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PROLOGO

El presente informe de suficiencia muestra las caracteristicas, ventajas y
beneficios de la goma silicona como material para ser usado en terminaciones de alta
tension instalados en cables de energia de energia.

En el Capitulo I se abordan los antecedentes de uso de materiales aislantes
para alta tension, también se definen objetivos y alcances del presente informe.

El disefio de la terminacion esta supeditado a las condiciones de servicio del
cable de energia en el cual se va a instalar, por lo que en el Capitulo II se detallan las
caracteristicas mas importantes del cable de energia con aislamiento de polietileno
reticulado (XLPE)

En el Capitulo IIl se analiza el sistema autocontraible: “terminaciones de
goma silicona” tanto en sus funciones como accesorio para anclar los cables de
energia de energia en la red eléctrica asi como su comportamiento en las diversas
condiciones de servicio. Asimismo se detallan las caracteristicas, ventajas y
beneficios de la tecnologia autocontraible que concluyen en facilidad y rapidez en el
montaje asi como confiabilidad en su servicio.

El capitulo IV se detallan las especificaciones técnicas que deben cumplir las
terminaciones considerando las condiciones de servicio tanto operativas de acuerdo a
las caracteristicas de la red eléctrica a la que serviran asi como las medioambientales.

En el capitulo V se describen los ensayos a los que son sometidas las
terminaciones para garantizar su performance durante su vida util, son referentes
estandares internacionales europeos y norteamericanos.

En el capitulo VI se plantean los costos de utilizacidon considerando tanto las

terminaciones como el servicio de montaje.



CAPITULO1I

INTRODUCCION

1.1 Antecedentes

Desde los comienzos de los sistemas eléctricos, la porcelana ha sido el
material para aislamiento de equipos predominante en Alta Tension. Sin embargo, en
estos dias tiene un fuerte competidor que probablemente sera el principal material
usado en aislamiento en un futuro no muy lejano: el aislamiento polimérico. Existen
varios tipos de materiales aislantes poliméricos, entre los que destacan la silicona y
el XLPE de los cables de energia aislados.

Pese a la introduccion de los materiales poliméricos hacia la segunda mitad
de la década de los 80°, el cambio de tecnologia ha evolucionado en forma lenta,
principalmente, debido a la reticencia de la industria hacia el uso de nuevos
productos. Sin embargo, en el Gltimo tiempo ha ganado parte importante del mercado
y va en franca expansion. En la actualidad, practicamente, todos los productos en
Alta Tensién cuentan con su version de aislamiento en polimero (incluso en algunos
la versidon en porcelana practicamente no se fabrica). Y es que las ventajas del
aislamiento polimérico son muchas, destacando la resistencia a los rayos UV, a
impactos mecanicos, la disminucién del peso, la seguridad de operaciéon y la

disminucion del impacto ambiental en su fabricacién y utilizacion.



Algunos polimeros son hidro-repelentes (hidrofébicos) o auto-limpiantes (en
presencia de lluvia), que en condiciones de alta contaminacion, justifican ain mas la
migracion de aislamiento en porcelana hacia aislamiento polimérico (no requieren
ser lavados). Se debe tener cuidado en este punto, debido a que en el mercado existen
muchos tipos de aislamientos en polimero, sin embargo, s6lo algunas empresas
trabajan con la silicona hidrofébica.

Debido a las ventajas antes mencionadas, el uso de aislamiento polimérico
genera un incremento de la confiabilidad en los equipos, tanto desde el punto de vista
de la seguridad de operacion de un sistema eléctrico (ante pequeiias trizaduras en la
porcelana podria ocasionarse una falla, incluso ruptura del equipo), como del punto
de vista de la seguridad de los operarios del sistema (en caso de falla la porcelana, a
diferencia de los polimeros, podria estallar en pedazos pudiendo dafiar a personas
que se encuentren cerca del suceso).

En la linea de accesorios para conexionado de cables de energia con
aislamiento polimérico XLPE se vienen desarrollando empalmes y terminaciones
pre-deformados en base a goma silicona como aislante e integrada con otros
componentes como controladores de campo eléctrico en una tecnologia que es

denominada sistema autocontraible.



1.2  Objetivo
Mostrar las ventajas y beneficios de la goma silicona como material para ser

usado en terminaciones de alta tension instaladas en cables de energia de energia

eléctrica.

1.3  Alcance

Las terminaciones que analizaremos en detalle son de aislamiento polimérico
(goma silicona) integrado con otros componentes predeformados en un sistema
denominado autocontraible, tension hasta 72.5kV, clase 1, aplicacion
interior/exterior, instaladas en cable de energia unipolar de aislamiento polimérico

XLPE, aprobadas segin standards IEEE Std. 48 — 1996, IEC 60840 2004-04.



1.4  Limitaciones

El standard IEEE Std. 48 — 1996 evalda terminaciones en el rango de 2.5kV a
765kV, el standard IEC 60840 2004-04 evalta terminaciones en el rango de 30kV a
150kV, como se detalla en el alcance analizaremos las terminaciones en el sistema
autocontraible para una tension maxima de 72.5kV.

Existen diversos polimeros aislantes en cables de energia de alta tension entre
los mas conocidos: el EPR y el XLPE, el aislamiento del cable de energia referente
para el desarrollo del presente trabajo seré el polimetro denominado XLPE.

Existen diversos materiales y tecnologias en terminaciones de alta tension
entre los mas conocidos tenemos: la tecnologia autocontraible (aislamiento
polimérico de silicona), deslizable (aislamiento polimérico de silicona),
termocontraible (aislamiento polimérico de EVA) y otras tecnologias con
aislamientos en base a gas, aceite, porcelana, etc...

Para nuestro analisis de caracteristicas, ventajas y beneficios tomaremos las
tecnologias que marcan la tendencia de uso en nuestro medio: Tecnologia

autocontraible Vs. Tecnologia termocontraible.



CAPITULO1I
CABLES DE ENERGIA DE ENERGIA DE AISLAMIENTO POLIMERICO

PARA ALTA TENSION.

2.1 Introduccion.

El actual crecimiento de la demanda de energia eléctrica y las distancias a las
cuales se tiene que transmitir requieren el manejo de niveles de tension elevados para
lograr una calidad de energia 6ptima. Por esta razon, los cables de potencia para
media y alta tensiéon han tenido una evolucidn tecnoldgica, convirtiéndolos en
productos de instalacion practica a nivel residencial, industrial y comercial,

adquiriendo asi gran importancia en la distribucion de energia eléctrica.

: EAT >=a 220

Alta Tensién 60<=AT<220
Media Tension 1<=MT<60

Baja Tension 0.025<=BT<l1
Muy Baja Tension MBT<0.025

Tabla 2.1 Clasificacion de los niveles de Tension(kV)

La tecnologia de los cables de potencia se remonta al afio de 1880 en la
ciudad de New York con la introduccién de las lamparas para iluminacién (del tipo

incandescente) tanto a nivel residencial como urbano, que hicieron necesario el uso



de cables de potencia para la distribucion de energia. Con el fuerte incremento del
sistema de iluminacidn, se hizo necesario reemplazar la mayoria de las lineas aéreas
por una alternativa de cable que brindara mayor seguridad a los usuarios y menor
ocupacion del espacio; como respuesta a estos requerimientos surgieron los cables de
potencia subterraneos, convirtiéndose en practica comun y natural al principio del
siglo XX.

Las primeras versiones del cable para media tensién surgieron con
aislamiento en papel impregnado de aceite o caucho vulcanizado. Durante la primera
guerra mundial, se le dio un gran uso a los cables de potencia tripolares y aislados en
papel impregnado, con tension de operacion hasta 25 kV. Debido a la no uniformidad
del cable se generaba una distribucioén del campo eléctrico inapropiada, de modo que
para contrarrestar este efecto se construian los cables con aislamiento bastante
grueso.

El Polietileno se utiliz6 por primera vez como material de aislamiento en
cables de radio frecuencia, luego de su descubrimiento en 1933. Hacia 1950 se
emple6 como material de aislamiento en cables para sistemas de distribucion de
energia, perfilindose como uno de los materiales que se encargaria de sustituir los
anteriores aislamientos, debido a sus reducidas pérdidas dieléctricas y su facilidad de
procesamiento. Las décadas siguientes se vieron marcadas por el incremento en el
nivel de tension que se podria manejar con los cables aislados en Polietileno, después
de un proceso de reticulacion (XLPE). En la actualidad el nivel de tensidon mas alto
que se ha logrado manejar exitosamente con este tipo de aislamiento corresponde a
una aplicacion de generacion de energia en Japon, en la que se manejan 500 kV en

un cable aislado en XLPE.



El Caucho de Etileno Propileno EPR (Ethylene Propylene Rubber) aparece
como aislamiento en cables para media tension hacia 1960, con excelente
aplicabilidad cuando se requiere mayor flexibilidad que la obtenida en cables
aislados con XLPE. La mayoria de las caracteristicas eléctricas de ambos materiales
son similares, aunque el EPR presenta un factor de pérdidas un poco mayor que el
XLPE.

La instalacion de los cables de energia para alta tension, puede hacerse a
través de canalizaciones, en bandejas portacables o directamente enterrados

2.2 Definicién de términos técnicos.

Conductor.- Alambre o conjunto de alambres; no aislados entre si, destinados a
conducir la corriente eléctrica. Los materiales usualmente utilizados son el cobre y el
aluminio. La tabla muestra algunas de las caracteristicas mas importantes del cobre

y del aluminio que se emplean en los cables para media y alta tension.

COBRE SUAVE ALUMINIO 1350

Densidad g/cm? 8,89 2,705
Resistividad Q- mm2/km 17,241 28,172
Conductividad (%IACS) 100,0 61,2
Tension de Rotura MPa 220 155-200
Elongacion a Rotura % 25-30 1,4-23
Norma ASTM (NTC) B3 (359) B230 (360)
Resistencia a la Corrosion Excelente Buena

Tabla 2.2 Comparativo caracteristicas de Cu Vs Al
Alambre no aislado.- conductor desnudo formado por una sola hebra.
Conductor cableado no aislado.- conductor desnudo formado por varias hebras o

alambres retorcidos entre si.



El cableado de un conductor consiste en el nimero de hilos que este debe
poseer, segun el calibre y los parametros mecéanicos como la flexibilidad. La clase de
cableado B es usada como estandar en los cables para media y alta tensidn, pues
presenta unas propiedades adecuadas para estas aplicaciones. La figura 2.1 muestra
la seccidén transversal de un conductor calibre 2 AWG conformado por 7 hilos

(cableado clase B).

CONDUCTOR CALIBRE 2 AWG

Cableado Clase B, 7 hilos. Area: 33,63 mm?
Diametro del conductor 7,42 mm

@ Hilo de cobre

Intersticio

Figura 2.1 Conformacién de conductor de cu (Cableado clase B)

A los espacios libres que quedan entre hilos adyacentes de una misma capa,
se le conoce como intersticios del conductor. La forma de la reunién de los hilos
siempre es helicoidal; sin embargo, la posiciéon y forma de los hilos durante el
proceso de reunion (cableado) puede ser controlada con el fin de reducir la extension
de los intersticios. Las normas de fabricacion ASTM y NTC incluyen dos tipos de
cableado denominados comprimido y compactado, en los cuales conservando el area
de conductor se puede reducir el didmetro final hasta a un 97% y un 93%

respectivamente, como se muestra en las figuras.
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CONDUCTOR CALIBRE 2 AWG

Cableado Clase B, 7 hilos Comprimido  Cableado Clase B, 7 hilos Compacto
Area: 33,63 mm? Area: 33,63 mm?
Diametro 7,20 mm Diametro 6,81 mm

Figura 2.2 Conformacion de conductor de Cu Comprimido Vs Compacto

Para seleccionar el conductor se debe tener en cuenta tanto la capacidad de
corriente de operacion como de corto circuito, porque asociadas a ellas estd la
temperatura que alcanzara el conductor en un instante determinado, la cual debe ser
soportada por los materiales plasticos que rodean al conductor.
Seccion geométrica.-es la seccion recta de un alambre 6 la suma de las secciones
rectas de cada uno de los alambres expresada en mm2
Seccion nominal.- es el valor redondeado que se aproxima al geométrico y que se
utiliza para la designacion del conductor, expresada en mm?2
Seccién eléctrica.- es el valor de resistencia maximo fijado por la norma en ohm/Km
a 20° C, por lo tanto es el Unico que garantiza un correcto comportamiento del
conductor en cuanto al transporte de energia.
Cable de energia Unipolar.- conformado por un conductor eléctrico con una sola

alma conductora, con aislacién y con o sin cubierta protectora.

Figura 2.3 Cable de energia unipolar
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Multiconductor.- Cable de energia de dos 0 mas almas conductoras aisladas entre si,
envuelta cada una por su respectiva capa de aislacién y con una o mas cubiertas

protectoras comunes.

Figura 2.4 Cable de energia multipolar
Cable de energia Tripolar.- Multiconductor formado por 3 cables de energia.
Tension Nominal.- Es la tension de operacion permanente del conductor en
condiciones normales de servicio.
Clase de Aislamiento (V).- Es la tension nominal de linea para la cual esta disefiado
el cable de energia.
Tension de Diseiio a Tierra (Vo).- Es la tensiéon nominal de fase (entre pantalla y
tierra), a la cual puede operar continuamente un cable de energia 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 méaximo valor que puede soportar
permanentemente el cable de energia 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 cables de energia sufran un aumento peligroso de

temperatura.
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Corriente dinamica nominal de Cortocircuito.- Es el valor de cresta de la corriente
de corta duracion, que puede soportar el conductor sin sufrir dafio mecénico, como
consecuencia de los esfuerzos electrodindmicos a que esta sometido.

Plastico.- Compuesto organico polimerizado hasta lograr un alto peso molecular y
puede ser moldeado en forma definida con la aplicaciéon de calor o presiéon (o
ambos), conservando esta forma cuando vuelve a las condiciones normales.
Termoplasticos.- Se reblandece por medio del calor, endureciéndose nuevamente al
enfriarse. El grado de reblandecimiento depende principalmente de la temperatura
alcanzada y no de la duracidn del proceso. Ejemplo: policloruro de vinilo, polietileno
lineal.

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. Ejemplo: Polietileno

Reticulado (XLPE), Goma de etileno propileno (EPR)

23 Estructura de los cables de energia de media y alta tensién

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

a.- Conductor de cobre rojo suave. Formado por varios hilos, es una cuerda
redonda compacta para obtener asi una superficie lisa y un didmetro reducido
respecto a una cuerda normal.

b.- Pantalla interna: Capa semiconductora. Esta capa de material se encuentra en

contacto directo con el conductor, estd conformado por un material termoestable
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(generalmente Polietileno con caracteristica semiconductora) que se encarga de
recubrir al conductor cableado, penetrando en los intersticios entre los hilos de la
capa exterior del conductor para darle una forma circular al mismo. Esta capa de
material también es conocida como Primera Capa Semiconductora.

Este primer material semiconductor se encarga de que el campo eléctrico sea radial a
partir de su superficie, evitando concentraciones puntuales de campo, obteniéndose
asi una superficie equipotencial (equilibrio de cargas eléctricas) alrededor de esta
primera capa. Si se aplicara el aislamiento directamente sobre el conductor sin el
material semiconductor, éste sufriria los efectos del elevado campo eléctrico en los
intersticios del conductor (efecto corona) que ionizaria el aire contenido en los
mismos generandose microdescargas, como consecuencia disminuirian la capacidad
del mismo pudiendo incluso perforarlo. La figura muestra la distribucién del campo

eléctrico para un cable recubierto con el blindaje semiconductor.

1 Lineas de Campo
Eléctrico

Fig 2.5 Lineas de campo eléctrico en un conductor de seccion circular.
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c.- Aislamiento. En las lineas para media y alta tension aéreas, el elemento aislante
empleado es cominmente el aire, sin embargo, para estos casos se requiere de una
separacion entre fases (e incluso el neutro) de acuerdo con las caracteristicas del
sistema. En los cables para media y alta tension los niveles de voltaje y los espacios
reducidos que se manejan hacen necesaria la presencia de un medio aislante que sea
capaz de brindar la rigidez necesaria contra las fugas de corriente, fallas entre fases

(neutro) del sistema y que pueda confinar el campo eléctrico producido por el

conductor al interior de él mismo.

DISTANCIAS
HORIZONTALES DE
SEGURIDAD (cm

CLASE DE CIRCUITO Y TENSION ENTRE LOS

CONDUCTORES CONSIDERADOS

15
onductores de comunicacién expuestos 75@
\dlimentadores de vias férreas i
0 a 750 V No. 4/0 AWG o mayor calibre. 15
[0 a 750 V calibre menor de No. 4/0 AWG 30
[Entre 750 Vy 8,7 kKV. 30
Conductores de suministro del mismo circuito.
0 a8,7kV 30
Entre 8,7 y 50 kV 30 mis 1 cm por kV sobre 8,7 kV
Mas de 50 kV Ningun valor especificado
onductores de suministro de diferente circuite *’
Da8,7kV 30
Entre 8,7 y 50 kV 30 mas 1 cm por kV sobre 8,7 kV
Entre 50 kV y 814 kV 72,5 mas 1 cm por kV sobre 50 kV

Tabla 2.3 Distancia horizontal entre conductores soportados en la misma
estructura de apoyo



CONDUCTORES A MAYOR ALTURA

CONDUCTORES DE SUMINISTRO A LA
INTEMPERIE (TENSION EN kV)

IConductores y cables de HASTA1kV | ENTRE 7.6 Y 66 kV
iconmumicacion.
ja. Localizados en el apoyo de 0.4 0,4 mas 0,01 m por kV
!empresa de comunicaciones. sobre 7,6 kV.
]b. Localizados en el apoyo de 0.4 0.4 mas 0,01 m por kV
P — lempresa de energia. sobre 7.6 kV.
Y CABLES A Hasta 1 kV o iy |
‘MENOR ALTURA !
Entre 1 kV 0.4 mas 0,01 m por kV
v7.6kV No permitido sobre 7.6 kV
E-ntre 114 No perutido 0.6 mds 0,01 m por kV
KV ¥ 495 sobre 7,6 kV
KV obre 7,
Entre 44 KV 0.6 mas 0.01 m por kV
y 66 kV No pernutido sobre 7.6 kV

Tabla 2.4 Distancia vertical minima en metros entre conductores sobre la
misma estructura.

Limite de
Tension Aproximacion seguro
\'omil‘nl del ) }nl__ | Limite de aproximacién
S;s fotis %F'\se ' restringida [m] Incluye
F.‘wsé)‘ Parte movil| Parte fija| mevimientos mveoluntarios
expuesta | expuesta
— e L
S1V-300V | 3.00 1.10 Evitar confacto =ytan
contacto

301V-750V 3.00 1.10 0.30 0.025
751V -15kV 3.00 1.50 0.66 0.18
15.1kV-36kV 3,00 1.80 0.78 0.25
36.1 kV—-46 KV 3.00 24 0.84 0.43
WIKV-T23 1 300 244 096 0.63
ey S 244 1.00 0.81
138kV - 145 kV 3,35 3.00 1.09 0.94
161 KV - 169 kV 3.56 3.56 1.22 1.07
230kV - 242 kV 3.96 3.96 1.60 1.45
345KV - 362KV 4.70 4.70 2.60 2H

ORV=0 | sg 5,80 343 328

Tabla 2.5 Limites de aproximaciéon a partes energizadas de equipos
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En principio, las propiedades de los aislamientos usados en los cables para
media tensién cumplen con todos los requisitos para su correcto desempefio. Sin
embargo, existen caracteristicas tanto eléctricas como mecanicas que destacan uno u

otro tipo de material.

Tabla 2.6: Capacidad térmica segiin tipo de aislamiento en 15kV.

El Polietileno de cadena cruzada o XLPE (Cross-Linked Polyethylene) es el
tipo de material de aislamiento mas usado en los cables para media y alta tension. El
caucho de etileno propileno o EPR (Ethylene Propylene Rubber) es usado en menor
proporcion; ambos son materiales a los cuales se les aplica el proceso de reticulacion
(vulcanizacién), por medio del cual se logra que los materiales adquieran

caracteristicas termoestables.
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CARACTERISTICAS UNIDADES XLPE EPR
Rigidez dieléctrica kV/mm 25 25
Permitividad Eléctrica 2,1 23
Factor de Pérdidas {Tangente Delta) % 0,1 1,5
Constante de Aislamiento Mohm-km 6100 6100
Resistencia a la lonizacion Buena Muy Buena
Resistencia a la Humedad Muy buena Excelente
Color Traslucido opaco Rojizo
Temperatura de Operacion °C 90 90
Temperatura Maxima de Sobrecarga* °C 130 130
Temperatura Maxima en Corto circuito** °C 250 250
Principales Ventajas Bajo factor de pérdidas Flexibilidad
*Los tiempos de operacion en sobrecarga no debe exceder 1500 horas acumuladas durante la vida util del cable.

Adicionalmente es recomendable que los periodos continuos en sobre carga no excedan dos horas.
* Los tiempos de duracidn de un corto circuito son normalmente menores a un segundo

Tabla 2.7: Comparativo caracteristicas del XLPE Vs. EPR

Constante de Aislamiento.- Mide la capacidad del material para oponerse a la
corriente de fuga. Entre mayor sea la constante de aislamiento menores seran las
fugas de corriente entre el conductor y el apantallamiento. Dependiendo del valor de
la constante de aislamiento sera el valor final de la resistencia de aislamiento.
Permitividad Eléctrica.- Esta variable mide la capacidad de un material para
permitir el almacenamiento de cargas 6 fugas de corriente por efectos capacitivos. La
permitividad eléctrica se define como la relacion entre la capacitancia que tiene el
cable para Media Tension aislado con cierto tipo de material y la capacitancia tedrica
que el cable tendria si el medio aislante fuese el vacio. Entre menor sea este
parametro, menor sera la capacitancia del cable, y por ende menos fugas.
Capacitancia.- Mide la capacidad de almacenamiento de carga entre el conductor y
la pantalla debido a la diferencia de voltaje entre ambos. Esta capacitancia se ve

reflejada en el sistema como fugas de corriente.
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Factor de Pérdidas o Tangente Delta.- Este parametro mide las fugas de corriente
en el cable para Media Tension, debido tanto a los efectos resistivos como a los
efectos capacitivos del aislamiento.

Temperatura de Operacién, de Sobrecarga y de Corto Circuito.- El aislamiento
XLPE y el EPR tienen una temperatura de operacion maxima de 90°C, una
temperatura maxima en estado de sobre carga de 130°C y de 250°C en corto circuito.
Si se superan estos valores de temperatura durante intervalos de tiempo no adecuados
implicaria condiciones de operacion riesgosa que pondrian en peligro las
caracteristicas y el desempefio del cable de energia.

En el mercado se ubica una opcion de aislamiento XLPE-TR (Cross-linkable
Polyethylene, Tree Retardant) Polietileno reticulado que ofrece un comportamiento
mejorado con respecto a la formacion de arborescencias.

El espesor del aislamiento depende del nivel de tension de disefio del cable de

energia, tal como se muestra en la tabla 2.8

Tabla 2.8: Espesor de aislamiento polimérico XLPE segun el nivel de tension.

Cabe sefialar que el cable de energia de aislamiento de papel NKY para

Media Tension esta practicamente descontinuado en nuestro medio.
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d.- Pantalla Externa (Segunda Capa Semiconductora): Es una capa de material
que recubre al aislamiento (material extruido de polietileno semiconductor y/o cinta
de tela). Su objetivo es:

e Permitir el confinamiento homogéneo de las lineas del campo eléctrico al
interior del aislamiento (esta es una funcién complementaria a la de la
primera capa semiconductora que recubre al conductor).

e Lograr una distribucién simétrica y radial del esfuerzo eléctrico en el
aislamiento.

e Evitar la presencia de espacios vacios ionizables entre el aislamiento y la
pantalla metélica.

e Limitar la influencia mutua entre cables de energia proximos.

e Evitar el peligro de electrocucion.

De acuerdo con las pricticas de instalacién, este material puede estar
firmemente adherido al aislamiento o puede ser de facil remocion, siendo este Gltimo

caso el méas usado por las empresas distribuidoras de energia.

Cable Pantalla
NO Metél\ic\a
P’antalla 4
Esfuerzos
Alta Concentracion de Esfuerzos | Homogénea

Figura 2.6 Control de campo eléctrico son pantallas semiconductoras.
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Triple Extrusion

El proceso de aplicacion del material de aislamiento sobre un conductor se
conoce como extrusion. En los cables para media y alta tension tanto el aislamiento
como el blindaje del conductor (primera semiconductora) y blindaje del aislamiento
(segunda semiconductora) son aplicados de forma simultdnea formando tres capas
concéntricas, en su orden: blindaje del conductor, aislamiento y blindaje del
aislamiento. Este proceso es conocido como Triple Extrusion Simultdnea y garantiza

tanto la pureza de los materiales como el contacto entre capas.

e.- Pantalla de puesta a tierra.

El apantallamiento es un elemento metalico no magnético que se coloca sobre
el blindaje del aislamiento con el fin de complementar las funciones de este tltimo y
permitir el proceso de puesta a tierra. Por otra parte, cuando se requiere manejar
corrientes de neutro, se adiciona area de cobre y entonces la pantalla sirve
adicionalmente como conductor de neutro. El elemento metalico esta hecho de cobre

y puede presentarse en las tres configuraciones siguientes:

Pantalla de cinta de cobre.

Consiste en una pantalla de cinta de cobre que se aplica de forma helicoidal
sobre el blindaje del aislamiento recubriéndolo en su totalidad (traslapado) o en

forma parcial (abierta).
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Aislamiento

i Blindaje del
Blindaje del Aislamiento Conductor

Figura 2.7 Cable de energia XLPE con pantalla de puesta a tierra con cinta de Cu.

Pantalla de hilos de cobre.

La pantalla de hilos de cobre, como su nombre lo indica esta conformada por
una cantidad de hilos de cobre distribuidos uniformemente sobre el blindaje del
aislamiento. Basicamente el conjunto total de hilos debe superar un area minima
requerida por la normas de fabricacién. De acuerdo al perimetro del cable aislado
dependera la cantidad de hilos que se colocaran como pantalla.

Pantalla de neutro concéntrico.

Este tipo de pantalla corresponde a un conjunto de hilos de cobre que ademas
de ejecutar la funcion de blindaje actian como conductor de neutro en el sistema. De
acuerdo a la configuracidn eléctrica del mismo, se poseen diferentes alternativas para
el neutro, uno de los mas utilizados en sistemas trifasicos es el Neutro Concéntrico al
33% que significa que los hilos de la pantalla suman un area equivalente a 1/3 (un
tercio) del area del conductor de fase y que en conjunto con las dos fases restantes
del sistema suma un area de neutro equivalente al area de la seccidn transversal del
conductor de fase. Para sistemas monofasicos suele utilizarse el Neutro Concéntrico
100% que significa que los hilos de la pantalla suman un area equivalente al 4rea de

la seccidn transversal del conductor.
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Chaqueta Cinta Hilos de Cobre

Blindaje del Aislamiento Blindaje del
Conductor

Figura 2.8 Cable de energia XLPE con pantalla de puesta a tierra con hilos de Cu.

Es importante tener presente la capacidad de corriente de corto circuito del
apantallamiento, de la misma forma en la que se tiene en cuenta la capacidad de
corriente de corto circuito para el conductor. Esta capacidad viene dada por el
contenido de cobre y los materiales que estan en contacto directo con la pantalla. En
condiciones de corto circuito la temperatura del material del apantallamiento o de la
chaqueta (materiales que eventualmente estaran en contacto con la pantalla metélica)
puede crecer rapidamente debido a los niveles de corriente que se alcanzan en la falla
y dado que estos materiales tienen una temperatura limite, ésta no debe ser
sobrepasada so pena de dafios irreversibles en el cable.

f.- Armadura. El cable de energia puede o no llevar este componente. Es
recomendable su uso como proteccion mecénica y seguridad eléctrica en el caso de
instalacion del cable de energia directamente enterrado. Se coloca normalmente
debajo de la cubierta exterior y esta constituida por flejes de acero o alambres de
acero galvanizado enrollados helicoidalmente.

g.- Cubierta o Chaqueta Exterior. La chaqueta es el elemento que recubre el cable
y que quedard finalmente expuesto al medio, por tal motivo, el material de la

chaqueta debe cumplir con los siguientes aspectos:
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Resistencia a 1a humedad.- Asociada con la capacidad del material para impedir la
penetracion de la humedad al interior del cable para Media Tension.
Retardante a la propagacion de llama.- Es importante en aquellas instalaciones
donde el cable estara instalado en bandejas o en ambientes de posible conflagracion.
Resistencia a los rayos UV.- Es importante en aquellas instalaciones en donde el
cable recibira la radiacion solar de forma directa o en intervalos de tiempo
extendidos.
Resistencia al impacto y abrasiéon.- Es importante para aquellos ambientes en los
cuales el cable para Media Tension se expone a posibles impactos, deformaciones o
rozamientos inherentes al proceso para el cual prestan servicio. Dependiendo de la
instalacion puede requerir armaduras o elementos mecanicos de proteccion.
Resistencia a los hidrocarburos.- Describe el comportamiento del material de la
chaqueta frente a la accion de agentes externos como los compuestos derivados del
petroleo (gasolina, cetonas, etc.) que pueden estar presentes dependiendo del sitio de
instalacion.

