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Influence of Ambient Temperature and Applied Voltage on the Temperature Rise and
Temperature Distribution of Self-healing Power Capacitor
LEI Xiaoyan, CAO Gang, XIAO Liangle, CHEN Shujiao, LU Hongji
(China Electric Power Research Institute Co., Ltd., Wuhan 430074, China)

Abstract: DC-link capacitors for VSC-HVDC converter valve is of generally multi-terminal structure, and
has high current in operation. Currently, capacitance and tan § measurements for the capacitors are often
performed by referring to the measurement connection methods used for traditional high-voltage power ca-
pacitors with two terminal structure. The accurate assessment of the capacitance and tangent of the loss an-
gle (tand) of VSC-HVDC-link capacitors directly impacts such aspects as operational performance and
safety reliability assessment. In this paper some issues in existing capacitance and tan 6 measurement meth-
ods are analyzed and more rational measurement recommendations are proposed.lt is thought that in the de-
velopment the capacitance and tand of high power multiple terminal capacitor, the multi strand copper wire
mode shall be adopted .The conclusion plays an important role in guiding ccurate measurement of capaci-
tance and tand of multi-terminal capacitors.
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surement method

B S R A SR RE R A CHE S R, AR
Rt P B OC 28 B B BEER B9 L TR S (B A R 52

515

LU S LA AR A D S DA O e
R Lo, 220N SR B i v AR 8 B
RGBT b A R RE T R B R S IR
BREFVEHT. Rl R 7E m R IR N S 5t g
P LA B R BT RE IR A P O I Tl AR AR I By 4 A5
S, LU ST L A e B AR R 4 LU T R
K770 O T 2 R BT FRE SRR IR A
R R 22 01 A A8, LR SO P AR A4S
B ZA IR 51 H 31

HLAEL (C) MY B3 FE A1 IE VIR (tan 6) J&:3RATE

rws B H5:2025-11-27; &[5 HHA:2025-12-19

- 50 -

(R BRI L RFE 5 T tan & DU 2 S B 1 HLZR AR
(DI RABURE , JR Al fat LA 25 1 R R RO 100 ) i 2
fobR o fEEPAERERR T, d T = AR 25
YA I 5 F 2 e RURE A 1 DD h PR B 8 4 22 42
BAT BT . HLA R 1Y D 22 7T RE R R B 2k
SRS RS, MR A IE VI WIZR & Sk 1 4
SRR AL T T e 4 1 L BHLAF A RE DR 3R, RN
FLER N A AR BT MR S A ARG
A REHUN T2 R (s < 122 AN 1Rl s 807
BHL 555, LA A et (Chnsh 2 4 s -5 IR



2026 453 114 FUM,F ISR AR A IR TS

(A 2234])

JrBEMARRERE ), I Ry TR N FH B AR ] S %K
P IR AR A R A TR KRR e is 7,

H i, % T 28 220 L A LA A I L
R0 2, A7 PR ik 2 2% T P A% 50 P o 4
FHL T L2 I o ik AR I i R X
A i B8R AR R RS/ N FL S A o BRI, LI S
L2540 1 2 0 1 4500 S 30 T N ERHL I A A R
AN, 5| S A B A7 1) 3 A H JR R L B 2 0k
W2 25 5K 77 HE R AT Z A s 0 2 T B e L
PR —A71 22 5 | 46 43I B WA ot - e AR A Tl
23R A A Oy S IR BN ], S ER R
PR 152 25 , AR IR X T B FE , DI i B 58
WL 25 A 1 LS S, L B VT R RS 7 S T TE Y
HRBBE M RES T,

ST O S T A A 1R P B S L A
ar RRIR 25 48, IR 7 i bR U NB/T 11388—2023
(R L B PR30 7 P L S P FL 25 4 ) IR DL/
T 2633—2023( M Bt #e it # FH EL IR A an AR
SN R P SO AR ST IE R . RS
ST IR DU i 3 A 5 R BRAE IR R B8
TP Al AR AR L 2 RN P I e 42 38, B
FLRHLEE O TREME.

