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Online monitoring of a DC-link capacitor for a motor drive converter based on long
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Abstract: DC-link capacitors, as some of the most vulnerable components in motor drive inverters, are crucial for online
monitoring for aging. Their deterioration increases the probability of system failure. However, existing monitoring
methods suffer from issues such as poor economic efficiency, high sampling frequencies, and interference with normal
system operation. Therefore, a capacitor online monitoring method based on long-period transient signal analysis is
proposed. This is used to estimate the equivalent series capacitance (ESC) of DC-link capacitors in motor drive inverters.
Initially, a common-node admittance-capacitance equivalent transient model is established based on the system load
switching process, and the characteristics of long-period transient signals is analyzed. Subsequently, an online monitoring
model based on such signals is derived, and the criteria for initiating the monitoring process are determined. Then a
polynomial reconstruction-based capacitor current baseline calibration method is proposed to eliminate the influence of
sensor drift and to enhance monitoring accuracy. Finally, simulation and experiments show that the monitoring accuracy
of the proposed method meets the requirements of capacitance monitoring.
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Fig. 10 Simulation waveform of the proposed method
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Table 3 Simulation identification results of DC bus capacitance

Ces/WF S
AT, /(N-m) )
1500 2200 8000 R
2 1470 2164 7961 0.014
5 1503 2183 7945 0.006
7 1493 2180 8010 0.005
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Table 4 Simulation results of the impact of Rgg

on capacitance monitoring

R /mQ Ces/hF
® 1500 2200 8000
50 1502 2203 8078
W% 0.13 0.14 0.98
100 1503 2215 8221
W% 0.20 0.68 2.76
150 1514 2270 8287
W% 0.93 3.18 3.59
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Fig. 11 Experimental platform of motor drive system
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Table 5 Main hardware types and parameters of

experimental platform

A% 5155
NN 220 V/50 Hz
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Fig. 12 Capacitance aging parameters measured by LCR meter
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Fig. 13 Transient waveform of capacitor voltage and current
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Fig. 14 Experimental waveform of the proposed method
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Table 6 Influence of different rotational speed on the experimental

results under the condition of AT, =5 N-m

p

3%/ (r/min) C,./uF RZE%
200 1393 0.6
500 1397 0314
700 1404 0.185
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Table 7 Influence of different torque changes on the

experimental results when n = 500 r/min

(P S
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8 1395 0.457
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Table 8 Influence of different sampling frequency on the
experimental results when 7 =500 r/min and A7, =5N-m

4.3 5MBEFERELE

R 9L TIAE LSRR Z R
8o TR 2 HLZE WEIIDRE FE R ) A0 b, BT ik
TERE IO REFIRE A — R, BT
FRAS SO I L 25 W 7 2 7 B R R R PR A, 1
FE T BRI R 2 W T 2 AT R 2 BRI L A R
H, WHASGMIERIET. AN FES, ®T

7.4 ] 3 3 %% Y N —_— N A
REES f M2 i —— I AR TP X 24 14 v 25 S TR B S, ESC I IR
03 - s ZNT 0.1%, BAREAN AT PR 0 46 7 BTSN 2
1250(<5/. ) 1303 o s A MOSFET FF A1 1 AN by LB, 336/ 0 124
0 o . PR ASCHRh A i DA
" ' A I LR F 2 1) ESC, {HiZ 5% R i ESC
N ) pIe % B 1L
x9 SMBHEZERIELI
Table 9 Comparison with existing methods
Hik BN REEHIHE HAr S5 Hmig 2 Ik
. " n . IR ASRE A TE DM o o
Z e n =] o R A AR X 2 KA ]
SR % = 5 tan & < 6% oA SR A JEE SR
tan
sy (18 W B2 m
RSB A 7 1% ESC ESC <5% .
He /D &
PNk i SEFMNM AL AR S N 1 T R 2
N 1S ESC ESC<1% o
KAESEHP oIS FHRGIEHIZLT
X = PR MOSFET>2+H i x 1 ESC<0.1% JInZ VEN 242
RS CIEE-G B - 1% ESC, ESR
(EMFE=AGTOE) ESR <2% WM
BT b/ %
Ef ' oM [ ESC, ESR, ESL SHREABIL 0.4% REEHIFR Y 10 kHz
2 HEnReY
AR % o EsC #JE ESR [{§m, ESC HagidEid ESC Hr
1=
- WER A ) 3.59% LR LA L
5 Z5ig 2) IS B KA HESE TR T ER

ASCER ST AR R e g FR T — Rl T KA
WSS 5 0T I BB AR 2R S Ry
%, EIEEE L, 0 ARG IGUE T AT T
R R, SR R .

