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Abstract: Z Source inverters have recently been proposed as an alternative power conversion concept for

adjustable speed AC drives (ASD) with both voltage buck and boost capabilities as they allow inverters

to be operated in the shoot through state. It utilizes an exclusive Z – source network (LC component) to

link the main inverter circuit to the power source (rectifier). By controlling the shoot-through duty cycle,

the inverter system using IGBTS, provide ride- through capability during voltage sags, reduces the line

harmonics, improves power factor, increases reliability and extends output voltage range. Advanced and

Computation-intensive Space vector Pulse Width Modulation (SVPWM) Z-source inverter based approach

is proposed in this paper. SVPWM allows the operation of inverter in Over modulation region. Possibly,

it is the best among all the PWM techniques for variable speed applications. This proposed strategy

considers the inverter as a single unit and greatly reduces the complexity and cost when compared with

traditional systems.  Simulation has been performed for 10HP induction motor with SVPWM impedance

source inverter and the results are experimentally verified to demonstrate these new features. It has

reduced harmonics, low switching stress power and low common mode noise. 

Key words: Z source inverter, Space Vector Pulse Width Modulation (SVPWM), harmonics, induction
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INTRODUCTION 

Traditional Inverters for Asds and Their

Limitations: The traditional inverters used for power

control of Adjustable Speed Drives (ASDs) are voltage

source inverter (VSI) as show fig 1 and current source

inverter (CSI) which consists of a diode rectifier front

end, dc link and Inverter Bridge. In order to improve

power factor, either an ac inductor or dc inductor is

normally used. The dc link voltage is roughly equal to

1.35 times the line voltage, and the voltage source

inverter is a buck converter that can only produce an

ac voltage limited by the dc link voltage. Because of

this nature, the voltage source inverter and current

source inverter are characterized by relatively low

efficiency because of switching losses and considerable

EMI generation. Since solid state switches are used in

the main circuit, each is traditionally composed of

power transistors and anti parallel diode. It provides bi-

directional current flow and unipolar voltage blocking

capability. Thus inverter presents negligible switching

losses and EMI generation at the line frequency. The

voltage source inverter requires an output LC filter to

provide sinusoidal voltage compared with current

source inverter. The LC filter causes additional power

loss and control complexity. The voltage source

converter is widely used. However, It has the following

conceptual and theoretical barriers and limitations: The

ac output voltage is limited below and cannot exceed

the dc bus voltage or the dc bus voltage has to be

greater than the ac input voltage. Therefore, the voltage

source inverter is a buck inverter for dc-to-ac power

conversion and the voltage source converter is a boost

rectifier for ac-dc power conversion. For applications

where over drive is desirable and the available dc

voltage is limited, an additional dc-dc boost converter

is needed to obtain a desired ac output. The additional

power converter stage increases system cost and lower

the efficiency. 

The upper and lower devices of each phase leg

cannot be switched on simultaneously, otherwise, a

shoot through would occur and destroy the devices.

Dead-time to block both upper and lower devices has

to be provided in the voltage source converter, which

causes waveform distortion, etc.

Alternatively, Current source inverters could be

employed with boost control. A dc current source feeds

the main converter circuit, a three-phase bridge. The dc
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current source can be a relatively large dc inductor fed

by a voltage source such as a battery or diode rectifier.

Six switches are used in the main circuit; each is

composed traditionally by a semiconductor switching

device with reverse block capability. However, the

current source converter has the following conceptual

and theoretical barriers and limitations .[1]

Fig. 1: Conventional VSI drive with front end

rectifier

The ac output voltage has to be greater than the

original dc voltage that feeds the dc inductor or the dc

voltage produced is always smaller than the ac input

voltage. Therefore, the current source inverter is a

boost inverter for dc to-ac power conversion and the

current source converter is a buck rectifier for ac-to-dc

power conversion. For applications where a wide

voltage range is desirable, an additional dc-dc buck

converter is needed.

At least one of the upper devices and one of the

lower devices have to be gated on and maintained on

at any time. Otherwise, an open circuit of the dc

inductor would occur and destroy the devices. Overlap

time for safe current commutation is needed in the

current source converter, which also causes waveform

distortion, etc.

In addition, both the voltage source converter and

the current source converter have the following

common problems. They are either a boost or a buck

converter and cannot be a buck-boost converter. That

is, the output voltage range is limited to either greater

or smaller than the input voltage. The main circuit is

not be interchangeable. In other words, neither the

voltage source converter main circuit can be used for

the current source converter and nor vice versa. They

are vulnerable to EMI noise in terms of reliability.

