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Abstract— the induction machines are widely used in a wide 

variety of applications. The dynamic simulation is one of the 

key steps in the validation of the design process of the motor 

drive system, which eliminates the designing mistakes and the 

resulting errors in the prototype construction and testing. 

Variable voltage and frequency supply to ac drives is 

invariably obtained from a three-phase voltage source inverter 

(VSI). A number of Pulse width modulation (PWM) scheme 

is used to obtain variable voltage and frequency supply. The 

most widely used PWM schemes for three-phase VSI are 

carrier-based sinusoidal PWM and space vector PWM 

(SVPWM). There is an increasing trend of using space vector 

PWM (SVPWM) because of their easier digital realisation and 

better dc bus utilisation. Firstly, model of a three-phase VSI is 

discussed based on space vector representation. And the 

simulation model of SVPWM inverter is obtained using 

MATLAB/SIMULINK. The prototype of 3 phase SVPWM 

bridge inverter is setup and gate pulses are obtained from 

Arduino Mega2560. Also this paper presents MATLAB 

/SIMULINK implementation of an induction machine using 

dq0 axis transformations of the stator and rotor variables in the 

arbitrary reference frame. 
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I. INTRODUCTION 

Three phase Induction Motors are the most extensively used 

machines in various electrical drives due to their reliability, 

ruggedness and relatively lower cost. Around 70% of all 

industry loads on a utility are represented by IMs. Due to 

rapidly increasing electricity prices, it becomes of prime 

penchant for researchers that awareness be paid for efficient 

optimization of IMs. Generally for rated speed and torque, IM 

show high efficiency. However, at light loads considerable 

reduction in motor efficiency due is observed due to increase 

in iron losses. Therefore to optimize efficiency of motor at 

partial loads, it is essential to obtain such flux levels that 

maintain a balance between iron and copper losses [1]. The 

supply for the 3 phase induction motor is obtained using a 3 

phase bridge inverter. The Major drawback of conventional 

bridge inverter is that its output contains all odd harmonics 

except the triplen harmonics. It will deteriorate the 

performance, quality of the system. Presence of harmonics 

cause malfunction in the microprocessor based equipment. In 

addition, it will also cause overheating of conductors and 

induction motors. Presence of harmonics cause erratic 

operation of the such sensitive devices. Also it will create 

unnecessary magnetic field near transformer and switch 

gears. These magnetic field adversely affect the performance 

transformer, switch gears. Therefore it is necessary to reduce 

the harmonics. 

A three phase voltage source inverter is used. Pulse 

width modulation method is employed to increase the quality 

of the inverter. PWM methods are used to avoid the 

harmonics. Sine PWM and space vector PWM are the 

commonly used PWM methods. Out of these, Space Vector 

PWM is employed. Because only 66.5% of the square wave 

output is obtained in the Sine PWM method. 

Maximum dc voltage that can be rectified from the 

three phase supply is 560 V. 372 V is only available at the 

inverter output stage. But most of the commercial motors and 

other equipments are rated above 400V. On the other hand, 

space vector PWM provide 74.3% of square wave output. As 

a result 416 V is supplied by the inverter. Hence higher 

amount of AC side voltage can be obtained with the same Dc 

bus voltage by space vector modulation. By adopting space 

vector PWM method, it is easy to meet the voltage 

requirement of the motors. 

II. SPACE VECTOR CONCEPT 

A. Voltage SVPWM: 

 
Fig. 1: Three-phase inverter. 