1) FIT$ 77 mT U 25 W 68 L A He 25 1) ESC,
AV % 22 ¥ S P R

2) bR W 5 BhFE P AN 3 2R 3R 2 A HERE R
UE T EZR IR AT 525 30, BRI T IR 2=, &
TZITER S AMNE

3) BRI R AR K /N 2 R T i v R
MEBEREZ —, AT, >2N-m 35N
DAFRTS B e R HERA

S WA, 7R LR A

1) ToTRASMINBERELE, T 2 4905 A 20 56 i
W, FFxoaR& s, B RIFMETE;

IBATIRAS, S 1 B NGS R G R S R
3) KA S5 R R R T REL
5l MDA RS OF [ RSPV B

P

(1] JA5L, wiatd, FRmS, 55 sK#FE D mpUIRE AR

RET R IEH ], B RG R S58EH], 2023,
51(6): 63-72.
ZHOU Li, SHANG Zhibo, ZHOU Yuepeng, et al. Low
complexity dual-vector predictive current control for
permanent magnet synchronous motor[J]. Power System
Protection and Control, 2023, 51(6): 63-72.

(2] 1&My, B, mE&, 5. B EXHRS IR EAR K
IR EBEHI]. KR, 2022, 43(2): 227-235.

XU Bin, XUE Shuai, GAO Houlei, et al. Development
status and prospects of offshore wind farms and it’s key

technology[J]. Power Generation Technology, 2022, 43(2):



-130 - W) &Gk B
227-235. 2019, 34(6): 5748-5763.

[3] PFHFEDG, this. fdfb 2 B P 2% IGBT b 5 5l [12] DUAN X, ZOU J, LI B, et al. An online monitoring
PR BB LSRR [J]. W1 R QAR 5 45, scheme of output capacitor’s equivalent series resistance
2023, 51(4): 174-187. for buck converters without current sensors[J]. IEEE
YANG Tongguang, SHEN Bing. Review of failure Transactions on Industrial Electronics, 2021, 68(10):
mechanism and state monitoring technology for modular 10107-10117.
multilevel converter IGBT modules[J]. Power System [13] SUNDARARAIJAN P, SATHIK M H M, SASONGKO F,
Protection and Control, 2023, 51(4): 174-187. et al. Condition monitoring of DC-link capacitors using

(4] JLHeiEE, B ¥, B TR RN B # (K B R 22 Goertzel algorithm for failure precursor parameter and
BN IERID]. B RGRP 51, 2023, temperature estimation[J]. IEEE Transactions on Power
51(18): 62-69. Electronics, 2020, 35(6): 6386-6396.

SHEN Yanxia, LUO Changxi. Model-free control of a [14] GHADRDAN M, PEYGHAMI S, MOKHTARI H, et al.
permanent magnet linear synchronous motor based on a Condition monitoring of DC-link electrolytic capacitor in
super-twisting sliding mode observer[J]. Power System back-to-back converters based on dissipation factor[J].
Protection and Control, 2023, 51(18): 62-69. IEEE Transactions on Power Electronics, 2022, 37(8):
(6] Zeak, BRI, wmR, % SWHEESMEZY6IEMA 9733-9744.
WeaS BT[], FRIE 77, 2023, 56(5): 172-181. [15] LI C, YU Y, YANG Z, et al. ESR estimation for
LI Yan, CHENG Xin, HUANG Zuliang, et al. Research aluminum electrolytic capacitor of power electronic
on high reliability three-phase multi-function grid-connected converter based on compressed sensing and wavelet
converter[J]. Electric Power, 2023, 56(5): 172-181. transform[J]. IEEE Transactions on Industrial Electronics,

[6] SINGH S, SAINI S, GUPTA S K, et al. Solar-PV inverter 2022, 69(2): 1948-1957.
for the overall stability of power systems with intelligent [16] ZHANG X, LIU Y, YUE K, et al. Online capacitance
MPPT control of DC-link capacitor voltage[J]. Protection estimation method in buck converters with characteristic
and Control of Modern Power Systems, 2023, 8(1): 245-264. frequency injection for optimal sensitivity[C] // 2022

(7] TRk, ERUA, HRNE, & B A AEREFIH 0 F IEEE Applied Power Electronics Conference and Exposition
% R 42 ) 4D K T D 20 IR FLATL 2L ARG H P 8 8 SR s [T, (APEC), March 20-24, 2022, Houston, TX, USA: 319-323.
R L8 2023, 59(4): 177-185. [17] AGARWAL N, AHMAD M W, ANAND S. Quasi-online
WANG Yuxin, WANG Siyi, YANG Lihui, et al. Low- technique for health monitoring of capacitor in single-
voltage ride-through control strategy of permanent magnetic phase solar inverter[J]. IEEE Transactions on Power
synchronous wind turbine with coordination of super Electronics, 2018, 33(6): 5283-5291.
capacitor energy storage and chopper circuit[J]. High Voltage [18] LIT, CHEN J, CONG P, et al. Online condition monitoring
Apparatus, 2023, 59(4): 177-185. of DC-link capacitor for AC/DC/AC PWM converter[J].

[8] HES,ZHOU D, WANG X, et al. A review of multisampling IEEE Transactions on Power Electronics, 2022, 37(1):
techniques in power electronics applications[J]. IEEE 865-878.

