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Abstract—This paper presents a wind turbine generation
system based on the Z-source inverter with maximum boost
control. The proposed system can boost and generate the
desired output voltage efficiently when the low voltage of the
generator is introduced according to the low wind speed.
Moreover, when the wind speed is high, providing higher
voltage, the system can also work like the traditional inverter
without the boost condition. The proposed system has high
performance, minimal component count, increased efficiency
and reduced cost. These outstanding performance attributes
make the proposed system suitable for the wind turbine
distributed generation systems.

The amount of power transformed from the wind velocity,

v , is described in (1) [10].
P=

ρ

: air density [kg/m3] ;

A : swept area[m2],
v : wind speed [m/s]
As shown in Fig.1, Cp is the power coefficient of a wind
turbine that is the function of the tip-speed ratio λ . The tipspeed ratio is defined as the ratio of the tip speed of the
turbine blades to the wind speed which is shown in (2).

λ=

Vtip
v

=

Rωm
v

(2)

where λ = Tip-speed ratio,

R = Rotor radius (m), ω m =

Rotational speed (rad/s).
There are two types of wind turbines: constant and
variable speed. The maximum value of Cp is only achieved
at one particular tip speed ratio. For the fixed - speed wind
turbines, the rotor speed is constant whereas the wind speed
is not. So, there is only a particular wind speed at which a
wind turbine can generate the maximum power coefficient.
At the other wind speeds, the power coefficient is reduced.
Cp_max
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Fig. 1. Curve showing variation of the power coefficient of
performance with the tip speed ratio.
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(1)

P : aerodynamic wind power [W]
C p : power coefficient of wind turbine

I. INTRODUCTION

ITH world electricity demand growing steadily,
demand for renewable energy sources is also expected
to increase drastically. Wind, a free, clean and inexhaustible
source of energy, is increasingly competitive with other
energy sources [1]-[3].
Variable speed wind turbines are known to provide more
effective power capture than fixed speed wind turbines [1][6]. Yet the grid is fixed frequency at most loads. The
voltage source inverter (VSI) with a DC chopper circuit has
traditionally been used for this voltage level and frequency
conversion. The traditional VSI, however, has the limitation
of only providing output voltages that are lower than input
voltages. For this reason, the DC chopper circuit is used to
add the boost feature. Even though this topology is
functional, the extra active devices and controls add
additional system costs and complexities [7]-[8].
Alternatively, the Z-source inverter presented recently in [9]
not only overcomes the voltage limitation of the traditional
inverter but also uses fewer components. Moreover, it is
more efficient and reduces cost. As a result, it is well suited
for the wind turbine system.
This paper presents the application of the Z-source
inverter for the wind power system. The operational
principle and control method of the proposed system are
herein explained in detail. Simulation results are provided in
order to verify the validity of the developed wind turbine
generation system.
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II. WIND TURBINE CHARACTERISTICS

III. PROPOSED Z-SOURCE INVERTER FOR THE WIND POWER
SYSTEM

Output Power

Wind Speed
V2 > V1

V2
V1

Rotational Speed
Fig.2. Relationship between the generator output power and rotational
speed.

In the case of the variable speed wind turbine, rotational
speed is changed in response to wind speed changes so that
Cp is held at its maximum value. Therefore, the variable
speed wind turbine is capable of more efficient power
capture than the fixed speed wind turbine. Note that when
the wind speed increases, the output power of the generator
increases as a function of the rotational speed. Fig.2
represents the relationship between the generator power
output and rotational speed regarding to wind speed changes.

As mentioned above, the conventional inverter with
DC/DC boost converter shown in fig.3 has more active
component count and also the DC/DC controller need to be
added, leading to system complexity. Alternatively, the
proposed Z-source inverter for the wind power system is
shown in Fig.4. The system includes a variable speed wind
turbine, diode rectifier with input capacitors (Ca,Cb,and Cc),
Z-source network, and inverter system connected to the
utility grid. Input capacitors serve as the dc source feeding
the Z-source network [11]. Electrical power can be drawn
from the wind power through the wind turbine. The AC
power generated from the generator is converted into the DC
power through diode bride rectifier circuits and then fed to
the Z-source inverter.
The operating principle of the Z-source inverter has been
explained thoroughly in [12]-[14]. The inverter can work in
two modes, normal, and boost operation mode. The normal
operation mode is like the traditional inverter. The output
voltage is dependent on the voltage across at the inverter
bridge and on the modulation index. In the boost mode
however, the Z-source inverter boosts the voltage of C1 and
C2 (see fig.4), thereby raising the voltage at the inverter
bridge. The capacitor voltage of the Z-source network is a
function of shoot- through states.

Fig.3. Conventional Inverter with DC/DC Boost Converter for the wind power system.

Fig.4. Proposed Z-source inverter for the wind power system.
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It is assumed that the DC voltage fed to the Z-source
inverter is explained in (6) where VLL is line to line voltage
of the generator. At the normal operation mode, the inverter
bridge voltage, VPN , is equal to Vd.
However, when the inverter working in the boost mode,
the inverter bridge voltage is expressed as in (7) where B is
the boost factor controlled by the control scheme of the Zsource inverter. In this boost mode, the output peak phase

Scn

voltage, Vac , generated by the inverter is expressed in (8).
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Fig. 5. Sketch map of maximum boost control [13 ].

