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Fig.1 Converter valve circuit schematic
A6 ORAP P fih s A7 I, 32 4508 T A5 BEL 2 W 2 A
a8 T80 o e L B R R L 2.

U/kV
om ' e

[0
A t/s
AR N S
. 1 7

[0
t/s

2 MHERFENATE

Fig.2 Schematic diagram of damping
capacitor electrical stress
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Fig.3 Principle of non-ideal capacitor circuit
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Fig.5 Damping capacitor life evaluation process
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Fig.6 Fourier decomposition of damping
capacitor operating current
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Fig.7 Equivalent series resistance of damping
capacitor under different harmonic orders

7 Hp Bt AR BN, 5 A s B BEL S R i
Wl N e /INBESEI, S RSO T R — 2 #2176 K
7 4R A (4) KA B e i A g™ 8 oL
AR R AT N 1.69 W 5 1 i A5 F R 52 P BiE
7, VEE RIS 1 kHz, 3205 % T BHJ H 25 11 45
ORI 12.56 mQy, #5X (5 ) SRAF 5 B it A9
ARIAE D 11.63 Ao K i § = FHAS 2 H
R e A i U, 1 P s P R AR R, O T
IR R SR N e Sk S T O SN SN N
T P A et R PRI 2 3l P AL TR I i
BIXEIA L 70 °C, smia R R X, B PR HEAS P
JERS) o IRBRILHEAT T 8 h,7E 6 h 5 A A ik
PR ARZS , Fo R Jm 19 BR 5 I 0 s 245 21 73l




153 JEJR S At IR BELE i A S5 A0 THA e I Az A A

71.6 °C,71.2 °C, AT Jyishn i £ i -5 2158
T BE 3 R 2, 1 P AR B AR L EE I 1
x1 SEYERAABER

Table 1 Equivalent temperature rise test results
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Table 2 Capacitor aging test parameters
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Table 3 Decay amount of capacitance

after aging test %
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248 0.198 0.351 0.553
358 0.208 0.413 0.695
4% 0.191 0.255 0.393

PRI N 0.539% o 5 BRI REA — it Kok
RS IR LA R Kk L 0.95 R (E LK
PR R 3% BRI 7 101 hy

Bl s T, TR 50 C B
JER S R ATIR Ty 1.69 W AT i, 2 2F
BERBE 75.6 C RARI)HR N 1.96 W, HLZ AR L
IR B SN AT B - 2 AL O 4.68 KW, 5K
(10)H o, B WH G LK AR R KR, K
PRI, X 2% S0k 11—12,23 ]
HR )™ it F R A B, 0 BT A 130 AR 4 5K
(10) m ATHE- i BHL e LA RO BT 75 iy 52.2 a

e ZLAE e, A 2 d50l 25 T 00 IR 5 1 5
Prisfr L IR A REIR B Uy , 52 Pria 17t R 25
OB TR AR AL, TR, BELJE i 28 B S B 75 i
BERT IR AR PR

5 #hig

SCH s AR IR RS L Zs g i TO0 PR T
SRR T Ty 2%, ERR PEAL H 2 A s AT I N R IR
J, FE LA S B il R AT Pl 2 48 A5 A PEAG L A R LUR
451

(1) $8 37 IR BH & H 25 A Fi i 5 3 2 048 5
ARt , LS5 00 AR 6 v B Bl A 32 A8 Ak, i 3 L 2
i DAY S AT AR S s AR I A, HETR PEAL
BELJE H 25 5 S B i A 6 1 PN A Ok B2 2 AT H 2
5 PO fr) B

(2) 25575 B4 Ui 1 BELJE v 25 4 5L Priz 7 L
U, FE IO ) 0L RE IV ) o 52 Wi 7 ) R R
G55 kbR LRESE R 2 Al 5 th 2 L5 A0 2
B BT HTAS B B A U A A KT 40 a, il
R I B LR

SCHBIFSE PN 28 0 4 3 IR AR 25 DA B B JE v 2
ar E AT B R X, R 2 sk i R
SSEPR L0 22 5, i — 2 B A eV EAG TER P
S 230k
[1] ¥, 5k, LAREE, 45, 3T PSCAD A4 I i &

GRS R LI]. ) TR EOR, 2020,39(3) :71-
77,98.

XU Duo, WU Feng, SHI Linjun, et al. Modeling and simulation
analysis of UHVDC transmission system based on PSCAD[]].
Electric Power Engineering Technology, 2020, 39 (3) ;71-77,
98.

(2] WM, BE< 2RANAL, 55 MR R B i s LA 4
ROBATIPA I R AE R S 007 (1], KR, 2021, 42
(1) :48-59.

