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Insulation performance analysis of isolated grounding switch for
126 kV environmental friendly GIS

GU Le', TANG Kaihang®, YE Jianbin', SU Haibo', LI Xu', LIN Yi'

(1. Guangzhou Power Supply Bureau of Guangdong Power Grid Co., Ltd., Guangzhou 510620, China;
2. Qingyuan Power Supply Bureau of Guangdong Power Grid Co., Ltd., Qingyuan 511518, China)

Abstract: In order to reduce the use of greenhouse gas SF, in switchgear, we designed a 126 kV environmental friendly GIS
by an insulating scheme using "vacuum disconnect + clean air", and focused on researching the insulation performance of its
isolated grounding switch. Firstly, the breakdown characteristics of clean air insulation medium under different working
pressure conditions were researched based on verification test of SF, busbar insulation, and the allowable design field
strength value of clean air insulation medium was determined based on this characteristic. Then, the working pressure of
environmentally friendly GIS (0.65 MPa) was determined by utilizing the allowable field strength value and equipment size.
Finally, taking the allowable design field strength requirement of clean air at 0.65 MPa as the constraint condition, a
simulation model was constructed to research the influence of the structural design of the isolated grounding switch on its
internal electric field distribution characteristics. The results show that the chamfer position at the edge of the isolated
contact and the three-phase junction of the air, conductor, and epoxy material of the basin insulator are the weak links in
insulation. Combined with the verification test of the GIS prototype, the insulation performance of the environmental
friendly GIS isolated grounding switch designed in this paper meets the design requirements, and the method for
determining the allowable field strength of the clean air insulation medium is reasonable and sufficient.

Key words: air insulated GIS; clean air; isolated grounding switch; electric field distribution
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Fig.1 Schematic diagram of the experimental prototype structure
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Fig.2 The variation trend of breakdown voltage of clean air
with working pressure
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operating pressure
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Table 2 Overall dimensions of 126 kV environmentally
friendly GIS with vacuum breaking
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Fig.3 Schematic diagram of isolated grounding

combination switch structure
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Table 5 Allowable field strength at different positions when

SF, used as the gas insulation medium
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Fig.4 Distribution of electric field strength of DES components under operating condition 1
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Table 6 Calculation results of surface electric field strength
of DES components under operating condition 1

) e K CON
s S LER(15=9N 7L NE e L
/(kV/mm) /(kV/mm)
I 125 ik Sk 2 THI — 22.81 22.81
P i Sk SR THI — 16.26 16.26
AhE — 17.48 17.48
Ak M 71.67 1.92
M 9.09
%24 I o 8.43
7= 41.07
Gt 16.
aRssTo o 1255
7= 44.58
St 10.69
ERaET 9.48
A M 43.78

®7 LARA2%MHTDESHMURAEBIHEEITTHLER
Table 7 Calculation results of surface electric field strength
of DES components under operating condition 2

ey ]-! =] Aj: 1= Ai
s R BN B K 3758 BRI
/(kV/mm) /(kV/mm)
o B far Sk e T — 23.33 23.33
2 Hb 5 o Sk 25 1 — — —
HhE — 13.73 13.73
i dis M 10.78 0.29
Skt .
YA AT e 13 1.24
M 6.13
aRmsTon o 26 55
M 44 .41
amarom o102 926
7= 43.99

£9 TR4%HT DES &EETEHER HHER
Table 9 Calculation results of surface electric field strength

of DES components under operating condition 4

0 5 A TN
- Sl LRF PN K75
/(kV/mm) /(kV/mm)
o 125 fioh Sk 2 T — 23.82 23.82
22 b e i Sk R T — — —
Hh5E — 13.96 13.96
AT PR 10.78 0.29
25 1.33
A WJ 1.24
A& 6.13
st 22.62
A% T -l 15.49
FREE ] 44.41
=5 10.21
ARLAT-HM 926
PR 43.99
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Table 10 Summary of maximum field strength values on the
surface of DES components and basin insulators under various

operating conditions

kV/mm

Bl sk Btk etk ARG TN LG BRiF

TH1 2281 1626 17.48 12.55 843 192
TH2 2333 — 13.73 15.5 124 029
TH3 2270 1470 18.26 12.28 8.04 1.79
TH4 2382 — 13.96 15.49 124 029
YRR 21.50 21.50  13.00 12.00 12.00 3.00

®8 IA3FXMUTDES HMURABIAEEITTHELR
Table 8 Calculation results of surface electric field strength
of DES components under operating condition 3

K5 KR
(B S s * w
/(kV/mm) /(kV/mm)
o 125 fih Sk 2 T — 22.7 22.7
e b ik S R 1T — 14.7 14.7
AR, — 18.26 18.26
AT IRE M) 67.14 1.79
=5 8.35
Ht i 8.04
PRE M) 41.01
25 16.12
WL T-HMm ) 12.28
PRA M 44.69
25 10.21
ARLAT-HM 925
M 43.98

S IN-110 KV L T I, 246 2544 30 58000 26 1 B K 3
TR AT A 41.07 kKV/mm 1 41.01 kV/mm, 37 5% % K

