
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075 (Online), Volume-8 Issue-10, August 2019 

1402 

Published By: 

Blue Eyes Intelligence Engineering 

and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

Retrieval Number: J10030881019/19©BEIESP 
DOI: 10.35940/ijitee.J1003.0881019 

Journal Website: www.ijitee.org 

  

Abstract— With rapid development in Wind Energy 

Conversion Systems (WECS), various methods have been used to 

increase power generation from wind. In order to reach voltage 

gain as maximum in a variable speed WECS, an improved PWM 

method through varying shoot through time for Impedance source 

inverter is implemented in this paper. For a given modulation 

index, the correlation of voltage gain with capacitor voltage, and 

the device stress are analyzed in detail. For ‘various shoot through 

time ,the simulation results of voltage across capacitor, current 

through inductor ,output current and output voltage are obtained 

by using Simpower system tool in MATLAB/ Simulink and 

compared. The results have been confirmed for the developed 

experimental model. 

 

Keywords: Z source inverter, wind Energy conversion systems, 

voltage Boost, Pulse width Modulations. 

1. INTRODUCTION 

Nowadays, renewable energy resources are being 

preferred to non-renewable energy sources due to its 

contribution to green environment. Hence, Wind Energy 

Conversion Systems play an significant role in generating 

high amount of electricity from wind. The wind energy can 

be converted using conventional systems, which consists of 

diode rectifier and three-phase inverter. Conventional 

systems possess some advantages such as simple design, less 

cost and maximum bus voltage[1]–[6].Due to liability 

voltage characteristics in Voltage Source Inverter(VSI), the 

bus voltage gets maximum, which effect on the working 

range of wind power turbine during constant frequency and 

change in speed conditions. 

To overcome this drawback, the boost  converter is 

coupled in the middle of three phase diode bridge rectifier 

and three phase inverter [2]–[10]. These types of converters 

reduce the system efficiency and increase the total cost. The 

WECS based on Impedance source inverter is an eye catching 

method for conversion of wind energy.[11]–[16].  
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Figure 1.Impedance-source Inverter 

 Wind Energy Conversion System based on Impedance 

source inverter is depicted in figure 1.It increases or 

decreases the output voltage without connecting any 

additional switch. The reliability of the system does also 

increases due to the solicitation of ‘shoot through state’, .It  is 

not conceivable in case of voltage source inverter [17].The 

set dead time is not needed ,which leads to reduction of 

voltage distortion in inverter. This feature of Z-source 

inverter makes it extensively used in wind generating as 

added  Zero vectors  that were not used in conventional 

voltage source inverter[18]  systems and other  system 

established on renewable energy. In the Impedance source 

inverter both devices of phase arm cannot be turned on 

instantaneously which results in short circuit and 

subsequently brings damage to the inverter [19]-[22].  

However, the Impedance-source inverter uses this ‘shoot 

through state’ to increase the DC bus voltage by triggering 

both higher and lesser devices of a phase leg. Using 

Impedance -source inverter, it is conceivable to get the 

desired voltage output, higher than voltage DC. 

 

 
Figure 2.Simulation arrangement of the Z source 

inverter based WECS 

 

In the proposed work, a new improved Pulse width 

Modulated scheme is implemented  in  the impedance-source 

inverter coupled with three-phase VSI. The relationship 

among voltage gain and ‘Shoot through duty ratio’ is 

evaluated. The voltage gain values, boost factor, modulation 

index, voltage across the capacitor and stress voltage are 

calculated. Characteristics between those parameters are also 

drawn and investigated. For variable wind speed, the buck–

boost voltage at load side can be derived by changing 

modulation index value and ‘shoot through duty ratio’ which 

is further investigated in detail.  
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II. Z SOURCE INVERTER 

Simulation model of the suggested system is depicted in 

Figure. 2. The method has an impedance circuit, constructed  

using two capacitors and two inductors i.e., C1Z, C2Z, L1Z 

and L2Z.This impedance circuit appears nearby DC and it 

connects the DC source with inverter. The conventional VSI 

has two zero states and six active states. However, the  

impedance-source inverters have one extra zero state. It is 

also known as ‘shoot through state’ vector. Through this 

condition, the output ports are short circuited through 

together upper switch and lower switch of any one of the 

phase arm. Figure 3 depicts the equivalent circuit of the 

Impedance-source inverter.  

