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ABSTRACT

Z-source inverter can boost the voltage of the DC-side, allow the two switches of the same bridge arm conducting at the
same time and it has some other advantages. The zero-sequence current flows through the fourth leg of the three-phase
four-leg inverter so the three-phase four-leg inverter can work with unbalanced load. This paper presents a Z-source
three-phase four-leg inverter which combines a Z-source network with three-phase four-leg inverter. The circuit uses
simple SPWM modulation technique and the fourth bridge arm uses fully compensated control method. The inverter
can maintain a symmetrical output voltage when the proposed scheme under the unbalanced load.
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1. Introduction

Z-source inverter[1-5] with Buck-Boost characteristic
can boost the low DC power to a specified high voltage,
and the two switches of the same bridge arm can conduct
at the same time. Then there is no longer necessary to
add the dead zone, thereby Z-source inverter can reduce
the harmonic content because of the dead zone setting,
and improve the quality of the power conversion. The
traditional three-phase inverter can not provide pathways
for the zero sequence current which is generated by un-
balanced load, It is only suitable for balanced load.
Three-phase four-bridge arm inverter[6-7] increases a
bridge arm on the basis of the traditional three-bridge
arm inverter structure. And this bridge arm constitutes
midline and then eliminates the need of the midpoint
transformer when the load is unbalanced, reduces the
volume and weight of the system. Dq0 rotating coordi-
nate variables are mutually orthogonal, there is no cou-
pling, they can be individually controlled, but the disad-
vantage of this method is the large amount calculation of
the coordinate transformation and coordinate inverse
transformation[8]. The paper separates the fourth bridge
arm from the other control coupled bridge arm. The
fourth bridge arm is individually controlled. Based on the
advantages of the Z-source network and three-phase
four-bridge arm inverter, this paper presents Z source
three-phase four- bridge arm inverter, and it can improve
the voltage pressure, under the unbalanced load it is able
to maintain a good symmetrical output voltage.
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2. Analysis of the Main Circuit
2.1. The Main Circuit

The main circuit is shown in Figure 1. Z-source imped-
ance network is provided by the diode D, capacitor C1,
C2 and inductors L1, L2.In the design of the Z imped-
ance network, the capacitance value of Cl, C2 is equal
and the inductance value of L1, L2 is equal. And the
formulaisCl1=C2=C,L1=1L2=1L.

The fourth bridge arm of the three-phase four- bridge
arm inverter is added to the traditional three-phase three
arms. The fourth bridge arm consists of switching tube
Q7, Qg. The midpoint of the bridge arm connects the in-
ductor L, to the load neutral point. The main function of
the inductance L, is to filter the switching ripple of the
neutral current. Z-source network and three-phase four-
bridge arm inverter are combined to form a Z -source
three-phase four-bridge arm inverter. The DC voltage
Udc boost by the Z-source network then changes into
alternating current through the four-leg inverter then the
alternating current powers the unbalanced load through
the LC filter.

2.2. Working Principle of Z-source Inverter

Z-source inverter has two working conditions which are
the active state and the shoot-through state. The inverter
can be equivalent to a controlled current source i;,.
Figure 2(a) shows the active working state of the Z-
source inverter’s equivalent circuit diagram. When the
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switching state is one of the active state or the traditional

zero vector, the input of the diode D is conducting, the

power source and the inductors L;, L, simultaneously

power the load, capacitor C,and C, are charging status.
Figure 2(a) can be obtained:

Ug =Ug, +U_ =Ug +U,

=u

Uin ¢, Uy =Ucg, —Uy =Uc —U,

Calculate the above two formulas,we can obtain:
U, = 2uC —Uge

where u;, is the DC side input voltage .

Figure 2(b) shows the shoot-through working state of
the Z-source inverter’s equivalent circuit diagram. Diode
D is cutoff. Inductor and capacitor exchange energy. Ca-
pacitance charges inductance .We can obtain from Fig-
ure 2 (b):

Ue =Uc =U =U_

:uL :uL

1 2 1 2

u, =0

The inductor L; (L;) should satisfy the volt-second
characteristic within a switching period T (the average
storage energy of a switching cycle is zero). During a
switching cycle, anti-shoot-through state works time is

ET AL.

T, shoot- through state works time is TO,and T1 + TO =
T, do is the straight-through duty cycle. Then we can
obtain:

(Uge =U)T, +U:Ty =0

b =y, =170,
© T -T,* 1-2d, ©
U = —

in 1—2d0 dc

It can be seen that when T, varies within the range of
0-0.5T, Uy, / Uy is theoretical from 1 to infinity.

