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 Voltage Source Inverter (VSI) acts as a boost rectifier and buck inverter for AC-DC and 

DC-AC power conversion respectively.  Current Source Inverter (VSI) acts as a buck 

rectifier and boost inverter for AC-DC and DC-AC power conversion respectively. This 

is possible only when the input dc voltage is sufficient, otherwise it requires additional 
dc-dc boost converter stage which increases system cost and lowers efficiency. The 

additional converter stage can be avoided by using Z source inverter (ZSI) that exhibit 

both buck and boost functionality. The objective of this paper is to design, model, 
simulate and experiment the wind generator based ZSI type AC to AC Converter for 

Three Phase Synchronous Motor (PMSM) drive. The simulation and experimental 

results of ZSI-Fed PMSM system are presented.  The advantages of this system are 
reduced hardware, high boosting capability and shoot-through-ability and immune to 

EMI Noise. 
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INTRODUCTION 

 

 There are different types of converters are 

emerging in the field of power electronics so to meet 

the new challenges in the evolving renewable sources 

field.  This type of field is to tend to grow rapidly 

and hence it is high time to meet those emerging 

demands. Currently there is Voltage Source Inverters 

(VSI) and Current Source Inverters (CSI) that serves 

the voltage boosting functionality with some 

limitations for dc-ac power conversion system. 

 

 
 

Fig. 1: Conventional Current Source Inverter. 

 

 Fig.1 shows the traditional three-phase current 

source converter. In this, a dc current source feeding 

a three phase inverter bridge through the large 

inductor. The output of the inverter should have 

capacitors connected for each leg in order to get 

ripple free voltage. This increase the overall system 

cost of the system. 

 It has the following limitations: Its output 

voltage should not be less than its input voltage. An 

overlap time is required to avoid the open circuit of 

both switches in a leg simultaneously. The main 

switches are required to have reverse block voltage 

capacity and it should have a series diode to provide 

unidirectional flow of current.  

 

 
 

Fig. 2: Conventional Voltage Source Inverter. 

 

 A Fig.2 show the traditional three-phase voltage 

source converter is working as a step-down inverter 

for DC-AC power conversion system where as the 

same converter is working as a step-up rectifier   for 

AC-DC power conversion system. It has the 

following limitations: The upper leg and lower leg of 

each phase of the three phase voltage source 

converter should not be triggered on at the same 

time. If it is triggered on, a shoot-through state would 

occur and destroy the devices. The shoot-through 

state issue is due to electromagnetic interference 

(EMI) noise and hence it results in misfiring of the 
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gate devices. A delay time with zero amplitude 

voltage i.e. Dead time is needed  to avoid the short 

circuit of  both upper and lower switching devices  in 

the same leg and this results in waveform distortion 

and it is likely to introduce harmonics, etc. Thus 

neither the voltage source inverter nor the current 

source inverter can be used because the voltage 

obtained in the output is either greater than the input 

voltage or it is lesser than input voltage and does not 

contain the both functionality together. Hence it is 

required to go for a new type of inverter which does 

the two operations and there comes the concept of z- 

source inverter.  

 The concept of Z-source inverter was proposed 

by F.Z Peng  2003. Comparison of traditional 

inverters and Z-source inverter was presented by 

Miaosen et al  2005.The Pulse-width modulation of 

Z-source inverters was presented by Loh et al 2005 . 

Constant boost control of the Z- Source inverter to 

minimize current ripple and voltage stress was 

presented by Shen et al 2006. Identification of an 

Effective control scheme for Z-source Inverter was 

presented by Meenakshi and Rajambal, 2010. 

Performance Analysis of Reduced switch Z-source 

inverter fed IM drives was presented Srinivasan and 

Dash 2010. Comparison of ZSI and Traditional two 

stage boost inverter in grid tried renewable energy 

generation was presented by Li and Liu, 2010. 

Steady-state analysis and designing impedance 

network of Z-source inverters  was presented by S. 

Rajakaruna and L. Jayawickrama, 2010. Operation 

modes and characteristics of the Z-source inverter 

with small inductance or low power factor by M. 

Shen and F. Z. Peng, 2008. Constant boost control of 

the Z-source inverter to minimize current ripple and 

voltage stress by M. Shen, J. Wang, A. Joseph, F. Z. 

Peng, L. M. Tolbert, and D. J. Adams,  

2006.Modified Z-source single-phase inverter for 

single-phase PM synchronous motor drives by R. 

