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Abstract

are now becoming the standard as their figure afitme

Terminations for extruded high voltage cables aregive them clear advantages over the traditionad filled

traditionally made with a supporting insulator (pealain
or composite), a pre-moulded rubber stress-copeosii

the prepared cable and a fluid (oil or SF6) fillittie

system. Up to now the use of dry outdoor termimatias
been limited to the lower end of high voltage atsss

Fluid free technology advantages will increasetberest

empty space between the cable and the insulatas. Th for dry outdoor products.

design has a very long and good experience bualsas

some drawbacks. The sealing of the system has to bd@ raditional fluid filled ter mination

perfectly made to avoid any leakage and ensureod go Traditional fluid filled terminations are composefione

performance along the entire product life timetha case
of internal arc, such fluid filled terminations,pesially
oil filled, can produce severe damages to the sading
equipments and human beings.

The use of fluid free or dry termination can eliati& the
risk of leak and strongly reduce the risks assediatith
an explosion in case of internal arc. Dry sealingseare

used since many years for GIS terminations upd@itra

supporting insulator filled with oil or SF6 as peated in
figure 1. For GIS and transformer terminations the
insulator is made of an epoxy based material. &iotd
used for outdoor terminations are of porcelain or
composite type. The electrical stress control igallg
made with a rubber cone slip on the prepared esttud
cable. The volume between the cable with its stcese

and the supporting insulator is filled with someldctric

high voltage level (550 kV). Such design is now fluid such as oil or SF6. This termination desigrbeing

commonly accepted and tends to be more and more thased for many years and has very long and good

standard for such application. Dry outdoor termaoragare

also being used with success since many yearshbirt t

voltage application has been limited up to nowhe t
lower end of high voltage class. Actual developraeasft
outdoor terminations are oriented towards dry w&rsfor

extra high voltage.

Introduction

Fluid filled sealing ends have been used ever dinge
voltage cables are in service. This well known téghe
has been also applied for extruded cable for indoat
outdoor applications with good success. Fluid fealing
ends, also called dry terminations, have beendoted
more recently in high voltage systems but are nadely
used for the termination of extruded cables. Foioar

applications, such as GIS or transformer, the gisyesns

experience but has also some drawbacks.

This simple design can be adapted to various cable
constructions and dimensions without problems. The
volume between the stress-cone and supportingaitwsul
being filled with fluid material the variation inable
dimension is easily adapted without any speciad.car

One disadvantage of this design is the presenadiofd.

This requires a very careful sealing of the terrigmato
avoid any leak that could lead to an electricabkd®wn.
Tight sealing between metal parts is usually not a
problem. The most critical point where sealing tabe
achieved perfectly is the interface between thdecahd

the termination base plate. As cable dimensionsnate
always identical, the sealing system has to fibaatrious
cable sizes. Some examples of sealing systems are

schematically presented under figure 2. This pakrisk



of leak that is present in all fluid filled instations
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request a periodical inspection to check oil lexelas
pressure. To reduce the risk associated to a leale s
termination, especially in extra high voltage, egeipped
with a monitoring system to detect any fluid seepag
A second drawback of fluid filled terminations, esjally
the oil filled ones, is that the power releasedase of

before a major problem occurs.

breakdown is very high. The total power involvedindg

1111 niinUhiTinttTriTTRTTRTTRTLa
SRR R

SNN—
R S N

the fault corresponds to the electrical power dutine

internal arc and additional power due to the cortibn®f

the oil initiated by the arc. With oil filled termétion the

ratio of combustion energy to electrical energy easily

reach a factor 10 depending on the oil volume. Tigé
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power released during fault can cause severe datbage

the surrounding equipment although that oil filled
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termination can in some case be equipped with anti

Fig. 2. example of typical sealing device at the cable /

explosion device which limit the impact of suchdag.

termination base plate interface used in fluid

filled terminations.

Dry terminations have been developed for many yaads

Main advantage of dry termination is that they el

Dry termination
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free which eliminate the risk of any leak and rezltive
maintenance work as no oil level or pressure check

applications.

stress-coné

S\

necessary.

Additional to the reduced maintenance charactesistiry

termination develop much lower power in case of

electrical breakdown. As no burning fluid is pretsarthe

extruded HV cabl

product, the power associated with an internalaltaot

be amplified by the combustion of oil. This poiesults in

typical design of fluid filled GIS and outdoor

terminations.

