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Influence and Characterization of Key Process Defects on Performance of
VSC-HVDC Capacitors
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(1. Electric Power Research Institute of Guangdong Power Grid Co., Ltd., Guangzhou 510080,
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Abstract: Aiming at the key process defects in the production process of VSC-HVDC capacitors, in this
paper the types of defects due to soldering and casting and their impact on the performance of the prototype
are systematically studied, and the characteristic parameters corresponding to different defects are clarified.
By artificially setting such typical defects as cold solder joints, sharp angle soldering, non-vacuum casting
and case separation, defective components and test samples are designed and produced, and corresponding
process quality control measures are proposed. Based on such characteristic parameters as capacitance,
loss tangent, partial discharge and also in combination with such test methods as withstand voltage of pole
to case, partial discharge, inter-pole withstand voltage, and DC aging, the influence of different defects on
the performance of capacitors is analyzed. The research results show that the cold solder joints defects
significantly increase the partial discharge, the non-vacuum casting defects are prone to cause self-healing
failure in AC/DC superimposed aging tests, while the non-injection defects accelerate the degradation
process of capacitors. The defect characterization parameters and test methods proposed in this paper provide
theoretical basis and test method support for process optimization and quality improvement of VSC-HVDC
capacitors.
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Fig. 1 Various types of cold solder joint defects
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Fig. 4 Non-vacuum casting (air bubbles) defect
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Table 1 General condition of capacitor sample
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Fig. 9 Schematic diagram of the withstand voltage test
between terminal of capacitor prototype and case
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Fig. 10 Schematic diagram of partial discharge tes
between terminal of capacitor prototype and case
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Fig. 11 Partial discharge measurement
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between termianls (inter-electrode ) of capacitor sample
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Fig. 13 DC aging test wiring schematic diagram of
capacitor sample
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Fig. 14 Principle diagram of 1 000 times charge and
discharge test of capacitor sample
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Table 2 Partial discharge test results between terminal
and case of capacitor sample
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Table 3 Withstanding voltage test result between
terminal and case of capacitor sample

o=
7} Y
Fre BERLT LS a%ﬁgﬂ
. AR Al
A% i
(x10™)
1 X e 2R -0.01 -0.3
2 TCA i T B -0.02 -0.1
3 JufhinTm s 1L SR A R -0.02 0
4 HER AT I -0.01 0.3
5 Bz B () -0.01 0.1
6 & RHEHEBImER AR Y -0.01 -0.1
7 SEARSYE -0.11 -0.3
8  EEHHEANSEARAMZE 001 0
TGP T T ], KR
-0.02 0.1
? HEBIE Lk
TR i [B] AR b s , 2
0 0.0 0.2
! HEBIE i f !
AT S AR B Y
1 -0.01 -0.2
! W
e At
b s /I:w)\ﬁ%ﬂ%mﬁ 0 ol
ol
e AT
13 W”Bmﬁ; /'\U\f@iﬂ%mﬁ ~0.02 03
JolE, AN

3.4 EHiREWIRE

HL 25 A FE ML S R AL i IR 2 SR L& 4,
%2 4 T ZEHR IR GBIT 17702—2021 HL5E HEA TR A
PRI (250 h A 4 +1 000 Y L +250 h #Avi
) G, EBE S H A BT B A A2 W G
DU KO BB ZH AR ) tand JEAS AN | B 25 8 Ul 31 BT 7
0.17%~0.25% Z[a] , ik 50T .

*4 BEIEHNRREREZURKRER
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XF B REAIL RN 5T K 53 125 BB AR ML AR UG A 7
B 55 °CF 1.6Unc+0.1Uxc. 60 °C T 1.5Uxc+0.1
Ussc+ 65 CF 1.5Usc+0.1 Unic. 70 CF 1.3Uxpe+0.1
Usac+ 70 CF 1.5Uspc+0.1 Unaci 75 CF 1.5Uxnc+0.1
Usac F1 80 °CF 1.5Uxpc+0.1Usac, 2 W BT 16 h )7,
i TG A AR AN AR IE VI EAAAS | HL 25
FIANE] 2%,



