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Study on ESL Simulation and Influencing Factors of DC-link Capacitors
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(1. Xincheng (Liaoning) Power Capacitor Technology Co., Ltd., Liaoning Yingkou 115007, China;
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Inner Mongolia Wuhai 016000, China)
Abstract: VSC - HVDC - link capacitors are key energy storage components in sub - modules of modular
multilevel converters (MMC), and their equivalent series inductance (ESL) directly affects the system’s
switching overvoltage and reliability. In this paper, the planar single-cell core arrangement structure is
taken as the study object and a integrated inductance simulation model using COMSOL Multiphysies is set up.
The influence of such five key parameters as element diameter (number of parallel elements) , copper plate
thickness, film width, electrode configuration, and length-to-height ratio on the overall ESL is systematically
investigated. The study results show that the electrode system is the absolutely dominant factor in the
overall ESL, contributing 97.1%~98.3%, while the contribution of the components themselves is less than
3%. The element diameter has a relatively minor effect (with increase of 6.6% ). When the copper plate
thickness is increased from 0.4mm to 2.0 mm, the ELS is decreased by only 0.19% , indicating that the
effect of the copper plate thickness is not significant. The ELS is decreased by 44.5 when the film width is
reduced from 150 mm to 60 mm. The copper strip with braided wire configurations exhibits an ESL
1.20~1.63 times higher than that of the solid copper plates. Moreover, increasing the aspect ratio ( L/H)
from 0.62 to 2.57 yields, an ESL reduction of about 75.7%. The short circuit discharge method is used to
experimentally validate five typical samples. The maximum relative error between simulations and
measurement does not exceed 5.0%, which verifies the effectiveness of the model and provides a systematic

quantitative basis for the optimal design of low inductance DC-link capacitors
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Table 1 Summary of operation status of submodule

FRHORE SR TR T M AR HL 2L TR
Eikait D, MAFIB FEH U RER R
Eikud D, MBI A S} O(HLE )
A VT, M BEA G UoRSZ HIf LK
BA D, MAZFIB FEH UHRSZ B LR
Ik VT, MAZFIB S} O(HLEAZE)
VI D, MBEH|A T OCHLHEAE)

.29.



2026 415 41

ENERESRYBE

F47E

TR b, TS B A ) ESL — s
HI7E 50 nH LA, LU IGBT S& Wi a] 2= 4= i i i
Rl Usa=Leaxdi/de 5 BRI INGE BRI
TR AT, I S R G Bh A . ESL AN
RIS FECIGBT o AR RS T, -4 i e i
T, e E R R AT A . PR AR ESL L CH
TN B S P AR i B T TR AR 2 —

2 BERZEBRARESLHMESERS T

B AN ESL 8 T S5, th e
PR 22 W LA AL 1 2 A RS T B o R TR
Wb b e 7 R AL ESL ARAY A SOR RE AL HL 2545 19 ESL
K153 R LA 4R

BAASTOAE R AR H RS il 45 4, LR 4 v JB e
TEH U RS (B4R DR D YeE . Ll N A
T O SR R L, /N, LSS
M, /INF L, /N P TE A 6 1) S5 A55 H S
WAL L=, AR OB S i S i 4%
PIEBHL I 5 R & OC R AN 3,

< JR ¥ T

B3 BATHSSREHRBATHNIMBRERS
BHEBAXRATE
Fig.3 Schematic diagram of capacitor element winding
structure and internal current paths with
electromagnetic coupling
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Table 2 Main parameters of the reference DC-link
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Fig. 4 Simulation diagram of inductor with a element
diameter of 70 mm and length of 150 mm
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Table 3 Summary of parameters for different element diameter scheme

