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FELTEN & GUILLEAUME
KABELWERKE GMBH

ET6.22 Belz, 16.09.1999

Type Test Report

Plug-in Switchgear Termination
for U, = 145 kV
KSEV 145

Purpose

Tyco Electronics requested Felten & Guilleaume Kabelwerke GmbH to carry out a
type test on the Plug-in Switchgear Termination up to Um = 145 kV. The plug-in com-
ponent is designed to fit an insulator for U, = 72,5 and 145 kV. Therefore this type
test relates to KSEV 72 and KSEV 145 (identical with Tyco: PHVS-1450P-XX/YY).

Plug-in Termination

Description Insulator

The tested dry-type switchgear termination consists of the insulator and the plug-in
part, which is fitted to the cable. The insulator is made of epoxy with an embedded
electrode. This gas-leak-proof design does not require installation of additional sealing
technology. An insulating ring integrated at the insulator base enables the separation
of the cable metal screen from earth.

With an adapter on top all requirements of IEC 60859 are met and the insulator can
be pre-installed into the switchgear at the manufacturing site. The insulator is factory
tested.

2.2 Description Plug-in Part

The plug-in part consists of the conductor connector, the prefabricated and pre-tested
stress cone and the appropriate cable gland. The conductor connector is available ei-
ther in mechanical connection or crimping technology. Multiple contact elements at the
top of the connector stud provide the current connection to the embedded electrode of
the insulator housing. The rubber electrical stress cone installed onto the cable insula-
tion limits the electrical stress of the cable insulation and the switchgear housing within
the design performance.

2.3 Description Cable Gland

A spring loaded compression device including a sealing of the cable oversheath and
switchgear housing is part of the cable gland. The compression device exerts forces
on the stress cone to provide occurrence perfect electrical interface fit between cone
and insulator housing.
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The termination is a dry type version of a switchgear termination. The compact dimen-
sions of the maintenance-free design allow multiple connections and disconnections .

Test Set-up

For type testing of the 145 kV plug-in termination a test arrangement was installed
with a 15 m long 110 kV XLPE cable with copper conductor of 630 mm? conductor
cross section (Annex 2), a test termination and the plug-in termination. The switchgear
housing was completed with an outdoor/SFg bushing. The bushing and the test termi-
nation were connected to form a loop and to facilitate conductor heating. The test ar-
rangement and the position of the thermocouples is shown in annex 3.

Test Program

The type test was carried out in accordance with VDE 0276, part 632, edition may
1999 and |IEC 60840, edition 1988.

Additional tests were carried out following the “Bewag *)-Vorschrift fur 110-kV-VPE-
Kabel-und deren Garnituren, Ausgabe TKT 04.98": Short duration AC voltage test and
a test at the insulating flange at the insulator with DC voltage and impulse voltage.
Both versions of the conductor connection (compression and screwing technique) in-
side the termination were tested with high current following the VDE 0670 T1000, edi-
tion 1998.

*) BEWAG = Berliner E- Werke AG

5.

List of type test program:

- Short duration AC voltage test with 275 kV

- Partial test with 1,5 U,

- Heating cycle voltage test with 2 U,

- Impulse voltage test with 650 kV

- AC voltage test with 2,5 U,

- Partial discharge test with 1,5 U,

- DC voltage test at the insulating flange with 20 kV

- Impulse voltage test at the insulating flange with 37,5 kV
- High current test

Test Procedure

5.1Short Duration Test

5.2

The test was successfully carried out with 275 kV for 1 minute (Annex 4).

Partial Discharge Test

The partial discharge test was carried out with 1,5 Uo = 114 kV. At a interference level of 1

TYPETESTREPORT 145 KV STECKER TYCO1.00C Seite 2/2



FELTEN & GUILLEAUME
KABELWERKE GMBH

pC no discharge from the test installation was detected (Annex 5).

5.3 Heating Cycle Voltage Test
The temperature correlation is given in appendix 6 between conductor temperature
and temperature at the outer plastic cable sheath.
With a current of 1600 A the conductor temperature of 95 °C was reached after 6
hours. The temperature was maintained within the limits between 95 to 100 °C for 2
hours. A natural cooling period of 16 hours followed the heating period. The tempera-
ture of the outer plastic cable sheath is shown in annex 7 to 10.
The cycle of heating and cooling was carried out 20 times. During the whole test a
voltage of 2 Uo was applied (annex 11).
No flashover or breakdown did occur.

