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 Due to their better DC bus utilization and easier digital realization, Space 

Vector Pulse Width Modulation (SVPWM) scheme is the most widely used 

PWM scheme. Also, two-level inverter is the traditional frequency converter 

because it has fewer components and is lower complex to control, but on the 

other hand, it generates higher harmonic distortion. This paper presents the 

realization of novel SVPWM approaches applied to the three-phase induction 

motor drives. Specifically, various schemes are based on using more 

combinations of step operation in each cycle to approximate the reference 

vector, such as 24 and 48 step operations in each cycle. The basic principle 

of conventional SVPWM with different modulation index M is presented. 

The switching sequences of new approaches are described. The modulation 

signals waveforms, DC bus voltage utilization, De-rated motor torque, 

standard error of average torque, voltage and current harmonics of new 

approaches are analyzed by the MATLAB/Simulink software. The results 

confirm that 48 step SVPWM approach is the best compared to other 

approaches. 
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1. INTRODUCTION 

Induction motor drives are used in industries sectors due to its self-starting and constant speed 

features. Multilevel inverters are used to control the induction motor speed. Because of acceptable harmonics 

levels and their control flexibility, PWM voltage source inverters are used. For better performance, different 

modulation techniques have been developed. Classical sinusoidal pulse width modulation (SPWM) 

Multilevel inverter structures have been developed but still have limited better performance compared with 

SVPWM technique. 

Providing a lower total harmonic as well as higher utilization of the dc-link voltage are the main 

reasons that make SVPWM technique is most widely used in inverters [1]. In SVPWM, 70.7% of the DC link 

voltage can be obtained as a maximum output line voltage while only 61.2 % can be obtained in sinusoidal 

pulse width modulation (SPWM) [2]. There are many studies offer a superior performance of SVPWM 

compared with SPWM [3-5]. SPWM has different algorithms to modulate the inverter which have been 

investigated in many literatures [6-7].  

This paper presents proposed different SVPWM approaches which can be applied to the Two-Level 

Inverter Fed Induction Motor Drive. The objective in each modulation approach is to maximize bus 

utilization, reduce the switching losses, and reduce harmonic content. So the motor current, voltage, and 
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torque are obtained. The main contribution of this work is providing complete comparative study between 

different proposed approaches and introduces a novel approach has maximum DC bus voltage utilization, 

with capability of loading with full load safely and lowest THD. 

 

 

2. SVPWM CONCEPT 

The using of the modulation technique's aim is to provide the output voltage and the current with 

less harmonic distortion. The SVPWM technique has become the most common choice to control the output 

voltage of three-phase voltage source inverter (VSI). The SVPWM was originally sophisticated as a vector 

approach to pulse width modulation (PWM) for three- phase inverter. It is a more advanced technique that 

provides a higher voltage to the AC motor with less harmonic distortion. The main objective of any 

modulation technique is to obtain a variable output with a maximum fundamental component and minimum 

harmonics. In this section, describes some details about two-level SVPWM based three-phase VSI [8-13].  

The three-phase VSI has six power switches S1 to S6 with eight possible switch combinations. So eight 

possible vectors are obtained, two vectors are null vector (zero states (8 -7)), and the others are voltage vector 

(active states (1-6)) [14].  

In each motor phase winding, there must be two power switches and these two switches are 

complementary to each other i.e. can not be active together because there will be a short circuit on the power 

source. So switching function for motor phases can be defined as follow [14]; 

 

 𝑆𝑎 = {
1, (𝑆1 𝑜𝑛 , 𝑆4 𝑜𝑓𝑓)
0, (𝑆1 𝑜𝑓𝑓 , 𝑆4 𝑜𝑛)

 , 𝑆𝑏 = {
1, (𝑆3 𝑜𝑛 , 𝑆6 𝑜𝑓𝑓)
0, (𝑆3 𝑜𝑓𝑓 , 𝑆6 𝑜𝑛)

 , 𝑆𝑐 = {
1, (𝑆5 𝑜𝑛 , 𝑆2 𝑜𝑓𝑓)
0, (𝑆5 𝑜𝑓𝑓 , 𝑆2 𝑜𝑛)

