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Research on the Discharge Channel Morphology and Shock Wave Characteristics of Arcs in
Transformer Oil Under Impulse Voltage
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(1. China Electrical Power Research Institute, Wuhan 430074, China; 2. State Key Laboratory of Advanced Electromagnetic
Engineering and Technology, Huazhong University of Science & Technology, Wuhan 430074, China)

Abstract: Arc discharge in oil is the main cause of transformer deflagration accidents. With the development of
power systems and the increase in voltage levels, the frequency and amplitude of transient pulse voltages have in-
creased, making the behavior of arc discharge in oil more complex. This study aims to explore the morphological
changes of arc and shock waves generated by arc discharge in transformer oil under impulse voltage. To this end , a
high-voltage pulse discharge oil breakdown experimental platform is designed and set up. By synchronously collect-
ing the voltage-current signals during the pulse arc discharge process and combining with high-speed photography
technology , the dynamic evolution of the arc and the propagation process of the shock wave in the oil are captured.
The morphological vriation and interaction mechanisms of the arc and shock wave during the discharge process are
studied and analyzed and the influence of different electrode gaps on the diameters of the arc and shock wave is ex-
plored. The experimental results show that the arc expansion speed in oil discharge is faster than that in water dis-
charge, and the arc expands to the maximum in a shorter time. In case of shock wave sepration, the arc shows a
shrinking trend, and then expands after the shock wave bubble bursts. The discharge gap distance has a significant
impact on the shock wave morphology , which can be equivalent to the superposition of two ellipsoids. In the initial

stage of arc discharge, the arc expansion volume is related to the applied voltage, and in the later stage, it is propor-
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tional to the gap length. This study provides new experimental evidence for the changes in arc and shock wave mor-

phology during oil arc discharge under pulse voltage , and has important reference value for the refined modeling of

transformer deformation and rupture.
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Fig.1 Structure diagram of the test cavity
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Fig. 2 Comprehensive test platform for high-voltage pulse discharge oil breakdown system
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Fig.3 Typical voltage and current waveforms
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Fig. 4 Typical images of arc, primary shock wave motion

and morphological changes
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Fig. 6 Variations of the maximum arc diameter , minimum

arc diameter and primary shock wave diameter with time

1) LA 0 H B B (O IR 200 2 22 i) o g o 2 s )
FE N ORTZ, 78 O B 20 22 11, whils ZAE SR LR BTHE
80 kV ik #I 5 2 v i, O ik 2] 6] i o 25, LA ] Bt
ZE 5, TE AP (i) RUEE PN TR LA il B R A 1
BROE S B R, S8 IO XA s REHL T
Bl AR VR 7 A iR A 3 B I, AR 1) A 3
RGP 5L = o A AR o RIS AR T IR AT
5 QB2 A ksl = Y VE R R AR R ZUIAERK , r= AR 1Y
o Uk e R A R 40 A TR A T, TP B — IR o

2 KB B (0 ~ 7.86 ws)o LB BEXT I & 3
H 1~ o BB B A R ICRR JE 1) B T, F T 3 T
KA BE B T RGN, FEL BT T S PR A R i
TR TR B {A, Bifi 5 45 2 - A8 JE fig 51 A DRSS
LR A A B B 2 A . Il 6 T LIFE #,
LI AR AN, bt — R 0 A% 1 1 P 5 vl I ik
B — 20, B S I R A EA, R
Fr—2.

3)— B S B B BE(7.86 ~ 23.67 ps)o ILBTEE
X7 P 3 7, ~ 0 B BE, FELICREL T R 5, Jik o B A
AL 5 A5 B R 8 N A Y £ H A RE e iE Ao
PER G5 T — 0 T E U il 4 Ao A R A T PR R
8, B SICHEL T 3005 RN T S AR RO iR R |, F T i
At/ TR AR <o P 3 s B e v T JR] LR A o
IFH AT, — R Ak S L4 , 5 U Ak
FELER R 22, IR 38 2Z ()= A 25 s Ie B B, o]
VLT BT B SO0 38— VR i A2 Ak . S5 A R 6, LA
— B ARG, T AR B R N

4)H T BB B (23.67 s ~ 45 00), R ECT
URIE, BERS R — UO AL 15 | RS LA 4k 22 W0
DS, SRR fe/IN 32 B AR A 5T 1 211 R L A
SERTEAL B SN RE . TR SR,
FEHCER A A, X B A= 520, RS, A s i B
oA R e, RIH IR B OE K R A4
15 i B FL R Sh A AR AL T T L& B, 25 8 7 i
T NAEAF I R HARE ol S PR S S — T
E B e B PUN i RV ST 2 41 Q3 TN I~ A R B U
XU B ) J&] LA B % , IR S 25 4 o
DT R AT A R, A5 B IR AR 2R A
SRARARAS , r IG5 PSS R e T R

[, U0 A 3 A o — U e S I T 2
AL, kI — U T A8 FEA AR AR AR i
SR PR 2 i 0 22 B A A A [BRCAR , 7 — IR
W53 B B B S BN U] Fg AR A F I o B 2
PR HLIU A RER:

T LI 7.89 s BEZAK 2 8K, AE HUITIZAK By



WL

BRI, R, IR, S il TR i b R TR B 2 SRR T <71 -

B, R A S B IE , 73l < BE e , s gk
FARIK B IR/, BEIS VA R K rp ksl T80T
1 FL T 44 ws IZAK 22 8K, HHLITZAK B Bt 2
P, FES SHBERE , rTUR R B I A
M2 EAH AL X AT B T A BN ] A
T B AR R B O S, ELR SR 37 R
T 14728 P B A SRR, 3 B R B SR AL 3
52 BRI RE R AR, L S RO I P A
7K A 5T A AL e DU A AT PR

3 AEIERETBEIE— R ESEN

3.1 AEERTEIME —XEERES

Sy v TR AT 43004 10 mm A 15 mm,
AT T R0 HRL T8 B B T L I A — IR S
AR I R A UL 7

5 mm 10 mm 15 mm

FEREF

____________
=

Im
X

WESBPEHS |

EmEE

=

Im
X

E7 AERERERETEIINE XK EEE
Fig. 7 Morphological changes of arc and primary shock

wave under different discharge gaps
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