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Vibration and Noise Reduction Technology of Power Capacitor Body Based
on Low Stiffness Vibration Isolation

LI Ming, HUANG Runhong, LIU Yang, ZHANG Fuzeng, WEI Chengzhi, GUO Xiaoyi
(Electric Power Research Institute, CSG, Guangzhou 510663, China)

Abstract: With the implementation of China’s “dual carbon” strategy, ultra/high-voltage direct current transmission system has been
widely applied as an important technical means for new energy consumption. The power capacitors, as key devices for filtering and
reactive power compensation, are widely used in ultra/high-voltage direct current transmission systems. However, the low-frequency
vibrations and noises of power capacitors pose a serious challenge to the environmental standards of converter stations. To reduce the
emission of low-frequency vibrations and noises of power capacitors, the electric field force of electric core under AC voltage is
investigated for a start, and then the time/frequency domain distribution characteristics of the electric field force on electric core under
both fundamental frequency voltage and higher harmonic voltage are theoretically derived. Based on this, the excitation of the electric
core is used to simulate the vibration characteristics of the power capacitor under electric field force. Based on the vibration
characteristics of power capacitors under electric field force, a low stiffness vibration isolation system design for noise reduction of
power capacitor body is proposed, and the low-frequency vibration isolation performance of the low stiffness vibration isolator is
simulated and studied. Furthermore, combined with acoustic finite element analysis, the comparative study is conducted on the low-
frequency noise radiation characteristics of power capacitors are compared with and without the low stiffness vibration isolation
system embedded. The results show that the proposed low stiffness vibration isolation system can effectively reduce the low-
frequency noise emissions at frequencies 100 Hz, 200 Hz, 600 Hz, 700 Hz and 800 Hz in spite of 500 Hz, which indicate that the
noise reduction of power capacitor body can be achieved efficiently.
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Fig. 1 The structure of capacitor
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Fig. 2 Model of forced battery cell
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Fig. 3 Voltage waveform loaded onto the capacitor
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Fig.4 Frequency characteristics of electric field force
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Tab.1 Frequency distribution characteristics of electric field
force

$B*R/Hz 100 200 500 600 700 800
M7 /N 53.23  7.55 41.51 41.18 18.03 17.81
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Tab.2 Parameters of capacitor

g4y W/ (kgem™)  PPERIE/MPa e

L 925 114 0.10
BB 2300 7%10* 0.27
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Fig. 5 Response analysis of capacitors under electric field force
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Tab.3 Vibration responses of baseplate

i /Hz

KI5 43N
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X e ¥R zh/ 3.81x 1.69% 9.06x 1.49x 2.23x 2.22%
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Y diRsh/ 7.06% 5.52x 1.51x 5.95% 2.89x 3.50x
(mm-s?) w' 1w' 10t 10t 100 10
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Tab.4 Vibration responses of top plate

B % /Hz,
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XI¥Esh/  3.70x  1.15x  8.90x 8.01x 8.41x 3.52x

(mm-s?) 1072 10" 10" 10" 10

YIRS/ 9.24x  4.57x  4.08x 5.38x  1.31x 3. 14X

(mm-s?)  10° 10° 10* 10* 10’

ZInARsh  1.25x  1.52x  8.22x  5.50x  4.16x  1.65%
(mm-s2) 102 10" 10' 10' 10 10
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Tab.5 Vibration responses of lateral plate

Wi Hz

# 7 k3l

200 500 600 700 800

XIyEsh/  5.42x  1.58x  1.33x  2.31x  4.30x 1.68%
(mm-s?) 107 107" 10° 10 107 10
YIRS, 5.25%x  1.78x  4.71x  1.02x  8.91x 1.27x
(mm-s?) 107 107 10° 10° 10" 10

ZI¥EEh/  1.51x  1.14x 1.97x  1.48x  1.53x  2.54x

(mm+s?) 107 107" 10" 10" 10° 10°
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Tab.6 Vibration responses of main plate
SR Hz
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(mm-s?) 1072 107" 10" 10' 107" 10
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(mm+s?) 107 10° 10’ 10* 107 107
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Fig. 6 Assembly of low stiffness isolator and capacitor
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Tab.7 Parameters of sheet spring
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Fig. 7 Finite element model and mesh division of sheet spring
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Fig. 8 Axial loading of sheet spring
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Fig. 9 Radial loading of sheet spring

YN 16.34 N, 774 1 e KN J) Ry 222,59
Mpa, fi KARMEZEIE N 2. 33x10° mm, PR a6 Je i
RESMEHBTT e . 2P, hmR 1 ATEL T
Bz B0t KL 3% J1 o0 53,23 N, WUE] 6 b &
iR Az Bl R 2. 23 N AR R K
lia] 48 ¥ il 5 K I3 43931 24 0. 33 mm i1 5. 12 Mpa,
DAL P it 1 o 2 98 L R TR TSR

3 10°
15500 2uA0

2.0

L Sis

b Rl

= ]

= = 1.0

E 0.5 [ﬁﬂ
0.5

0

0 2 4 6 8 10 0 246 81012141618
i) J3/N e Ji/N
(a) Hliii) (b) F21
E10 A-REHLk

Fig. 10 Curves of force - deformation
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Fig. 11 Vibrations of capacitor under electric field force
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Fig. 12 Influence of damping ratios on force transmissibility
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Tab.8 Force transmissibilities
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Fig. 13 Acoustic model of capacitor with and without low stiff-
ness isolator
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Fig. 14 Sound pressure image of capacitor with and without low
stiffness isolator
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Tab.9 Surface average A-weighted sound pressure levels
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