SHEN Zhipeng, XIONG Hui, ZHU Jiebei, et al. Modelling and

analysis on evaluation factor sets affecting the safe and high-effi-



2 HEHEAR 154

ciency operation of UHVDC transmission project [ J]. Power
Generation Technology ,2021,42( 1) :48-59.

XU, SRAER, BT, % A IRBLCE B AR 2 Bk
REVF BRI 15 5 T RS BEZE [ J]. 2 BRAEIR T ], 2020,
3(2):107-116.

LIU Yao, WU Jiawei, XIAO Jinyu, et al. Application of active

[3

[

MMC-HVDC in the background of global energy interconnection
[J]. Journal of Global Energy Interconnection, 2020,3(2):
107-116.

(4] LA, PRidT, T 2L, 5. B 5 Bk 1 T4 e

JER AR B A AL [T]. il R, 2021, 47 (7).
2396-2408.
ZHOU Yuanxiang, CHEN Jianning, ZHANG Ling, et al. Oppor-
tunity for developing ultra high voltage transmission technology
under the emission peak, carbon neutrality and new infrastruc-
ture[ J]. High Voltage Engineering,2021,47(7) :2396-2408.

(5] EWR ALET, BEAS, 55 E Ik v s i A i 1] 4 5 v s R
PTFRLT]. RGP 5, 2020,48(10) - 182-187.
WANG Zhen, REN Menggan, GUO Jianbao, et al. Research on
overvoltage protection of a thyristor on DC converter valves[ J].
Power System Protection and Control,2020,48(10) :182-187.

(6] JalfR, 5, X, 55, v R BV 49 i i) P 4 it =X BEL 2 vl 2

BTSR[], B R AR S T AME, 2020,41(4)
69-75.
ZHOU Chen,ZHANG Xiang, LIU Lei,et al. Design and verifica-
tion of integrated damping capacitor for high voltage DC
converter valve[ J]. Power Capacitor & Reactive Power Com-
pensation,2020,41(4) :69-75.

(7] SARKES X032, BBIAE, 45, o T i v ot I 47 AR S 7

YRR T]. B REAR ,2020,14(11) :6-13.

HU Qiuling, LIU Kun, TAO Yingjun, et al. Influencing factors

for the switching process of thyristor valve in HVDC trans-

mission[ J |. Southern Power System Technology,2020,14(11) .

6-13.

WRHS 20k, A B i < s A BB J o v, 7 6 5 i 1 3

MIRRBTFELT]. By B A 2 5 o U2, 2019,40(2) - 64-

67,72.

CHEN Song, LI Zhaolin, LU Youmeng. Study on the factor af-

[8

[}

fecting the endurance test of metallized film pulse capacitor[ J].
Power Capacitor & Reactive Power Compensation, 2019, 40
(2) :64-67,72.

(9] FH, Bafl 025, % &RABER AR A @R NG R
WEFEL ). I A AR S T4, 2018,39(4) :54-58.
WANG Xun,CHEN Wei, XU Menglei, et al. Study onself-heal-
ing failure process in metallized film capacitor element [ J].
Power Capacitor & Reactive Power Compensation, 2018, 39
(4) .54-58.

(107 XUPoR , Wy ¥4 1, 88 G ek, 6. 4 Jm P I vl 2 408 7T 5 PR DT 5

HERELT]. Ly AL S ST AME,2019,40( 1) :53-58.
LIU Yongbin,CAO Junzheng, HUANG Jinkui, et al. Study de-
velopment on the reliability of metallized film capacitor [ J].

Power Capacitor & Reactive Power Compensation, 2019, 40

(1).53-58.
[11] 224k, 254k bRt B L 45 Ml s IR A 1R T ML A AR 1
ALY ], WA g5 O #MEE,2020,41(4) :42-46.
LI Zheng, LI Hua, LIN Fuchang, et al. Lifetime prediction of
film capacitors under high-temperature and high-humidity con-
ditions[ J]. Power Capacitor & Reactive Power Compensation,
2020,41(4) :42-46.
BB RN I A% ST, . BILIE S Y e A A U A i
SRR, B i A4 5 Y2, 2020,41(4)
47-50.
HUANG Yunkai, CHU Songchao, PAN Yanyao, et al. Discus-

[12

[

sion on prospective life and application of capacitor for rail
transit[ J ]. Power Capacitor & Reactive Power Compensation,
2020,41(4) :47-50.

(13] PESCstt. xfves R f e A g I AR A UM S [0 ] e i
#%,2005,26(3) :25-26.

SHEN Wengqi. Estimation on the expected operation life of
high-voltage shunt capacitor[ J ]. Power Capacitors, 2005, 26
(3):25-26.

[14] GALLAY R. Metallized film capacitor lifetime evaluation and
failure mode analysis[ EB/OL]. [ 2022-04-12]. https://arxiv.
org/abs/1607.01540.