2025 455 6 A

BAEZ,F  FEHBA GG T LA X ER 520 K R AE

(55 22249)

GeF R BAFENLR IR AT R 55 CF 1.6Uxnc+
0.1Uxic 60 CF 1.5Uxpe+0.1Ux1c .65 C T 1.5Uxpc+0.1
Ussc<70 CTF 1.3Uxpc+0.1 Unsc. 70 CTF 1.5Uxpc+0.1
Usac 75 CF 1.5Uxc+0.1 Usac 5B BEDIIE 16 b J5 3
i JC A AR A G  BRE AR IE VI AR AR | B 78 5
AN E] 0.2% , (H IR EE IR B TR 2 80 °C L HL R 4k 4:F
1.5Usnc+0.1Usac BB, JIA 14 h Ji5 B0 A A2k sk
SE B

PRI B — TR AL T SR B REBIL , AR TR
HEATHRE 70 °C . 1.3Uspc+0.1Uxac, 55 °C . 1.6Unpe +0.1
Usacs 60 °C \ 1.5Uxpc+0.1Uxsc, 65 C \ 1.5Unic+0.1Unuc 45
FrEcDmt 16 h 5, 5T H A s 4, ke Al IE
PIEAARAS | 2508 0.74% . BB IRETEE
70 °C LR 4EFS 1.5Uwc+0. 10 WY B, i 7 h )5,
FEDLE B A e A 7e i sl i B4 1 i
R IT FOR T I PRI TE AT SR — B B
B 70°C . 1.3Unc+0.1Unnc, WIDTHE 3 h gl il B A &
R VaHA N Ay 15 T T ) A I S R AL
FE B IS I TGRSR P A5 KA KRR

4 LHiE

AR S 3 1T U AR A 3 O R
WF5E T R A A e A= T2 K A1 # vl g
FELE R B B XT MR RR A5 g R, 32 8 T AN 19 3=
fES%. T LR s RS0, 0K 2/ 5T
WA RN

1) KGRI P9 5 0 R SR 2 B 3 B T Sy 5
L L FE 5 KV RIS T R R T3k 800 pC., ik
i T IEH 7K (120 pC) , 28 B SR i ml A Sy e A
B R BBURRRAE S8, SR, BAAE A IE VI (tand) Xf
o RS 8y e oy AN B A, T R N A R Y 4
GAMEAE A O o AR HEAR A1 BB BN JR) 3t 5 1)
BN A FE A2 AT R R BB ARk e R B A
A TR TR S B

2) DRI BRI B SR < E FL2S el (AR ) Bk
FaTEsC E & e iR b 5 5| & A sk, s
TRERIR 34% , [FIEPERE AN e S IS, R AY
ARAE AR R BETE B ) R B bR . LA, B A T
B 5 B 2 R BUR R T (500 pC@s kV) , 1
SO B I X SRy TICE B S i A G 0 (HL Y
B4 AT BE BN ) S B4 2 1o

3) B BN TR RN AN 58 4 b X Fis 17
AEEVERY IR : B A BN R sk R B 55 S 30
2 W B AE RIS T S T = s e R
T IR 0 X LIS H |, 5 25 A 2 A 6 Al K

