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ABSTRACT

There are lots of control methods can be used in the
3-phase Z-Source inverter. In this paper several typical
control methods are analyzed and compared through the
simulation in the PSIM and Matlab.

1. Introduction

The recently presented Z-Source inverter has been
researched actively especially on application in the fuel cell
system and photovoltaic system. The 3-phase Z-Source
inverter has advantages that it can boost or buck input DC
voltage and it enhances the reliability of the inverter for
avoiding influence of the shoot-through by EMI There are
lots of control methods can be used in the 3-phase
Z-Source inverter. In this paper several typical control
methods are analyzed and compared through the simulation
in the PSIM and Matlab. '

2. Z-source inverter

The structure of 3-phase Z-source inverter™ is shown
in Fig. 1. It has advantages that it can boost or buck
input DC voltage and it enhances the reliability of the
inverter for avoiding influence of the shoot-through by
EMI. It is difficult in the traditional 3-phase inverter.
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Fig. 1 3-Phase Z-Source inverter

2.1 Traditional control method

As shown in Fig2, the gate signals are generated by
comparing sinusoidal reference signals with a triangular
carrier signal. There are three sinusoidal reference waves
each shifted by 120 degree. The carrier wave is compared
with the reference signal corresponding to a phase to

generate the gate signals for that phase.

2.2 Simple boost control method

If two straight lines are employed in the traditional
PWM control method, simple boost control method is gotm.
One straight line is equal to the maximum of the 3-phase
reference, the other is equal to the minimum of the
3-phase reference. When the carrier triangular signal is
greater than V,, or smaller than V ,_, the inverter

works in shoot-through zero state that is forbidden in the
traditional method.
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Fig. 3 Simple 3-phase Z-Source inverter control method

2.3 Maximum boost control method

Fig. 4 Meximm boost 3-phase Z-Source inverter control method

In this method all zero states of traditional method
are turmed into shoot-through zero states. By this
way the maximum boost output voltage is obtained.
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2.4 Constant boost control method

Instead of two straight lines in the simple control
method, two sine curves are used to get the shoot-through
time. As shown in Fig. 5, when the carrier triangle signal
is greater than V ,, or smaller than V ,_, the inverter
works in shoot-through zero state.
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Fig. 5 Constant boost 3-phase Z-Source inverter control method

3. Basic Expressions
The boost factor B is

1
5= 2T0'1—21)0 o)
1=2—7
The voltage gain of the Z-Source inverter is
aw M
¢= 14/2—MB_ 1-2D, @

3.1 Simple boost control method
The maximum shoot-through duty ratio is

D,=1-M 3
The relationship in G and M is

M
o=-—M @

T1—2D, 2M-1
The relationship in M and G is

G
M= S0-1 )]
From (2) (5),
B=2G—1 6)
The voltage stress on the switches is
_ (9 __1
V=BV, =2G-1)V,= o=V @

3.2 Maximum boost control method
In the period ( ©/6, 1/2), the average shoot-through duty
ratio is
_T_o=f"/’z2—(Msin6—Msin(e—27r/3))
T /6

) > do
2r—3v3 M
= _ZT_2£__ @®)
yis
The maximum shoot-through duty ratio is
— M
D= M_g__ )
27
The relationship in G and M is
M M
G u (10)

T 1-2D, 33M-=x
The relationship in M and G is

G

= 3B O J3G=n (1)
From (2) (5),
3vV3G—
B= Lﬂ—ﬁ 12
The voltage stress on the switches is
3/3G—n T

V.=BV,= V.=

s i T3 B M=—n 13

3.3 Constant boost control method
The shoot-through duty ratio is

2—V3M I M
D, = \2/— =1- \/; (14)
The relationship in G and M is
M M
G= =
1=2D, J3M-1 (15)
The relationship in M and G is
G .
M=———
J3G-1 (16)
From (2) (5),
B=+3G-1 17
The voltage stress on the switches is
1
V.=BV,=(/3G-1)V,=———YV,
L, =BV, =(/3G-1)V, NI (18)

