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Review on the Dynamic Bubble Behavior in Oil-paper Insulation of Converter Transformer
and the Evolution Mechanism of High-energy Arcs and Mitigation Techniques
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Xi’an 710049, China)

Abstract: Converter transformer is a key equipment in the AC/DC transmission link and its operation stability and
safety directly affects both reliability and stability level of the entire power system. In recent years , the deflagration
accidents in converter transformers caused by high-energy arcs have shown an increasing trend, posing an major
threat to the operational safety of power grids. Due to the significant impact of bubbles in oil paper insulation on its
insulation performance under the influence of electric and temperature fields , and their crucial role in the formation
process of high-energy arcs, it is of great importance to investigate the dynamic behavior of bubbles in oil paper in-
sulation of converter transformers, the evolution mechanism of high-energy arcs, and their prevention and their cor-
responding mitigation techniques. Therefore, the generation mechanism and complex dynamic behavior of oil paper
insulation bubbles in converter transformers is systematically reviewed , with a focus on summarizing the formation
mechanisms of thermally induced and electrically induced bubbles under different operating conditions, and the

coupling mechanism between bubble cluster explosion and partial discharge evolution is introduced further. By sum-
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marizing the division of discharge stages and warning methods, the current methods for identifying high-energy arc

precursors and their existing problems are summarized. Finally, typical discharge mitigatino technique paths are

summarized from the perspectives of material modification and oil circuit structure control , providing ideas for early

warning and prevention of arc precursors in converter transformers and ensuring the safe and reliable operation of

AC/DC transmission systems.

Key words: converter transformer; oil-paper insulation; gas bubble; high-energy arc
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Fig. 1 Bubble morphology and location
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Fig. 2 Temperature rise curves and initial bubble
formation temperatures of paperboards with different

moisture contents
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Fig. 3 Bubble growth process under electric field
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Table 1 Comparison of thermally and electrically induced

bubble formation mechanisms

T EEAN ERRE | CRERNE
g WOV KRR, K
IRt g T
MRS AR, R
=
R WX S
1.2 SiBEZshEs1THh
1.2.1 i&F

KT BISAT I AR 2R PR
WANG Zhongdong™ %5 AFFE T 38 i L3 T i 1k 26
Zelrh OIS 5 TR A L Ko B R
PR3] T SRR 3z S S i A R,
MBI ST R F A TP BOR B VIAROC . i
A A 52 58 HU R G i RS I Gl S iR

FEG RS AR < B 70t (s A AR R i i
A W L3 T SRS ST R D7 1 12 RS, X
R e T 5 il A T

FENX WA F B HE T WTHES
ERME T TIRARIE . AL B RET
SE/ L HL A S EAT R RS dE R T AR Y
LA T BRI SOE TR, HHGR
JE S SRIN , SH] B KA RS SRR AT R,
HtFIEY, Andalib™" Masanori Hara®' | P.Wang%}4:
R S A AR A H R, ST B, H S
FIR) S TR AARS B2 10 B AT 48 25 S B0 T Az
PR RS o BT UM AS I HL S TR S PR L AR A h
972 N R AR 25 T SR IE R AT W B
W S, G NPEE TR 2, REH
FE T A A U L 37 PR v A T il N AR Y 3
P O RAE

XIRK 52 FEI SEA B 51 B 3 25 0 1 L ) 3 g o
AT TIRABIGE , REGEARDE T LI 53 A Xt
i3y JBAE RO B R . DFFE R, SR
TERL S A T RIORS 20400 53R 4 A BB B AR U R
T MR AR I 8 1)) kIt S B B, M VR A A
B b A SR R BB, KRR R
HL B o 5] (1) S 3 B B, DA R S T P R T B
i BEGZ 12 TC T 1 BE TR B B, BRSSOk
PR R E st R B 22 5 ot i,
HL 37 77 WA AE 23 (S0 0% 0 2 o) R R S e i) i 2%
TEA 5t B DX 2, TR I 35 A ™ A
Jok 3y, DT fiff HEE #5 B A% 52 0 R RRUE 1Yk B Ay



-6 - 202644 iwﬁfff{ et 4
7, UL 4P X — e B A BR A HL 3 XS Bl T 2E AT 100 Hz 22 i B R AE T 23RS IE IR [H]

M E/ﬁﬂ#mﬂﬂjﬁ’fﬁT Eg%@: 37

=02s

(a) U=0kV

r

a

o~

"

o

¥
St

=0.1's ik

”'
A B
< I
I"

LoIR

1
&
w
72}

=02s
(b) U=6 kV

=0s =0.1s

I"
g

B

T
=4
w
»

=02s
(c) U=12 kV

=0s =0.1s LN

[+

o‘

"’

"
"

”

.

