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Abstract-- This paper presents a quasi-Z-Source inverter 

based induction motor drive system. The speed of the induction 

motor is controlled by using V/f control method. Also the 

proposed system has an ability to compensate the voltage sags 

and swells. The advantage of the proposed system is that no 

energy storage component is required to compensate the voltage 

sag/swell. The operating principal of the proposed quasi-Z-source 

inverter based system is described and Matlab/Simuliink 

simulation is presented to verify the proposed concept and 

theoretical analysis. 

 
Index Terms—Induction Motor Drive, Quasi-Z-Source 

inverter (q-ZSI), Simple Boost Control (SBC), V/f Control.   

 

I. Introduction 
The power quality was not an important issue before some 

decades because it had no effect on most of the loads 

connected with the electrical power supply. In recent years 

power quality issues have been received most attention with 

the increased use of high efficiency adjustable speed drives 

and power electronic controllers [1]. Among these, voltage 

sags and swells are the two most important power quality 

problems.  

The voltage sags is defined as the sudden reduction in the 

supply voltage followed by a recovery after a short interval. 

The voltage swell is defined as the sudden increment of the 

supply voltage from the nominal value.  

To increase the reliability of the power system many 

techniques have been proposed in literature based upon 

inverter system and power switches. Some of them are also   

based upon dynamic voltage restorer (DVR) and uninterrupted 

power supply (UPS) .These techniques are able to compensate 

the power quality problem like voltage sags and swells [2]. 

But some of these techniques are based upon use of large 

energy storage components like capacitors and batteries bank, 

as the power level increases the size of these energy storage 

devices also increases which increase the cost of the system 

and also the system become bulky [3]. 

In this paper a feedback control technique is presented 

which has a capability to  compensate the voltage sags and 

swells. The impedance source inverters i.e. Z-Source inverter,  
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quasi-Z-Source inverter were proposed as an alternate power 

Conversion concept and they have capability to both voltage 

buck and boost [4]. Among these two the quasi-Z-Source 

inverter has an advantage of continuous input current. 

During voltage sags and swells the control system 

regulates the load voltage and maintained a constant rated 

voltage at motor terminals so as the motor operation is not 

interrupted. 

 

II. Proposed System 
The proposed system is shown in fig. 1. The whole system 

consists of mainly eight blocks- the three phase ac supply, 

rectifier, quasi-Z-Source impedance network, traditional three 

phase inverter, 3-phase induction motor, RPM to Hz gain 

constant, V/Hz gain constant and control block. 

The purpose of the control system is to vary the speed of 

the induction motor by varying the frequency of the stator 

voltage while keeping the V/f ratio constant. Besides this it 

also keeps the stator voltage at reference value during voltage 

sags or swells in the three phase supply voltage.  

The base speed of the induction motor is directly 

proportional to the supply frequency and indirectly 

proportional to the number of poles (1).  

 

      
     

 
                                          

 

 

 
   

Fig. 1 The scheme of the proposed system 

 

Now the number of poles for an induction motor is fixed 

by design, so we can vary the speed of the induction motor by 

controlling the supply frequency. 
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The voltage applied to the stator is directly proportional to 

the product of the stator flux and angular velocity (2) and the 

torque developed by the motor is directly proportional to the 

magnetic field produced by the stator. This makes the flux 

produced by the stator proportional to the ratio of applied 

voltage and frequency of supply (3). 

       By varying the frequency, the speed of the motor can be 

varied. Therefore, by varying the voltage and frequency by the 

same ratio, flux and hence the torque can be kept constant 

throughout the speed range. This makes constant V/F the most 

common speed control of the induction motor. 

 

                                                             

 

  
 

 
                                                        

 

The flow chart of the control block is shown in fig. 2. The 

basic function of the controller in the proposed system is to 

detect voltage sag/swell in the system, computation of 

correcting voltage and generation of trigger pulses for the 

three phase quasi-Z-Source DC-AC inverter [5][6]. The dq0 

transformation or Park’s transformation (4), (5) & (6) has been 

used in the system [7]. First it converts the actual stator 

voltage from abc-frame to dq0-frame.For the sake of 

simplicity the zero sequence component is made zero. The 

error signal is generated by comparing this transformed actual 

voltage with the reference value of stator voltage. Further this 

error is minimized using PI controller the output signal from 

the PI controller is converted into abc-frame by using inverse 

Park’s transform (7), (8) & (9) [7]. This signal is used as a 

reference signal to generate the gate pulses for the inverter. 

Before applying these pulses to the inverter the shoot through 

pulses are inserted using OR logic. The PLL circuit is used to 

generate the unit sinusoidal signal of frequency equal to 

frequency calculated from the V/Hz gain constant block. 

