National Standards lnstitute. 11
West 42nd Street, 13th Floor, New York, NY 10036, USA.

3IEEE publicarions are available from the Institute of Electrical and Electronics Engineers. 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA.
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3. Definitions

The definitions and terminology used herein apply specifically to cable terminations treated in this standard.
For additional definitions, see [BI5].

3.1 apparatus termination: A termination designed for use in sealed enclosures where the external
dielectric strength is dependent upon liquid or special gaseous dielectric and where the ambient temperature
of the medium immediately surrounding the termination may reach 55 °C.

3.2 breakdown: A disruptive discharge occurring through a dielectric.

3.3 chalking: The powdered surface on the polymeric insulator consisting of particles of filler resulting
from ultraviolet exposure or leakage current activity.

3.4 cracking: Rupture of the polymeric insulator material to depths equal to or greater than 0.1 mm.

3.5 crazing: Surface microfractures of the insulator material to depths less than 0.1 mm resulting from
ultraviolet exposure.

3.6 design tests: Tests made by the manufacturer to obtain data for design or application, or to obtain
information on the performance of each type of high-voltage cable termination.

3.7 external connector (aerial lug): A connector that joins the external conductor to the current-carrying
parts of a cable termination.

3.8 field tests: Tests that may be made on a cable system (including the high-voltage cable terminations) by
the user after installation, as an acceptance or proof test.

3.9 flashover: A disruptive discharge around or over the surface of an insulating member, between parts of
different potential or polarity, produced by the applicaton of voltage wherein the breakdown path becomes
sufficiently ionized to maintain an electric arc.

3.10 high-voltage cable termination: A device used for terminating alternating-current power cables

baving laminated or exmuded insuladon rated 2.5 kV and above, which are classified according to the
following:

a) Class 1 termination: Provides electric stress contol for the cable insulation shield terminus;
provides complete external leakage insulation between the cable conductor(s) and ground; and
provides a seal to the end of the cable against the entrance of the external environment and maintains
the operating design pre..ire, if any, of the cable system. This class is divided into three types:

— Class 1A: For use on extruded dielectric cable
— Class 1B: For use on laminated dielectric cable
— Class 1C: Expressly for pressure-type cable systems

b) Class 2 termination: Provides electric stress control for the cable insulation shield terminus, and
provides complete external leakage insulation between the cable conductor(s) and ground.

c) Class 3 termination: Provides electric stress control for the cable insulation shield terminus.

NOTE—Some cables below 15 kV do not have an insulation shield. Terminations for such cables would not be required
to provide electric stress control. In such cases, this provision would not be part of the definition.

3.11 indoor termination—dry: A termination intended for use where it is protected from solar radiation and

precipitation and not subject to periodic condensation, or other excessive humidity (90% RH or more). May
be installed in air conditioned or heated areas.
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3.12 indoor termination—wet: A termination intended for use where it is protected from direct exposure to
both solar radiation and precipitation, but is subjected to climatic conditions that can cause condensation
onto the termination surfaces.

3.13 outdoor termination: A termination intended for use where it is not protected from direct exposure to
either solar radiation or precipitation. These are Class 1A, 1B, or 1C terminations. Class 2 terminations may

also qualify.

3.14 outdoor termination—polluted: A termination intended for use where it is not protected from direct
exposure to either solar radiation or precipitation, and is exposed to nonstandard (unusual) service
conditions such as extreme seacoast salt deposits, solid precipitates, etc. Often requires extra maintenance
such as washing or extra creepage length.

3.15 partial discharge (corona) extinction voltage: The voltage at which partial discharge (corona) is no
longer detectable on instrumentation adjusted to a specified sensitivity, following the application of a
specified higher voltage.

/

3.16 pressure-type termination: A Class 1C termination intended for use on positve pressure cable
systems.

Single pressure zone termination: A pressure-type termination intended to operate with one pressure
zone.

Multipressure zone termination: A pressure-type termination intended to operate with two or more
pressure zones.

3.17 radio influence voltage (RIV): The radio noise appearing on conductors of electric equipment or
circuits, as measured using a radio-noise meter as a two-terminal voltmeter in accordance with specified
methods.

3.18 routine tests: Tests made on each high-voltage cable termination or upon a representative number of
devices, or parts thereof, during production for purposes of quality control.

3.19 termination insulator:-An insulator used to protect each cable conductor passing through the device
and provide complete external leakage insulation between the cable conductor(s) and ground.

3.20 weathersheds: The external part of the termination insulator that protects the core and provides the wet
electrical strength and leakage distance.

3.21 withstand test voltage: The voltage that the device must withstand without flashover, disruptve
discharge, puncture, or other electrical failure when voltage is applied under specified conditions.

NOTE—For power frequency voltages, the values specified are RMS values and for a specified time. For lightning or
switching impulse voltages, the values specified are crest values of a specified wave. For direct voltages, the values
specified are average values and for a specified time.

4. Service conditions

4.1 Standard service conditions

Devices conforming to this standard shall be capable of successful operation under the following service
conditions. Refer to [Bl4] for more information.
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4.1.1 Physical conditions

a) Temperature

1) The temperature of the medium in direct contact with the termination shall not be less than
-30 °C, nor more than +40 °C.

2) For apparatus terminations, the temperature of the medium in direct contact with the
termination (ambient inside enclosure) shall not exceed 55 °C. The devices designed for this
service will be connected to the equipment bus which may, at full load, reach a maximum
temperature of 85 °C.

b) The altitude shall not exceed 1000 m (3300 ft) where atmospheric air is part of the thermal or
dielectric system or both.

4.1.2 System conditions

The nominal power system frequency is not less than 48 Hz nor more than 62 Hz.

4.2 Nonstandard service conditions

The following service conditions may require special consideration in design or application of the cable
terminations, and should be called to the attention of the manufacturer.

4.2.1 Physical conditions

a) Temperature of the surrounding medium (ambient temperature) less than —30 °C and more than
+40 °C

b) Altitude exceeding 1000 m (3300 ft) where atmospheric air is part of the thermal or dielectric
system or both (see clause 9)

c¢) Damaging fumes or vapors, excessive or abrasive dust, explosive mixtures of dust or gases, steam,
salt spray, excessive moisture or dripping water, salt on roadways, etc.

d) Unusual mechanical conditions such as vibration, shock, cantilever loading, wind loading, icing, etc.
¢) Unusual transportation or storage conditions

f)  Unusual space limitations
g) Unusual internal pressures

h)  Unusual maintenance difficulties

4.2.2 Electrical conditions

— Power frequencies less than 48 Hz or greater than 62 Hz

5. Rating

The rating of a high-voltage cable termination shall include the following items, where applicable:

a)  BIL (basic lightning impulse insulation level). The crest value of a lightning impulse voltage of a

specified wave shape, which the high-voltage cable termination is required to withstand under
specified conditions.
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b) BSL (basic switching impulse insulation level). The crest value of a switching impulse voltage of a-
specified wave shape, which the high-voltage cable termination is required to withstand under
specified conditions.

c) Insulation class. The nominal phase-to-phase operating voltage of a three-phase cable system where
the device may be applied, which reflects the associated design tests and impulse insulation levels.