5.4 Impulse Voltage Test
The test installation was again heated to a temperature 95 to 100 °C (Annex 12).
The test was carried out with ten positive and ten negative impulses with a peak of
650 kV (Annex 13).
The diagrams are shown in annex 14 and 15.
No breakdown or flashover did occur.

5.5 AC Voltage Test
After the impulse test the test circuit was subjected to an AC voltage of 2,5 U, = 190
kV for 15 minutes (annex 16).

5.6 Partial Discharge Test
The partial discharge test was carried out with 1,5 U, = 114 kV. At a interference level
of 1 pC no discharge from the test installation was detected (Annex 17).

5.7 DC Voltage Test at the insulating Flange
The insulating flange was tested with a DC voltage of 20 kV for 1 minute (an-
nex 18). The test arrangement passed the test successfully.

5.8 Impulse Voltage Test at the insulating Flange
The impulse voltage test was carried out with ten positive and ten negative impulses
with a peak level of each 37,5 kV (annex 19). The test arrangement passed the test
successfully.

5.9 High Current Tests
Two complete terminations were installed on a 110 kV cable with a conductor connec-
tion in compression and in screwing technique. Both installations were then subjected
to a high current test plant. The test were carried out with 50 kA for 1 s, 40 kA for 3 s
and with an impulse current of 125 kA for 0,1 s. The test circuit was not damaged dur-
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ing this test (annex 20).

6. Result
The plug-in termination type KSEV-C, version 5.1 has successfully passed all tests

according to VDE 0276, part 632, edition may 1999 and IEC 840, edition 1988.

Felten & Guilleaume Kabelwerke GmbH
Development HV Cable Accessories

2 %AW,@/

Belz Amerpohl

Enclosures

TYPETESTREPORT 145 KV STECKER TYco1.00C Seite 4/4



Al rights reserved |
Drawing will not be recalled in case of revisions |

L b

Cong UG OS] ZA oD e
diameter over CONAUTTON ... es et et et et e e e

condUCtaneCIeant i n s i b s e e
XLPE insulation friplefextruded e o sba iR ittt
e e e i e e e e

semi-conducting bedding

cross section of copper screen, wirss +tape ... B e

longitudinally watertight
CWF tape (copper woven fabric tape )

APL sheath consisting of ;
- coafed aluminium tape

- PE oversheath, thichNBSS ... i st s s s s s s

diameter over completed cable ...

............... 630 mm?

............... 18.0 mm

................ 35 mm?

................ 34 mm

Annex 2

300 mm
approx. 1.4 mm

appro. 1.0 mm

spprox. 83 mm

FELTEN & GUILLEAUME

Single Core XLPE Cable
2XS(FL)2Y 1 x 630 RM/35

KABELWERKE GMBH 64 /110 kV

| EHP 841812 |

Scale of: 1

23.07.97 A%
23.07.97

Drawn
Chacked

W

Hevision :




Priifprotokoll

Typetest Annex 3

Vervie i g

&G nich pestatie

vorbepeiben,
ta, pleichglltig in welcher Form, isi

1

ausdrdckli

o Mitlaitungen an Dri

- Outdoor Termination

Rechin
ohne scheililiche Ganghmigung wan F

Alle

Typetest installation and
Position of the thermocouples

Thermocouple No: 1 Cable sheath in the near of the ourdoor termination
2 Cable sheath in the near of the heating transformers
3 Cable sheath
4 Housing of the switchgear sealing end
6 Ambient temperature

Dhavzi; Bld2andk dog

All rights slncily reserved, Reproduction or issus fo
third pariias in any form whatevar is nod permitted

withoul writlen guthority from F&G,



Verviglfaligung

Alle  Aechte  ausdrocklich  vorbepziten.
ader Mitellungan an Dritte, gla

ahne schriftlichs

Al rights strictly reserved. Reprodection or jzsee 1o
thirg parties in any form whatever is not parmitied

without wrilten authority from F&G.

chgultig in welcher Form, ist

Genshmigung wvon F&G nichl pestatlat

Test certificate

AC-Voltage Test

Short duration voltage test Annex 4
Test: Type Test Plug-in Switchgear Termination for U =145 kV
Specification : IEC 840, edition 1988
Cable type : N2XS (FL)2Y 1x630RM /35 64/110kV
Order No : Length of sample . 15 m
Outdoor-Term. : Test termination Term.-Type : KSEV-C, Version 5.1
Drawing No: ETS5 KEWW 10208
Switch on Switch off Voltage h-counter Duration of test
Date  Time Date Time kY On Off h min Sign
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Vervielialigung

