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Abstract: In this paper, we proposed the performance analysis of Switched Inductor Quasi Impedance Source Inverter(SLQZSI 

)based Permanent Magnet Synchronous Generator(PMSG) wind energy conversion system for different wind speeds with sine PWM 

Technique. The generator generates different voltage values for different wind speeds. The Switched Inductor Quasi Z-Source Inverter 

performance has to analysis for various voltage values of PMSG. This is done to predict suitable inverter and to reduce the conversion 

stages of the Wind Energy Conversion System. For comparison analysis voltage gain, Switching stress and Total Harmonic Distortion 

(THD) are taken into consideration. This research paper represents instant of traditional impedance source inverter, switched-

inductance with quasi-Z source inverter, and adding the diode with single stage buck-boost inverter with a small elements and highly 

conversion are obtained. The proposed research reduces the current ripple of input and also in capacitor voltage stresses   , and also 

high boosting factor. in Experimental prototype is built and tested with 1.5kW result verified the effective of the analysis and proposed 

research control method.       

  
Keywords : Quasi Impedance source Inverter (Q-ZSI), Sine PWM Technique, Switched Inductor Quasi Impedance Source Inverter 

(SL- QZSI), Total Harmonic Distortion (THD), voltage gain. 

 

I. INTRODUCTION 

The wind power system is the widely economical resolution to the world`s vitality issues. It is hygienic with nil tariffs.(1)  

Wind vitality is rapidly developing into a standard power resource in numerous nations of the world. It could replenish as 

much as 30% of the world`s electricity needs by 2030. The wind vitality framework is reliant upon wind streams. These 

wind prerequisites are continually based on regional wind fluctuations, these situations produce immediate varieties in the 

generator voltage and vitality provided from wind(2). Several analytical studies have been made with the goal to install the 

energy capture gains which associates with the variable speed of operation. Electric utilities and end clients concerning 

electric influence are greatly worried over the vitality future additionally the power excellence.(3) These are improved 

distress subject to the power excellence. Loads with microchip based controls and power electronic components utilized as a 

part of the present are touchier in accordance power quality varieties. To upgrade the framework effectiveness,(4) high 

productivity components in light of Power Electronics hard wares have been progressively included numerous 

specifications.(5) This creates rising harmonic stages in power configuration and concern in relation to the future high- affect 

on framework capacities; (6)Moreover, buyer mindfulness about power excellence has developed. On the other hand, there is 

a considerable measure of interconnected subsystems in a system. (7)In this way, if there is any imperfection in the 

subsystems, there will be disorders, interruption and alternate impacts, which will lessen the power quality in the framework. 

The little scale remain solitary wind vitality is progressively considered as a conceivable and once in a while supported 

wellspring of electrical vitality.(8) Consider for instance, secluded village in growing nations or estate situated far from 

fundamental power grid.(9) The wind vitality is a significant substitute for remote diesel generations that occasionally relies 

on upon intemperate transportation and fuel stockpiling costs and financially legitimates other option to a grid association. It 

has been uncovered that a (10)remote load had just to involve a couple of far from a fundamental electrical cable for an 

individual wind generator to be economical.(11 

) Wind turbines, in any case, are not generally exceptionally productive in the wind speeds that are most normal to a locale. 

Regularly wind power configuration are intended to be exceedingly successful in maximum wind speed and have a cut-off 

wind underneath which no drive is acquired. In remote areas where wind vitality is utilized for battery charging, the energy 

missing beneath the cut-off wind velocity could be utilized for drop blaming or saving a battery completely charged state. 