JUFERE JoiRE JoiRAY DK xE BIIEC PATEC TR BEPLESLAF T BAHLESLITE
D/mm L/nH wk (mm) P Q n HAH/H L/n(nH) {E—(L/n)/mH
50 63.75 36 703x729 14 16 224 17.47 0.28 17.19
56 59.99 45 732x697 12 15 180 17.65 0.33 17.32
60 57.62 52 736x691 11 14 154 17.88 0.37 17.51
65 56.68 62 742x684 10 13 130 17.95 0.44 17.51
70 53.27 75 750x677 9 12 108 18.23 0.49 17.74
76 50.49 81 718x706 9 11 99 18.63 0.51 18.12
ML : D=50~76 mm. HAREHE N B AR5 HAL ESL
600 XA 6.
1 400 18017 y=0.043 &x +15.257 4 (76, 18.63)
A0 18.64 R=0.992 4 ®
200 IR R
T 18.4 {)%éé%;ﬂz RA2=0.984 8
s P 1EH=8.673e-05
0 £ 182\ At »(70,18.23)
4 =100 600 2180
- : “200 400 7
150 0 mm 2178
% 176 ® (56, 17.65)
5 THEREHFT70mm,KEH 150 mm B BEGEE : 17.47) -
. . L . b o WE
Fig. 5 Simulation diagram of the overall inductance for 17.41 — WAEL y=0.043 8x+15237 4
the compleet device with a element diameter of 70 mm and 172 95 % BIFX A

length of 150 mm
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Fig. 6 Relationship curve between element diameter D
and the overall ESL of the complete device
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Table 4 Summary of simulation results for different
copper sheet thicknesses
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Fig.7 Relationship curve between copper plate thickness
and the overall ESL of the complete device
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Table 5 Typical simulation results for different film
width schemes
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Fig.9 Relationship curve between the simulated overall
ESL values and the copper strip width for an electrode
thickness of 1.5 mm
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Fig.10 Relationship curves between the variation of copper
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Table 6 Comparison of overall ESL performance between copper sheets and copper strips with woven wire structures

B EM&%**’@J ‘ fﬂﬂ%é&zﬁ o BHLESLI & *Exﬁéﬁtﬁﬂ ESL 3
KX 5 /mm JEEX G XA 25 H e fmm {&i/mH M3t /mH HA k%
A ARG () 0.8x700x1 108 18.228 — —
700 mmX677 mm
B, i1 4% 700 mmx50 mm 0.8%x50x11 108 21.913 3.685 20.22
B, i 4% 700 mmx45 mm 0.8x45x11 108 23.532 5.304 29.10
B; i 4% 700 mmx40 mm 0.8%x40x11 108 25.347 7.119 39.06
B, 144 700 mmx35 mm 0.8x35%11 108 27.366 9.138 50.13
B; #1145 700 mmx30 mm 0.8x30x11 108 29.718 11.490 63.03
C i 2% 700 mmx50 mm 1.0x50x11 108 21.901 3.673 20.15
C» i 2% 700 mmx45 mm 1.0x45x11 108 23.521 5.293 29.04
Cs £ii 4% 700 mmx40 mm 1.0x40x11 108 25.331 7.103 38.97
Ca i 4% 700 mmx35 mm 1.0x35%11 108 27.351 9.123 50.05
Cs £ 4% 700 mmx30 mm 1.0x30x11 108 29.701 11.473 62.94
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Fig. 11 Relationship curve between the ratio L/H and the
overall ESL of the complete device
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Table 7 Simulation results of the overall ESL for different ratio(L/H) schemes
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C 700 880 0.80 10 12 120 24.10
Co(FEYE) 804 766 1.05 11 11 121 18.20
Cs 880 700 1.26 12 10 120 15.24
Cs 994 620 1.60 14 126 11.96
Co 1100 560 1.96 15 8 120 9.75
G 1260 490 2.57 18 126 7.45
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Fig. 12 Physical illustration of the complete device with
copper strip electrode structure for inductance
measurement
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Fig. 13 Example of a typical short-circuit discharge
current waveform
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Table 8 Comparison of simulation and experimental results and error analysis
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Fig. 14 Measuremed short-circuit discharge current waveform and corresponding inductance value for the complete device
with copper plated electrode and 0.8x50 mm copper strip electrode structures
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