The inverter in Fig. 1 has three switching power-

poles, each consisting of a bi-positional switch either up or 

down. The object is to synthesize, by PWM, the average 

output of the inverter to be such that the desired balanced set 

of voltages vectors �̅�𝑎𝑛(𝑡), �̅�𝑏𝑛(𝑡) and �̅�𝑐𝑛(𝑡) appears across 

the load, be it a motor stator winding as shown in Fig. 1 for a 

counter clockwise rotation, or a UPS system, where �̅�𝑎𝑛(𝑡) +  

�̅�𝑏𝑛(𝑡)+ �̅�𝑐𝑛(𝑡)= 0. In terms of the desired phase voltages, the 

voltage space vector can be written by multiplying phase 

voltages by their phase orientations as, 

 �⃗�𝑠 (𝑡) = �̅�𝑎𝑛(𝑡)𝑒𝑗0 +  �̅�𝑏𝑛(𝑡)𝑒𝑗2𝜋/3 + �̅�𝑐𝑛(𝑡)𝑒𝑗4𝜋/3 

In Fig. 1, in terms of the switching power-pole 

output voltages with respect to the negative dc bus, 

�̅�𝑎𝑛 =  �̅�𝑎𝑁 +  �̅�𝑁𝑛, �̅�𝑏𝑛 = �̅�𝑏𝑁 + �̅�𝑁𝑛, �̅�𝑐𝑛 = �̅�𝑐𝑁 +  �̅�𝑁𝑛  

Recognizing that 𝑒𝑗0  +  𝑒𝑗2𝜋/3  +  𝑒𝑗4𝜋/3  =  0, 

and the voltage space vector can be written in terms of the 

switching power-pole average output voltages as the voltage 

space vector can be written in terms of the switching power-

pole average output voltages as 

 �⃗�𝑠 (𝑡) = �̅�𝑎𝑁(𝑡)𝑒𝑗0 +  �̅�𝑏𝑁(𝑡)𝑒𝑗2𝜋/3 + �̅�𝑐𝑁(𝑡)𝑒𝑗4𝜋/3 

A switch in a switching power-pole of Fig. 1 is either 

up or down, with the instantaneous output voltage either 1 or 

0 times 𝑉𝑑 with three poles, eight switch status combinations 

are possible. The voltage space vector can instantly take on 

one of the following seven distinct instantaneous values as 

shown in Table 1, where phase "a" is represented by the least 

significant digit and phase "c" by the most significant digit. 
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Table 1: Instantaneous Basic Voltage Vectors. 

In Table 1, �⃗�0 and �⃗�7 are the zero vectors because of 

their values. The resulting instantaneous voltage vectors, 

which we will call the basic vectors, are shown in Fig. 2a 

forming six sectors. The average voltage vector is synthesized 

by time-weighted averaging of the two adjacent basic non-

zero voltage vectors that form the sector (in which the average 

voltage vector to be synthesized lies) but using both the zero 

vectors of equal duration. We will begin by synthesizing the 

average voltage vector in sector 1, as shown in by �⃗�𝑠(𝑡) in 

Fig. 2b. The adjacent basic vectors �⃗�1 and �⃗�3 are applied for 

intervals  𝑥𝑇𝑠 and 𝑦𝑇𝑠 respectively, and the zero vectors �⃗�0 

and �⃗�7 are applied for a duration 𝑧/2 𝑇𝑠 each. By time 

weighted averaging, 

𝑣𝑠 (𝑡) =
1

𝑇𝑠

[𝑥𝑇𝑠𝑣1 + 𝑦𝑇𝑠𝑣3 + 𝑧𝑇𝑠0] =  𝑥𝑣1 +  𝑦𝑣3 

Where x + y + z =1.Expressing the basic vectors in 

terms of their amplitude and phase angles results in, 

�̅�𝑠 (𝑡) = �̂�𝑠𝑒𝑗𝜃𝑠(𝑡) = 𝑉𝑑(𝑥𝑒𝑗0 + 𝑦𝑒𝑗𝜋/3) 

From Fig. 2b, and equation for �⃗�𝑠(𝑡) it is clear that 

the ratio 𝑦/𝑥  dictates the orientation 𝜃𝑠, and introducing the 

zero-voltage interval 𝑧 =  (1 − 𝑥 − 𝑦) controls the 

amplitude �̂�𝑠. At the limit, where 𝑧 = 0 and hence,  𝑥 +  𝑦 =
1, the tips of the voltage space vectors lie on the straight line 

connecting the two non-zero basic vectors in Fig. 2b. 