NOTE—High-voltage cable terminations may be applied on other than three-phase circuits if the rated
maximum design voltage to ground is not exceeded.

d) Maximum and minimumn cable conductor diameter. The largest and smallest cable conductor
diameters that the high-voltage cable termination is designed to accommodate without special
modifications.

e) Maximum and minimum cable insulation diameter. The largest and smallest diameters over the
insulation of round conductor cables, as measured by a circumferential tape, that the high-voltage
cable termination is designed to accommodate without special modifications.

f)  Maximum design voliage to ground The maximum voltage at which the high-voltage cable
termination is designed to operate continuously under normal conditions.

NOTE—TIt is not intended that this maximum voltage limit be applied to transient overvoltages or unusual
service operating conditions where the system voltage may exceed those values for only short periods of time.

g) Rated internal pressure. The nominal internal pressure for which the termination is designed to
operate when this pressure is greater than one atmosphere absolute under standard conditions.

NOTE—Regarding continuous current rating (ampacity), the application of various types of cable terminations requires
engineering consideration as to the ampacity of the completed installation. A cable terminaton by itself cannot be
assigned a design or nominal current or ampacity rating since this parameter is completely dependent upon the type and
material of the cable conductor, the thickness and type of cable insulation, the maximum allowable cable conductor

temperature for the type of cable insulason involved, and the anticipated maximum ambient temperature of the medium
surrounding the cable termination.

IEEE Std 835-1994* will indicate the wide range of ampacities permitted under the various conditions
anticipated in service with different voltage ratings and maximum cable conductor temperature limitadons.

The termination of high-voltage cables generally requires the addition of insulating materials for dielectric
purposes, which usually increase the thermal resistance to heat flow from the cable conductor to the
surrounding air or other medium. The types and amounts of dielectric or other materials are generally a

function of the type of cable being terminated, the insulation class, the range of cable sizes that can be
accommodated, and operating service conditions.

The supplier of cable terminating devices or material should be consulted for the ampacity of the design for
the intended application with a specific type and size of cable.

It is recommended that the ampacity of the cable termination be limited (barring any other terminating

material limitation) by a hot spot cable conductor temperature within the termination zone equal to the cable
conductor temperatures established for the particular cable insulation involved.

‘Informarion on references can be found in clause 2.
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6. Product markings

The following information is suggested for Class 1, 2, and 3 termination labels, where required or specified
by the user:

a) Manufacturer's name, type, designation number, manufacturing date, or date code
b) IEEE termination class number

c) Insulation class

d) Maximum design voltage to ground

e¢) Maximum and minimum cable conductor size

f) Maximum and minimum cable insulation diameter

g) BIL

h) Rated internal pressure (gauge), when applicable.

NOTE—Any information not included on the product shall be included in product installation instructions.

7. Test requirements

7.1 Design tests

To comply with this standard, high-voltage cable terminations shall successfully pass the following tests as
noted.

7.1.1  Dielectric tests
See note 10 of table 1, or 4.1.

a) Power frequency voltage 1 min dry withstand test in accordance with column 3 of table 1 or 2 and
8.4.1.1 (all classes).

b) Power frequency voltage 10 s wet withstand test in accordance with column 4 of table 1 or 2 and
8.4.1.2. This test is made on outdoor terminations only (Classes 1 and 2 when applicable).

c) Power frequency voltage 6 h dry withstand test in accordance with column 5 of table 1 or 2 and
8.4.1.3 (all classes).

d) Power frequency partial discharge (corona) extinction voltage test in accordance with column 8 of
table 2 and 8.4.1.5 for extruded dielectric cable terminations.

Ionization factor measurements are to be used for laminated dielectric cable terminations in
accordance with column 8 of table 1, 8.4.1.6, and table 6.

Power frequency RIV testing in accordance with column 7 of table 1 or 2 and 8.4.1.4 if the
termination is for use on other cable (all classes) or if there is a question on ex zmal metallic
hardware affecting the radio influence voltage if the termination is for use on any other cable (all
classes).

e) Lightning impulse voltage withstand test in accordance with column 9 of table 1 or 2 and 8.4.1.7 (all
classes).

f)  Switching impulse voltage wet withstand test (if applicable) in accordance with column 10 of table 1
and 8.4.1.8 (all classes).

g) Direct voltage 15 min dry withstand test in accordance with column 11 of table 1 or 2 and 8.4.1.9
(all classes).

h)  Cyclic aging test in accordance with 8.4.2 (all classes).
NOTE—Some Class 3 terminations, especially above 15 kV, may not meet impulse requirements in column 9 of

table 1 or 2, usually because of inadequate creepage length. If so, actual values shall be agreed upon by manufacturer
and user, but must meet the BIL of the equipment connected to the termination.



Table 1—Standard dielectric tests for high-voltage laminated dlelectric cable terminations assembled and ready for service

Insulation Max 1 min Dry 10 s Wet 6 h Dry Cycllc Radio Max Lightning Switching Direct
class (kV) design withstand withstand withstand aging dry influence fonizatlon impulse impulse voltage test
(12) voltage to (kV RMS) 3) (kV RMS) (kV RMS) voltage dry factor % (BIL) dry (BSL) 3) 9)
ground (kV RMS) (1v) all voltage withstand wet (dry) 1S mindry
(kV) (13) classes (kV crest) wlithstand withstand
(kV crest) kV avg)
Column 1 Column 2 Column 3 Column 4 Column § Column 6 Column 7 Column 8 Column 9 Column 10 | Column 11
25 1.6 20 20 10 3 50 See table 5 60 — 40
5 32 25 25 15 6 50 and 8.4.1.6 75 = 50
8.7 5.5 35 30 25 10 50 95 — 65
15 95 °50 45 35 17 50 110 — 15
25 16 65 60 55 29 100 150 — 105
345 22 90 80 75 40 150 _200 - 140
46 29.5 120 100 100 53 200 250 — 170
69 44 175 145 120 80 300 350 — 245
115 73 205 190 160 133 400 450 — 2175
120 73 260 230 190 140 450 550 — 320
138 88 310 2175 210 160 500 650 — 355
161 102 365 315 250 186 500 750 — 395
230 146 390 380 320 265 500 900 — 450
230 146 460 445 320 265 500 1050 — 510
345 220 520 — 440 300 500 1175 (900) 555
345 220 575 — 440 300 500 1300 825
345 220 575 — 440 300 500 1300 900 600
500 318 575 — 440 435 500 1300 (1100)
500 318 690 — 440 435 500 1550 1050 700
500 318 750 — 575 435 500 1675 1110 745
500 318 750 — 575 435 500 1675 1175 745
765 486 1300 — 755 663 500 2075 1435 965
765 486 1300 — 755 663 — 2175 1505 965
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NOTES TO TABLE 1

1—Power frequency includes any frequency from 48 Hz to 62 Hz.