Antal, N. Muntean, and I. Boldea, 2008. 

  The above literature does not deal with wind 

source feeding ZSI type PMSM drive. This work 

proposes wind based AC to AC converter for 

controlling PMSM drive. 

 

Z-Source Inverter: 

 This paper presents an impedance-source or 

impedance-fed power converter for implementing 

DC-to-AC, AC-to-DC, AC-to-AC, and DC-to-DC 

power conversion.  

 

 
 

Fig. 3: General Z-Source Converter. 

 In Fig. 3, The three-phase Z-source inverter 

bridge has got nine states where as the traditional 

voltage source inverter and   current source inverter 

has got eight states. The extra   state in voltage 

source inverter is called as shoot through state. This 

is possible only when both the switches of upper and 

lower are set in on condition. This condition could be 

made using either any one phase leg or combinations 

of any two phase leg or all three legs at a time. This 

state of the Z-source inverter provides the distinct 

buck boost feature. It also improves the reliability of 

the inverter system as well. 

 The ZSI has operation modes as follows: 

Normal mode, Shoot-Through mode and Zero State 

mode. In Normal mode and Zero State mode, the ZSI 

operates just like the traditional inverter. In the 

shoot-through mode, the load terminals of the three 

phase inverter are shorted at both the upper and 

lower switching devices by any one of the phase legs 

and in this mode the z source network boost up its 

input voltage by means of transferring the stored 

magnetic energy from inductors to the capacitors in 

the form of electro static energy. The Z-source 

converter overcomes the conceptual and theoretical 

barriers and limitations of both voltage source 

converter and current source converter and provides 

a unique power conversion technique. 

 

Operating Principle Of Zsi: 

 Z-source inverter is a single stage boost and 

buck converter and it has got higher efficiency over 

its previous power conversion topologies i.e. two-

stage process. Z-source inverter has a special 

impedance network between the load and the input 

voltage source and it forms X shaped network Fig.3. 

This special circuit structure makes ZSI has an 

additional Shoot-Through switching state in which 

the upper leg and lower leg shorted together and the 

load is also shorted. In Shoot-Through state the two 

inductors are being charged by the capacitors and in 

Non-Shoot-Through states the inductors and input 

DC source transfer energy to the capacitors and 

through the load. This process is exactly similar to 

the boost converter when it is looked back from the 

AC side. 

 There are many PWM control methods for the 

Z- source inverter in order to reduce the harmonics 

content in the output voltage. The simple boost 

control method in which the magnitude of the output 

has increased without change in the waveform and 

the shoot through is evenly distributed in three legs 

so that the current stress is limited on the capacitor. 

A maximum boost control which maintains six active 

states unchanged and turns all zero states into shoot 

through states. This maximum constant boost control 

can greatly decrease the values of L and C of the Z-

network. This control method has higher voltage gain 

than the simple boost control whereas it is having a 

very slight lower voltage gain than the maximum 

boost control method. By using third harmonic 
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injection controller actual sinusoidal waveform is 

amplified by 15%. Space Vector PWM   (SVPWM) 

is the most sophisticated method widely used at 

industrial    applications because of lower current 

harmonics and higher modulation index.  

 

Design Consideration: 

 As we assume that the capacitors C1 and C2 as 

well as inductors L1 and L2 have the same 

capacitance( c ) and inductance(L) respectively, the z 

source network becomes symmetrical. From the 

symmetry we have, 

Vc1   =  Vc2  =  Vc    &  VL1  =  VL2  =   VL            (1) 

 During shoot through zero state, for an interval 

of To, during a switching cycle T 

VL =  Vc    

Vd   =   2 Vc - Vi     =  0              (2) 

 During non-shoot through zero state, for an 

interval T1, during a switching cycle T 

VL  =  Vo – Vc                         Vd  =  Vo     Vi   =   Vc – 

VL  =  2 Vc - Vo 

             (3) 

 where Vo is the dc input voltage and Vi is the dc 

output voltage of the  z source inverter. 

 The peak dc-link voltage  

Vi =  Vc- VL = 2Vc – Vo = B. Vo 

                                                                                                                                                         

(4) 

where 

B  =  1/1 - 2(To/T ) ≥  1 

                                                                                                                                                                 

(5) 

 It is the boosting factor that is resulted in shoot 

through state. 

