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Study on Equivalent Methods for Thermal Stability Test of High-voltage and
High-capacity Flexible DC Capacitors
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Abstract: The reliability and lifespan of flexible DC capacitors, the core components in flexible DC
transmission projects, directly impact operational duration of the converter valves. The flexible DC
capacitors in operation are subjected to complex operation conditions. Therefore, it is crucial to study the
equivalent testing methods for films and capacitors under full working conditions to assess the long-term
durability of the flexible DC capacitors. In this paper, the steady - state thermal characteristics of the
capacitor unit are calculated through electro - thermal coupling simulation, identifying that the internal
hotspot is located within the capacitor element in the upper-middle region of the unit, while the external
hotspot is situated in the upper - middle area of the large surface. A method using power frequency
equivalent harmonic thermal loss is proposed, along with an improved thermal stability test method for
capacitors, which includes additional thermocouples for temperature measurement in both test samples
and internal parts of the capacitors. Through accelerated aging tests, the decay of the capacitor’s
capacitance and ESR are clarified, the acceleration factor of the capacitor is determined, and the criteria

for accelerated testing is proposed.
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Fig.1 Thermal process of metallized film capacitor unit
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Table 1 Parameters of capacitor unit material

SR BE [H 7
(W/(m-K)) (kg/m*) (J/(kg-K))

25 RS

AR AEE 16.28 7 900 502.4
BT R 0.22 900 1780
4B H s 237 2700 900

W4 B 121 7140 388
AL RERFRER 0.19 1200 1172

HEEPRL R g 0.56 1485 1705

i HE Gl 400 8 960 385

LNt 25, 0.0242 1.225 1 006
TR Kb 1.28 1950 210
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Fig.2 Temperature distribution of capacitor unit
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Fig.4 Temperature distribution of capacitor housing
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Table 2 Parameters of capacitor element

W, C R. tand
314 rad/s 20 pF 40 mQ) 0.000 2

RI BRRREURY

Table 3 Harmonic loss equivalence coefficient

n k.

2 0.883
3 0.840
4 0.817
5 0.803

DI B T AR A, HEZE B 5 2 IR D
BN 4 s,
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Table 4 Current harmonic content of flexible DC

capacitor
n I/A
1 482.15
2 309.64
3 109.48
4 48.66
5 102.29
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Fig. 5 Accelerated aging test circuit
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Fig. 6 Variation curve of capacitance variation rate with

aging time
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Table 5 Capacitor endurance at different temperatures

TR/ C S-¥ F5 A /h Iy %
45 58.64 7.09
65 53.12 12.98
85 41.67 13.86
105 31.64 11.69
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Table 6 Capacitor life at different voltages

H /K V F-35 75 fiw/h A%
34 134.44 6.39
3.6 53.12 12.98
3.8 27.89 10.15
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Table 7 Equivalent test time under different test

conditions
h
R E/C 3.92kV 42kV 448 kV
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85 3428 2539 1880
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