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Research on the Influence Factors of Thermal Stability Temperature of High Voltage
Shunt Capacitor Under Multi-harmonics Condition
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(1. State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049,
China; 2. Xi’an High Voltage Apparatus Research Institute Co., Ltd., Xi’an 710077, China)
Abstract: Harmonic currents increase losses in high-voltage shunt capacitors, causing significant heating and compromising safe

operation. Existing research offers limited insights into how harmonic combinations affect capacitor thermal stability and lacks
precise methods for determining internal temperatures. Based on the observations, multiple odd harmonics were applied to the
shunt capacitors to simulate actual operating condition, and thermal stability tests were conducted using a constant current method.
Temperature sensors are installed on the outside and inside respectively to measure the shell temperature and core temperature
under different working conditions. The experimental results indicated that under single-frequency current, the thermal stability
temperature initially decreases and then increases as the frequency rises. By analyzing the dielectric and conductor losses of the
high voltage shunt capacitors, the study elucidates the effects of harmonic frequencies and their combinations on the hot spot
temperatures of the capacitors. At lower frequency ranges, an increase in harmonic frequency leads to a voltage drop, which
reduces dielectric losses and, consequently, lowers the thermal stability temperature of the capacitors. In the medium-to-high
frequency ranges, dielectric losses are less affected by frequency, but the increased frequency induces the skin effect in the metal
conductors, resulting in higher conductor losses and a subsequent rise in the thermal stability temperature of the capacitors. These
findings provide a theoretical foundation for optimizing the thermal field design of capacitors.
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Fig. 1 Schematic diagram of 110 kV substation
ARG T AR AR, AL
ZHREIEMAE LML AT, 10 KV BRZE Bl S &
B, JERCRAZINE LR . A 10 kv
BREA ST L i S B LA 2, BGE s Sf
) O5%MERAE . W LUK I, 7 i i T F A 3%
FCE M 10KV BEZE |, 5. 7. 11, 13 IREEFTKIE
P B R R LA SRR R A S B L R AT
DEE, MELR WA 3. & IR A R SRR
TEE B BRI 3. 5. 7. 11, 13, 15, 17
U0 Her 5 RSB A iR, IR 7%,
B i

7 [ B
[ cil

)
B ARANEN
0 I LD D e 0 1l I.III
2345678 910111213141516171819202122232425
P Vi
B 210 kV BFERE BEIESH R

Fig. 2 Harmonic voltage content of 10 kV bus
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Table 1 Electrical parameters of shunt capacitor
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Fig. 4 Temperature measuring point distribution of test
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Table 2 Frequency count and effective value of multi-

ple harmonic currents

HHRALS BRI AA WA RUA
1 48.0 —
3 — 48.0
5 - 48.0
7 - 48.0
11 - 48.0
13 — 48.0
23 — 48.0
37 — 48.0
49 — 48.0
1+3 44.3 185
1+49 44.3 185
1+3+5 44.3 13.1
1+47+49 44.3 13.1
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Table 3 Thermal stability test data of the capacitor

under test

Wk AR AR PA s PAY S
HE = &2 &l 52
1 47.29 47.26 53.57 53.76

3 44.65 44.42 49.08 49.22

5 4435 4408 48.61 48.64

7 4455 44.27 48.72 48.75
11 44.47 44.22 48.55 48.54
13 44,55 44.29 48.64 48.66
23 44,54 44.31 48.58 48.60
37 44.55 44.37 48.57 48.63
49 44,71 44,54 48.81 48.93
1+3 46.89 46.62 52.82 52.99
1+49 46.89 46.63 52.93 53.10
1+345 46.89 46.62 52.92 53.07
1+47+49 47.12 46.85 53.26 53.47
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FE AL TSR T > I o T ot P A T
r e MRS . AR, R AR E IR
BEAR T R i (D)Fs, A S HRIRA
BUE | AR, M TR, ARSI
JE U FEMR, HEPRERERR. BHHER o