 

 

 
 

Fig. 2 Flow chart of feedback control technique based upon dq0 transform 

The Park’s transform is given as: 
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The inverse Park’s transform is given as: 
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III. Quasi-Z-Source Inverter 
Fig. 3 shows the circuit diagram of q-ZSI. It has two working 

stages- Shoot- through stage in which the load terminals are 

short circuited through at least one of the phase leg which is 

forbidden into traditional voltage source inverter and second is 

non shoot through stage, same as in traditional voltage source 

inverters. The q-ZSI has following advantages: 

 

 Buck –Boost operation can be performed using single 

power stage. 

 It gives continuous input current that means the input 

current never reaches to zero. Due to this the voltage  

Stress at input dc power supply become very less     

which is very advantageous in case of fuel cell or 

solar cell supply systems. 

 

 
 

Fig. 3 Three phase Voltage fed q-ZSI 
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A. Operating Principle of the Voltage fed 
q-ZSI 

In CCM the q-ZSI consists of two states- Shoot- through 

state (tS) & Active state (tA)  

 

                                               (10) 

 

Equation (10) can be represented as: 

 
  

 
   

  

 
                                    (11) 

 

Where DA is the Active (non-shoot-through) state duty 

cycle and DS is the shoot-through state duty cycle. 

 

 
 

Fig. 3(a) Equivalent circuit of q-ZSI during Shoot-through 

From the equivalent circuit of q-ZSI during Shoot state i.e. 

fig. 3(a), the voltage across inductor L1 is given as: 

   
        

                                      (12) 

 

and the Voltage across L2 is given as: 

   
    

                                          (13) 

: 

 

Fig. 3(b) Equivalent circuit of q-ZSI during non- Shoot through 

 

From the equivalent circuit of q-ZSI during non-Shoot-

through state i.e. fig. 3(b), the voltage across inductor L1 is 

given as: 

             
        

                                          (14) 

and the Voltage across L2 is given as: 

              
       

                                            (15) 

In steady- state the average voltage across inductors must 

be zero. So from (12) & (14) 
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and from (13) & (15) 
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From  (16) & (17) we have 
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And from (17) & (18) 

 

                                  
  

       

       
                           (19) 

The peak dc link Voltage is given as: 

                                  ̂      
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Where B (Boost factor) = 
 ̂ 

   
  

  

       
  

 

   
  
 

 

                                                            
 

     
            (21)                                               

 

The output peak phase voltage from the inverter can be 

expressed as: 

 

                                    ̂     
 ̂ 

 
                                   (22) 

 

Where M is the modulation Index. Using (20), (22) can be 

further expressed as:  

 

                 ̂       
   

 
                             (23) 

 

For a traditional PWM-VSI inverter we have a well known 

relationship as:  ̂     
   

 
    Equation (23) shows that the 

output voltage of q-ZSI can be stepped up or stepped down by 

selecting appropriate value of buck-boost factor (BB).   
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                    BB  = M. B = (0 ~ ∞)                            (24) 

The buck-boost factor (BB) can be determined by modulation 

index (M) and the boost factor (B). From (21) the boost factor 

can be controlled by controlling the shoot-through interval 

over non-shoot-through interval. 

B. Switching Strategy 
The shoot-through states are introduced in quasi-Z-Source 

inverter to boost up the dc-link voltage. During shoot-through 

state the upper and lower switches of the same phase leg 

conduct simultaneously to give the desired output ac voltage 

level which is greater than available dc-link voltage. 

There are several methods have been proposed in literature 

to insert the shoot-through states within traditional PWM 

pulses like-Simple Boost Control (SBC)[8], Maximum Boost 

Control  (MBC)[9] and Maximum Constant Boost Control  

[10].  

In Simple Boost Control the shoot-through pulses are 

inserted by using two straight lines as reference. The value of 

upper reference (positive reference) is equal to or greater than 

the amplitude of the three phase modulating signal and the 

lower reference (negative reference) has same value as 

positive reference with negative sign. In Quasi-Z-Source 

inverter the six active states remains unchanged. In Simple 

Boost Control the maximum shoot-through duty ratio (Ds) that 

can be obtained is limited to (1-M). So as the modulation 

index (M) increases the shoot-through duty ratio (Ds) 

decreases. Fig.3(c) shows the simple boost control waveforms 

[9]. 