2—All withstand values are test voltages without negative tolerance but may include an atmospheric correction
factor.

3 Indoor cable terminanions are not subjected to the wet test. Indoor terminations rated 345 kV and higher shall
withstand dry switching impulse voltage tests as noted in brackets in column 10.

4—The required lightning and switching impulse values shall be met with both positive and negative polarity tests.
"5 On assembled multiple conductor cable terminations, the tests shall be made betweea each conductor and ground
with the terminals on adjacent conductors grounded.

6—The values in this table are for general use. It is recognized that cable terminasions of higher or lower insulation
class or BIL may be used where conditions warrant and when specified and agreed upon.

7—When the dielectric strength of the cable termination is dependent upon taping or the use of auxiliary insulation,
such insulation shall be used when any design tests are made.

8—When a cable termination is assembled with cable for its dielectric test in the equipment or in the apparams in
which it will operate, the applied test voltage shall be determined by the tests required for the equipment or
apparatus if these voltages are lower than the values listed in the table.

9—The direct voltage test shall be made with negative polarity on the conductor. Refer to 7.3 of this standard for
comments regarding the direct voltage test values.

10—Cenain types of resistance or capacitance graded cable terminafions are sensitive to prolonged overvoltage
testing and may not be able to withstand some of the power frequency and direct voltage tests, although they are
perfectly satisfactory for service. In such cases, the manufacturer shall so specify and shall perform such other
special tests as agreed upon by the user.

11—For grounded systems.

7.1.2 Pressure leak tests
All Class 1 terminations shall be pressure leak tested in accordance with 8.4.3 as follows:

Class 1A test procedures a) and b)
Class 1B test procedures a) [30 1bf/in? only] and b)
Class 1C test procedures b) and c)

7.2 Routine tests

NOTE—Because of the variety of terminaton designs and materials, especially with polymeric terminations, each
manufacturer generally specifies and performs its own particular routine and quality assurance tests. It is impractical to
establish standard routine tests that will be applicable to every situation. Therefore, other routine tests may be performed
as agreed upon by the manufacturer and user in addition to those listed herewith.

a) Dielectric tests. See note 10 of table 1 or 2. A dielectric test on the termination insulator in
accordance with 8.5.1 (all classes).

b)  Partial discharge tests. As an option, partial discharge tests in accordance with 7.1.1 item d) can be
used.

NOTE—This applies only to factory-manufactured termination insulators. Termination insulators fabricated on
the cable in the field cannot be given this test.

C)  Pressure leak tests. A pressure leak test on all pressure-tight parts and factory-assembled seals in
accordance with 8.5.2 (Class 1C).



Table 2—Standard dlelectric tests for high-voltage extruded dlelectric cable terminations agssembled and ready for service

Insulation Max 1 min Dry 10 s Wet 6 h Dry Cyclic Radio Partial Lightning Switching Direct
class (kV) deslgn withstand withstand withstand aging dry Influence discharge Impulse Impulse voltage test
(12) voltage to (kV RMS) A3) (kV RMS) (kVRMS) | voltagedry (corona) (BIL) dry (BSL) (3) 9
ground (kV RMS) (nv) extinction withstand wet (dry) 15 min dry
(kV) (13) voltage (11) (kV crest) withstand withstand
(kV RMS) (kV crest) (kV avg)

Column 1 Column 2 Column 3 Column 4 Column § Column 6 Column 7 Column 8 Column 9 Column 10 | Column 11
2.5 1.6 20 20 10 45 50 2 60 — 40
5 3.2 25 25 15 9 50 45 75 — 50
8.7 55 35 30 25 15 50 15 95 — 65
15 9.5 50 45 35 26 50 13 110 — 75
25 16 65 60 55 43 100 21.5 150 — 105
345 22 90 80 75 60 150 30 200 — 140
46 29.5 120 100 100 60 200 40 ~ | -250 — 170
69 44 175 145 120 80 300 60 350 — 245
115 73 205 190 160 133 400 80 450 — 275
120 73 260 230 190 140 450 100 550 — 320
138 88 310 275 210 160 500 120 650 — 355
161 102 365 315 250 186 500 140 750 — 395
230 146 460 445 330 265 — 200 1050 — 510

NOTES

1—Power frequency includes any frequency from 48 Hz to 62 Hz.
2—AIll withstand values are test voltages without negative tolerance but may include an atmospheric correction factor.
3—Indoor cable terminations are not subjected to the wet test. Indoor wet terminations to be tested at three times phase-to-ground voltage.
4—The required lightning and switching impulse values shall be met with both positive and negative polarity tests.
5—On assembled multiple conductor cable terminations, the tests shall be made between each conductor and ground with the terminals on adjacent conductors grounded.

6—The values in this table are for general use. It is recognized that cable terminations of higher or lower insulation class or BIL may be used where conditions warrant and when specified and agreed

upon.

7—When the diclectric strength of the cable terminat .1 is dependent upon taping or the use of auxiliary insulation, such insulation shall be used when any design tests are made.

8—When a cable tenmination is assembled with cable for its diclectric test in the equipment or in the apparatus in which it will operate, the applied test voltage shall be determined by the tests required for
the equipment or apparatus i{ these voltages are lower than the values listed in the table.

9—The direct voltage test shall be made with negative polarity on the conductor. Refer to 7.3 of this standard for comments regarding the direct voltage test values.

10—Certain types of resistance or capacitance graded cable terminations are sensitive to prolonged overvoltage testing and may not be able to withstand some of the power frequency and direct voltage
tests, although they are perfectly satisfactory for service. In such cases, the manufacturer shall so specify and shall perforin such other special tests as agreed upon by the user.

11—The minimum detector sensitivity shall be 5.0 pC.