However, normally the three voltages to be synthesized vary 

sinusoidally in time, resulting in a rotating voltage space 

vector �⃗�s(𝑡) of constant amplitude. At the limit, shown by the 

dashed circle in Fig 2b this amplitude has a maximum value, 

(�̂�𝑠)𝑚𝑎𝑥  =  𝑉𝑑 cos (
𝜋

6
) =

√3

2
 𝑉𝑑 

Fig. 2: Instantaneous basic vectors and synthesis of �̅�𝑠 (𝑡). 
Therefore the corresponding phase voltage peak, 2/3 

times the space vector peak, has the following maximum 

from 

(�̂�𝑎)𝑚𝑎𝑥  =
1

√3
 𝑉𝑑 

In Sine-PWM (�̂�𝑎)𝑚𝑎𝑥  =
1

2
 𝑉𝑑. Therefore, 

comparing that with above equation shows that the SV-PWM 

results in a higher limit on the available output voltage by a 

factor of 2/√3 , or by approximately 15 percent. 

B. Carrier Based Implementation of SVPWM: 

In general, in a carrier-based PWM as shown in Fig. 3a, a 

control voltage is compared with a high frequency carrier 

signal of a triangular waveform that establishes the switching 

frequency fs of the inverter. The resulting output voltage in 

Fig. 3 b has an average value that depends on the control 

voltage; 

𝑣𝑎𝑁(𝑡) =
𝑉𝑑

2
+  

𝑉𝑑

2

𝑣𝑐𝑜𝑛𝑡𝑟𝑜𝑙,𝑎  (𝑡)

�̂�𝑡𝑟𝑖

 

Similar expressions hold for the average outputs of 

the other two poles in terms of their respective control 

voltages. These expressions lead to an average representation 

as shown in Fig. 3c for each pole as the sum of the desired 

phase voltage and a common-mode voltage 𝑣𝑐𝑚(𝑡)as 

discussed below. 

Fig. 3: (a) Switching power-pole, (b) carrier-based PWM, 

(c) average      power-pole output. 

In Sine-PWM, the control voltages form a balanced 

sinusoidal set of signals such their instantaneous sum is 

always zero. Therefore, they have no common-mode voltage, 

and the average voltage of each pole has a common-mode 

voltage 𝑣𝑐𝑚(𝑡) = 0.5𝑉𝑑 

In SV-PWM, Note from Fig. 2b that in sector 1 with 

the non-zero basic vectors �⃗�1(001) and �⃗�3(011), the 

instantaneous power-pole “c” voltage is always 0 except it is 

𝑉𝑑  for a  
𝑧

2
 𝑇𝑠 interval corresponding to �⃗�7(111). Therefore, 

the average value of the power-pole “c” output is 𝑉𝑐𝑁(𝑡) =
𝑧

2
𝑉𝑑. 

Also from Fig. 2b, in sector 1 with the non-zero 

basic vectors �⃗�1(001) and �⃗�3(011), switching-pole “a” 

voltage is always 0 except it is 𝑉𝑑  for a  
𝑧

2
 𝑇𝑠 interval 

corresponding to �⃗�0(000). Therefore, the average value of the 

power-pole “a” output is  𝑉𝑎𝑁(𝑡) = 𝑉𝑑 −
𝑧

2
𝑉𝑑 . 

𝑣𝑐𝑛(𝑡) + 𝑣𝑐𝑚(𝑡) =
𝑧

2
𝑉𝑑 

 and  

𝑣𝑎𝑛(𝑡) + 𝑣𝑐𝑚(𝑡) = 𝑉𝑑 −
𝑧

2
𝑉𝑑 

From the above two equation using the fact that 

�̅�𝑎𝑛(𝑡) + �̅�𝑏𝑛(𝑡)+ �̅�𝑐𝑛(𝑡)= 0 

𝑣𝑐𝑚(𝑡) =  
1

2
𝑉𝑑 +

𝑣𝑏𝑛

2
(𝑡) 

This is valid only for sector 1. To generalize to all 

sectors 𝑣𝑏𝑛(𝑡)  can be replaced by the maximum and 

minimum of the phase voltages as follows: 
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𝑣𝑐𝑚(𝑡)

=  
1

2
𝑉𝑑 + (

max(𝑣𝑎𝑛, 𝑣𝑏𝑛, 𝑣𝑐𝑛) +  min (𝑣𝑎𝑛, 𝑣𝑏𝑛, 𝑣𝑐𝑛)

2
) 