La tabla presenta el comparativo entre los diferentes materiales empleados en

la fabricacion de la chaqueta de los cables para Media Tension:

PROPIEDADES PVC PE
Eléctricas B E
Flamabilidad MB R
Flexibilidad E B
Blogueo Humedad B E
Resistencia al Agua MB E
Resistencia a la Abrasion MB MB
Resistencia a los Hidrocarburos MB MB

E: Excelente MB: Muy Bueno B: Bueno R: Regular D: Deficiente

Tabla 2.9 Propiedades del PVC Vs el PE
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2.4 Tipos de Cables de energia de media y alta tension.

La nomenclatura de los cables de energia de media tensién se basa en el
orden de sus componentes, los cuales son designados con letras de alfabeto. Cada
letra indica un componente del cable de energia.

Las letras normalizadas (VDE, ITINTEC) para la designacion de los cables
de energia en nuestro medio son:

N: Cable de energia con conductor de cobre.
NA: Cable de energia con conductor 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 de energia tripolar (pantalla en las tres fases).
Y: Chaqueta externa de PVC.
Para instalaciones subterraneas, los cables de energia mas conocidos son:
e NYSY: Cable de energia formado por un conductor de cobre recocido,
aislamiento de PVC, pantalla de cintas de cobre y chaqueta externa de PVC.
e N2YSY: Cable de energia formado por un conductor de cobre recocido,
aislamiento de PE lineal, pantalla de cintas de cobre y chaqueta externa de

PVC.

e N2XSY: Cable de energia formado por un conductor de cobre recocido,

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

externa comun de PVC.

Para instalaciones aéreas, los mas conocidos son:

N2XS2Y — S: Conjunto de tres cables de energia unipolares reunidos en
espiral alrededor de un elemento portante formado por una cuerda de acero
galvanizado y forrado con polietileno, cada cable de energia unipolar esta
formado por un conductor de cobre recocido, aislamiento de XLPE, pantalla
de cintas de cobre y chaqueta externa de PE.

NA2XSA2Y — S: Conjunto de tres cables de energia unipolares reunidos en
espiral alrededor de un elemento portante formado por una cuerda de acero
galvanizado y forrado con polietileno, cada cable de energia unipolar esta
formado por un conductor de aluminio, aislamiento de XLPE, pantalla de

cintas de aluminio y chaqueta externa de PE.



NKY / TEC (BT, MT)

N2XSY (MT, AT) N2XSEY (MT)

N2XS2Y-S (MT) NA2XSA2Y-S (MT)

Figura 2.9: Cables de energia comerciales en Media y Alta Tension
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2.5 Especificacién técnica del cable de energia unipolar de XLPE 60 kV.

Es el tipo de cable de energia 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)
e Pantalla externa: segunda capa semiconductora
e Pantalla de puesta a tierra (cinta de cobre)

e Cubierta exterior de PVC color rojo.

150 141 36,3 45,8 14 0,7
185 15,7 36.9 46,6 14 0,7
240 18,0 39,2 49,1 1.5 0,7
300 20,5 41,8 52,7 1.6 0.8
400 23,3 44,6 56,5 ' 1.7 0.8
500 26,4 477 59,8 1.8 0.9
630 30,7 53,0 66,1 2,0 1.0
800 35,4 57,8 71.3 21 1.1
1000 40,8 63,2 78,1 2,3 1,2
#—ﬂ
150 13,9 38,7 48,2 1.4 0,7
185 15,7 39,3 49,0 1.5 0,7
240 17,8 40,2 49,9 1.5 0,7
300 20,2 43,1 54,0 1.6 0.8
400 22,9 44,8 56,7 1.7 09
500 26,2 48,1 59,6 1.8 0.9
630 30,7 52,6 65,7 2,1 1.0
800 35,4 57.4 70.9 2,1 1.1
1000 00,0 00,0 00.0 0,0 0,0
1200 00.0 00,0 00.0 0,0 0.0

Tabla 2.10 Caracteristicas técnicas del cable de energia N2XSY, 60/72,5 kV
General Cable.



CARACTERISTICAS CONSTRUCTIVAS

Conductor Pantalla metalica
Tension Diametro Diametro Peso
entre Area de la Numero sobre No. de Calibre Area exterior total
fases Calibre seccion de Diametro | aislamiento | alambres de cada | transversal
transversal alambres de cobre alambre total
kV kemil mm’ No. mm mm No. AWG mm’ mm kg / km
€9 500 253 37 18.7 54.7 18 13 47.3 €9.4 6223
€9 750 380 61 23.0 59.0 18 13 47.3 75.3 8021
69 1000 507 61 26.9 62.9 18 13 47.3 79.2 9521
115 750 380 61 23.0 66.8 18 13 47.3 83.1 8967
115 1000 507 61 26.9 70.7 18 13 47.3 87.0 10513
115 -- 800 91 33.4 78.7 18 13 47.3 95.1 14032

Tabla 2.11: Caracteristicas técnicas del cable de energia N2XSY, 60/69 kV Condumex




CAPITULO 111

TERMINACIONES PARA CABLES DE ENERGIA DE ALTA TENSION

3.1 Introduccion.

Las terminaciones llamadas también cabezas terminales, mufas terminales o
botellas terminales fueron desarrolladas por la necesidad de controlar los efectos
electromagnéticos producidos por el uso de la media y alta tensién asi como los
efectos que producen los diversos contaminantes del medio ambiente: humedad,
salinidad, corrosion; adicionalmente otros elementos contaminantes generados por la
actividad industrial. El objetivo de uso de las mismas es garantizar la seguridad de
las instalaciones eléctricas y de los usuarios.

Se debe tener ademas en consideracion la disminucion del impacto ambiental
en su fabricacion y utilizacion asi como la Seguridad de los trabajadores en el
montaje, operacion y mantenimiento.

En la actualidad existen terminaciones para alta tension de diversas
tecnologias y materiales, entre las mas conocidas tenemos: la tecnologia
autocontraible (aislamiento polimérico de silicona), deslizable o push on (aislamiento
polimérico de silicona), termocontraible (aislamiento polimérico de EVA) y otras

tecnologias con aislamientos en base a aceite, gas, porcelana, etc...
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Para nuestro andlisis de caracteristicas, ventajas y beneficios tomaremos la
tecnologia autocontraible. Asimismo mencionaremos la tecnologia termocontraible
ya que ambas marcan la tendencia de uso en nuestro medio.

Las terminaciones autocontraibles de la goma silicona estan especificadas
para ser usadas en cables de energia con pantalla y aislamiento s6lido, su disefio en
una sola pieza (aislamiento y control de campo) hasta en 35kV hace que su
instalacion sea facil, rapida y segura, no siendo necesario el uso de herramientas
especiales.

En las terminaciones autocontraibles para 60 kV se trabaja y controla por
separado el aislamiento del control de campo pero conservando el principio de usar

piezas pre deformadas para su aplicacion facil, rapida y segura

3.2 Definicion de términos técnicos.

Tension Nominal.- es aquella a la que puede funcionar permanentemente una
terminacion en condiciones normales de servicio. Se designa por la tension
expresada en kV entre cada uno de los conductores de fase y la pantalla metalica
(Vo), la tension entre lineas cualquiera (V). La tension nominal de una terminacion
sera como minimo la misma que la del cable de energia donde van instaladas.
Tension de extincion de descarga parcial (Corona).- es la tension a la cual las
descargas parciales no son detectables por 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 terminacién permanentemente, sin
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que la temperatura alcanzada sobrepase en ningin caso la méxima admitida por el
cable de energia.
Linea o distancia de fuga.- es la menor distancia sobre la superficie aislante del
material, entre la parte viva y la pantalla del conductor 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.
Tension de impuso (BIL: Basic Lightning Impulse Insulation Level), es el valor
de la cresta de la tension de impulso de la forma de onda especificada.

Las terminaciones deben soportar las tensiones de impulso de maniobra y

atmosféricas de acuerdo a los standards IEEE Std. 48 — 1996, IEC 60840 2004-04.

Table 2—Standard dielectric tests for high-voitage extruded dlelectric cable terminations assembled and ready for service

Insulation Max 1 min Dry 10 s Wet 6 h Dry Cyellc Radio Partin} Lightning Switching Direct
class (kV) deslga withstand withstand wlithstand aging dry influence discharge Impulse impulse voltage test
12) voltage {o (kV RMS) [&)] (kV RMS) (kV RMS) voltage dry (corona) (BIL) dry (BSL) (3) 9
ground (kV RMS) mv) extinction withstand wel (dry) 1S 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 Column9 | Column 10 | Column 11
25 1.6 20 20 10 45 50 2 60 — 40
] 3.2 25 23 15 9 50 4.5 5 . 50
8.7 55 35 30 25 15 50 15 95 - 65
15 95 50 45 as 26 50 13 110 —_ s
s | e 6 60 55 ) 100 215 150 125 105
345 22 90 80 EA] 60 150 30 200 — 110
46 29.5 120 100 100 60 200 40 250 —_ 170
69 1 4 175 145 120 %0 300 60 350 i 245
1s n 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 — 195
230 146 460 445 330 265 — 200 1050 —_ 510

Tabla 3.1 Valores BIL IEEE Std. 48 — 1996
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Table 4 — Test voltages
1 2 3 4% sV 61 v 8" 9
Rated Highest Value of U, | Voltagetest Partial Tan 8 Heating cycle | Lightning Voltage test
voltage voltage for for of 9.3 and discharge | measurement| voltage test impulse after
equipment |determination 1237 test of 9.2 of 1235 of12.3.6 voltage test |installation of
test and 1234 of 12.3.7 15.2
voltages
u U, U, 25Uy 1.5 U Uy 22U,

kv KV kv kv kv kv kV kv kv
45 to 47 52 26 65 k'] 26 52 250 52
80 to 69 725 36 20 54 36 72 325 72
110t 115 123 64 160 ] 64 128 550 128
132t0 138 145 76 190 114 76 152 050 132
150 to 161 170 87 218 ' 131 87 174 750 150

1) If necessary. these test voltages shall be adjusted as stated in 12.3.1.

Tabla 3.2 Valores IEC Tensién de Impulso de rayo 60840 2004-04

Tabla 3.3 Comparativo valores BILL requeridos para terminaciones hasta 69kV

Constante dieléctrica K.- es la medida de la capacidad de un material para
almacenar carga eléctrica.

Tabla 3.4 capacidades dieléctricas materiales para terminaciones

Cono de alivio o deflector.- componente de la terminacion que unido a la pantalla

metalica en el punto donde esta termina reduce el gradiente de potencial.

Elastémeros.- Son aquellas resinas que al vulcanizarse con agentes quimicos como

azufre producen materiales semejantes a la goma.

Monémero.- Es la unidad basica constituyente de un polimero. Asi, el etileno es el

monodmero del polietileno.
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Polimero.- Es una molécula de gran tamafio formada por la combinacién de
unidades quimicas mas pequeiias y simples llamadas monémeros.

Terminacion.- Dispositivo para terminar cables de energia de niveles de tension
mayores a 2.5 kV (media y alta tension), 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
externo contra corrientes de fuga.

Clase 3: control de esfuerzo en el corte de pantalla.

Terminacion para uso interior.- es aquella disefiada para prestar servicio en
instalaciones protegidas de la intemperie (en tableros o celdas que garanticen
hermeticidad contra el agua y elementos contaminantes del medio)

Terminacion para uso exterior.- es aquella disefiada para prestar servicio en

instalaciones expuestas a la intemperie.

33 Materiales usados como aislamiento en terminaciones de alta tension.

Los materiales mas utilizados como aislamiento para la fabricacion de
terminaciones de alta tensidn son:
e Goma silicona
e Goma EPDM
e EVA (termocontraible)
e Porcelana
e Gas SF6

e Aceite, otros



Terminal autosoportada  Terminal flexible de silicén  Terminal autosoportada

con aisladores de silicon (no autosoportada) con aisladores de porcelana
hasta 245 kv hasta 123 kV hasta 245 kV
Terminales exte Terminales GIS y TRF

hasta 245 kV hasta 245 kV

Figura 3.1 Tecnologias en terminaciones en Alta Tension.
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34 La Goma silicona.

Se viene usando hace mas de 30 afios en terminaciones de media y alta
tension. Para su desarrollo se hicieron numerosos estudios de investigacion con
diferentes mezclas poliméricas hasta lograr una mezcla de silicona cuyas
caracteristicas permitieron obtener terminaciones no solo faciles y rapidas de instalar

sino que presenten una buena performance en atmoésferas himedas y contaminadas.

3.4.1 La tecnologia autocontraible.

Los materiales que se usan son moldeados por inyeccion (uso exterior) 6
extruidos en forma tubular (uso interior), 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 conductor. Esta presion contractil ofrece
un sello contra la humedad y un buen contacto entre las superficies de la terminacion
y el conductor sin recurrir al uso de adhesivos o aplicacion de calor.

La facilidad de la aplicacion se muestra esquematicamente en las figuras

siguientes:

Figura 3.2 Se posiciona el tubo autocontraible sobre el cable
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Figura 3.3 Se retira el nicleo espiral de nylon

Figura 3.4 El tubo se encuentra instalado

El sello contractil se mantiene en el tiempo porque la goma silicona tiene un
enlace quimico que le da al material “memoria elastica”, esta caracteristica da a la
tecnologia autocontraible una ventaja sumamente importante ya que los tubos pueden
amoldarse a la expansion y contraccion en el cable de energia durante las variaciones
de carga (que originan variacion en la cantidad de calor generado vy

consecuentemente variacion de temperaturas “dinamica térmica”)

3.4.2 Comportamiento de la goma silicona frente a la humedad.
A diferencia de otros materiales hidrofilicos como la porcelana o el EVA, la

goma silicona es hidrofébica, es decir rechaza el agua. Cuando cae una gota sobre la
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superficie de silicona esta no se esparce, conserva una forma casi esférica como se ve

en las siguientes imagenes:

Figura 3.5 Hidrofébico Vs Hidrofilico.

El agua forma gota sobre
laterminacion nueva

Figura 3.6 Caracteristica Hidroféobica de la Silicona
Otra forma de expresar esta caracteristica es que los materiales hidrofébicos
como la silicona forman angulo de contacto grande, en cambio los materiales

hidrofilicos forman angulos de contacto mucho menores.

HIDROFUGO HIDROFILO
Angulo de Contacto > 90°  Angulo de Contacto < 90°

El agua tiende a formar El agua tiende a
gotas no a mojar la esparcirse y a mojar

superficie toda la superficie
SILICONA EVA, EPR, Porcelana.

Figura 3.7 Angulos Hidréfugo Vs Hidréfilo
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Factores que afectan la caracteristica Hidrofébica de los materiales:

Campos eléctricos

Corrientes de fuga

intensos

elevadas

Altas concentraciones de Ozono

Radiacion UV elevada

Condensacion de humedad

Contaminacion.

Recuperacion de la Hidroféobicidad de la goma silicona:

A diferencia de otros materiales, la goma silicona luego de ser sometida a los

factores que degradan la hidrofobicidad (mencionados en el punto anterior) recupera

sus caracteristicas tal como se ve en el siguiente grafico.

1201 Cuando se
o cambian las
g 100 e o
s / condiciones
| =N :
3 § 80 v severas, la goma
29 / silicona
o © 6o .
2= regenerara su
g caracter
< 40 l . -

hidréfugo

20 I

0

10 20 30 40
Horas de Recuperacion

(Basado en un estudio realizado en cooperacion con la Universidad Estatal de Arizona - USA)

Figura 3.8 Tiempo de recuperacion de la Hidrofobicidad de la silicona.




Porcelana A 62°
B N/A
C 60°
EPDM A 95°
B 95°
C 95°
Silicona A
B
C
D

Original Envejecido  Anos

40° 10
30° 16
40° 20
62° 6
0° 17
80° 2
8
7
10
10

Tabla 3.5 Angulos de contacto (Hidrofobicidad) de materiales usados en

terminaciones.

3.4.5 Comportamiento de la goma silicona frente a los rayos UV.

39

La goma silicona es basicamente inorganica, es decir en su estructura

molecular hay poca presencia de carbono. El enlace principal estd formado por

Silicio — Oxigeno (Si-O), el cual tiene una fuerza de enlace muy alta que dificilmente

los rayos ultravioletas (UV) pueden romper, las estructuras moleculares son

mostradas en las figuras siguientes:

Silicona
H
H— C:‘ —H
G—- Si—O0—S;i
H—C—H
H
Fuerza del Enlace Si-O:
445 KIIM

EPDM (Vulcanizado
con Peroxido)

Fuerza del Enlace C-C:
348 KJ/IM

Figura 3.9 Comparativo Energias de enlace Silicona Vs EPDM



40

Como referencia podemos ver en la tabla 3.6 la magnitud de la fuerza de
enlace de diversos elementos. Es necesario aplicar una energia mayor para romper

dichos enlaces.

Energias de Enlace Polimérico

Tipode Enlace Eners{;'l(a:J ;::oﬁnnlace Material

Si-0 445 Silicona

C-H 414

c-0 360

c-C 348 EPDM, EVA, PE

Si-C 318

Si-H 318

Cc-s 275

Si-Si 222

S-S 205

UV @ 300 nm 398

Tabla 3.6 Comparativo Energias de enlace polimérico.

Figura 3.10 Daiio por UV en el EPDM
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3.4.6 Comportamiento de la silicona frente al tracking.

El wacking es el proceso de degradacion irreversible de la superficie de un
material debido a la formacion de caminos conductivos de carbono resultando en una
perdida progresiva de aislamiento.

Se produce tracking cuando tenemos presencia simultanea de:

e Contaminacion: particulas en el ambiente, sustancias quimicas, sal.

e Humedad: neblina, condensacion, lluvia.

e Tension eléctrica.

Estos elementos hacen que la resistencia superficial de la terminacién
disminuya produciéndose corrientes de fuga, es por ello que las terminaciones para
uso exterior llevan campanas, las cuales evitan que se forme un camino continuo de

humedad y contaminacion.

Degradacion Superficial o “Tracking”

Componentes
producidos

a partir de
compuestos
organicos

Figura 3.11 Efectos del tracking en terminaciones de alto contenido de
Carbono.
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3.4.7 Formas de controlar el tracking
e Incrementar la distancia entre el conductor de alta tensioén y tierra
e (Campanas corta-aguas
e Utilizar materiales resistentes al tracking: Silicona, Porcelana, Vidrio,

Rellenos inorganicos afiadidos al caucho.

| Formacion de Descargas

| e |
! La resistencia superficial

se reduce al mojarse

BANDAS SECAS
(Areas de mayor -
Resistenclz Superficial DESCARGAS
- -4 ELECTRICAS
Concentracion del
Gradiente de Tension) (Generadas en las

Bandas Secas)

Figura 3.12 La silicona y su resistencia al Tracking
Nota importante: La silicona es en su mayor parte inorganica, por lo tanto
cualquier posible erosion debido a una descarga eléctrica no forma caminos

conductivos de carbono.
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3.5 Funciones de una terminacion de alta tension

De acuerdo a la norma IEEE Std. 48 1990, las terminaciones estan

clasificadas seguin las funciones que cumplen:
Terminacion Clase 1:

e Control de esfuerzo eléctrico en el corte de pantalla

e Aislamiento contra corrientes de fuga (tracking)

e Sello de proteccién contra el medio ambiente.
Terminacion clase 2:

e Control de esfuerzo eléctrico en el corte de pantalla

e Aislamiento contra corrientes de fuga (tracking)
Terminacion clase 3:

e Control de esfuerzo eléctrico en el corte de pantalla.

3.6 Meétodos de control de esfuerzo eléctrico.

El control del esfuerzo eléctrico en el corte de la pantalla semiconductora se
resolvid 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 alta K, que es el método que
utilizan las terminaciones autocontraibles de silicona.

Los cables de energia apantallados estan fabricados para soportar esfuerzos
eléctricos uniformes a lo largo del conductor. Tal como se indicd en el capitulo
anterior, las lineas de flujo se distribuyen en forma radial y uniforme y las superficies

equipotenciales son concéntricas.
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Figura 3.13 Distribucion del campo eléctrico en un cable de energia de Media o
Alta Tension

Al efectuar la terminacion de un cable de energia, es necesario cortar y retirar
la pantalla a una distancia dada del conductor segin lo mostrado en la Fig. 3.5, esto
ocasiona una discontinuidad en la geometria axial del cable de energia y un cambio
brusco en la distribucion del campo eléctrico, originando una concentracion de

esfuerzos en el lugar donde termina la pantalla semiconductora.

Figura 3.14 Concentracion de campo eléctrico en el corte de la pantalla

Las lineas de campo que parten perpendicularmente del conductor, convergen
hacia el extremo del blindaje electroestatico y en consecuencia el espaciamiento

entre lineas equipotenciales es menor en esta zona, lo que significa que alli los
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gradientes de potencial resultan mayores. Estos gradientes son mas elevados que los
que existen en la zona cercana al conductor en tramos continuos de conductor.
Esta concentracion al no ser controlada deteriora progresivamente el

aislamiento con gran posibilidad de ocurrir una falla.

CAPA SEMICONDUCTORA REMOVIDA
(Para Claridad Visual)

Figura 3.15 Falla del control de campo.

3.6.1 Método geométrico (Cono de alivio)

Este método se conoce hace muchos afios y consiste en expandir el diametro
del blindaje electroestético, 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. 3.16 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 y tediosa, especialmente en el caso del cono encintado

que depende mucho de la habilidad del montajista.
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0% 'LINEAS EQUIRGT Ell—élﬁ:&s_ |

ILILE i et

Figura 3.16 Método geométrico de control de campo.

3.6.2 Meétodo 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. 3.17

Figura 3.17 Método capacitivo de control de campo.

Para entender como actia el tubo de control de esfuerzos, recordemos el
concepto de refraccion de las ondas. Se basa en el hecho de que la velocidad de las
ondas varia segin 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 dependera del



47

angulo de incidencia del campo eléctrico al pasar de un medio al otro y de la relacion

entre sus constantes dieléctricas.

Figura 3.18 Ordenamiento de las lineas de flujo con el método capacitivo de
control de campo.

En nuestro caso, el campo 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. 3.19), es decir a mayor relacion de

constantes dieléctricas, mayor sera la magnitud de la refracciéon del campo eléctrico.

Figura 3.19 Separacion de las lineas equipotenciales con el método capacitivo de
control de campo
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En la Fig. 3.20 se comparan los dos métodos de control de esfuerzo. Con el

uso de tubos de alta K se ha obtenido terminaciones mas pequefias y de mas facil

instalacion, ya que este tubo viene incorporado el tubo aislante de goma silicona,

montandose ambos con la tecnologia autocontraible.

TERMINACION
CON CONTROL
GEOMETRICO

TERMINACION
CON CONTROL
DE ALTA-K

Figura 3.20 Comparacion control de campo con Método geométrico y con tubos

de alta K.



3.7 Fortalezas de la tecnologia autocontraible frente a la termocontraible en

terminaciones de alta tension

- Tecnologias: Fortalezas v Debilidades

Fortalezas:

Fortalezas:

Contraible en frio: instalacién segura

Instalacién simple y rapida

No requiera herramientas especiales

Disefio en una pieza, incluyendo las campanas
(hasta en 35kV)

Menos pasos criticos de instalacién

Presidn radial continua

Hidrofdbica

Amplio rango de aplicacién

Amplio rango de aplicacién

Silicona de alta performance

Excelente aplicacién a baja temperatura

Se contrae en Climas frios

Inmediatamente energizable

Disefio probado con muchos afios de experniencia

Debilidades:

Debilidades:

Mayor tiempo de instalacién

Control de campo separado

Se requiere soplete u otra fuente de calor

Permiso de fuego para areas peligrosas

El uso en areas pequefias puede ser dificil

Mas pasos criticos de instalacién

Necesidad de aplicar calor uniformemente sobre la
supetficie

Necesidad de aplicar campanas por separado

Hidrofilico

El calor puede dafiar los componentes de la
terminacion

El calor puede daiiar los componentes del
conductor

Las partes deben enfnarse antes de energizar

Riesgo de asfixia durante la mnstalacién

49

Tabla 3.7 Analisis de fortalezas y debilidades de las tecnologias autocontraible y
termocontraible.
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- Ajuste el soplete para obtener una llama azul suave, con extremo amarillo. Se deben evitar las IlamasF
azules con forma de punta de lapiz.

- Mantenga la llama en constante movimiento para evitar chamuscar el material.

- Asegurese que el tubo se ha contraido uniformemente en toda su circunferencia antes de seguir
avanzando.

- El tubo debe tener una apariencia uniforme y sin arrugas. El perfil de los componentes intemos debe
quedar claramente definido

- Utilice adecuada ventilacién y evite la carbonizacién o el quemado durante la instalaci6n.

- Carbonizar o quemar el producto producird humos que pueden provocar imitaciéon en ojos, piel, nariz y
garganta, dolor de cabeza, mareos, nauseas y en ausencia de ventilacién puede llevar a la asfixia.

Tabla 3.8 Precauciones para trabajar con tecnologia termocontraible.

3.8 Correcciéon 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 1000metros 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:

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 3.9 Factor de correccién por altura.
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La correccion del nivel de tension por altura esta expresada por:
V= Voltaje Nominal / K

Se debera usar terminaciones con rating igual o superior al valor calculado.

3.9 Preparacion del cable de energia de alta tensién para instalar una

terminacion.

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

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

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

e Cortar el extremo del cable de energia en caso de observar dafio mecanico o
presencia de contaminantes como polvo, arena, humedad y otros.

e Limpiar y fijar la zona adyacente de corte de la cubierta del cable de energia,
antes de retirar dicha cubierta (el lijado provee mayor adhesién de las gomas
tipo mastic que se utilizan para el sello contra ingreso de humedad).

e Cortar y retirar cada capa del cable de energia sin daiiar la siguiente capa.

e Si al retirar la pantalla semiconductora se hace un corte superficial en el
aislamiento debemos eliminarlo usando la lijja no conductiva, pero si el corte

es profundo es preferible cortar el cable de energia y empezar nuevamente.
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(Un corte profundo puede ocasionar que quede aire atrapado, el cual al
ionizar producira descargas corona y finalmente ocasionara la perforacion del
aislamiento)

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

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

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

Usar bornes terminales tipo perno fusible, a fin de asegurar un ajuste
mecanico adecuado y que el mismo no dependa del criterio del operario, con

esto controlamos la posibilidad de error humano en este punto.
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Procedimiento de montaje de una terminaciéon autocontraible de goma

silicona de alta tensién.

Cada kit contiene materiales suficientes para hacer 3 terminaciones

unipolares. Los componentes son:

1 Tubo Adaptador de Aislamiento

1 Sellador y Aislador de Silicona para el Terminal

1 Hi-K Control de Campo

1 Aislador Tubular de Silicona

1 Aislador con Aletas de Silicona

1 Trenza Pre-formada de Puesta a Tierra

3 Muelles de Fuerza Constante

1 Rollo de Cinta Cu de Pantalla Scotch® 24

8 Tubos de Compuesto rojo P5S5/R (No es grasa de Silicona)
1 Rollo de Sellador Mastic 2229, (25 mm)

8 Tiras de Hi-K Control de Campo (4,2mm x 0,56m, 90mm x 0,28m)
1 Rollo de Cinta Silicona Scotch 70 (25 mm)

1 Rollo de Cinta PVC Super 88 ( 38mm x 13,4 m)

1 Lamina de Hi-K Mastic de Control de Campo (150 mm)

1 Kit de Limpieza de Cables 3M™ CC-3

1 Tirade Cu 1181 de 0,38 m de longitud

4 Instructivos de Montaje

En la siguiente secuencia de imagenes se detalla el instructivo de Montaje

de una Terminaciéon autocontraible para 60kV.
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1.0 Preparaci6én del Cable
11

Compnicte que las caractoristicas y dimensioncs del cable ¢stin dontro de las que sc indican e la Tabla n® 1.