12—For use with 100% insulation cable as defined in AEIC CS5-87 or CS6-87. To obtain test values for voltage classes that are not listed, use lincar interpolation between the two closest listed values and

round off to the nearest whole kilovolt.
13—For grounded systems.
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7.3 Dielectric field tests

See note 10 of table 1 or 2. Field tests are tests that may be made in accordance with 8.6 on the completely
installed cable system (including the cable terminations) by the user as an installation acceptance or proof
test (all classes).

The values listed in column 11 of table 1 or 2 are not intended to be the test voltages for a given rated voltage
cable systemn, but are only to serve as a guide for the maximum voltage that the cable termination may be

expected to withstand under normal conditions without flashover or without affectng its dielectric
characteristics.

The magnitude of the acrual test voltage to be used for the installed cable system shall be determined by
reference to applicable AEIC or ICEA cable specifications. The cable termination manufacturer shall be
consulted before conducting any field tests that exceed the values listed in table 1 or 2.

NOTE—Some cable insulation may be damaged ,by direct voltage field tests. The cable manufacturer should be
consulted before testing. :

Transformers, regulators, and other equipment that cannot be disconnected from the cable system while
conducting the field test should be investgated to be sure that the withstand voltage strength of this
equipment is not exceeded.

8. Test procedures

8.1 Preparation of test specimen

The test specimen shall comply with the following requirements as specified in 8.4 through 8.6:

a) It shall be clean.
b) It shall be dry and clean.

c) It shall be assembled with cable of the type and maximum conductor size for which the high-voltage
cable terminaton is designed. and filled (as applicable) with the grade and quantity of materials
specified by the manufacturer and assembled with any electric stress—controlling fearures such as
stress-relief cones, etc., in the manner specified by the manufacturer. For dielectric tests, a mandrel
with insulation having the same physical and electrical characteristcs as that used on the cable may

be subsdtuted for cable, and the test assembly shall include the standard types of external connectors
(aerial lugs).

NOTE—1It is recommended that pre-molded terminations that depend on maximum and minimum cable

insulation diameters for sizing should be tested using the minimum cable insulation diameter and maximum
conductor size.

d) It shall be completely assembled and the entrances sealed. High-voltage cable terminations
incorporating gland-type entrances shall be assembled with a mandrel so that the cable seal is made
by compressing the gland-searing material against the mandrel.

e) It shall be mounted in a manner determined by the manufacturer, who shall consider typical service
conditons. All details of the test mounting shall be recorded and shall be available upon request.

f) It shall have the high-voltage test connection leave the terminal of the high-voltage cable
termination in a direction approximately parallel to the axis of the device for a distance of not less
than the dry arcing distance over the insulator. No other object except the supporting saucture shall
be close enough to the device to appreciably affect the test results.

10
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It shall be completely assembled with its own metal parts and have provision for admitting air or
other medium to the interior (if liquid medium is used, fill completely) and provisions for measuring
internal pressure during the test. Units that are intended to operate with internal pressure, whether
such pressure is from the cable system or a separate source, shall be tested at the minimum pressure
under which the cable system or terminal would be expected to operate in actual service.

8.2 Standard test conditions

8.2.1 Atmospheric and precipitation conditions

The standard atmospheric and precipitation conditions are given in table 3.

Table 3—Standard atmospheric and precipitation conditions

Air temperature 20°C 20°C 68 °F

Barometric pressure ¥ 101.3 kPa 760 mmHg 29.92 inHg
Humidiry 11 g/m3 11 g/m3 6.867 x 10~ 1b/ft°
Average precipitation rate for all 1.0-1.5 mm/min

measurements (vertical and horizontal
components)

Limits for any individual measurement
(vertical or horizontal component)

0.5-2.0 mm/min

Temperature of collected water

ambient temperature
+15°C

Resistivity of collected water corrected
to 20 °C?

100+ 15Q'm

*For switching impulses, if the prescribed water resistivity cannot be obtained, a lower value may be used but
the actual value must be stated in the test report. For comrection of water resistivity to 20 °C, refer to IEEE

Std 4-1995.

Where test conditions differ from those above, suitable corrections shall be made as outlined in 8.3.

8.2.2 Rate of voltage application for power frequency and direct voltage tests

The iniual voltage shall not be greater than 20% of the test voltage. The applied voltage may be quickly
raised to 75% of the test value. The continued rate of voltage increase shall be such that the time to reach the
expected test voltage shall be between 15 s and 30 s after the 75% value has been reached.

8.2.3 Duration of voltage application for power frequency and direct voltage withstand tests

The required voltage shall be held for the specified time (table 1 or 2) after the full value has been reached.

8.2.4 Testing equipment and voltage measurements

The character of the test equipment and the method of measuring voltage shall conform to IEEE Std 4-1995.

11
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8.3 Correction factors

a) Correction D for variation in relative air density and H for variation in humidity shall be made when
the conditions under which the tests are conducted vary from the standard test conditions given in
8.2.1. Correction factors shall be used for only the following tests:

1) Power frequency voltage 10 s wet withstand test. The applied test voltage shall be the specified
test voltage multiplied by D as determined by item c) below.

2) Lighming impulse voltage wet withstand test. The applied test voltage shall be the specified test
voltage multiplied by D/H as determined by items c) and d) below, respectively.

3) Switching impulse voltage wet withstand test. The applied test voltage shall be the specified test
voltage multiplied by D as determined by item c) below.

b) The air temperature at the time of the test shall be between 10 °C and 40 °C (50 °F and 104 °F).

c¢) The relative air density, D, at the time of the test should preferably be between 0.95 and 1.05 and
shall be determined as follows: J

P
b= (A)[xott]

where

D = relative air density

A =2.89 for P in kilopascals

A = 0.386 for P in millimeters of mercury
or 17.61 for P in inches of mercury

to =273 for t in degrees Celsius

or 459 for 1 in degrees Fahrenheit

d) The humidity cormrection factor, H, for variation in humidity is given in figure 1. The vapor pressure
at the time of the test should preferably be between 7.6 mmHg and 15.2 mmHg (1000 Pa and
2000 Pa) (0.3 inHg and 0.6 inHg).

e) All data used in determining any correction factors shall be recorded.
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1.46 BELOW 141 kV CREST DECREASE
. PERCENT CORRECTION IN DIRECT
1.14 PROPORTION TO VOLTAGE. USING
THE FOLLOWING EQUATION:
tl 1.12 H"%w"””
-4
E 1.10 N, = CORRECTION FACTOR REQUIRED
1.08 H, = CORRECTION FACTOR FROM CURVE
= £ = TEST VOLTAGE
& 1.06 -
[
O 1.04
£ 1.02
Sl
b= 1.00
=}
-g 0.98
¥ 096
0.94
0.92 r
0.80 i H i S SN U GHN G W WS 4

O 01 02 03 04 050607 0809 10 11 1.2 1.3
INCHES OF MERCURY —VAPOR PRESSURE

Figure 1—Humidity correction factor, 1.2 x 50 us impulse
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8.4 Design tests

Tests for extruded dielectric cable terminations are summarized in table 4. Termination tests are surnmarized
in table S.

