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______________________________________________________________________________ 

ABSTRACT 

In this paper, a new approach is presented for the operation of the Z- source inverter fed Induction motor drive. Z- 

Source inverter have recently  been  proposed  as  an alternative concept for adjustable speed drives (ASD)  with   
boost capabilities  they   allow  inverters  to  be  operated in  the shoot through state.  This proposed strategy 

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

systems. The Z-source inverter is driven with the pulses generated by the SVPWM based algorithm. This algorithm 

is based on the conventional approach, so it is required to calculate the magnitude of the reference vector and angle. 

Sectors are identified by using the calculated angle. To validate the present scheme MATLAB Simulation results are 

presented and discussed in this paper. 

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

motor drives. 
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                1. INTRODUCTION 

In a traditional voltage source inverter the two switches of same phase leg can never be gated on at the 

same time doing so would cause a short circuit to occur that would destroy the inverter. In addition the 

maximum output voltage obtainable4 can never exceed the dc bus voltage. The limitations can be 

overcome by new z-Source inverter. The uses an impedance network (z-network) to replace traditional dc 

link. The z source inverter advantageously utilizes the shoot through states to boost the dc voltage by 

gating on both the upper and lower switches of phase leg. Therefore the z-source inverter can buck and 

boost voltage to a desired output voltage. That is greater than the available dc bus voltage. In addition 

shoot through can no longer destroy the circuit. Thus it provides a low-cost, reliable, and highly efficient 

single stage structure for buck and boost power conversion. The main circuit of z-source inverter and its 

operating principle can be explained in (2) 

         2. OPERATING PRINCIPLE AND CONTROL 

The basic operating principle and control of the z-source inverter fed by a dc source inverter has nine 

permissible switching states (vectors) unlike the traditional three phase V-source inverter that has eight. 

The traditional three-phase V-source inverter has six active vectors when the dc DC voltage is impressed 
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across the load and two zero vectors when the load terminals shorted through either the lower or upper 

three devises respectively. 

Fig.1 Z-Source inverter 

               However the three phase z-source inverter bridges one extra zero state (or vector) when the load 

terminals are shorted through both upper and lower devices any one phase leg, any two phase legs, or all 

three phase legs. This shoot through zero state (vector) is forbidden in the traditional v-source inverter, 

because it would cause a shoot through. We call this third zero state the shoot trough zero states which 

can be generated by seven different ways: such as shoot through via any phase one phase leg or 

combinations of any two phase legs and all three phase legs. In the z-source network makes the shoot 

through zero state possible. This shoot through zero state provides the unique boost feature of the inverter.  

                          The z-source inverter intentionally utilizes the shoot through zero states to boost the dc 

voltage and produce an output voltage greater than the original DC voltage. At the same time , the z-

source structure enhances the reliability of the inverter greatly because the shoot through states that might 

be caused by EMI noise can no longer destroy the inverter. However, all the descriptions and analysis are 

based on an assumption that the inductance of inductor in the z-source Network is great enough to 

maintain the inductor current almost constant. In some applications, the inductance should be minimized 

in order to reduce cost, volume, and weight.       

 INDUCTION AND CAPACITOR REQUITREMENT OF THE Z-SOURCE NETWOTRK: 

For the traditional v-source inverter the dc capacitor is the sole energy storage and filtering element to 

suppress voltage ripple and serve temporary storage For the traditional i-source inverter, the dc inductor is 

the sole energy storage element to suppress the current ripple and serve temporary storage. The z-source 

network is a combination of two inductors and two capacitors. This combined circuit, the z-source 

network is the energy storage element for the z-source inverter. The z-source network provides a second 

order filter and is more effective to suppress Voltage and current ripples than capacitor or inductor used in 

the traditional inverters. Therefore the inductor and capacitor requirement should be smaller than the 

traditional inverters.  

                               When the two inductors (L1 AND L2) are small and approach zero, the z-source 

network reduces to two capacitors (C1and C2) In traditional v-source. Therefore a traditional 

requirements and physical size is the worst case requirement for the z-source network should require less 

capacitance and smaller size compared with the traditional v-source inverter. Similarly, when the two 
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capacitors (c1 and c2) are small approach zero. The z-source network reduces to two inductors (L1 and 

L2) in series and becomes a traditional current source. Therefore, a traditional current source inverter‟s 

inductor requirements and physical size is the worst case requirement for the z-source network. 