𝑣𝑐𝑜𝑛𝑡𝑟𝑜𝑙,𝑎  (𝑡)

𝑉𝑡𝑟𝑖
=  

𝑣𝑎𝑛(𝑡)
𝑉𝑑
2

− (
max(𝑣𝑎𝑛,𝑣𝑏𝑛,𝑣𝑐𝑛)+ min (𝑣𝑎𝑛,𝑣𝑏𝑛,𝑣𝑐𝑛)

𝑉𝑑
)In 

Sine-PWM, the second term in the right side of above 

equation is zero. The limits of Sine-PWM and the SVPWM 

schemes are shown in Fig. 4a by their space vector circles, 

and the corresponding control voltages are shown in Fig. 4b. 

This figure clearly shows the benefit of using SV-PWM over 

Sine-PWM leading to higher utilization of the dc-bus voltage. 

The above discussion also shows that the SV-PWM can be 

implemented as simply as the Sine-PWM using carrier-based 

pulse-width modulation. 

Fig. 4: Limits of SV-PWM and Sine-PWM. 

III.  INDUCTION MOTOR MODEL 

Reference frame are very much like observer platforms, in 

that each of the platforms gives a unique view of the system 

at hand as well as a dramatic simplification of the system 

equation. For example, for the purpose of control, it is 

desirable to have the system variables as dc quantities, 

although the actual variables are sinusoidal. This could be 

accomplished by having a reference frame revolving at the 

same angular speed as that of the sinusoidal variable. As the 

reference frames are moving at an angular speed equal to the 

angular speed equal to angular frequency of sinusoidal 

supply, so that differential speed between them is reduced to 

zero, resulting in the sinusoid signal behaving as DC signal 

from the reference frames. So by moving that lane, it becomes 

easier to develop a small-signal equation out of a non-linear 

equations, as the operating point is described only by DC 

values; this then leads to linearised system around operating 

point. Such advantages are many from using reference 

frames, instead of deriving the transformation for each and 

every particular reference frame; it is advantageous to derive 

general transformation for an arbitrary rotating reference. 

frame. Then any particular reference frame model can be 

derived by substituting the appropriate frame speed and 

position in the generalized reference model. 

The voltage equations in arbitrary reference frame in 

expanded form is as follows 

𝑣𝑞𝑠 = 𝑟𝑠𝑖𝑞𝑠 + 𝜔𝜆𝑑𝑠 +  𝑝𝜆𝑞𝑠 

𝑣𝑑𝑠 = 𝑟𝑠𝑖𝑑𝑠 − 𝜔𝜆𝑞𝑠 + 𝑝𝜆𝑑𝑠 

𝑣0𝑠 = 𝑟𝑠𝑖0𝑠 +  𝑝𝜆0𝑠 

𝑣𝑞𝑟
′ = 𝑟𝑟

′𝑖𝑞𝑟
′ + (𝜔−𝜔𝑟)𝜆𝑑𝑟

′ +  𝑝𝜆𝑞𝑟
′
 

𝑣𝑑𝑟
′ = 𝑟𝑟

′𝑖𝑑𝑟
′ − (𝜔−𝜔𝑟)𝜆𝑞𝑟

′ +  𝑝𝜆𝑑𝑟
′
 

𝑣0𝑟
′ = 𝑟𝑟

′𝑖0𝑟
′ + 𝑝𝜆0𝑟

′
 

 

 
Fig. 5: Arbitrary reference- frame equivalent circuits for a 3 

phase symmetrical IM. 

𝜆𝑞𝑠 =  𝐿𝑙𝑠𝑖𝑞𝑠 + 𝐿𝑀(𝑖𝑞𝑠 + 𝑖𝑞𝑟
′) 

𝜆𝑑𝑠 =  𝐿𝑙𝑠𝑖𝑑𝑠 + 𝐿𝑀(𝑖𝑑𝑠 + 𝑖𝑑𝑟
′) 

𝜆0𝑠 =  𝐿𝑙𝑠𝑖0𝑠 

𝜆𝑞𝑟
′ =  𝐿𝑙𝑟

′𝑖𝑞𝑟
′ + 𝐿𝑀(𝑖𝑞𝑠 + 𝑖𝑞𝑟

′) 

𝜆𝑑𝑟
′ =  𝐿𝑙𝑟

′𝑖𝑑𝑟
′ + 𝐿𝑀(𝑖𝑑𝑠 + 𝑖𝑑𝑟

′) 

𝜆0𝑟
′ =  𝐿𝑙𝑟

′𝑖0𝑟
′ 

Because the machine and power system parameters 

are nearly always given in ohms or percent or per unit of a 

base impedance, it is convenient to express the voltage and 

flux linkages in terms of reactances rather than inductances. 