Wind turbines are supreme capable while they are worked at solitary particular tip-speed to wind proportion (TSR). In this 

manner, for the resourceful confine of wind power, turbine velocity ought to be measured to take after the perfect TSR, with 

an optimum functional tip, which is diverse because of each wind velocity. An average, little scale, remains solitary, wind 

electric strategy contains of a wind turbine, a permanent-magnet generator, a diode connects rectifier, and a DC control 

framework. In a few little scale frameworks, the DC framework is at a continuous DC voltage and is generally contained of a 

battery bank, enduring storage of energy, a controller to retain the batteries from overcharging, and a load. The load might be 

DC or may contain an inverter to an AC configuration. The load arrangement is past the extent of this work. 
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II. SWITCHED INDUCTOR BASED QUASI Z- SOURCE TOPOLOGY (SL-QZSI): 

Z source inverter has higher rating of capacitors it is not utilized fully. Quasi impedance source inverter (QZSI) is used to 

reduce to the capacitor rating. Further increasing voltage gain of the QZSI, Impedance network is modified. Switched 

inductor network is included in the place of L2 inductor of impedance source inverter. The switched inductor based quasi 

inverter source has two energy paths in the Switched inductor network. As result this network increases the voltage gain. 

Fig.5.1 shows the equivalent circuit of switched inductor based quasi impedance source inverter.  

 
Fig.2.1 Equivalent circuit of the Switched inductance based quasi Impedance (SI-QZSI) network 

 

A. SWITCHED INDUCTOR BASED QUASI Z- SOURCE TOPOLOGY (Sl-QZSI): 

 Fig5.2 shows the SI-QZSI Circuit diagram. With consist of PMS Generator, SI-QZSI and Three phase Induction 

motor load. The Impedance Network formed by the combination of inductor and capacitor. It consists of three equal value 

inductors (L1, L2, and L3), two same rating capacitance value (C1 and C2), and four power diodes same value (D1, D2, D3and 

D4). 

 The amalgamation of three diode (D1–D2–D3) and two inductor (L2–L3) completes the function of the SL module. 

These switched inductors are used to store the energy and to transfer the energy via diode from the capacitors and DC source 

to the dc link during the inverter switching action. 

 
Fig.2.2 SI-QZSI Circuit Diagram 

B.  Operating principle of SI-QZSI: 

 The equivalent circuit of switched inductance quasi impedance source inverter is as shown fig 5.3. For simplifying 

the inverter circuit will take single load or single line. This inverter has shoot through mode and normal or active modes of 

operation. The following section explains the inverter modes of operation in details.  

 
Figure 2.3 Switched inductor based quasi impedance source (Sl-QZSI) inverter 

 

C.1  Shoot-Through State:  

During this method, inverter one leg together switch becomes conduction mode, while in cooperationD3 and D4 are reverse 

bias. At the same time the SL module, D1 and D2 are forward bias as a result L3 get charging from dc source through D1. 

CorrespondinglyL2 get accusing through D2. The shoot through maneuver equivalent circuit is as shown in Fig 5.4(a).  The 

capacitor C1 discharges the energy and same energy charge the inductor via diode D1.  
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Figure 2.4(a) Shoot-Through State 

C.2  Non-Shoot-Through State:  

The fig 2.5(b) shows the equivalent circuit of non-shoot through operation of SL-QZSI. During this operation any one switch 

turns on each leg of the inverter. During this active state, inverter one leg top or bottom switch is OFF condition, while both 

D4 and D3are ON. 

 
Figure 2.5(b) Non-Shoot-Through States 

 At that period SL module, D1 and D2 are befits reverse bias.  L1, L2 and L3 are associated in series, and the stored inductor 

energy is transferred to the inverter circuit. The dc supply, as glowing as the inductors energy is transported to load as well 

as charges the capacitors C1 and C2. Thus the dc link voltage is increased with help of inductor and capacitor stored energy.  

 

D.  Boost ability analysis of SI-QZ-source impedance 

 Inductor and capacitor are taken equal rating for simplifying the mathematical representation. Fig 5.4 (a, b)has the 

symmetric properties. From this voltage across each capacitor is given as  

VC1 = VC2 = VC   (2.1) 

During switch ON period the inductor current starts iL1 to increase and starts to decrease during OFF period. During 

switching ON period, the inductor voltage ViL is equal to VC. 

