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Constant Damp Heat Test of Metallized Film Capacitor
WANG Xiang
(Anhui Tongfeng Electronics Co., Ltd., Anhui Tongling 244000, China)

Abstract: With the rise of new energy vehicles, the development trend of electric vehicles is rapid, and the
demand of metallized film capacitor is more and more due to its unique advantage in this field. The
integrated module of electric vehicles is generally compact in structure but weak in heat dissipation , which
makes the metallized capacitor to operate in the high temperature and high humid environment. Therefore
how to improve the high temperature and humid resistance perofrmance of the metallized fim capacitor
becomes gradually an important study subject. In this paper, the related concepts and standards of constant
humidity and heat are introduced, the capacitance attenuation reaction mechanism of metallized film
capacitor in constant humidity and heat (double 85) test is studied and the purpose of double 85 test
(accelerating aging to expose defects in the early failure stage of capacitor) is described. Double 85 test is
carried out on X2 products by constant temperature and humidity chamber, and the core of the product is
dissected to reveal the missing metal layer inside the metallized film and corresponding analysis is made.
The suggestion of the metallized film capacitor passing double 85 test is proposed so to provide theoretical
and test base for the capacitor in high damp and hest resistance.

Keywords: metallized film; capacitor; constant humidity and heat; double 85 test
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D SaW & SR B b= N O A A S T s o | Bl s
AR L R R SR [RRLRE R T BB 2 i R R A X
JEZ b, W] FOR s K 2RS4 ) S AR R]
TR R KIAIE 2 o MIRHE R — N E
0, H RH 2w, Wi B AR B9 AT A 40%
RH~60%RH. HUH K, 25 7K 70 F 1% 2k
Z . MR ENE AR NGRS BN, RN
T L 7 i R 1 A VA v B 2% (R ZE
4% IR 6% JRBh Y 28% JRIEEE 5 F A 60%,
JIT LA X T L S (R e R S R
RPN R A i o B el 0 A L CE R A e
b2 B SRRSO PR B K RIS | B A G T

PR A FRoR TR EAE B B R P & AR R AL
FIMESR B 45 B At ] P9 2 s R e 40 S T
VETCH BB FU B, 3 FIT (RS K Fit 5% fio)
IFIT=1/(10°h) . B4 10 000 H T4 E TAE
50 TAE 10 000 /N EE T 100 H2RAL, W)

_ 100 _
/\_—IOOOOXIOOOO 1 000 FIT (1)

R4 M ZE (bathtub curve , RECRFFPERZL) « X
PROTIRGLIIZE M2k, WIE 1, o 7 i A AN [F]
A R0, 2 RO (DR 200 (IE
W (BEHLRAON) AFEH (R LR 3800) .

e eSS

S0 1 kOl S
T/h
E1 g

Fig.1 Bathtub curve
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Table 1 Test Cy severity grade

FEZE )/
| I ! \Y
85 85 168 504 1000 2000

IEC 60384-14:2016™ 4 1 = i v i L 56,
53R 3 A5G, AR S5 L3k 2.

R2 BEAESBEER
Table 2 High humidity robustness grades

HREE/C AHRHREE %

FR TR 11 1] A
40°C/93% RH 21d Ux
Grade( 1)
85°C/85% RH 168 h Ux
40°C/93% RH 56d Uz
Grade(II)
85°C/85% RH 500 h Ur
60°C/93% RH 56d Ux
Grade(1I
85°C/85% RH 1000 h Ux

A A PRUEIRIS A, B2 L) 85 °C/85% RH/Uw
1 000 h (3R50 A5 PR SR i e g TR FRL 2 28 1 1E
FEMBINAR A IZ IR AT PR L 85 3R 58 7. X 85 15
REALL R 25 B 1 v T I T VE PR, 85 °C i T hEff
INSE R IR S ARG 28 BRI K, YA KT
3.4x107"°m DA b, KA Tl vl 28 5 B A 1 Bl
PR ABAAO T AR YE “ 10 °C BL)” 35 2 43
T 10°C, A B A /b—2F: , 85 C =ik i 43
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X J7RH 2~4 /O, i s IX J5 B 10~14Q/00) 5S,-32%
20x11 PBT #1155, 6.8%26X2 15 HEEES I (i & X Jy

