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Abstract: DC-link capacitors are a bottleneck restricting the development of VSC-HVDC transmission
projects, and there is currently no large-scale appliction of domestically developed capacitors in existing
operational projects. Multiple types of domestically produced DC-link capacitors that have undergone grid-
connected trial operation at a converter stations are subjected to disassembly analysis and test research,
defects are identified, process improvements are implemented, and exploration of test scheme optimization
is carried out. The results indicate that the maximum capacitance attenuation rate before and after grid
connection is — 0.24% , with no significant deterioration in electrical performance. Disassembly and
experimental analysis reveals such four typical types of defects as abnormal withstand voltage level of the
elements, improper control of potting compound dosage, delamination between the encapsulation shell and
the polyurethane, as well as the presence of bubbles within the polyurethane. Accordingly, such corresponding
improvement measures as staggered design of the metallized film transition zone, capacitive liquid-level

sensing for potting compound monitoring, surface micro-texturing of the encapsulation shell, and precise
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control of vacuum degassing parameters are proposed. To address the issue that conventional parameters

can hardly reflect the aging degree of DC-link capacitors, it is proposed that the capacitance variation

curve during the step voltage withstand test can effectively characterize the early aging degree of capacitors.

Through the state analysis, process improvements, and test scheme optimization after grid - connected

operation, the reliability of the domestically produced DC-link capacitors has been enhanced, proving the

feasibility of replacing imported products.

Keywords: DC - link capacitor; domestically produced; grid - connected trial operation; disassembly

analysis; process improvement
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Table 1 Record of capacitance and loss tangent of the capacitor before and after grid-connected trial operation.

"% mesas MR A/wWF  HRAETtand, /107 FEMIGRA/WE RS tand/10™ A% tand BR{E/107

A, 7602 3.7 7 605 3.8 +0.04 <5.07
A A, 7576 3.6 7579 35 +0.04 =4.96
B B, 7 623 2.2 7627 2.5 +0.05 <3.42
B, 7624 2.8 7629 2.8 +0.07 <4.08
C 7629 2.9 7611 2.9 -0.24 <4.19
¢ C, 7655 3.1 7 640 3.0 -0.20 <4.41

1.1.2 she R
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FE S St TR R, $ S PR as A T RO AR AT
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8 mm , FLIE & i o v A A R LA E 5 NS E B I
ZIAAAE RS 5L, W T4 B A A AT S
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Ax B C AT R IR
1.1.3 F#Ra e ik
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Table 2 Record of capacitor case deformation

5iH - J"HA %8B J KC
A1 Az B] BZ CI CZ
e T 3 1 2 3 1 4
I RIEAL #/mm A e 2 1 5 1 2
&it 5 2 6 8 2 6

#3 BEBRHARIEIRE PERE, 218 NB/T 11388—2023 55 5.14.4 0546 2 IF

Table 3 Record of partial discharge test of capacitor ‘ ‘
= — — JREI A . W AR SR 5.16 4%
K RARHS RHCERIEAC  RISANEC it AR, BNMALRRE, BB 516 &

o T2 TFRBRIR, W ARERK N A

A A, 2.65
B B, <10 755 e 24,5 FEALRI AT A o B, B
C C 4.05 G RIS R ILF 5, 8T F g e R #8441 E
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Table 4 Record of endurance test of capacitor

Ix® WA RS/ RIS HT tandy /107 RFEA/WF )5 and /10 HAZLR/%
A A, 7559 35 7570 3.5 +0.15
B B, 7629 2.6 7629 25 0
C Ci 7620 2.8 7 640 2.7 +0.26
x5 HESWHAREICRE
Table 5 Record of destructive test of capacitor
" Hiay S A B
PR OWARES AR ﬁ@”iaz'{f’i ﬁgﬁgﬁﬁ RREBAE A
A A, 7570 1.6Uxc ik 7 460 -1.45
B B, 7 629 1.4Uoc itk 7533 -1.26
C o 7 640 1.5Unc itk 7171 -6.14
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Table 6 Record of withstanding test of capacitor element at extreme condition

R _BBIR ok wes ERAVIC e
L2/ WF tan8,/10™ LA/ WF tan8,/10™*
N 103 80.69 3.0 80.98 2.9 +0.36 <430 A
108 81.36 2.9 81.60 2.9 +0.29 <4.19 G
5 610 58.43 22 58.54 2.8 +0.19 <3.42 A
901 58.55 2.3 58.62 2.8 +0.12 <3.53 EH
c 303 58.43 1.5 59.93 9730.0 +2.56 <2.65 NG
412 58.14 1.3 59.29 1 498.0 +1.97 <2.43 NY
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Fig. 11 Improvement status of the potting process for capacitor
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the capacitor elements during accelerated aging
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Table 7 Parameters for the accelerated aging test of the capacitor elements

H AR ] /h C/ wF pno AcC,/107 Ac,/107 AD,/10™*
0 25.35 2.4 1.96 -16.02 0.77
500 25.41 2.5 0.55 -12.97 0.20
1 000 25.41 2.5 0.24 =7.70 0.07
1500 25.41 2.5 -0.35 -9.24 0.17
2 000 25.42 2.5 -1.86 -10.25 0.23
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