SR o N R R S A 8 AR T JE 1 1 5 LR

B PR A (3 h INHLA T [ 7.95% ) , 3R B

FEIE T %4 b A B LB S R 3 X %, T

R O R E e S
4) R FAE T 1% A A8 < JR X R AR AR

FLS DETE R R 2% B B RS 0 H A i e

AITELRAGIN o L A8 M R A 2 A b REA AU

W26 2% 25 A R4l R ke (A0 L oe ) o 200

TN 3EE R A 1 3 i Tk 8 — i P R X T PR

PV AEBRIE , 0 T — i A3
T UL I , AR A 5 TR E S5 i 2

ELRAAREPLAT 100 F ATl b R A AR R A

F7AE Z2 R 1Y CUNSR T 3 R A A U1 5 | AR 4

Mt T RATEAE R DT A ) o g ARy, hak

SR T AR IR 5 A AR i A 3 (Al a8 38

E ] e AR5k B, AR TR A A mT RS A <5

JER SR RS ) o NI, AR ST 45 2R A7

TE— 7 BRI FRE , (B4 HH A SR [ SR AE 5 V6 a6

TIERAEEE, AR A48 1 T 200k

FEAESE . RS AT BT XS B 2 RE AL Y L 25 A% 25

P RESRE , - HE— 25 A AT ST BRI 55 1R RE A S 1K

Pl

S 3k

(L] faf e, e B, XK, 8. R o P v i v, T

LV SR A AR BORBTFE)]. BT B A 25 TR B
2020,41(4):81-85.
HE Xiaoliang, GAO Qi, LIU Shuiping, et al. Study on DC
support capacitor technology for high power flexible DC
transmission project|J]. Power Capacitor & Reactive Power
Compensation, 2020,41 (4).81-85.

[2] SHOLIHAH F H, BECERRA V,PRABHU S R. DC-Link
capacitor design in neutral point clamped multilevel invert-
er utilizing ripple current analysis and DC-DC converter
control[C]//2024  International ~Electronics ~ Symposium
(IES).[S.1. ]:IEEE, 2024 :89-94.

[3] H. WANG, H. S. H. CHUNG W. LIU. Use of a series volt-
age compensator for reduction of the DC-link capacitance
in a capacitor-supported system[J]. IEEE Transactions on
Power Electronics,2014,(9):1163-1175.

(4] Drdrs. JRE RS EORB KR AR S
TeTI#ME,2010,31(1) : 1-4.

FANG Jinlan. The development of power capacitor technol-
ogy in ChinalJ]. Power Capacitor & Reactive Power Com-
pensation, 2010, 31 (1):1-4.

(5] 4 e, Z2Mk A i vl TRE FH B S 1 A AR B AR F
FE). H A A5 A 2, 2024(16) :208-210.

JIN Longfeng. Research on DC supporting capacitors for

« 55 -



2025 455 6 1]

L AR S o M

463

flexible DC transmission projects|J]. Electric Power Equip-
ment Management, 2024(16):208-210.

(6] THIEAME, AL, 2455, 35 40 L1 i 25 20 206 T MR 75 R P I
HRg i PR ZEAFSE(T]. = LAY, 2024,60(11) : 131-139.
LEI Xiaoyan, LONG Li, LI Jinyu, et al. Study on noise char-
acteristics and its influencing factors of scaled capacitor]J].
High Voltage Apparatus,2024,60(11):131-139.

(7] ZEKEER, VRIAR & TR P 25 i) ELREDE DA FL 2 2
R B TR N S 135k, 2023, 60(1) :48-56.
LI Ziwei, XU Lijuan. Open-circuit fault location method of
DC filter capacitor based on probabilistic neural network|[J].
Electrical Measurement & Instrumentation, 2023, 60(1) :
48-56.

(8] skiEst, 2k, MAR 5, S5 & RARNBIEL A A&
FEAHE S PP EOR()). HIRLER 2024, 60(6) :197-202.
ZHANG Guohao, LI Hua, LIN Fuchang, et al. Study on self-
healing gas generation characteristics and protection tech-
nology of metallized polypropylene film capacitor[J]. High
Voltage Apparatus,2024,60(6):197-202.

(9] JAJ=, sk, X, 2. i i e fL 28 & 558l st
95 R FF TG, ) TR ,2022,41(5) : 149-155.
ZHOU Chen, ZHANG Xiang, LIU Lei, et al. Equivalent
temperature rise test and life evaluation of converter valve
damping capacitor|J].Electric Power Engineering Technolo-
gy, 2022,41(5):149-155.

(10 580K, S0, 1M, 55, iR L A aR o URB IR R T
BSHIBIE])). F AR, 2023,59(11) :211-216.
CHAI Bin, SHI Lei, WEI Peng, et al. Correction on power
loss characteristic calculation parameters of oil immersed
capacitor elements[J]. High Voltage Apparatus, 2023, 59
(11):211-216.