1.2 Propare ef cable septin bas dimensiones que se indlican en la Figum 1. Verifique temer en cuenta la profundldad
Interna del conector: mas 13 mm, solo si s¢ usxs compresion, por el alargamiento ded tevminal.

Nota: Considere una distancia adrcional de conductor por el alargamiento, en la compresion, del conecter de Aluminio.

Tamaiio del Cable 150-185

240-300
Crecimiento del Al

6 mm

400- 630

13 mm

19 mm Segun Instalacidn

Talde 3

R

.3

1Atencion! St ez cable “1in s2us”, reculiervo de grafire, seguir las inieruccione: del amexzo “A° basea 1.6
5

Tome det kit un roflo de Sellsdor Somch 2229, ¢n 25 mni<le ancho. Corte uma tirs de sellador, de longitud sulicignte,

como pani poneria slrededor de 1 cubiena del cable. Retire ol sepsrador & ests ara dz seliador y, con pocy tensién,
montela sirededor @2 Ia cubiens del cable, a 25 mm del final de la cubienta. Figum 2

l\_ Cubieria de Catle

Fipura 2

UNIVERSIDAD NACIONAL DE INGENIERIA ;:I,Létoo,f, ﬂ';'i;ﬁﬂ."ﬂﬁ.?uggm
FACULTAD DE INGENIERIAMECANICA | 0 o e e o T
ESPECIALIDAD MECANICA ELECTRICA | Tpucian

DIB: AUGUSTO NEGREIROS

DIS: AUGUSTO NEGREIROS
APROBADO: A.LR.

Figura 3.21 Instructivo de Montaje
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1.8 Volver los hilos de pantalls, paruledos, xobre 1a cublerta v apovaglos sobre ba capa &e seflsdor. Fijar bos hilos soliee fa
cubiera fijandolos oom cinta de PVC, a 300 mm dol final de 1a cubicsta, Figurs 3

1.5 Aplicar. sobre la primer y tos hilos de pantaila. una seginda capa de Sellador Scotclys 2229, Figura 3

Fipura 3

1.6 Encintar dos capas, a medio solape y con bastante tensién. de cinta de Scotche Stper B8. Empezando sobre &l
sellador Scotch 2229, hasta llegar 2 uns distancix do 35 mm @2l Nnal de 12 semi-conductora det cabde y con
yuclia 2l principio y cubrir de mievo o seilador Sostch 2229, La cinte & $5 mm del {inal de ba semi-conductotn
dol cable serd wada como 1 manca de referencia para fa infalaciéa del tubo adaptados de aislamicnto, Figere 4

N e ~— Semi-Conductora
Cinta de PVC

Figura ¢

2.0 Limpie ¢l Aislamiento del Cable Usando los procedimientos Normales.
Use solo abragivo de oxido & aluminio para alisar y pulir la niperficie del aislamisnto primanoe
Usc abrasivo sobhnwenie sobre ol wistxmicoto prinmxin. No lo use sobre s semi<onductora,

Caando we ubrasivo no redwsca o didmewro del aislamicnto primaro poe debijo o los sdmisibles para oste engualme.

Pase un tzpo, imprepardo can un disolvenie adeagdo, sobn: of aistamiento. No tocar con ¢ disolvente ks semi-condectora
dei cahle.

Nota: Retirar todo rastro de divodvente con un trapo limpio y xin pelusax.

NI VRS
N =

o -

: 10N DE LA GOMA
UNIVERSIDAD NACIONAL DE INGENIERIA gﬂéﬁuﬂlﬂﬁgamgclo‘;mM DIB: AUGUSTO NEGREIROS
FACULTAD DE INGENIERIAMECANICA |\ o0 s oo DE ALTA DIS: AUGUSTO NEGREIROS
ESPECIALIDAD MECANICA ELECTRICA APROBADO: AlR.
TENSION
e ==——— T ————

Figura 3.22 Instructivo de Montaje



56

3.0 Instalacion del Adaptador de Aislamicnto

A1 Tome una limina de mastic de Control de Campo de 20 x 280 mm. wtivwle el papel protector apliquela rededor
del cable, de formas que monte; (a mitad sobre a semiconductora y ba atrs mitad sobre ¢l slvlamisnto primario
del cable. (Figuse 5)

Aislarero del Cable

Figora 3
32 Qm el matic de Controd de Campo coa dod capas, 3 mxdia solspa y coa bustante unsén, de cinta Sccache 5S¢

Siper 88.
Dcje sin cubrir los dos Iaterales del mastc de Controd de Cangpo en 3 mm, aproximadamente. Elimine el canto del
mastic (e Control & Castpa presionnndo este. swvemente, con lor dlox. (Figim 6)

Aislamiento

4

Lateral mastic
Conirol de Campo

Figura 6

33 Cubra ol aishimicnto del cable. La cinta Séper £ y ¢l mastic de Control de Campo. con una capa. tros tubes, de
compucsto rojo P3S/R (No usar grasa di silicona). (Figuz 7)

Zona a cubsir con el
Comguosto Rejo PSSR

Figora 7

UNIVERSIDAD NACIONAL DE INGENIERIA ;:Sélbonﬂtliggﬂmgg:g;“gth DIB: AUGUSTO NEGREIROS
FACULTAD DE INGENIERIA MECANICA

3 DIS: AUGUSTO NEGREIROS
ESPECIALIDAD MECANICA ELECTRICA AUTOSONNFAELES BE AUTA APROBADO: A.LR.
TENSION
— ——— =

Figura 3.23 Instructivo de Montaje
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3.4 Secleccione el Tubo Adaptador de Aislamicnto y sitOclo sobre el cable: con la salida del la cings-micleo bacia el
concctor. Alinear ¢l Tubo Adaptados de Aislumiento. (no el niicko). o el final de la cinta dg PVC sgpie la
stmi-conductora y retirar Ia cinta-ndcloo. La cinta-nidcleo se rotira con un suave tirdn y postetior vielta sobee
¢l cablc en sentido contrario al de las agujas ddl redoj. (Figera 8)

Nota: Kl Tubo Adaptador de Aistamicnto quedara mas corto que el aislamiento primario, entre 4 y 100 mm, dependiendo
del didmeiro del aislamiento del cable.

Marca do Cinta S88

Aislamiento

T del Cable
Tubo Adaptadar

de aishm_ien!o

Figura 8

UNIVERSIDAD NACIONAL DE INGENIERIA [TTUSE: LTFLIZGCIONS P /% SORRA DIB: AUGUSTO NEGREIROS

FACULTAD DE INGENIERIA MECANICA Vol stk o DIS: AUGUSTO NEGREIROS

AUTOCONTRAIBLES DE ALTA
ESPECIALIDAD MECANICA ELECTRICA APROBADO: AlR.
TENSION
R r———— > e

Figura 3.24 Instructivo de Montaje
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4.0 Instalacion de la Terminacion

4.1 Seloccione la lamina larga de Control de Campo. Retire el papel protector y strae ka 14misa sobre el cable
cuhricndo 25 mm 13 parte semi-canductona negra del Tubo Adapiadoe de Aixlamionto y bos otrox 125 mm sobre
la pante gris de! Tubo Adaptador de Aistamicnto. Monte alrededor del cable, con poca tensign, dos vinlias 4z 1a
Limina 2 Control d= Campo. Coste 12 imina 3 6 mm, aproximadamente, después de sobrepgsar las dos vueltas.
Eliminc #1 canto del Contred de Campo presionando sobre este, suncmenie, con los dodaw, (Kigura 9)

Lamina de Control de Campo

de Aistamiento |
Canto Efminado L Aistamiento dei Cable
Figura 9

1423 Cubra la Bmina d= Cenrrol d2 Campo can dos casas. a media s0Lpa v coc basanre tensidr. dz cmra Scotch® Supex §8.1
Deje sin cabrir los dos Laterales del mastc de Contol de Caopo en 3 mm sproxizadamente. Elimine el cacto del=
mastic d2 Control d2 Campo presiopando esee, susvemente, coe los dedoa. (Figusa 10)

—
IE——
———
—
—_—

L5

Canto efiminado de - Siper 88
Cantol de Campo

Figura 10

TITULO: UTILIZACION DE LA GOMA

UNIVERSIDAD NACIONAL DE INGENIERIA DIB: AUGUSTO NEGREIROS

SILICONA EN TERMINACIONES DIS: AUGUSTO NEGREIROS

FACULTAD DE INGENIERIA MECANICA P
UTOCONTRAIBLES DI
ESPECIALIDAD MECANICA ELECTRICA | 2UTOC MBLESIDE ALK APROBADO: A.LR.
TENSION
el = ——

Figura 3.25 Instructivo de Montaje
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4.3 Cubrir con ung capa (2 tubos) de Compuesto Rojo PS5/R. no grasa de silicona, [a limina de control de Camgo a 1a
vistn, In cinta Saper X8 y el aishunicnto peimario, hasta liegar # 125 mm dol final de este. (Figuas /1)

Zona a cubrir con el -~
Compuesto Royo PSS/R

Figon 11

4.4 Saleccione el Tubo de Control de Campo (de dimensidn media y con <l micleo danco) y situeto sohee ¢! cable
oon la salida de ta Cinta-max:leo hacia el conector teemiml_ Alioear ¢l Tubo dz Control de Campo, no ¢l mdeo,
con el escaléa de 1a zona pepra semi-ocnductora del Tubo Adaptador de Aislamiento y redirar la cinta-macleo.
La cinta-rckoo se relira con un suave tindn y posterior vuelta de csta sobee el cable en sentido conmrario al de las
agufas de) reloj. Linipiar el aislamicnto del cablo a la vista, (Figsra /2)

Alineado con ¢l escalin en la parte —
negra del Tubo Adaptador de Aislamiento.

J

~Tubo de Conwol de Campo

Figura 12

4.5 Selecaone una tra de masnc de Contrel de Campo, S0 mm x 280 emm. Retire &l separador y spliquela alvededor
del final del mbo de Canral de Campo y el aislavrento. I a mirmd e 13 tirs de mastic de Conevol de Caxxpo sobee
¢l tubo de Commrol de Campo v 1a otra mritad sobre &l mbo adaptador de aislamienro. (Figura 13)

N

de Campo de Campo

TITULO: UTILIZACION DE LA GOMA

UNIVERSIDAD NACIONAL DE INGENIERIA

DIB: AUGUSTO NEGREIROS
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FACULTAD DE INGENIERIA MECANICA ? DIS: AUGUSTO NEGREIROS
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4.2 Cubra el mactic de Control de Campo con dos capas. a media solypa y con bastinte tension. de cnta Scowk® Stper 88.-
Deje sin cubriz los dos laterales de) mastic de Coatrol de Campo en 3 mm. yproxdimadmrente. Elimire el canto del3
mastic de Coatrol de Campo peesionando este. suavermerte. con los dedos. (Figar 14)

E===
— Aislamiento Catile
Tuwo de Gomru—) - l) ot
do Campo
dol Cartrd de Carmpo
Cinta Soper 88

5.0 Montaje del Conector Terminal

S.1  Asegtirese de que ¢l cable ¢ cncuenina camprondado ¢n los anpos que s mucstran en la Figura 1.

$.2 Monte ¢l terminal siguicndo las imtrucciones del fabnante. Retire el exoew de graza &l conector y chmine
cuslquict anxes cortante surgids por ¢l pracesn de coergeTTidn.

5.3 Tome una tina de mastic de Controd de campo de 20 mm x 280 mm y ratire ¢l separador, doblela sobre si misma
, 4 lo largo, formando un ccedon do 12 mum de ancho, sproxinmisneme. (Figuns 1S)

Separasdar

Mastic Control de Campo  Casdodn de Mastc
Control de Canpc

Figana 15

UNIVERSIDAD NACIONAL DE INGENIERIA ;:{:ét&:gﬁf.:gﬁmﬁgk;uggm'k DIB: AUGUSTO NEGREIROS
FACULTAD DE INGENIERIA MECANICA AUTOCONTRAIBLES DE ALTA DIS: AUGUSTO NEGREIROS
ESPECIALIDAD MECANICA ELECTRICA TENSION APROBADO: ALR.

Figura 3.27 Instructivo de Montaje
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5.4 Aplique el cord6n de mastic de control de Campo alrededor del conductor, entre el aislamiento del cable y el conector.
Aplique el cordén hasta igunatar el didmatro del aislamiento y conector. (Figarc J16)

Figura 16

OO

5.5 Apliguc una capa adicional de mastic de Control de Campo, sin doblar; cubriendo 25 mm cf tubo adaptador de
gislamicnto ¥ S0 mm ki paste alindrica del conector. (Figura 17)

]

tic do Control do Campo

Conector do Poata

Flgum 17

Tubo Adsptador de Asstamiento
T
Tubo de Cat
de Campo L
Cata de Silicona ScotchP 70

5.6 Cubdrir e} mastic de Cormel de Camipo con dos capas, a media solapa y con una tersién reodesada, de cinn Scorch® 70.C

Deje st cubgiz los dos laterales de} mastc de Cortol de Campo en 3 mm. aprosimadamentz EXmime el canto delD
mastic de Coraol de Campo presionando este, suavemente, con los dedos. (Figun 18)

Figora 18

TITULO: UTILIZACION DE LA GOMA
UNIVERSIDAD NACIONAL DE INGENIERIA

FACULTAD DE INGENIERIA MECANICA
ESPECIALIDAD MECANICA ELECTRICA

SILICONA EN TERMINACIONES

AUTOCONTRAIBLES DE ALTA
TENSION

DIB: AUGUSTO NEGREIROS
DIS: AUGUSTO NEGREIROS
APROBADO: ALR.
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5.7 Cubrir con una capa de compucsio rojo I'5S5R (oo grasa de Silicons) SO mm dv cinta Scotch 70 y unos §00 mm
de aislamionto. (Figura 19)

Zona 3 cubir con el
compuesio rojo PSS/R
> (——l-

1l

00O mm | |

(0N

Figuna 19

$.8 Monte ¢l tubo Arisdor dod Comector, pasicicndndolo sobee ¢f cable, con (2 sabida de la cinta-rackoo ¢n ¢ ado opucsto
al conxqior tetminal y montando 30 mm sobee cxte. Contnaer ¢f udo. en ¢sta powacidn, trando de x cinta-micleo, con
SUAVE Hrdn y postenier veka sobee ¢l cable on sontido contrario al de fas apujas el Reboj. (Figuns 20)

N\ Tubo do Controldo Campo. L -

H

Tubo Aistador
del Conector

TITULO: UTILIZACION DE LA GOMA
UNIVERSIDAD NACIONAL DE INGENIERIA DIB: AUGUSTO NEGREIROS
SILICONA EN TERMINACIONES
FACULTAD DE INGENIERIA MECANICA 7 DIS: AUGUSTO NEGREIROS
AUTOCONTRAIBLES DE ALTA
ESPECIALIDAD MECANICA ELECTRICA TENSION APROBADO: A.l.R.

—_— — ———— =

Figura 3.29 Instructivo de Montaje
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5.9 Apligue una capa, con 3 tubos de compoesto rojo PSS/R. desde el tabo aislador del conector hasta cubsir,
totalmente el tubo di Contrul de Campo. Rellene. eeerasaments. el esclén del Tubo Aistador del Conector.
No ponga o compuesto rojo PSSR sobre la superficie del Tabo Aislador del Conector. (Figusa 21)

Zons 3 cubxir con e campuesto ojo PSSR

(oNe}
Tubo de Contrdl : g L,T“‘”
de Canpo E - Aistador del
reBao oON Coneclor
. NO CUBRIR
Compuesto rop PS5/R CON PSSR

Figars 21

$.10 Tome ¢l Tubo Aislador Principal, tubo larpo liso, y posicidnclo sobre of cable con la salida de la cinta-ndeleo en
direccion a In cubicrta de este. Alincar cl Tubo Aislador Principal con o Tubo Alslador &l canectar y contracrlo
Cantrae ¢l Tubo de Alxlamiento Pncipal en oxta posicién con un suave tindn & fa cinta-ndcloo y posterior gin
de esta gobre el cable en sentido ccntrano al do las agujas del neloj, (Figuas 22)

Giro en sentido contrario a las oggys dol roloj

00|

5.11 Limpiar el Aislador Principal con un limpiador adrceadn, CC-4. y sevar con un trapo sin pelusas.

UNIVERSIDAD NACIONAL DE INGENIERIA
FACULTAD DE INGENIERIA MECANICA
ESPECIALIDAD MECANICA ELECTRICA

TITULO: UTILIZACION DE LA GOMA

DIB: AUGUSTO NEGREIROS

SILICONA ENTERMINACIONES
AUTOCONTRAIBLES DE ALTA ﬂ'.f.;ggﬁggﬁ I'“:GRE'ROS
TENSION Rk

= =

Figura 3.30 Instructivo de Montaje
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5.12 Tome el Aislador de Aletas y, cuidadcsameate, retire el nécleo rojo de transponte, tirando g la cinta-ntcko de
este y girando sobex ¢l cable ca serido contrario al de las agujas dul reloj. Sitoe el Aistador de Aletas sobre el
<cable, Ia salida de Ia cinta-nickoo hacia 1a cubicnta del cadle. ABncar el Aisladoe de Aletas con el Tubo Aislador
Principal. y2 instalado. y contracrio. Para contracr ¢l Tubo de Alectas rutine la cinta-rdcloo, tirando de esta cou
m suave Gron, y postenior giro sobre ¢l cable en scxtido contrario al de las agujas del reloj. (Figura 2.

E RSO

(O e)

_EETE
Tuwdo Aiskador de Alatas

5.13 Cosecte 1s ternmnacitn al sistama eléctnco.

5.14 Conecte a Ia ticmma del sisterma los hiles de 12 pamalla del cable.

UNIVERSIDAD NACIONAL DE INGENIERIA
FACULTAD DE INGENIERIA MECANICA
ESPECIALIDAD MECANICA ELECTRICA

TITULO: UTILIZACION DE LA GOMA
SILICONA EN TERMINACIONES
AUTOCONTRAIBLES DE ALTA
TENSION

DIB: AUGUSTO NEGREIROS
DIS: AUGUSTO NEGREIROS
APROBADO: A.LR.

Figura 3.31 Instructivo de Montaje



CAPITULO IV
ESPECIFICACIONES TECNICAS.

4.1 Introduccion.

En este capitulo se establecen las caracteristicas técnicas que deben cumplir
las terminaciones de alta tension, para efectos de ser utilizadas en las redes de
distribucién de una empresa de electricidad. Esta informaciéon 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.

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

4.2 Normas de fabricacion y pruebas.

En nuestro medio, las empresas eléctricas solicitan que las terminaciones
utilizadas en 60kV cumplan con una de las siguientes normas:
o IEEE Standard 48 evalua terminaciones en el rango de 2.5kV a 765kV”

e [EC 60840 2004-04 evalua terminaciones en el rango de 30kV a 150kV.
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4.3 Condiciones ambientales.

Se establece las condiciones ambientales en las cuales trabajaran las
terminaciones de alta tension. Las empresas de electricidad de Lima han clasificado
las siguientes zonas de su area de concesion, segin el nivel de corrosion.

4.3.1 Zona costera de “corrosion severa, alta contaminacion”

- Altura sobre el nivel del mar: Hasta 300mts
- Humedad relativa: de 70% hasta 100%
- Temperatura ambiente: de 15°Ca35°C

- Neblina con suspensiones de sal, humos industriales y carencia de lluvias.
Ambiente que presenta alta contaminacién y corrosion.

4.3.2 Zona interior de “corrosion moderada”

- Altura sobre el nivel del mar: desde 300mts hasta 2000mts
-  Humedad relativa: hasta 70%
- Temperatura ambiente: de 10°Ca35°C

- Lluvias y neblinas durante los meses de Diciembre a Abril.

4.4 Condiciones de Operacién.

Con el objetivo de realizar una buena seleccion de las terminaciones de alta
tension es necesario conocer datos sobre el sistema eléctrico donde van a ser
instaladas:

e Tension de servicio
e Tension maxima de operacion
e Nivel de cortocircuito

e Tipo de conexidn del neutro
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4.5  Condiciones generales de suministro

Ademas de las caracteristicas técnicas de las terminaciones es necesario
conocer los tipos de cables de energia donde van a ser instaladas, por lo que se
indican los datos de ambos materiales.

4.5.1 Caracteristicas de los cables de energia.

Para efectos de seleccion de la terminacion adecuada para un cable de energia

determinado es necesario conocer los datos siguientes:

Tension de disefio

e tension de servicio
e Calibre del conductor
e Diametro sobre el aislamiento
e Tipo de aislamiento
e Tipo de instalacion (unipolar 6 tripolar)
e Altitud sobre el nivel del mar. (msnm)
4.5.2 Caracteristicas de las terminaciones
Las caracteristicas técnicas basicas que las terminaciones deberan cumplir son:
e Seran Clase 1, es decir proveeran control de esfuerzo eléctrico, aislamiento
resistente al tracking y sello contra el ingreso de humedad.
e Indicar la tecnologia de montaje.
e Tipo de instalacion, uso interior o exterior.
e Incluiran el conector de puesta a tierra.
e El bome terminal sera estanco y tendra un bafio de estafio para proteccion

contra la corrosion.
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e El instructivo de montaje, preferentemente en espaifiol sera incluido en el kit.
e La caja del kit llevara los datos siguientes:

O terminacion exterior o interior

o tension nominal de disefio (E): 69 kV.

o Tipo de cable de energia: unipolar o tripolar
o Seccién: mm?2 6 AWG

o diametro sobe el aislamiento: mm

o Numero de catalogo: QTIII 7672-S-8

o Cébdigo de stock.

4.6 Garantia de calidad técnica.

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

4.7 Especificaciones técnicas de suministro.

Las especificaciones técnicas deberian ser abiertas, es decir no deben estar
direccionadas a determinado fabricante o tecnologia. En la tabla 4.1 se da un ejemplo
de especificaciones en la cual los datos requeridos estan dados por normas

internacionales, sin embargo especifican una tecnologia.
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VALOR VALOR
[i"EM ' DESCRIPC,ON; b gt SOLICITADO OFRECIDQO
2.0 |TERMINAL UNIPOLAR DE CABLE PARA INTEMPERIE / o
INTERIOR
2.1 |Fabricante =
2.2 |Procedencia =
2.3 |[Norma de fabricacién y prueba -- IEEE 48
2.4 |Tipo de material - Polimérico
25 |Tecnologia Termocontraible
2.6 |Tension nominal kV 60
2.7 |Tension maxima de operacion kV 725
2.8 |Nivel Basico de Aislamiento kV 350
2.9 |Potencia nominal a transmitir MVA 80
2.10 |Seccion del conductor de cobre mm? 500
2.11 |Diametro exterior del cable (*)
- Maximo mm
- Minimo mm
2.12 |Longitud recta total mm 1500/ 1200
2.13 |Longitud de fuga minima intemperie/interior mm 2248 /1813
2.14 |Diametro de campana de aislamiento mm
2.15 |Temperatura maxima del conductor de condiciones nominales °Cc 90
2.16 |Temperatura del conductor durante sobrecargas de emergencia °Cc 130
2.17 |Temperatura del conductor para el estado de cortocircuito °Cc 250
2.18 |[Masa total del terminal intemperie/interior kg
2.19 |Extremo de conexion
2.19.1 |Tipo = Pin (tubular solido)
2.19.2 |Diametro del Pin mm 40
2.19.3 |Tipo de ajuste - Pernos de
Autocizallamiento
2.19.4 |Norma de fabricacién y prueba IEC 61238
Clase A

Tabla 4.1 Especificaciones técnicas de terminacion polimérica unipolar,
uso interior, para cable de energia N2XSY, 60Kv.




CAPITULO V

PRUEBAS APLICADAS A TERMINACIONES DE ALTA TENSION.

5.1 Introduccion

En nuestro medio para realizar las pruebas de terminaciones de alta tension se
considera como referencias la norma IEEE Std 48 6 la norma IEC 60840 2004-04.

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

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

el usuario.



5.2 Pruebas de la goma silicona como materia prima.
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La goma silicona tiene buenas propiedades fisicas, que la hacen apta para ser

usada como materia prima para la fabricacién de terminaciones de alta tension. En el

Anexo B se muestran caracteristicas como: Factor de disipacién, constante

dieléctrica, elongacion, carga de rotura y otros.

53 Pruebas de diseiio y producto terminado.

5.3.1 Organismos internacionales:

Los principales organismos internacionales que se

referencias para realizar las pruebas de disefio y producto son:

IEEE

IEC

CENELEC

BSI

EDF

VDE

JCAA

ABTN

USA
Europa
Europa
Inglaterra
Francia
Alemania
Japon

Brasil

consideran como
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5.3.2 Pruebas estandarizadas
De acuerdo a la norma IEEE Std 48 las terminaciones deben pasar
satisfactoriamente las pruebas siguientes:
a.- Prueba de tension sostenida a frecuencia industrial 60 segundos en seco.
b.- Prueba de tensidon sostenida a frecuencia industrial 60 segundos en
humedo.
c.- Prueba de tension sostenida a frecuencia industrial 6 horas en seco.
d.- Prueba de descargas parciales (efecto corona)
e.- Prueba de tension de impulso (BIL)
f.- Prueba de carga ciclica
5.3.3 Secuencia tipica de pruebas:
Las pruebas mencionadas no se realizan separadamente, sino que deberan
seguir una secuencia de pruebas. Una secuencia tipica es la siguiente:
1. Descargas parciales
2. Tension sostenida AC Imin
3. Tension sostenida AC 6 hr.
4. Tension sostenida AC 10 seg (1luvia).
5. Tension sostenida DC 15min
6. Impulso BILL
7. Descargas parciales
8. Ciclos térmicos
9. Descargas parciales
10. Impulso BILL

11. Prueba de presion (detectar fugas)
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5.3.4 Pruebas adicionales.

Adicionalmente a las pruebas estandarizadas el fabricante puede disefiar 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 Vo de tension. El nivel de conductividad de la solucion
salina es de 1,000uS/cm.

b.- Prueba de contaminantes s6lidos:  Simula zonas industriales de alta
humedad y costeras. Las terminaciones son cubiertas con una mezcla de

contaminantes s6lidos (ASTM-D-2132) que incluyen:

Agua | 100 partes

Tabla 5.1 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°. Se aplica una tension

de 2xVo durante 350 horas.
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5.3.5 Descripcion de las principales pruebas de terminaciones de alta tensién:

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 energia de mayor calibre para el cual
estan disefiadas.
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 estandar.
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 de
energia unipolares y entre un solo conductor y los otros dos unidos entre si y las
pantallas puestas a tierra para el caso de los cables de energia 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 5.2, se considera 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 considera que la muestra no pasé 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

himedo solo es requerida para los modelos de uso exterior.
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b.- Prueba de descargas parciales (corona) tension de extincion: El
instrumento detector de descargas parciales debe estar ajustado para medir pulsos de
descarga del orden de 3pC. La tension de prueba debe ser elevada por lo menos hasta
120% del valor indicado en la columna 8 de la tabla 5.2. Si la descarga parcial
excede de 3pC la tension sera disminuida hasta el valor indicado en la columna 8 y
debera mantener este nivel minimo 3 seg. y maximo 60 segundos. La muestra pasara
la prueba si el nivel de descarga parcial no excede de 3pC durante el periodo
indicado.

c.- Prueba de tensiéon de impulso (BIL): Se realiza con la tension normalizada
de 1.2/50us, con los valores de cresta que se indican en la columna 9 de la tabla 5.2.
Se deben aplicar 10 impulsos positivos y 10 impulsos negativos entre conductor y
pantalla de puesta a tierra para el caso de cables de energia unipolares y entre un solo
conductor y los otros dos unidos entre si y las pantallas puestas a tierra para el caso
de cables de energia 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.

d.- Prueba de tension sostenida en corriente continua: La muestra sera
sometida a la tension continua indicada en la columna 11 de la tabla 5.2 durante 15
minutos. Si ocurre una descarga o perforacidon, se repite la prueba. Si vuelve a

producirse descarga o perforacion se considera que la muestra no pas6 la prueba.
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e.- Prueba de ciclo de carga (envejecimiento acelerado): Para terminaciones
en cable de energia unipolar y clase de aislamiento hasta 69kV, se preparan 4
muestras montadas en los extremos de 2 tramos de cables de energia. Estos tramos de
cable de energia tendran una longitud de 2.0 mts 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 5.2 se indica la tensidn que sera aplicada
sin interrupcion durante un periodo de 30 dias. La fase de calentamiento se inicia
haciendo circular por los cables de energia una corriente tal que la temperatura en el
conductor 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
conductor se encuentre 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 serdan sometidas a la prueba de
tension de impulso aplicando una tensién normalizada de 1.2 / 50 us.