Table 4—Design tests and sequence for extruded cable terminations

Subcla Migimum number of samples
Design test ubclause
een 4 4(2% 2
Partial discharge (corona) extinction voltage 84.1.5 il
4
Power frequency voltage 1 min dry withstand 84.1.1 Q
4
/ U
Power frequency voltage 6 h dry withstand 84.13 il
4
Power frequency voltage 10 s wet withstand 8.4.1.2 Q
(outdoor terminations) U
4
4
4
Direct voltage 15 min dry withstand 8.4.19 Q
4
4
Lighming impulse voltage withstand 8.4.1.7 Q
4
Partial discharge (corona) extinction voltage 8.4.1.5 Q Q
4 4
Cyclic aging 8.4.2item ¢) Q Q
4 4
Lighting impulse voltage withstand 8.4.1.7 Q Q
U 4
Partial discharge (corona) extincion voltage 8.4.1.5 Q Q
4 4
Pressure leak test (Class 1 terminations only) 843 Q

*Four samples for single-phase terminations in insulation classes up to and including 46 kV, and two
samples for single-phase terminations in insulation classes above 46 kV according to 8.4.2 item b). Two
samples for one-piece, three-phase terminations according to 8.4.2 item b).

NOTES—
Q =test
U = specimen, proceed to following test
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Table 5—0Design tests and sequence for laminated dielectric cable terminations—
Class 1B and 1C

Minimum number of samples
Design test Subclause
& 4 D) 2
Ionization factor 84.1.6 Q
J
Power frequency voltage 1 min dry withstand | 8.4.1.1 Q
4
4
Power frequency voltage 6 h dry withstand 84.1.3 Q
4
I}
Power frequency voltage 10 s wet withstand 84.1.2 Q
(outdoor terminations) P U
4
Direct voltage 15 min dry withstand 84.19 Q
4
4
_lrﬁpulsc withstand voltage 8.4.1.7 Q
4
Ionization factor 84.1.6 Q Q
1
Cyclic aging 8.4.2itemc) Q
4
lonization factor 84.1.6 Q I
Impulse withstand voliage 8.4.1.7 |
Pressure leak test 8423 Q

*Four samples for single-phase terminations in insulation classes up to and including 46 kV, and two
samples for single-phase terminations in insulation classes above 46 kV according to 8.4.2 item b). Two
samples for one-piece, three-phase terminations according to 8.4.2 item b).

Switching impulse voltage wet withstand test, 8.4.1.8, shall be used at 345 kV and above in lieu of the
power frequency voltage 10 s wet test.

8.4.1 Dielectric tests
8.4.1.1 Power frequency voltage 1 min dry withstand test

The test specimen shall be prepared for test in accordance with 8.1 items b), c), ¢), and f) and tested in
accordance with 8.2 and column 3 of table 1 or 2. If the test specimen withstands the specified test voltage
for the specified time, it shall be considered as having passed the test. If-flashover occurs, the test shall be
repeated. If the repeat test also results in flashover or other dielectric breakdown, the test specimen shall be

considered as having failed. If the specimen passes the repeat test, the test specimen shall be considered as
having passed the test.

8.4.1.2 Power frequency voltage 10 s wet withstand test

The test specimen shall be prepared for test in accordance with 8.1 items a), b), c), ¢), and f) and tested in
accordance with 8.2 and column 4 of table 1 or 2. This test is required on outdoor terminations only. Wet
tests shall be made in accordance with IEEE Std 4-1995.
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If the test specimen withstands the specified test voltage for the specified time, it shall be considered as
having passed the test. If flashover occurs, the test shall be repeated. If the repeat test also results in flashover
or other dielectric breakdown, the test specimen shall be considered as having failed. If the specimen passes
the repeat test, the test specimen shall be considered as having passed the test.

8.4.1.3 Power frequency voltage 6 h dry withstand test

The test specimen shall be prepared for test in accordance with 8.1 items b), c), ¢), and f) and tested in
accordance with 8.2 and column 5 of table 1 or 2. If the test specimen withstands the specified test voltage
for 6 h, it shall be considered as having passed the test. If the test is interrupted, the total duration of voltage
application shall be increased by twice the duration of each interruption.

8.4.1.4 Radio influence voltage (RIV) test

The test specimen shall be prepared for test in accordance with 8.1 items a), b), c), ¢), and f) and tested in
accordance with 8.2 and IEC 270-1981.

The applied test voltage shall be the maximum design voltage to ground indicated in column 2 of table

or 2. The test specimen shall have successfully passed the test if the RIV does not exceed the value
indicated in column 7 of table 1 or 2 measured at 1 MHz.

NOTE—Some cables may develop higher influence voltage levels than specified in column 7. In such cases. another

type of cable or equivalent insulated test mandrel may be substituted for the noisy cable to determine the true character-
istcs of the termination under test.

8.4.1.5 Partial discharge (corona) extinction voltage test

The test specimen shall be prepared for test in accordance with 8.1 items a), b), c), e), and f) and tested in
accordance with 8.2 and IEC 270-1981.

The partial discharge detecting apparatus shall be adjusted to have a sensitivity that will permit detection of
discharge pulses of at least 5.0 pC. The test voltage shall be raised to at least 120% of the value listed in
column 8 of table 2. If partial discharge exceeds 5.0 pC, the test voltage shall be lowered to the value listed
in column 8 and shall be maintained at this level for at least 3 s but not more than 60 s. The test specimen

shall have successfully passed the test if the partial discharge level does not exceed 5.0 pC during this
period.

NOTE—Some cables may indicate a partial discharge extinction voltage lower than that specified in column 8. In such

cases. another type of cable or equivalent insulated test mandrel may be substituted for noisy cable to determine the true
charactenistics of the termination under test.

8.4.1.6 lonization factor test

The test specimen shall be prepared for test in accordance with 8.1 items a), b), ¢), ¢), and f) and tested in
accordance with 8.2 and table 6.

The ionization factor is the difference, at 60 Hz, between the percent dielectric power factor measured
at an average stress of 100 V/mil and the percent dielectric power factor measured at an average stress of

20 V/mil. The measurement voltage is based on the insulation thickness of the laminated cable. The
measurement shall be made at 25 °C £ 5 °C.