  (1) 

 

In the stationary frame the space vector of the phase voltage in previous equations becomes [2]; 

 

𝑉𝐾 =
 2 

3
 𝑉𝐷𝐶 ( 𝑆𝑎𝑒𝐽𝑜  +  𝑆𝑏 𝑒𝐽

2𝜋

3 +  𝑆𝑐 𝑒𝐽
4𝜋

3 )  (2) 

 

The voltage space vector 𝑉𝐾 of K = 1, 2,., 6 have equal amplitudes of (2/3) VDC and a phase of (K-1) 

p /3. The current level achievable by each phase by the end of the next sampling interval can be expressed. 

 

𝐼𝑠 =
 𝑉𝐾−𝑉𝐷𝐶 

𝑅1
(1 − 𝑒−𝑡/𝜏) + 𝐼𝑜 𝑒−𝑡/𝜏 (3) 

 

In between switching intervals, each voltage vector is constant and the stator flux linkage of one phase of the 

motor can be expressed as [15]: 

 

 𝜙𝑠 = ∫(𝑉𝐾 − 𝐼𝑠𝑅1) 𝑑𝑡 + 𝜙𝑜   (4) 

 

At steady state, the hexagon of stator flux is included within two circles as shown in Figure 1. The 

difference between their radii can be interpreted as the maximum deviation of stator flux. 

 

 

 
 

Figure 1. Space vectors hexagon of 3-phase bridge inverter [1] 
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Depenbrok [16] strategy or six-step approach is aimed at minimizing the inverter switching in each 

supply period to the detriment of the control of the stator flux amplitude. The maximum value of the voltage 

due to the opening of the switch is VDC with using the work area on the outer circle respectively of the 

hexagon [14]. So the modulation index M can be calculated as follow [1],  

 

𝑀 =  
√2 𝑉𝐿1

𝑉𝐷𝐶
  (5) 

 

Where𝑉𝐿1: is the RMS value of the fundamental component of motor line voltage. So the magnitude of line 

vector voltage varies from zero to maximum value according to M (where 0 ≤ M ≤ 1) 

 

 

3. MODEL OF INDUCTION MOTORS DRIVES 

Detailed analysis for induction motor has been carried out in [17-23]. So the performance 

characteristics curves can easily be obtained. The equations expressed the induction model for the motor 

understudy can be written as follows [24]; 

 

𝑅𝑡= 𝑅1 + 
𝑋𝑚

2 𝑅2 𝑆⁄

(𝑅2 𝑆⁄ )2+(𝑋𝑚 +𝑋2)2  (6) 

𝑋𝑡= 𝑋1 + 
𝑋𝑚(𝑅2 𝑆)⁄ 2

+ 𝑋𝑚𝑋2 (𝑋𝑚+𝑋2)

(𝑅2 𝑆⁄ )2+(𝑋𝑚 +𝑋2)2   (7) 

𝑃𝑐=( 
𝑉𝑠 

𝑉𝑟
)2 (69966 -144.7 N + 0.1 𝑁2 - 0.000023 𝑁3)  (8) 

 

Two-level VSI fed induction motor drive may be represented by MATLAB/Simulink . The 

proposed model is investigated by comparing simulation result with experimental work as shown in Figure 2. 

 

 

 
 

Figure 2. The variation of motor speed with load torque of two- level VSI fed induction motor drive 

 

 

4. EFFECT OF MODULATION INDEX OF SVPWM ON DRIVE PERFORMANCE  

To investigate the performance characteristics of the proposed two-level VSI Fed induction motor 

drive, it is assumed that the motor operating under a six-step SVPWM approach with rated voltage and 

current. So different DC supplies are used to achieve these assumptions with the calculation of DC bus 

voltage utilization, motor developed torque and total harmonic distortion of voltage and current waveforms 

for each case. 