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 dafios en el dieléctrico en una

de las muestras se considerara como falladas todas las muestras.
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f.- Prueba de presion (deteccion de fugas): La muestra sera sometida a una
presion de 200 kPa (30 Ib/pulg?2) en el extremo del cable de energia por una hora. Si
se usa gas a presion la muestra debe ser sumergida en un recipiente de agua con
solucién jabonosa a no menos de Scm 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 1b/pulg2) durante dos horas 6 50 kPa (7
Ib/pulg2) durante 6 horas.

La muestra pasaré la prueba si no se presentan fugas ni roturas luego de haber

realizado el ensayo.



Table 2—Standard dielectric tests for high-voltage extruded dielectric cable terminations assembled and ready for service

Insulation Max 1 min Dry 10 s Wet 6 h Dry Cyclic Radio Partial Lightning Switching Direet
class (kV) design wlithstand withstand withstand aging dry influence discharge impulse Impulse voltage test
(12 voltage 1o (kV RMS) (©)] k¥ RMS) (kV RMS) | voltagedry (corona) (BIL) dry (BSL) (3) 9
ground V¥V RMS) - (uv) extinetion withstand wet (dry) 15 min dry
V) (13) vottage (11) | (kV crest) withstand withstand
(kV RMS) (kV crest) (kV avg)
Column 1 Column 2 Column 3 Column 4 Column S Column 6 Column 7 Column 8 Column 9 Column 10 | Column 11
25 1.6 20 20 10 4.5 50 2 60 — 40
b 3.2 25 25 15 9 50 4.5 15 —_ 50
8.7 5.5 35 30 25 15 50 7.5 95 —_ 65
15 9.5 50 45 35 26 50 13 110 — 75
25 16 65 60 S5 43 100 215 150 — 105
34.5 22 90 80 75 60 150 30 200 — 140
46 295 120 100 100 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 £8 3ie 275 210 160 500 120 650 —_ 355
61 102 365 315 250 186 500 140 750 - 395
230 146 460 445 330 265 —_ 200 1050 —_ 510

X 9L HONOUHL A 52 SNOWYNINY3L 318V0 INTHHNO-BNLIYNEI LTV

Tabla 5.2 Pruebas dieléctricas para terminaciones instaladas en cables de energia de media y alta tension de aislamiento

extruido
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5.4 Resultado de las pruebas realizadas en terminaciones autocontraibles de alta tensién (60kV)

En la tabla 5.3 se muestran los resultados obtenidos al realizar las pruebas de disefio, para una terminacion autocontraible de
goma silicona Clase 60kV, tomando como referencia los valores indicados por la norma IEEE Std 48-1990. Datos adicionales para

mayo numero de campanas se muestran en el anexo B.

Typical Results, IEEE Standard 48 Long-Term Test Sequence

69 kV
Insulation Class Test Requirements Typical Value
Partial Discharge Extinction Voltage @ 3 pC* 60 kV 80 kV
Power Frequency Voltage 1 min. Dry Withstand 175 kV pass
Power Frequency Voltage 6 hour Dry Withstand 120 kV pass
Power Frequency Voltage 1 min. Wet Withstand 145 kV pass
Direct Voltage 15 min. Dry Withstand 245 kV pass
Lightning Impulse Voltage Withstand (BIL) 350 kV pass
Partial Discharge Extinction Voltage @ 3 pC 60 kV 80 kV
Cyclic Aging (30 days, 130°C cond. temp.) 80 kV pass
Lightning Impulse Voltage Withstand (BIL) 350 kV pass
Partial Discharge Extinction Voltage @ 3 pC 60 kV 80 kV
Pressure Leak (see Sealing Tests below) 7 psi for 6 hours pass

* |IEEE 48 requires <5 pC @ 60 kV

Tabla 5.3 Resultados de pruebas segiin norma IEEE Std 48-1990
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5.5 Protocolo de pruebas tipico de terminaciones autocontraibles para uso

interior / exterior.

En el Anexo A se muestra el protocolo de pruebas de una terminacion
autocontraible de goma silicona para uso exterior, en la cual se observa que los

resultados de las pruebas exceden largamente los valores requeridos por la norma

IEEE Std 48.



CAPITULO VI

COSTOS DE UTILIZACION

6.1 Introduccion

Las terminaciones fabricadas con materiales elastoméricos son cada dia
menos costosos; los materiales y equipos tales como: transformadores, celdas, cables
de energia y otros son mas significativos en la estructura de costos de obras en redes
de distribucion 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.

6.2 Tiempos de instalacion.

El tiempo total de instalacion de una terminacion esta dado por la suma del
tiempo de preparacion del cable de energia mas el tiempo de montaje del kit.
En la tabla 6.1 se muestran los tiempos referenciales que toma la instalacion de
terminaciones en un cable de energia seco unipolar, 60kV segun el tipo de tecnologia

empleada para su montaje.

Tabla 6.1 Comparativo de tiempos de montaje de terminaciones con las
tecnologias Autocontraible, Termocontraible y Porcelana
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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.

6.3 Precios referenciales de terminaciones y costos de montaje.

En la tabla 6.2 se muestran los precios de mercado de kits de terminaciones

unipolares, clase 60kV, para uso interior/exterior.

| Nota: Precios sin incluir impuestos de ley.

Tabla 6.2 Comparativo costos totales en el montaje de terminaciones de
tecnologias Autocontraible, Termocontraible y Porcelana
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CONCLUSIONES

Como consecuencia del analisis en detalle de las caracteristicas, ventajas y

beneficios de la goma silicona en su aplicacion para terminaciones de alta tension

podemos llegar a las siguientes conclusiones:

1.

La silicona por sus excelentes caracteristicas eléctricas, mecanicas, resistencia

a los agentes contaminantes del medio ambiente y la actividad industrial

presenta importantes ventajas frente a otras alternativas, ha demostrado ser un

buen material para la fabricacion de terminaciones de alta tension. Estas

caracteristicas son:

@)

Es Hidréfuga (rechaza el agua) y recupera su hidrofobicidad, a diferencia
de la porcelana u otros polimeros.

Es altamente resistente y estable frente a los rayos ultravioleta a diferencia
de otros polimeros que requieren aditivos para adquirir esta cualidad.
Tiene una superficie lisa que minimiza la adhesién de contaminacion.

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

Con pocos tamafios se abarca todos los calibres comerciales de cables de

energia.



2. Las
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terminaciones de silicona frente a otros materiales como el

termocontraible, EPDM o la porcelana tiene las ventajas siguientes:

O

Es segura, la silicona no emite gases toxicos en su montaje a diferencia de
los materiales termocontraibles que pueden poner en riesgo la integridad
de los trabajadores y las instalaciones del entorno, ante una eventual falla
en el sistema la silicona no explota ni emite esquirlas a diferencia de la
porcelana

Es facil y rapida de instalar, tiene pocos componentes por cada kit (disefio
de la terminacién de una sola pieza hasta en 35kV), es decir hay menos
pasos criticos en su montaje, esta ventaja disminuye el tiempo de montaje
asi como la posibilidad de error humano.

No requiere el uso de herramientas especiales.

Genera presion radial continua en armonia con la variacién (dinamica
térmica del cable de energia debido a la variacion de carga en el servicio)
Excelente comportamiento a baja temperatura, otros materiales se
cristalizan debajo de cero grados centigrados.

Se puede energizar de inmediato a diferencia de las terminaciones

termocontraibles que requieren tiempo para su enfriamiento.

3.  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 seguridad, gran facilidad de montaje y el hecho de no tener que utilizar

herramientas especiales 6 insumos como gas (termocontraibles)

Las terminaciones de goma silicona exceden las exigencias de las normas

eléctricas internacionales.



ANEXO A

ESPECIFICACIONES TECNICAS, INSTRUCTIVOS
DE MONTAIJE DE TERMINACIONES
AUTOCONTRAIBLES DE GOMA SILICONA PARA

ALTA TENSION



Performance Standards Comparison -- 17/30(36) kV Outdoor Termination

Dic-98
TEST VDE 0278 Part 5 CENELEC IEC 502-2 JCAA IEEE-48-1996
DESCRIPTION ( XLPE - U=30 kV ) ( XLPE - U=30 kV ) (/XLPE - Us30 kV ) ( XLPE - U=33 kV ) (XLPE - U=35 kV )
AC Voltage 1 Min @ 70 kV 5 Min @ 81 kV 5 Min @ 81 kV 3 Hrs @ 86 kV 1 Min @ 90 kV
Dry Withstand 15 Min @ 45 kV 15 Min @ 45 kV 6 Hrs @ 75 kV
AC Voltage 1 Min. @ 70 kV N/A 1 Min. @ 72 kV N/A 10 Sec @ 80 kV
Wet Withstand
DC Voltage Withstand 30 Min @ 144 kV 15 Min @ 108 kV N/A 1Hr @ 95 kv 15 Min @ 140 kV
Partial Discharge 20 pC @ 36 kV 10pC @ 30kV 10pC @ 30 kV 10pC @ 30kV 5pC @ 30kV
( Max. pC @ Voltage ) (Hot & RIT) 2
Impulse @ Maximum N/A 10(+/-) Surges 10(+/-) Surges N/A N/A
Conductor Temperature at 170 kV at 170 kV ( Splices Only )
Impulse @ Ambient 10 (+/-) Surges 10 (+/-) Surges 10 (+/-) Surges 3(-) Surg. @ 305 kV 10 (+/-) Surges
Temperature at 170 kV at 170 kV at 170 kV (200 kV BIL ) at 200 kV
Thermal Cycle 117 Cycles 126 Cycles 63 Cycles 30 Cycles 30 Cycles
On x Off Times 3 Hrs x5 Hrs 8 Hrs Total (*) 8 Hrs Total (**) 8 Hrs x 16 Hrs 8 Hrs x 16 Hrs
Max. Cond. Temp. 95 Deg C 105 Deg C (***) 105 Deg C (***) 90 Deg C 130 Deg C
Applied Voltage 30 kV 45 kv 45 kV 46 kV 60 kV
Shielding N/A 2 Surges to Max. 2 Surges to Max. N/A N/A
Test Shield Isc Shield Isc
Salt Fog W/S Test 1000 Hrs. @ 21 kV 1000 Hrs. @ 22.5kV | 1000 Hrs. @ 22.5 kV N/A N/A
(Conductive Mist)
AC F/O Volt. WIS Test N/A N/A N/A > 63 to 86 kV N/A
( Huml!d Condition ) ( Indoor Term Only ) ( Indoor Term Only ) ( Indoor Term Only )
AC F/O Volt. W/S Test N/A N/A N/A > 40 kV N/A
( Poliuted Condition )
Immersion 9 Load Cycles + 10 Load Cycles + N/A N/A N/A
(Leakage Test) Impulse & DC W/S Remainder of Test Series
Pressure Leak Test N/A N/A N/A 1 Hr. @ 49 kPa 1 Hr. @ 200 kPa
Thermal 2 Surges to Max. 2 Surges to Max. 2 Surges to Max. N/A N/A
Short Circuit Cond. I sc Temp. Cond. I sc Temp. Cond. I sc Temp.
Dynamic High-Current 1 Surge @ 1 Surge @ N/A N/A
Short Circuit Applications Only Cond. S.C.1d Cond. S.C.1d

* Minimum: 2 Hours Steady

** Minimum: 2 Hours Steady x 3 Hours Cooling

*** Tolerance of +10 Deg C Added




Performance Standards Comparison -- 17/30(36) kV Indoor Termination

Dic-98
TEST VDE 0278 Part 4 CENELEC IEC §02-2 JCAA IEEE-48-1996
DESCRIPTION ( XLPE - U=30 kV ) (XLPE - U=30 kV ) ( XLPE - U=30 kV ) ( XLPE -U=33 kV ) { XLPE - U=35 kV )
AC Voltage 1 Min @ 70 kV 5Min @ 81kV 5 Min @ 81 kV 3 Hrs @ 86 kV 1 Min @ 90 kV
Dry Withstand 15 Min @ 45 kV 15 Min @ 45 kV 6Hrs @ 75 kV
AC Voltage N/A N/A N/A N/A 10 Sec @ 61 kV
Wet Withstand ( Outdoor Term Only ) ( Outoor Term. Only ) ( Indoor-Wet Class )
DC Voltage Withstand 30 Min @ 144 kV 15 Min @ 108 kV N/A 1Hr @ 95 kV 15 Min @ 140 kV
Partial Discharge 20pC @ 36 kV 10pC @ 30kV 10 pC @ 30 kV 10pC @ 30 kV 5pC @ 30kV
( Max. pC @ Voltage ) (Hot & R/T)
Impulse @ Maximum N/A 10(+/-) Surges 10(+/-) Surges N/A N/A
Conductor Temperature at 170 kV at 170 kV ( Splices Only )
Impulse @ Ambient 10 (+/-) Surges 10 (+/-) Surges 10 (+/-) Surges 3(-) Surg. @ 305 kV 10 (+/-) Surges
Temperature at 170 kV at 170 kV at 170 kV (200 kV BIL ) at 200 kV
Thermal Cycle 126 Cycles 126 Cycles 63 Cycles 30 Cycles 30 Cycles
On x Off Times 3 Hrs x5 Hrs 8 Hrs Total (*) 8 Hrs Total (**) 8 Hrs x 16 Hrs 8 Hrs x 16 Hrs
Max. Cond. Temp. 95 Deg C 105 Deg C (***) 105 Deg C (***) 90 Deg C 130 Deg C
Applled Voltage 45 kV 45 kv 45 kV 46 kV 60 kV
Shielding N/A 2 Surges to Max. 2 Surges to Max. N/A N/A
Test Shield I sc Shield I sc
Salt Fog WIS Test N/A N/A N/A N/A N/A
(Conductive Mist) ( Outdoor Term. Only ) ( Outdoor Term. Only ) ( Outdoor Term. Only )
AC F/O Volt. W/S Test 100 Hrs @ 21 kV 300 Hrs @ 22.5 kV 300 Hrs @ 22.5 kV N/A N/A
( Humid Condition ) ( Outdoor Term. Only )
AC F/O Volt. WIS Test N/A N/A N/A > 40 kV N/A
( Polluted Conditlon )
Immersion N/A N/A N/A N/A N/A
(Leakage Test) ( Outdoor Term Only )
Pressure Leak Test N/A N/A N/A 1 Hr. @ 49 kPa 1 Hr. @ 200 kPa
Thermal 2 Surges to Max. 2 Surges to Max. 2 Surges to Max. N/A N/A
Short Circuit Cond. [ sc Temp. Cond. I sc Temp. Cond. [ sc Temp.
Dynamic High-Current 1 Surge @ 1 Surge @ N/A N/A
Short Circuit Applications Only Cond. S.C.1d Cond. S.C. 1d

* Minimum: 2 Hours Steady

** Minimum: 2 Hours Steady x 3 Hours Cooling

*** Tolerance of +10 Deg C Added




Performance Standards Comparison -- 12/20(24) kV Outdoor Termination

TEST VDE 0278 Part 5 CENELEC IEC 602-2 JCAA IEEE-48-1996
DESCRIPTION ( XLPE - U=20kV ) ( XLPE - U=20 kV ) ( XLPE - U=20 kV ) ( XLPE - U=22 kV ) ( XLPE - U=25 kV )
AC Voltage 1 Min @ 50 kV 5Min @ 54 kV 5Min @ 54 kV 3 Hrs @ 57 kV 1 Min @ 65 kV
Dry Withstand 1 Min @ 50 kV 15 Min @ 30 kV 15 Min @ 30 kV 6 Hrs @ 55 kV
AC Voltage 1 Min @ 50 kV 1 Min @ 48kV 1 Min @ 48 kV N/A 10 Sec @ 60 kV
Wet Withstand
DC Voltage Withstand 30 Min @ 96 kV 15 Min @ 72 kV N/A 1 Hr @ 64 kV 15 Min @ 105 kV
Partial Discharge 20pC @ 24 kV 10pC @ 21kV 10pC @ 20kV 10pC @ 17 kV 5pC @ 21.5kV
( Max. pC @ Voitage ) (Hot &R/T)
Impulse @ Maximum N/A 10(+/-) Surges 10(+/-) Surges N/A N/A
Conductor Temperature at 125 kV at 125 kV ( Splices Only )
Impulse @ Ambient 10 (+/-) Surges 10 (+/-) Surges 10 (+/-) Surges 3(-) Surg. @ 230 kV 10 (+/-) Surges
Temperature at 125 kV at 125 kV at 125 kV (150 kV BIL ) at 150 kV
Thermal Cycle 117 Cycles 116 Cycles 63 Cycles 30 Cycles 30 Cycles
On x Off Times 3 Hrs x5 Hrs 8 Hrs Total (*) 8 Hrs Total (**) 8 Hrs x 16 Hrs 8 Hrs x 16 Hrs
Max. Cond. Temp. 95 Deg C 105 Deg C (***) 105 Deg C (***) 90 Deg C 130 Deg C
Applied Voltage 30 kV 30 kv 30 kV 30 kV 43 kV
Shielding N/A ., 2 Surges to Max. 2 Surges to Max. N/A N/A
Test Shield Isc Shield I sc
Salt Fog W/S Test 1000 Hrs. @ 14 kV 1000 Hrs. @ 15 kV 1000 Hrs. @ 15 kV N/A N/A
(Conductive Mist)
AC F/O Volt. W/S Test N/A N/A N/A 42 kV Minimum to N/A
( Humid Condition ) ( Indoor Term Only ) ( Indoor Term. Only ) ( Indoor Term. Only ) 57 kV
AC F/O Volt. W/S Test N/A N/A N/A 26 kV Minimum N/A
( Polluted Condition )
Immersion 9 Load Cycles + 10 Load Cycles + N/A N/A N/A
(Leakage Test) Impulse & DC W/S Remainder of Test Series
Pressure Leak Test N/A N/A N/A 1 Hr. @ 49 kPa 1 Hr. @ 200 kPa
Thermal 2 Surges to Max. 2 Surges to Max. 2 Surges to Max. N/A N/A
Short Circuit Cond. I sc Temp. Cond. [ sc Temp. Cond. I sc Temp.
Dynamic High-Current 1 Surge @ 1 Surge @ N/A N/A
Short Circuit Applications Only Cond. S.C. Id Cond. S.C. Id

* Minimum; 2 Hours Steady ** Minimum: 2 Hours Steady x 3 Hours Cooling *** Tolerance of +10 Deg C Added




Performance Standards Comparison -- 12/20(24) kV Indoor Termination

Dic-98
TEST VDE 0278 Part 4 CENELEC IEC 502-2 JCAA IEEE-48-1996
DESCRIPTION ( XLPE - U=20 kV ) ( XLPE - U=20 kV ) ( XLPE - U=20 kV ) (XLPE - U=22kV ) ( XLPE - U=26 kV )
AC Voltage 1 Min @ 50 kV 5 Min @ 54 kV 5 Min @ 54 kV 3 Hrs @ 57 kV 1 Min @ 65 kV
Dry Withstand 15 Min @ 30 kV 15 Min @ 30 kV 6 Hrs @ 55 kV
AC Voltage N/A N/A N/A N/A 10 Sec @ 43 kV
Wet Withstand ( Outdoor Term Only ) ( Outoor Term. Only ) ( Indoor-Wet Class )
DC Voltage Withstand 30 Min @ 96 kV 15 Min @ 72 kV N/A 1 Hr @ 64 kV 15 Min @ 105 kV
Partial Discharge 20pC @ 24 kV 10pC @ 21 kV 10pC @ 21 kV 10pC @ 17 kV 5pC @21.5kV
( Max. pC @ Voitage ) (Hot & R/T)
Impulse @ Maximum N/A 10(+/-) Surges 10(+/-) Surges N/A N/A
Conductor Temperature at 125 kV at 125 kV ( Splices Only )
Impulse @ Ambient 10 (+/-) Surges 10 (+/-) Surges 10 (#/-) Surges 3(-) Surg. @ 230 kV 10 (+/-) Surges
Temperature at 125 kV at 125 kV at 125 kV (150 kV BIL ) at 150 kV
Thermal Cycle 126 Cycles 126 Cycles 63 Cycles 30 Cycles 30 Cycles
On x Off Times 3 Hrs x5 Hrs 8 Hrs Total (*) 8 Hrs Total (**) 8 Hrs x 16 Hrs 8 Hrs x 16 Hrs
Max. Cond. Temp. 95 Deg C 105 Deg C (***) 105 Deg C (***) 90 Deg C 130 Deg C
Appiied Voltage 30 kV 30 kv 30 kV 30 kV 43 kV
Shielding N/A 2 Surges to Max. 2 Surges to Max. N/A N/A
Test Shield Isc Shield Isc
Salt Fog W/S Test N/A N/A N/A N/A N/A
(Conductive Mist) ( Outdoor Term. Only ) ( Outdoor Term. Only )
AC F/O Volt. W/S Test 100 Hrs @ 14 kV 300 Hrs @ 15 kV 300 Hrs @ 15 kV N/A N/A
( Humid Condition ) ( Outdoor Term. Only )
AC F/O Volt. WIS Test N/A N/A N/A 26 kV Minimum N/A
( Poiluted Condition )
Immersion N/A N/A N/A N/A N/A
(Leakage Test) ( Outdoor Term. Only )
Pressure Leak Test N/A N/A N/A 1 Hr. @49 kPa 1 Hr. @ 200 kPa
Thermal 2 Surges to Max. 2 Surges to Max. 2 Surges to Max. N/A N/A
Short Circuit Cond. I sc Temp. Cond. I sc Temp. Cond. I sc Temp.
Dynamic High-Current 1 Surge @ 1 Surge @ N/A N/A
Short Circuit Applications Only Cond. S.C.1d Cond. S.C. 14

* Minimum: 2 Hours Steady

** Minimum: 2 Hours Steady x 3 Hours Cooling

*** Tolerance of +10 Deg C Added




- Performance Standards Comparison -- 6/10(12) kV Outdoor Termination

Dic-98
TEST VDE 0278 Part 5 CENELEC IEC 502-2 JCAA IEEE-48-1996
DESCRIPTION ( XLPE - U=10 kV ) ( XLPE - U=10 kV ) ( XLPE - U=10kV ) ( XLPE - U=11 kV ) ( XLPE - U=16 kV )
AC Voltage 1 Min @ 28 kV 5 Min @ 27 kV 5 Min @ 27 kV 3 Hrs @ 29 kV 1 Min @ 50 kV
Dry Withstand 15 Min @ 15 kV 15 Min @ 15 kV 6 Hrs @ 35 kV
AC Voltage 1 Min. @ 28 kV 1 Min. @ 24 kV 1 Min. @ 24 kV N/A 10 Sec @ 45 kV
Wet Withstand
DC Voltage Withstand 30 Min @ 48 kV 15 Min @ 36 kV N/A 1Hr@ 32kV 15 Min @ 75 kV
Partial Discharge 20pC @ 12kV 10pC @ 10 kV 10pC @ 10kV 10pC @ 10 kV 5pC @ 13kV
( Max. pC @ Voltage ) (Hot & R/T)
Impulse @ Maximum N/A 10(+/-) Surges 10(+/-) Surges N/A N/A
Conductor Temperature at 75 kV at 75 kV ( Splices Only)
Impulse @ Ambient 10 (+/-) Surges 10 (+/-) Surges 10 (+/-) Surges 3(-) Surg. @ 140 kV 10 (+/-) Surges
Temperature at 75 kV at 75 kV at 75 kV (90 kV BIL) at 110 kV
Thermal Cycle 117 Cycles 126 Cycles 63 Cycles 30 Cycles 30 Cycles
On x Off Times 3 Hrs x5 Hrs 8 Hrs Total (*) 8 Hrs Total (**) 8 Hrs x 16 Hrs 8 Hrs x 16 Hrs
Max. Cond. Temp. 95 Deg C 105 Deg C (***) 105 Deg C (***) 90 Deg C 130 Deg C
Applied Volitage 15 kV 15 kv 15 kV 15 kV 26 kV
Shielding N/A 2 Surges to Max. 2 Surges to Max. N/A N/A
Test Shield I sc Shield I sc
Salt Fog W/S Test 1000 Hrs. @ 7 kV 1000 Hrs. @ 7.5 kV 1000 Hrs. @ 7.5 kV N/A N/A
(Conductive Mist)
AC F/O Volt. WIS Test N/A N/A N/A >21to29 kV N/A
( Humid Condition ) ( Indoor Term Only ) ( Indoor Term Only ) ( Indoor Term Only )
AC F/O Volt. W/S Test N/A N/A N/A >13.2kV N/A
( Polluted Condition )
Immersion 9 Load Cycles + 10 Load Cycles + N/A N/A N/A
(Leakage Test) impulse & DC W/S Remainder of Test Series
Pressure Leak Test N/A N/A N/A 1 Hr. @ 49 kPa 1 Hr. @ 200 kPa
Thermal 2 Surges to Max. 2 Surges to Max. 2 Surges to Max. N/A N/A
Short Circuit Cond. 1 sc Temp. Cond. I sc Temp. Cond. I sc Temp.
Dynamic High-Current 1 Surge @ 1 Surge @ N/A N/A
Short Circuit Applications Only Cond. S.C.1d Cond. S.C.1d

* Minimum: 2 Hours Steady

** Minimum: 2 Hours Steady x 3 Hours Cooling

*** Tolerance of +10 Deg C Added




Performance Standards Comparison -- 6/10(12) kV Indoor Termination

Dic-98
TEST VDE 0278 Part 4 CENELEC IEC 502-2 JCAA IEEE-48-1996
DESCRIPTION (XLPE - U=10kV ) ( XLPE - U=10 kV ) (XLPE - U=10kV ) ( XLPE - U=11 kV ) (XLPE - U=15kV )
AC Voltage 1 Min @ 28 kV 5 Min @ 27 kV 5 Min @ 27 kV 3 Hrs @ 29 kV 1 Min @ 50 kV
Dry Withstand 15 Min @ 15 kV 15 Min @ 15 kV 6 Hrs @ 35 kV
AC Voltage N/A N/A N/A N/A 10 Sec @ 26 kV
Wet Withstand ( Outdoor Term Only ) ( Outdoor Term Only ) ( Indoor-Wet Class )
DC Voltage Withstand 30 Min @ 48 kV 15 Min @ 36 kV N/A 1Hr @ 32kV 15 Min @ 75 kV
Partial Discharge 20pC @ 12kV 10pC @ 10kV 10pC @ 10 kV 10pC @ 10kV 5pC @ 13kV
( Max. pC @ Voltage ) (Hot& R/IT)
Impulse @ Maximum N/A 10(+/-) Surges 10(+/-) Surges N/A N/A
Conductor Temperature at 75 kV at 75 kV ( Splices Only )
Impulse @ Ambient 10 (+/-) Surges 10 (+/-) Surges 10 (+/-) Surges 3(-) Surg. @ 140 kV 10 (+/-) Surges
Temperature at 75 kV at 75 kV at 75 kV (90 kV BIL) at 110 kV
Thermal Cycle 126 Cycles 126 Cycles 63 Cycles 30 Cycles 30 Cycles
On x Off Times 3 Hrs x5 Hrs 8 Hrs Total (*) 8 Hrs Total (**) 8 Hrs x 16 Hrs 8 Hrs x 16 Hrs
Max. Cond. Temp. 95 Deg C 105 Deg C (***) 105 Deg C (***) 90 Deg C 130 Deg C
Applled Voltage 15 kV 15 kv 15 kV 15 kV 26 kV
Shielding N/A 2 Surges to Max. 2 Surges to Max. N/A N/A
Test Shield 1sc Shield Isc
Salt Fog W/S Test N/A N/A N/A N/A N/A
(Conductive Mist) ( Outdoor Term. Only ) ( Outdoor Term. Only ) ( Outdoor Term. Only )
AC F/O Volt. W/S Test 100 Hrs @ 7 kV 300 Hrs @ 7.5 kV 300 Hrs @ 7.5 kV N/A N/A
( Humid Condition ) ( Outdoor Term. Only )
AC F/O Volt. W/S Test N/A N/A N/A >13.2kV N/A
( Polluted Condition )
Immersion N/A N/A N/A N/A N/A
(Leakage Test) ( Outdoor Term. Only ) ( Outdoor Term. Only )
Pressure Leak Test N/A N/A N/A 1Hr. @ 49 kPa 1 Hr. @ 200 kPa
Thermal 2 Surges to Max. 2 Surges to Max. 2 Surges to Max. N/A N/A
Short Circuit Cond. I sc Temp. Cond. I sc Temp. Cond. 1 sc Temp.
Dynamic High-Current 1 Surge @ 1 Surge @ N/A N/A
Short Circuit Applications Only Cond. S.C.1d Cond. S.C.1d