Test certificate

Partial Discharge Test

ausdriicklich  warbagalan

Before heating cycle test Annex 5
Test : Type Test Plug-in Switchgear Termination for U_=145 kV
Specification : IEC 840, edition 1988
Cable type : N2XS (FL)2Y 1x630RM /35 64 /110 kV
Order No : Length of sample : 15 m

o Milleilungen an Dritla, gleichgiisg in welcher Form, ist
ohne schellliche Gepehmigung von F&G  nicht gestehet.

Al Brechin

Cutdoor Term. :

Test termination

Term.-Type :

Drawing-No:

KSEV-C, Version 5.1
ET5 KEW 10208

Adjustment and calibration of the test circuit

Calibration impulse: 2 pC

Basic interference level

- at the cable end remote from the detector

- at the cable end near the detector

Partial discharge mearuring

All rights strictly ressrved. Reproduction or issue to
third partigs in any form whatevar is not permilted

withaut written awhority from FAG.

Date Voltage Interference level Partial discharge intensity | Sign
kv mm pC mm pC
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Test certificate

Correlation of the temperature Annex 6
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Test : Type Test Plug-in Switchgear Termination for U_=145 kV

Specification : IEC 840, edition 1988

Cable type : N2XS (FL)2Y 1xB630RM /35 64/110kV

Order No : Length of sample : 15 m

Outdoor Term. :  Test termination Term-Type : KSEV-C, Version 5.1
Drawing-No: ET5 KEW 10208

Temperature drop between conductor and sheath
dependent on the heating current

£ I i e
= g%} R=3 oy

Temperature drop conductor [ sheath [K]
Cald
oo

1500 1525 1850 1575 1600 1625 16560 1875 1700

Conductor heating current [A]

third parifes in any form whatevar is not permitied

without writlen authorily from F&LG,

All gtz siratly reserved. Reproduclion of issue to

Duared: EI45SKORE DOC




Rechie ausdiipcklich

Alle

Al NGNS SINCtly resarvad. Heproduction or issus 10
third parlies in any form whatevar is not permitied

withoul writlen authority from FEG.

vorbepelten.  Verdelizlitigung

oder Mitteilungen an Drilte, glesshgoltig in welcher Farm, ist

ohre schrifiliche Genehmigung wen F&G nicht gestattet.

Test certificate

Heating Cycle Test

Heating protocol Annex 7
Test : Type Test Plug-in Switchgear Termination for U_=145 kV
Specification : IEC 840, edition 1988
Cable type : N2XS (FL) 2Y 1xB830RM/35 64 /110 kV
Order No : Length of sample : 15m

Outdoor Term. : Test termination Term.-Type : KSEW-C, Version 5.1
Drawing-No: ETS KEW 10208
Sheath temperature Ambient-
at the thermocouple temperature
Current 1 2! 3 4 6 Heating cycle

Date Time A G s s e | f D 2 No Sign
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Test certificate

Heating Cycle Test Bt R
Heating protocol

Test: Type Test Plug-in Switchgear Termination for U =145 kV
Specification : IEC 840, edition 1988
Cable type : N2XS (FL) 2Y 1x630RM/35 64/110kV
Order No : Length of sample : 15 m
Qutdoor Term. : Test termination Term.-Type : KSEV-C, Version 5.1
Drawing-No: ETS KEW 10208
Sheath temperature Ambient-
at the thermocouple temperature
Current 1 2 3 4 G Heating cycle
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Heating protocol Annex 9
Test : Type Test Plug-in Switchgear Termination for U =145 kV
Specification : IEC 840, edition 1988
Cable type NZXS (FL)2¥Y 1x630RM/35 64/110 kV
Order No ; Length of sample : 15 m
Qutdoor Term. : Test termination Term.-Type : KSEV-C, Version 5.1

Drawing-No: ETS KEW 10208
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Test certificate

Heating Cycle Test

Heating protocol Annex 10
Test : Type Test Plug-in Switchgear Termination for U, =145 kV
gpecjﬁcation : |IEC 840, edition 1988
Cable type : N2XS (FL)2Y 1x630RM /35 64/110kV
Order No : Length of sample : 15 m

