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Frequency Analysis Method Based Fault Diagnosis of an Electrolytic
Capacitor for Voltage Smoothing
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Abstract - Electrolytic capacitors have been widely used in power electronics system because of the features of large
capacitance, small size, high-voltage, and low-cost. Electrolytic capacitors, which is most of the time affected by aging
effect, plays a very important role for the power electronics system quality and reliability. Therefore it is important to
estimate the parameter of an electrolytic capacitor to predict the failure.

This paper proposed a novel fault diagnosis method of an electrolytic capacitor used for voltage smoothing in boost
DC converter. The equivalent series resistance(ESR) of electrolytic capacitor estimated from FFT result of filtered
waveform of capacitor voltage/current. Main advantage of the proposed method include circuit simplicity and easy
implementation. Simulation and experimental results are shown to verify the performance of the proposed method.

Key Words :

1. A

rhu

Of

A9 Wyl meh ohe

O
=

P oAs) A s

om, ol wit Z4F AFEH FHEo] ARHL Q) o
A AHHEN FAEL QR R AC/DC DC/DC #w|E 9
DC/AC IWEl7} AbSEa glew o9 Aalde A o
& A4y AADMC Link) ¥ HE83E ¢ste] dyg OF

g A AHF AFEH L Sl

Ash AHAEHY Algo] & olfE ©E AsRAEH v
o AdiHen 2 &%g sAA AV Am, oo gt
o] ZhEet, WlHA stFe] AYstn BHAF dhatd ¢

e gudag AT FYEl Aok 2L AN A
NS ALEE AME dshh AYHEN Asjede] Fuw
o 9% t& % T ¢ Yosle Fa AY 2o
gshe AwY wgel EAstn AvHL2)

wEA dEE VR A7 2gEH g A"8WEd
AEge 2 ol A8 FrIt BAE] g widel A
l AdAE o] FHEA o Aiaw MAgPOB $Ho
Fotale &4l Uth olg A B =RoAe
A ARAE S AFSe] wE NI FR f aAAGs
At Fag BATPEE =Y9T AdAE JR 713

AE FA7IYe Atstnat gt

Hal AWAH VA £¥el mE 2PA wEe ¢4
AN E AZAZEE ATHE ARARE 7 LCR W
Eol % A% 3 Fol %

Fate] wlazh glev ofe & Fol dd

T adAR 459 AQgea @v)ge rug .
E-mai] : Shon@kyungwon ac.kr

g () mrejiste) 2~ tEel st

A ‘24 2009% 34 174

#HEFSE 2009 49 7Y

ot MetgetE da simAle el nEdc

Electrolytic Capacitor, Equivalent Series Resistance(ESR), Fault Diagnosis, Boost Converter, Frequency Analysis.

o] Brbeatal, AEAN AAANAM o]n]
g7t EAF U] AEA g
B M. Gasperil3le Asidg Fe FE
g ALdE 2 (worn-out) 22 EF3IE VIHE MM

u, Agaaie] AR el FA7YEA o gol o
o} W RE& F712 % X3 (equivalent series resistor;©] s}
‘BSR'e} Aghe] A7)y 9%%‘%‘}‘4

P. Venetldle AFAHY Agn A{F, 2Ry =
oz Bg ESRe A % g 7%]’&% ESRE FE 9
7184, BEC. AcloizalSlE AAIE L] A5
o] HEzPE ESRE A} HYE,
Imam[6}& AN HFX AGH AFER
A(LMS)71 S ol 83t ol& <sbste WS AT

ks

£10 ~20[%6]9
wajstt, &
401%) 35

o<}
AR
Llr o Z1Ed AdHAE VPEES S3E ddRgs
AN F FHE AE 9 B AsA s
Q&f&qﬁ Fd o]
utetA B m=RoAE AHEELANI &4 Fo v
= ARANEE A=A BEEA g 54 Tted
o Ped Aate® ESR 3¢l 7hed AMEE OH
Agtgitt. ol AFAAE Ay AgH AFRAPEE A
stod o] 54 WedxdHd B30 F oolg F3
AREn ang £43te] ESRA FAd g&sh= o
?l' (]

A& FAsAIE Y ESR FA7Ee €3t
A ESRY FAgel A @ iyl o 2w opdd

“F(Abnormal) A% Al#er gddas 233
dpglSel] Hgdtv) mody ¥ AdgAHe] HF ¢
Aeotgl 718d el dFsded, 35 AHGAE
e FAY FA LB Agel 3 FHdE 4
Eal @dgdy ngdd A S
Qb gergEn

i

4o oo ooy o D e oM
o 1
=2
S

207



7|85 =2 X 58PH 2% 2009 68

o AHABAIEHL S8 2% HAUE

2.1 M3k HuAE e EN

dFulE A AHAEHE 3522 1
wHfoi) & AME3tn FHAAZ gF2 Abg @
A5 (Anode foi)2 3 oA 2& FHAHE FF F
AL A A3E A3 EH FAA4 Asiuo

°—'|‘3’+ ﬂ 3} A (seperator paper)Z TFAH o] ) olu 3}3}
Wgel oste) AgE AsHute we gk gow AF
< H3 P79l
olg] F2E a9 213 Fo] F 9 XXM (Lead wire)
%4 4Fuiy 9, 4983 ¥ 2% 2F(Rubber seal), €%
Folg AolA(aluminum can) L2 o]Fo)F itk

ol JHEF C= 4 ChE 78 # Uk

C=8.854x10"2 eg (1 F 2.1

e FAAY B FAL(T~10), §: FAALY A (am?),
d: AF A (em).