 

 
 

Fig. 3(c) Simple Boost Control Waveforms 

IV. Simulation Results & 
Discussion 

The simulation has been performed in Matlab/Simulink 

environment and simulation results are presented to verify the 

validity of the proposed system. The simulation parameters are 

as follows: 

I. Three phase Supply  = 220 Volts, 50 Hz 

II. Quasi-Z-Source Network:  L1 = L2 = 160 μH, C1 = 

C2 = 1000 μF 

III. Load = Three phase 5.4 HP (4KW), 400 V, 50Hz, 

1430 rpm  Induction Motor 

IV. Switching frequency = 10KHz 

 

Fig. 4(a) to 4(c) shows the simulation result of voltage sag 

compensation. The voltage sag occurs between 0.25 sec to 0.5 

sec and it can be observed that the proposed system responds 

instantaneously and maintain the load voltage at constant 

reference value.  

 

 

 
    (a) 

 
          (b) 

 
         (c) 

 
       Fig. 4 Simulation result of Voltage sag compensation (a) Input                

                 Voltage (b) Load Voltage (c) Modulation Index (M) 

 

Fig. 5(a) to 5(c) shows the simulation result of voltage 

swell compensation. The voltage sag occurs between 0.25 sec 

to 0.5 sec and it can be observed that the proposed system 

responds instantaneously and maintain the load voltage at 

constant reference value.  
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   (a) 

 
       (b) 

 
       (c) 

 
   Fig. 5 Simulation result of Voltage swell compensation (a)Input    
             Voltage (b) Load Voltage (c) Modulation Index (M) 

 

Fig. 6(a) to 6(d) showing the simulation result of V/f control. 

Initially the reference speed is set to 1500 rpm and after 0.4 

sec the reference speed is set to 750 rpm. It can be seen from 

fig 6(a) that rotor speed follows the reference speed. Fig 6(b) 

shows the stator voltage of motor, Initially, when the reference 

speed is set to 1500 rpm the ratio V/f = 400/50=8 and at 0.4 

sec when speed is set to 750 rpm the phase to phase stator 

voltage (Vrms) is changed to 200 volts and frequency become 

25Hz to maintain the constant V/f ratio = 200/25=8. Fig.6(c) 

the electromagnetic torque generated by the motor. As the 

load torque is set to zero (motor is operating at no load), the 

motor toque reaches to steady state value within 0.25 sec.fig 

6(d) is showing the rotor current at no load condition.  

 

 

 
(a) 

 
    (b) 

 
(c) 

 
  (d) 

 
Fig. 6 V/f Control of Induction Motor (a) Rotor Speed (b) Stator Voltage 
(Vrms) ph-ph (c) Electromagnetic Torque (d) Rotor Current 

 

Fig 7 shows the simulation results of response of induction 

motor during load disturbance. Initially the load torque (TL) is 

set to zero and at 0.4 it is being set to 26 N-m. Fig 7(a) is 

showing the slip change of motor which is approximate 4.8%. 

Fig 7(b) is showing the electromagnetic torque of motor which 

reaches its steady state value 0.3 sec. Fig 7(c) showing the 

change in the stator current during load disturbance. The stator 

current become is increased to meet load requirement. Fig 7(d) 

is showing the rotor current. Initially when the motor is 

operating at no load the rotor current is zero and when the load 

changes it amplitude increases and at the same time the rotor 

current frequency changes to fr  =  s * fs = .048 * 50 =  2.4 Hz, 

where fs is supply frequency.   

 

 
    (a) 

 
        (b) 

UACEE International Journal of Advancements in Electronics and Electrical Engineering – IJAEEE 
Volume 2 : Issue 3                     [ISSN 2319 – 7498] 

Publication Date : 09 September 2013 
 



 

54 

 

 

 
    (c) 

 
  (d) 

 
Fig. 7 System response during load disturbance with V/f control (a) Rotor 

Speed (b) Electromagnetic Torque (c) Stator Current (d) Rotor Current 
 

V. Conclusion 
A quasi-Z-Source inverter based induction motor drive system is 

presented in this paper. The proposed system has an ability to 

compensate the voltage sags and swells. The advantage of the 

proposed system is that no energy storage component is required to 

compensate the voltage sag/swell. The operating principal of the 

proposed quasi-Z-source inverter based system is described and 

Matlab/Simuliink model based simulation results are presented to 

verify the proposed concept and theoretical analysis. 

 

                        References 

[1] S. Sasitharan, K. Mashesh and Mishra, “Adaptive Band Controller for 
Dynamic Voltage Restorer”, Power Electronics Conference and 
Exposition, in Proc. IEEE APEC’09, (Washington, DC), 2009, pp.882-
888. 

[2] D.-M. Lee, T. G. Habetler, R.G. Harley, T. L. Keister and J. R. Rosteon, 
“A Voltage Sag Supporter Utilizing a PWM Switched Autotransformer,” 
IEEE Trans. On Power Electron., Vol. 22, No.2, pp.626-635, 2007. 