 The average voltage of the inductor over one 

switching period should be zero in steady state 

Vc / Vo = T1/( T1 – To)          (6) 

 Using (1),(5) and(6)we get, 

Vc1 = Vc2= Vc  =  {(1- (To /T)) / (1-2 (To /T)) } Vo 

                 (7) 

 

Simulation results: 

 The Simulink model of wind based ZSI type 

AC-AC converter fed PMSM drive system is shown 

in Fig.4a.Three Phase Permanent Magnet 

Synchronous Motor (PMSM) is used as Load.  

 The simulation parameters are  

1) Output Voltage from Wind Turbine Model Vo = 

230 v. 

2) Bridge Diode Rectifier Resistance = 0.001 Ω. 

3) PMSM Resistance/phase = 2.875 Ω. 

4) PMSM Inductance Ld/phase = 8.5e
-3 

H. 

5) PMSM Inductance Lq/phase = 8.5e
-3

 H. 

6) PMSM Mechanical Input Torque = 2.65 Nm. 

7) Z-source Network: L1 = L2 = 10 m H. 

8) Z-source Network: C1 = C2 =25000 µF. 

 

 
 
Fig. 4a: Circuit  Diagram of  ZSI  based  PMSM  
   Drive. 
 
 Various parameters for a wind energy system 
such as output voltage, output current, real power, 
speed and current are measured. 
 The output voltages of wind generator are shown 
in Fig.4b. They are sinusoidal in nature. 
 

 
 
Fig. 4b: Output Voltage of Wind Generator. 
 
 The speed, output voltage and current are shown 
in Fig.4c. 
 

 
 
Fig. 4c: Wind Speed ,Output Voltage  and Current 
Waveforms. 
 
 The output voltage of Z-source network is 
shown in Fig.4d.The dc voltage value is 340 Volts. 
 

 
 
Fig. 4d: Output Voltage of Z- Source Network. 
 
 The output current of z-source network is shown 
in Fig.4e. 

 
 
Fig. 4e:  Current through DC-Link. 
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 The line-to-line voltages are shown in 

Fig.4f.They are equal and displaced by 120º with 

each other and its voltage value is 340 volts. This 

voltage is fed into the PMSM motor. 

 

 
 

Fig. 4f:  Voltage Waveform of Line to Line. 

 

 The current drawn by the PMSM are shown in 

Fig.4g.The current is smoothened by the inductances 

of the motor.  

 

 
 

Fig. 4g: Current waveform of PMSM. 

 

 The restored speed of the motor is shown in 

Fig.4h. The speed of the motor increases and settles 

at 1500 rpm. 

 
 

Fig. 4h: Speed of PMSM. 

 

Experimental Results: 

 The hardware of ZSI based AC-AC Converter 

fed PMSM system is fabricated and tested. The 

hardware consists of control circuit and power 

circuit. The snapshot of the hardware prototype is 

shown in Fig.5a. The wind generator is replaced by 

AC input voltage source of 48v which is then 

rectified and used. 

 
Fig. 5a: Top View of the Hardware. 

 

 The AC input voltage of 48v is shown in Fig.5b. 

 
Fig. 5b: AC input voltage. 

 

 The output of the rectifier is shown in 

Fig.5c.The output voltage is free from ripple. 

 
Fig. 5c: Output Voltage of the Rectifier. 

 

 The switching pulses for M1,M2 of the inverter 

are shown in Fig.5d. 

 
Fig. 5d: Switching Pulse for M1,M2. 

 

 The output voltage of the Z Source inverter of 

71.4v is shown in Fig.5e. 

 
Fig. 5e: Z-source Output Voltage. 

 

 The driver output pulses for M1 of the inverter 

are shown in Fig.5f. 

 The driver output pulses for M2 of the inverter is 

shown in Fig.5g. 

 Line to Line Voltage of the inverter bridge is 

shown in Fig.5h and the same is fed to PMSM. 
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Fig. 5f: Driver Output Pulses for M1. 

 
Fig. 5g: Driver Output Pulses for M2. 

 
Fig. 5h: Line Voltage of the Inverter Bridge. 

 

Conclusion: 

 Wind Generator based ZSI type AC-AC 

converter fed PMSM system is successfully 

designed, modeled and simulated using MATLAB. 

The low voltage output from the wind generator is 

boosted using Z-Network. It is observed that AC-AC 

converter is capable of converting bad power quality 

into good poor quality supply. The advantages of this 

system are reduced hardware, boosting capability and 

shoot-through-ability. The testing of the hardware 

prototype has been performed experimentally and 

obtained the results. 
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