I FAEASR A HVE, T A Bk A 5
AR J RRNE S RS ARG o FE AR A B R LA
W A B A IEVME tando &7, 2 LA 28K
SR U R, SRS Py

P, =U’aCtan, (5)

KO P w=24 HMIF; CNLRGFNE
6. fERSEFBIN T, WE f Jhm, BAESK
TR, A O TR PR, HAESRR
R g i T P

FEFEABL,  FA s PV T B T
A /MBI 24 AR A 2 RS I
FHENIERR AL, PSR
T, XA RAR IR R ERG T 2T
RAERR AR, BRI, IR o 1t
AN

6= |— (6)
(0] 7o)

(O): w=24 NAWE: 1 NHTHR; o
R, R s, ERIREE o B/, R
SRR A A P ARRE, SABER. hiTE
JRAOSEH AR AE T RO, I H B ot
TAFEAL A M /N, B 1 FL 25 28 AR e iR P T

4 2R

SCHAHT T R SR AR AR S bRE AT T,
BN BAM12/43-334-1W HL 258 88 800 T i 22 1%
HE TH T REEIRE, TR A8 0 e
AN S A B ANIR AL S, MR AE A R
A TIPSR RO TR, 2 e 2
A FARAER FARBFERAT 4T, T BILL R &k

1)iEE X} 110 KV 2 REVCAEH IR 611 10 KV B
2 P R 1R e R F 2 2% S F R AT DU A )
Hr, EE AR AR A OB & ER S, 3~17 IR
W R SH R RT 2.3%, 5GBS ERER
", BT 7%

2)%F i e T I LA A% BRLOCTT R 2 1 B TR
Pdaeikig, PR AR T B SR
TR, BAEOT U2 mEk#Hfae
BEET 2/3 mEAL, HEBMED Tl d st m
JLIER T IR T AT T PR e IR

3) K FH L AL 2 PRAIE FE 25 88 it i R A A1
| A, M EAR f T s, R, BT
JE U BEIK, SECRAERARBFERDN, AiEiR



FET R fErh B, A AR,
I TR RN T B RS T SRS N, 3
BB A ST E R T

e RPN
[1] #FEN, WREE, S . FOm UM ARy E1E

(2]

(3]

[4]

(5]

(6]

(7]

HUHT AL ) RTHESER FE D). hE LRERFE:, 2021,
23(6): 61-69.

SHU Yinbiao, CHEN Guoping, HE Jingbo, et al.
Building a new electric power system based on new en-
ergy sources[J]. Strategic Study of CAE, 2021, 23(6):
61-69.

HO, PRE, H%kE, %5, IEEE ICHQP2018 5
HLBE SR AR T FI[J]. L A Bk, 2019, 39(4):
197-203.

WANG Ying, LUO Daijun, XIAO Xianyong, et al. IEEE
ICHQP2018 and development directions of power qual-
ity[J]. Electric Power Automation Equipment, 2019,
39(4): 197-203.

B R RGN B A LR AR I 2
P BESE[D]. [N ERERY:, 2021.
ZHAOQ Chen. Research on multiphysical fields of power
capacitor and its series reactor under the influence of
harmonics[D]. Guangzhou: South China University of
Technology, 2021.

Z B, FE9. BERESYERE AR B EE
REREN]. mHEERAR, 2021, 47(9): 3105-3123.
LI Qi, LI Mangian. High-temperature polymer dielec-
trics for film capacitors: Review and prospect[J]. High
\oltage Engineering, 2021, 47(9): 3105-3123.
WOCHE. RIE. R, . RS R AR A A
SCMI[I]. FEJJFEAREE, 2005, 26(2): 6-8.

SHEN Wengqi. Influence of temperature, voltage,
harmonic and inrush transient current on power capaci-
tor life expectancy[J]. Power Capacitor, 2005, 26(2):
6-8.

KRECZANIK P, VENET P, HIJAZI A, etal. Study of
supercapacitor aging and lifetime estimation according
to voltage, temperature, and RMS current[J]. IEEE
Transactions on Industrial Electronics, 2014, 61(9):
4895-4902.