Transactions on Power Electronics, 2022, 37(9): [19] GHADRDAN M, ABDI B, PEYGHAMI S, et al. On-line
10514-10533. condition monitoring system for DC-link capacitor of

(9] skEm, #okow, mAERl, & BHUL D B P AR S H back-to-back converters using large-signal transients[J].
P AR F[T]. =R S, 2022, 58(7): 119-127. IEEE Journal of Emerging and Selected Topics in Power
ZHANG Yubin, YANG Zhangbin, WEN Yingke, et al. Electronics, 2023, 11(1): 1132-1142.

Research on electro-thermal coupling model of modular [20] ZHAO Z, DAVARI P, WANG Y, et al. Online capacitance
multilevel converter[J]. High Voltage Apparatus, 2022, monitoring for DC/DC boost converters based on low-
58(7): 119-127. sampling-rate approach[J]. IEEE Journal of Emerging

[10] TANG S, DONG S, LIU Y, et al. Current-sensorless and Selected Topics in Power Electronics, 2022, 10(5):
online ESR monitoring of capacitors in boost converter[J]. 5192-5204.

The Journal of Engineering, 2019, 2019(16): 2569-2574. [21] ZHAO Z, LU W, DAVARI P, et al. An online parameters

[11] YAOK, LI H, LI L, et al. A noninvasive online monitoring monitoring method for output capacitor of buck converter

method of output capacitor’s C and ESR for DCM flyback

converter[J]. IEEE Transactions on Power Electronics,

based on large-signal load transient trajectory analysis[J].

IEEE Journal of Emerging and Selected Topics in Power



FEoE, 55

He A RS 5 0T (K RN LR B AR e LU B2 L2 A 2R Tl

- 131 -

[22]

[23]

[24]

[25]

[26]

[27]

Electronics, 2021, 9(4): 4004-4015.

ZHAO Z, DAVARI P, LU W, et al. Online DC-link
capacitance monitoring for digital-controlled boost PFC
converters without additional sampling devices[J]. IEEE
Transactions on Industrial Electronics, 2023, 70(1):
907-920.

WU Y, DU X. A VEN Condition monitoring method of
IEEE
Transactions on Industrial Electronics, 2019, 66(2):
1296-1306.

ZHAO Z, DAVARI P, LU W, et al. An overview of

condition monitoring techniques for capacitors in DC-link

DC-link capacitors for power converters[J].

applications[J]. IEEE Transactions on Power Electronics,
2021, 36(4): 3692-3716.

W5, TAE, XY, % DC-link L2 5 7E 2R IR A )
THEEER[. 1 E b4, 2019, 39(11): 188-197.
YAO Fang, WANG Bin, TANG Shengxue, et al. Review
of online condition monitoring methods for DC-link
capacitor[J]. Electric Power Automation Equipment,
2019, 39(11): 188-197.

GHADRDAN M, PEYGHAMI S, MOKHTARI H, et al.
Dissipation factor as a degradation indicator for electrolytic
capacitors[J]. IEEE Journal of Emerging and Selected
Topics in Power Electronics, 2023, 11(1): 1035-1044.
MCGREW T, SYSOEVA V, CHENG C, et al. Condition
monitoring of DC-link capacitors using time-frequency
analysis and machine learning classification of conducted
EMI[J]. IEEE Transactions on Power Electronics, 2022,
37(10): 12606-12618.

(28] #ib#, Wi, KREMH. RIS RIEZ) Rg
FIRLF[I]. LB TFEHIAR, 2019, 48(2): 97-99.
YANG Zhong’an, GAN Haiyun, ZHU Chunwei. The
application of variable-frequency drive in the electric drive
system[J]. Mechanical and Electrical Engineering

Technology, 2019, 48(2): 97-99.

GHADRDAN M, ABDI B, PEYGHAMI §, et al. On-line

condition monitoring system for DC-link capacitor of

[29]

back-to-back converters using large-signal transients[J].
IEEE Journal of Emerging and Selected Topics in Power
Electronics, 2023, 11(1): 1132-1142.

BLANCO C, SUAREZ A, GOMEZ-ALEIXANDRE C,

et al. Passive and online DC bus status monitoring for

[30]

back-to-back converters applied to doubly fed induction
machines[J]. IEEE Transactions on Power Electronics,
2022, 37(4): 4697-4707.

Ui BHEA: 2023-10-30;
EE BT

I £ (1982—), ¥, W+, %, AAARFT@ AR
W RGBS B ERB RG] B RGBT
R, LA RRIEATEMALE; E-mail: WangyqEE@ 63.com

& BL(1999—), B, MEHRL, T EAHE G
F A4 RA KM AT 445 E-mail: lyri123456@163.com

HARA(1990—), F, @44, W+, sk, £ %
HAs@mAR e FHAEEHZGE T EA . E-mail

lajjinmu@126.com

&EIHHR: 2024-05-21

(% K #)