. Lead Wire r+— Lead Wire

?‘ Aluminum Tab
Rubber Seal

re— Sleeve

J—
~ Aluminum Tab

Separator Paper
Cathode Foil

Anocde Foil

+— Can

Element

I3 2.1 Ml HEAIEL =
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Fig. 3.2 Circuit diagram of boost converter.

g 329 e H2E 7ANEY FE FAA AYAL
V.o Furt 60[HzIY ® ARE AFAYG Vo 95H
¢ d% Fuge 120(Hzle] AEol TEE HA 294
Fappol] Wkl o] v B3z sH(Subharmonics) ] &
vebdo et Al AsAIE ESRE o9 W%
2 AF Fuas (V, R L)E X0l 51 o9
A Fae 2 (36)7 2ol Xé\“/]e 4 et

F

Oz

4o 8
o 22

% Vi, Vs,
ESR* = —L = 2fi I~ ;fiw ... (3.6)
sf ‘I;‘firf [sfi2rf

g 2 (36)2 HFEEAE ol &8t 4 37 ¥ 4 (38)

2
o = Tt TVt Vg 2 T Veprs T Vepn o @
VAR ATIE S SEPE D PR S SO

2
\/V2+st -rf I/sf 2rf+I/sf+rf+I/9f+2rf

ESR= - ; 5 (3.8)
IR S N Y

AANA, Vo Vipaos B Lyooplpaa s 293 b

3o ow Uehte AAE 9% Q4w AR Bm

(] HO
z% AR RMS Z7|E yehdn

209



Tolets ==X 58P 2% 2009 648

4. MEFolMd % MY Dt

4.1 Al EdjolMd A1}

3FeNM Zled A& AdAHY 22
ZFY HES 93t A EY W 2 e‘;—% 53
BHloldeoME 28 419 o] IF YPHLEL wgoz
BFAEAMEHY F2& PSIM 7.0 g—% ALgstal mogigl o
®, #4327 s ESRE DCR3alete] A e S 473
o ofe] Mt v.o AF I.& AZs9d) olwe ESR e
PSIM 4ol A AsAEle] vshet AHR=7 Qe BA=
At ol AHZ FY(Injected ESR)E}Y dAS Yo
03 % 06[Q)oz Z7zk 9], A¢F AF AZe yy
%32 ¥ (band pass filter ;°13} BPF)& 33t FFTE 4
B E S ojme A Bl 2HE vhe B

o AU V=20 Viewd, 60[Hz], 3344 : 20[Q]

o FEIH] :05 MOSFETY 2913 F3}4 : 5[kHz],
o Viy BV, AMAE : 6800[wF] 2 680[uF), L : 0.1[mH]

Injected ESR -

M
1

E

- o

3
.
.

TI¥FT

RYAVAVS

<

A

AL

% 41 BAE ZHB{E e AEFolM 52
Fig. 4.1 Simulation circuit of boost converter.

| band
60.00

5000
000
00
200
1000 |.
000

1750

1500

1250

1000
150 ; }
500 : :

250 Sz} HOkHz) | 150kHZ):

000 : L ; A : :

000 1600 2000 3000 400 5000

Frequency (KHz)

a8 42 293 Fns  5kHzEY
& ¥ NMRIE FFT

Fig. 4.2 FFT results of capacitor voltage/current at switching
frequency 5lkHz] area.

Y _band

oMol HajAle H

210

a9 428 F2eAuge 2aw ANAHY A9 AF
HE Aol 2918 T Gk 2
Y3908 nEt SATL QSS & 5 A o)F 5kl

o o Aol DEIE WAL AEE 2 F A

100.00 —

50.00 |-
0.00 4p
5000 }---

-100.00
30.00 —
2000 |---
10.00 |-
0.00 [4f
-10.00
2000 1.

30.00 : : : :
000 1000 2000 30.00 4000 5000

3 43 BPF 53t%2| 7{mjAle] MF Y Metoly
Fig. 4.3 The waveform of capacitor current/voltage after BPF.

60.00
50.00
40.00
30.00
2000 [
1000 |-omoomememee e 488{kHZ} .. iband | 15687281
000 V_band 470018e+0

17.50 — .
15.00 SIS ISR
12,80 [-onenesmeonn b
10.00 seeeeaned
7.50 |--vmrern e f-oceeeneaenneeed
500 - serdeennn
T T R —
0.00 : :
400 450 5.00 550 6.00

Frequency (KHz)}

3% 4.4 BPF S3F FuAlE M7 ¥ Mebo| FFT.
Fig. 4.4 FFT results of capacitor current/voltage waveform
after BPF.

Freg £.88316+3

i 4.1 =73 ERSatel & E
Table 4.1 The computation of estimated ESR values.

Vie | Ver=rs | Varars | Vermars | Vaprars | VimsIV]
Injected | 11.2 2.8 2.4 0.8 0.6 11.83
ESR [sf Isf— rf Isf+rf Isff 2rf Isf+ 2y | dmslA)
=300 | 372 | 94 82 2.6 22 | 3938
Q] | Estimated ESR =301[m&]
Vi Vigmer | Vagars | Var—2rr | Vapsors | VemslV
Injected
116 3.0 25 0.7 0.6 12.27
ESR
600 Ly Lyovp | Lipars | Bpoorr | Lipraer | FemslA)
m&] 194 49 4.1 1.2 1.0 20.48

Estimated ESR = 599[m&]
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