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Electro-thermal Aging Characteristics of Metallized Film Capacitor Under AC and

DC Combined Conditions
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Abstract: Metallized film capacitor is widely used in the field of VSC HVDC due to its self - healing
characteristics, high working field strength and reliability. However, its unique nanoscale electrode structure
causes such phenomenon as electrode corrosion and self-healing in metallized film capacitor, resulting in a
decrease in capacitance of element. In this paper, the harmonic characteristics of the working conditions of
the metallized film capacitor for flexible direct current support is analyzed, an accelerated aging test
platform for metallized film capacitor under AC/DC composite voltage is set up, and the capacitance
attenuation curve and life probability distribution curve of the metallized film capacitor under different
temperatures and voltages are studied. The accelerating life model under the joint action of electro-thermal
stress. The results show that the increase in temperature and composite voltage will lead to an increase in
the capacitance attenuation rate of capacitor, and the life of element will decrease accordingly. On the
Weibull probability distribution diagram, with the increase of temperature and composite voltage, the life
probability distribution curve shifts to the left, and the Weibull characteristic life parameter decreases
accordingly.
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Table 1 Harmonic characteristic of operating voltage of

DC link capacitor

WK f/Hz n./% ©./deg
1 50 100.00 0
2 100 32.58 -85.5
3 150 3.72 -163.5
4 200 7.43 -132.8
5 250 5.65 -351.7
6 300 5.39 -274.5
7 350 3.01 -150.0
10 500 2.53 14.1

HIZE 1 AR, BTS2 a0
e I T E 50 Hz BYEENS U A, A
AR 10 YR I I o B RN, T L2200

2 fnEEZALIRIE

21 HBFESHBEHY

B2 g5 T 4w AL i 2 0 o S AR T
5o ISR ER R b N BUE AR 10 pF, A
FERLIE 2.8 kV BB m AL A A gR oo, A a e A
Iy A E TR IIRAT o g [, C o b



2025 45 4 1

IR, F ZHREM TN SRR AR P R

(sE2200)

ELHLA, RO FEHLHLRE, Co it i 7 . 180 P
Ao A2 L P U AT TR AR 18 S R A i
L HEL DR A T L Y LR L, R AR
o A S O R 0 5 3 ) 52 U B A A2
HLH

g

C,
|
I

1ER R

@ flil |Ii

E2 mEZdideTEs
Fig. 2 Accelerated aging test platform
RIHEAR N

u(t)= Uy + U, sin(2mfi + @) (3)
s U S B HL 5 %) B FR R MR s U, A
A it FEL A 1 P SO L S R 5 A SS T L AR
H1 T B S i A A s AT O DU L o 32
PUCIR £ = 50 Hzs o N3 HLRRI AL , BRIAH 0.
SR RPN R 3 R .

u

U=UAUL

E3 Az EEREY
Fig.3 Waveform of typical test voltage

TR I I AR 47 ) PRI IR TR e T
Fl 45 C~105 °C, PREFFIZE N 50% , LB ATHFE 2 h
PRUET A FL A 00 R L -5 PRt AR o

>R LCR AT I 2 A [] & Al I ] 0 Fi 2 4 P
IR AR R, AR ERE SO
AC(1)= {C(l)c_ C‘)} X 100% (4)

0
s AC(e) R AR T] ¢ BT 7 Y FL 25 AR 5
Co FARZEACHT MR By LA 5 C(r) B AL Ta] ¢ 15
0 L A

R R A 4 b PR A R
FEAERE, AR A RSB mL L. LURAES

A I B A R E ) 95% LR, BIAC=-5% B %}
N ARG o [RIVE R LS 1 54 Lo T iA50
HAC=—5% B} X 07 (149 A (0] 388 B 7 PR R 3000 ki) 45 25
2 [a), PRI R FH vk A (L R S 51 o
22 REHHFE

HL S AT S AL i A T REAR 22 1R £, (1
L 2 1 A5 2 IR N — 2 437 1Y, 38 R FH R AR R
SRR BREL F (o) AR, F (1) F7R HL 282 72 ]
¢ ZRTRBAIMER B

P(L<t)=F(t) (5)

w253 A0 A 6 48 80 A B A A
5 AME 5370 Weibull 434558, Horft Weibull 377
JE—Fh 2 30 T BT A 0 A T oKL A
B LI S P2 A P 2 R T T A L S AR R
Ko XFFPISEL Weibull 4345 , H ZFUER ek HCN

