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Research on Heat Dissipation of DC-link Capacitors at High Altitudes
ZUO Qianglin', NI Yan', HAN Xu®
(1. Jiashan Sunking Power Electronic Capacitor Co., Ltd., Zhejiang Jiashan 314112, China;

2. Wuxi Sunking Power Capacitor Co., Ltd., Jiangsu Wuxi 214177, China)
Abstract: Based on the principle that the amount of heat absorbed or released by a capacitor due to
temperature rise or fall is identical under different atmospheric pressures, this paper establishes that the
heat dissipation coefficient of the capacitor case and the steady-state time remains constant across varying
altitudes. Accordingly, a verification experiment is designed to measure the heating and cooling processes
of the capacitor at different altitudes. According to the experimental data, the heat dissipation coefficient of
the capacitor to the surrounding air during the temperature rise process is obtained at altitude of 5 000 m,
which is decreased by 28% compared to that at normal pressure. The heat dissipation coefficient during the
temperature drop process is decreased by 25% compared to that at normal pressure. The conclusion through
derivation in this paper that the difference in temperature rise of the hottest point of the capacitor and the
temperature rise of the container is equal under normal pressure and high altitude, is obtained. The
experimental data confirm that the above conclusion is valid. At the atmospheric pressure corresponding to
an altitude of 5 000 m, both the capacitor case temperature rises and the hot - spot temperature rise is
increased by 2.8 K. The experimental results also indicate that the lower the ambient pressure, the longer
the tiem required for the capacitor to reach thermal stability.
Keywords: high altitude; DC-link capacitor; coefficient of heat dissipation; temperature stability time;

thermal resistance
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Table 1 Correspondence between altitude and average
atmospheric pressure
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Table 2 The meanings of each symbol in the formula
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Fig.1 Schematic illustration of the placement of the test
samples in the vacuum tank
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Fig. 2 Relationship between the temperature of core and
heating or cooling time at normal pressure and high

altitude
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Fig. 3 Relationship between the highest temperature of
the test sample and time under normal pressure
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Fig. 4 Relationship between the hottest temperature of
the capacitor at high altitudes and the heating time

MR 4 FTLE I FER R PT mEHRATH A
12 5 SCERPS B S50 8 — B0 s (BRI AR P
T, FHE T R R A RS X 5 AR 1.1 5B
CHERPEE A —F, XA ZERKIESh, SR
12%. ZEH A, F 2R P& SR g, S
AT S AR AT S O T A3 20, £E R IR
SETE AN FL AR LT A5 2 17 A SC ) S 56 B0H
ANE TR RS R R R AR A A A AN
WSS TR RN . AR SCERY, i AR oo i
5 LT Y FRBH R A 2 34 A A, R BH 35/ 5 1T
ARG OL T, FUZE A To 1 A TR A AR 2 A rh A
AL HBHBE KR, ENE R RSB ERER
Y F B A
23 HAMRHITE

R SCHR, 75 T F A S Mokt i FRl s SRR
REEOT A IAREAR Ik, = 1.2 % 107 W/(em™K),
BHIBEINEE k= 1.1 x 107 W/(em®K) . F3 4 (95K
PARA(6)-(8) , 1553k 5 PR ry4s

M5 AT LLE #), 72 I HAES, 5 000 m i 4R
T, AR Bl S AR BONE R
1.2 %107 W/(em?- K)VE/NE] 0.86 X107 W/(em®+K),
SRR T 28%, Bt — BRI s AR Y R AR R
R 54 kPa [ HBIX , HL 2525 BV ETHER R BN
L.1x107 W/(em?- K)¥E/NE] 0.82 %107 W/(em?+K),
SEIRNT 25% , B s — SR 4T

F4 BETHEER TSNS EHE KR

Table 4 Data related to heating and cooling of the test samples under normal pressure and high altitude conditions

A P-A P-B P—C P-A P-B P.—C
] /h 8.5 8.5 8.5 1.5 1.5 1.5
TGk o5
HREE/C 412 40.2 40.1 41.7 40.5 40.1
FiF ] /h 38.0 38.0 38.0 43.0 43.0 43.0
TR s,
TRE/C 80.0 78.7 78.4 80.0 78.5 78.3
A [A) 2 /h 29.5 29.5 29.5 415 415 415
RIHK 38.8 38.5 38.3 38.3 38.0 38.2
A [E] /h 58.5 58.5 58.5 61.0 61.0 61.0
VA A5
TREE/C 80.1 78.9 78.7 80.1 78.8 78.5
A 8] /h 89.0 89.0 89.0 101.5 101.5 101.5
BENZ S,
R 412 40.0 40.1 40.8 39.7 39.6
Fis ) 22 /h 30.5 30.5 30.5 36.5 36.5 36.5
IRTHK 39.9 38.9 38.6 39.1 38.9 39.6
k1l ki/107 0.864 0.866 0.857 0.820 0.824 0.822
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Table 5 Thermal coefficients of heat and cooling of capacitors under normal pressure and high altitude conditions
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Table 6 Calculated temperature rise results for the
capacitor case and the hot-spot of the core

