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Fault Diagnosis of Output Capacitor of Buck Converter in
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Abstract: Buck converters in DC microgrid are frequently used to transform the DC voltage of high-voltage bus,
and the electrolytic capacitor therein is the most vulnerable component. The analysis of capacitance degradation
parameters shows that the equivalent series resistance (ESR) is the best health indicator for electrolytic capacitors, and
it is of significance for online monitoring the variations in ESR values in real-time. A non-intrusive online ESR
monitoring method for the output capacitor of a Buck converter is proposed, which is based on the output voltage. In
this method, the AC component of inductive current is fitted by the drive signal, and the real-time online calculation
model of ESR is derived by combining the AC component of output voltage. Under this scheme, the additional current
sensors and high-precision trigger sampling devices are not required, and the accurate calculation of the output
capacitance ESR of the Buck circuit under different working conditions can be achieved only by sampling the output
voltage and combining the drive signal of the switch tube. An experimental platform for the ESR monitoring system
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was built, and experimental verification was also carried out.
Experimental results verified the effectiveness of the proposed
method.
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SRR NS HORE 10 DIFRAI( =
50 kHz), SRAEAYH AL RS A i . HUBRHL TR
W oy S LG A HUR LR A T o3 I 8 PR o
AT, H T R S B R L D, R
WA BRSO i), () FIHRER R, R RERER
ffik. PG, 75 CCM N RIE RIS AR,
7E DCM T, BIKE =B BRI . i3k 2
£ 3AAL, 7ECCM T, 4 ESR BRI i, (1)
HRRZEAR, O T Raemd D, f#s
FHIBCH IR B 22 o UL F SRR L TR S S T
THARG, FrIHRER IR . R
FEHHTE ESR SEICHRIIAIEAY 2~3 A5,
IAE CCM 5 DCM 1, %07 SRR R 2 Al

%%,



BHE, S ELUUE R Buck A2 ) HUAS B2 K 339

o524
> 0.0g AN /\ AN AN NN
7VVVVVVVVY
= -0.04
0.04
g_«_g' 0/ /\Jf /\ /\\//\ /\/A\
<~ -0.04
0.04
% 0 /\\ /\ A /\ / /\ ANANA
S Y VVVVVVVY
0 10 20
t/us
(a) CCM
0.03
2 ANANANNAN A AN N
o AAAAAAAN
= —-0.03
0.3
<\C AN /\ A\ A /\ /\\ A A \
2 U avavaVaVaAlAVAVAV, L/\,
~ 03
0.3
< \
~, \ A\ /\ \ \/\ \
N A vavava .d/\/\‘L
_0'30 10 20
t/us
(b) DCM

8 {FERWiRK
Fig. 8 Waveformsin simulation experiment

VS

R TR A RO, ARSI A I T
Buck ZEHe i 7% ESR B MIN R G864
Buck By HARSHECH . FiARE 30 V, JFH
F 30 kHz, JFEERS IRFP4110, SLif HAE R
5 C3D10060A, 12 FHM517 20, 200, 500 Q,
1R 263 pH(/=30 kHz), %ithH2 5% 100 uF/
400 V. £ LCR HIFFII Y UC2858A Ml ik, 7ET.
TR R AR IR ESR N Eg, ,=0.5228Q,
SRR 0.1 Q 15 0.2 Q Ml R HIBEAE R Egy, 5
Eqps > M A5 € AT 9 BLAE 20 90 O 0.6228 Q &5
0.7228 Q. M1 T MR Y HARCRECH 0, H
FCRECR N 0, EHR(7)H SRR TN e
71, T (7)o LS R s B i bt
WEPERE, PICTCTE 2 R R S KBl
5 S A R L ESE R A Infiniivision DSOX
3024T SR 8% Pico TA042 HHATHEIR , SRFEH
%Jy 3 MHz, HLFRLA SR ESR THEA5H CEL
PRALFET MATLAB 3Fog il #EEm s r- &
W 9 fis .