8.4.1.7 Lightning impulse voltage withstand test

The test specimen shall be prepared for test in accordance with 8.1 items a), b), ¢), e), and f) and tested in
accordance with 8.2 and column 9 of table 1 or 2.
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Table 6—Maximum allowable ionization factor values for
laminated dielectric cable terminations

Class 1B terminations
Impregnated-paper-insulated cables—Solid-type %

Rated voltage (kV) Mmz:zri?:;aﬁon
10-200 06
21-350 04
35460 0.2
il 0.2

Class 1C terminations

Rated Maximum

Cable type voltage ionization

&V) factor (%)
High-pressure 69-161 0.1
162-765 0.05
Low pressure, 10-29 0.4
Gas-filled (at 10 1b/in? gage) | 3046 0.2
Low and medium pressure, 15-161 0.1
Liquid-filled 230 0.1
345-500 0.1

a) A nominal 1.2 x 50 s wave, both positve and negative, shall be used. The characteristics of the
impulse wave shall conform to the requirements contained in IEEE Std 4-1995, except that the

virtual front time shall not exceed 5 ps in the cases where the capacitance of the test piece is such as
to prevent attainment of requirement.

b)  Ten consecutive impulses at each polarity shall be applied to the test specimen. If a flashover or
other dielectric breakdown does not occur, the test specimen shall be considered as ~aving passed
the test. If two or more of the applied impulse waves cause flashover, the specimen shall be
considered as having failed. If one of the applied impulses causes flashover, ten additional impulses
shall be applied. If flashover or other dielectric breakdown does not occur, the specimen shall be
considered as having passed the test.

NOTE—When a specimen is tested with a unidirectional impulse, the insulation under test sometimes becomes
polarized. It is suggested, therefore, that each set of impulses with a given polarity be preceded by impulses of that
polarity at approximately 50%, 65%, and 80% of the required value in table 1 or 2. This procedure will neutralize the
polarization effects of any previous tests. Refer to IEEE Std 82-1994.
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8.4.1.8 Switching impulse voltage wet withstand test

The test specimen shall be prepared for test in accordance with 8.1 items a), c), ¢), and f) and tested in
accordance with 8.2 and column 10 of table 1. This test is required on certain classes of terminations only
(see note below), under standard wet test conditions as defined in IEEE Std 4-1995.

a) Anominal 250 x 2500 s wave, both positive and negative, shall be used.

b) Ten consecutive impulses at each polarity shall be applied to the test specimen. If a flashover or
other dielectric breakdown does not occur, the test specimen shall be considered as having passed
the test. If two or more of the applied impulse waves cause flashover, the specimen shall be
considered as having failed. If one of the applied impulses causes flashover, ten additional impulses
shall be applied. If flashover or other dielectric breakdown does not occur, the specimen shall be
considered as having passed the test.

NOTE—This test applies to cable terminations rated 345 kV and higher only, and is used in lieu of the power frequency
voltage 10 s wet withstand test (see table 1). In the case where the cable termination is classified as an indoor type (see
clause 3), a switching impulse test must be made, dry. The test values are referred to in column 10 of table 1 in brackets.

8.4.1.9 Direct voltage 15 min dry withstand test

The test specimen shall be prepared for test in accordance with 8.1 items a), c), e), and f) and tested in
accordance with 8.2 and column 11 of table 1 or 2.

a)  Adirect voltage of negative polarity, having a ripple of less than 3% at the required test value, shall
be used.

b) The test voltage shall be applied for the specified duration starting after the required test voltage has
been reached. If the test specimen withstands the required test voltage for 15 min, it shall be
considered as having passed the test. If a flashover occurs, the test shall be repeated. If the repeat test
also results in flashover or other dielectric breakdown, the test specimen shall be considered as
having failed.

8.4.2 Cyclic aging test

a)  The test specimen shall be prepared for test in accordance with 8.1 items a), b) c), e), and f).

b) Each test specimen shall be assembled as follows:

1) For single-phase terminations in insulation and classes up to and including 46 kV, a total of four
terminations shall be tested with two on one length of power cable and two on another. For
single-phase terminations in insulation classes above 46 kV, a minimum of two terminations
shall be tested with one on each end of a power cable. A minimum of 2 m (6 ft) of cable shall be
used between terminations.

NOTE—A typical load cycle test circuit for single-phase terminatons is shown in figure 2. In this test
setup, the loading current and the high voltage are applied with separate, independent power supplies. The
metallic shield of each power cable is connected to a single grounding point to prevent current from
circulatng in the metallic shield of either cable.

2) For one piece, three-phase terminations, a total of two samples shall be tested on one length of
power cable. A minimum of 2 m (6 ft) of cable shall be used between terminations.

NOTE—A typical load cycle test circuit for three-phase terminations is shown in figure 3. In this test
setup, the phases are connected in a series loop to easily facilitate the circulation of current through the
conductors. The loading current and the high voltage are applied with separate, independent power
supplies. A test setup using three-phase power is also acceptable. The cable connecting the terminations
may be three single-conductor cables or one three-conductor cable. In either case, the metallic shield(s)
must be interrupted and single-point grounding must be utilized to prevent circulating shield currents.
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Figure 2—Single-phase terminations
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Figure 3—One-piece three-phase terminations
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In both the single- and three-phase test setups, the window-type current transformer may be installed on one
of the jumper leads to help minimize circulating currents in the cable metallic shield(s). The jumper leads
may be an uninsulated wire or bus, an unshielded power cable, or a shielded power cable.

The test configurations shown in figures 2 and 3 are only examples of how the test may be performed. Other
test setups may be used to obtain the same goal.

For large, higher voltage cables, more than 2 m of cable may be required to prevent the conductor
temperature midway between the terminations from being influenced by the terminations. Up to 5 m
(approximately 15 ft) may be required.

c) Testingshall be in accordance with 8.2 and the following:

1) Applied test voltage for Class 1A extruded dielectric cable terminations shall be in accordance
with column 6 of table 2.

2) Applied test voltage for Class} 1B and 1C laminated dielectric cable terminations shall be in
accordance with column 6 of table 1.

3) Voltage shall be applied continuously to the test specimens for a 30-day period. See 7.4.2, item
c) 1) oritemc) 2).

4) Load current, in addition to voltage [item c) 3) above], shall be applied to the test specimens.
During the current-on period, the cable conductor temperature midway between the
terminations shall be within S°C of the cable’s maximum rated emergency operating
temperature for a period of 6 h. During the current-off period, the conductor temperature
midway between the terminations shall drop to within S °C of the ambient air temperature.

