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Insulation Design and Induced Current Switching Performance

Verification of 72.5 kV Dry-air Insulated GIS High-Speed
Earthing Switch
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Abstract

This paper presents the insulation design and induced current switching characteristics of a 72.5 kV GIS
high-speed earthing switch using dry-air as an eco-friendly alternative to SF¢ gas. An optimal electrode gap was
determined through lightning impulse withstand voltage tests, achieving an insulation performance of 375 kV at 0.35
MPa. The arcing time and arc extinction performance of dry-air and CO, were quantitatively evaluated, followed by
structural improvements. The geometries of the arc shield and arc runner and the linkage of the operating mechanism
were optimized. As a result, the switch successfully achieved electrostatic induced current switching Class B(6 kV, 2
A) and electromagnetic induced current switching Class A(0.5 kV, 50 A) in accordance with IEC 62271-102.
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J%l 1. Dry-airg X886t 725 kV GIS
Fig. 1. External view of the 72.5 kV Dry-air insulated GIS
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Fig. 2. Test verification process
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Fig. 3. Experimental setup for the lightning impulse
withstand test of the HSES
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Table 1. Lightning impulse withstand test results according
to gap distance (kV)

Distance Pressure (MPa)

(p.u) 030 | 0.35 | 040 | 045 | 050
1.0 360 | 365 | 375 | - -
Positive 1.33 370 | 375 | 385 - -
1.66 375 | 390 | - - -

1.0 330 | 350 | 360 | 360 | 375
Negitive 1.33 30| 365 | 35| - -
1.66 360 | 3755 | - - -

Polarity
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Table 2. Electric Field analysis result

Case 1 | Case 2 | Case 3 | Case 4
Emax 3.78 327 2.87 2.73
Emean 1.88 1.84 1.81 1.92
n 0.497 0.562 0.633 0.704

34 AE vhygste] F7IE Case 2 ~ Case 401
thste] ¥ 4 WAt ARE stlen, 53 A
1.0 puol W=, 035 MPa ¢ 2HoE o %
A WAt AEE sk AA st 7271 4
29 Case 3, Case 4 2R2 3 ot&olA g A
2 375 kv o JE2 WA 78S wEshs 2%
& Uehiilen, Alge Ax g & 33 2o
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3 =0 w2 H AEA LM A" 2D (kV)
Table 3. Lightning impulse withstand voltage test results
according to structure (kV)

Polarty | Case Pressure (MPa)
030 | 035|040 | 045 | 050
1 360 365 | 375 - -
Positive 2 370 375 | 3% - -
3 375 385 | 405
4 375 390 | 405 - -
1 330 350 | 360 | 365 | 375
Negitive 2 350 360 | 375 - -
3 365 375 | 385
4 370 375 | 30 - -
lll. F=HF N 45 AR

31 A" g=

At 72.5 k &S HANAZY FEAF A
o] A 9 HF S IEC 62271-102 Table 90l
upe} & 49} Zo] QoF & 4= ITHI[10].

T4 REMRE A @
Table 4. Induced current switching test results
.Test Class Voltage Current fest
items number
Electrost | Class A 3 kV 04 A 10
—atic Calss B 6 kV 2 A 10
Electrom | Class A 0.5 kv 50 A 10
-agnetic | Class B 2 kv 80 A 10
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Table 5. Electromagnetic induction switching test results

Insulating Voltage Current Arcing
gas (kV) (A) time (p.u.)
1.00 4 6.04
Dry-air 0.78 31 204
1.45 83 Failure
1.00 40 3.32
1.00
a2 a0 (Reference)
142 57 1.72
CO, 1.87 75 518
2.00 80 7.32
200 80 14.83
2.00 80 10.37
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Fig. 5. Electromagnetic induction switching graph
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Table 6. Induced current switching test results

- S el . - Electrostatic coupling (Class B)
S Adspl #ejstel ARsidnh eA 24719 Voltage (kV) Current (A) Arcing time (p.u.)
Z1AA AAUE NdE Bl Arcing Times ©5Al 60 2.1 0.355
Atk 2 2=yY o) 2 Ya7z WAL B3t 60 21 0.260
- e 6.0 2.1 0.348
o o7 qUA & NS HasEIHTh 19 9 61 51 035
o] & BA JgzoA EAT 4 %ol & 6.1 2.1 0.320
E4 BA7)(TMI800, Meggen® =43 A3} QE 21 g} 8%
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' T} i e i Vottage (kV) | Current (A) | Arcing time (p.u.)
{17 e e — TR | [ e e N TN | 08 61.7 0.890
] 2; enetr. A | 8.8 > mm 23 penetr. A 8 mm 0'8 61'9 0'840
08 56.9 0.598
0.8 54.6 0.973
W 0.8 53.1 0.765
P 0.8 54.6 0.875
e 08 546 0.785
— 08 54.6 0.880
! 0.8 54.6 0.995
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Fig. 9. Opening operation characteristics of the HSES
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set up
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