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Analysis of Factors Influencing the Partial Discharge Performance of DC-link

Capacitor to the Case
ZUO Qianglin, HE Binghui, HUANG Jie, NI Yan
(Jiashan Sunking Power Electronic Capacitor Co., Ltd., Zhejiang Jiashan 314112, China)
Abstract: In this paper, the influence of such basic performance parameters of polyurethane (PU) adhesives
as dielectric constant, conductivity, and tangent of loss angle on the AC partial discharge performance of
DC - link capacitors to the case is analyzed. The influence of temperature on the curing reaction of
polyurethane and the effect of residual uncured rubber are also analyzed. The problem of incomplete
reaction of functional groups in PU main agent is analyzed. The influence of the vacuum degree of injection
on the partial discharge of the capacitor is calculated in combination with the Paschen’s law. Such three
curing processes of two-component PU adhesives for DC-link capacitors as high - temperature curing,
normal temperature curing, and mixed curing and their influence on the performance of PU adhesives are
described. The influence mechanism of the changes in the basic performance parameters of PU on the
stability of capacitor partial discharge and the influence mechanism of temperature on DC-link capacitors
are obtained. It is concluded that the lower the curing temperature of PU, the worse the uniformity of PU
curing, and consequently the worse the case partial discharge performance and its stability. It is inferred
that the higher the vacuum pressure during potting, the higher the breakdown field strength of micro-voids.
The the suggestion that the basic performance parameters of PU should not exhibit abrupt changes is
proposed.

Keywords: polyurethane ; DC-link capacitor; partial discharge; Paschen’s law; curing reaction

0 3= ST AT A SE AR SR T R 2
- B S A AR B E A B, AR TP R A
RABRINA GRS, BFEA Y S, BRIAY T2 A S5 BER | B 26 2 ORI si x

Wi E#3:2026-04-02;  f&[E H#:2026-06-23
EEWE : FZE AT AR (2021YFB2401504) o
Project Supported by the National Key R & D Program of China(2021YFB2401504 ),

- 20 -



2026 45 4 1

ZAEAR,F AR A AR X TR RE AR R D R A B

(55 2264))

Fedlisk . SRR T B G BR I AL E DAY - 5
ST 550 — B R 22 D0, [ AR57 O St 5 R
P! FCIE T A 7 S B 4 SR I A IR A T
MTEA5R) SEE EE 451 5, 2R R AT T8] A5 i e AR
2 fifte ASCERTHAR N R E 5 H RN K
. PRI 2 T E R A A 2 5K
NN R b AN A DN vy S S 7L
FIIEISEPEN S SRy T 96 A H A AR X 52 SR 25K,
T S A AR B AR AR R R
R S IO TR A A7 AR R A A S 18 5], A5
WERR AR . AT R 2 5 EOboRE R LR
JEE TR A2 it PR RE AN PP BEANEE . (ELK Sy B
REXT HL A5 A AU 32 B B B2 R o R O Y 5%
SO SRR B /N, B iV, 2o Jey AT 5
JE AR AP BEJEE /N X TTAF B FE R /DN

BRI A A 5, o3 PR AT R 7R A A
W FE R T o0 T 2 B S 20
B R, AR A B MERE R A, (A
SR B AR B, HL 5y 2 LR e IR R A
JEUBFE T RE . 5 N, 2 G v B 0 SRR gAY
RAMEM I EAVERESBINE | ik, N THET
R, EF LA ATV LB Y BOPP 5N 4
TR RS ROIAER 1 .

£1 REMROEFEESY

Table 1 Basic performance parameters of PU adhesive
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Table 2 Comparison of dielctric parameters between
polar and non-polar dielectrics
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Fig. 1 Relationship between the relative dielectric constant
of PU and temperature
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Fig. 2 Relationship between the volume resistivity of PU
and temperature
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Fig. 3 Relationship between the tangent of the loss angle
of PU and temperature

ME 3 AT LR, SR 2 BRI AR A 1IE VIFE 20 °C
DLUTFRAREZ210 , JLT-BA B R AR L (A 30°CAE
A TR HGHE K, 7E 80 °C I3k F| THil . 30°C~80°C
J FL AR AR AT IS (] S5 A 0 T B8 DX (AT, X A X[
N SLFE IR R b TH I SRR, AU S T B A AR
FIXT 58 R AR FRAE | I 22 5 | R X e 4G K, iF—
AL AR B T o SEBRIERA , R X R
BRI LA AR X 5E R E BEAN BB IR 2K

2 RENEAREEMERNIN

2.1 MMERMEIZ
TR L BR T 18 o SRR A A BE S B0 B 2%




2026 45 4 1

ZAEAR,F AR A AR X TR RE AR R D R A B

(55 2264))

R AR P A S A IR A B S X A AR R
HIS R FL PR B R o AR BT T« XAk 2R RO
AR B B SR FTOGE A JEE 4% e AR ST

HL 2 g FH R SR 1 Ak 2 05 2 vl LB BB AR
JEP R, AR R AR R TR ek 2 oo, H
eV AEIE(-OH) , BREE N f=2~3, WiV,
HFH— b 3 B REFIA 2 B REA A R ik £ T iE
Fig B — 5 1 E GRS 5 i, 61 Pk 751 v B A S R i
B (-NCO) , Wi & A b2 I W 1l 3 2 g e
Ao Al SO s B S R RE AT A TS MR D TR
JE R T RE A T PR R . — TS L 3 EREAT Y
TR 2 BB A TE PR . X TR AR R f=2~3
IS B R 2 0B, ANRE N A 2 55 -NH2 , 75 ) A]
RB 2SRRIV, 77 K S AR oK & 4
S HLZS AR SR B e o Wit R T R AR
Z U 2C I, £ 5 [ AL IR s B . FEAVE R
BN ZEACHR A R AR T, ARZIN A2 5