FH 1~2.5 Q/00, 1% 3 X J7 BH 10~14 Q/[) 5S5—-32X
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2~4 O/, G SNIXJTRH 7~10 /) ;8.-32%20%11 PBT
A5, 6.8%X26X2 [ FERR I ChnE X J7fH 2~4 /T,
WX 10~14 /1) o X5 A A 2
S 1 kHz FPHASBEEE C), XI5 [FAETE 1 kHe
TSR AR C, IR A R E 57t AC/IC 1EH
T AT
c,-C,
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18x11x5 PBT ¥ 5540 (S,~S:) il 56 45 i 5t il
7 3;32%20x11 PBT ¥87¢4H (S,~Se) il g0 25 i 5% Il
4. IR S,~S HA% A 305VAC-0.22 pF+10%,
P55 (18x13.5%7.5 PBT) , 5.8x14x1.5 i EFER I (i
JEIXTJ7 R 2~4 /O, 16 IX 5B 7~10 /1), S, 4
WP, So 2 4 B AL I IR /N W VR E B Atk il
RIS ZERIC KU R 5. it Si~Ss 4175 2 5 Jall e
KAH Max 25 15 B0 e /ME Min 25 i 52 08 4
X M2z R FbnifEdm2E S WL 6,
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Table 3 Test results of S;~S;

S S,4 S

Cy/nF Ci/nF (ACIC) /% CynF Ci/nF (ACIC) /% ConF Ci/nF (ACIC) /%
99.12 74.66 -24.68 97.02 59.28 -38.90 96.94 81.28 -16.15
101.50 69.62 -31.41 100.03 83.28 -16.74 96.54 39.62 -58.96
98.38 78.93 -19.77 97.52 85.35 -12.48 97.06 84.12 -13.33
99.09 76.02 -23.28 97.23 83.02 -14.61 96.97 83.59 -13.80
100.02 84.39 -15.63 96.36 84.23 -12.59 100.71 79.38 -21.18
97.39 80.01 -17.85 99.33 84.26 -15.17 97.11 82.08 -15.48
97.61 74.82 -23.35 97.64 83.16 -14.83 97.36 82.42 -15.35
97.05 75.91 -21.78 99.05 70.07 -29.26 97.62 85.20 -12.72
98.11 81.10 -17.34 98.08 79.40 -19.05 96.25 63.05 -34.49
98.88 73.81 -25.35 96.51 82.71 -14.30 96.54 72.62 -24.78

R4 S~SAREER
Table 4 Test results of S,~Ss
Sy Ss4H So4H

ConF C/nF (ACIC) /% Cy/nF C\/nF (ACIC) /% ConF C/nF (ACIC) /%
964.90 931.30 -3.48 998.40 983.90 -1.45 993.40 971.30 -2.22
961.30 897.30 -6.66 996.70 980.00 -1.68 998.50 974.30 -2.42
976.90 947.80 -2.98 998.50 982.60 -1.59 999.60 893.90 -10.57
972.40 950.00 -2.30 993.60 981.30 -1.24 997.40 941.50 -5.60
979.90 940.30 -4.04 996.00 982.50 -1.36 1000.50 964.00 -3.65
964.30 926.00 -3.97 1002.00 988.60 -1.34 998.60 948.10 -5.06
965.20 935.60 -3.07 994.60 937.50 -5.74 997.20 938.60 -5.88
973.50 874.10 -10.21 996.50 958.80 -3.78 999.50 964.60 -3.49
981.10 955.70 -2.59 993.70 952.60 -4.14 1000.40 961.60 -3.88
971.90 938.50 -3.44 994.10 983.20 -1.10 999.70 963.20 -3.65
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Table 5 Test results of S;~S;