Considering additional filtering and energy storage by the capacitors, the z-source network should require 

less inductance and smaller size compared with the traditional current source inverter. 

3. 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 z-source inverter fed 

induction motor is shown in the  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. 

 

        4.  Space Vector Pulse Width Modulation Technique  (SVPWM): 
 
          In the space vector approach, the voltage reference is provided in terms of a revolving space vector. 
The magnitude and the frequency of the fundamental component are specified by the magnitude and   

frequency respectively of the reference  vector. Different switching sequences can be used to generate a 

given average vector in the space vector approach. For the same average vector, different switching 
sequences result in different sets of switching instants of the three phases. 

                     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 Vector modulation theory, the concept of a rotating space vector is very 

important. The set of balanced 3-ph voltages can be represented in the stationary reference frame by a 

space vector of constant magnitude, equal to the amplitude of the voltages, and rotating with angular 
speed ω=2πf. 
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                                  All the possible switching states of an inverter may be   depicted as voltage 
space vectors as shown in Fig., which are forming six symmetrical sectors. 

The active voltage vectors can be represented as 

 

 
 

                 

                         

 
  A combination of switching states can be  utilized, while maintaining the volt-second balance to 

generate a given sample in an average sense during a sub  cycle, which  is termed as a „switching 
sequence‟.  A well-designed PWM algorithm is one where there are no pulses of opposite polarity in the 

line-to-line voltage waveforms.  

 

Principle of volt-second balance: 
 

                     The reference vector is sampled at equal intervals of time, referred to as sampling time 
period. Different voltage vectors that can be produced by the inverter are applied over different durations 

with in a sub cycle such that the average vector produced over the sub cycle is equal to the sampled value 

of the reference vector, both in terms of magnitude and angle.   
 

                       As all the six sectors are symmetrical, here the discussion is limited to sector-I only. Let  

T1and T2 be the durations for which the active states 1 and 2 are to be applied respectively in a given 
sampling time period TS .  Let Tz be the total duration for which the zero states are to be applied. 

  

                   From the principle of volt-time balance T1, T2, and Tz can be calculated as:  
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                         In the SVPWM algorithm, the total zero voltage vector time is equally distributed between 

V0 and V7. Also, the zero voltage   Vector time is distributed symmetrically at the start and end of the sub 

cycle in a   Symmetrical manner. Moreover, to minimize the switching frequency of the inverter, it is 

desirable that switching should take place in one phase of the inverter only for a transition from one state 
to another. 

                     A typical switching sequence  When the sample is situated  in sector-I Switching sequences 

in    all the sectors for SVPWM: 
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Modulating waveform:  

 

 
 

  

Sector number  On-sequence  Off-sequence  

1  0-1-2-7  7-2-1-0  

2  0-3-2-7  7-2-3-0  

3  0-3-4-7  7-4-3-0  

4  0-5-4-7  7-4-5-0  

5  0-5-6-7  7-6-5-0  

6  0-1-6-7  7-6-1-0  
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Complete Block Diagram

 
Simulation Results: 

   
             Simulation test can be done using 

Matlab/simulink model. The parameters used for simulation and output results will be given below: 

 

Parameter Value 

DC bus voltage 240 V 

Z-source inductance (L1&L2) 0.12mH 

Z-source capacitance(C1&C2) 1.5µF 

Output phase voltage in volts 260 V 

Fundamental frequency 50 HZ 

Load Resistance 10Ω 

Output capacitor voltage in volts 465 V 

 
 

Output waveforms for phase voltage and capacitor voltage will be given: 

 
Phase voltage (volts): 
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Capacitor voltage (volts): 

 

 

 
 

Speed(rad/sec), Torque(N-m) , Current(A) 
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CONCLUSION: 

        A Space vector PWM control method was carried out in this paper for Z-Source Inverter fed 

induction motor drive. The output AC voltage obtained from ZSI is no longer limited and can be boosted 

beyond the limit imposed by conventional VSI. Using Matlab/Simulink software was performed to 
validate the proposed algorithm. 
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