Three-phase Z-source PWM rectifier based on DC voltage fuzzy control
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ABSTRACT

This paper describes a fuzzy PI control method to control
the output voltage of three phase Z source PWM rectifier.
The proposed fuzzy PI controller is a single input fuzzy
with its fuzzification, inferences and de fuzzification
processes. The proposed method adjusts the Kp and Ki in
real time in order to find the most suitable Kp and Ki for
PI controller and to simplify the controller design. The PI
portion of DC voltage controller is controlled by fuzzy
method. The simulation is performed with PSIM and
MATLAB/SIMULINK and is verified the validity of the
proposed approach.

1. INTRODUCTION

A novel PWM rectifier named as Z source PWM rectifier
[1] makes the shoot through state possible which avoids the
possibility of ruin by EMI noises. And the shoot though
state allows the Z source rectifier to buck and boost its
output voltage. Over the past few decades, a large number
of inverters have been regulated using proportional
integral(PI) controllers[2,3]. The design procedures for these
controllers are well defined and are widely accepted by the
control community. Generally, in order to design a proper PI
controller, a precise mathematical model of the actual
system to be controlled is required.

In this paper, the DC voltage of three phase z source
PWM rectifier using simplified fuzzy PI controller is
proposed. It shows that the proposed system has the
compensation ability for the DC voltage variations. In the
practical applications, it is able to provide a safety
environment for adjustable speed system in commercial and
industrial facilities.

2. THE PROPOSED METHOD

2.1 Three-phase Z-source PWM rectifier

Fig. 1 shows the three phase =z source rectifier.
7 network is coupled between the load and the rectifier
circuit. The Z network is implemented using split inductors
(Ly and I1,) and capacitors(C; and C;) connected in X
shape. This z network allows the z source rectifier to
buck or boost its output voltage. The three phase z source
rectifier has nine permissible switching states (six active
vectors, two zero vectors and one extra zero vector). When
both the upper and lower devices of any one phase leg, any
two phase legs, or all three phase legs are shortened
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through, the z source rectifier has one extra zero state.
How to produce the PWM extra zero state has been
described in the reference[4].
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Fig.1. Three phase Z source PWM rectifier

From the symmetry and equivalent circuits, we have

Va=Ve=Ve » Vp=Vp=V, (1)

where the inductors L; and L, and capacitors C; and C.
have the same inductance(l) and same capacitance(C)
respectively.

When the rectifier bridge is given in the shoot through
zero state(Ty), during a switching cycle T, wv; is the input
voltage of z network, we have

v, =0 V, ==V, (2)

When the rectifier bridge is given in the non
shoot through zero state(Ty), one have

Vi=Ve= Vv, =Vt Vp=2V—V, (3)

where T=1T,+T1

From the inductor volt second balance, the average
voltage of the inductors over one switching period(T) should
be zero in steady state, we have

V,=v, =Ty (= V) + T, (Vo= V,)]/ T=0 (4)
or
VC_ T 1=D,

Vdc_ TliTl): 1*2D() (5)
where D0= T0/T denote the shoot through duty cycle.
The average DC link voltage across the load can be

found as_follows
V=0 =T, x 0+ T,2Ve=V)I/ T

= ﬁ Vie="Ve (6)
According to equation(3),(5) and (6), we can get
Vv, =(1—2D,)v,= By, (7)

where B is the buck factor.



The DC output voltage of the traditional V source PWM
rectifier can be expressed as
2V,
Vae = Mecos
M is the modulation index, L is the input inductor, r is
the equivalent input resistance, V; is the peak phase AC
input voltage.
According to equation(7) and (8), we have
B 2V 2V
M cost B osy
where, By is the buck boost factor.

L
where, 1 = arctaan (8)

(9)

2.2 Fuzzy PI Control scheme
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Fig.2. Control block diagram of the proposed system

From the given formulas, we can know that the
modulation index is determined by the shoot through duty
cycle in a half working period of three phase z source
rectifier. The SIMCOUPLE module gets input port from
PSIM to MATLAB as one sensor. After transmission and
operation in MATLAB, the duty cycle Dy will be give back
to the only one output port, and return to the PSIM.

3. SIMULATION AND DISCUSSION

The simulation parameters are as follows:
Input voltage: 380V
Input inductance and resistance: 1mH and 0.5Q
7 network: L1=L2=2mH C1=C2=1000uF
Output capacitor: C=1000pF
Output load: 20Q
Switching frequency: 10kHz

Fig3 shows the simulation results for the AC input
voltages and currents of the three phase z source rectifier.
It can be seen from figure that almost unity power factor
and nearly sinusoidal AC current operation is achieved.
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Fig. 3. The waveforms of the AC input voltages and
currents

I e B e R s S
30000

100.00

-100.00

-200.00

Fig. 4. The DC output voltage

Fig. 4 shows the DC output voltage with the fuzzy PI
controller. According to equation(9), we can get the
following calculations.

1)When M is 0.6, D0 is 0.4, we have

_(1—2D)) 2V,  1-2x04 2x380

Vie = M cosyp 0.6 0.99 =253V
2) When M is 0.6, Do is 0.35, we have

(1—-2D,) 2V, —2x0. X
V,= M() i 1—2X0.35 2 380=38OV

costp 0.6 0.99
4. CONCLUSIONS

The goal of this paper is to control the DC output
voltage of the three phase Z source PWM rectifier by fuzzy
PI controller. From the results, the three phase Z source
rectifier can buck or boost input voltage by using a
shoot through state. It was shown that the proposed
controller produced a comparable performance as its
conventional fuzzy PI controller, but with a much reduced
computation time. The voltage control stability of the
z source PWM rectifier system can be improved by the
fuzzy PI controller.
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