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Implementation of PMSG Based Power 
Generation System using Switched Inductor 
Based Quasi Impedance Source Inverter
S. Sivaganesan* and D. Kirubakaran**

Abstract : PMSG system based quasi switched inductor inverter (Q-SLI) fed three phase induction motor 
drive is proposed in this paper. The proposed system has better voltage gain and less harmonic compare than 
quasi impedance source inverter (qzsi). The switched inductor network is used to improve the voltage gain. 
The PWM technique is used to reduce the current harmonic. The output voltage is controlled by controlling 
the inverter switch. The proposed circuit is simulated using MATLAB simu-link platform. The prototype is 
developed using PIC16F877A controller. The circuit simulation results are compared with hardware results.
Keywords : Switched impedance network, shoot through, voltage gain and harmonic.

1. INTRODUCTION
 Power demand is increased due to lack of power generation and more power consumption. The renewable 
energy based power generation is recently developed very fast. The power electronic converter is required 
for energy conversion. Many research works is going to improve the power converter performance [1-3]. 
The reliability of the variable speed wind energy systems can be improved mainly by using a permanent 
magnet synchronous generator (PMSG). The low speed of PMSG operation is affects the gearbox setup 
and required maintenance [4, 5]. Wind energy system generates variable output voltage. This voltage is 
converted into stable voltage and fed to motor or grid with help of power converter [6-7]. 

 Many research works is going on continuously to improve the impedance source inverter voltage gain 
and system performance compare than previous version [8-9]. PWM method with shoot through concept is 
applied for increase the voltage gain and reduces the harmonic of the impedance source inverter [9-11]. 
Recently quasi z-source inverter has developed for improving the system performance [10]. The switched 
inductor based quasi impedance source inverter is proposed in this paper. The switched inductor network is 
included in the quasi source inverter for improving the voltage gain and reduces the current harmonic. The 
circuit performance is compared and verifi ed using simulation results. The circuit prototype is developed 
for low voltage and power range. The following section describes the inverter operation, simulation results 
and hardware implementation results.
2. CIRCUIT DESCRIPTION 
 The PMSG based power generation system is as shown in fi g 1. This circuit consists wind turbine, PMSG, 
uncontrolled rectifi er, switched inductor based quasi impedance source (Sl-Qzi) inverter and load. The 
PMSG wind generator generates the ac voltage it’s given to rectifi er for converting ac to dc. This dc 
supply is fed to Sl-Qzi for converting dc to ac with voltage boosting. The impedance network with inverter 
produces the constant voltage with fi xed frequency output. This ac voltage is given to the motor load or 
any other load. 
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A. Switched inductor based quasi impedance source (Sl-Qzi) inverter

The proposed circuit consists of three inductors (L1, L2, and L3), two capacitors (C1 and C2), and four 
diodes (D1, D2, D3 and D4). The combination of L1–L3–D1–D2–D3 performs the function of the SL 
module This SL modules are used to store and transfer the energy from the capacitors and dc source to the 
dc bus under the switching action of the main circuit.

Permanent Magnet
Synchronous
Machine

Figure 1: Proposed Circuit Diagram

B. Operating Principles

 The operating principles of the proposed impedance network are similar to the classical Z-source impedance 
network. For the convenience of analysis, the equivalent circuit of the proposed switched impedance 
network viewed from the dc bus is shown in Fig 2. This circuit has totally eight modes of operation. Two 
modes relevant to shoot through condition and another six modes are normal inverter operation. Shoot 
through states is classifi ed into non shoot through and shoot through modes.

Figure 2 : Switched inductor based quasi impedance source (Sl-Qzi) inverter

Shoot-Through State: During this mode, inverter one leg both switch becomes conduction mode, 
while both D3 and D4 are reverse bias. At the same time the SL module, D1 and D2 are forward bias as 
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a result L3 get charging from dc source through D1. Similarly L2 get charging through D2. The shoot 
through operation equivalent circuit is as shown in Fig 3.  The capacitors C1 transfer their electrostatic 
energy to magnetic energy stored in the inductors L2 and L3.

C2

Figure 3: Shoot-Through State

Non-Shoot-Through State : This mode corresponds to the six active states and two zero states of the 
main circuit and the equivalent circuit is shown in Fig 4.  During this active state, inverter one leg top or 
bottom switch is OFF condition, while both D3 and D4 are ON. At that time SL module, D1 and D2 are 
becomes reverse bias.  L1, L2 and L3 are connected in series, and the stored inductor energy is transferred 
to the main circuit. The dc power source, as well as the inductors energy is delivered 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. 

Figure 4: Non- Shoot-Through State

3. SIMULATION RESULT

The proposed switched inductor based quasi impedance source inverter circuit is as shown in fi gure 5. 
Figure 6 shows the proposed wind generator output voltage. Figure 7 shows the rectifi er output voltage. 
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Figure 8 shows the switched impedance network output voltage. The dc link voltage is increased from 
180V to 360V due to shoot through and impedance network. It is proven that from fi g 8. Fig 9 shows the 
single pulse pattern M3, M6 and shoots through period. Figure 10 shows the inverter output current. 
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Figure  5: Proposed circuit diagram
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Figure 6: Wind generator output voltages

4. IMPLEMENTATION RESULTS

The prototype is developed for proposed inverter circuit with low voltage and low power rating as shown 
in fi g 12. The proposed circuit control circuit as shown in fi g 11. This circuit has power supply section, 
PIC controller and Driver section. The PIC controller is used for generating triggering pulse to inverter 
switches. Opto isolator is used for driver. It is used to amplifi cation and isolation purpose. Figure 13 and 
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14 shows the triggering pulses with shoot through for inverter switches S1 and S4 pair and S3 and S6 pair 
respectively. Figure 15 shows the rectifi er output voltage and fi g 16 shows the voltage waveform across 
impedance network. The impedance network with shoot through operation is used to increase the 
voltage gain of the system. It is proven that from Fig 15 and 16. Fig 17 shows the inverter line voltage 
(Vab and Vac)
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Figure 7: Rectifi er output voltage
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Figure 8: Quasi network output voltage
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Figure 9: Triggering pulses for M3, M6 and shoot through period
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Figure 10: Inverter output current
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Figure 11: Control circuit diagram

Figure 12: Implementation layout
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Figure 13: Triggering pulses for inverter switches S1 and S4

Figure 14: Triggering pulses for inverter switches S3 and S6

Figure 15: Rectifi er output voltage
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Figure 16: Voltage across impedance network 

Figure 17: Inverter output voltage

5. CONCLUSION

 This paper has presented PMSG based power generation using switched inductor based quasi impedance 
source inverter with single pulse PWM technique. The circuit is simulated and implemented. The 
impedance network based inverter is used to convert stable ac output voltage coming from variable wind 
voltage. During Shoot through state the high current is stored in inductor and capacitor as a result to avoid 
the short circuit and protect the switching devices. The switched inductor cell is used to store and transfer 
the energy from source to the load as a result it increase the voltage gain of the inverter. Thus the proposed 
inverter has high voltage gain. It is proven that from simulation and hardware results.
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