(UL IT5 54, A, Btk , 45, AR T av i I i S A S Ul 46t
TP RARFN G FERIN]. HL D TR, 2023,42(1) :43-49.
FANG Rengcun, LEI He, YANG Dongjun, et al. A
converter - assisting flexible switch topology and its control
strategy[J]. Electric Power Engineering Technology, 2023,
42(1):43-49.

(12 JWRA , S0, 2, 45 B T v, Jad ey 0 R 0 245 v BEL 23+

f14 HL 28 A 2 S W % A 1L 73 A PR A R T L AR
2024,60(1):55-62.
CHEN Lei, WU Chengwei, LI Ao, et al. Electrical endur-
ance assessment system of SF¢ circuit breaker for switching
capacitor bank based on current monitoring and dynamic
resistance analysis[J]. High Voltage Apparatus, 2024, 60
(1):55-62.

(I3 )RR, JETRAR , AT , 550 T JRURE P B rE A i R
ZEF ORI IE LT ()] #T VT T, 2024,43(3) :8-18,
CHENG Xiao, GU Qiaogen, REN Xuchao, et al. Adapt-

ability analysis on differential protection of converter trans-

- 56 -

formers in a VSC-HVDC transmission system connected to
offshore wind farms[J].Zhejiang Electric Power, 2024, 43
(3):8-18.

(1415 B, RI70, B —n , 45, P B i BoR Y SR
BB AT BT (0]. 5 R AR, 2014, 40(8) : 2429-
2439.

MA Weimin, WU Fangjie, YANG Yiming, et al. Flexible
HVDC transmission technology’ s today and tomorrow[J].
High Voltage Engineering,2014,40(8) :2429-2439.

(15 e 5ok, BR A ET. M 1t i v B O S 4 L A Y G

BEHORBESE[I]. B A 3 5 0 M, 2024, 45(1)
108-115.
ZUO Qianglin, LEI Qiaoshu. Study on key technology of DC-
link capacitor for flexible HVDC transmission[]J]. Power
Capacitor & Reactive Power Compensation, 2024, 45 (1):
108-115.

(16 1A SEle , B 1E  KRURYA , 45, 11 X 5 Jm AR v 2 #e R AL

9 MMC #8718 20 175 ) S PR AR 0] W R Al
2019,43(4) :86-93.
ZHA Kunpeng, CAO Junzheng, ZHENG Meimei, et al. Re-
liability evaluation of MMC converter valve module consid-
ering failure mode of metallized film capacitors|]J]. Automa-
tion of Electric Power Systems,2019,43(4) :86-93.

(17 J5KREGET AR5, R T}, 45, B TAT AT 3 M i 2k

L i P R R BEA N R ()). T AR HL T, 2024, 37
(5):84-96.
ZHANG Qixuan, LI Haifeng, LIANG Yuansheng, et al. In-
telligent fault detection method for flexible DC transmis-
sion lines based on prior experience and of travelling wave
expression[J]. Guangdong Electric Power,2024,37(5) : 84-
96.

C18 g e A , XA, IR, 5. 100% B Rg I i I 28 2 1k B
Tk R G R LA A L JAE ()] TR,
2023,36(10):57-65.

SU Yinsheng, ZHAO Ligang, YAO Haicheng, et al. Re-
search on electromechanical transient modeling and simula-
tion of 100% new energy power source connected by MMC-
HVDC[J]. Guangdong Electric Power,2023,36(10):57-65.

(19 JER T HUU A 2 MU P 2l 25 i S B RIS SR AL
HIFHIID]. B AT AR A7, 2017.

(203 B , P3R4 e PR K i FL 22 45 140 00 ) 1 i P 24

. R, 2006,32(6) 1 5-8.

YU Chenglong, YE Haifu. Application of DC-PD technique
in detection of high voltage pulse capacitors insulation[]].
High Voltage Engineering,2006,32(6) :5-8.

(21 12 mee )7 ka5, 4. R0 IR F) LI Jm) A
PE MBS REPEIHT(]. = R EOR , 2007,33(8) :31-
34.