=02s
(d) U=18 kV

B4 FEFETREEBER
Fig. 4 Bubble migration paths under different

=0s =0.1s =03s LR

electric field strengths

122 ®HE

Friz shobh, AR 2 M I A2 i A [ R 52 3]
WFFE NG e . RAIRSE T AMAEAS [F] L 3% 2%
PETR B 1478 o 3k 28 RUR A BR A v 37 45 <
WAT AR T 24 e A

Dong %5 N ST A B, AN I4)5) i 37 v BE T B i
A 2 1 2 WA SRy R 3 iR A L 5 B0 2
SERRERIATE S, Cho 5 Kweon il 33 #5137 T 1)
SRS B, U B RIS ERBE T Y A L 0k
JEERI 2 i 3775 1) 7 A S A ) JE AR
IWRAFEE X LA B SR IF 9 R B, B L 0
JE R HR T2 S AR, ] s 3 B AR RR /0N 5 T L
FEHERINAR AR B AR 2 KB R AR FR ] 20 1
el A2 HL 37 A e RS BT A AR i B ) AR
£ , Korobeynikov 7E ¥ 2] i 37 N &k B, B S TE

P30 038 B X AR HAT 350, Rt 2
TR AL PR AR B, I SIE AR S sh 2
IR R,

SKRITMRAE N RGEETT T W EH T A2 R
i O BE L T AR T o TSR FE L A
MR RS 05 ) AR AR JF R B
JESATEIK S A ShASRAAE , WL 5™ <G R A AR
SHHLIRIE PR SR B IEASC R R . P
R, TR EIE R ) S R K A
YERMIE U — R sh &P ARSI 2
RPN A o A ke, BLRER HAE )
7 Tia) PR E BN, I PN R Y R 3 R e B
AR R

| 0ms 1 ms 2 ms 3ms 7 4 ms
© Sms . 6 ms 7 ms 8 ms ~ 9ms

10 ms 11 ms 12 ms 13 ms 14 ms
15 ms ‘ 16 ms © 17ms ‘ 18 ms 19 ms

Bs5 ZmBHpTReatriTiE
Fig. 5 Bubble deformation process under an AC

electric field

REHEAFE NP2 IR A NPRSE T R AR
YERIT e b B8R R B Sh R, 1221 A
R XA T AN )iz SRS T 4 i h R R AR
17 RHEAT THEFE . P.Wang®™  Hara™ 3 9 XU 4538 1
R T BOR B, QR 7 0 L A A O
R THERIE | AL T M 32 Bt o e, s )b 71 o
MR
123 2a847H

WFFER], SRR A A B L ) 53K
5K JIAHEAE RN B —Fh s &R S . R
A7 2 Bl B N A s 3 o A e, HLRERE
HAE L3575 1) EAREAPRR BE RGBT, <G N AR R FL
5if J3E 2 I AP U Y A B T R Y LU
Oy 2 P EUOAE T LA e AR E (s s T, B
A WA RIS T 1w, DRt 5 aihiR A e A T B A 1
%7 o)A — 7 B DX



EZSUN

XUHLI, PE AR, BT, S5 i Heam AR s QL slias o B A LI A TR E A <7

iR

U2 IR B BT Il 2 BRI 2R AR
& L AN AT 85 205 I L 1) F 7 ORI T R
ARG, XU H [ S8R A i 1A b S AE
ARIHESN G 8 is SR PE T IR BE S IR AT T
M Z A RIS B . R AR Z Fhiz
FEAAE I R, UL SR 3 e B LT s AT
157 RGNERVT

TESER I 8 Iy 2 WF 52 e, 22 P BN 1 S 6
S TBRGRIT ML S IR b i) 230
AT N SREAEA . B AR AR R, B A
HEHEEE T RAHREON 2 U HIDE AR g e
LRI BRAR RIS s 5 T i 7RI AT
SRR G R R n TR i <
W RS R S0 R T REr /R L™, 3%
5 ) S5 N3 5 22 My R S R R, PSSR S T
2% ()R AU X6 2R IFAT Ay 19 Sl 25 R 4 T, e W A e
R

PR L

0 100 200 300 400 0 100 200 300 400

0 100 200 300 400
x/us x/us x/us

SLT AR S SRR RCR A E B ORI, 5K
A ANIRIT T UL E]BE 5 A RS P B 52 vl 2%
KRR B o 5 TR R E A LA, S
FR) RS ST B e pH LA A 2 D 2R U e e B T
PERZ R ST A RO BB BT E BE— P Bk
T Z1n) BRI R B BRI ) A R S 5L
PURIIEE SR RS G

BEAh, E— LA A TR AN SIS L Y
JRre A L SR R R R P A R AR
SENBAT AR, R TR GE S R R S
JER R s sh 5 R IFALE, WK 6, <
HUESIEOX WIS 2 GIN R R b 2o 2y GBI ALAES
FENR , DA EH R R ST N 5N TR
W AR MK AT, e LIPS AT
VRS H I A WA R O R BIE T

PR B PRA A E PRAR I E

; 0.9
: 0.8
M O. 0.7
0. 0.6
Ho. §o.5
N O. 1104
. 0.3
s 0.2
| 0.1
; 0.0

0 100 200 300 400 0 100 200 300 400
x/us x/us

6 HRLZHWAEAEHEDHEERA TSR LE

Fig. 6 Coalescence process of multiple bubbles under partial discharge in the needle-plate system of oil-paper insulation
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