F(t):l—em (6)
Kb BRIRIRSEL, S WA 50 A7 R B 4 ik
AR, i 45 rp MR A O RN 5 m S RRAE
FFAr SN, AR 3 0 A BRI o A A, R
FIRTF AL,
TE DR 15 B 1) AL B, 5 3154 P A
X} F AR SRR F5 A S ) MFC i R 10, HEAR &
FNTFRE, Bt L i kil =0k

piy= 1503 "

s FoRE § AN P S R A EE (=1, 2, -
10) ;0 IAEARZS 5 (ARSCH 10),

SR $5e /N 3 v X6 4 JE AL IR HL 25 28 A A Y
Weibull #8147 2500k 112, i i3 % 3K (6) 217 B
MO TS — S50 Weibull 53 ARA ALy

1 -
1n|:ln(l—F(t)jj| =BIni-BInny (8)

ﬂ,Xﬂmﬂ%ﬁ%ﬁﬁﬁ

1-F()

Y=BX-Blnn (9)
AR A S AR el 5 it 5 vy AR FR
A2 5T LUK AS Weibull #ERIFR ) B 5y,
XFTAF 6 Weibull 315 (1 i 01 2 (-3 7
i) 22N (10) Fros , H T oA S e, w3
AR
MTTanF[l +[13j (10)

TR AR T I S AR, A] DL
. 35 .



2025 4F55 4 1

L LA S O A

Fa0t

T ARSI I 26 AF T B 7 i oA eR A, T

3 KWHERES

3.1 HEASFMEEFGER
Arrhenius F55 K7 HATT A= AR 15 R AH o &
AL BT, B Arrhenius #5575 e 3 A 1R X6 7 5
HL S o s, Hop =Xn] sk
_LTy) . |E(1 1
AF, = L(T[t) —exp|:k(TU Tﬂ (11)

Krp: AF, RiREEFHar g K 5 L(T) R e EAR
[FlRBE S5 T Bl T A s T, M IEH TARIREE K
T, R T s iR e Kk A BUR 2% 2%
B, H M 8.623x10°eV/K; E, FRNTEALEE , & M
JEETC R BUA

*YINTALN ) oAy H R o 38R FH A A AR R
T LR R A PRGH R it P i R Al e
FEHETCCH R A, R A BIROR A F X 43
JERAL AR FL 225 R ™ AT RoR

AFU=§ﬁ%;=(€%j (12)

Ko AR CONH R FFRTINEEE F 5 L(U) A TCEAEANR]
LR A5 F T B 540 s U IE S TAESRF T R
JE; UK R R T N A f e s n R R 5

ARG 45 A Arrhenius 158550 1300 e A A6 )
BT B FRO, ) ) FEL 25 2 2 AR A s i o) e AR 1
TR I A Ay

L(T,U)=L,AFAF, (13)

AR AR FE A IR PR 7 5 AR S HLR F3 A i
PR Lo A5 TR T FE TGS 88
32 BAREGHEEETHNE

A ANTA) IR BT F A A A e IR 38
I A 2 3 B IR B 4 0 Dl 45 °C 165 C .85 C
105 °C, X5 HL K Une=2.8 kV, U\ =800 V, 47 4 41
XF IR, RIS T 10 STk

AN TRV BT I 2 A 50 v L 25 2 1 L 2
AL A& 4 Fon . BIFhSEg 1,902k 2 504k 3.,
Sk 4 436K 45°C 65°C . 85°C 105 °C N L &
AR R e, BIRE A 3 R 10 S JoFHL AR
AR 2 ) A EE:

] 4 S5 583200, sk 2 A h e A AR F 2
o P a0 s T I s, i TR A3 i, A
HL 25 o e DR 2R, A b 2 08 . X (6) |
K (9) & 4 r s F ol , 15 2 FRE T

. 36 .

FLAE e (1 5 A MR A 2 A TE] 5 BT
0 -

—-10

E4 AEREBRFNETETHMEIILL
Fig.4 Comparison of capacitance variation curves of
capacitors at different temperatures
99r
90r

W
(=}
T

KA /%
E

wn
T

20 30 40 50 60 70
FFfi/h
E5 ARIRETHHF@EES %
Fig. 5 Life probability distribution curves at different
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Fig. 7 Comparison of capacitance variation curves of
capacitor with different voltage amplitude
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Table 2 Life probability distribution function parameters
at different temperatures

AR n/h B
2.8 kV,+600 V¢ 138.16 8.53
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Fig. 9 Life probability distribution function parameters
at different voltages
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Table 3 Life expectancy at different temperature and
voltage amplitude

TR T/IC B ARV MTTF/h
45 57.48
65 52.86
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85 41.55
105 31.51
65 2.8k V4600 Ve 130.51
65 2.8kVye+1 000 Ve 27.65
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