AR AE ST AT AN [R) I 1 42 2y O fr 45
(R 38 3 BE AT SRR K T iE T 2
Uity L S FL S A VRS L PTRE Y FL 2 S A
WO AR YRR UE SRS TR AR £ 1
HERR A S

1 FEEERXERARENER

B R i LSS (] SR DA U i
LI A HL A A A T T B OR R T i g
J1 AR R 53 B HL B (equivalent series inductance,
ESL)*ﬂ{fﬁ%&ﬁ%ﬂ%%M(equivalent series resistance,
ESR) (2R, 8 >R 23 7P R4 M e+, X
TR A0 48 ) e JHG R, PR AR S0 2 7 v 0 A )
HEfi

BUAYZEAE Y B S AR A AR R 1 s . B
IE AP ONE  %& H A 4 D804 AU EREL
Uiig -~ , A AR A 28 B i HL U S AR
BEA LA R A (E TS R, 3 2831 I 1] B b i
e AW R b i e N AR B 22
PR AT B e . BRI, 4
PR H B R BOE ST ) A e AR F 2 oo i
R IRI Ty T A, DU AR T v O P A e i
BRI, I BERATAF R R IR LSRN A8 AR IR L BELS 7]

B/ XL LY S B RIS MR T |
Ui 2 s, LA P R A L 2 A N R RE A 4% 29 73
Ais , DT AR A2 A oy B4 B R PR D R 22 S0 L i

1 BBSHNERZERRSR
Fig.1 DC-link capacitor with typical structure
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Fig. 2 Schematic diagram of the internal structure of
DC-link capacitor

XX 22 S5 4 R A DG A I AE T AR 7
ZHRUIRII , i sk 7 B AR R IE . HEEATH
38 (C) FIA Y FARFE AL (tan &) T A, I 42248 =X
(R 155 RS S~V AR5 | ) B D
I [ g T T S P PN S L A B Y R 2 B L 5
82 A 2R (i -5 A BT A% B e ik i BEL 5
A B o AR TIPS 1, DU 3 0 i
PEAT IR, DUk o 1 B e FL R A AR B PR R, A
T B B AG5R B 22

2 REEFHEFNMNHRNETE

H AT, 76 TR S B S bR R I o, B 5 e Fl
i 1) FE A L 2050 D B T o v P P S A A I S U
28 W ) Iz BT
21 FERNERE
PR B i FH R oy i, LR R H i A i L
Bk 2O R R EI K 3 s, B Uu
. 51 .



2026 455 114

ENERESTYAE

47

R R AL ; €, F R S AR L 58 € 3%
TR AR 8 5 O SR By R 2 GRS L i T
TR ) 5 Ry I | 285 | A0 L
U U
I I
Jeh
CH VIR I

f:-—
m

C,

& I FAT
WERG

]
&

F3 SEBHFUNEEINREEE
Fig.3 Schematic diagram of capacitance and tané
measurement using a high-voltage bridge arm
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Fig. 4 Wiring mode of copper busbar
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Fig.5 Capacitance measurement results under different
wiring modes
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Fig. 6 Tané measurement results under different
wiring modes
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Table 1 Physical diagrams of different wiring modes
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Table 3 Capacitance deviation under different
wiring modes
%
EIISiER
0.016 7

Bk HilHE
2223 =(C o= Coia) Coi 0.045 4

F4 AEBEZFXTHNREEER
Table 4 Tané deviation rate under different
wiring modes
%

i i ZIHL

i2E 5 =(tan8,..—tand...)/tan ., 33.49 14.79

32 fEREEAXBEMRNELSLE RN
K 181 4 Jiv 7 B A e 42 4 05 sREE RO TR 8
PR S5 AR L

HV
A B C D
R | R | R | R,
Re| |R| [R |R] C.
C,
R |R| |R |R]
R|R |R[|R
E F G H
A M

8 ALK THERE R %
Fig. 8 Equivalent measurement circuit for the copper
busbar wiring mode
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