Qutdoor Term. : Test termination Term.-Type . KSEV-C, Version 5.1
Drawing-No: ET5 KEW 10208
Sheath temperature Ambient-
at the thermocouple temperature
Current | 2 3 4 6 Heating cycle
Date Time A stz N S e e [ B [l e No Sign
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Venielfgltigung

oder Mifteilungen an Dritte, glelchgitig in welcher Form, ist
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Heating Cycle Test

Voltage protocal Annex 1]
Test : Type Test Plug-in Switchgear Termination for U =145 kV
Specification :  |EC 840, edition 1988
Cable type : N2XS (FL) 2Y 1x630RM /35 64/110kV
Order No : Length of sample : 15 m
Outdoor-Term. : Test termination Term.-Type . KSEV-C, Version 5.1
Drawing No: ET5 KEW 10208
Switch on Switch off Voltage h-counter Duration of test
Date  Time Date | Time kV On Off h min Sign
5.6.59 ¥00|285638 80| A52 © | ¥&4| 484 Ee
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Verdaelfzltigung

oder Mitteilungan an Dritle, gleichgillig in welcher Farm, ist
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Test certificate

Impulse }!oltage Test Ao 13
Heating protocol

Test : Type Test Plug-in Switchgear Termination for U,=145 kV
Specification : IEC 840, edition 1988

Cable type : N2XS (FL) 2Y 1x630RM /35 64/110kV

Order No Length of sample : 15 m
Qutdoor Term. : Test termination Term.-Type : KSEV-C, Version 5.1

Drawing-No: ETS KEW 10208

Sheath temperature Ambicnt-
at the thermocouple temperature
Current | 2 3 4 £ Heating cyele
Date Time A SENN S e G e SR G No Sign
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Impulse Voltage Test Annex 13

Test: Type Test Plug-in Switchgear Termination for U =145 kV
Specification : IEC 840, edition 1988

Cable type : N2XS (FL) 2Y 1xB630RM /35 64 /110 kV

Order No : Length of sample : 15 m
Outdoor Term. :  Test termination Term.-Type : KSEV-C, Version 5.1

Drawing-No: ETS5 KEW 10208

Conductor temperature : % S S
Date | Charge voltage | Impulses | Impulses | Impulse voltage | Polarity Remarks Sign
kW number counted kY
34 3o A LS 4+ Be_
24 2 K23 i
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30 A4 32l =
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k82 | 46 520 -

608 #-26| AY 6438 — | Annex 41§

third parties in any form whatever iz not permitlad

Al righie atrictly reserved. Reproduction or issue 10
without written authority from F&G.
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Impulse Voltage Test

Annex 14

Test:

Type Test Plug-in Switchgear Termination for U, =145 kV

Specification :

IEC 840, edition 1988
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Impulse Voltage Test

Annex 15

Test.

Type Test Plug-in Switchgear Termination for U, =145 kV

Specification :

|[EC 840, edition 1988
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Test certificate

@ AC-Voltage Test .
After Impulse voltage test &

Test : Type Test Plug-in Switchgear Termination for U =145 kV

Specification :  IEC 840, edition 1988

Cable type : N2XS (FL) 2Y 1x630RM/35 64/110 kV

Order No : Length of sample : 15 m

Outdoor-Term. : Test termination Term.-Type : KSEV-C, Version 5.1
Drawing No: ET5 KEW 10208

Switch on Switch off Voltage h-counter Duration of test

Date  Time | Date | Time kV On Off h min Sign
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SHE o

third pariias in any form whatever s nat permitied

NGNS SCHY ESEMVED. HERIOOUCION OF 1S
without writlen authority from FAG.

Al

Drarei: E1d%apan I



Al rights strictly restrved. BEeproduction or ssue 1o

VeraellAfigueng

Alle  Hechte awedricklich vorbepaltan,

hing parrlies in any farm whatever 15 nm permiited

without written authenily from FEG.

ader Miteilungen &n Dritte, glaichgiltin in walcher Form, s

afing schriftliche Genehmigung  von

F&G nichl gesatler

Test certificate

Partial Discharge Test

After Impulse voltage test Annex 17
Test : Type Test Plug-in Switchgear Termination for U, =145 kV
Specification : IEC 840, edition 1988
Cable type : N2XS (FL)2Y 1xB30RM/35 64/110kV
Order Mo : Length of sample : 15 m
Outdoor Term. : Test termination Term.-Type : KSEV-C, Version 5.1
Drawing-No: ETS KEW 10208

Adjustment and calibration of the test circuit

Calibration impulse: 2 pC
- at the cable end remote from the detector ,2&:3 C 2 A0 wmwm
- at the cable end near the detector

Basic interference level <ApC 1 Sww,

Partial discharge mearuring

Date Voltage Interference level Partial discharge intensity | Sign
kV mm pC mm pC
0398 Mk <5 <A 25 < A Je
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third pariiss in any form whatswer is not parmitied

without writtsn authority from FRG.