ZH AT, /K AT, /K B, AT, /K AT, /K AT, /K
HEME 98 28 244 210 238 28

M 6 ATLIF Y, X TR A 1000 m A LA

THLIX , AMFE IR TE R AT, =7 K (A% , 16K

5 000 m [P 1l XG5 47 B, HL2S 2% A0 o il 3 n 2]

9.8 K, 1 2.8 K; [Ff, A Ee e AR T, R E
. 51 .




2026 415 41

ENERESRYBE

F47E

WHIIN T 2.8 Ko 3XA~45 55 Aiy i 1) PRS0 & —
FERY

242 A7 AT HE
W (6) T IS5
k2 — tl
kT"‘g (18)

M (18 AT AFE Y, ARSI AT 1 000 m
Hb DX A I P e ke IR R] 55 7R R TR R X i R AR
FE BT R] 2 b A T B R R L. R E

a="7B s e ARG TR
1 1
(P
At:tz_tlzllatl—tlzlfatl (19)
At ___ a
oy (20)

K (19)-(20)H, A itk T AARE R 5
R AR B[R] 2%
i3 X (20) AT LA RAS B A AR AT R TH Y
BB VR R % @ =28% , W FL 25 P AE TR 3
5000 m Hi X A3 BE AR B TR1 2338 0 mp = 39%.
JEUL, TR AR, F S A A TR R I R
K (14) AR IR I 22 20 (17) B A fedh
SUREZ R (20) A SR AR R 2Z M E 4 i s
I3 LR = I fa SRS NE S FiR,
50.0
« 40.0
<300
20.0
10.0

020 025 030 0.35

a

0 0.05 0.10 0.15

E5 nS5alixzmihsk
Fig. 5 Relationship curve between n and a

MIELS af LUE Y, BEF A A s AT i i,
LA AR o S R 2 SR A R B0, B A s
A3 AE e TR X ) el P e PR il T AR MR
LA s B PR A B I TR, AR R S 2
S TR —

e LA, A SCHY SR IR AR HL A AN
A G0 ZEAT B9, MR SRR B 23 Br , B0 S e
At B OCPF ARG, SCPFAEAT B AN L B9
BLF TC A B R R A B BE R A DX Y . LA
wilt UL T, JoPF I/ N— 2 2 A R T AR
SCHESE R H I TR RS2 R 22K, b il Bk — 20
T

- 52 -

3 45iE

1) A AT, H 2 Tl A 3 it ) 460
S, T LAAS 3 H 2 I R il 38 A A A I ]
MG 2 ik T A a2 i A R R K

2) MRS, 7E 5 000 m W T, IR &
THE Y] il s S AR EON 1.2 X107 W/em™K)
B /NE) 0.86 X107 W/ (em® - K) , I/ T 28% 5 HL 4
A IR O RBON 1.1 %107 W/ (em? » K) /N 5]
0.82x107° W/(em® K) , I8/ T 25%.

3) MG R e m T AR O TR
PR TR T 4 e R R A e e v il T 4 48 e A
S o SCEGERBT TEXT IR 5 000 m B R AR IR A
PER, SEI0 LA A A B AR R T AN A5 T T4 1
T 28K,

4)TERB Ry , P ASA IBEARE A I TR . H
A BRI 5 000 m HLIX, SPoE R AT A R AT
W 28% ; Jid BERGE N [A] ELAETESR 1000 m [ LATF M
XHEIT 39%.

BEXH

(1] REC M B AR S8 (56 2 SO M. AUl A,
2017.

(2] BXmi. o Hs B i TR R (B RO M. b st .
[ L Ay AL, 2011

(3] RIEHH. etk B i R KR BUR B AERBEE (). 1l
ATl HA,2014(23):22-24.

(4] Fvedte, BRI, MR, 55 BRCHERARBEA B

HEITEIE]. T AR AR S O, 2026,47 (1)
50-56.
LEI Xiaoyan, CAO Gang, XIAO Liangle, et al. Influence
of ambient temperature and applied voltage on the tempera-
ture rise and temperature distribution of self-healing power
capacitor]J]. Power Capacitor & Reactive Power Compensa-
tion, 2026, 47(1):50-56.

(5] RERILL AT m O B 88T B PERERZ R[], L)
HUE,2016(9) : 11-12..

(6] FF, B 5. mifE R PSR AR T 7 R 4 i Sy
PR F R, 2022,48(3) :857-864.

WANG Ping, XIAO Zhiyong. Characteristics of discharge
initiation delay under high altitude positive operating wave
[J]. High Voltage Engineering, 2022, 48(3):857-864.

(7] SR & 45 10 2 SO MRBLI - GB/T 311. 1—
2012[S]. 2012.

