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Study on breakdown field strength of high-pressure clean air under
lightning impulse and DC voltage
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Abstract: In view of the strong greenhouse effect of SFs insulating gas, finding its alternative medium has become an
industry consensus. Clean air, as an environmental friendly insulating medium, is considered as a promising candidate for
DC GIS equipment. To investigate the insulation characteristics of high-pressure clean air, the breakdown characteristics of
air at different pressures (0.6 - 0.9 MPa) under positive and negative lightning impulse voltages and DC voltage were
measured in uniform and slightly non-uniform electric fields with a 10 mm gap. The time-volume theory was introduced,
and a breakdown field strength prediction model was established based on this theory. Finally, the model predictions were
compared with the experimental results. The results show that in uniform field, the breakdown field strength under negative
polarity exhibits greater dispersion. In slightly non-uniform field, among the four cases, the breakdown field strength under
negative lightning impulse is the lowest, and the breakdown field strength exhibits a saturation effect with the increase of
pressure. The time-volume theory can accurately capture the trend of breakdown field strength changing with pressure. This
model considers the electric field enhancement on the electrode surface caused by micro-protrusions, and the predicted
results are in good agreement with the experimental results.
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Fig.1 Schematic diagram of lightning impulse test circuit
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Fig.2 Schematic diagram of DC voltage test circuit
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Fig.3 Breakdown field strength under positive and negative

lightning impulse in the condition of uniform electric field
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Fig.4 The 50% breakdown field strength under different
polarity in the condition of uniform electric field
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polarity DC voltage in the condition of uniform electric field
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Table 1 Breakdown field strength of air under different
pressure and voltage waveforms
7 %3758/ (kV/mm)
LA SUE/MPa  IEMME fubtE EME R
R T HL Hik Hii
0.6 16.43 16.28 17.59 17.70
0.7 17.99 17.49 20.00 19.96
HR AR AR
0.8 18.94 18.69 23.22 23.16
0.9 21.07 19.56 26.24 26.34
0.6 15.79 14.8 13.89 12.88
B 0.7 16.49 15.1 16.16 14.93
BR—AR AR
0.8 18.14 15.3 17.93 16.57
0.9 18.61 15.61 18.85 18.30

JH A 3 e O LT PR LR AR B R 3 BRME
FE HLI 7 TR RS (0 T 3 5 1 L T HE A

IR BB, S FE A RE R TSR . XA




82 AR

2026,59(3)

R IC N ¢ (e=2.718) , HAH 29 4 10809, AL
W kB 18, o FH p BB 51 E IUA 1A G HIE 7,
SCHR[ 19138 B, 383 30 CO T 0 o 2 f IR T 5256
gE L IR R R iZ O 1 o 5 LU R S SRR AE
TEAIGE HL B (1) o 5 FEL 0 2 SR WD F T I
2 B BT I B, SR T v R K gy
e D, SR TR, R, WG T HER
Guit iy [ ZEIR S0 1 by H R R A o R

A SR P A T AR FE S S T 48 51 3% v E 45
23S AE TR F R R TR [ B o 2 i AR N 1)
PRAREL S, R) B o 27 R AR (A 2R (P Bt R[] ) A5 4k
AT DL G 2 (20 TF 5, b 7 R Fe 37 B A JR) R s ]
(AR A S SR AR T4 F A BROE R 2 FEAE T

P=1- exp{ —f V d(f;(1 —Z)dVdr} 2)
LV A FARER, HVa ] B LR AN S 1 St
[E i 5 = o>, I Hoii 2 3R QD) Fios AL R 46 26 1 5
dn,/de 4 B AT A4 AR (] oy A A7 88 1 I Bt 5 %) 93 1
L7 85 B, Al F B R Rk, A S R R R
7, IR TR,

dn,
dt

SCHR[21T R PR A 122 L IR B 7 A A7
T R AR R L T R T R B AR, AR S
WHEER, BEL T RN, H%E, 20
KD~ G PRI T BT IE R, R A2
AP T EE RN C6) ~ (DR .

=k, (3)

e+0,—>0+0 (4)
e+O,+M—>0,+M (5)
0;+0,—+0, + 0, (6)
O+0,—e+0,+0 7
O +N,—N,O+e (8)
O+0,+M—0;+M D)

KD~ OHF :MERO,HN,. 7£100 T,(T, N1k
HLI7 50T, /e IR E S5 S0 FRUEE NI LT
{E E/ND DA _EBF, 32 B oL PR OS2l i 20 (4)
A O 1N, AR JE A R O SE R E 1 2R (7D [ H

it S A O, . BRI, R O PR 5 0,

(K L o3 B RN A AT 5 A R O T T
TP o Oy AL HL TS SN I 1 2 I (] p=kt s RT
A 10O 21

(10D

i
y=1.17 x 104exp(M)

E

RAOHE R

NT AT E B TE 0.1 MPa JE /5 F =S
O, % B n=2 em™, K Ei 2k P2 AE I B T4
B 5 R R LG, T BR BS R R
WU ¥ A5 % B 5 T 7 BE P, 1
(1D PR

n-=2(0p1) (1)

A6 PR IR (0 AR R TR ARG TR AT VF
2 /N R R , 3K 2 RS 2 A HL AR R T T v 1
Yy, 0 i o R BORFEW . O TR R B R R T
Xt ey 27 HL B R 25 RS AE N, ASSCRE ST T R AR R T
TN SRR AR, Xk v A S T 149 37 56 73 A 17 DL BEAT
B

il 3D L2 AR BRAR LK 1 et o S AU X
B2 T W HURSE 9 1 mmx 1 mm ) X 3805047 %6 50 43
00 2, S TR RS 20 A 4 SR A0 P 9 R 2 P,

T % /um
l15.000
1.726 l
L4 -45.000
% R AR 2.980
%, e
“0.984 Sl
- N \
TR
(a) X35 1
T 151 /¥ /um
I15.ooo
1719
I_45.ooo
1.472
2.976
%

(b) X3k 2
9 HMEEAREAMER

Fig.9 Scanning results of electrode surface roughness
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Table 2 Data of electrode surface roughness
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positive voltage in the condition of uniform electric field
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