 
Figure 3.Equivalent Circuit of the Impedance source 

inverter 

As described in the literature [1], the voltage at the DC link 

can be designed using the following equation, 

V B Vi f dc
=

           (1) 

Here Vdc is the  input DC voltage , Bf is boost factor, which 

can be given by, 

1

1 1 2

T
B

f TT T onon
T

= =
− −

          (2) 

where Ton is the ‘shoot through time’period over the 

switching period T. The peak output phase voltage Vo is 

given by 

VdcV = M B
o i f 2

            (3) 

Where Mi is the modulation index. 

The capacitor voltage can be given by 

1-

1 2
1-2

Ton
TV V V V

C C Z C Z dcTon
T

= = =

     (4) 

The DC link voltage Vi can be given in terms of voltage 

across capacitor as, 

2
i c dc

V V V= −
             (5) 

Inductors ripple current can be expressed by 

1

1

T T Von dcI
T T Lon

 =
−

             (6) 

  

 
Figure 4.Equivalent circuit ( Non-Shoot through  Zero 

State) 

 
Figure 5.Equivalent circuit (Shoot through  Zero State) 

  

 
Figure 6.Improved PWM Method Waveform 

III.IMPROVED PWM METHOD 

Nowadays, it is being given importance to reduce the 

voltage stress for a necessary voltage gain in the 

Impedance-source inverter. As described above, the voltage 

gain is given as the product of Modulation index and Boost 

factor . The figures 4 and 5 show ‘Non shoot through state’ 

and ‘shoot through state’ circuits of the Z-source inverter 

respectively. Voltage stress of the switch can be calculated 

using the equation BfVdc. Therefore, the Bf should be 

minimized and Mi should be increased so as to decrease the  

stress voltage for a particular voltage gain. Otherwise, Bf 

may be increased for a particular modulation index to obtain 

high voltage gain. Accordingly, from the equation (2),it is 

conceivable to set the ‘shoot through duty ratio’ as high as 

conceivable. The Fig 6 shows the improved pulse width 

modulation method, which is similar to traditional 

carrier-based PWM. The important point is that this novel  
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and improved pulse width modulation method keeps active 

vectors remain unaffected and turn all zero  to ‘shoot through 

zero states’. Thus, the peak‘shoot through time’ Ton and 

Boost factor can attained for any Mi without affecting output 

waveforms.  

As given in Figure 6, the circuit works in ‘shoot through 

state’, if the triangular carrier wave is higher than extreme 

reference curves(Va, Vb ,Vc) or lower than smallest reference 

curves. The shoot through duty cycle ratio’ changes for each 

cycle. Thus, the voltage gain depends on the mean ‘shoot 

through duty cycle’.  

One switching cycle in the period (π/6,π/2) can be written 

by. 

( sin sin( 2 / 3)( )
1

2

M MTon i i

T

   − −
= −

   (7) 

The mean ‘shoot through state duty cycle ratio can 

considered using the following expression 

            

2
( sin sin( )2

3[1 ]
2

6
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2
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M Mi iTon d
T
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         =



− −
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−

= −
    (8) 

From equation (2), the Boost factor (Bf ) is expressed by 

1

5.1961
B

f T Mon i
T




= =

−−
         (9) 

In this  method, the voltage gain is calculated using Mi as 

.

5.196

MiG M B
i f Mi




= =

−
         (10) 

The inverter output voltage Vo determines voltage in the 

capacitor. For the desired modulation index, if we get more 

inverter output voltage, then it results in increasing capacitor 

voltage Vc which leads to increased stress on the device. This 

analysis is shown in the Fig 7. 

 
Figure 7.Voltage gain (G) vs Vc, Vst 

Figure 8 shows the correlation of boost factor with  stress 

voltage, voltage across the capacitor and the AC output 

voltage. From this plot, there is a clear understanding that the 

increasing boost factor increases the output ac voltage. 