If this condition cannot be met, then every five cycles the current (and voltage) shall remain off for 48 h. The
load cycle shall be resumed at the end of the 48 h period. (This procedure may be followed even if the 5 °C
condition can be met if a test facility prefers not to run the tests during the weekend.)

The test specimens shall complete 30 load cycles. If the 48 h off period is used, it is not considered in the test
cycles.

NOTE— One load cycle is 24 h long with a current-on period and a current-off period. The duration of the current-on

and current-off periods is governed by the amount of time it takes a given test specimen to achieve the desired
temperature.

The cable’s emergency rating temperature should be determined by reference to applicable AEIC or ICEA
cable specifications or to the cable manufacturer in the case of special use cables.

Temperature can be determined by reading the jacket temperature midway between erminations and
comparing it to a “dummy” cable equivalent, where both jacket and conductor temperature have been
determined. Equivalent current loadings can also be useful.

5) Parial discharge (corona) extinction voltage test level shall be determined for each specimen
before the 30 load cycle test period is started and after completion of the 30 load cycle test
period. Partial discharge levels shall be determined in accordance with 8.4.1.5.

6) After completion of the cyclic aging test and partial discharge (corona) extinction voltage test
level, each specimen shall be tested with lightning impulse voltage (10 shots at each polarity)
in accordance with 8.2, 8.4.1.7, and column 9 of table 1 or 2.

NOTE—For laminated dielectric cable terminations (Class 1B and 1C), the ionization factor test shall be used in place
of partial discharge in accordance with table 6 and 8.4.1.6.
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d) Class 1B and 1 C terminations shall show no visual indications of fluid leakage at the completion of
the cyclic aging test.

If the two specimens (one specimen for 46 kV and above or for a three-phase specimen) withstand all of the
above specified test conditions for the specified time, they shall be considered as having passed the test.

If the test is interrupted or otherwise affected, the cycle(s) affected shall be repeated. If dielectric breakdown
occurs in any test specimen, all test specimens shall be considered as having failed.

NOTE—The cyclic aging test is not intended to establish current rating for atermination (see clause 5).

8.4.3 Pressure leak tests

The test specimen shall be prepared at room temperature in accordance with 8.1 items a), b), d), and g) and
tested in accordance with items a) and b), or b) and c) below. See 7.1.2 for determining which tests to use.
The test specimen shall have successfully passed if no leak or rupture occurs.

NOTE—The following pressures are gauge except in item b) below.

a) Apply 200 kPa (30 Ibf/in?) for 1 h at room temperature. If gas pressure is used, the test specimen
shall be immersed at a depth of not less than 5 cm in a liquid bath or the exterior surface shall be
coated with soap solution. If liquid pressure is used, the liquid shall have a viscosity no greater than
125 s (Saybolt Universal) at 25 °C. Seal areas are to be coated with a white chalk that will stain if
there is a leak. The test may be made at 100 kPa (15 lbf/'lnz) for2 h or SO kPa (7 1bf/in2) for 6 h when
specified and agreed upon.

b) For Class 1C terminations (components) with the test specimen at a temperature not higher than
25 °C, evacuate to a pressure of not more than 67 Pa (0.5 torr or 0.01 1b/in® absolute), after which
the valve shall be closed, separating the test specimen from the pump. During the next 30 min, the
rise in pressure shall not exceed 67 Pa (0.5 torr or 0.01 lbf/inz). For Class 1 A and 1 B terminatons.
the test pressure shall be not more than 670 Pa (5 torr or 0.1 1bf/in?) using the same procedure.

c) Fill the test specimen with a liquid that has a viscosity no greater than 125 s (Saybolt Universal) at
25°C. Apply 2.5 times rated internal pressure or 267 kPa (40 Ibf/in?), whichever is highest, for
terminations up to 2000 kPa (300 lbf/'mz) [consult manufacturer for test on terminations with rated
internal pressure greater than 2000 kPa (300 lbf/'mz)]. The internal pressure (or pressures) shall be
observed and maintained at the test pressure until the temperature of the test specimen and filling
fluid have stabilized. The temperature-pressure test shall then be continued 1 h for single-pressure
zone terminations and 24 h for multipressure zone terminations. Leakage shall be detected at the end
of this period by visual examination of chalk on the exterior surfaces of the test specimen and by

pressure drop in the high-pressure zone or pressure rise in the low-pressure zone of a multipressure
zone termination.

8.5 Routine tests

8.5.1 Dielectric tests

Dielectric tests shall be made on termination insulators prepared in accordance with 8.1 items a) and b) and
tested in accordance with 8.2. Any of the following procedures may be used at the manufacturer’s option:

a)  Using parts simulating external metal parts for the fully assembled cable termination, apply power
frequency voltage for 1 min using the value shown in column 3 of table 1 or 2 for the specified
insulation classification. If flashover occurs, the test may be repeated. If puncture occurs, or if
flashover occurs on the repeat test, the insulator shall be rejected.
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b) Using parts simulating external metal parts of the fully assembled cable termination, maintain power
frequency flashover for at least 3 min. The insulator shall be rejected if the flashover causes
puncture.

c¢) Using a conducting member passing through the insulator (see note below) and a conducung ring
surrounding the insulator at the approximate midpoint, maintain power frequency flashover for at
least 3 min. Any insulator that is punctured shall be rejected. Good insulators for cable terminations
rated 69 kV and higher might be punctured by this method and, therefore, these insulators should be
tested as prescribed in item d) below.

NOTE—Several insulators may be tested in parallel and, when so tested, the voltage control shall be such that a
continual flashover occurs and divides uniformly over the insulators under test. To meet this condition it may be
necessary to insert additional impedance in the testing circuit. High-frequency test voltage may be used for
these tests, in which case the test duration shall be at least 3 s. The high frequency shall be of the order of
200 000 Hz in damped trains, but not less than 100 000 Hz.

d) Using a conducting surface on the entire internal surface of the termination insulator and a
series of conducting rings surroundin/g the insulator at each minimum diameter of corrugation
or petticoat, apply a power frequency voltage for 1 min using an average puncture gradient of
28 kV/cm (70 kV/in). Any punctured insulator shall be rejected.

NOTE—Most polymeric termination designs do not lend themselves to the above tests. Consult the manufacturer(s) for
specific procedures to determine insulator integrity.