* Minimum: 2 Hours Steady

** Minimum: 2 Hours Steady x 3 Hours Cooling

*** Tolerance of +10 Deg C Added




Performance Standards Comparisog_ B 3.6/6(7.2) kV Outdoor Termination

TEST VDE 0278 Part 5 CENELEC IEC 502-2 JCAA IEEE-48-1996
DESCRIPTION { XLPE - U=6 kV ) { XLPE - UZ6.6 kV ) ( XLPE - US6.6 kV ) ( XLPE - U=6.6 kV ) { XLPE - U5 kV )
AC Voltage N/A 5Min@ 17 kV 5Min @ 16 kV 1 Hr. @ 35kV 1 Min @ 25 kV
Dry Withstand 15 Min @ 9.5 kV 15 Min @ 9 kV 6 Hrs @ 15 kV
AC Voltage 1 Min. @ 20 kV 1 Min. @ 15 kV 1 Min. @ 14.5 kV N/A 10 Sec @ 25 kV
Wet Withstand
DC Voltage Withstand 30 Min @ 28 kV 15 Min @ 23 kV N/A N/A (For 6.6 kV ) 15 Min @ 50 kV
Partial Discharge N/A 10pC @ 6.5 kV 10pC @ 6 kV 10pC @ 5 kV 5pC @4.5kV
(Max. pC @ Voltage ) (Hot & RIT)
Impulse @ Maximum N/A 10(+/-) Surges 10(+/-) Surges N/A N/A
Conductor Temperature at 60 kV at 60 kV ( Splices Only )
Impulse @ Ambient 10 (+/-) Surges 10 (+/-) Surges 10 (+/-) Surges 3(-) Surg. @ 95 kV 10 (+/-) Surges
Temperature at 60 kV at 60 kV at 60 kV (60 kV BIL) at 75 kV
Thermal Cycle 117 Cycles 126 Cycles 63 Cycles 30 Cycles 30 Cycles
On x Off Times 3 Hrs x5 Hrs 8 Hrs Total (*) 8 Hrs Total (**) 8 Hrs x 16 Hrs 8 Hrs x 16 Hrs
Max. Cond. Temp. 95 Deg C 105 Deg C (***) 105 Deg C (***) 90 Deg C 130 Deg C
Applied Voltage 9 kV 9.5 kv 9 kV 9.5 kV 9 kV
Shielding N/A 2 Surges to Max. 2 Surges to Max. N/A N/A
Test Shield I sc Shield Isc
Salt Fog W/S Test N/A 1000 Hrs. @ 5 kV 1000 Hrs. @ 4.5 kV N/A N/A
(Conductive Mist) ( Not For 6 kV )
AC F/O Volt. W/S Test N/A N/A N/A >12.6t0 17.0 kV N/A
( Humid Condition ) ( Indoor Term Only ) ( Indoor Term Only ) ( Indoor Term Only )
AC F/O Volt. W/S Test N/A N/A N/A >8kV N/A
( Polluted Condition )
Immersion 9 Load Cycles + N/A N/A N/A N/A
(Leakage Test) Impulse & DC W/S
Pressure Leak Test N/A N/A N/A 1Hr. @49 kPa 1 Hr. @ 200 kPa
Thermal 2 Surges to Max. 2 Surges to Max. 2 Surges to Max. N/A N/A
Short Circuit Cond. I sc Temp. Cond. I sc Temp. Cond. I sc Temp.
Dynamic High-Current 1 Surge @ 1 Surge @ N/A N/A
Short Circuit Applications Only Cond. S.C.1d Cond. S.C. Id

* Minimum: 2 Hours Steady

** Minimum: 2 Hours Steady x 3 Hours Cooling

*** Tolerance of +10 Deg C Added




Performance Standards Comparison -- 3.6/6(7.2) kV Indoor Termination

Dic-98
TEST VDE 0278 Part 4 CENELEC IEC 502-2 JCAA IEEE-48-1996
DESCRIPTION ( XLPE - U=6 KV ) ( XLPE - U=6.6kV ) ( XLPE - U=6 kV ) ( XLPE - U=6.6 kV ) ( XLPE - U=5 kV )
AC Voltage 1 Min @ 20 kV 5Min@ 17 kV 5 Min @ 16 kV 1 Hr. @ 35kV 1 Min @ 25 kV
Dry Withstand 15 Min @ 9.5 kV 15 Min @ 9 kV 6 Hrs @ 15 kV
AC Voltage N/A N/A N/A N/A 10 Sec @ 9 kV
Wet Withstand ( Outdoor Term Only ) ( Outdoor Term. Only ) ( Outoor Term. Only ) ( Indoor-Wet Class )
DC Voltage Withstand 30 Min @ 28 kV 15 Min @ 23 kV N/A N/A (For 6.6 kV) 15 Min @ 50 kV
Partial Discharge N/A 10pC @ 6.5 kV 10pC @ 6 kV 10pC @ 5 kV 5pC @4.5kV
( Max. pC @ Voltage) (Hot & RIT)
Impulse @ Maximum N/A 10(+/-) Surges 10(+/-) Surges N/A N/A
Conductor Temperature at 60 kV at 60 kV ( Splices Only )
Impulse @ Ambient 10 (+/-) Surges 10 (+/-) Surges 10 (+/-) Surges 3(-) Surg. @ 95 kV 10 (+/-) Surges
Temperature at 60 kV at 60 kV at 60 kV (60 kV BIL) at 75 kV
Thermal Cycle 126 Cycles 126 Cycles 63 Cycles 30 Cycles 30 Cycles
On x Off Times 3 Hrs x5 Hrs 8 Hrs Total (*) 8 Hrs Total (**) 8 Hrs x 16 Hrs 8 Hrs x 16 Hrs
Max. Cond. Temp. 95 Deg C 105 Deg C (***) 105 Deg C (***) 90 Deg C 130 Deg C
Applied Voltage 9 kV 9.5 kv 9 kV 9.5kV 9 kV
Shielding N/A 2 Surges to Max. 2 Surges to Max. N/A N/A
Test Shield Isc Shield 1sc
Salt Fog WIS Test N/A N/A N/A N/A N/A
(Conductive Mist) ( Outdoor Term. Only ) ( Outdoor Term. Only ) ( Outdoor Term. Only )
AC F/O Volt. WIS Test N/A 300 Hrs @ 5 kV 300 Hrs @ 4.5 kV N/A N/A
( Humid Conditlon ) ( Not For 6 kV) ( Outdoor Tem. Only )
AC F/O Volt. WIS Test N/A N/A N/A >8kV N/A
( Poliuted Condition )
Immersion N/A N/A N/A N/A N/A
(Leakage Test) ( Outdoor Term. Only )
Pressure Leak Test N/A N/A N/A 1 Hr. @ 49 kPa 1 Hr. @ 200 kPa
Thermal 2 Surges to Max. 2 Surges to Max. 2 Surges to Max. N/A N/A
Short Circult Cond. I sc Temp. Cond. I sc Temp. Cond. I sc Temp.
Dynamic High-Current 1 Surge @ 1 Surge @ N/A N/A
Short Circuit Applications Only Cond. S.C.1d Cond. S.C.1d

* Minimum: 2 Hours Steady

** Minimum: 2 Hours Steady x 3 Hours Cooling

*** Tolerance of +10 Deg C Added




Terminacion de Silicona QT-III

Contractil en Frio
7672-S-8-JCN (RW)

Instrucciones de Montaje

Terminacion Clase 1

69 kV Class 325 kV BIL
IEC 60840

72,5 kV

Contenido del Kit:

1 Tubo Adaptador de Aislamiento

1 Sellador y Aislador de Silicona para el Terminal

1 Hi-K Control de Campo

1 Aislador Tubular de Silicona

1 Aislador con Aletas de Silicona

1 Trenza Pre-formada de Puesta a Tierra

3 Muelles de Fuerza Constante

1 Rollo de Cinta Cu de Pantalla Scotch® 24

8 Tubos de Compuesto rojo P55/R (No es grasa de Silicona)
1 Rollo de Sellador Mastic 2229, (25 mm)

8 Tiras de Hi-K Control de Campo (4,2mm x 0,56m, 90mm x 0,28m)
1 Rollo de Cinta Silicona Scotch 70 (25 mm)

1 Rollo de Cinta PVC Super 88 ( 38mm x 13,4 m)

1 Ldmina de Hi-K Mastic de Control de Campo (150 mm)

1 Kit de Limpieza de Cables 3M™ CC-3

1 Tira de Cu 1181 de 0,38 m de longitud

4 Instrucciones de Montaje

ATENCION: No usar cuchillos para abrir las bolsas de Pldstico.

Diametros Sobre
Aislamiento Primario

Referencia Diametro Sobre Cubierta

Seccidon del Conductor
(mm?)

7672-S-8 (RW) 36.6 —65.5 mm 49,5 -79.0 mm

150 —1.000

Tabla 1

Termminacion 3M™ QT-III
Silicona Contractil en Frio
Para Cables de Aislamiento Seco 33/66 (72) Kv

= o= Terminacion 7672-S-8-JCN (RW)

Cable de Aislamiento Seco y Pantalla de Hilos

78-8131-7387-5-A

Working around energized systems may cause serious injury or
death. Installation should be performed by personnel familiar with
good safety practice in handling electrical equipment. De-energize
and ground all electrical systems before installing product.




Instalacion Correcta de la Terminacion

[

]
i
T WU N . W V. e R _
Masilla de

Semi-Conductora Control de Campo
Externa del Cable

Control de Campo
Tubo Aislador
de Silicona

Aislador de Silicona
con Aletas

Atencion: para cables "sin agua” y cubierta grafitada seguir instrucciones del anexo "A"

Tubo Aislador
de Silicona

Tubo de
Control de Campo

—~ Tubo de
Control de Campo
Tubo Aislador
de Silicona

Aislador de Silicona
con Aletas

4 .

Tubo de Silicona
Sellador del Conector

Tubo de Silicona
Sellador del Conector

Tubo Aislador
de Silicona

Aislador de Silicona
con Aletas
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Nota:

Compruebe que todos los tubos de la Terminacion QT-11I pasan sobre el conector terminal, presentado sobre

el cable. Si el conector no pasa a través de los nicleos, la terminacion no puede ser instalada usando este conector.
No retirar ninguno de los niicleos por este motivo.

1.0 Preparacion del Cable

1.1 Compruebe que las caracteristicas y dimensiones del cable estan dentro de las que se indican en la Tabla n° 1.

1.2 Prepare el cable segun las dimensiones que se indican en la Figura 1. Verifique tener en cuenta la profundidad
interna del conector; mas 13 mm, solo si se usa compresion, por el alargamiento del terminal.

Nota: Considere una distancia adicional de conductor por el alargamiento, en la compresion, del conector de Aluminio.

Tamaro del Cable 150-185 240-300 400- 630 800-1.000
Crecimiento del Al 6 mm 13 mm 19 mm

Segun Instalacién

Tabla 2

iAtencion! Si es cable "'sin agua", recubierto de grafito, seguir las instrucciones del anexo "A" hasta 1.6

Profundidad
#076 del Conector
+15 mm
+ Crecimiento

985 =

x LConductor

% Aislamiento
Semi-Conductora

Cubierta del Cable \— Hilos de Pantalla

Figura 1

1.3 Tome del kit un rollo de Sellador Scotch 2229, en 25 mm de ancho. Corte una tira de sellador, de longitud suficiente,
como para ponerla alrededor de la cubierta del cable. Retire el separador de esta tira de sellador y, con poca tension,
montela alrededor de la cubierta del cable, a 25 mm del final de la cubierta. Figura 2

Aislamiento

Cubierta de Cable

1

\ LHilos de Pantalla
12 Capa de Sellador 2229

Figura 2
78-8131-7387-5-A 3



1.4 Volver los hilos de pantalla, paralelos, sobre la cubierta y apoyarlos sobre la capa de sellador. Fijar los hilos sobre la
cubierta fijandolos con cinta de PVC, a 300 mm del final de la cubierta. Figura 3

1.5 Aplicar, sobre la primera y los hilos de pantalla, una segunda capa de Sellador Scotche 2229. Figura 3

300

(-

- : 'L Aislamiento

Semi-Conductora
Cinta de PVC 22 Capa de Sellador

Figura 3

1.6 Encintar dos capas, a medio solape y con bastante tension, de cinta de Scotche Stper 88. Empezando sobre el
sellador Scotch 2229, hasta llegar a una distancia de 55 mm del final de la semi-conductora del cable y con
vuelta al principio y cubrir de nuevo el sellador Scotch 2229. La cinta a 55 mm del final de la semi-conductora
del cable sera usada como la marca de referencia para la instalacion del tubo adaptador de aislamiento. Figure 4

-

=3 L

Aislamiento
\_' . Semi-Conductora
Cinta PVC

\__ Cinta de PVC ___ Hilos de Pantalla

Figura 4

2.0 Limpie el Aislamiento del Cable Usando los procedimientos Normales.

2.1 Use solo abrasivo de oxido de aluminio para alisar y pulir la superficie del aislamiento primario.
2.2 Use abrasivo solamente sobre el aislamiento primario. No lo use sobre la semi-conductora.
2.3 Cuando use abrasivo no reduzca el diametro del aislamiento primario por debajo de los admisibles para este empalme.

2.4 Pase un trapo, impregnado con un disolvente adecuado, sobre el aislamiento. No tocar con el disolvente la semi-conductora
del cable.

Nota: Retirar todo rastro de disolvente con un trapo limpio y sin pelusas.

78-8131-7387-5-A



3.0 Instalacion del Adaptador de Aislamiento

3.1 Tome una lamina de mastic de Control de Campo de 50 x 280 mm, retirele el papel protector apliquela alrededor
del cable, de forma que monte; la mitad sobre la semi-conductora y la otra mitad sobre el aislamiento primario
del cable. (Figure 5)

Semi-Conductora / Control de Campo\ Aislamiento del Cable

Figura §

3.2 Cubra el mactic de Control de Campo con dos capas, a media solapa y con bastante tension, de cinta Scotche Stiper 88.
Deje sin cubrir los dos laterales del mastic de Control de Campo en 3 mm, aproximadamente. Elimine el canto del
mastic de Control de Campo presionando este, suavemente, con los dedos. (Figura 6)

3 mMm—e le— —{ -3 mm

Aislamiento

Lateral mastic
Control de Campo

Sami-Con. Lateral mastic
Control de Campo

Cinta Saper 88
Tape

Figura 6

3.3 Cubra el aislamiento del cable, la cinta Super 88 y el mastic de Control de Campo, con una capa, tres tubos, de
compuesto rojo P55/R (No usar grasa de silicona). (Figura 7)

Zona a cubrir con el
Compuesto Rojo P55/R

1

Figura 7

78-8131-7387-5-A 5



3.4 Seleccione el Tubo Adaptador de Aislamiento y sitiielo sobre el cable; con la salida del la cinta-nicleo hacia el
conector. Alinear el Tubo Adaptador de Aislamiento, (no el nicleo), con el final de la cinta de PVC sobre la
semi-conductora y retirar la cinta-nucleo. La cinta-nicleo se retira con un suave tiron y posterior vuelta sobre

el cable en sentido contrario al de las agujas del reloj. (Figura 8)

Nota: El Tubo Adaptador de Aislamiento quedara mas corto que el aislamiento primario, entre 4 y 100 mm, dependiendo
del diametro del aislamiento del cable.

Giro contrario a las agujas del reloj
N,

J

Marca de Cinta S88 ——‘ y ;
—
Y e

L \_— Aislamiento

== del Cable
\Tubo Adaptador

de aislamiento

Figura 8
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4.0 Instalacion de la Terminacion

4.1 Seleccione la lamina larga de Control de Campo. Retire el papel protector y sitie la lamina sobre el cable
cubriendo 25 mm la parte semi-conductora negra del Tubo Adaptador de Aislamiento y los otros 125 mm sobre
la parte gris del Tubo Adaptador de Aislamiento. Monte alrededor del cable, con poca tensién, dos vueltas de la
lamina de Control de Campo. Corte la lamina a 6 mm, aproximadamente, después de sobrepasar las dos vueltas.
Elimine el canto del Control de Campo presionando sobre este, suavemente, con los dedos. (Figura 9)

a B -

/
Tubo adaptador \Aislamiento Cable
de Aislamiento
-—
Lamina de Control de Campo
/'— (2 Capas)
< ¥
—I _1‘ ~
Je -
Aislamiento del Cable
Figura 9

14.2 Cubra la lamina de Control de Campo con dos capas, a media solapay con bastante tension, de cinta Scotch® Super 88.!
Deje sin cubrir los dos laterales del mastic de Control de Campo en 3 mm, aproximadamente. Elimine el canto del )
mastic de Control de Campo presionando este, suavemente, con los dedos. (Figura 10)

y l ; | S—
Ty L
Tubo Adaptador _/ : \
de Aislamiento ) \ Canto Eliminado del
Cinta Control de Campo

Canto eliminado de

Super 88
Control de Campo

Figura 10

78-8131-7387-5-A 7



4.3 Cubrir con una capa (2 tubos) de Compuesto Rojo P55/R, no grasa de silicona, la lamina de control de Campo a la
vista, la cinta Super 88 y el aislamiento primario, hasta llegar a 125 mm del final de este. (Figura 11)

Zona a cubrir con el “Nn— |
Compuesto Rojo P55/R

Figura 11

4.4 Seleccione el Tubo de Control de Campo (de dimension media y con el nicleo blanco) y situelo sobre el cable
con la salida de la Cinta-nucleo hacia el conector terminal. Alinear el Tubo de Control de Campo, no el nicleo,
con el escalon de la zona negra semi-conductora del Tubo Adaptador de Aislamiento y retirar la cinta-nucleo.

La cinta-nticleo se retira con un suave tirén y posterior vuelta de esta sobre el cable en sentido contrario al de las
agujas del reloj. Limpiar el aislamiento del cable a la vista. (Figura 12)

Alineado con el escalén en la parte
negra del Tubo Adaptador de Aislamiento.

—

\Hilos de Pantalla :

\Tubo de Control de Campo

Figura 12

4.5 Seleccione una tira de mastic de Control de Campo, 50 mm x 280 mm. Retire el separador y apliquela alrededor
del final del tubo de Control de Campo y el aislamiento. La mitad de la tira de mastic de Control de Campo sobre
el tubo de Control de Campo y la otra mitad sobre el tubo adaptador de aislamiento. (Figura 13)

Aislamiento Cable

\ \ Tubo Adaptador
Tubo de Control Tira de Control  de Aislamiento.

de Campo de Campo

Figura 13

78-8131-7387-5-A



4.2 Cubra el mactic de Control de Campo con dos capas, a media solapa y con bastante tension, de cinta Scotch® Super 88.C
Deje sin cubrir los dos laterales del mastic de Control de Campo en 3 mm, aproximadamente. Elimine el canto del0
mastic de Control de Campo presionando este, suavemente, con los dedos. (Figura 14)

Figura 14

5.0 Montaje del Conector Terminal
5.1 Asegurese de que el cable se encuentra comprendido en los rangos que se muestran en la Figura 1.

5.2 Monte el terminal siguiendo las instrucciones del fabricante. Retire el exceso de grasa del conector y elimine
cualquier arista cortante surgida por el proceso de compresion.

5.3 Tome una tira de mastic de Control de campo de 50 mm x 280 mm y retire el separador, déblela sobre si misma
, a lo largo, formando un cordén de 12 mm de ancho, aproximadamente. (Figura 15)

Separador — |—

4

(\/

Mastic Control de Campo Cordén de Mastic
Control de Campc

Figura 1§
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5.4 Aplique el cordon de mastic de control de Campo alrededor del conductor, entre el aislamiento del cable y el conector.
Aplique el cordén hasta igualar el diametro del aislamiento y conector. (Figura 16)

Corddn de Mastic de
Control de Campo

Figura 16

5.5 Aplique una capa adicional de mastic de Control de Campo, sin doblar; cubriendo 25 mm el tubo adaptador de

aislamiento y 50 mm la parte cilindrica del conector. (Figura 17)

25 mm ’--‘ |

O O
——— =
\\ Mastic de Control de Campo

\—Tubo Adaptador
de Aislamiento Aislamiento del Cable

Conector de Pala
Figura 17

5.6 Cubrir el mastic de Control de Campo con dos capas, a media solapa y con una tensién moderada, de cinta Scotch® 70.0
Deje sin cubrir los dos laterales del mastic de Control de Campo en 3 mm, aproximadamente. Elimine el canto delO

mastic de Control de Campo presionando este, suavemente, con los dedos. (Figura 18)

O O
- i} | gm- R
Tubo de Control—/ Canto eliminado—/ ;' \"¥Canto eliminado
de Campo del Control de Campo ! ' del Control de Campo
Cinta de Silicona Scotch® 70
Figura 18

78-8131-7387-5-A
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5.7 Cubrir con una capa de compuesto rojo P/55R (no grasa de Silicona) 50 mm de cinta Scotch 70 y unos 100 mm
de aislamiento. (Figura 19)

Zona a cubrir con el
compuesto rojo P55/R

|
O O
LOO mm 50 mm

Figura 19

5.8 Monte el tubo Aislador del Conector, posicionandolo sobre el cable, con la salida de la cinta-nicleo en el lado opuesto
al conector terminal y montando 50 mm sobre este. Contraer el tubo, en esta posicion, tirando de la cinta-nicleo, con
suave tiron y posterior vuelta sobre el cable en sentido contrario al de las agujas del reloj. (Figura 20)

Giro contrario al de las agujas del reloj

O O
\—Tubo de Control de Campo \anector

Tubo Aisiador
del Conector

Figura 20

78-8131-7387-5-A 11



5.9 Aplique una capa, con 3 tubos de compuesto rojo PS5/R, desde el tubo aislador del conector hasta cubrir,
totalmente el tubo de Control de Campo. Rellene, generosamente, el escalon del Tubo Aislador del Conector.
No ponga el compuesto rojo PSS/R sobre la superficie del Tubo Aislador del Conector. (Figura 21)

Zona a cubrir con el compuesto rojo P55/R

—_— _—/j N
N _|r"_"‘---
' OO
e LIS
Tubo de Control 'f ‘.I \—_Tubo
de Campo Escalén Aislador del
relleno con N%ogfjcé??rm
t jo P
Compuesto rojo P55/R el

Figura 21

5.10 Tome el Tubo Aislador Principal, tubo largo liso, y posicionelo sobre el cable con la salida de la cinta-nicleo en
direccion a la cubierta de este. Alinear el Tubo Aislador Principal con el Tubo Aislador del conector y contraerlo.
Contraer el Tubo de Aislamiento Principal en esta posicion con un suave tirén de la cinta-nicleo y posterior giro

de esta sobre el cable en sentido contrario al de las agujas del reloj. (Figura 22)

Alinear con el Tubo Aislador del Conector

- -/—~\“"'“--.__
" ONGO

_.-"'"...f.—

\ l H / \Tubo Aislador Principal

Hilos de Pantalla

Figura 22

5.11 Limpiar el Aislador Principal con un limpiador adecuado, CC-4, y secar con un trapo sin pelusas.

12 78-8131-7387-5-A



5.12 Tome el Aislador de Aletas y, cuidadosamente, retire el nticleo rojo de transporte, tirando de la cinta-nicleo de
este y girando sobre el cable en sentido contrario al de las agujas del reloj. Site el Aislador de Aletas sobre el
cable, la salida de la cinta-nicleo hacia la cubierta del cable. Alinear el Aislador de Aletas con el Tubo Aislador
Principal, ya instalado, y contraerlo. Para contraer el Tubo de Aletas retire la cinta-nicleo, tirando de esta con
un suave tirdn, y posterior giro sobre el cable en sentido contrario al de las agujas del reloj. (Figura 23)

Giro contrario a las agujas del reloj

i

Alineado con el

Tubo Aislador
Principal
O O
\Tubo Aislador de Aletas

~—Hilos de Pantalla

Figura 23

5.13 Conecte la terminacion al sist%ctric\

5.14 Conecte a la tierra del sistema los hilos de la pantalla del cable.

4 SV

—

78-8131-7387-5-A 13
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Important Notice

All statements, technical information, and recommendations related to 3M’s products are based on information believed to be reliable, but the
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Cold Shrink Silicone Rubber
Skirted Termination Kit QT-III

7672-S-8 Series

Data Sheet

1. Product Description

3M™ Cold Shrink Termination Kit QT-IIT 7672-S-8
Series contains one silicone rubber termination
qualified to IEEE 48 Class 1 for 69 kV and IEC 60859
for 72,5 kV terminations for outdoor applications.

The complete termination is constructed of four sub-
assemblies: 1) The Lug Seal Assembly consists of

a short silicone rubber tube over the Hi-K sealing
mastic which is loaded on a red support core. 2) The
Stress Control System consists of a Hi-K EPDM tube
over the Hi-K stress control mastic. 3) The Silicone
Rubber Insulator System consists of a silicone rubber
tube over Hi-K void filling mastic at top end of the
tube. 4) Silicone Rubber Skirted Insulator Assembly
consists of 8 silicone rubber skirts positioned over

a silicone rubber tube and loaded on a support core.
The four sub-assemblies are pre-stretched and loaded
onto individual support cores. The disposable support
cores can be recycled.

The termination kit shall include a ground strap
assembly as the means of grounding the terminated
cable. The ground strap assembly consists of a three-
loop pre-formed ground braid with a copper lug pre-
crimped onto the ground braid tails. Three constant
force springs are used to attach the ground strap
assembly to the cable’s metallic shield.

This kit is designed to terminate 69 kV, 650 mil solid
dielectric, Tape, Longitudinally Corrugated (LC/
HSG) Jacketed Concentric Neutral (JCN), Tape Over
Wire (TOW) or Wire Over Tape (WOT). Conductor
size range is 250-2000 kcmil (125-1000mm?2).

Kit Contents:

Each kit contains sufficient quantities of the following
materials to make one single-phase termination
(compression lug is not included in the kit).

1 Silicone Rubber Lug Seal Insulator Assembly

1 Hi-K Stress Control Assembly

1 Silicone Rubber Insulator Assembly

1 Silicone Rubber Skirted Insulator Assembly

1 Pre-formed Ground Strap Assembly

3 Constant Force Springs

1 Roll Scotch® Electrical Shielding Tape 24

6 Tubes P55/R Red Compound (Non-Silicone Grease)

1 Roll Scotch® Sealing Mastic 2229, 1" (25 mm) wide
8 Strips Hi-K Mastic (1-6" x 22", 7-2" x 11")

1 Roll Scotch® Silicone Rubber Tape 70

1 Roll Scotch® Vinyl Electrical Tape Super 88, 112" x 44
1 6" (150 mm) Hi-K Mastic Pad

1 3M™ Cable Cleaning Pads CC-3

1 Copper Foil Tape Strip 1181, 15" long

4 Instruction Sheets

Termination Features:

* Conforms to IEEE Standard 48 Class 1
requirements for 69 kV, 350 kV BIL outdoor
applications.

e Conforms to IEC 60859 for 72,5 kV outdoor
applications.

* Hi-K stress control, specially formulated high
dielectric constant material minimizes surface stress
by more uniformly distributing the electrical field
over the entire surface of the insulator.

» Cold shrink delivery system for easy installation.
Simply slide each termination sub-assembly over
the prepared cable to its proper position and unwind
the core to shrink in place.

* Compact design allows for easier installation in
restricted spaces.

