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Three-Phase Z-Source Hybrid Active Power Filter System
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ABSTRACT

In this paper, a Z-source hybrid active power filter is proposed to compensate the harmonics and reactive
power in power distribution system. The proposed system is composed of a 7th harmonics-tuned passive filter
and an active power filter with a Z-source inverter topology, while voltage source PWM inverter or current
source PWM inverter are applied as the power converter topology of conventional active power filters. The
Z-source impedance network along with shoot through capability would ensure a constant DC voltage across
the DC link. A polymer electrolyte membrane fuel cell is employed as an compensation DC energy source of
the proposed system and its equivalent R-L-C circuit is modeled for simulation. As the compensation and
control algorithm of the proposed system, the current synchronous detection algorithm is applied. The
simulation analysis by PSIM is performed under the three-phase 220V/60Hz voltage source and 25A nonlinear
diode loads. The effectiveness of the proposed the system is verified in the steady and transient states.

Key Words : Z-source inverter, Z-source hybrid active power filter, 7th-tuned passive filter, PEM fuel cell,
Voltage stress of switch device, Harmonics and reactive power compensation
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Fig. 1 Proposed Z-source hybrid active power
filter(Z-HAF)
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Table 1 Z-network Parameters of Z-HAF

Inductance ZL,=L,=L 160uH
Capacitance Cy=C,=C 1000uF
Resonant frequency f, 400Hz
Reference
Carrier Vtri | Vi
AN \
° / \\/ \/ >
S_p ! I
S n E
— ' To
ih | |—

4

i Shoot-through state

T

12 3 Shoot-through AEH(CHA STH5|2)
Fig. 3 Shoot-through states(single-phase circuit)
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(b) shoot-through states
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Fig. 5 Operation modes of the proposed system
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Inductance Ly 2.5mH
Capacitance C’f 57.6uF
Resistance 7, 038
Resonant frequency f,- 419Hz
Quality factor @), 219
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Table 3 Equivalent Circuit Parameters of a PEMFC

RQ| RQ | RQ | RQ | RQ | RR

0.15 0.0115 0.15 0.15 0.065 0.07
CmF | CmF | CmF | L;yH -

4.8 -

70 75 55

T 4 A|AHlQ| mzto|E|
Table 4 System Parameters
v, =3110,,.4,/60Hz, L,.=15mH

3 phase source

L=160uH, C=1000uF,
Z-network £, =400H7
51 Simple boost control
f oy 5AKIE

3 phase
7-HAF | PEMFC

Ballard NEXA (1.2kw) X3 (series)
V; =422V-266V, I,,~45A

C;=57.6uH,
Passive “th
filter Lf725mH,7”f703 Q
;=219

Diode rectifier

Voltage source, C,;=1000uF, 7;=20Q
Load
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