S FENR) Sy H (k)

Cy/nF Ci/nF (ACIC) /% Co/nF Ci/nF (ACIC) /%
212.23 202.51 -4.580 208.78 197.31 -5.494
212.64 199.80 -6.038 214.94 202.91 -5.597
207.06 195.48 -5.593 214.46 195.39 -8.892
214.30 202.97 -5.287 217.07 204.43 -5.823
212.78 202.31 -4.921 209.83 198.89 -5.214
208.20 197.68 -5.053 207.27 196.17 -5.355
211.77 199.71 -5.695 213.29 200.64 -5.931
211.86 200.61 -5.310 213.54 202.85 -5.006
212.24 196.60 -7.369 208.99 198.45 -5.043
218.75 192.30 -12.091 206.45 196.88 -4.636

F6 S~S:HITHER
Table 6 Statistical results of S;~Ss %
S, S, S S, Ss S S, Ss
Max -31.41 -38.90 -58.96 -10.21 -5.74 -10.57 -12.09 -8.89
Min -15.63 -12.48 -12.72 -2.30 -1.10 -2.22 -4.58 -4.64
X -22.04 -18.79 -22.62 -4.27 -2.34 -4.64 -6.19 =5.70
R -15.78 -26.42 -46.24 =791 -4.64 -8.35 -7.51 -4.26
S 4.65 8.58 14.44 2.41 1.61 2.41 2.21 1.19

DB Si~Se AR E R nT LR, & J/fe ), FH MJ-6080 XK i Sl 5% i Rl g “ S5 R 4
G S X B 7~10 /00 (S F1 Ss) P g 2, WK 3.
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WIS, B2 Syl ad W 85 1B . Zasdh il i, 18%11%5
PBT #8370 21 (1) 38 7 f5c 3 11 5 2 R 0.6~0.65 mm,
iU F s R IR BRSTT E E h 3.0~3.5 mm;
32x20x11 PBT #5741 1Y ¥ 5 5 o 1T JEEFE R 0.95~
1.00 mm, J i U F- b 3 PR 0B iR LS TR B oy
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JE SEMi e A AR A i DR . A I [ A
S B AL B L 2 A R A T 00 7 o REAS 15, [ RIA% ™ i
B R 510 S AME RO RS R FARfEE GRS i, X 5
RIGZE A —2. 3) A S, il Se il 45 5L, S 4l
VR AR T AEARTH F 77 ft 255  e l ) (R A 1 v 25 440
BN, — S

3 RIS

B2 ERERMLER
Fig. 2 Mist metallized film
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Fig. 5 Lack of metal layer of inner film
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& AR5 BEL T 2 XM 3t DB T2 4 B A 2 B b 7
85°C/85% RH 41 T &4 TABHLE™, HHihaR
PR AP E B2 (90% L) 1), B R B 4
JEJEAE 305VAC HUHLE T, T8 R A AL S ™,
PR A A AR OB AN F 3(3)
7n—-2e=7n"" (3)
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TR, 5 B SR v Fi R A A BT IR 1 ) 3 R )
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Fig. 6 Lack of oxidation in the metal layer

