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Voltage THD Mitigation of Power Distribution System
using Z-Source Active Power Filter with a Fuel Cells Source

C
(Young-Gook Jung)

Abstract - This paper deals with a Z-source active power filter(Z-AFU) for mitigation voltage THD(total harmonic
distortion) due to voltage harmonic propagation (amplification) in 6.6kv power distribution system. Bus voltage harmonic
signal is detected by 60Hz butterworth BPF(band pass filter). As an ESS(energy storage system) of the proposed
system, PEM fuel cells(Ballard NEXA, 1.2kw) is employed. Test results based on PSIM(power electronics simulation tool)

validate the proposed approach.
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Fig. 1 AFU for installation on power distribution system
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Table 1 Parameters of power distribution feeder
0.22mH
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Line inductance L

Shunt capacitance C
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Fig. 2 Power circuit of shunt Z-AFU with fuel cells source
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Table 2 Z-source network of Z-AFU

Inductance Li=L,=L 160uH
Capacitance G=G=C 1000uF
Resonant frequency f, 400Hz
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Fig. 3 Shoot-through control
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Table 3 System parameters

v,=155v_, . /60Hz
Distributi t : —
1strioution system L:OZZmH, C:15OUF ;’ngf‘“,’,’ ?‘ﬁ%":&, i ,i:‘,::‘;” o
L,=3mil ﬁ
Simple boost control V,,;=1, o
Z-AFU V,=0.66, M=0.65, f,,=10kHz 00 005 04 015 02 025 03
7 network L=160uH, C=1000uF, ms
networ £,=400Hz . > .
PEM Fuel cells Ballard NEXA "2 (series) Without Z-AFU With Z-AFU
stack 1.2kw, V; =42.2v-26.6v, I, =50 a3 8 HA 4(v)e DET My,) AS HE
Diode rectifier Load ¢;=1000uF, R;=50% Fig. 8 Voltage harmonic(v,) signal detection of bus 4(v,)
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Fig. 9 Voltage waveforms of each bus without Z-AFU
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Fig. 10 Voltage waveforms of each bus with Z-AFU
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Table 5 Comparison of THD, for each bus
THD,[%] Bus 1 Bus 2 Bus 3 Bus 4
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With
19 3.6 4.2 43
Z-AFU
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13 Dynamic characteristics for damping of current
harmonics propagation (Bus current)
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