Further, when the boost factor increases, the voltage across 

the capacitorsVC1Z and VC2Z increases gradually which 

produce great voltage stress in the devices. 

Shoot through duty ratio is an significant factor in 

determining the inverter output voltage and voltage gain of 

the impedance source inverter system. By increasing the 

shoot through state time (Ton), possible to achieve high 

voltage gain. This concept is examined in Figure 9. 

 
Figure 8.Boost factor vs V0,Vc and Vst 

IV. SIMULATION RESULTS 

The above analysis can be confirmed through simulation 

using MATLAB/ Simulink. To simulate the circuit, the 

designated parameters are Input DC voltage Vdc=220Vand 

the values of Z source circuit parameters are L1Z=L2Z=112μH 

and C1Z=C2Z=1200μF. Figure 10 shows the simulation results 

of PMSG. This voltage is converted into DC using 

uncontrolled rectifier as shown in figure14.Simulation was 

performed in PMSG at variable speed conditions from which 

various parameters such as rotor speed, torque and stator 

current wave forms are depicted in fig 15.The key purpose of 

the proposed work is to produce three phase ac voltage from 

variable speed wind. In this analysis, the modulation index 

Mi is equal to .612 and the shoot through state duty ratio 

Ton/T=0.312. The switching frequency was fixed as 

12KHz.The shoot through state was spread consistently 

between all the three-phase arm  to achieve corresponding 

frequency of 8 KHz as seen from  Impedance-source circuit. 

Soon occasion of DC inductor L is decreased. As per the 

mentioned  impedance source parameters assigned, the 

following theoretical calculations are performed. 

Boost Factor 

1
2.659

1 2

B
f Ton

T

= =

−

           (11) 

Capacitor voltage 

1
409

1 2
1 2

Ton
TV V V V V

c c c dcTon
T

−
= = = =

−
 (12) 
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Figure 9.Shoot through Time(Ton) vs Voltage Gain (G) 

 

Output AC voltage 

. 0.612 2.659 220 / 2 179
2

VdcV M B X X V
o i f

= = =
 (13) 

Voltage gain 

1790
1.63

/2 110

V

Vdc
G = ==

           (14) 

In the current paper, 179 V line voltages and 409 V 

Peak-to-Peak voltage were calculated. The above theoretical 

results resemble the obtained simulation results.From the 

above analysis, the theoretical boost factor, voltage stress, 

capacitor voltage, the inverter output voltage and gain for the 

various shoot through time are tabulated (Refer Table 1). 

 
Figure 10. PMSG three phase output voltage 

 

Table 1.Theoretical calculations of various parameters 

Working 

Conditions 
B Vst V0 Vc G 

Ton//T=0.31 

Mi=0.88 

Vdc=180 

2.63 474 361 379 2.31 

Ton//T=0.32 

Mi=0.98 

Vdc=190 

2.78 528 401 437 2.72 

Ton//T=0.33 

Mi=1.08 

Vdc=200 

2.94 588 551 654 3.18 

Ton//T=0.34 

Mi=1.18 

Vdc=210 

3.13 657 671 799 3.69 

Ton//T=0.35 

Mi=1.28 

Vdc=220 

3.33 733 814 1018 4.27 

 

 

 

Case1: 

Input DC voltage Vdc=220V, 

Modulation Index Mi=0.612, 

Shoot through duty time Period Ton=.02598msec, 

Duty ratio=0.312. 

With these parameters, the obtained simulation results are 

given below (refer fig. 11)       

Boost factor (Bf)=2.659 

Voltage stress of the device (Vst)=585V 

Voltage across the capacitors (Vc)=403V 

Inverter output voltage(V0)=310 V 

Voltage gain (G)=1.63 

 
Figure 11.Simulation output for Shoot through time 

(Ton)=0.025m.sec 

Case2: 

Input DC voltage Vdc=220V, 

Modulation Index Mi=0.612, 

the shoot through duty time Period Ton=.02848msec, 

Duty ratio=0.342. 

