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Research Analysis of Domestically Produced DC Dry-type Capacitors on Grid Operation
Characteristics and Their Engineering Application
YAO Lulu"?, YI Chenggian'?, LIU Gang'?, MENG Sen'?, YANG Yun'?

(1. CSG Electric Power Research Institute Co., Ltd., Guangzhou 510663, China; 2. National
Engineering Research Center of UHV Technology and Novel Electrical Equipment Basis,
Kunming 651705, China)

Abstract: To evaluate the long-term operating performance and engineering applicability of domestically
developed dry - type DC capacitors in flexible DC transmission projects, a systematic investigation was
carried out on 20 all-domestic 2.8 kV~9 mF capacitors that had been in continuous service for 1~2 years at
the Longmen converter station of the Kunliulong HVDC Transmission Project. The work was organized by
the leading project unit and completed on the capacitor evaluation and reliability verification platform of the
National Engineering Research Center of UHV Technology and Novel Electrical Equipment Basis. Electrical
characteristics, encapsulation condition, and long-term operating reliability of the capacitors were evaluated
through whole - unit testing and post-operation disassembly analysis. The results show that the capacitors
remained in stable operating condition after long-term field service, with no obvious capacitance degradation
and only minor variation in dielectric loss. Good electrical stability and insulation performance were
maintained during operation. DC withstand voltage and endurance tests were further conducted on
dissected capacitor elements, and all tested samples met the requirements of NB/T 11388—2023. In the
endurance test, the operating duration exceeded the 500 h requirement specified in the standard. Further

analysis indicates that the domestically developed capacitors can satisfy current engineering application
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requirements in terms of material compatibility, self-healing behavior, and structural design. Some samples

still showed room for improvement in encapsulation consistency and local stress control. Overall, the

investigated capacitors demonstrated good operating stability and reliability after field application,

providing useful reference for subsequent design improvement, quality evaluation, and engineering

application of domestic dry-type DC capacitors in HVDC systems.

Keywords: DC dry - type capacitor; domestic production; grid - connected operation; withstand voltage

characteristics; engineering application
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Table 1 Test methods for various capacitors

T LIRS G HF= e 7 LEIIE G W5 =
1 AR A-1 fig ) 11 F)7 % F-1 fitt )
2 ATH A-2 AL 12 FJ % F-2 ELTIRIY
3 B % B-1 fire) 13 G % G-1 fift)
4 B % B-2 FEALI L 14 G % G-2 HEHLI A
5 CI% C-1 fife) 15 H % H-1 fiff 1)
6 CI % Cc-2 AL 16 HI R H-2 HEHLIM L
7 D) % D-1 fift) 17 1% I-1 fitt )
8 DX D-2 AL 18 "% -2 ELTIRITY
9 EI % E-1 fire] 19 1% J-1 fifei)
10 IR E-2 FALI L 20 E J-2 LRI

Fx2 HASETEENELER
Table 2 Capacitor deformation measurement results
o s o JEAR I 1 45 o . o JEAR I 1 25 2

e AR e T 1 T 2/ s AR S T 1 i 2/
1 AR A-1 3 5.5 11 FI™% F-1 9 5.75
2 AR A-2 3 6 12 FI'R F-2 11.5 7.75
3 B #F B-1 3 35 13 G H G-1 4 5
4 B % B-2 425 4 14 G %K G-2 5 5
5 CI % C-1 3.5 2 15 HI % H-1 6 6
6 CI % Cc-2 4.5 4 16 H] R H-2 8 6
7 DI D-1 45 2 17 1% I-1 8 9
8 DI HK D-2 5.5 4.5 18 1% -2 9 10
9 E% E-1 2 1 19 I J-1 9 8
10 E] % E-2 3 20 S J-2 8 9
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Fig.1 Capacitor product of the F manufacturer exhibits
hollow casing phenomenon
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Fig. 2 Using high-voltage digital bridge to measure
capacitance loss of capacitor samples
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Table3 Capacitance value and dielectric loss measurement results of capacitors

. , o H s R E
FE EFR i Z{H/mF Z{H/mF 1and"/10™

1 ATTHK A-1 9.090 9.109 1 1.2
2 B % B-1 9.262 9.2239 23
3 CI % C-1 9.148 9.2328 2.1
4 DI % D-1 9.099 9.0850 2.8
5 E] % E-1 9.140 9.104 0 1.1
6 FIT% F-1 9.238 9.180 5 2.0
7 GCI % G-1 9.221 9.1890 2.6
8 HI™ XK H-1 9.184 9.1530 2.5
9 1% I-17 9.054 9.026 4 4.2
10 S J-1 9.095 9.0822 1.9
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Table 4 Capacitance and dielectric loss tangent value of the capacitor before and after the terminal voltage test

1A W5
= = f =
#5 SR i ZE/mF tand/107™ FAE/mF tand/10™
1 AR A-1 9.109 1 1.2 9.110 1 1.3
2 B % B-1 9.2239 2.3 9.2327 2.6
3 CI % C-1 92328 2.1 9.233 6 1.8
4 DI XK D-1 9.0850 2.8 9.085 8 2.8
5 E % E-1 9.104 0 1.1 9.107 6 1.5
6 FI™% F-1 9.180 5 2.0 9.2939 2.8
7 Gl % G-1 9.1890 2.6 9.180 7 2.6
8 H % H-1 9.1530 2.5 9.154 5 2.5
9 1% I-1 9.026 4 4.2 9.026 6 45
10 % J-1 9.0822 1.9 9.0822 1.3
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Table 5 Insulation resistance and capacitance between terminals and housing

5 KRR P IV ENAY A L RH/GQ SR ENg
1 AT F A-1 1 000 2.900 3.5267
2 BI % B-1 1 000 1.330 8.789 5
3 CI % C-1 1 000 1.470 6.692 4
4 D) % D-1 1 000 4.320 5.069 9
5 E % E-1 1 000 5.770 10.948 3
6 P % F-1 1 000 3.060 44710
7 G #F G-1 1 000 10.00 7.870 3
8 H] % H-1 1 000 1.430 5.5735
9 % -1 1 000 0.667 8.103 7
10 JIHK J-1 1000 2.190 4.548 3




2026 45 4 1

WEE,F AR ER TR AR BT RS S TR S A

(M55 2200)

MR EALIRER 0T LA Y, 7 BT
SR AR 1~2 R 17 )5, PR BE (A 20 &
BUBRES Ae 3% R B R, R e B 35 25 fe sl 2R 258
fiE, W[ RN AR R Ui A A
BT A A& —ElRvE,

3 MRS TAERELIE

3.1 HZH@mHSTZEN

N BE— 2T LA e AR R MR AR BT 4
R VAT BT B W M 58 B T i MR B ST 3 T
YEo X 10 & R AGRIEAT iAo B A B, %)
SR FL A PN B O i R PR e, 7 U B M
T, R [ 2 B, AR AT SR A B OR K B A
M RS A ES R PSR, DLIET 3,

i

(©H %
B3 &I REFSEIHNEFESBIBE

Fig. 3 Partial view of solder joints after dissection of
capacitors from various manufacturers
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Table 5 Polyurethane pouring conditions at various

manufacturers
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Fig. 4 Diagram of the reserved air channel on the top of
the capacitor and the bubbles in the internal polyurethane
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Fig.5 Use a magnifying glass to measure the size of the
self-healing spot
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Fig. 6 Results of stepped DC withstand voltage tests (at
room temperature and high temperature) on capacitors at
the hottest points of various manufacturers.
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Fig.7 Changes in capacitance of capacitor components
during long-term aging (measured at 75°C)
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