(1] JATT3, o, 7 4. B IR A5 R BEL e ri BELRK o 2 5
e T]. RRER,2013,37(1) :89-93.

ZHOU Wandi, GAO Chong, TANG Guangfu. Study on pulse
power test method for damping resistor in HVDC converter
valve[ J]. Power System Technology,2013,37(1) :89-93.

[16] MAKDESSI M, SARI A, VENET P. Metallized polymer film
capacitors ageing law based on capacitance degradation|[ J].
Microelectronics Reliability,2014,54(9-10) :1823-1827.

(17] #Ae, J7 R, X7, 55 il ] 45 40 UAE R 52 1) R 5o A P AR

MBLAEZRAAC B LT]. 0 B 8l %,2017,37(1)
187-190.
HUANG Hua, FANG Taixun, LIU Lei, et al. Modeling of rever-
se recovery characteristic and optimal design of resistance and
capacitance parameters for thyristor converter valve[ J]. Elec-
tric Power Automation Equipment,2017,37(1) :187-190.

(18] B4 MR, Bfh , 45, & T AE it RO Bt Ak 2 L °F

e IR T xR A TR H A e AR A ik [T ] o E AL
TFES4,2021,41(22) . 7782-7793.
XIA Hongjian, CHEN Minyou, LAl Wei, et al. Failure detec-
tion method for metalized polypropylene film capacitor in mo-
dular multilevel converter based on band energy[ J]. Proceed-
ings of the CSEE,2021,41(22) :7782-7793.

[19] 259 B, FHIs, ™%, 45 4 Ja A0 IR 4 o AR Ok 53
[J]. sy 48 5T, 2015,36(5) :37-40.

LI Haoyuan, YIN Ting, YAN Fei, et al. Calculation for electro-
de heating of metalized film capacitor[ J]. Power Capacitor &
Reactive Power Compensation,2015,36(5) :37-40.

[20] TEC. Capacitors for power electronics: IEC 61071-2017 [ S].

Geneva, Switzerland ; International Electrotechnical Commis-

sion,2017.



155 JEJR S At IR BELE i A S5 A0 THA e I Az A A

[21] IML, A, 1. AT T Z90ERRIR AL 156 1) 45 s AL IR e
AR REVEPPAG(T]. i R AR, 2011,37(9) :2261-2265.
SUN Quan,TANG Yanzhen,FENG Jing. Reliability assessment

LEI Chaoyu, XIONG Yinwu, WEI Menggang, et al. Study on
accelerated aging and service life of damping capacitor for

Tianguang HVDC converter valve[ J]. Power Capacitor & Re-

[22

[23

of metallized film capacitors using T performance degradation active Power Compensation,2021,42(6) :94-100.
test[ J]. High Voltage Engineering,2011,37(9) :2261-2265.

QI R T I N R A R i S R
JEH R HTLT]. B ) TR ,2020,39(6) :151-158.
DU Yiming, PAN Liang, ZHU Lingyu, et al. AC and DC

voltage degradation characteristics of metallized film capacitors com) ;
[J]. Electric Power Engineering Technology, 2020,39 (6) :
151-158.

] A, AR, BN, 55, KT HVDC i i BH e’y ¢
A I IR KA A BT (], W A 5 8T
#h,2021,42(6) :94-100. 1+ LU AR G A

TAE;

Equivalent temperature rise test and life evaluation of

converter valve damping capacitor
ZHOU Chen, ZHANG Xiang, LIU Lei, HUANG Hua, YANG Fan, FANG Taixun
(NR Electric Co.,Ltd.,Nanjing 211102, China)

Abstract: The damping capacitor is core component of converter valve. Effectively evaluating life of damping capacitor is of
great significance for the evaluation of the converter valve state and the stady of the localization of the damping capacitor. First
of all , combined with the application principle of the damping capacitor of the converter valve,a multi-frequency point equivalent
temperature rise test method is proposed. By equivalently calculating the loss of damping capacitor during actual operation and
flexibly selecting the frequency and current for the test,the internal temperature and thermal resistance of damping capacitor
during actual operation can be accurately evaluated. Then, considering the actual operating environment and working
temperature of the damping capacitor of the converter valve, the life-influencing factors are analyzed.A life prediction method
combining aging test and curve fitting is proposed based on the classical life prediction model. The proposed method can shorten
time and cost of the test. Finally, the internal temperature rise and thermal resistance of the capacitor during operation are
analyzed in combination with the actual engineering parameters,and the expected life of the damping capacitor sample is further
evaluated by the life prediction test. The obtained results meet the requirements of ultra high voltage direct current projects.

Keywords : DC transmission; converter valve; damping capacitor; equivalent temperature rise; accelerated aging test; life

prediction
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