[3] J. Pérez, V. Cárdenas, L. Morán, and C. Núñez, “Single-Phase AC-AC 
Converter Operating as Dynamic Voltage Restorer (DVR)”, in Proc. 
IEEE IECON’06, 2006, pp.1938-1943. 

[4] Minh-Khai Nguyen, Young-Gook Jung, Young-Cheol Lim, Duk-Guen 
Cha, “Single-Phase Quasi-Z-Source AC/AC Converter”, in Proc. IEEE 
INTELEC’09,2009, pp.1-5,(CD-Version). 

[5] Rosli Omar, Nasrudin Abd rahim, Marizan Sulaiman “Modeling and 
Simulation for Voltage Sags/Swells Mitigation using Dynamic Voltage 
Restorer (dvr)”, journal of theoretical and applied information 
technology: 2005 – 2009. 

[6] A. Ghosh and G. Ledwich, “Power Quality Enhancement Using Custom 
Power Devices”, Kluwer Academic Publishers, 2002. 

[7] Krause, P. C. Analysis of Electric Machinery. New York: McGraw-Hill, 
1994, p.135. 

[8] F. Z. Peng, “Z-source inverter,” IEEE Trans. Ind. Applicat., vol. 39, no. 

2, pp. 504–510, Mar./Apr. 2003.. 

[9] Fang Zheng Peng, Fellow, IEEE, Miaosen Shen, Student Member, IEEE, 
and Zhaoming Qian, Senior Member, IEEE, “Maximum Boost Control 
of the Z-Source Inverter”, IEEE TRANSACTIONS ON POWER 
ELECTRONICS, VOL. 20, NO. 4, JULY 2005. 

[10] Miaosen Shen, Jin Wang1, Alan Joseph, Fang Z. Peng, Leon M. Tolbert, 
and Donald J. Adams, “Maximum Constant Boost Control of Z-Source 
Converter”, 0-7803-8486-5/04/$20.00 © 2004 IEEE. Raj Naidoo, and 

Pragasen Pillay, “ A New Method of Voltage Sag and Swell Detection” 
IEEE Transactions on Power Del., Vol. 22, No. 2, pp.1056-
1063, 2007. 

[11] Raj Naidoo, and Pragasen Pillay, “ A New Method of Voltage Sag and 
Swell Detection” IEEE Transactions on Power Del., Vol. 22, No. 
2, pp.1056-1063, 2007 

[12] Omar Ellabban, Joeri Van Mierlo and Philippe Lataire, “A new Closed 
Loop Speed Control of Induction Motor Fed by A High Performance Z-
Source Inverter”, 978-1-4244-8188-0/10/$26.00 ©2010 IEEE 2010 
IEEE Electrical Power & Energy Conference, 978-1-4244-8188-
0/10/$26.00 ©2010 IEEE. 

 

Biographies 
     

     Nirmal Kumar Kushwaha was 

born in Allahabad, India on April 21, 

1988. He graduated from the Uttar 

Pradesh Technical University, 

Lucknow, India with B.Tech degree in 

Electronics Engg in 2010. He is 

currently pursuing M.Tech  in Power 

Electronics & ASIC Design at 

MNNIT, Allahabad.  

 

 

Mayank Kumar was born in 

Varanasi, India on Feb 05, 1986. He 

graduated from the Uttar Pradesh 

Technical University, Lucknow, India 

with B.Tech Hons. degree in 

Electronics & Communication 

Engineering in 2010. He is currently 

pursuing his M.Tech in Power Electronics and ASIC Design at 

MNNIT Allahabad. 

       

Vineeta Agrawal (SM’09) received the 

M.S. degree from Allahabad University, 

Allahabad, India, in 1984, and the Ph.D. 

degree in power electronics from Motilal 

Nehru Regional Engineering College, 

Allahabad, India.  

  She joined the Electrical 

Engineering Department, Motilal Nehru 

Regional Engineering College, 

Allahabad, India, as a Lecturer in 1982. She is currently is a 

Professor with the Department of Electrical Engineering, 

Motilal Nehru National Institute of Technology, Allahabad. 

She has taught numerous courses in electrical engineering and 

electronics. Her research interests are in single phase to three-

phase conversion and ac drives. She has authored and co-

authored a number of publications in journals and conferences 

in her field. She has attended and presented papers at both 

national and international conferences. 

UACEE International Journal of Advancements in Electronics and Electrical Engineering – IJAEEE 
Volume 2 : Issue 3                     [ISSN 2319 – 7498] 

Publication Date : 09 September 2013 
 