Test certificate

DC-Voltage Test Annex 18

Al the insulating flange

Test : Type Test Plug-in Switchgear Termination for U_=145 kV
Specification : |EC 840, edition 1988

Cable type N2XS (FL)2Y 1x630RM/35 64/110 kV

Order No : Length of sample : 15 m
Outdoor-Term. : Test termination Term.-Type . KSEV-C, Version 5.1

Drawing No: ETS KEW 10208

Switch on Switch off Voltage h-counter Duration of test
Date  Time | Date | Time kV On Off h min Sign
239 840 (2338 84| 20 0 A | B

Do) B4 5apps I




Vervgllaligung

avsdricklich  varhaepalten

Riechii
ohne schrifiliche Genshmigung won F&G nichl gestatst.

poer Mitleilungen an Drilte, gleichadilig in welcher Form, is1

Alle

Test certilicate

Impulsg Vol_tage Test tiex 10
At the insulating flange

Test : Type Test Plug-in Switchgear Termination for U =145 kV
Specification : IEC 840, edition 1988

Cable type : N2XS (FL) 2Y 1x630RM/35 64/110kV

Order No : Length of sample : 15 m
Outdoor Term. : Test termination Term.-Type : KSEV-C, Version 5.1

Drawing-No: ETS KEW 10208

Conductor temperature : e
Date | Charge voltage | Impulses | Impulses Impulse voltage Polarity Remarks Sign
kW number counted kv
28 20 4 g |t Be
30 2 522 f
34.6 3 35 55
336 4-43 | AO | 3%FS +

Ab Al AS =

2 AS 62 i

26 Ab 20,5 —

339 4¥-26| A0 S =

third parfias in any ferm whatever iz not permitbed

All rights sirictly resenvad, Asprodusction or issue to
without writtan awthority fram FaG,

Davei: El45st=0.dee



MoriiER &

y » Annex 20
Priifbericht PB- 8000--068-001

Auftrag Nr.: 9900224
Auftraggeber: Felten & Guilleaume Kabelwerke GmbH
Schanzenstr.24
D-51063 Kodln
Hersteller: siehe Auftraggeber
Prifgegenstand: Kompaktendverschluf®
Typbezeichnung: 1. Prifling: Zeichnung 3.7 6501-01
2. Prifling: Zeichnung 3.7 6501-02
Herstelldatum: . 1599
Priifspezifikation: in Anlehnung an VDEOG70T1000:1298
Durchgefiihrte Hochstromprafungen
Priifungen: 1} low=40kA, 1sek; Ipk=100k4, 100msek

2) low=50kA, 1sek; Ipk=125kA, 100msek
3 low=40kA, 3sek

FPriifergebnis: bestanden
Seitenzahl gesamt: 89 ( 1 Deckblatt, 86 Dokumentationsseiten, 2 Anlagen)
Ausstelldatum: 16.03.19595

Leiter PrUfIaborét}rﬁLfm Bonn

Dieses  Prufergebnis  bezight sich nur auf den geproften  Prifgegenstand.  Eine
auszugsweise Vervielfaltigung dieses Prufberichts ist nur mit schrifticher Genehmigung
des Priftaboratorium Bonn der Klocknar-Moeller GmiboH erlaui,

kléckner-Moeller ist Mitglied der Gesellschaft zur Prifung und Zeddifizierung von
Miederspannungsgeratan.

ALPHA

Nﬁ Das Priflaboraterium Bonn der Kldckner Maoeller GmbH st in das ALPHA und LOVAS Reaister
zugelassener Priflzboratorien aufgenammen, | [0-Mr.: D07)
L OWa =5

Pridflaboratorium Bonn, Kldckner-Moeller GmbH, Hein-Moeller-Stralte 7-11, D-53115 BEonn
(FO-101-043-198808:1/1)