Insulation coordination—Part 1: Definitions, principles and
rules: GB/T 311. 1—2012[S]. 2012.
[8] Insulation coordination—Part 1: Definitions, principles and

rulers IEC 60071—1:2006[S]. 2006.



2026 45 4 1

ZRRAR,F ELUSCEAAE R A A B R

(55 2264))

[9] Classification of environmental conditions—Part 2—3: En-
vironmental conditions appearing in nature- Air pressure. :
IEC 60721—2—3[S].

(1048 S5 —55 1 80 43 5 S, JEUP AR I GB 311, 1—
1997[S]. 1997.

Insulation coordination—Part 1: Definitions, principles
and rulers: GB 311. 1—1997. [S]. 1997.

[11] Insulation co - ordination—Part 1: Definitions, principles
and rules:TEC60071—1: 1993[S]. 1993.

[12 )& E R S B 2545 : GB/T 6915—1985[S].

High prototype power capacitor: GB/T 6915—1985[S].
1985.

(13 e 58obR, XROIG I, 75 7 FE U T P 8 P 25 ol 11
ORISR LAY, 2013,. 49(4) : 71-75.

ZUO Qianglin, DENG Guangzhao. Study on the technical
problems of DC filter for gianghai-tibet DC project[J]. High
Voltage Apparatus, 2013,.49(4):71-75.

(14 ) Zeim bR, FUZ i A SR (D], L Ty AL R B0R 1988
(2):29-30.

LIS JAhAR- OGRS, A 75 MR it o Pl 25 A B 2
BN ST A [C1/2012 4R 5 28 HL AR S50 SCHE
2012.

(16 VB 0B , il AT, FRL g L7 FRL 2 0 oo Y BT 5 T4
FHRIBIEFEL]. L RBHE,2019(10) :26-28.

17 i A BB AR 55 13803 — Mo BB 2K - GB/T
16927. 1—2011[S]. 2011.

High - voltage test techniques—Part 1: General definitions
and test requirements : GB/T 16927. 1—2011[S]. 2011.
L8 JPREE I —5 2 43 - e —1 50 Jr i« ISUE : GB/T

2423.21—2025[S]. 2025.
Environmental testing—Part 2—13: Tests—Test M: Low
air pressure : GB/T 2423. 21—2025[S]. 2025.

[ 19]Environmental testing—Part 2—13: Tests M : Low air pres-
sure: TEC 60068—2—13:2021[S]. 2021.

[20 JTEEE Standard for Shunt Power Capacitors : IEEE Std 18—
2012[S]. 2012.

(21 J5KE L, Ze sk, (a3, 2. B S A% L A e A EART ] 4

S BAEN]. H T LA R S 0D kM, 2026, 47(1)
66-71.
ZHANG Maoshan, ZUO Qianglin, NI Yan, et al. Calcula-
tion and verification of thermal time constants of DC-link
capacitor]J]. Power Capacitor & Reactive Power Compensa-
tion, 2026, 47(1):66-71.

[22]ZU0 Qianglin, LEI Qiaoshu. Calculation and verification
of thermal time constant of circular element of DC-link ca-
pacitor[J]. IET Nanodielectrics, 2026, 8(1):e70015

(23 J3 . AL CAE TN U AR 45 T, 59 29 7. HILRCT
oAb A, 2019.

(24 J7c 5k, BRAET , Bl e, 45, B SCHE L A AR B TR

AR AL 5 07 JAFSE[0]. W T A A 5 R DA e
2024, 45(1):121-127.
ZUO Qianglin, LEI Qiaoshu, ZHONG Shaolong, et al.
Study on heat dissipation model and simulation of circular
element for DC-link capacitor[J]. Power Capacitor & Reac-
tive Power Compensation, 2024, 45(1):121-127.

{EEE T
A EAR(1967—) , %, EHA LA, TEAFE L

A E&I R T, E-mail : zuogl@sumcing-tech.com,,



	电力电容器与无功补偿 2026.4期封面(1)
	电力电容器与无功补偿 2026.4期封二(1)
	q1 东和-2026PDF-v2_tif_p0001_pdf_p0001_pdf_p0001
	q2 哈大电器
	q3 凯瑞电器_pdf_p0001_pdf_p0001
	q4 杭州精诚 电力电力电容器期刊广告
	q5 凯泰电器
	q6 三和电力-2025《电力电容器与无功补偿》刊物 页面
	q7 电力电容器内页广告 赛晶电子
	q8 西安金叶电力科技有限公司
	q9 西安高压电器研究院 股份有限公司 24年杂志广告制作-9_29-zq(1)_pdf_p0001
	q10 修改辽宁新程
	q11 海源VQC2025杂志稿_pdf_p0001_pdf_p0001
	q12 威司克形象页2026-1
	2026-04电力电容器目录_Print
	2026-04电力电容器_Print
	电力电容器与无功补偿 2026.4期封三(1)
	电力电容器与无功补偿 2026.4期封底(1)