Xof T A 1 SR AR 3 Ok U, LR
07 F ML FE A 30 °C [ 2] 10 °C, e i e 25 5%
MR DAE T 7E 30°C T Bk N ikl )2 32 5
(AR M, AR 10°C FEAE MY Hud A2 3 5
(AESIAE R R N o FLARTER R 5 44T R AL
HA 2o AL H A4 AR R 50 i L e, thfl
fFER T 3 ERIER TS 2 BRI .
TR LU

D W RZER WG A T2 RS 10°C, AR
10 °CF W Fe A REHEA T IF TR B BT, 9 A 1) b
BHERE S 30 Cr= WA B AN TR], HLIE H R RS
SRR S SN LG, T7 BRI Mo

2) WAZFR U TR it o 3R 2R %) 114k S 1z, 3
HE AR B0 T B8 AR R AE (20~30) °Co Qi SR BRI IR
A 10°C, A0 JEURL, R e L 25 25 FH 2 oo R gl
AL, AT AR (20~30) °C, F-5 [RIRE TR [ 4L
FRA . IREE , S pE e RIS T (IR 46
)RR 1R .

3) WSS BEAE 10°CLATR , R %% T Ak
(R A T2 o AP 7R 2 A AT 3R T £ ) A A A &
WATTIITE . A RA WU AT, 7T LK IR
FEARREAE 10 °CF By ARR 1, ER Al AL,
2 S RIS B T FH I TE) R R TS R B
i), T BB B R T2

4) FTEHURITTE . AE 10°CTF , B A IRAS B2 31
VR 1 P00 er e R 2 IR SRR TR o SRR
TR 58 2 g e 1 [ AL e K, &5 815
[ £k, XoF B 25 2 XoF 52 Jed B M AR K, Ao 31 A TR

SRR
22 MERKREREFIRIZ I

3 EREFIA 2 FREA Y 200 RE S WAL i S
FIRFRHL A (-NCO) py A2 s Jy FE =l an=t(5)-(6)
JIi7R

RO0H 4 347Nc0 =R+ (5)

R—ZOH + ZA*N(:() :R2 + ‘j;j““ (6)
K RPN 3 HREHI Z 008 ; R N 2 HREH
Z Il AT SN R, R, 200008 3 B REHTA
2 B REM Z TR E LS i R A A

HI T A0 ATk, F 2 SR &l R H K R A
B, Ak S 58 R AT AR RS o AR e 1) B AR i 2%
TN 7 R A R T L 25 M A s ]

M (5)=(6) T LU H « I & e i [ £k 520 43
ARG EML T 2B EXANHE, 3 ERENZ T
B 1 AN T-IHFE 3 AR, 2 B REFI M 2 oTEE
1A TIHFE 2 ANEERI T RAE=(5)-(6) Xt
TR ERAN, BAMARREERG) X (6)Z2
] o T PR A& (5) ) ny, bR 4t =X (6)
Mo AR (5) 1 RV FE A o1, 30 (6) Y SN 8
oo WA

a,=3v,t+ 20,1 (7)
K a A AR EE R 714G 0 o 3 B RERTTY I
R, mol/s; v, 24 2 ' RE MY SN 3L, mol/s; ¢
KBS s
A (7) T LAAS
TN PR ¥R 7 (®)
K, a=v, /o, N 2 BHREMII N E S 3 B REATHY
SN T L o

s R &g 7 3 B REH 1 BE R o T80k
ay .2 HREVIMIEE IR 73808 a, » WIS 02 i
AR

a; =a;—vt (9)
Ay, =, =0yl (10)
K2 ay 3 R RS T A a0y, o 2
PIRIEE R T8 HARTRE(8) .
R (8RA(9)-(10) T LIAGE

_ a, - __ 4

U =BT, Bh2a) BT 3420 an
_ a, _ e

4y = vzvl(?) +2a) 27 2a+3 (12)

fRis 3 H REMIZ JUBE Y 70 T8 ma, 2 ‘B BEM]
ZICEER T me, BRI 500 mio ARG
. 23 .



2026 415 41

ENERESRYBE

F47E

SCHk , AR LAY T m, D) 1 mol 124 5
BT8R N, (B AR AN % 4 %5, F 6.022x 107 ),
TN m 55, XRERT IS 3] FE AL EG S 5 &R RO A
FBEOTRE T, SR 3 iR,

*3 EUHESWRENERS FHMESTY

Table 3 Changes in mol molecular numbers and weights
of each substance before and after curing
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Fig.4 Variation relationship between the relative value of
raw rubber and the reaction rate ratio
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Table 4 Variation in bubble volume and pd value under different injection molding processes
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Fig. 6 Relationship between the field strength or

breakdown field strength in the bubble and the injection
pressure
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Table 5 Influence of curing process on properties of PU
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