With these parameters, the obtained simulation results are 

given below(Refer Fig. 12) 

Boost factor (Bf)=3.165 

Voltage stress of the device (Vst)=696V 

Voltage across the capacitors (Vc)=458V 

Inverter output voltage(V0)=369 V 

Voltage gain (G)=1.94 

http://www.ijitee.org/
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Figure 12.Simulation output for Shoot through time 

Ton)=0.028m.sec 

 

Case 3: 

Input DC voltage Vdc=220V, 

Modulation Index Mi=0.612, 

Shoot through duty time Period Ton=.02932 m sec, 

Duty ratio=0.352. 

With these factors, the obtained results of simulation are 

given in Fig 13 

Boost factor (Bf)=3.165 

Voltage stress of the device (Vst)=743V 

Voltage across the capacitors (Vc)=482V 

Inverter output voltage(V0)=389 V 

Voltage gain (G)=2.07 

 
Figure 13.Simulation output for Shoot through time 

Ton =0.029m.sec 

  

 
Figure 14.Simulation output of 3 phase diode rectifier 

 

 
Figure 15.Simulation output of various Parameters of 

PMSG 

 
Figure 16.Experimental Arrangement 

 
Figure 17.Experimental waveforms – 

 

Ch:1 Inverter output voltage Ch 2: input DC voltage, when 

Ton=0.029 m.sec 
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Figure 18.Experimental waveforms –Inverter output 

voltage when Ton=0.028 m.sec 

V. CONCLUSION 

An improved PWM Method has been implemented in the 

proposed Impedance-source inverter-based PMSG WECS, to 

generate maximum voltage. PMSG generates ac voltage. 

However, owing to the existence of Impedance-source 

network, it is conceivable to achieve the desired boosted AC 

voltage output. In this novel method of varying ‘shoot 

through time’, various parameters such as voltage across 

capacitor, device voltage stress and inverter voltage are 

analyzed in detail. The correlation between the Boost factor 

and ‘shoot through duty ratio’ is explained through graphical 

representation and necessary equations. 

REFERENCES 

1. F. Z. Peng, “Z-Source Inverter,” IEEE Transactions on  Industrial 

Applications, vol. 39, no. 2, pp. 504–510, 2003. 
2. F. Z. Peng, M. Shen, and Z. Qian, “Maximum Boost Control of the 

Z-Source Inverter,” IEEE Transactions Power Electronics., vol. 20, 

no. 4, pp. 833–838, Jul. 2005. 

3. S. M. Dehghan, M. Mohamadian, and A. Y. Varjani, “A New 

Variable-Speed Wind Energy Conversion System Using 

Permanent-Magnet Synchronous Generator and Z-Source Inverter,” 
IEEE Transactions on Energy Conversion, vol. 24, no. 3, pp. 714–

724, Sep. 2009. 

4. Miaosen Shen, Jin Wang, A. Joseph, Fang Zheng Peng, L. M. Tolbert, 
and D. J. Adams, “Constant boost control of the Z-source inverter to 

minimize current ripple and voltage stress,” IEEE Transactions on  

Industrial Applications, vol. 42, no. 3, pp. 770–778, May 2006. 
5. F. Z. Peng et al., “Z-Source Inverter for Motor Drives,” IEEE 

Transactions on Power Electronics, vol. 20, no. 4, pp. 857–863, Jul. 

2005. 
6. M. Shen, A. Joseph, J. Wang, F. Z. Peng, and D. J. Adams, 

“Comparison of Traditional Inverters and Z-Source Inverter,” in IEEE 

36th Conference on Power Electronics Specialists, 2005., 2005, pp. 
1692–1698. 

7. E. Spooner and A. C. Williamson, “Direct coupled, permanent magnet 

generators for wind turbine applications,” IEE Proc. - Electr. Power 
Appl., vol. 143, no. 1, pp. 1–8, 1996. 

8. N. Yamamura, M. Ishida, and T. Hori, “A simple wind power 

generating system with permanent magnet type synchronous 
generator,” in Proceedings of the IEEE 1999 International Conference 

on Power Electronics and Drive Systems. PEDS’99 (Cat. 