Implementing the voltage-2
nd

 balance equaling principle to L1, we can get the corresponding induced voltage L1 at the time 

of switch OFF state,  

 VL1-OFF, which is expressed by 

 
      

= VL3-OFF. ---- 2.2 

 The current of inductance iL3 increases at the time of switching ON period and reduces at the time of switching 

OFF period. The corresponding voltages across L3 are equal to VC1 and − (VC2− Vin + VL1-OFF). 

 Applying the voltage–2nd balance principle to L3, we have 

 DTVC1 = (1 − D)T(VC2− Vin+VL1-OFF) or 

   ----- 2.3 

 Hence, 

   ----- 2.4 

 = VC1 = VC2.                         ----- 2.5 

 At the time of switching OFF period, C1, L1, L3, and the voltage source Vdc form a close loop; therefore we have  

 VC= Vdc+VL1-OFF + VL3-OFF.         ----- 2.6 
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Therefore, 

  ----- 2.7 

 The boost factor of the SL-QZS impedance, B is thus expressed by 

   ----- 2.8 

 

III. CONTROL TECHNIQUES OF IMPEDANCE SOURCE NETWORKS 

  Pulse Width Modulation techniques are used for control the inverter output voltage. Different control 

methods are developed for Z-source inverter to control the output voltage. The voltage gain is adjusted with the help of shoot 

through period. Sine pulse width modulation is focused in this chapter for improve the impedance source inverter 

performance. 

 

A. Sinusoidal Pulse Width Modulation (SPWM) 

Figure 6.1 explains the generation of a sinusoidal PWM signal, which discoveries more requests in industries. The reference 

sine signal is compared with carrier triangular signal.it is produced pulse width based on amplitude of sine wave frequency 

of carrier wave. The reference frequencies decide the output frequency.  

The carrier signal frequency decides the switching frequency. The sine pulse width modulation gives better voltage control 

and harmonic reduction compare than single pulse width modulation.      

The voltage can be calculated by  

VO =Vs(S1- S4) 

Depends up on the carrier frequency the no. of pulses per half cycle will be defined. the gate pulse can be produced by 

triangular unidirectional carrier wave . 

 

 
Figure 3.1 Generation of Sinusoidal pulse width modulation 

B. Flowchart of SI-QZSI system 

 The flow chart for generation of pulses in SI-QZSI system is shown in Fig 6.2. The pulse sequence is similar to that 

of ZSI system. The port is initialized and the shoots through pulses are given to the device S3and S6for 10% of time period. 

Later, the switches are triggered as per the sequence S5S6S1, S6S1S2, S1S2S3, S2S3S4, S3S4S5, and S4S5S6. This process is 

repeated to produce continuous pulses.  

 
Fig.6.2. Flowchart of SI-QZSI system 
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IV. SIMULATION AND IMPLEMENTATION  

Z source inverter has higher rating of capacitors it is not utilized fully. Quasi impedance source inverter (QZSI) is 

used to reduce to the capacitor ratting. Further increasing voltage gain of the QZSI, Impedance network is modified. 

Switched inductor network is included in the place of L2 inductor of impedance source inverter. The switched inductor 

based quasi inverter source has two energy paths in the Switched inductor network. As a result this network increases the 

voltage gain. Fig.6.1 shows the equivalent circuit of switched inductor based quasi impedance source inverter.     

Sine pulse width modulation techniques are used to control inverter output voltage. 

 

A. PERFORMANCE EVALUTION BASED ON SIMULATION RESULTS 

           The performance of SI-QZSI system is presented in this section. The responses of Sine PWM. 