¢ Silicone rubber insulators, EPDM stress control
tubes, stress controlling compound and silicone
sealing compound are compatible with all common
solid dielectric insulation, such as polyethylene
(PE), cross-linked polyethylene (XLPE) and
ethylene propylene rubber (EPR).



2. Application

The 3M™ Cold Shrink Silicone Rubber Skirted
Termination QT-IIT 7672-S-8 is designed for:

* Qutdoor installations required to meet:
 IEEE 48 for 69 kV
» IEC 60859 for 72,5 kV

e Applications requiring 350 kV BIL performance
levels.

¢ Solid dielectric insulation, such as PE, XLLPE
and EPR.

» Tape shield, Jacketed Concentric Neutral (JCN),
Tape Over Wire (TOW), Wire Over Tape
(WOT) or LC shield high voltage cables.

Environmental Classification

The 3M QT-III termination 7672-S-8 can be specified
for al} IEEE 48 Class I outdoor and IEC 60859 72,5
kV applications.

3. Physical and Electrical Properties

The QT-III termination 7672-S-8 can be used on
cables with a maximum temperature rating of 105°C
and emergency overload rating of 130°C. The
termination 7672-S-8 meets all of the requirements
of:

* IEEE 48 Class 1 requirements for 69 kV
» IEC 60859 requirements for 72,5 kV

The current rating of this termination meets or
exceeds the current rating of the cable on which it is
installed. The termination 7672-S-8 is designed for
all outdoor applications.

Typical Dimensions
I A J

Kit Number Dimension A Creepage Distance
=~ Maximum = Maximum
7672-S-8 60" (1524 mm) 90" (2286 mm)

A. Typical Physical and
Electrical Properties

Hi-K Stress Control Tube
Physical Properties

Test Method Typical Value*
* Tensile Strength

(ASTM D412)

@ 100% Elongation 205 psi

@ 300% Elongation 660 psi
Electrical Properties
Test Method Typical Value*
¢ Dielectric Constant (K)

(ASTM D150)

60 Hz; @ 500 V; 23°C (73°F) 22
* Dissipation Factor

(ASTM D150)

60 Hz; @ 500 V; 23°C (73°F) 0.10

Hi-K Stress Controlling Compound
Electrical Properties

Test Method Typical Value*

¢ Dielectric Constant (K)

(ASTM D150)

60 Hz; @ 500 V; 23°C (73°F) 36
 Dissipation Factor

(ASTM D150)

60 Hz; @ 500 V; 23°C (73°F) 1.30

Hi-K Silicone Sealing Compound
Electrical Properties

Test Method Typical Value*

¢ Dielectric Constant (K)

(ASTM D150)

60 Hz; @ 500 V; 23°C (73°F) 36
 Dissipation Factor

(ASTM D150)

60 Hz; @ 500 V; 23°C (73°F) 1.30

Silicone Rubber Insulator
Physical Properties

Test Method Typical Value*
e Color Dark Gray
* Tensile Strength

(ASTM D412)

@ 100% Elongation 130 psi

@ 300% Elongation 400 psi
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Electrical Properties
Test Method

Typical Value*

¢ Dielectric Constant

(ASTM D150)

60 Hz; @ 500 V; 23°C (73°F)
* Dielectric Strength

(ASTM D149)

75 mil (1.90 mm) thickness

B. Ground Braid

60000

50000 —

40000 —|

30000 —

20000

10000

Short Circuit Current (Amps RMS)

3.0

450 V/mil

e Dissipation Factor

(ASTM D150)

60 Hz; W 500 V; 23°C (73°F)
¢ Track Resistance

(ASTM D2303)

3.5kV

» Hydrophobic Recover
(3M Test Method)
>90° Contact Angle

Ground Braid Fault Current Limit

7672-S-8 Series Ground Braids
(6-Tail Braid 230,400 CMA)

P |

20

30 40 50

Time (60 Hz Cycles)

C. Termination Selection Guide

60

0.003

5.0 hrs.

6 hrs.

Conductor Size Range

Kit Number Primary Insulation Jacket O.D. Range AWG (mm2)
1.94"-3.08" 2.45"-3.61" 250-2000
7672-S-8 (49.3-75.4 mm) (62.2-91.7 mm) (120-1000)

Note:
Jacket O.D. Range.

78-8126-9075-4-A

The final determining factors governing product selection are Cable Insulation O.D. and Cable




4. Specifications
Product

The cable termination must have a voltage rating
equal to or greater than the cable being terminated.
The termination shall be rated for 69 kV, 350 kV
BIL and meet the requirements of IEEE 48 for Class
1A outdoor termination. The termination shall meet
the requirements of IEC 60859 for 72,5 kV outdoor
termination. It must have a maximum operating
temperature of 105°C, with an emergency overload
temperature of 130°C. The termination kit shall
consist of four cold shrink sub-assemblies, 1) Lug
Seal Assembly. 2) Stress Control Assembly. 3) The
Silicone Rubber Insulator Assembly. 4) Silicone
Rubber 8 Skirt Insulator Assembly. All exposed
insulating materials shall be manufactured of track-
resistant silicone rubber.

The termination kit shall include a ground strap
assembly as the means of grounding the terminated
cable. The ground strap assembly shall consist of a
three loop pre-formed ground braid with a copper lug
crimped onto the ground braid tails. Three constant
force springs shall be used to attach the ground strap
assembly to the cable’s metallic shield.

The termination stress control shall be capacitive
and constructed of a Hi-K stress control compound
and Hi-K EPDM rubber tube. The termination sub-
assemblies shall be pre-stretched cold shrink design,
and installed by removing the support core. The
termination kit shall include all materials necessary
for installation on a single-conductor shielded power
cable except for the lug or connector and vinyl tape.

Engineering/Architectural

Terminate shielded power cable rated for 69kV,
350kV BIL per IEEE 48 for class 1A outdoor
terminations with 3M™ Cold Shrink Silicone Rubber
Skirted Termination Kit QT-III 7672-S-8.

Terminate shielded power cable rated for 72,5 kV
per IEC 60859 for outdoor termination with 3M
Cold Shrink Termination Kit QT-IIT 7672-S-8.

78-8126-9075-4-A



5. Performance Tests

Typical Results, IEEE Standard 48 Long-Term Test Sequence

69 kV
Insulation Class Test Requirements Typical Value
Partial Discharge Extinction Voltage @ 3 pC* 60 kV 80 kV
Power Frequency Voltage 1 min. Dry Withstand 175 kV pass
Power Frequency Voitage 6 hour Dry Withstand 120 kV pass
Power Frequency Voltage 1 min. Wet Withstand 145 kV pass
Direct Voltage 15 min. Dry Withstand 245 kV pass
Lightning Impulse Voltage Withstand (BIL) 350 kV pass
Partial Discharge Extinction Voltage @ 3 pC 60 kV 80 kV
Cyclic Aging (30 days, 130°C cond. temp.) 80 kV pass
Lightning Impulse Voltage Withstand (BIL) 350 kV pass
Partial Discharge Extinction Voltage @ 3 pC 60 kV 80 kV
Pressure Leak (see Sealing Tests below) 7 psi for 6 hours pass

* JEEE 48 requires <5 pC @ 60 kV

Partial Discharge (Corona) Tests

The purpose of partial discharge testing is to
determine that all properly installed terminations
operate corona free at a minimum of 150 % of
their operating voltage. For the test, the applied test
voltage is gradually increased until discharges appear
on the test set oscilloscope display. The voltage at
which these discharges reach a magnitude greater
than 3 picocoulombs is recorded as the corona
starting voltage (CSV). The applied voltage is then
lowered until the discharge level drops below 3
picocoulombs, and this is recorded as the corona
extinction voltage (CEV).

Power Frequency (AC) Withstand Tests

The AC Power Withstand tests consists of a 1 minute
dry withstand, 10 second wet withstand and 6 hour
dry withstand per the voltages specified in Table 2
of IEEE Standard 48. The 3M™ Cold Shrink Silicone
Rubber Skirted Termination QT-III 7672-S-8 meets
the requirements of IEEE Standard 48 Class 1 A.
Additional AC Withstand for 1 hr after current
cycling.

78-8126-9075-4-A

Lightning Impulse Tests

The QT-IIT termination 7672-S-8 was evaluated to
IEEE Standard 48 Basic Impulse Levels. For this

test a 1.2 X 50 microsecond voltage wave is applied
to the termination lug. The test consists of both
positive and negative polarity surges per the specified
standard. The QT-IIT termination 7672-S-8 meets or
exceeds the requirements of IEEE Standard 48.

Sealing Tests

Termination top and bottom seals are tested by
applying 7 psi (0.05 MPa) and a vacuum of =13 psia
to the cable conductor strands with the termination
submerged in water. Both seals withstand this
internal air pressure for 6 hours and vacuum for

30 minutes without leaking. Per IEEE 48, 8.4.3a
Pressure Leak Tests.



6. Installation Techniques

Detailed instructions are included in each kit to provide the installer with all information required to properly
install the 3M™ Cold Shrink Silicone Rubber Skirted Termination Kit QT-IIT 7672-S-8. A brief summary of the

installation steps for tape-shielded cable is outlined as follow:

-—

1. Prepare cable according to standard
procedure.

R

e

2. Install the ground strap system.

A. Position braid over cable and
metallic shield.

B. Install a constant force spring
over each braid (3 total).

/7

25" Depth
(1150 mm) of fug
41.75" +0.5" (13 mm)
(1060 mm) +crimp growth
3.0 38.75°
(76 mm) (985 mm)

Longitudinalty Corrugated Shield

Cable Jacket

Ground Braid Assembiy

“——>——> Constant Force Springs
Solder Block

1st Mastic Strip
(beneath solder blocks)

Vinyl Tape Wrap
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C. Completed bottom seal and
ground strap assembly over-
wrapped with vinyl tape.

|

\ Semi-Con

4. Install stress control system.
A. Mastic Pad

L
1.0° 4 5.0" ——-l

(25 m;n) (127 mm)
/—?i—KL:;acﬁ)c Pad
2 OrS]

B. Install vinyl tape and taper

edges.

Taper Edge of —/
Hi-K Mastic

C. Apply Red (void-filling)

Compound.

B Cable Insulation

Unwind counter-clockwise

D. Install Hi-K Stress Control

assembly tube. Align with end of
longitudinally corrugated shield
" E—— e
_Cable Jacket LL \
Stress Control Assembly

5. Completed Termination.
i

78-8126-9075-4-A 7



7. Shelf Life 8. Availability

As provided, in the expanded state, 3M™ Cold QT-III termination kits are available from your local
Shrink Silicone Rubber Skirted Termination Kits authorized 3M electrical distributor.

QT-III 7672-S-8 have an on-shelf storage life of 36

months from the date of manufacture. Maximum

recommended storage temperature for QT-IIT

termination Kits is 43°C (110°F). QT-III termination

kits are unaffected by freezing storage temperatures.

Normal distributor stock rotation is recommended.

3M and Scotchlok are trademarks of 3M Company.
Scotch is a registered trademark of 3M Company.

Important Notice

All statements, technical information, and recommendations related to 3M's products are based on information believed to be reliable, but the
accuracy or completeness is not guaranteed. Before using this product, you must evaluate it and determine if it is suitable for your intended
application. You assume all risks and liability associated with such use. Any statements related to the product which are not contained in
3M's current publications, or any contrary statements contained on your purchase order shall have no force or effect unless expressly agreed
upon, in writing, by an authorized officer of 3M.

Warranty; Limited Remedy; Limited Liability.

This product will be free from defects in material and manufacture for a period of one (1) year from the time of purchase. 3M MAKES NO
OTHER WARRANTIES INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR

A PARTICULAR PURPOSE. If this product is defective within the warranty period stated above, your exclusive remedy shall be, at 3M’s
option, to replace or repair the 3M product or refund the purchase price of the 3M product. Except where prohibited by law, 3M will not

be liable for any indirect, special, incidental or consequential loss or damage arising from this 3M product, regardless of the legal
theory asserted.

Electrical Markets Division

6801 River Place Blvd.

Austin, TX 78726-9000 @

800-626-8381 Recycled paper o

Fax 800-828-9329 40% Pre-consumer waste paper Litho in USA
www.3M.com/electrical * 10% Post-consumer waste paper © 3M 2005 78-8126-9075-4-A



3 M Electrical Markets Division

Certified Test Report On

3M™ QTIII 69kV
Cold Shrink
Termination

This report details the evaluation of the 7672-S-8 Cold Shrink Termination to IEEE Std 48-1996 and 3M
design tests. The 7672-S-8 terminations met or exceeded requirements as per IEEE Std 48-1996. The
design testing verified performance well in excess of IEEE test requirements. This qualification testing
was done to 69kV test levels and 130 °C conductor temperature for current cycling.

I hereby certify that this Test Report is a
true and correct record of tests conducted
der my direction

w# A Qusa ﬁ/

Scott Saniti
Testing and Services Group

Approved By:

Carl Wentzel
Devclopment Engineer

Erick Benz
Quality Systerns Manager

Dr. Eugene Janulis
Technical Dircctor

Dr. Mark Hoisington
Technical Manager

Report Number: CRQTHI7672-8-8

Testing Period For This Report: March 31, 2005 to May 27, 2005

3M Electrical Markets Division

3M Austin Center, High Voltage Laboratory A146-4N-28
6801 River Place Boulevard

Austin, TX 78726-9000

(512) 984-5000
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Report Number:  CRQTII 7672-S-8

3 M Electrical Markets Division

Summary

This report details the evaluation of the 7672-S-8 Cold-Shrink™ Termination to IEEE std 48-1996 and 3M
design tests. The 7672-S-8 terminations met or exceeded requirements as per IEEE Std 48-1996. The design
testing was done to 69 kV test levels and 130° centigrade conductor temperature for current cycling.

Purpose

This test is to qualify the QTIII eight skirt terminations to the IEEE-48 69 kV test requirement. 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 number as it was constructed. Specimens where
constructed according to paragraph 8.1 of IEEE Std 48-1996.

The Test Specimens consisted of the following:

e Specimen number 91925 consisted of two 7672-S-8 QT-III Terminations installed on a 22 foot length of
1750 kcmil, 650mil XLPE 69 kV cable. The cable consists of a 1750 stranded aluminum conductor,
extruded semi conducting conductor shield, extruded XLPE insulation, extruded insulation shield,
concentric neutral shield wires and a jacket.

e  Specimen number 91926 consisted of two 7672-S-8 QT-III Terminations installed on a 22 foot length of
1750 kemil, 650mil XLPE insulation 69 kV cable. The cable consists of a 1750 stranded aluminum
conductor, extruded semi conducting conductor shield, extruded XLPE insulation, extruded insulation
shield, concentric neutral shield wires and a jacket.
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Report Number:  CRQTIII 7672-S-8

Tests

Electrical tests on all specimens were executed in accordance with IEEE 48-1996, “IEEE Standard
Test Procedures and Requirements for Alternating Current Cable Terminations 2.5 V Through 765
kV.’ Tests were run as outlined in paragraphs 8.4.1.1, 8.4.1.2,8.4.1.3, 8.4.1.5,8.4.1.7, 8.4.1.9,
8.4.2, and 8.4.3.

Impulse Testing was in accordance with IEEE Std. 82-1994, “IEEE Standard Techniques for High-
Voltage Testing.”

Wave shape measurements were done according to IEEE 4-1995, “IEEE Standard Techniques for
High-Voltage Testing.”

Test Deviations

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

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

e According to IEEE Std 48-1996 paragraph 8.1.c the terminations must 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 time, and will be covered in a future revision of
the report.

e In addition to the IEEE Std 48-1996 Test sequence, 3M engineers ran additional tests to verify
overall performance of this termination. These additional test results are included as a part of
this report. All of the tests performed on each of the specimens are reported 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 termination could result in
somewhat different test levels.

Specimen Disposition

Specimens were AC Step Tested to Failure or Flashover.
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Test Results On Specimen Number 91925 (Specimen consists of two 7672-S-8
terminations per cable section), short-term and long-term test sequence.

Tests In Chronological Order: Value: Result:

Partial Discharge (Corona) Extinction Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation Cited):
Direct Calibration [Hipotronics] (pC) 5.0 Additional Information

Partial Discharge @ 1.2¥*MPDL (72 kV-RMS) <3 Additional Information

Partial Discharge @ MPDL (60 kV-RMS) <3 Additional Information

Partial Discharge Inception Voltage (kV-RMS) 141.87 Exceeds IEEE Requirements
Discharge Magnitude @ Inception (pC) 182 Additional Information

Partial Discharge Extinction Voltage @ < 3pC 135.65 Exceeds IEEE Requirements
(kV-RMS)

Power frequency Voltage One Minute Dry Withstand Test According to IEEE Std. 48-1996, 8.4.1.1:
One Minute Withstand (kV-RMS) 175 Meets IEEE Requirements

Power frequency Voltage Six Hour Withstand Test According to IEEE Std. 48-1996, 8.4.1.3:

Six Hour AC Withstand (kV-RMS) 120 Meets IEEE Requirements

Power frequency Voltage Ten Second Wet Withstand Test According to IEEE Std. 48-1996, 8.4.1.2:
Water Resistivity (Q M) (micromho’s) 260 Additional Information

Water Flow Rate (mm/Minute) 1.5 Additional Information

60 Second Withstand-Termination “A” & “B” (kV- 145 Exceeds IEEE Requirements
RMS)

Direct Voltage Fifteen Minute Dry Withstand Test According to IEEE Std. 48-1996, 8.4.1.9:
Fifteen Minute Withstand (kV-DC) 245 Meets IEEE Requirements
Lightning Impulse Voltage Withstand Test According to IEEE Std. 48-1996, 8.4.1.7:

Test Surges — 10 surges at each polarity (kV-Crest) 350 Meets IEEE Requirements

Actual Impulse Wave Shape Applied- psec 1.14/45.4  Within IEEE Requirements
(front/tail)

Partial Discharge (Corona) Extinction Voltage Covering IEEFE Std 48-1996 8.4.1.5 (Deviation Cited):
Direct Calibration [Hipotronics] (pC) 5.0 Additional Information

Partial Discharge @ 1.2¥*MPDL (72 kV-RMS) <3 Additional Information

Partial Discharge @ MPDL (60 kV-RMS) <3 Additional Information

Partial Discharge Inception Voltage (kV-RMS) 81.72 Exceeds IEEE Requirements
Discharge Magnitude @ Inception (pC) 131 Additional Information

Partial Discharge Extinction Voltage @ < 3pC 79.24 Exceeds IEEE Requirements
(kV-RMS)
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Cyclic Aging Test According To IEEE Std 48-1996 8.4.2:

Jacket Temp. For 130°C Conductor Temp. (°C) 57.7 Additional Information
Current Required For 130°C Cond. Temp. (Amps) 1650 Additional Information
Cycle Used (Hours on/Hours off) 15/9 Additional Information
Voltage Applied 100% of Time (kV-RMS) 80 Meets IEEE Requirements
Total Number Of Hours At Voltage 791 Meets IEEE Requirements
Total Number Of Days At Voltage 329 Meets IEEE Requirements
Total Number Of Current Cycles 32 Meets IEEE Requirements

Lightning Impulse Voltage Withstand Test According to IEEE Std. 48-1996, 8.4.1.7:

Test Surges — 10 surges at each polarity (kV-Crest) 350 Meets IEEE Requirements
Actual Impulse Wave Shape Applied- psec 1.19/45.6  Within IEEE Requirements
(front/tail)

Partial Discharge (Corona) Extinction Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation Cited):

Direct Calibration [Hipotronics] (pC) 5.0 Additional Information
Partial Discharge @ 1.2¥*MPDL (36 kV-RMS) <3 Additional Information
Partial Discharge @ MPDL (30 kV-RMS) <3 Additional Information
Partial Discharge Inception Voltage (kV-RMS) 128.05 Exceeds IEEE Requirements
Discharge Magnitude @ Inception (pC) 43.10 Additional Information
Partial Discharge Extinction Voltage @ < 3pC 115.04 Exceeds IEEE Requirements
(kV-RMS)
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Test Results On Specimen Number 91926 (Specimen consists of two 7672-S-8
terminations per cable section), short-term and long-term test sequence.

Tests In Chronological Order: Result:

Partial Discharge (Corona) Extinction Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation Cited):

Direct Calibration [Hipotronics] (pC) 5.0 Additional Information f
Partial Discharge @ 1.2*MPDL (72 kV-RMS) <3 Additional Information

Partial Discharge @ MPDL (60 kV-RMS) <3 Additional Information

Partial Discharge Inception Voltage (kV-RMS) 130.18 Exceeds IEEE Requirements

Discharge Magnitude @ Inception (pC) 156 Additional Information

Partial Discharge Extinction Voltage @ < 3pC 115.70 Exceeds IEEE Requirements

(kV-RMS)

Power frequency Voltage One Minute Dry Withstand Test According to IEEE Std. 48-1996, 8.4.1.1:

One Minute Withstand (kV-RMS) 175 Meets IEEE Requirements

Power frequency Voltage Six Hour Withstand Test According to IEEFE Std. 48-1996, 8.4.1.3:

Six Hour AC Withstand (kV-RMS) 120 Meets IEEE Requirements

Power frequency Voltage Ten Second Wet Withstand Test According to IEEE Std. 48-1996, 8.4.1.2:

Water Resistivity (Q M) 260 Additional Information r
Water Flow Rate (mm/Minute) 1.5 Additional Information :
60 Second Withstand-Termination “A” & “B” (kV- 145 Exceeds IEEE Requirements :
RMS) i
Direct Voltage Fifteen Minute Dry Withstand Test According to IEEE Std. 48-1996, 8.4.1.9:

Fifteen Minute Withstand (kV-DC) 245 Meets IEEE Requirements

Lightning Impulse Voltage Withstand Test According to IEEE Std. 48-1996, 8.4.1.7: ;
Test Surges — 10 surges at each polarity (kV-Crest) 350 Meets IEEE Requirements ,
Actual Impulse Wave Shape Applied- psec 1.24/44.4  Within IEEE Requirements

(front/tail)

Partial Discharge (Corona) Extinction Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation Cited):

Direct Calibration [Hipotronics] (pC) 5.0 Additional Information

Partial Discharge @ 1.2*MPDL (72 kV-RMS) <3 Additional Information

Partial Discharge @ MPDL (60 kV-RMS) <3 Additional Information |
Partial Discharge Inception Voltage (kV-RMS) 79.86 Exceeds IEEE Requirements !I
Discharge Magnitude @ Inception (pC) 58.30 Additional Information f
Partial Discharge Extinction Voltage @ < 3pC 73.82 Exceeds IEEE Requirements ‘
(kV-RMS)
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Cyclic Aging Test According To IEEE Std 48-1996 8.4.2:

Jacket Temp. For 130°C Conductor Temp. (°C) 58.4 Additional Information
Current Required For 130°C Cond. Temp. (Amps) 1650 Additional Information
Cycle Used (Hours on/Hours off) 15/9 Additional Information
Voltage Applied 100% of Time (kV-RMS) 80 Meets IEEE Requirements
Total Number Of Hours At Voltage 791 Meets IEEE Requirements
Total Number of Days At Voltage 329 Meets IEEE Requirements
Total Number Of Current Cycles 32 Meets IEEE Requirements

Lightning Impulse Voltage Withstand Test According to IEEE Std. 48-1996, 8.4.1.7:

Test Surges — 10 surges at each polarity (kV-Crest) 350 Meets IEEE Requirements
Actual Impulse Wave Shape Applied- psec 1.15/47.8  Within IEEE Requirements
(front/tail)

Partial Discharge (Corona) Extinction Voltage Covering IEEE Std 48-1996 8.4.1.5 (Deviation Cited):

Direct Calibration [Hipotronics] (pC) 5.0 Additional Information
Partial Discharge @ 1.2*MPDL (72 kV-RMS) <3 Additional Information
Partial Discharge @ MPDL (60 kV-RMS) <3 Additional Information
Partial Discharge Inception Voltage (kV-RMS) 82.55 Exceeds IEEE Requirements
Discharge Magnitude @ Inception (pC) 3.00 Additional Information
Partial Discharge Extinction Voltage @ < 3pC 79.92 Exceeds IEEE Requirements
(kV-RMS)

Specimen 91925 and 91926 were both pressure tested according to IEEE Std 48-1996 7.1.2 Class 1A.

(1) Both of the terminated ends of the specimens, 91925 and 91926, were submersed in a water bath. The
cable ends of both specimens were fitted with air fittings 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. Meets IEEE Std
48-1996 8.4.3 (@) Requirements.

(2) Both of the specimens 91925 and 91926 were installed on a vacuum line with an 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 minutes there was no loss in
vacuum. Meets IEEE 48-1996 8.4.3 (b) Requirements.
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Test Results-Continued

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

AC Step Test, 3M Design Test

The specimens were subject to an AC step-test. The test started at 120 kV-RMS, after 30 minutes the
voltage was increased 5 kV-RMS and held for another 30 minutes. This cycle was continued until
termination flashed over or failed. The average level of failure was 185 kV.
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Impulse Test Oscillograms

350 kV-Crest Impulse Test Oscillograms For Specimens 91925 & 91926
Taken from Tektronix TDS 420A 3M Number 139215 (Calibration due 06/05).

91925 & 91926

Common Settings To All Oscillograms:

Deflection Sensitivity =5 Volts per Division

Sweep Rate =0.5 and 10 psec per division
Specimen 91925

350 kV-Crest, 4% and 5th Surges 25°C 350 kV-Crest, 6" and 7% Surges 25°C

Specimen 91926
350 kV-Crest, 3 and 4™ Surges 25°C 350 kV-Crest, 5™ and 6™ Surges 25°C

Test Specimen Photographs:
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Specimen Number 91925

Specimen Number 91926
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3M Austin High Voltage Laboratory

Equipment Documentation
Impulse Generator

Manufacturer Emile Haefely & Co. LTD, Basel-Switzerland
Model Series “E” Generator
Number Of Stages 8
Maximum Voltage Per Stage 100kV
Maximum Output Voltage 800 kV
Energy At Maximum Voltage 40 kJ
Capacitance Per Stage 100 nF
Impulse Voltage Divider 1.2 MeV
Commission Dates Divider 1967, Control Desk/Trigatron 1986, Generator 1988
Calibration Cycle Yearly or after repair or maintenance, whichever comes first.
Measuring System Tektronix Digital Storage Oscilloscope Model 468
Generator ) Dingram'

Circuit Variables Utilized For Test:

Measuring Ratio (kV/Volt On DSO) 2.1411

Rieries 104.6 Q

Input Attenuation 6:1

CRO Volts/Division 5 Volts

Surge Dwell Time 32 Seconds

Number Of Stages And Configuration Six Stages In Series, Top Two Stages Shorted Out.
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AC Dielectric Test Set

Manufacturer

Output Rating

High Voltage Metering
Duty Cycle
Calibration Cycle
Discharge Level
Distortion

Impedance

Options

Commission Date

Transformer

Report Number:  CRQTIII 7672-S-8

Phenix Technologies (Formerly American High Voltage Test
Systems)

250 kV @ 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 or after repair or maintenance, which-ever comes first
<2 pcat250kV

<5%

< 15% at rated current

4 1/2 Digit Panel Meters, accurate to 2% of full scale
Multiple function timer circuit

IEEE 488 GPIB for control, meter reading functions, and
automated testing

Input power RF filtering

August, 1988

480 VAC | —

185

Diagram
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Report Number:  CRQTIII 7672-S-8

Current Source

Power Source: Variable AutoTransformer (Variac).
Current Source: Specimen with a jumper connected in a loop configuration through 1000:5
Window Type Metering Transformers.
Configuration: Multiple, whatever combination of series/parallel transformers required to
drive the current needed.
High Voltage Source: Impulse Generator or AC Test Set, as needed.
T e sy
o e o gen
M m r m _]
L\r.'- TR T4 TSTE TIMB Tamio
T T TH = 10004
Hitivg ek

Typical hook-up, five parallel banks of two transformers in series. Series/Parallel combinations selected
according to the load being presented by the test specimen. We have several power sources we routinely
use from 115VAC/5Amp to 480VAC/60Amp. Loop current measurements are taken with a digital
ammeter.