HIZ 38 (KV/imim)
2381710 Mkt

1.1500x10
8.6250% 10
5.7500x10°
2.8750%10

2.0775><10’IO in ' ‘
Es5s TR4FHTREFAMLENBHTH
Fig.5 Electric field distribution on the contact of isolation

switch under operating condition 4
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B fi S g v R B (0 204D, R 22 10 37 SR AR /D
(<1 kV/mm) , NMEELAE SR

P 4(DANER 6~ 10 0] A1, & T 0L 7o AR 3R 1 5
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17T W AR S AT

P 6 T g0, o 7 A 2 T S5 M L, o K
Yok g AR R A M R . AL T LW A
N, 75 & TR (19 3% 23 A R AE 3 AR — B0 45 %
TR H 37 5> A WA 51, B H O R A BE iR 1
BIEAEH, rhoC ik A 1R A P F 3 0 R DN 5 o B
i E5 J L b o P R A e KA, 2 SR IR A % T
% THI it L 5 0 R AR BE 2 100 358 m i R S e ) S 725X
4 25 1 1S4 FH B S8 25038 X — R . 785X
4 25 - 3% TH B K37 5 H H BLAE v 1 2 R W i
Y2 MRS 5 @ A 3 T IR B A S Ak, X T
T S A R B A T R R IR A M R
H o ST b A B A A AT G, AR R S SORIER
AMRL 3 B 5T AC S A B SR 3 B T, RS
HH IR AR R O R RV T I 45 R 10 BT A
ANTE) T 2 24 2 7 o9 00 3R T 1) A K 3% 5 B 38
S G U227 O S 1 A A V4 RBZ N [N
SR R A A S A R A T e S R 4 %
VS IR, SR I N T DA S eE

SR Ak PR SRtk A ] f6 37 0 A7 B I 4 % 1
5, T A2 5 T80l A 5 10 G Atk P A DA B 30 925 22 () oL
B beg R —ue, R, 2 2 A 21 ik B LA AE
Ry F G IAEE R T ok, M b A 8
Ak HE 37 W e S QI B, 00 2 T DA 8% 37 Bz 3 /)
Tlr g, IR 25 5 5 K Jm) 05 3 T 80 He 5 B
NA@GRRE . 475, 7N ST R TH I 5k o) A AN )
515 Gy A5 AU kAR BT T BRR B 3 5 AR R, B TE T
THFFOIm R 122 DX 35k 5 A il DA 5 LA S R R
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Fig.6 Distribution of electric field strength on the surface of

basin insulators under operating condition 1
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P ot 3 B, A SC T Y 126 KV PR R GIS B 468 2 1
BE AT AR, DR 35 i s R A8 A R B VF T 3 e
W e i B E G AR .

F11 MR GISHHNMEE L ERBER

Table 11 Lightning impulse withstand voltage test results of

the environmental GIS prototype

WA FORPEIE(E R/ R  IEMRvRNE Rk Wl

WH - REAV WAl/us  (EHEAV Wlps &%
-661.39  1.07/48.52  654.45 1.09/49.32 i#if
-662.72  1.05/4831  662.54 1.19/48.99 i#if

FLE -

A ~664.2 1.11/48.12  660.69  1.09/49.23 @i
-666.71  1.10/48.17  656.56  1.11/49.59 it
-658.59  1.07/48.19  657.94 1.11/49.28 it
-647.87  1.09/48.47  651.19 1.07/49.19 it
-648.15  1.05/48.42  655.13  1.10/49.09 it

FLT .

B# -656.78  1.07/48.59  657.05 1.10/49.19 it
-659.51  1.08/48.13 95739  1.07/48.91 it
-659.89  1.05/4823  656.81 1.10/49.09 it
-65837  1.14/48.73  655.69 1.14/49.64 it
-664.42  1.16/48.48  656.39  1.16/j{H Kt

Aéis -662.75  1.09/48.74  662.19 1.17/49.49  i#if
-659.38  1.11/48.79  660.95 1.08/49.52 it
-664.65  1.12/48.53  659.22  1.13/49.56 @it
-651.23  1.12/48.991  657.77 1.14/49.54 @it
-658.02  1.16/48.07  656.08 1.15/49.61 @it

Kyt N

B -654.10  1.11/48.74  653.73  1.14/49.31 @it
-655.25  1.09/48.27  656.96  1.14/48.89 idid
-658.06  1.13/4837  655.02 1.17/49.29  idit
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AZFAE I R S SR AL A2 GIS B i 4E
GOSN, T EAE GIS Boit Hh H AR

(D 5 AT ARG 56 IE , B8 T LA 1 SF
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LR ER 47 7T PR B T e S e - A VR (N
YR DA JE PR PR AL GIS 1) AR R it = i e
T VR T S SR AE BT RO ST AR, R
“H AT W S UG T R R GIS ik

THEE T RIS H R HOR 2L

(3)1E GIS FP A i1 = U NG A i K 3
B3O T ) AR s g R B K TR 8 8 O 1) 5 B
SRR R RSP AT RE = 51 K 2 1248 25 ) i
PRI, £ BEAT GIS HY S5 TN S AN REE 1T 1 i 1)
W2 10 B 2 SR P v 8 5 SR J5E 3 0 A TR 00 2 SR LI 1Y
0 AR S A A 18] K BE A 37 38K 11 v 3 20 A R T E
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