 

B. Response of SI-QZSI with sine PWM based ac-ac converter fed induction motor load 

 Simulink model of wind system fed induction motor system shown. The wind generator with an uncontrolled 

rectifier acts as the other DC source.  The wind turbine block of wind generator is shown in Fig 4.1 The output voltage of 

wind generator is shown in Fig 4.2.The output voltage SI-QZ source shown in Fig 4.3.The pulses used for switching the 

inverter are shown in Fig 4.4. The phase voltage of inverter shown in Fig 4.5. The three phase output currents are shown in 

Fig 4.6. The speed response curve is shown in Fig 4.7. The speed increase and settles at around 1500 RPM. The FFT 

Analysis value shown in Fig4.8 

 

 
Fig 4.1 Measurement block of the SI-QZSI wind system 

 
Fig 4.1 Output voltage of the wind generator 

 
Fig 4.2 Output of the SI-QZ-source 
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Fig 4.3 Pulses used for switching the inverter 

(Triggering pulses for M3, M6 and shoot through period) 

 
Fig 4.4 Phase voltage waveforms of inverter 

 

 
Fig 4.5 Output current waveforms of inverter 

 

 
Fig 4.6 speed response of induction motor in RPM 
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Fig4.7 FFT ANALYSIS for current 

 

V. SUMMARY OF THE SIMULATION RESULTS OF SI-QZSI WITH SINE PWM SYSTEM 

The parameters of SI-QZSI with sine Pulse width modulation system are given in table 6.2. It can be observed that the 

Sine PWM based system produces superior response since the Impedance network output is 315V, Output current value is 

2.14 A, VL-L Peak RMS is 340V and THD value is 6.49% almost reduced. 

 

Table 4.2 Parameters of SI-QZSI system 

Parameters SI-QZSI with Sine PWM 

Impedance network output 

(V) 
315 V 

Output current RMS (A) 2.14 A 

VL-L Peak (V) 340 V 

%THD 6.49% 

 

VI. RESULTS OBTAINED WITH PROTOTYPE MODEL OF SI-QZSI WITH SINE PWM  

 

 The prototype hardware was made in the laboratory and it was tested with induction motor load. The Prototype 

hardware is shown in Fig 6.1. The hardware consists of control board, rectifier board, SI-QZ-network and inverter boards. 

The output voltage of rectifier shown in Fig 6.14.The output voltage of SI-QZ is presented in Fig 6.15. The output is free 

from ripple. The driving pulses are shown in the Fig 6.18.Fig6.18 shows the sine reference and triangle carrier wave for 

pulse generation. The switching pulse for M1and M3  shown in  Fig  6.19. 

 

The three phase rectifier supply voltage across A&B and B&C is shown in Fig 6.16 and 6.17. The output voltage of inverter 

shown in fig 6.20.From the results of simulation and hardware, it can be seen that the experimental results are similar to the 

simulation results. 
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Fig 6.1 Prototype of the SI-QZSI system 

 

 

 
Fig 6.2 Output voltage of Rectifier 

 

 
Fig 6.3 Output voltage of SI-QZSI 

 

 
Fig 6.4 Three Phase rectifier input power supply (phase A & B) 
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Fig 6.5 Three Phase rectifier input power supply (phase B & C) 

 

 
Fig 6.6 Sin PWM Technique 

 

 
Fig6.7 Switching pulses for M1 & M3 

 

 
Fig 6.8Inverter output voltage 

VII. CONCLUSIONS 

 

In this research paper, PMSG with higher values pole pairs for Direct drive wind energy conversion system in 

present. from that overcome the limitations of  the traditional wind energy conversion system  consider of chopper with high 

boosting and sine PWM inverter, 

In this research paper Quasi-Switch inductance  impedance Source Inverter-based WECS has been proposed and 

done analysis with experimental proto type. The analysis explain that the switching stress across the power switches in QSI-

ZSI is lesser than the conventional system. For different of wind speed the output power voltage of QSI-ZSI is maintained 

constant by adjusting the boost factor. In this paper a new method of sensor less Sine PWM power controller is also 

proposed for wind -driven Power generation systems.  
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In this research work used,The SIQ-ZSI non shoot-through period, which redefines the machine constant speed, is 

reworked  to obtain the effective power. The novelty of this research scheme is that the zero crossing of the   voltage depends 

on the speed and rotor poles of the generator. SIQ-ZSI with Sine PWM technique based MPPT controller is more cost-

effective than the ZSI system comprising three stages viz., power rectifier, DC converter part and sine PWM inverter-based 

controller.  
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