No.99TH8475), 1999, pp. 849–854. 
9. Seung-Ho Song, Shin-il Kang, and Nyeon-kun Hahm, 

“Implementation and control of grid connected AC-DC-AC power 
converter for variable speed wind energy conversion system,” in 

Eighteenth Annual IEEE Applied Power Electronics Conference and 

Exposition, 2003. APEC ’03, 2003, vol. 1, pp. 154–158. 
10. A.M. Knight and G. E. Peters, “Simple Wind Energy Controller for an 

Expanded Operating Range,” IEEE Transactions on Energy 

Conversion, vol. 20, no. 2, pp. 459–466, Jun. 2005. 
11. Gajanayake et al, “Z-Source-Inverter-Based Flexible Distributed 

Generation System Solution for Grid Power Quality Improvement”, 

IEEE transactions on energy Conversion, Vol. 24, No. 3, September 
2009. 

12. Siwakoti et al, “Impedance-Source Networks for Electric Power 

Conversion Part I: A Topological Review”, IEEE transactions on 
power electronics, Vol.30, No.2,February 2015 

13. A. Florescu, O. Stocklosa, M. Teodorescu, C. Radoi, D.A. Stoichescu 

and S. Rosu, “The Advantages, Limitations and Disadvantages of 
Z-source inverter”, in IEEE Semiconductor Conference (CAS), vol. 2, 

13 Oct. 2010, pp. 483–486. 

14. Miaosen Shen, Alan Joseph, Jin Wang, Fang Z. Peng and Donald J. 
Adams, “Comparison of Traditional inverters and Z-source inverter”, 

in IEEE Power Electronics Specialists Conference (PESC), no. 36, 16 

June 2005, pp. 1692–1698. 
15. Miaosen Shen and Fang Z. Peng, “Operation Modes and 

Characteristics of the Z-source inverter with Small Inductance”, in 

IEEE Conference on Industry Applications, 2005, no. 2, 2-6 Oct. 
2005, pp. 1253–1260. 

16. PohChaiang Loh, D.Mahinda Vilathgauwa, YueSen Lai Geok Tin 

Chua and Yunwei Li, “Pulse-Width Modulation of Z-source 
inverters”, in IEEE Conference on Industry Applications, vol. 1, no. 

39, 3-7 Oct. 2004, pp. 148–155. 

17. Jingbo Liu, Jiangang Hu and LongyaXu, “Dynamic Modeling and 
Analysis of Z Source Converter- Derivation of AC Small Signal 

Model and Design-Oriented Analysis” in IEEE Transactions on 

Power Electronics, vol. 22, no. 5, Sept 2007, pp. 1786–1796. 

18. Meera Murali, N. Gopalakrishnan, V.N. Pande, “Z-Sourced Unified 

Power Flow Controller”, in 6th IET International Conference on 

Power Electronics, Machines and Drives, 2012, pp. 1–7. 
19. Xinping Ding, Zhaoming Qian, Shuitao Yang, Bin Cui and Fang Z 

Peng, “A Review of Single-Phase Grid-Connected inverters for 

Photovoltaic Modules” in IEEE Transactions on Industry 
Applications, vol. 41, no. 5, Sept-Oct 2005, pp. 2327–2332. 

20. Mostafa Mosa; Haitham Abu-Rub; Jose Rodriguez, "High 

performance predictive control applied to three phase grid connected 
Quasi-Z-Source Inverter", in IEEE Industrial Electronics Society, 

(IECON 2013) pp. 5812–5817, 10-13 Nov. 2013. 

21. MarekAdamowicz, "LCCT-Z-source inverters", in 10th International 
Conference on Environment and Electrical Engineering (EEEIC), 

2011. 

22. Yam P. Siwakoti, F. Blaabjerg and P. C. Loh, “New Magnetically 
Coupled Impedance (Z-) Source Networks,” IEEE Trans. Power 

Electronics., DOI: 10.1109/TPEL.2015.2459233, June 2015. 

 

http://www.ijitee.org/