Typical Current Source:
There are a number of sets/configurations in the laboratory.
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Equipment Utilization List

Test Piece: 3M Instrument Calibration
Number: Due:
AC Test Set, American High Voltage, 250 kV-RMS 67567 10/2005
Hipotronics Partial Discharge Detector 13977 6/2005
Haefely Impulse Generator 598901 8/2005
Omega Psychrometer 123497 10/2005
Tektronix TDS 420A 139215 5/2005
Fluke i2000 Flex 154204 10/2005
DC Test Set, Phenix 139826 5/2002
Scotchtek™ Heat Tracer 123348 10/2005
Fluke 23 Multimeter 105908 7/2005
PSI Tronix Pressure Gauge 139287 10/2005

Calibrations are done by the 3M Metrology Laboratory, Haefely Test Systems Inc., or Rothe Development.
All calibrations are traceable to NIST. The equipment is calibrated yearly, after repair, if suspect, or found
to be off during a spot comparison.

Original data and Oscillograms are on file in the 3M Electrical Markets Division, U&I Sector, Testing and

Services Group Master File. Some original data maybe in the form of electronic files as some tests are
computer driven.

Revision History
Revision: Change:
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Report Number:  CRQTIII 7672-S-8

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
utiliaing 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.

3M

Electrical Markets Division
6801 River Place Blvd.
Austin, TX 78726-9000
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Type Test
of a 72,5 kV- Termination QT- Il
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IEH - Department High-Voltage Dielectric Testing

1 Purpose of Test

Two 72,5 kV Terminations QT - |ll were subjected to a type test according to IEC
60840 04/2004 type test on cable accessories.

2 Miscellaneous Data

Test object:

Hersteller:

Place of test:

Testing dates:

Atmospheric
conditions:

Representatives

Report No. 2006-57

2 cold shrink silicone rubber terminations QT - lll 7672-S-8-
JCN (RW)
Drawing No. 78-8131-7387-5-A, Figure 2.1

Type of the cable: single core EPR-Cable with copper
conductor 1 x 300 RM 66/72,5 kV

3 M Deutschland GmbH
Carl-Schurz-Str.1
41453 neuss

Institute of Electric Energy Systems and High-Voltage

Technology — University of Karlsruhe,
KaiserstraBe 12 — 76128 Karlsruhe
Delivery: 08.05.2006

Mounting: 08.05. - 11.05.2006

Test date: 12.05. - 14.06.2006

Temperature: 19°C - 23°C
Air pressure: 980 - 1020 mbar
rel. humidity: 35% - 50%

Client’s representatives

Dipl.-Ing. J. Weichold, 3 M Deutschland GmbH
Representatives responsible for the tests

Dr.-Ing. R. Badent ; Dr.-Ing. B. Hoferer; Mr. O. Miiller
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IEH - Department High-Voltage Dielectric Testing

3M | ['

Cold Shrink Silicone Rubber
Termination QT-
7672-S-8-JCN (RW)

Instructions

Class 1 Termination

69 kV Class 325 kV BIL
IEC 60840

72,5 kV

Kit Contents:

1 Insulation Adapter Tube Assembly

1 Silicone Rubber Lug Seal Insulator Assembly L_‘—_
1 Hi-K Stress Control Assembly ————————
1 Silicone Rubber Insnlator Assembly

1 Silicone Rubber Skirted Insulator Assembly

1 Pre-formed Ground Braid Assembly

3 Canstant Farce Springs

1 Roll Scotch® Electrical Shielding Tape 24

8 Tubes PS5/R Red Compound (Non-Silicone Grease)

1 Roll Scotch Sealing Mastic 2229, 1" (25 rom) wide

8 Strips Hi-K Mastic (1-6" x 22", 7-2" x 11")

1 Roll Scotch Silicone Rubber Tape 70

1 Roll Scotch Vinyl Electrical Tape Super 88, 134" X 44
1 6° (150 mm) Hi-K Mastic Pad

1 3M™ Cable Cleaning Pads CC-3

1 Copper Foil Tape Strip 1181, 15" long

4 Instruction Sheess

Note: Do not use kidves to open plastic bags.

—

Jacketed Concentric Neutral (JCN) Cable

Kit Number DD, ange | Jacket O.D.Range | Coner Bie Hange
; 1.44'-2.58" 1.85°-3.11° 250-2000
767258 BW) (36.6-66.5 mm) (49.5-79.0 mm) (120-1000)
Table 1
3M™ Silicone Rubber Skirted
Termination Kit QT-II

for Jacketed Concentric Neutral (JCN) Cable
7672-S-8-JCN (RW)

78-8131-7387-5-A

Working around energized systams may cause sertous injury of
death. Instaltation should be pertamed by personnel tamilar with
good salety practice in handiing atactrical equipment. De-anargize
and ground all electrica) 6ystems before instaling product.

Figure 2.1: Termination QT - IlI

Report No. 2006-57

BADENT
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IEH - Department High-Voltage Dielectric Testing

Tests: Test volume, chronological order and requirements conform to IEC
60840 04/2004 type test on accessories.

Pos. 1

Pos. 2

Pos. 3

Pos. 4

Pos.5

Pos.6

Pos. 7

3 Mounting

Partial Discharge Test

a/V2 =1,75Ug=63kV 10s thereafter ;
a/V2 =1,5Uq =54 kV

no detectable discharge

Heating cycle voltage test

Load cycle: 24 h

8h loading up to 95°C - 100 °C conductor temperature with
at least 2h at 95°C-100°C

16h cooling

Test voltage: 0/ V2 =2,0 Up = 72 kV

Number of cycles: 20

Partial Discharge Test

a/V2 =1,75 Ug = 63 kV 10s thereafter :
a/v2 =1,5Uq = 54kV

no detectable discharge

Partial Discharge Test at elevated temperature

8h loading up to 95°C - 100 °C conductor temperature with
at least 2h at 95°C-100°C

/2 =1,75 Ug = 63 kV 10s thereafter ;

a/V2 =1,5Up =54 kV

no detectable discharge

Lightning impulse voltage test at elevated temperature
T = 95°C-100°C, at least 2h, 0 =325 kV,
10 impulses each polarity

AC-voltage withstand test
a/v2 =2,5Up=90kV, t=15 min

Cable and accessory examination

The cable preparation, assembling and mounting of the cable system was
accomplished by technicians of 3 M Deutschland GmbH.

Report No. 2006-57
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4 Test Setup

4.1 AC Voltage Withstand Test

The test voltage was generated by a 360-kVA transformer. The voltage was
measured with a capacitive divider (Cq = 351 pF; ratio = 10.000:1) and a peak
voltmeter reading 0/ V2. The primary side of the AC-transformer was connected
to a motor-generator set consisting of a variable frequency DC motor and a
synchronous generator with variable excitation. The generator delivers voltages
from O ... 500 V with currents up to 1000 A.

G ==

Set

Motor-generator

PVM PD-Measure-
RMS ment

Figure 4.1: Test-setup for AC-voltage withstand test and PD measurement
AC-transformer: 500V/300kV; SN = 360 kVA
Voltage measurement: Cp = 351 pF; ratio 10.000:1
uncertainty 3 %
PD measurement: Cc = 1000 pF; Un = 800 kVims
uncertainty 5 %

Report No. 2006-57 - BADENT page 5/17



IEH - Department High-Voltage Dielectric Testing

4.2 Partial-Discharge Test

The PD-measurement was performed with an analog bridge according to
Kreuger, Figure 4.2. External PDs producing common mode signals at the de-
tector are rejected by the differential amplifier. Internal PDs represent differential
mode signals and are amplified. The background noise level at 54 kV,ys was 0.8

pC.
. )

Figure 4.2: Scheme of PD test circuit
TO: Test object
Cc: Coupling Capacitor

For balancing the bridge a calibrating impulse with ga = 10.000 pC is applied
between the terminals A (high-voltage) and C (ground) and the amplifier output
is minimized. A pulse between the terminals A and C corresponds to an external
PD. For the calibration a PD pulse, qa = 5 pC, is applied between A and B. Sub-
sequently, the amplifier output of the PD measuring unit is adapted to the applied
pulse.

4.3 Cyclic Current Loading

According to IEC 60840 the test objects must be heated by a current which
provides the permitted service temperature of the tested cable plus 5 K - 10 K,
that means 95°C - 100°C, for EPR-cable. The required heating current | was
determined via a dummy cable. A 5 m sample of the cable used for the test, was
provided with a 1 mm diameter drilling hole down to the center conductor. The

Report No. 2006-57 - BADENT page 6/17



IEH - Department High-Voltage Dielectric Testing

temperature was measured with thermocouples NiCr-Ni. Two other thermo-
couples were installed on the conductor of the reference cable 0.5 m away from
the middle and 1.0 m away from the middle. The difference between the three
readings was less than 1°C. Furthermore two additional thermocouples NiCr-Ni
were placed on the outer sheath of the cable, one on the dummy and one on the
test loop. Figure 4.3 illustrates the temperature rise at the conductor with a
heating current of | = 980 A, 8h. Current inception was accomplished by a trans-
former (U4 = 400 V; Uz = 20 V) which used the cable as secondary winding. The
current was regulated by a control unit and measured by a current transformer,
3000:1, and a digital multimeter. The measurement uncertainty was 1%.

Channel 9 Avl °C
Channel 8 Avi °C
Channel 14 Avl °C
Channel 13 Avl °C
Channel 12 Avl °C
Channel 10 Avi *C
6Q.0 7.0 8Q.0

22
.8 | L Il [ |
§§ I
§° PP 1
i
1
!
gaﬂmimn
'1aoq00
31 naina
! | <. 0600
i T 0g0%00
i
i
!
I
i i 01/0RM
i B40BUU
i
]
!
i
2
g [Changel 2 Av
3.3 < 4 010a%08
i | oo

Figure 4.3: Heatcycle | =980 A, 8h; | =0A, 16 h
1: Conductor temperature; 2: Cable jacket temperature test loop;
3: Cable jacket temperature dummy; 4: Temperature HV-laboratory
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4.4 Lightning Impulse Voltage Test

For lightning impulse testing of the cable system 4 stages of a Marx generator
(Haefely) with a maximum cumulative charging voltage of U = 800 kV and a
maximum impulse energy of Emax = 40 kWs were used. The crest value of the
impulse voltage was measured by a damped capacitive divider and a
subsequent impulse peak voltmeter (Haefely). The time to crest and the time to
half value were evaluated from the oscillographs.

Marx
Generator

Figure 4.4.1: Scheme of switching impulse voltage test circuit
CH: 1200 pF ; R4 =70Q ; ratio: 3225;
IPV: impulse-peak-voltmeter (Haefely), measurement uncertainty 3%
Oscilloscope: Tektronix 2430 A — measurement uncertainty 2%

The waveform parameters were determined at reduced charging voltage. Figure
4.4.2 shows the front time, Figure 4.4.3 the time to half value for positive polarity
each. Figure 4.4.4 shows the front time, Figure 4.4.5 the time to half value for
negative polarity each.

Positive impulse: : T1=132pus To =489 us

Negative impulse: T1=1.32ps To =49.7 us
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CHIgng ™ freriresine™

st

Figure 4.4.2: Front time, positive polarity
horiz.: 1 us/Div; vert.: 1V/Div; probe 10:1; ratio 3225:1
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Figure 4.4.3: Time to half value, positive polarity
horiz.: 10 us/Div; vert.: 1V/Div; probe 10:1; ratio 3225:1
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CHtgnd— T

Figure 4.4.4: Front time, negative polarity
horiz.: 1 us/Div; vert.: 1V/Div; probe 10:1; ratio 3225:1

[ I I I I I I [ T I

I —

Figure 4.4.5: Time to half value, negative polarity
horiz.: 10 us/Div; vert.: 1V/Div; probe 10:1; ratio 3225:1
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5 Results

5.1 PD-Test

The test was carried out as described in 4.1 and 4.2.

Test date: 12.05.2006

Calibration pulse: Qcal =5 pC

Background noise level: 0.8 pC

Test voltage: a/ \/E =63 kV; t =10 s, thereafter
a/V2 =54 kV; with pd reading

PD: no detectable discharges

The test was passed successfully

5.2 Heating cycle voltage test

The test was carried out as described in 4.1 and 4.3.

Test date: 19.05. - 08.06.2006
Test voltage: a/\N2 =72kv
Heating current: | =980 A, 8h
I=0A,16h
Cycle: 8 h heating; 16 h cooling

Number of cycles: 20
Neither breakdown nor flashover occurred.

The test was passed successfully

5.3 PD-Test
The test was carried out as described in 4.1 and 4.2.
Test date: 12.06.2006
Calibration pulse: Qcal=5pC
Background noise level: 0.8 pC
Test voltage: a/V2 =63kV; t=10s, thereafter
a/V2 =54 kV; with pd reading
PD: no detectable discharges

The test was passed successfully

Report No. 2006-57 - BADENT page 11/17



IEH - Department High-Voltage Dielectric Testing

5.4 PD-Test at elevated temperature

The test was carried out as described in 4.1, 4.2 and 4.3.

Test date: 12.06.2006

Calibration pulse: Jcal =5 pC

Background noise level: 0.8 pC

Heating current: 1=980A,8h

Temperature: T=97,8°C

Test voltage: a/\V2 =63 kV; t=10 s, thereafter
a/vV2 =54 kV; with pd reading

PD: no detectable discharges

The test was passed successfully

5.5 Lightning Impulse Voltage Withstand Test at elevated
temperature

This test was carried out as described in 4.3 and 4.4.

Test date: 13.06.2006

Test voltage: a = 325kV

Temperature: T=95,7°C

Impulse: 1-5us / 40-60 us

Number of tests: 10 positive polarity, 10 negative polarity

Neither flashover nor breakdown occurred at the test objects during all lightning
impulse voltage tests.

The test was passed successfully
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Table 1 shows the test results with positive polarity, table 2 with negative polarity.

number | charging voltage / kV a/kv Figure remark

1 30,0 115,9 front time,
2 30,0 115,8 time to half value
3 42,0 162,0 50%
4 58,8 226 70%
5 76,1 290 90%
6 84,8 325 5.1 1. 100%
7 84,8 325 5.1 2. 100%
8 84,8 325 5.1 3. 100%
9 84,8 325 5.1 4. 100%

10 84,8 325 5.1 5. 100%

11 84,8 326 5.2 6. 100%

12 84,8 325 5.2 7. 100%

13 84,8 325 5.2 8. 100%

14 84,8 325 5.2 9. 100%

15 84,8 325 52 10. 100%

Table 1: Lightning impulse voltage withstand test, positive polarity
number | charging voltage / kV a/kv Figure remark

1 - 30,0 -115,2 front time,
2 - 30,0 - 1151 time to half value
3 -42,0 - 160,7 50%
4 - 58,8 - 225 70%
5 - 76,1 - 290 90%
6 - 84,8 - 325 5.3 1. 100%
7 - 84,8 - 325 5.3 2. 100%
8 - 84,8 - 325 5.3 3. 100%
9 - 84,8 - 325 5.3 4. 100%

10 - 84,8 - 325 5.3 5. 100%

11 - 84,8 - 325 5.4 6. 100%

12 - 84,8 - 325 54 7. 100%

13 - 84,8 - 325 54 8. 100%

14 - 84,8 - 325 54 9. 100%

15 - 84,8 - 325 54 10. 100%

Table 2: Lightning impulse voltage withstand test, negative polarity

Report No. 2006-57 -
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Figure 5.1: 100%-stress 1 - 5, positive polarity
Hor.: 10us/Div; Vert.: 5V/Div; probe 10:1; G = 3225

Figure 5.2: 100%-stress 6 - 10, positive polarity
Hor.: 10us/Div; Vert.: 5V/Div; probe 10:1;i = 3225
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Figure 5.3: 100%-stress 1 - 5, negative polarity
Hor.: 10us/Div; Vert.: 5V/Div; probe 10:1; G4 = 3225

Figure 5.4: 100%-stress 6 - 10, negative polarity
Hor.: 10us/Div; Vert.: 5V/Div; probe 10:1; i = 3225
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5.6 AC Voltage Withstand Test
The test was carried out as described in 4.1
Test date: 14.06.2006
Testvoltage: G/V2 =90 kV; t = 15 min

Neither breakdown nor flashover occurred.

The test was passed successfully.

5.7 Accessory Examination

On completion of the electrical tests the accessories were examined. There was
no evidence of electrical activity.

The test was passed successfully.
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6 Conclusion

The 72,5 kV Terminations QT - lll, manufacturer 3 M, passed all tests described in
Chapter 2 successfully. The test object fulfilled the requirements according IEC
60840 04/2004 type test on accessories.

Karlsruhe, 17.06.2006

Dr.-Ing. R. Badent
Bereichsleiter HPT

Dr.—Ing.}B. Hoferer
stellv. Bereichsleiter HPT
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Energy Division

Raychem heat shrink terminations
for polymeric cables 52/72kV

z Tyco Electronics

Our commitment. Your advantage.



Raychem termination systems for polymeric insulated cables 52/72kV

Application

The Tyco Electronics Raychem
52/72kV terminations are suitable for
all climates, areas and environments,
even severely polluted areas, and for
all installation conditions, including
top feed installation.

Our heat shrink accessories have
been used by utilities and industrial
companies around the world for more
than 35 years. This ongoing field
experience has made Tyco Electronics
Energy Division a leader in materials
science and technology for high-voltage
applications. The Energy Division’s
materials technology is at the core of
the development of our heat shrink
terminations. The materials used in
Tyco Electronics Raychem cable
accessories have been extensively
optimized with respect to product
design and function, manufacturing
and expected service environments.

Features

¢ Compact and modular design

* Heat-shrinkable stress control sleeves

* Non-tracking, heat-shrinkable outer
insulation

* Water- and corrosion-resistant

+ Different creepage distances available

e Easy to install

 Suitable for compression and
mechanical lugs

* No special or expensive tools

* Lightweight components

¢ Unlimited shelf life under normal
storage conditions Stress control diagram

* No oil or compound filling

* Reduced waste for disposal

» Tested in accordance to IEEE 48 and
IEC 60840

* Manufactured according to ISO 9001
and 1SO 14001



Construction and design Torque-controlled lug

» Varity of different rods/palms
72kV Outdoor termination available

i * Body made of tinned aluminum
alloy

e Torque-controlled shear-off bolts
Suitable for aluminum and copper
conductors (see brochure
Torque controlled lug EPP-0850)

Sheds
* Due to the installation of several
numbers of sheds creepage lengths
above 40mm/kV are available and
covering the most common and also
Insulating and extreme pollution levels
» Sheds have excellent tracking and
erosion resistance characteristics

non-tracking
heat-shrinkable

outer tube
Insulating and non-tracking tube
¢ Insulating tubes are UV- and
water-resistant and perform
Heat-shrinkable reliably even when exposed to
sheds ) sudden temperature variations

 Insulating materials conform to
Tracking and Erosion Tests as per
ASTM D2303 and IEC 112
- * Insulating tubes have an excellent
tracking and erosion resistance
characteristics

Electrical stress control tube
» Electrical stress control tubes are
used to smooth out the electrical
field at the cable end; this is
achieved by the unique resistive
" and capacitive properties of the
heat-shrink material

Heat-shrinkable
stress-control tube Sealant
» Track-resistant sealant that melts
& during shrinking process results in
a reliable barrier against moisture

Stress-relief material

Solderless
grounding accessory

Solderless grounding connection
» Solderless connection is used to
connect metal shields
Sealant + Solderless connection can be
provided for each available cable
construction e.g. copper wires,
metal sheath, CAS




Raychem heat shrink terminations for polymeric insulated cables 52/72kV
Technical Information

Application range 52/72kV termination kits

Dlameter over prepared cable Insulation Dlameter over cable sheath
Size 1* 30 - 45 mm <60 mm
Size 2 38 - 55 mm <70 mm
Size 3 48 - 65 mm <80 mm
Size 4 58 - 77 mm <100 mm
Size 5** 70 - 86 mm <MNO mm

*No 72kV Long Creepage termination kit available for this size
** Not available for 52kV

Application data 52/72kV termination kits

Standard terminations 52kV 52kV 72kV 72kV 72kV

Indoor Outdoor Indoor Outdoor Long creepage
Termination length 700mm 850mm 950mm 1200mm 1500mm
Approx. creepage length 1220mm 1430mm 1600mm 2200mm 3000mm
Number of sheds 2 4 4 7 10
Approx. kit weight 6kg 6.5kg 7kg 7.5kg 9.5kg

Technical data 52/72kV termination

Standard terminations 52kV 72kV
Maximum voltage to ground 26kV 40kV
Basic impulse level 250kV 350kV
Max. continuous conductor operating temperature 90°C 90°C
Max. conductor emergency temperature 130°C 130°C
Conductor short circuit temperature 250°C 250°C
Tools for XLPE cables Add-on

Tools required for cable preparation Fiber optic kit Cable clamps
can also be purchased or rented at (See brochure EPP-1623)

Tyco Electronics Energy Division.
(See brochure EPP-0756 and EPP-0071)

While Tyco Electronics and its affiliates referenced herein have made every reasonable effort to ensure the accuracy of the information contained in this catalog, Tyco Electronics cannot assure
that this information is error free. For this reason, Tyco Electronics does not make any representation or offer any guarantee that such information is accurate, correct, reliable or current.
Tyco Electronics reserves the right to make any adjustments to the information at any time. Tyco Electronics expressly disclaims any implied warranty regarding the information contained
hereln, including, but not limited to. the implied warranties of merchantability or fitness for a particular purpose. Tyco Electronics’ only obligations are those stated in Tyco Electronics’ Standard
Terms and Conditlons of Sale. Tyco Electronics will in no case be liable for any incidental, indirect or consequential damages arising from or in connection with, including, but not limited to,
the sale, resale, use or misuse of its products. Users should rely on their own judgement to evaluate the suitability of a product for a certain purpose and test each product for its intended
application. In case of any potential ambiguities or questions, please don't hesitate to contact us for clarification. Raychem, TE (logo) and Tyco Electronics are trademarks of the Tyco Electronics
group of companies and its licensors.
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Raychem High Volitage Outdoor Termination up to 170 kV

The Raychem OHVT System

The high voltage outdoor termination
(OHVT) is designed for voltage up to
170 kV and to operate under severe
environmental conditions.

Polymeric insulated cables of various
designs can be adopted with respect to
shielding and metal sheath. Composite
or porcelain housings with different
creepage lengths are available covering
the most common and also extreme
pollution levels, The installation of the
termination can be done by trained
installer equiped with conventional
tools.

The termination is designed according
to following standards: IEC-60840,
IEC-60815, IEEE-48; IEEE-1313

Model variations

Creepage

Variations according to individual
requirements

- pollution class

- normal sheds

- alternating sheds

System Add ons

Adapter
Variations to customize the
termination contact bolt

Cable lug

Different types of cable lugs available
- mechanical with defined torque

- crimp octant or hexagonal

Fibre optic kit )
For special application with fibre
optic wire equipped cables

insulator

Variations of insulator materials
- composite

- porcelain

Arcing horn
To adjust the arcing
distance



Raychem High Volitage Outdoor Termination up to 170 kV

Cable lug

Top end
sealing system

Insulator housing
and oil-filling

Stress cone

Cable gland and
bottom end sealing

-l

Cable tug

The cable lug is suitable for all common
condutors made of aluminium or
copper.

Seallng system

The flexible double sealing system is
installer-friendly and ensures permanent
protection against environmental
influences of the top assembly.
Heat-shrinkable polymeric tube
containing oil-resistant sealant
encapsulates the connector barrel

and the polymeric insulation transition.

Insulator housing and oil-filling

The pressure-tight composite housing
is made of a glass fibre reinforced (GFR)
resin tube with silicone rubber sheds
moulded to the tube.

The interface between stress cone,
cable insulation and inner housing

will be filled from the top with silicone
oil. No prior heating of silicone oil
required.

Stress cone

The silicone rubber stress cone provides
the electrical field control function and
can easily be applied without tools. The
application range is taken by different
sizes of stress cones.

Base plate and support insulators

4 support insulators can be used on the
base plate to mount the termination
insulated. The termination can be
mounted direct on the support
structure as well. All metallic fittings
are made of corrosion resistant Al alloy.

Gland and seal

The cable gland outer serving is
adapted through different gland sizes,
which can serve the individual shielding
and armouring of the cable.

The heat-shrinkable tube provides the
outer protection and sealing for the
cable gland area.



Raychem High Voltage Outdoor Termination up to 170 kV

Technical data: 72 kV 123 kV 145 kV 170 kV
Rated voltage Ug/U (Um) kV 36/69(72.5) 64/115(123) 76/132(145)  87/161(170)
Basic impulse level kV 325 550 650 750
Max. continuous operating temperature £C 90 90 90 90
Max. conductor emergency temperature °C 150 150 150 150
Conductor short circuit temperature °C 250 250 250 250
Short circuit current (sheath) kA / 1sec 40 40 40 40
Creepage (Pollution class IEC 60815) a-e a-e a-e a-e
Withstand voltage support insulators (AC/DC) kV 10/20 10/20 10/20 10/20
Application Range:
Conductor mm?2 2000 2000 2000 2500
Diameter over Insulation (Composite) mm 34 -97 34 -97 34 -97 34 -108
(Porcelain) mm 34 -74 34 -74 34 -74 --
Diameter over sheath mm 10 10 10 19

All listed dimensions are standard size to serve the common application of these terminations.
For special applications and bigger cable sizes please contact your Tyco Electronics representative.

Tools
Tools required for cable preparation can also be purchased or rented at
Tyco Electronics Energy Division. (See brochure EPP-0756 and EPP-1543)

Cable stripper Gas torch Straightening slide rails  Tool box Heating blanket

While Tyco Electronics and its affiliates referenced herein have made every reasonable effort to ensure the accuracy of the information contained in this catalog, Tyco Electronics cannot assure
that this information is error free. For this reason, Tyco Electronics does not make any representation or offer any guarantee that such information is accurate, correct, reliable or current.
Tyco Electronics reserves the right to make any adjustments to the information at any time. Tyco Electronics expressly disclaims any implied warranty regarding the information contained
herein, including, but not limited to, the implied warranties of merchantability or fitness for a particular purpose. Tyco Electronics’ only obligations are those stated in Tyco Electronics’ Standard
Terms and Conditions of Sale. Tyco Electronics will in no case be liable for any incidental, indirect or consequential damages arising from or in connection with, including, but not limited to,
the sale, resale, use or misuse of its products. Users should rely on their own judgement to evaluate the suitability of a product for a certain purpose and test each product for its intended
application. In case of any potential ambiguities or questions, please don’t hesitate to contact us for clarification. Raychem, TE (logo) and Tyco Electronics are trademarks of the Tyco Electronics
group of companies and its licensors.

Energy Dlvislon - innovative and economical solutions for the electrical power industry: cable accessorles, connectors &
fittings, Insulators & Insulation, surge arresters, switching equipment, lighting controls, power measurement and control.
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OHVT
for 145 kV

Appllcation

The dry self-supporting termination is

designed for voltage class 145 kV and
1 operation under severe environmental
conditions. It is free from any insulat-
ing liquid or gel. Polymeric insulated
cables of various designs can be
adopted with respect to shielding and
metal sheath. The polymeric housing
with long creepage length covers
extreme pollution levels according to
IEC 60071-11996, IEC 60071-2 1996
and IEEE-1313.1-1996. Its mechanical
performance is similar to conventional
oil-filled terminations with composite
housing. The termination is easily
separable and consists of a plug-in
part and an epoxy resin insulator
protected with a directly moulded
silicone shed housing. Due to the
short cable cut-back dimensions of
the plug-in the time required to install
the termination is very short and can

Major Design Elements

Raychem Dry Self-Supporting Outdoor Termination

be further reduced in case of short
cable links by pre-installing the plug-in
on the shop floor. The plug-in is
similar to the plug-in used with our
dry switchgear/transformer termination.

Features:

* Dry interface, no oil-filling

« Self-supporting

* Pre-fabricated and factory tested
silicone-rubber stress cone

» Torque-controlled multi-contact
conductor bolt

» Fast and simple installation com-
bining GIS plug-in technology with
polymeric insulators

* No special tools required to install
the termination

* Isolated cable gland for sectionali-
zation

* Long creepage length

* Type tested according to IEC 60840

The polymeric insulator (3) with embedded multi-contact electrode is attached to
the support structure through the base plate (6) and the support insulators (7).
The torque-controlled shear-off bolt connector (2) with multi contacts fits the
cable conductor. The connector is suitable for stranded aluminium and copper
conductors and can be modified to accept solid conductors as well. No special

tool is required to install the connector. The silicone rubber stress cone (4) pro-
vides the electrical field control and can easily be applied on the cable without
tools owing to its excellent elasticity. A metal spring-loaded compression ring (5)
presses the rubber stress cone into the specially shaped interior of the insulator
housing, ensuring a uniform contact pressure and electrically sound interface.
The cable outer serving is adapted through a gland system (8), which addresses
the individual shielding and armouring. The gland system also secures the cable.