8.5.2 Pressure leak tests
NOTE—The pressures indicated below are gauge.

Routine pressure leak tests on parts and on factory-assembled seals shall be made in accordance with the
practice developed by the manufacturer. Class 1C components having a rated internal pressure greater than
100 kPa (15 1bf/in?) shall be subjected to an internal pressure of 2.5 times the nominal rating for
terminations rated up to 2000 kPa (300 1bf/in?) in accordance with the following:

a) One hour on single-pressure zone terminations where the outer surface of the parts subjected to
leakage are exposed for visual examination.

b)  Twenty-four hours on multipressure zone terminations where the outer surface of the parts subject to
leakage are not exposed for visual examination, and leakage detection must be determined by
pressure drop in the high-pressure zone or pressure rise in the low-pressure zone.

c) For terminations with an internal pressure rating greater than 2000 kPa (300 Ibf/in?), the test
procedure should be agreed upon by the purchaser and manufacturer.

8.6 Dielectric field tests
The tests are to be conducted in accordance with 8.1 items b) and f).

Direct voltage test values up to the maximums listed in table 1 or 2 may be used with the test set connected
for negative polarity. Refer to 7.3 for comment regarding the direct voltage test values.

The field test voltage has been established for phase-to-ground tests only.

21



IEEE
Std 48-1996 IEEE STANDARD TEST PROCEDURES AND REQUIREMENTS FOR

9. Application guide

9.1 Application at altitudes greater than 1000 m (3300 ft)

9.1.1 Effect on ampacity

A high-voltage cable termination that depends an air for its cooling medium and is designed for standard
temperature rise may be used at altitudes greater than 1000 m (3300 ft) provided that the ampacity is reduced

by the correction factors listed in table 7.

The temperature of the cooling air is not likely to exceed the values for the respective altitudes given in
table 7.

Table 7—Altitude-ampacity correction factors

Altitude Y Altitude Maximum temperature of the
ampacity cooling air
correction

(m) (1)) factor c0) CF)
1000 3300 1.00 40 104
2000 6600 0.99 35 95
3000 9900 0.96 30 86

9.1.2 Effect on dielectric strength

The dielectric strength of a high-voltage cable termination that depends on air for its insulation varies with
altitude. Table 8 shows the approximate relative dielectric strength for altitudes above 1000 m (3300 ft) at
any given temperature.

Table 8—Altitude-dielectric strength correction factors

Altitude Altitude
correction
factor for

(m) () dielectric
strength
*N0O 3300 1.00
1500 5000 0.95
2100 7000 0.89
3000 9900 0.80

9.2 Effect of solar radiation (ultraviolet light)

Solar radiation can cause molecular scission to occur on most polymer surfaces unless adequately protected
by UV stabilizers. This degradation can shorten service life of polymers significantly.

Little has been reported to correlate ASTM weatherometer test results with anticipated 30-year service life.
Solar radiation varies significantly between geographical areas (513 langleys/day in Phoenix, AZ and
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352 langleys/day in Indianapolis, IN) so that a test life of 1000 h may be adequate for one area while 3000 h
may be inadequate for another.

The following test methods are recommended to evaluate effects of solar radiadon on polymeric
terminations or exposed polymer components used with porcelain terminations:

Operating light and water-exposure apparatus (fluorescent UV-condensation type): [B11) (UVA-340
lamp) or (UVB-313 lamp)

Xenon arc methods: (B9] or (B10])

Surface cracking or crazing constitutes failure. Three thousand hours is recommended, but because of the
above reasons, the manufacturer should be consulted.

9.3 Environmental exposure

. : . . J . .
Terminations are installed in a range of environments, from very benign to extremely severe. Airbomne
pollutants coupled with water can lower design electrical withstand values and cause flashover.

The following pollution severity guide is for distribution voltages and is meant to assist the user to broadly
define the environment in which the termination is to be installed. Minimum termination requirements are
given within the definitions of clause 3 to assist the user in consulting with the manufacturer if there is a
concern on the type of environment involved.

9.3.1 Indoor terminations

a) Dry. Applications where the termination is protected from exposure to sunlight and precipitation, not
subject to condensation or excessive (90% RH) continuous humidity, and protected from wind-

driven pollutants. An example would be unit substations located inside office and industrial
buildings.

Class 1A terminations without weathersheds are often used. Class 2 and 3 terminations can be
considered.

b)  Wer. Applications where the termination is protected from exposure to sunlight and precipitation, but
subject to climatic changes causing condensation on the termination surfaces and infiltration of

wind-driven particles settling on these surfaces. Generally, these would be outdoor free-standing
enclosures.

Class 1 terminations are recommended. If the above conditions are frequent and/or severe, designs
with weathersheds should be considered.

9.3.2 Outdoor terminations

These terminations are not protected from solar radiation, airborne pollutants, or precipitation. Environ-
ments are broadly defined as follows:

a) Light

1) Areas without industries and with low-density housing

2) Areas subjected to frequent winds and/or rainfall with low density of industries or housing
3) Agricultural areas

4) Mountainous areas
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b)

<)

d)

All of these regions should be situated at least 7-15 mi from the coast and should not be exposed to
coastal winds. Distances from coast depend on the topography of the coastal area and on the extreme
wind conditions.

Class 1 terminations with weathersheds are recommended.
Medium

1) Nonpolluting industrial areas subject to infrequent rainfall and/or with average-density housing
2) Areas subjected to frequent winds and/or rainfall with high-density industries and/or housing
3) Areas exposed to wind from the coast, but generally over 2 mi from the coast

Use of fertilizers by spraying, or the burning of crop residues, can lead to a higher pollution level
due to dispersal by wind.

Class 1 terminations are normally used with weathersheds for these applications.

Heavy

1) High-density industrial areas and.some urban areas with high-density housing, especially those
with infrequent rainfall

2) Areas subjected to a moderate concentration of conductive dust, particularly industrial smoke-
producing deposits

3) Areas generally close to the coast and exposed to coastal spray or to strong winds carrying sand
and salt, and subjected to regular condensation

Class 1 terminations with weathersheds are often used, but the next higher voltage level or extended
creepage should be considered if the general area has a known history of contamination problems.

Extremely heavy

1) Usually very limited areas having extremely heavy pollutants from industrial sites, especially
those located near oceans and subjected to prevailing winds from the sea

2) Very small isolated areas where terminations are located immediately adjacent to a pollutant
source, especially downwind (cement plants, paper mills, etc.)

Normally additional creepage length is required, e.g., next voltage level, and often extra
maintenance such as periodic washing is needed.

9.3.3 Apparatus termination environments

Apparatus terminations must be compatible with the insulating medium, i.c., no degradation of the
termination and the medium over the intended temperature operating range.

9.4 Accelerated contamination testing

While there are a number of test procedures in use, none has been adopted as an industry standard.

Investigators have found modification of a given procedure can significantly affect test time and/or failure
modes, especially between material types. This has been documented in several [EEE papers.

Manufacturer(s) should be consulted concerning contamination test history of the product if there is a
question for use in areas having high contamination levels.
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