Simple booat
+«  Maximum boost
> Constant boost

° 0.3 0.2 0.3 0.4 0.8 0.8 0.7 0.8 0.9 1
Modulation idex

Fig. 6 Voltage gain versus Modulation index
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Fig. 7 Voltage stress versus voltage gain

4. Simulation Results

Three simulations are done. The parameters are:
Z-Source unit L=1mH, C= 1mF, frequency of carry triangle
signal is 10k. First is getting constant output RMS voltage
by regulating the modulation index of each control method.
Second is comparing the outputs when the modulation index
is set to 1 in each control method. Third is comparing the
output phase current of each method in same output
line-line RMS voltage and same output impedance.
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4.1 Constant Output Simulation
The input voltage is 120V, and output line-line RMS
voltage is set to 220V. The output power is determined to

0kVA.

Table 1 Constant Output Simulation

Simple Maximum Constant
Matlab |[PSIM  [Matlab [PSIM |Matlab {PSIM

M 06676 |0.6676 (08273 (08273 |0.7874 |0.7874
Vieems |20V 2200V [220V  [2201V [220V  [219.7V
Vohaseris |127.0V |1270V |1270V |1271V |127.0V |1269V
Lnaserms |T187A  |786A |787A [787A |787A |787A

Vs 360.0V {3708V 13259V |330.1V . [329.9V |3R3V

Vic 1195V |1189V 1348V 1329V |1299V [130.1V
L) 0.0177 0.01%4 0.0188
R( &) 8.8658 9.7021 9.4624

From the simulation result, it is obvious that the
required voltage and power can be made, but the voltage
stress across the switch is different. There is minimum
value in the maximum control method. '

42 Constant Modulation Index Simulation
The input voltage is 120V, and the modulation index is

set to 1.

Table 2 Constant Modulation Index Simulation

Simple Maximum Constant
Matlab [PSIM  [Matlab [PSIM  [Matlab |PSIM

M 1 1 1 1 1 1
Vicrus 8TV 139.0V 1216
Vohasernts 51.2V 8.2V 702
L hasernss 3.82A 546A 493
Vs 120V [1207V |1835V [192.1V [1639V [166.8
Vie 60V 596V [9L7V 935V [820V  |81.9V
L(H) 0.0177 0.01%4 0.0188
R(2) 8.8658 97693 94624

From the result, we can know that the maximum output
line-line voltage can be made in the maximum control
method when the modulation index is set to same.

4.3 Output THD Compare Simulation
The input voltage is 120V, and output line-line RMS
voltage is 220V. The output R=129 Q, L=0.0257H.

Table 3 Qutput THD Compare Simulation
Simple Maximum Constant
Matlab |PSIM  [Matlab |PSIM {Matlab |PSIM

M 06676 06676 08273 08273 07874 |0.7874
Vierus 220V 2201V |220V  |2228V |220V  |2198V

=

phaserMs| 1270V |127.1V 11270V 1286V |127.0V |1269V
phaseRMS | 5.41A G(X)A 5.77A

Vs 3600V [369.2V |39V 3346V |3209V 3381V
I;;c 1195V {1237V |1348 1351V [1299V [131.7V

~

LH). 0.0257 0.0257 0.0257
R( ) 129 129 : 129
THD 2211 1.741 1834

For an ac waveform that contains both the fundamental
and harmonic components. The total harmonic distortion of
the waveform is shown as Fig. 8. The best THD is got in
the simple control method as shown in Fig. 8 The FFT
results is shown in Fig. 9.
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Fig. 8 THD analysis
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Fig. 9 FFT of Line-Line Voltage

5. Conclusion

Three typical control methods in Z-Source inverter
was analyzed in this paper. For each method, the boost
factor, voltage gain, duty ration and voltage stress
across the switches were expressed and the relationships
among them are analyzed in detail. Through the comparison
among them, we can select the proper method according as
different demand. '
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