i 7 16 P ] E 2 J = AN W SR AL RO B

AR I, ULIEL 3, G e At e
T 2 R 5 AR

4 HEiE

AR FEA G T H NI 56 5 K ) A SCARE
o AR AR, B H 7 a0 A &2 4% T
(0L 85 T B Ay v 1 R H 2 i 78 U 1) EE A
5 XX 85 I I A AR S HEA T AR HEFAKVRB A
HL 78O e O LA B L, O 4 A R T
FEARIE AT 85 TRIR I LA I
D7E& B AL R IRy A e . 2
UE, FEAE RN w B AR () R 28 e A AT 4 AR AR AL
85 1 Hh 45 i U R BEAIG, — BRSSPI EE MR
YA RE RS PR 48 R KA, BG4 R 2 1 4E Ak
FNY 5
2) 77 R FHEE RARAR BE . A SCge R0, 1
KIBSEARTR, S INIBSE IR, 3 098 4 o0 AR 5 1
TNAMGENRPE %L, IEGE KRB AL )2
3) 4 @ AL IS B R MR B 31, &8 2
JELRE R, FLA A B B8 (B AN ] o R R e 4
AR K- 5 B PR RE R BELA il e G 2
PRI
4) 2R R AR R 85 WAL, TR
FABHE 85 °C I K PEFE bR 1 B IR P E IR B A
i, INITSZ IR 4 R 2 AR
5) B EHR o 5 im 5T PR R IR
T 57 | 42 55 P SRR S e Ak T ) U
S0k
[1] SARJEANT W J,ZIRNHELD J, MACDOUGALL F W. Ca-
pacitors[J]. IEEE Transactions on Plasma Science , 1998 26
(5):1368-1392.
(2] BhUkE. sz as SR M. dbs B2 R, 2005.
[3] BRakat, 254, AR FIHMI. dbnt. B2 1 it , 2006.
(4] FAEWT, 2240, FH5E, 5%, &R A4 il &
W ESEL)]. e HEHL A, 2022, 58(3) :29-36.
WANG Jiaxin, LI Hua, WANG Zhehao, et al. Research on

[

electric field distortion at the edge of metallized film capac-
itor electrode[J]. High Voltage Apparatus, 2022, 58 (3) :
29-36.

(5] JrH, 24k, s, 45, TS IR i vl TR BE X 42
ML B A 25 A Bt 2 AR I S D). o TR A, 2022, 58
(9):142-148.

FANG Tian, LI Hua, HUANG Xiang, et al. Influence of
temperature on the dielectric breakdown characteristics of
foil-film capacitor under AC superimposed harmonic volt-

age[J]. High Voltage Apparatus,2022,58(9): 142-148.
- 161 -



2024 4F55 11

EWILRES AE P RvIE N

Fa5%

(6] JalfR, oK, &, 45, 4 IR LIS L 28 45 25 R0 T e
BeTzairiAhl)]. i) TR, 2022,41(5) : 149-155.
ZHOU Chen, ZHANG Xiang, LIU Lei, et al. Equivalent
temperature rise test and life evaluation of converter valve
damping capacitor{]]. Electric Power Engineering Technol-
ogy,2022,41(5): 149-155.

(7] Sk, s, FME, 5. R A ST R R R T
BHZHINEIEN). R rLAT,2023,59(11) :211-216.
CHAI Bin, SHI Lei, WEI Peng, et al. Correction on power
loss characteristic calculation parameters of oil immersed
capacitor elements[J]. High Voltage Apparatus, 2023, 59
(11):211-216.

(8] [EIVL, TR, bR, 4. v IR I AL LR PR R A

PN 22 5/ T BE IR BF 9T (). 5 TR FL A%, 2022, 58
(2):42-49.
GUO Jiang, MA Yue, LIN Hao, et al. Study on minimum
fusing energy test of inner fuse for capacitor with large
capacity and superior ratio in UHV application[J]. High
Voltage Apparatus,2022,58(2) :42-49.

(9] A2y LA AR &4 10> - BINERE a0 A E
T TRERANZ LT3N . GB/T 3667. 1-2016 [S]. 2016.
AC motorcapacitors - Part 1: General - performance , testing
and rating safety requirements guide for installation and
operation: GB/T 3667. 1-2016 [S]. 2016.

(10152 i e B HLHL 28 45 565 2 8 4 - Wi Sl DL 3 i 25 2 - GB/T
3667.2-2016 [S]. 2016.

AC motor capacitors - Part 2: Motor start capacitors: GB/T
3667.2-2016 [S]. 2016.

CUT]FIRZE  XUPEZE. F Ty B F-HOR M. JEAT AU Tl H R
#t,2009.