2.3. The Simple Boost SPWM Modulation Me-
thod

The basic idea of the Z source three-phase inverter SPWM
modulation is as follows. When Z-source inverter works
in traditional zero vector state and shoot-through zero
vector state, the three-phase load is short-circuited. Re-
place the part time of the traditional zero vector time
with the shoot-through zero vector time, keep the effec-
tive vector works time the same, and then can increase
the output voltage value of the Z-source inverter. The
modulation principle is shown in Figure 3.
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Figure 1. The main circuit topology of Z-source three-phase four-leg inverter.
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Figure 2. The status of the Z-source inverter.
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Figure 3. Simple boost SPWM modulation technology schematic.

In Figure 3, V, is equal to or greater than the peak
value of the three-phase reference voltage, and V, is
equal to or smaller than the carrier negative peak voltage.
They are used to control the straight duty cycle. When
the carrier amplitude is higher than V,, or lower than V,,
the inverter operates in the shoot-through zero state,
when the carrier amplitude is between V, and V,, the
inverter is in the traditional SPWM modulation state.

Can be obtained, D, will be reduced when the modula-
tion factor M increases. The maximum value of D, of is
(1-M), when M is 1, Dy is 0. The output phase voltage
amplitude of inverter is:

u. u u
Uy, b e =M x—L = MBx—%& =G x—%
2 2

1 1

e 1

1-2d, 2M -1 o

G-M*B=_M ©)
2M -1

Ui, is the DC side of the inverter input voltage. B is the
boosting factor. M is the modulation factor of the in-
verter. G is a gain factor.

By the formula (1) and formula (2), knowing that the
arbitrary size’s AC output voltage can be obtained by
controlling the dy and M. It expands the conversion range
of the entire system, and is applicable to more applica-
tions.
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2.4. The Fourth Leg Control Principle

Figure 4 is a circuit diagram of the three-phase four-
bridge arm inverter.

i, T i, + i, = 0 when three-phase three- bridge arm in-
verter with three-phase linear balanced load. ., Upy, Uen
are determined by u,, up, U.. i, + 1, + i # 0. When the
three-phase four-bridge arm inverter with unbalanced
load, u,n, Upn, Uey are jointly decided by u,, uy, u and u,,.

Assumptions:

u, =m, sin(at - 6)
u, =m, sin(wt—6—-27/3)
U, =m,sin(ot —0—-4rx/3)

3)

L, =L, by the formula (3) can be obtained
U, +Uy +U, = Ldi, /dt+(Upg +Ugg +Ugg)
+3(u, + Ldi, /dt)
Ifu, + u, +u, =0, then
Ldi, /dt +(Uug +Ugg +Ucg ) +3(u, +Ldi, /dt)=0
If the fourth bridge arm’s un is designed to be
u, =—4/3*Ldi, /dt
Then
Upg +Ugg +Ueg =0

Output voltage is balanced.
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In the actual control, k (U,g +Ugg +Ucg ) items is add
to adjust the three-phase asymmetry.

3. Three-phase Output Voltage Control

3.1. Mathematical Model of the Three-phase
Four-leg Inverter under the Three-phase
Rotating Coordinate System (d, g, 0)

Differential equations of the three-phase four-bridge arm
according to Figure 4 can be listed as follows:

| | d, | [U
d a d n Uin AG
LE b na In + B db - UBG (4)
Ic In dc UCG
d UAG Ia Ioa
CE Uge |=| o || lo ()
UCG Ic oc _|

Among them d,, d,, dc are three-phase phase voltage
duty cycles, I,, I, I are output phase current of the in-
verter. L, Lo, and I, are three-phase load current. I, is the
neutral inductor current. Uj, is the DC side input voltage
of the inverter.

Stationary coordinate system (a, b, ¢) changes to the
rotating coordinate system (d, g, 0) coordinates. The
transformation matrix is as follows.

sinwt sin(wt _ZT”) sin(wt + 2%)

Q)

2 2
Tabc/qu = E coswt cos(wt —?ﬂ) cos(wt + Tﬂ)

1/2 1/2 1/2

The correspondence relationship between the abc co-
ordinate physical quantity with dq0 coordinate physical
quantity is as follows.