S Spring-loaded compression ring
6 Base plate

7 Support insulators

8 Gland and sealing

1 Upper metal fitting

2 Mechanical connector

3 Resin body with silicone shed housing
4 Stress cone

All of the above information, including drawings, illustrations and graphic designs, reflects our present understanding and is to the best of our knowledge and belief correct and reliable.
Users, however, should independently evaluate the suitability of each product for the desired application. Under no circumstances does this constitute an assurance of any particular quality
or performance. Such an assurance is only provided in the context of our product specifications or explicit contractual arrangements. Our liability for these products is set forth in our
standard terms and conditions of sale. Raychem, TE Logo and Tyco Electronics are trademarks.

Energy Divlsion - economical solutions for the electrical power industry: cable accessories, connectors & fittings, electrical
equipment, Instruments, lighting controls, insulators & insulation enhancement and surge arresters.
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Energy Division
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PHVS & PHVT

Raychem Dry Compact Switchgear & Transformer

Termination for 72 kV up to 145 kV

Appllication
The dry compact switchgear termina-
tion for voltage classes up to 145 kV is
1 designed to be installed in cable entry
housings of gas-insulated switchgear
(GIS). It complies with IEC 62271-209
standard, which essentially specifies
2 the interfaces between the termination
and the switchgear. Therefore the ter-
mination will fit into all GIS complying
with IEC 62271-209. An adapter is
available to match the dimensions of
wet (oil-filled) type terminations, which
are also specified in IEC 62271-209.
The termination operates in SFg but
also in insulating liquids like trans-
former oil. A corona shield at the top
of the termination then provides the
necessary shielding of the terminal.
The termination is easily separable
and consists of a plug-in part and an
3 epoxy resin insulator. The insulator can
be installed by the GIS or transformer
manufacturer already at the factory
saving installation time on-site and

reducing the risk of contamination of
the cable entry housing. In case of
short cable links and due to the short
length and light weight of the plug-in
part it can be also pre-installed by the
cable manufacturer further reducing
the time required to install a substation.

Features

* Dry interfaces, no oil-filling

¢ Dimensions comply with

IEC 62271-209

Pressure-tight resin housing

» Operates in SFg and insulating
liquids

* Pre-fabricated and factory tested
Si-rubber stress cone

¢ Torque-controlled multi-contact
conductor bolt

* No special tools required to install
the termination

* Isolated cable gland for sectio-
nalization

* Type tested according to IEC 60840
and IEC 62271-209 standards

4

5 Major Design Elements
The epoxy-resin insulator (4) with embedded multi-contact electrode forms

6 the gas pressure-tight interface between GIS or transformer cable entry and

7 the plug-in part of the termination. It is attached to the cable entry housing
with the fixing ring (7). The torque-controlled shear-off bolt connector (3) with
multi contacts fits the cable conductor. The connector is suitable for stranded
aluminium and copper conductors and can be modified to accept solid conductors
as well. No special tool is required to install the connector. The silicone rubber
stress cone (5) provides the electrical field control and can easily be applied

5 without tools owing to its excellent elasticity. A metal spring-loaded compression

ring (6) presses the rubber stress cone into the specially shaped interior of the
resin housing, ensuring a uniform contact pressure and electrically sound inter-
face. A corona shield (1) can be easily attached to the termination for use in
insulating liquids. Compared with IEC 62271-209 wider clearances apply in this
application. The cable outer serving is adapted through a gland system (8),
which addresses the individual shielding and armouring. The gland system also
secures the cable. An adapter (2) can be used to match the dimensions of wet
type switchgear and transformer terminations which makes the termination the
ideal choice for replacing oil-filled terminations.

5 Stress cone

6 Spring-loaded compression ring
7 Fixing ring

8 Gland and sealing

1 Corona shield (PHVT only)
2 Adapter (optional)

3 Mechanical connector

4 Resin housing

All of the above information, including drawings, illustrations and graphic designs, reflects our present understanding and is to the best of our knowledge and belief correct and reliable.

Users, however, should independently evaluate the suitability of each product for the desired application. Under no circumstances does this constitute an assurance of any particular quality
or performance. Such an assurance is only provided in the context of our product specifications or explicit contractual arrangements. Our liability for these products is set forth in our
standard terms and conditions of sale. Raychem, TE Logo and Tyco Electronics are trademarks.

Energy Division - Innovative and economical solutions for the electrical power industry: cable accessories, connectors &
fittings, Insulators & Insulation, surge arresters, switching equipment, lighting controls, power measurement and control.
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SHVT & THVT
for 72 kV up to 170 kV

Application
The switchgear termination for voltage
classes up to 170 kV is designed to be
installed in cable entry housings of gas-
insulated switchgear (GIS). It complies
with IEC 60859 and IEEE 1300 stan-
dards, which essentially specify the
interfaces between the termination and
2 the switchgear. Therefore the termina-
tion will fit into all GIS complying with
these standards. The termination oper-
ates in SFg but also in insulating liquids
3 like transformer oil. A corona shield at
the top of the transformer termination
then provides the necessary shielding
of the terminal.

Raychem Switchgear & Transformer Termination

Features

« Si-oil filling

¢ Dimensions comply with IEC 60859

and IEEE 1300

Pressure-tight resin housing

» Operates in SFg and insulating
liquids

» Pre-fabricated and factory tested
Si-rubber stress cone

» Torque-controlled conductor bolt

* No special tools required to install
the termination

* Isolated cable gland for sectionali-
zation

» Type tested according to IEC 60840,
IEC 60859 and IEEE 1300 standards

Major Deslgn Elements
The epoxy-resin insulator (3) with embedded electrode forms the gas pressure-
tight interface between GIS or transformer cable entry and the oil-filled cable

5 compartment of the termination. It is attached to the cable entry housing with
the fixing ring (6). To fit the cable conductor, torque-controlled shear-off bolt
connectors (2) or crimp-type connectors are available. The connector is suit-
able for stranded aluminium and copper conductors and can be modified to

6 accept solid conductors as well. No special tool is required to install the
mechanical connector. Heat-shrinkable polymeric tubing containing oil-resistant
sealant encapsulates the connector barrel and the polymeric insulation transition.
The silicone rubber stress cone (5) provides the electrical field controf and can

7 easily be applied without tools owing to its excellent elasticity. The interface
between stress cone, cable insulation and resin housing is filled with silicone oil
(4). Filling and venting nozzles are available at the top bolt assembly and at the
base of the termination. A corona shield (1) can be easily attached to the trans-

8 former termination for use in insulating liquids. Compared with IEC 60859 and
IEEE 1300 wider clearances apply in this application. The cable outer serving is
adapted through a gland system (8), which addresses the individual shielding
and armouring. Heat-shrinkable tubings are used to seal the cable gland. The
conventional mounting position is vertical. For horizontal or upside-down
mounting an optional oil expansion vessel is available.

1 Corona shield (THVT only)

2 Connector (mechanical or crimp)
3 Resin housing

4 Qil-filling

5 Stress cone

6 Fixing ring

7 Base plate

8 Gland and sealing

All of the above information, including drawings, illustrations and graphic designs, reflects our present understanding and is to the best of our knowledge and belief correct and reliable.
Users, however, should independently evaluate the suitability of each product for the desired application. Under no circumstances does this constitute an assurance of any particular quality
or performance. Such an assurance is only provided in the context of our product specifications or explicit contractual arrangements. Our liability for these products is set forth in our
standard terms and conditions of sale. Raychem, TE Logo and Tyco Electronics are trademarks.
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Tyco Electronics Raychem GmbH
Energy Division

Finsinger Feld 1

85521 Ottobrunn/Munich, Germany

Phone: +49-89-6089-0
Fax: +49-89-6096345

£ Tyco Electronics

http://energy.tycoelectronics.com Our commitment. Your advantage.

© Tyco Electronics EPP 1021 7/07




ANEXO C

ESPECIFICACIONES TECNICAS DE CABLES DE

ENERGIA DE ALTA TENSION.



ALTA
TENSIONE

Uo/U=26/45kV Um=52kV IEC 60840 CEI 20-66 (EX GRADO DI ISOLAMENTO 67)

CARATTERISTICHE COSTRUTTIVE
Uo/U=26/45kV Um=52kV IEC 60840 CEI 20-66 (EX INSULATION DEGREE 67) - BUILDING CHARACTERISTICS
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Uo/U=26/45kV Um=52kV IEC 60840 CEI 20-66 (EX GRADO DI ISOLAMENTO 67)
PORTATE DI CORRENTE
Uo/U=26/45kV Um=52kV IEC 60840 CEI 20-66 (EX INSULATION DEGREE 67) - CURRENT CARRYING CAPACITIES
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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 Insti-
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 IEEE 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.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of
membership affiliation with IEEE. 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 brougtit 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 consideration.

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 internal 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 [EEE Std 48-1996, IEEE 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.

Several 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 ionization test
requirements, which are more applicable for laminated cable constructions. 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 terminations and 230 kV for solid dielectric cable terminations.

Clause 9 has been expanded to include a pollution severity guide to assist the user to define a particular
environment and help determine type and creepage length needed. Effects of solar radiation 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 10-40 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 Engene Favrie Greg P. Rampley
Thomas Black R. D. Fulcomer Dean Redman
Michael Bayer Robert B. Gear Matthew H. Spalding
Paul Bloyed Wolfgang Haverkamp Wendall T. Starr
Vincent J. Boliver Albert Kong Frank Stepniak
Thomas C. Champion Raoul H. Leuteritz Duc B. Trinh
Peter Day Jeff Mackevich Richard Votoupal
John P. DuPont John Makal Steven P. Walldorf
Henry Dresch James Nation Harry Yaworski

Torben Aabo

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

W. O. Andersen
Richard H. Arndt
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

The following persons were on the balloting committee:

John E. Bramfitt

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

Paul S. Cardello

John L. Carlson
Thomas C. Champion
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

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

S. Michael Foty
Ronald F. Frank

R. D. Fulcomer
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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 terminations 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 [B 16).1

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 (ANSI).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 numberss in brackets correspond to those of the bibliography in clause 10.

2JEC publications are available from [EC Sales Department. Case Postale 131, 3, rue de Varembé, CH-1211, Genve 20, Switzerland/
Suisse. IEC publications are also available in the United States from the Sales Departiment, American National Standards Institute, 11
West 42nd Sureet, 13th Floor, New York, NY 10036, USA.

3IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ108855-1331, 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 [B15].

3.1 apparatus termination: A termination designed for use in sealed enclosures where the external
dielectric smength 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 application 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
having laminated or extruded insulation rated 2.5 kV and above, which are classified according to the
following:

a) Class 1 termination: Provides electric stress control 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 1 A: 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 suess 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 deposilts, 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 positive pressure cable
systems.

Single pressure zone termination: A pressure-type tertnination 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 tertnination 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, disruptive
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)

b)

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.

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)

b)

)

d)
e)
f)

g)
h)

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

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

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.

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

Unusual space limitations

Unusual internal pressures

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.

¢) 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 minimum 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 voltage to ground. The maximum voltage at which the high-voltage cable
termination is designed to operate continuously under normal conditions.

NOTE—It 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) Rared 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 termination 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 insulation involved, and the anticipated maximum ambient temperature of the medium
surrounding the cable termination.

TEEE 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 limitations.

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.

“Information 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 nuinber
c) Insulation class
d) Maximum design voltage to ground
e) Maximum and minimum cable conductor size
f) Maximum and minimum cable insulation diameter
g) BLL
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)

b)

c)

d)

e)

h)

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).

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).

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).

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 e» zrnal metallic
hardware affecting the radio influence voltage if the termination is for use on any other cable (all
classes).

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

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

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

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-voitage laminated dielectric cable terminations assembled and ready for service

Insulation Max 1 min Dry 10 s Welt 6 h Dry Cyelic Radio Max Lightning Switching Direct
class (kV) design withstand withstand withstand aging dry influence fonization impulse impulse voltage test
(12) voltage to (kV RMS) 3 (kV RMS) (kVRMS) | voltagedry factor % (BIL) dry (BSL) (3) 9
ground (kV RMS) (nv) all voltage withstand wet (dry) 15 min dry
(kV)(13) classes (kV crest) withstand withstand
(kV crest) (kV avg)

Column Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column ¢ | Column 10 | Column 11
25 1.6 20 20 10 3 50 See table 5 60 — 40
5 32 25 25 15 6 50 and8.4.1.6 75 = 50
8.7 5.5 35 30 25 10 50 95 — 65
15 9.5 50 45 35 17 50 110 — 75
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 88 310 275 210 160 500 650 - 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 825 600
345 220 575 — 440 300 500 1300 900 600
500 318 575 — 440 435 500 1300 (1100) 600
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 (175 745
765 486 1300 — 755 663 500 2075 1435 965
765 486 1300 — 755 663 — 2175 1505 965

AN S92 HONOHHL A% 62 SNOILYNINHIL 319v0 ANSHHNO-ONILYNE3 LTV
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NOTES TO TABLE 1
1—Power frequency includes any frequency from 48 Hz to 62 Hz.
2—Al] withstand values are test voltages without negative tolecance but may include an atmospheric correction

factor.
3—Indoor cable terminations 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 requiced lightning and switching impulse values shall be met with both positive and negative polarity tests.
5—O0On 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 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 apparatus 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—Certain types of resistance or capacitance graded cable terininations 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 1bffin? only] and b)
Class 1C test procedures b) and c)

7.2 Routine tests

NOTE—Because of the variety of termination 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) Dieleciric 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 dielectric tests for high-voltage extruded dielectric cable terminations assembled and ready for service

Insulation Max 1 min Dry 10 s Wet 6 h Dry Cyclic Radio Partial Lightning Switching Direct
class (kV) design withstand withstand withstand aging dry influence discharge impulse impulse voltage test
(12) voltage to (kY RMS) 3) (kV RMS) (kV RMS) | 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 19 | Column 11
25 1.6 20 20 10 45 50 2 60 — 40
5 32 25 25 15 9 50 45 75 — 50
8.7 5.5 35 30 25 15 50 7S 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—AIl withstand values are test voltages without negalive 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. 1t 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 dielectric strength of the cable termina: .. 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 diclectric test in the equipment or in the apparatus in which it will operate, the applicd 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—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 perfonn 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 linear interpolation between the two closest listed values and
round off to the nearest whole kilovolt.

13—For grounded systems.

M S92 HONOHHL AY §'2 SNOLLYNIWHIL 318V30 INFHHNO-DNILYNY3LV
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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 system, 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 affecting its dielectric
characteristics.

The magnitude of the actual 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 investigated 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) Itshall be clean.
b) Itshall be dry and clean.

c) Itshall be assembled with cable of the type and maximum conductor size for which the high-voltage
cable termination is designed, and filled (as applicable) with the grade and quantity of materials
specified by the manufacturer and assembled with any electric stress-controlling features such as
Tress-rehet tomes, #e., 1 the mammer sperhed by he marnuiacrurer. For tiglecric tests, a mandre)
with insulation having the same physical and electrical characteristics as that used on the cable may
be substituted 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
conditions. 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 structure shall
be close enough to the device to appreciably affect the test results.

10
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g) 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 atiospheric 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
Humidity 11 g/m? 11 g/m? 6.867 x 10~ 1b/f1
Average precipitation rate for all 1.0-1.5 mm/min

measurements (vertical and horizontal

components)

Limits for any individual measurement 0.5-2.0 mm/min

(vertical or horizontal component)

Temperarure of collected water ambient temperature
+15°C

Resistivity of collected water corrected 100+ 15Q'm

10 20 °C?

2For 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 correction 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 initial 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)

b)

ad)

12

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 voliage 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) Lightning impulse voltage wer 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 ¢) below.

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

The relative air density, D, at the tme of the test should preferably be between 0.95 and 1.05 and
shall be determined as follows:

P
- %]

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

fp =273 for r in degrees Celsius

or 459 for t in degrees Fahrenheit

The humidity correction 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).

All data used in determining any correction factors shall be recorded.

1.18

e BELOW 141 kV CREST DECREASE
" PERCENT CORRECTION IN DIRECT
fe1d PROPORTION TO VOLTAGE. USING

THE FOLLOWING EQUATION:

1.12 b, = % (-1 +1

1.10 N #, = CORRECTION FACTOR. REQUIRED
1.08 l_ H, = CORRECTION FACTOR FROM CURVE
: E = TEST VOLTAGE

1.06 -
1.04 =
1.02 p=
1.00 i~
0.98 =
0.96 =
0.94 |~

0.92 p=
0.90 F 3 2 3 _x 3 3 ot st % i
0O 01 02 0304 0506070809 10 1.1 1213
INCHES OF MERCURY —VAPOR PAESSURE

-

HUMIDITY CORRECTION FACTOR ~H

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

IEEE

Std 48-1996

Tests for extruded dielectric cable terminations are sumrnarized in table 4. Terinination tests are summarized

in table S.

Table 4—Design tests and sequence for extruded cable terminations

Minimum number of samples

Design test Subclause
4 4 (2% 2
Partial discharge (corona) extinction voltage 8.4.15 a
U
U
Power frequency voltage 1 min dry withstand 8.4.1.1 ]
U
U
 Power frequency voltage 6 h dry withstand 8.4.1.3 Q
1
3
Power frequency voltage 10 s wet withstand 8.4.1.2 a
(outdoor terminations) ' U
]
U
U
Direct voltage 15 min dry withstand 84.19 a
1
4
Lightning impulse voltage withstand 8.4.1.7 a
13
Partial discharge (corona) extinction voltage 84.15 a Q
| U
Cyclic aging 8.4.2 item ¢) Q a
It I}
Lightning impulse voltage withstand 8.4.1.7 Q ]
4 4
Partial discharge (corona) extinction voltage 8.4.1.5 Q Q
U i}
Pressure leak test (Class 1 terrninations only) 8.4.3 a

2Four 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—
QO =test
1 = specimen, proceed to following test

13
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Table 5—Design tests and sequence for laminated dielectric cable terminations—
Class 1B and 1C

Minimum number of samples
Design test Subclause
I 4 428 2

Ionization factor 8.4.1.6 a

4
Power frequency voltage 1 min dry withstand | 8.4.1.1 a

4

4
Power frequency voltage 6 h dry withstand 8.4.1.3 Q

4

4
Power frequency voltage 10 s wet withstand 8.4.12 Q
(outdoor terminations) 1

U
Direct voltage 15 min dry withstand 8.4.19 0

4

4
Impulse withstand voltage 8.4.1.7 a

4
Ionization factor 8.4.1.6 Q 0

4
Cyclic aging 8.4.2item ¢) a
4

Ionization factor 84.1.6 a
Impulse withstand voltage 8.4.1.7
Pressure leak test 8.43 a

2Four 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-piecc, 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 voitage 1 min dry withstand test

The test specimen shall be prepared for test in accordance with 8.1 items b), ¢), e), and f) and tested in
accordance with 8.2 and column 3 of table i 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), ¢), e), 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.

14
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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 (R1V) 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 IEC 270-1981.

The applied test voltage shall be the maximum design voltage to ground indicated in column 2 of table 1
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-
istics 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
characteristics 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), c), €), 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), c), €), 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) Mm;:tcl:: rit(’;‘isation
10-200 0.6
21-350 0.4
35460 02
46690 02

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 ps wave, both positive and negative, shall be used. The charactenstics 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), e), 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 ps 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 testshall 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 terminations 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
circulating 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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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) Testing shall 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) D 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 5°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 5 °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

lemperature.

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 iemperature midway between cerminations 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) Partial 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 voliage 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 a termination (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 1bf/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/inz) for2 hor 50 kPa (7 lbf/inz) for6 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 terminations,
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 1bf/in?), whichever is highest, for
terminations up to 2000 kPa (300 lbffmz) [consult manufacturer for test on terminations with rated
internal pressure greater than 2000 kPa (300 lbﬂinz)]. 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 I 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 conducting 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 surmounding 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/in2) shall be subjected to an internal pressure of 2.5 times the nominal rating for
terminations rated up to 2000 kPa (300 lbfflnz) 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 deterinined 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 lbflinz), 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.
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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 Altitude Maximum temperature of the
ampacity cooling air
correction
(m) (ft) factor (°C) (°F)
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
cocrection
factor for

(m) (i3} dieleetric
strength
“No0 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

22



IEEE
ALTERNATING-CURRENT CABLE TERMINATIONS 2.5 kV THROUGH 765 kV Std 48-1996

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 radiation 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

Terminations are installed in a range of environments, from very benign to extremely severe. Airborne
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)  Wei 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.e., 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 maternial types. This has been documented in several IEEE papers.

Manufacturer(s) should be consulted conceming contamination test history of the product if there is a
question for use in areas having high contamination levels.

24



IEEE
ALTERNATING-CURRENT CABLE TERMINATIONS 2.5 kV THROUGH 765 kV Std 48-1996

10. Bibliography
[B1] AEIC CS1-90, Specifications for Impregnated-Paper-Insulated Metallic Sheathed Cable, Solid Type.

[B2]) AEIC CS2-90, Specifications for Impregnated Paper Laminated Paper Polypropylene Insulated Cable,
High Pressure Pipe Type.

[B3] AEIC CS3-90. Specifications for Impregnated-Paper-Insulated Metallic Sheathed Cable, Low Pressure
Gas-Filled Type.

[B4] AEIC CS4-93, Specifications for Impregnated-Paper-Insulated Low and Medium Pressure Self-
Contained Liquid Filled Cable.

[B5] AEIC CS5-94, Specifications for Cross-Linked Polyethylene Insulated Shielded Power Cables Rated
5 Through 46 kV.

[B6) AEIC CS6-87, Specifications for Ethylene Propylene Rubber Insulated Shielded Power Cables Rated
5 Through 69 kV.

[B7] AEIC CS7-93, Specifications for Cross-Linked Polyethylene Insulated Shielded Power Cables Rated
69 Through 138 kV.

[B8) ASTM D 1868-93, Test Method for Detection and Measurement of Partial Discharge (Corona) Pulses
in Evaluation of Insulation Systems.

[B9) ASTM D 2565-92a, Standard Practice for Operating Xenon-Arc Type Light-Exposure Apparatus With
and Without Water for Exposure of Plastics.

[B10] ASTM G 26-93, Standard Practice for Operating Light-Exposure Apparatus (Xenon-Arc Type) With
and Without Water for Exposure of Nonmetallic Materials.

[B11] ASTM G 53-93, Standard Pracuice for Operating Light- and Water-Exposure Apparatus (Fluorescent
UV-Condensation-Type) for Exposure of Nonmetallic Materials.

[B12] ICEA P-32-382 (1992), Short-Circuit Characteristics of Insulated Cable.
[B13] ICEA T-24-380 (1980), Guide for Partial-Discharge Test Procedure.

[B14] IEEE Std 97-1969, IEEE Recommended Practice for Specifying Service Conditions in Electrical
Standards (ANSI).

(B15] IEEE Std 100-1992, The New IEEE Standard Dictionary of Electrical and Electronics Terms (ANSI).

[B16] IEEE Std 386-1995, IEEE Standard for Separable Insulated Connector Systems for Power
Distribution Systems Above 600 V (ANSI).

[B17] IEEE Std 400-1991, IEEE Guide for Making High-Direct-Voltage Tests on Power Cable in the Field
(ANSI).

[B18] IEEE Std C57.19.00-1991, IEEE General Requirements and Test Procedures for Outdoor Apparatus
Bushings (ANSI).

[B19] NEMA 107-1988 (R 1993), Methods of Measurement of Radio Influence Voltage (RIV) of High-
Voltage Apparatus.

25



IEEE
Std 48-1996

[B20] NEMA WC3-1992, (ICEA S-19-81), Rubber Insulated Wire and Cable for the Transmission and
Distribution of Electrical Energy.

(B21) NEMA W(C4-1988, (ICEA S-65-375), Varnished Cloth Insulated Wire and Cable for the Transmission
and Distribution of Electrical Energy.

(B22] NEMA WC5-1992, (ICEA S-61-402), Thermoplastic Insulated Wire and Cable for the Transmission
and Distribution of Electrical Energy.

(B23] NEMA W(C7-1991, (ICEA S-66-524), Cross-Linked Polyethylene Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energy.

[B24] NEMA WCB8-1991, (ICEA S-68-516), Ethylene-Propylene Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energy.

26



BIBLIOGRAFIA

Lineas de transmision subterranea — B.M. Weedy.

Terminales y empalmes de cables para transporte de energia eléctrica -
Orlando Chavez Chacaltana

Theory and practice of premolded splicing and terminating - W.C. Osborn.
Stress control using high-K material — EPPL, 3M company.

Corona (Partial Discharge) — EPPL, 3M company.

Surface dielectric behavior of polymeric insulation under HV outdoor
conditions — R.S. Gorur y T. Orbeck, IEEE 1991.

Aging silicone rubber used for outdoor insulation — R.S Gorur, G.G. Karady
y A. Jagota, IEEE 1991

Polymeric insulator profiles evaluated in a fog chamber - R.S Gorur,
E.A.Chemey y R. Hackam, IEEE 1989

Conductores eléctricos Catalogo Condumex

Conductores eléctricos Catalogo Prysmian

Conductores eléctricos Catalogo General Cable

Conductores eléctricos Catalogo Okonite

Terminaciones Catalogo 3M

Terminaciones Catéalogo Tyco Electronics

Terminaciones Catalogo Prysmian

IEEE Standard test procedures and requirements for alternating current cable

terminations 2.5 kV through 765kV.



e INTERNATIONAL STANDARD IEC 60840 Third edition 2004-04, Power
cables with extruded insulation and their accessories for rated voltages above
30 kV (Um = 36 kV) up to 150 kV (Um = 170 kV) — Test methods and
requirements.

e Norma técnica peruana NTP — IEC 60502-1 2008



	002_R
	006_R
	008_R
	010_R
	012_R
	014_R
	016_R
	018_R
	020_R
	022_R
	024_R
	026_R
	028_R
	030_R
	032_R
	034_R
	036_R
	038_R
	040_R
	042_R
	044_R
	046_R
	048_R
	050_R
	052_R
	054_R
	056_R
	058_R
	060_R
	062_R
	064_R
	066_R
	068_R
	070_R
	072_R
	074_R
	076_R
	078_R
	080_R
	082_R
	084_R
	086_R
	088_R
	090_R
	092_R
	094_R
	096_R
	098_R
	100_R
	102_R
	104_R
	106_R
	108_R
	110_R
	112_R
	114_R
	116_R
	118_R
	120_R
	122_R
	124_R
	126_R
	128_R
	130_R
	132_R
	134_R
	136_R
	138_R
	140_R
	142_R
	144_R
	146_R
	148_R
	150_R
	152_R
	154_R
	156_R
	158_R
	160_R
	162_R
	164_R
	166_R
	168_R
	170_R
	172_R
	174_R
	176_R
	178_R
	180_R
	182_R
	184_R
	186_R
	188_R
	190_R
	192_R
	194_R
	196_R
	198_R
	200_R
	202_R
	204_R
	206_R
	208_R
	210_R
	212_R
	214_R
	216_R
	218_R
	220_R
	222_R
	224_R
	226_R
	228_R
	230_R
	232_R
	234_R
	236_R
	238_R
	240_R
	242_R
	244_R
	246_R
	248_R
	250_R
	252_R
	254_R
	256_R
	258_R
	260_R
	262_R
	264_R
	266_R
	268_R
	270_R
	272_R
	274_R
	276_R
	278_R
	280_R
	282_R
	284_R
	286_R
	288_R
	290_R
	292_R
	294_R
	296_R
	298_R
	300_R
	302_R
	304_R
	306_R
	308_R
	310_R
	312_R
	314_R
	316_R
	318_R
	320_R
	322_R
	324_R
	326_R
	328_R
	330_R
	332_R
	334_R
	336_R
	338_R
	340_R
	342_R
	344_R
	346_R
	348_R
	350_R
	352_R
	354_R
	356_R
	358_R
	360_R
	362_R
	364_R
	366_R
	368_R
	370_R
	372_R
	374_R
	376_R
	378_R
	380_R
	382_R
	384_R
	386_R
	388_R
	390_R
	392_R
	394_R
	396_R
	398_R
	400_R
	402_R
	404_R
	406_R
	408_R
	410_R
	412_R
	414_R
	416_R