12 ]k, X0k, 5K T4F, 4. R H AXTBCHL IS 1 74y
PERZIRZE G R 7). #THJ),2022,41(3) 1 1-10.
ZHANG Shuai, LIU Yixin, ZHANG Yuxuan, et al. A com-
prehensive assessment method for operational characteris-
tics of distribution networks with the access of electric vehi-
cles[J]. Zhejiang Electric Power,2022,41(3):1-10.

CI3 95 5, BRSC XB— L, 46 ) REmaiis 25

T A A8 B SR w1, Fi ) TR R ,2023,42(4)
13-22.
JIANG Wei, SHAN Mowen, DENG Yifan, et al. Optimiza-
tion strategy for aggregating electric vehicles through VPP
to participate in the carbon market[J]. Electric Power Engi-
neering Technology,2023,42(4): 13-22.

[14] T35 24, A KI5, 45, 25 e 1 i i i 3h i e
SERE AT AT ()], WAL T, 2022,41(5) :1-7.
WANG Jixing, YUYang, MI Zengqiang, et al. An estimation
method for schedulable capability of aggregated electric ve-
hicles considering response uncertainty|J]. Zhejiang Elec-

tric Power,2022,41(5):1-7.

- 162 -

(15 WuZ% 2552 0, 985, 5 T8 TP SEHL R SR AT M A LBl iR
FERLG RIS L) TREOAR ,2023,42(4) :23-30.
FAN Hong, LI Jiahui, GUO Qi. Electric vehicle charging
guidance strategy considering user charging decision-mak-
ing behavior[J]. Electric Power Engineering Technology,
2023,42(4): 23-30.

(16 ] 4RI, 25/ N5 . e T RiE 1 T8 0 L S XL ) RS )

LT Z8 A AL SR S L U v B B2 (D). R0
T It AETE ,2022,38(6) : 104-112.
WANG Huabiao, LI Xiaoyong. Prediction of electric vehi-
cle charging load based on integrating attention mechanism
to improve BiLSTM[J]. Power System and Clean Energy,
2022,38(6):104-112.

(17 X088, 2 ax Bl . gl S SR fip I 23 3 A g A6

WFFEERIRL)]. Rl 515K, 2022,59(8) : 1-9.
LIU Yong, LI Quanyou, DAI Chaohua. Review on the spa-
tiotemporal distribution modeling of electric vehicle charg-
ing load[J]. Electrical Measurement & Instrumentation,
2022,59(8): 1-9.

(18 JHL 7B A T L 28 505 14 8823« 20 KL A o] rig J
WU 2 HL 24548 : GB/T 6346. 14-2015 [S]. 2015.
Fixed capacitors for use in electronic equipment-Part 14:
Sectional specification-fixed capacitors for electromagnetic
interferencesuppression and connection to the supply
mains: GB/T 6346. 14-2015 [S]. 2015.

(19 JHL T8 FH TR L A o7 14-1 8843« 25 PR A ALY A

PO S H B TP I H 24 T /KT D: GBIT 6346.14-
1-2015[8]. 2015.
Fixed capacitors for use in electronic equipment-Part 14-1:
Blank detail specification-fixed capacitors for electromag-
netic interference suppression and connection to the supply
mains-assessment level D: GB/T 6346.14-1-2015|S]. 2015.

(202K T, L9k [, #R MG, 45, 75 18 RN X e 5

JRAS (9 L B P TS HL SR (T]. #TTLHL T, 2022, 41
(5):9-13.
LI Tianning, WANG Haoguo, DONG Lingpeng, et al. Re-
search on coordinated charging strategy considering load
and cost of electric vehicles in a residential quarter|J]. Zhe-
jiang Electric Power,2022,41 (5):9-13.

(20 JA R, HOHER , w140, 4%, B sE i i B A TCHE
WA LB BREETAGLD]. A5 {3, 2022, 59(6) :69-75.
ZHA Pengcheng, GAN Yali, GAO Haiyou, et al. Quality as-
sessment of electric vehicle charging stations accessing dis-
tribution network[J]. Electrical Measurement & Instrumen-
tation, 2022,59(5) : 69-75.