=ik
' Y ESRECHEETA

( ﬂ@’?‘[‘ -

B9 ESRMUMRZZRTA
Fig. 9 Experimental platform for ESR monitoring system

Pl 10 & 11 43502 £=30 kHz, V, =30 V 1§
T CCM 5 DCM R [A] T3 RS 2 A 3R 3 PWM

0]

rdc [. ! ' ,».‘ ~ -
voAac(t)

Voad /(1 VIE), G\(1)/(20 V/HE)

(20 us/¥%)
(a) D=0.2+ f=30kHz

£ G,(0)
8 r { f { 1 i
s
E): voAac(t)
£
>

(20 us/¥%)

(b) D=0.5\ £=30 kHz

G,\(1)

Ty

Voad /(1 VIEE), G\(D/(20 VIH)

120 us/g)
(¢) D=0.8+ £=30 kHz

10 CCM THISERK
Fig. 10 Experimental waveformsin CCM



340 i, b

E 4 %524 %

G SRS s Y . i (12)~
K14 FAT RIS LS, SR 30 4
LRSS & A iEE i X (15)1H 5453 ESR, X
BRI A IEE TR R . CCM T
LR V=30 V. i3k R =20 Q, HIIHER
#4; DCM MRy IE 5, Hr, o 4R
4585 LCR MU I AUl 25 2R ] (9152 2%
x4 CCM THIHTEER
Tab. 4 Calculation resultsin CCM

ESR,I ESR,Z ESR,3

HAMQ 6% HEMEQ 6% HEMEQ 6%
02 05364 2601 06327 1589 0.7218 0.138
03 05268 0.765 0.6285 0915 0.7232 0.055
04 05348 2295 06320 1477 07227 0.014
0.5 05330 1951 06275 0.754 0.7196 0.443
0.6 05341 2.161 06271 0690 0.7238 0.138
0.7 05242 0268 06226 0032 07154 1.024
0.8 05347 2276 06338 1.766 0.7242 0.194
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Tab. 5 Calculation resultsin DCM

250 V.V R/Q E/Q /%
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25 500 0.627 6 0.771
30 200 0.723 1 0.042
30 500 0.726 0 0.443
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’ 25 200 0.7157 0.982
25 500 0.720 9 0.263
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0.3113 Q. TEfAHES—H 20 V I, #17 CCM
5 DCM FIAHSESE, CCM M H#k R =20 Q,
2D AR E R 0.2, 0.5, 0.8, DCM FHi#k R,
43510 200 Q 5500 Q, [fiESHR 0.2, SR
S5 R IR A AT M . BRI R 5 45
R 6,

3 6 AT, 7E 30, 40, 50 ‘C R AN
PR 1.382%. 1.292%. 1.227%, FH AT DL
SRR AR SCHE H T SRS RDRG BE 1 SE AN 1 2
5 SCHR[15- 18148 [RIZR T T 2 LE , AT Jr S8 0
TV U A B M R R A S A S MRS L B, 3
PR RS LA, L T RIE T CCM
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Tab. 6 Calculation results at different temperatures

TAEIRE 30 C

TAERJE 40 C TAEREE 50 C

"
TARRS E/Q % E/Q 01% E/Q 1%
CCM(D=0.2) 0.481 6 0.639 0.442 1 0.432 03156 1.381
CCM(D=0.5) 0.491 3 1.361 0.447 4 1.646 0.304 8 2.089
CCM(D=0.8) 0.483 3 0.289 0.446 7 1.476 03128 0.482
DCM(R =200 Q) 0.492 3 1.568 0.442 3 0.477 0.305 4 1.895
DCM(R =500 €2) 0.499 5 3.053 0.450 9 2.431 03122 0.289

5 DCM WG —i 1A
5 Z5iE

ASCHE T 1 AP B X Buck A6 g it
ARSI %, 857 T HHeE M T Buck
ffeds ESR SEINTEZH AR, 20 A [ i)
HEHTF DCM 5 cCM, HA RAFmtkerkag, o
T MY LA, Tt ) RRAER AL, T
ot LA S e B i i SR S A A MR H 6
Buck i (1 25 L D 5 MR £ 2 A, W
o TR 5SS, Bl TRER AR . a1
W R G- 5 AT T SE I g0, W2 R 3k
Wi R AR S T AR R, A B TR
TCHL ) R GE R AT Sk, DA AR S nF PR EE b )
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