LI Xiaohua, WU Guangning, ZHANG Xueqin, et al. Partial



2025 455 6 A

BAEZ,F  FEHBA GG T LA X ER 520 K R AE

(55 22249)

discharge pulse shape detection and analysis under DC
condition in typical defect models[J]. High Voltage Engi-
neering,2007,33 (8):31-34.

(22 124k, B, P, Rk e TR B S A

o FUIF AR T 5 ok, 2017, 38(3) :
95-98.
LI Weiwei, GAO Qi, LU Feng. Discussion on the develop-
ment of DC-link capacitor for flexible HVDC transmission
project[J]. Power Capacitor & Reactive Power Compensa-
tion,2017,38(3):95-98.

[23]ZHANG Shuting, TIAN Fugiang, LIANG Jieyi, et al. The
time, electric field, and temperature dependence of charg-
ing and discharging currents in polypropylene films[J].
Polymers, 2023, 15(14):3123.

[24 ]ZHANG Shuting, TIAN Fugiang, CAO Jinmei, et al, Ther-
mal aging life model of biaxially oriented polypropylene
films for capacitors based on cumulative power energy ab-
sorption[J]. Polymer,2024,313,127722.

[25] Plastic films for electrical purposes — Part 3: Specifica-

tions for individual materials Sheet 1:Biaxially oriented
polypropylene (PP) film for capacitors: IEC 60674—3—1
2021[S]. 2021.

(2618000, Irsrte, EWTED, &5 G Jm AL g A ook
HL - - AR B R O BT S L)), A 0 AL A AR S 0 b
%, 2025,46(3):51-60.
ZHONG Shaolong, FANG Lilong, WANG Xinjie, et al.
Simulation of electric-magnetic-thermal coupling character-
istics of metallized film capacitor elements[J]. Power Capac-
itor & Reactive Power Compensation, 2025, 46( 3):51-60.

(27 X3tk B S22, il v , 45, JR TR M 0B AR AE A 2
FEL BT A8 PAY IS ot g Az 00 w4 1 (D). WiV ER F), 2023, 41

(2):60-66.
ZHAO Lin, SHAO Xianjun, JIN Yongtao, et al. Application
of partial discharge critical monitoring technology in inter-
nal defect detection of ultra-high voltage reactors|J]. Zheji-
ang Electric Power,2023,41 (2):60-66.
(28 JAc sk, B kb, 2= 2 . A B v 2 s 8 Xk 6 ) LT
FEI] TR S oM, 2004, 25(3) 1 15-17.
ZUO Qianglin, MAO Chengxiong, LI Weibo. Optimization-
of type tests circuit about series capacitor[J]. Power Capaci-
tors & Reactive Power Compensation , 2004 ,25( 3):15-17.
(29 ok pfa. Hfif v A B e Rl o3 A B HA 1) R e i 5
BU[D]. HFH : SN KA, 2021.
(30 I PAd , BT I ERAN , 55, BOPP Hi 28I n] S8 VeI
FE[CI/2020 4F BV 4 L 1 55 RE 5 HLRE TR R 2 2
Jo R 2 B 4 [ P BE I B~ R AR 23 2020.
[31]1L’YASCHENKO D P,CHINAKHOV D A,MAMADALIEV
R A. Effect of inverter power source characteristics on weld-
ing stability and heat affected zone dimensions[C])//IOP
Conference Series: Earth and Environmental Science. I0OP
Publishing,2018,115(1):012041.
[32 12 tit. T2 LR AR ESR 2M[C /Py 4
HL I RE -5 L RE B OR 725 2014 AR S 23, 2014,
(33 ] EIRAR. & Jm A i A AR B AE A T 2S5 (D). I At
F B TR, 2008.
EERN:
BH%(1997—), B, Bh 3 TAL)F R 6 A ek AR
AR AR R B TE P E-mail :984150068@qq.com,
RAH(1990—), B , &R TALIP  BF 5 T7 )y etk B
IR IR S P
5 54(1986—), % , EHR LA LT AT
BRI CE BTG