 

4.1. Drive performance at M = 0.5 

The waveform of phase current of the motor is shown in Figure 3(a) and Figure 3(b) shows the 

waveform of motor phase voltage at DC bus voltage 1170 V. Also, Figure 4 shows the motor torque when 

the motor operating from a six-step SVPWM approach at M = 0.5. 
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(a)  (b) 

 

Figure 3. Motor waveforms at M=0.5: (a) motor phase current, (b) motor phase voltage 
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Figure 4. Motor torque with time at M=0.5 

 

 

4.2. Drive performance at M = 0.8 

The waveform of phase current of the motor is shown in Figure 5(a) and Figure 5(b) shows the 

waveform of motor phase voltage at DC bus voltage 927 V. Also, Figure 6 shows the motor torque when the 

motor operating from a six-step SVPWM approach at M = 0.8. 

 

 

    
 (a)  (b)  

 

Figure 5. Motor waveforms at M=0.8: (a) motor phase current, (b) motor phase voltage 
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Figure 6. Motor torque with time at M=0.8 

 

 

4.3. Drive performance at M = 1  

The waveforms of phase current and phase voltage of the motor at DC bus voltage 830 V are shown 

in Figure 7(a) and Figure 7(b) respectively. Also, Figure 8 shows the motor torque when the motor operating 

from a six-step SVPWM approach at M = 1. 
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(a) (b) 

 

Figure 7. Motor waveforms at M=1: (a) motor phase current, (b) motor phase voltage 
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Figure 8. Motor torque with time at M=1 

 

 

From previous figures, it can be deduced that higher modulation index means better  

drive performance. 

 

 

5. DRIVE PERFORMANCE USING NOVAL SVPWM APPROACH 

As the previous section, the performance characteristics the proposed drive can be investigated 

when the motor operating under different SVPWM approach with rated voltage and current. The 24 step 

SVPWM approach and 48 step SVPWM approach are the proposed approaches [25]. Figure 9 shows the 

space vectors polygon of 3-phase bridge inverter based on 24 step SVPWM approach, Figure 10 shows the 

space vectors polygon of 3-phase bridge inverter based on 48 step SVPWM approach. 

DC bus voltage utilization, motor developed torque and total harmonic distortion of voltage and 

current waveforms are calculated for each approach. 

 

 

 
 

Figure 9. Space vectors polygon of 3-phas bridge 

 

 
 

Figure 10. Space vectors polygon of 3-phas 

bridgeinverter based on 24 step SVPWM approach 

inverter based on 48 step SVPWM approach 
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5.1 Drive performance with 24 step SVPWM approach 

The waveform of phase current of the motor is shown in Figure 11(a) and Figure 11(b) shows the 

waveform of motor phase voltage at DC bus voltage 810 V. Also, Figure 12 shows the motor torque when 

the motor operating from 24 step SVPWM approach. 

 

 

   
(a)  (b) 

 

Figure 11. Motor waveforms with 24 step approach: (a) motor phase current, (b) motor phase voltage 

 

 

 
 

Figure 12. Motor torque with time with 24 step approach 

 

 

5.2 Drive performance with 48 step SVPWM approach 

The waveform of phase current of the motor is shown in Figure 13(a) and Figure 13(b) shows the 

waveform of motor phase voltage at DC bus voltage 808.5 V. Also, Figure 14 shows the motor torque when 

the motor operating from 48 step SVPWM approach. 
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Figure 13. Motor waveforms with 48 step approach: (a) motor phase current, (b) motor phase voltage 

 

 
Figure 14. Motor torque with time with 48 step approach 

 

0.00 0.01 0.02 0.03 0.04
-2.5

0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

22.5

25.0

Average Motor Torque = 8.21561 N.m

The standard deviation (SD) = 5.91757

The standard error of the mean (SEM) = 0.25395

 

 

M
ot

or
 T

or
qu

e 
(N

.m
)

Time (Sec)

 

0.00 0.01 0.02 0.03 0.04
-2.5

0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

22.5

25.0

Average Motor Torque = 8.36325 N.m

The standard deviation (SD) = 5.82143

The standard error of the mean (SEM) = 0.02907

 

 

M
ot

or
 T

or
qu

e 
(N

.m
)

Time (Sec)



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 11, No. 4, December 2020 :  1750 – 1758 

1756 

From previous figures, it is clear that higher steps SVPWM approaches mean better  

drive performance.  

