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Analysis of active power filter applications in different networks

LU Kang, DIAO Qian
(School of Electrical Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: This paper introduces the effect of shunt active power filter on harmonic suppression. The shunt active power
filter based on voltage detection control corresponds to an active damping, presenting the characteristic impedance to
harmonic component, in addition to restraining harmonics into the power grid, but also damping harmonic resonance. A
shunt active power filter is applied to two different types of power line network and then to evaluate the performance of
filter and the damping resonance in different types of the network. The first power system is a 220 V distribution network.
The second simplified one is a 150 kV solar power with a capacity of 444.4 MVA. It makes sure the best location of

active filter via harmonic resonance modal analysis and calculates the participation factor to make the active filter filtering
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and restrain the resonance work well.

Key words: shunt active power filter; voltage control; harmonic resonance; modal analysis; participation factor
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Fig. 1 Principle diagram of active filter circuit
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Table 1 Transmission line parameters
SRS B
WiE IR 220 V, B4 50 Hz, ¥ 20 kVA
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Fig. 3 Equivalent circuit diagram of solar power network
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Table 2 Solar power network transmission line parameters
AT L2 R S B

WE L : 150 kV, 5% : 50 Hz, 78 4: 444.4 MVA

Lg) 0.0198 H

Ca 822 uF

L 0.01933 H

Lp3=Lp4 0.001 H
Rp3=Rp4 0.056 Q
Cp23=Cp3=Cpa3=Cps 0.28 uF
Lrxi=Ltx 0.038 67 H
Cpe=Cp7 0.052 uF
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Fig. 4 Network modal impedance in Fig. 2
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Fig. 5 Frequency scan results of network model in Fig. 2
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Table 3 Resonance frequency and participation factor

Hofw B 25K AT REM) T4
i FHLoT H(PF) HARAT R R
7 35.60 0.5437 3 (33)
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Fig. 6 Voltage and current waveform at point 1, 2, 3
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Table 4 Voltage and current contains components of

seven times harmonic

APF 1 APF{E APF 7£

EAPE st wmma s
NI B LR 8 8 8 8
WA 1A 3098 5.4 1.95 1.37
W2 A 25.16 5.68 1.58 1.11
IR 3 AbHL 14.62 3.86 2.43 0.65
R AR 14.73 2.57 0.93 0.66
TR 2 MR 2673 5.12 1.69 1.19
W3 M 33.66 6.77 2.45 1.50
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Fig. 7 Voltage and current waveform at point 1, 2, 3 when
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Fig. 8 Voltage and current waveform of point 1, 2, 3 when

active filter at the node 3
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Table 5 Node contains 20 times harmonic component

F APF APF 7£ APF 1£ APF 7E
WAL a2 3
NI B LR 8 8 8 8
AT b 38.45 0.74 5.41 1.12
IR 2 AbHL 20.63 1.55 2.81 0.60
IR 3 b HL 48.05 1.61 4.56 1.41
R AR 52.22 1.00 7.63 1.52
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Fig. 9 Frequency scan results of network model shown in Fig. 5
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Fig. 10 Modal impedance of network model shown in Fig. 5
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Table 6 Participation factor value in each nodes
at resonance peak

h 7.296 22 70 745
PIES 364.8 1100 3500 3725
REP=t 25 R
A1 | 01318 | 0.0053 | 0.0000 | 0.0000
A2 | 01717 | 0.1774 | 0.0000 | 0.0059
A3 ] 01723 | 0.1834 | 0.0004 | 0.0045
W4 | 01760 | 0.2253 | 04996 | 0.4926
A5 | 01723 | 0.1834 | 0.0004 | 0.0045
A6 | 01760 | 0.2253 | 04996 | 0.4926
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