In this paper, an efficient z-source inverter based

approach for the control of adustable speed Induction

motor drives has been proposed. The Z-source inverter

advantageously utilizes the shoot through states to

boost the dc bus voltage by gating on both the upper

and lower switches of the same phase leg . Shoot[1 ,2 ,3]

through mode allows simultaneous conduction of

devices in same phase leg. Therefore, a Z-source

inverter can boost or buck voltage to a desired output 

voltage that is greater / less than the dc bus voltage

based on the boost factor. In addition, the reliability of

the inverter is greatly improved because the shoot

through can no longer destroys the circuit. 

Z-source inverter based induction motor drives

provides a low cost and highly efficient single stage

structure for reliable operation . The above feature[4 ]

makes the system highly desirable and reliable over

other conventional power control strategies for ASDs.

Z-sorce Inverter Based Induction Drives:

Z-source Inverter System: Z source inverter is used

to overcome the problems in the traditional inverters.

It employs a unique impedance network coupled with

the inverter main circuit to the power source. It

consists of voltage source from the rectifier supply,

impedance network, three phase inverter and three

phase induction motor. The ac voltage is rectified to dc

voltage by the rectifier. The rectifier output dc voltage

fed to the impedance network, which consist of two

equal inductors and two equal capacitors. The network

inductors are connected in series arms and capacitors

are connected in diagonal arms. The impedance

network is used to buck or boost the input voltage

depend boosting factor. This network also act as a

second order filter and it should required less

inductance and less capacitance. The inverter main

circuit consists of six switches. These inverters use a

unique impedance network, coupled between the power

source and converter circuit, to provide both voltage

buck and boost properties, which cannot be achieved

with conventional voltage source and current source

inverters .[4]

The unique feature of the Z source inverter is that

the output ac voltage can be any value between zero

and infinity regardless of dc voltage. That is, the Z

source inverter is a buck-boost inverter that has a wide

range of voltage control. To describe the operating

principle and control of the Z source inverter in Fig. 2,

The traditional three-phase voltage source inverter has

six active vectors when the dc voltage is impressed

across the load and two zero vectors when the load

terminals are shorted through either the lower or upper

three devices, respectively. However, three phase Z

source inverter bridge has one extra zero state when

the load terminals are shorted through both the upper

and lower devices of any one phase leg, any two phase

legs, or all three phase legs. This shoot-through zero

state is forbidden in the traditional voltage source

inverter, because it would cause a shoot-through. The

Z source network makes the shoot-through zero state

efficiently utilized throughout the operation . [5 ,6]
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Fig. 2: Z-source inverter with RL load

Z-source Inverter Fed Induction Motor Drives: The

induction motor drive system suffers the following

common limited quite below the input line voltage. The

diode rectifier fed by the 415V ac line produces about

560V dc on the dc link, which is roughly 1.35 times

the line to line input voltage under the assumption of

heavy load. For small drives with no significant

inductance, the line current becomes discontinuous and

the dc voltage is closer to 1.41 times the line to line

voltage, the low output voltage significantly limits

output power that is proportional to the square of the

voltage. It is very undesirable for many applications

because the inverter and the drive system is to be

oversized for the required power. The voltage sags can

interrupt an induction motor drive system and shut

down the critical loads and process. The DC capacitor

in the induction motor drives is a relatively small

energy storing element, which can’t hold DC voltage

above the operating level under such voltage sags. Ride

through capacity is the serious problem for the motors

driving sensitive loads. Inrush and harmonic current

from the diode rectifier can pollute the line. Low

power factor is another issue of an induction drive. 

Recently developed z-source inverter provides the

solution for the above problems . The structure of a[6 ,7]

z-source inverter fed induction motor is shown in the

fig.  3.

Fig. 3: Z-Source inverter fed induction motor drive

The z-source inverter based drive system can

provide the following advantages: It can produce any

desired output voltage (either buck or boost) regardless

of the input voltage, thus reduced motor ratings. It

provides ride through during voltage sags without any

additional circuits. It can improve the power factor,

reduce the harmonic current and common mode

voltage .[8]

Space Vector Pulse Width Modulation: Space vector

Pulse Width Modulation (SVPWM) Z-source inverter

based approach is proposed in this paper. SVPWM

method is an advanced, Computation-intensive PWM

method is possibly the best among all the PWM

techniques for variable speed applications. Because of

its superior performance characteristics, it has been

finding widespread application in recent years. All the

existing PWM methods have only considered

implementation on a half bridge of a three phase bridge

inverter. If the load neutral is connected to the center

tap of the dc supply, all three bridges operate

independently, giving satisfactory PWM performance.

With the machine load, the load neutral is normally

isolated, which causes interaction among the phases.