 

 

6. DISCUSSION AND SIMULATION RESULTS  

The selection of modulation index and SVPWM approach affect on two-level VSI fed induction 

motor drive performance parameters, such as DC bus voltage utilization, motor de-rated torque (at which 

motor power losses will not exceed the rated power losses) and total harmonic distortion of voltage and 

current waveforms. Table 1 gives the comparison of results obtained at different modulation index and 

SVPWM approach described in sections 4 and 5. The parameters used in comparison processes are 

summarized below; 

The DC bus voltage utilization factor m, can be calculated as follows; 

 

 𝑚 =  
𝑉𝐿1

𝑉𝐷𝐶
 𝑥 100  (9) 

 

The De-rated Torque DT, can be calculated as follows; 

 

 𝐷𝑇 =  
𝑇𝑎𝑣 (𝑎𝑡 𝑟𝑎𝑡𝑒𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡)

𝑇𝑟
𝑥 100  (10) 

 

The standard error of the mean (average) torque (SEM) can be calculated as follows; 

 

 𝑆𝐸𝑀 =  
𝑆𝐷

√𝑛
 𝑥 100 =  

100

√𝑛
 √

1

𝑛−1
∑ (𝑇𝑖 − 𝑇𝑎𝑣)2𝑛

𝑖=1    (11) 

 

Where n is sample size 

The Total harmonic distortion THD of phase voltage & phase current waveforms can be shown as follows; 

 

𝑇𝐻𝐷(𝑉𝑝ℎ) = √
𝑉𝑠1

2−𝑉𝑠
2

𝑉𝑠
2  , 𝑇𝐻𝐷(𝐼𝑝ℎ) = √

𝐼𝑠1
2−𝐼𝑠

2

𝐼𝑠
2   (12) 

 

It is observed in Table 1 that two-level VSI Fed induction motor drive with 48 step SVPWM 

approach, has the best performance according to different parameters. The proposed novel approach has 

lower THD about 12.5 % for phase current and 46.7 for phase voltage. In addition to maximum DC bus 

voltage utilization factor nearly 74 % with the capability of loading with full load safely and resulting 

minimum standard error of average torque about 2.9 %. 

 

 

Table 1. Comparison between different SVPWM approaches 

Approach 
THD(Iph) 

(%) 

THD(Vph) 

(%) 

𝑚 

(%) 

𝐷𝑇 

(%) 

𝑆𝐸𝑀 

(%) 

6 step (M=0.5) 18.8 126.2 35.3 46.4  6.3 

6 step (M=0.8) 20.6 77.5 56 68.5 10.2 

6 step (M=1) 20.7 52.5 70.5 84.9 12.1 

24 step (M=1) 13.6 51.3 72.3 98.3 25.4 

48 step (M=1) 12.5 46.7 74 100 2.9 

 

 

7. CONCLUSION  

In this paper, the most widely used PWM scheme has been implemented and evaluated according to 

simulations of two- level SVPWM VSI fed induction motor drive in the Matlab/Simulink environment. The 

evaluation is based on rated current operation and the estimation of motor de-rated torque (at which motor 

power losses will not exceed the rated power losses) DC bus voltage utilization, and total harmonic distortion 

of voltage and current waveforms. The performance analysis of two-level SVPWM VSI fed induction motor 

drive with different modulation index has been presented. Also, novel SVPWM approaches have been 

demonstrated and have been found to be very effective approaches. The assessment process of different novel 

SVPWM approaches is the main contribution of this paper. As cleared in DT, m, SEM and THD values, 48 

step SVPWM approach is superior in comparison to conventional SVPWM approaches. It can be concluded 

that 48 step SVPWM approach is worthy and beneficial towards loading capability with full load torque at 

rated current.  
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APPENDIX 

The system under study is 3-phase squirrel cage, 2 HP, D / Y, 380 / 660 V, 3.5 / 2 A, 50 Hz, 4 poles.  

stator reactance  𝑋1= 44 W, rotor resistance 𝑅2
′ = 7.37 W, 

rotor reactance  𝑋2
′= 44 W and  magnetizing reactance  𝑋𝑚= 377 W . 
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