FEEE, it aEaA s R AL, B
JIH %S, 2003, 17(3): 34-37.

YAN Yuting, NI Xuefeng. Research on thermal stability

8] B+ 71, & 4,

test of all-film power capacitor[J]. Power Capacitor,
2003, 17(3): 34-37.

e, . P kKR ASRAERE N
T[], A28 5 B Th#Ms, 2020, 41(1): 96-101.
CHEN Li, XIONG Yi, LEI Xiaoyan, et al. Study on
thermal stability of fireproof power capacitor[J]. Power
Capacitor & Reactive Power Compensation, 2020,
41(1): 96-101.

[9] XU, BRPERE, BRAM, 5. WA I rAAR A

29(7): 82-84.

LIU Wenze, CAIl Zexiang, HUANG Songbo, et al.
Calculation model of HV power capacitor internal hot-
test-spot temperature[J]. Electric Power Automation
Equipment, 2009, 29(7): 82-84.

(1022, E7a, Ak ik, . Fre SRR A

EEFE[]. HEES, 2016, 52(2): 107-114.
NI Xuefeng, WANG Zijian, LIN Hao, et al. Temperature
field simulation of shunt power capacitor used to UHV
engineering[J]. High Voltage Apparatus, 2016, 52(2):
107-114.

[12]% 1L, BRBUE, 2050, . SCiim ke m g

BRI A AL BT 0] R A, 2018, 54(1):
1-8.

LI Hua, CHEN Qiren, LI Haoyuan, et al. Temperature
rise characteristic and design optimization of AC high
voltage metallized film capacitor[J]. High Voltage Ap-
paratus, 2018, 54(1): 1-8.

(216 f, ™ K, ETE#, . REELREAIHKE

BRI AEENED]. SREROR, 2018, 44(6):
1853-1860.

CHEN Wei, YAN Fei, WANG Zijian, et al. Thermal
stability performance of shunt capacitor unit for UHV
project[J]. High \Voltage Engineering, 2018, 44(6):
1853-1860.

[BlETE, ™ & EES, % &S eiBs s

SEVERERIG A1 P IR BE AN ELI]. TR IR,
2016, 31(17): 207-216.

WANG ZI Jian, YAN Fei, HOU Zhijian, et al. Thermal
field characteristics of high voltage film capacitors in
thermal stability test[J]. Transactions of China

Electrotechnical Society, 2016, 31(17): 207-216.

[14]1XING Zhaoliang, GUO Shaowei, SUN Qiming, etal.

Thermal field simulation of high voltage shunt capacitor



based on electrothermal coupling in harmonic environ-
ment[C]//2024 IEEE 7th International Electrical and
Energy Conference (CIEEC). [S.l.]: IEEE, 2024:
5052-5057.

[15]45FRHJE 1 000 V LA FAS IR E ) R G0 FH IR R A5 2% 56
1#84y: &J: GB/T 11024.1—2019[S]. dbxt: T
byt R, 2019
Shunt capacitors for a.c. power systems having a rated
voltage above 1 000 V—Part 1: General: GB/T
11024.1—2019[S]. Beijing, China. China Standard
Press, 2019.

fhE B3 (2000—), 5, E-LRFARA, WHAT AR
DRG0 R s AR S L R ROXU S 1A (E-mail «
sungiming@stu.xjtu.edu.cn).

WAL H(1988—), F, Hit, HdR, WA AIER
LR SRR BB A M 5 it SRk EL IR MMIC TS
REWMEA & BB TR & RES N
(E-mail: zhuly1026@xjtu.edu.cn).

w Wk(1988—), 5, m LA, BEFLIT A A
R A S e B R A AR AT AT



mailto:sunqiming@stu.xjtu.edu.cn
mailto:zhuly1026@xjtu.edu.cn

	孙启明1，祝令瑜1，盖  斌2
	0  引言
	1 高压并联电容器运行工况分析
	2 高压并联电容器热稳定试验
	2.1 试验方案
	2.2 试验电流计算
	2.3试验结果

	3 热稳定温度影响因素分析
	4 结论