This interaction was not considered in other PWM

techniques. SVPWM considers this interaction of the

phases and optimizes the harmonic content of the three

phase isolated neutral load. . To understand the Space[2]

Vector modulation theory, the concept of a rotating

space vector is very important. If the three phase

sinusoidal and balanced voltages given by the voltages,

are applied to a three phase induction motor. Using the

following state equations, 

Where, a =  and a =  2 
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It can be shown that, the space vector V with

mmagnitude V  rotates in a circular orbit at angular

velocity of ù  where the direction of rotation depends

on the phase sequence of the voltages. Trajectory of

the space vector V* forms s circle for sinusoidal

excitation and is shown in Fig. 4. With the sinusoid

three phase command voltages, the composite PWM

fabrication at the inverter output should be such the

voltages follow these command voltages with a

minimum amount of harmonic distortion.

SVPWM allows z-source inverters to be operated

at over modulation region. Operation in over

modulation region is not possible in other PWM

techniques, since the inverter behaves as a square wave

inverter when the modulation index exceeds one.

In  linear  modulation  (0<m<1),  the  V   of*

figure 4 can  be  resolved  as

Fig. 4: Space Vector trajectory

Where Va and Vb are the components of V*

aligned in the directions of V1 and V2 respectively.

Considering period Tc during which the average output

should match the command, we can write the vector

addition

c 1 a 2 b o 7 oV T =V t +V t +(V  or V )t*

Where,

o c a bt =T -(t +t )

a btime intervals t  and t  satisfy the command voltage,

cbut time to fills up the remaining gap for T  with a

null vector. Fig. 5 shows the construction of the

symmetrical pulse pattern for two consecutive Tc

intervals to satisfy the above equations. Here,

s c s sT =2T =1/f   (f =switching frequency) is the sampling

Fig. 5: Output voltage of Space sector - I

time. Null time has been conveniently distributed

0 7  between the V and V vectors to distribute the

symmetrical pulse widths. Symmetrical pulse pattern

gives minimal output harmonics. Ratio between vector

magnitude or phase peak value and fundamental peak

value of the square phase voltage wave is defined as

modified modulation factor. varies from 0 to1at the

square wave output. 

Modified modulation factor =  

From the geometry of the fig. the maximum

possible value of  at the end of the undermodulation

region can be derived. The radius of the inscribed

circle can be given as 

Modified modulation factor for SVM 
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It implies that, 90.7% of the fundamental at square

wave is available in the linear region, compared to

78.55% in the sinusoidal PWM.

In over modulation or non-linear operation, starts

when the reference voltage V* exceeds the hexagon

boundary. There are two modes in over modulation In

mode 1, V crosses the hexagon boundary at two points* 

in each sector as shown in fig. 6. 

The fundamental voltage (peak) of the inverter

output  in  Mode  I  of  Space vector PWM because

of  quarter  wave  symmetry  could  be expressed as,

Fig. 6: Space trajectory of Mode - I

Fig. 7: Space trajectory of Mode - II

The fundamental voltage (peak) of the inverter

output in Mode II of Space vector PWM because of

quarter wave symmetry could be expressed as, 

The above mathematical expressions are derived

in .[2,9 ,10]

Simulation Results: Simulation has been performed for

three phase induction motor with SVPWM impedance

source inverter and the results are experimentally

verified to demonstrate these new features. Functional

block diagram and experimental setup is shown in

figure 8 and 9 respectively. Reference sinusoid wave

for SVM pulse generation for positive group of IGBTs

generated by digital signal processor is shown in fig.

10. Form  >1 i.e. overmodulation, output space vector

trajectory is shown in fig. 11. Output voltage and

output current of the inverter is shown in fig 12. It has

reduced harmonics, low switching stress power and low

common mode noise.   

Fig. 8: Functional block diagram

Fig. 9: Experimental setup of SVM Z-source inverter

fed IM

Fig. 10: Reference sinusoid wave for SVM pulse

generation for positive group of IGBTs
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Fig. 11: Output Space vector trajectory 

Fig. 12: Output voltage and current waveform of the

Z-Source inverter with supwm with m=0.6,

ac sDo=0.2, V =150v and f =5KHz.

Conclusion: This paper has presented the simulation

and experimental model of SVM pulse width

modulation for Z-source inverter based Induction motor

drives. Advanced and Computation-intensive Space

vector Pulse Width Modulation (SVPWM) Z-source

inverter based approach is presented in this paper.

SVPWM allows the operation of inverter in Over

modulation region. Possibly, it is the best among all

the PWM techniques for variable speed applications.

This proposed strategy considers the inverter as a

single unit and greatly reduces the complexity and cost

when  compared with traditional systems.  Simulation 

has been performed for 10HP induction motor with

SVPWM impedance source inverter and the results are

shown to verify these new features. It has reduced

harmonics, low switching stress power and low

common mode noise.
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