The control of the shoot-through interval has been
detailed as in [12]. Based on this reference, there are several
methods to control the Z-source inverter: simple boost,
maximum boost, maximum boost with third harmonics
injection, and maximum constant boost control. Among
them, maximum boost control is chosen for this design
because of its lower voltage stress across inverter bridge
switches. Fig.5 shows the sketch map of maximum boost
control principle. In this control method, all six-active states
are still unchanged, whereas all zero states are basically
turned to shoot-through states. The strategy for obtaining the
shoot –through states is that the triangular carrier wave is
compared with reference signals. With this comparing, the
shoot-through states are introduced when either the triangle
wave is bigger or smaller than the reference.
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(3)

(4)
(5)

Shoot-through states are defined by (3) where VC1 and VC2
are the voltage across capacitor C1 and C2, respectively. Vd

Note that when the input voltage of the Z-source inverter
is high enough to produce the designed output voltage, the
boost mode is not needed, and with this case the Z-source
inverter works in normal mode like a traditional inverter.
In this paper, the example chosen for illustration is
summarized as follows;
- Generator rated power 50 KW.
- Generator output voltage range 370Vrms to 593Vrms.
- Inverter output 480Vrms, 60 Hz.
When the generator provides 370Vrms as the input of the
Z-source inverter, the voltage at the diode bridge will be
approximately calculated as 500Vdc, using (6). Without any
boost mode (boost factor is equal to 1), the voltage at the
inverter bridge will also be approximately 500Vdc. So, with
this voltage level at the inverter bridge, the inverter can only
generate a maximum of 306Vrms approximately at the
output based on SPWM and the modulation index of 1. In
order to obtain 480Vrms as the inverter output, the minimum
voltage at the inverter bridge must be at least 783Vdc.
Therefore, when the input voltage given by the generator
varies between 370Vrms to less than 580Vrms or 500Vdc to
less than 783Vdc at the rectified diode bridge, the voltage
needs to be boosted (boost factor is greater than 1). So, at
these input ranges, the Z-source with boost mode control
will be used. However, if the generator produces the voltage
high enough, for example, more than 580Vrms or 783Vdc at
the rectifier bridge, the Z-source inverter will be operated in
normal mode like the traditional inverter, to produce
480Vrms at the inverter output.

is the input dc voltage obtained from the diode rectifier
bridge.

T0 is the shoot-through interval of one switching

cycle T .

T0 / T is known as the shoot-through duty ratio.

However, for maximum boost control, shoot-through duty
ratio is expressed as the average of shoot through duty
ratio, T0 / T , as shown in (4) and

B is the boost factor

expressed in (5) where M is a modulation index.
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TABLE I
SYSTEM PARAMETERS
Quantity

Values

Z-source inductors (L1= L2 )

800 μH

Z-source Capacitors (C1= C2 )

1000 μF

Input Capacitors(Ca,Cb, and Cc)

12 μF

Switching frequency, fS

10 kHz

(a)

(a)

(b)

(b)

(c)

(c)

(d)

(d)

(a) Generator Voltage, vSab, 370Vrms
(b) Z-source inverter Voltage, VC1 and VC2
(c) Inverter Voltage after filter, vab, 480 Vrms
(d) Inverter Current, iLa
Fig.6. Simulation waveforms when the generator voltage is 370 Vrms,
15 kW with boost mode control.

IV. SIMULATION RESULTS
To confirm the principle presented above, simulations
have been carried out. The system includes a 50 kW Zsource inverter transferring power from the wind turbine
side to the grid side. The input voltage supplied from the
wind turbine to Z-source inverter varies between 370 to
593Vrms. The output voltage of the inverter is held constant
at 480Vrms and 60 Hz. The parameters of the system are
shown in table I.
Fig. 6 shows simulation results of the Z-source inverter
when the generator provides 370Vrms at the input of the
system. With this input voltage level, the inverter is working
in the boost mode to generate 480Vrms at the inverter
output.
However, when the generator voltage provides a voltage
more than 580Vrms which is high enough to produce the
desired voltage, 480Vrms without using boost mode, the Zsource inverter is like the tradition inverter and the results
are shown in Fig.7.

(a) Generator Voltage, vSab,, 580Vrms
(b) Z-source inverter Voltage, VC1 and VC2
(c) Inverter Voltage after filter, vab, 480 Vrms
(d) Inverter Current, iLa
Fig.7. Simulation waveforms when the generator voltage is 580 Vrms,
45 kW without boost condition.

voltage, the Z-source inverter can also work like the
traditional inverter without the boost condition.
In
summary, this novel circuit can provide a constant 480Vrms
output voltage while input voltage varies above and below
this level. Without the need for additional boost circuitry as
is required by the traditional voltage source inverter, the Zsource inverter provides high performance, a minimized
component count, increased efficiency and reduced cost.
Simulation results of the proposed system were given to
verify its ability to receive input voltage above and below its
constant output voltage. This performance makes the
proposed system suitable for the wind turbine distributed
generation systems.
ONGOING WORK
To verify the principle of the work, shown in fig. 8, the
10-kW Z-source inverter has been built and it is now in the
testing process. The system generates 480 V output voltage
whereas the input is varying between 370 to 593V.
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