ET AL.

|:Ud Uq Uo]T :Tabc/qu[UAG Ugs UCG:|T
|:Id Iq IO:IT :Tabc/dqo[la Ib Ic:|T
|:Iod qu Ioo:IT = abc/dq0|:|oa Iob Ioc]T

|:dd dq d0:|T :Tabc/dqo[da db dc:IT

Consolidate the formula (4) (5) (6) (7) can be ob-
tained.

(7

d Iy U dd Uq 'Iq
E Iq =%M dq -M Uq - Id (8)
1, d, u,| |0
d Uy Uq I g
CE Uq =Co| U, |+ Iq ILq 9)
UO 0 IO ILO
where the matrix M is
l 0 0
L
M=|0 l 0 (10)
L
0 0 !
i 3Ln+L_

From the formula (8) and (9) we can obtain the cou-
pling between the dq axis, 0 axes is independent. Feed
forward compensation is used to release the coupling
between the dq axis, after decoupling, after decoupling,
d-axis, g-axis, 0 axes are the three single-input single-
output independent control system.

Under the dq0 rotated coordinate system, inductor cur-
rent loop is the inner loop; the capacitor voltage loop is
the outer loop. The controlled schematic diagram is
shown in Figure 5 as below:

Load

Ude |

Figure 4. Three-phase four-leg inverter structure diagram.
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Figure 5. dg0 axis control schematic structure diagram.

3.2. Z-source Network Capacitor Voltage
Control Design Idea

Here is the controlled method of Z-source network ca-
pacitor voltage. The Z-source network capacitor voltage
control block diagram is shown in Figure 5. In the de-
sign of the capacitor voltage out loop, the current inner
loop is regarded as a gain link in the out loop path. Ig-
noring the inverter bridge own loss under the condition
of unity power factor, the active power of the inverter
AC side is equal to the active power of the inverter cir-
cuit DC side, then we can obtain the formula (11).
Ui, i :%uaia :%udid +%uqiq (11)
In order to simplify the design of the controlled system,
q axis vector voltage was regarded as the 0 vector volt-
age in the two-phase synchronous rotating coordinate
system (d, q). so formula (11) is converted into formula
(12).
Ui, :iu i :gu i
in'in 2 a'a 2 d'd
There are formulas (13), (14) of the Z-source network
as follows.

(12)

U, =2U, —Uy = Uge (13)

(14

According to formula (13) and formula (14), formula

lin =1z — 1l

Copyright © 2013 SciRes.

15 can be obtained. Where u;, is the DC side of the in-
verter input voltage, ij, is the DC side of the inverter in-
put current, Uy is the power supply of the system. iz is
the current in the inductor Z-source network.

L 3 uyig(1-2d,)

=i, - =i, ——2% =i -9 (15

c ZL in ZL ZL 2 Udc ( )

So capacitor current i, of the voltage loop can be con-

trolled by controlling the load AC current iy and thus
control the capacitor voltage.

4. The Simulation Results

System simulation parameters are as follows:
Three-phase output phase voltage: 110+/2 /50 Hz
Input voltage of the DC side: 330 V
Three-phase filter inductor: 1 mH
Midline inductance: 1mH
Filter capacitor: 25 uF
Z-source network inductance: 2 mH
Z-source network capacitor: 3300 yF
The next two cases were analyzed: (1) the Z source

three-phase three-leg with unbalanced load (two-phase

no-load, one phase with a load of 50 ohms) (2) Z-source
three-phase four-leg with unbalanced load(two-phase no-
load, one phase with a load of 50 ohms).

From Figure 6, we can see the output waveforms
quality is poor and the load voltage is unbalanced when
Z-source three-phase three-bridge arm inverter circuit is
with unbalanced load.
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Figrue 7. Three-phase four-leg with unbalanced load simulation.

From Figure 7, we can see the waveforms in the Z-
source three-phase four-bridge arm inverter system with
the same load have been greatly better. The degree of
imbalance of output voltage is small. But the amplitude
does not have a very good stability in expectation; there
is a growing trend, so the control mode needs to improve.

5. Conclusions

This paper presents a Z-source three-phase four-bridge
arm inverter which combines a Z-source network with
three-phase four-leg inverter. The circuit uses simple
SPWM modulation technique. The three-phase four-
bridge arm use PI control in synchronous rotating coor-
dinate system, the fourth bridge arm use independent
methods to control. The simulation results demonstrate
the Z-source three-phase four-bridge arm inverter can

Copyright © 2013 SciRes.

output three-phase sine wave voltage under unbalanced
load conditions.
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