(22 J E 547, B840 07, 00 5, 26, B L g it v 3R
TG 2 7 H i 45 1 SR W D). R IR 9 I BRI, 2022, 38
(10):126-134.

WANG Chengxuan, FAN Yanfang, LI Hongchang, et al.



2024 4F55 11

A GBI AR E 1R (R0 80)

Research on the control strategy of electric vehicle wireless
charging station powered by DC microgrid[J]. Power Sys-
tem and Clean Energy,2022, 38(10):126-134.

(23 | £, TEAR, e, 55, 71 5T b BiFEny H 3R 4

i A T B E SR mE (1] L5480, 2022, 59(1)
120-126.
WANG Xi, WANG Wei, WANG Haiyan, et al. Distributed
two-stage scheduling strategy of EV considering user bat-
tery consumption[]J]. Electrical Measurement & Instrumen-
tation, 2022,59(1) : 120-126.

(24 ]FIRL, 250, A 75, 4. JE T CNN-GAN 55 I [l 1Y

WL B 3R 4 T L SR BRI (D). WU D, 2023,42(2)
83-89.
YAN Wei, LI Nan, SHEN Yuexiu, et al. Electric vehicle
charging load forecasting based on CNN-GAN and semi-su-
pervised regression|J]. Zhejiang Electric Power, 2023, 42
(2):83-89.

[2SIRFKAM IRZ T THULZAM]. JUat: S50 A,
2019.

(26 J RS ISR 5 2 8 53 - 10 5 R IR Cy « 1H e R A ]
FIel B IR : GB/T 2423. 50-2012[S]. 2012.
Environmentaltesting - Part 2: Test methods-test Cy: damp
heat, steady state, accelerated test primarily intended for
components : GB/T 2423. 50-2012[S]. 2012.

[27 ) 7 4 JH 1 FUAS 8 55 1920 < N - GBIT 2693-
2001[S]. 2001.

Fixed capacitors for use in electronic equipment-Part 1:Ge-
neric specification : GB/T 2693-2001[S]. 2001.

[28 ] Fixed capacitors for use in electronic equipment Part 14:

Sectional specification fixed capacitors for electromagnetic
interferencesuppression and connection to the supply mains:
TEC 60384. 14-2016 [S]. 2016.

(29 1Z-1E, 254k, BRAR B, 2. Rl AR 1 B A i A7
AN H T A S IE M, 2020,41(4) :42-46.
LI Zheng, LI Hua, LIN Fuchang, et al. Lifetime prediction
of film capacitors under high-temperature and highhumidi-
ty conditions|J]. Power Capacitor & Reactive Power Com-
pensation, 2020,41 (4):42-46.

[30 | 2545 F 4 TR AL W - GB/T 24123-2009 [S]. 2009.
Metallized film for capacitors : GB/T 24123-2009 [S]. 2009.

(31 A S RS 2 7803 10 U7 1%« GB/T 13542-2009
[S]. 20009.
Film for electrical insulation-Part 2: Methods of test: GB/T
13542-2009 [S]. 2009.

[32 ] EHLF. & Jm A A f U R B R M THE ().
FIefr SRR, 2018,37(10) :86-91.
WANG Kaiping. Discussion of air ionization phenomenon
within metallizedfilm capacitors|]]. Electronic Components
and Materials,2018,37(10) :86-91.

[3B3UER T, EME. YR M]. B BAERLAEOR TR
#t,2013.

(3415 F R 50 6 A JR) 350 8 i I 4 - GB/T 7354-2018 [S].
2018.
High-voltage test techniques-Partial discharge measure-
ments: GB/T 7354-2018 [S]. 2018.

EEEN:
EA(1993—), F , TARIF, BF I 75 @) Ay 2 5 B AR K

i, E-mail : 635683642@qq.com.

163