Fig. 1:

a more safety product and gives less risk of damame

the surrounding materials or people in case ofalefe

Finally dry system results in a more environmental

friendly product as there is no risk of pollutionch as



ground contamination by oil or SF6 release in the

atmosphere. There is no fluid handling during iltestian
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and no dangerous goods to transport. These env@onm
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considerations are becoming more and more important
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For GIS terminations, two different general designs

Z
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available: the “inner-cone” and “outer-cone” systdm
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these designs the space between the epoxy insalador Rubber stress-cofie &

the stress-cone has been eliminated and replacea by
rubber / epoxy interface under mechanical pres&oth
designs are schematically presented in figure 3.

Mechanical springs
In the “inner-cone” design, the rubber stress-cime

compressed in the epoxy insulator cavity by themwfa
mechanical springs. The necessary level of pressare a) inner-cone b) outer-cone
the various interfaces to insure good dielectriergjth is Fig. 3: typical design of dry GIS termination a)
supplied by compressed springs. inner-cone, b) outer-cone.

In the “outer-cone” design, the rubber stress-cime
expanded over the conical shape of the epoxy ittsula
this case the interfacial pressure is providedhleyeastic
deformation of the rubber.

For GIS termination a second advantage of dry ayste
the elimination of oil. This allows reducing theesiof the

termination which is more compact than traditiofhaid

bS]

filled termination. Fig. 4. example of 145 kV dry inner cone termination
Ease of installation is also one advantage of dry during plug-in.

termination as no oil has to be filled and mostheftime
GIS dry termination can be plugged-in. The plug-in
technique gives the advantage that the complete
switchgear can assembled and factory tested bbé&ng
delivered to customer for installation. This plug-i
technique considerably eases the installation wafrk
switchgear and cable laying as the switchgear ednlty
installed independently form the cable and ternnbmat

Such dry design for GIS application is becoming a

standard. Less and less fluid filled terminatiorss ased

as their figure of merit is lower. Fig. 5. example of 170 kV dry outer cone termination.



For dry outdoor termination two major designs can b merit will give them clear advantages as it is adiethe
distinguished for high voltage application: thepstin and  case with GIS sealing ends.
the self-supporting model. In these designs thiadilWith

fluid has been replaced by synthetic polymer sush a

rubber or resin. M

Slip-on outdoor terminations are made of one malilde
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rubber body which is sliped on the prepared exilude Silicon rubber shed

cable. Such design is very simple and rapid t@alhsthe

Am

termination body is one moulded piece which isirealy
Silicon rubber insulation

factory tested which in association with the abseat

S AN AN

any leak risk ensure a high service safety. Sudigde
need to be clamped to a fix point at the termimatizp
end as it has no rigidity. Actual voltage rangeffexible

termination is going from 52 kV up to 145 kV. Theenl

of a hanging point and the length of the flexibéeton Rubber stress-corfe

have limited its application to the lower side dfth
voltage class. For application in extra high voltaevel,
the use of self supporting termination is preferred
Dry self standing outdoor termination can be madehe
use of a resin casted insulator covered with giliecdober @) slip-on b) self-supporting
sheds. The dielectric stress control is made troagh Fig.6: typical design of dry outdoor termination: a)
stress-cone compressed in the insulator cavitydrsame slip-on, b) self-supporting.

way as made with dry GIS termination. The general
design is presented under figure 6. Such desigrtheas
advantage of fluid free termination like the slip-@ne but
with rigidity which eliminate the need of a fixedipt on

top of it. Its installation is also simple and duias the
cable length to be prepared is very short compiarédid
type sealing ends.

Nexans has chosen to use such self supportingroésig
the development of extra high voltage outdoor
termination and is actually performing pre-quation

test with 245 kV voltage level termination (seeufig 8).

Further development will extend this concept tohbig
voltage level such as 420 and 550 kV. Fig. 7. 123 kV dry dip-on terminations installed on a
The result of these developments will lead to safed mast or used for temporary link.

reduced maintenance products. In the future, tleofis

dry outdoor terminations will increase as theirufig of



during PQ test.

Conclusion

Dry type terminations are more and more widely used
the high voltage class due to their ease of iradtaf,
limited maintenance and reduced risk in case @friatl
defect. The use of such design for outdoor seadimis
will become also possible for the extra high voltéevel
as it is now the case for GIS terminations.

In future dry termination technology will be morada
more used in the high and extra high voltage lereGIS,

transformer and outdoor applications.