𝑣𝑞𝑠 =  𝑟𝑠𝑖𝑞𝑠 +
𝜔

𝜔𝑏

𝜑𝑑𝑠 +
𝑝

𝜔𝑏

𝜑𝑞𝑠 

𝑣𝑑𝑠 =  𝑟𝑠𝑖𝑑𝑠 −
𝜔

𝜔𝑏

𝜑𝑞𝑠 +
𝑝

𝜔𝑏

𝜑𝑑𝑠 

𝑣0𝑠 =  𝑟𝑠𝑖0𝑠 +
𝑝

𝜔𝑏

𝜑0𝑠 

𝑣𝑞𝑟
′ =  𝑟𝑟

′𝑖𝑞𝑟
′ +

𝜔 − 𝜔𝑟

𝜔𝑏

𝜑𝑑𝑟
′ +

𝑝

𝜔𝑏

𝜑𝑞𝑟
′ 

𝑣𝑑𝑟
′ =  𝑟𝑟

′𝑖𝑑𝑟
′ −

𝜔 − 𝜔𝑟

𝜔𝑏

𝜑𝑞𝑟
′ +

𝑝

𝜔𝑏

𝜑𝑑𝑟
′ 

𝑣0𝑟
′ =  𝑟𝑟

′𝑖0𝑟
′ +

𝑝

𝜔𝑏

𝜑0𝑟
′ 

Where 𝜔𝑏is the base electrical angular velocity used 

to calculate the inductive reactance. Flux linkage become flux 

linkages per second with units of volts: 

𝜑𝑞𝑠 =  𝑋𝑙𝑠𝑖𝑞𝑠 + 𝑋𝑀(𝑖𝑞𝑠 + 𝑖𝑞𝑟
′) 

𝜑𝑑𝑠 =  𝑋𝑙𝑠𝑖𝑑𝑠 + 𝑋𝑀(𝑖𝑑𝑠 + 𝑖𝑑𝑟
′) 

𝜑0𝑠 =  𝑋𝑙𝑠𝑖0𝑠 

𝜑𝑞𝑟
′ =  𝑋𝑙𝑟

′𝑖𝑞𝑟
′ + 𝑋𝑀(𝑖𝑞𝑠 + 𝑖𝑞𝑟

′) 

𝜑𝑑𝑟
′ =  𝑋𝑙𝑟

′𝑖𝑑𝑟
′ + 𝑋𝑀(𝑖𝑑𝑠 + 𝑖𝑑𝑟

′) 

𝜑0𝑟
′ =  𝑋𝑙𝑟

′𝑖0𝑟
′ 

The voltage equations are written in terms of current 

and flux linkages. If the currents are selected as independent 

variables and the flux linkages or flux linkages per second 

replaced by currents, the voltage equation become, 

𝑋𝑠𝑠 = 𝑋𝑙𝑠+ 𝑋𝑀 
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IV. SIMULATION RESULTS 

A. SVPWM Inverter 

 
Fig. 6: SVPWM inverter 

Above figure shows the SIMULINK model of 

SVPWM controlled bridge inverter. Three phase supply 

which are 1200 apart are given to the SVPWM block in which 

space vector switching signal is generated. In the final block 

generated switching signal is applied to the VSI switches. 

Fig. 7: Reference voltage waveform of SVPWM. 

In the embedded MATLAB function the SVPWM 

algorithm has been written, creating necessary space vector 

signal. Then this space vector signal has been compared with 

the triangular carrier wave and required switching pulse has 

been generated. Switching pulses generated is applied to the 

six switches of the voltage source inverter. 

Fig. 8: Output voltage 

V. MODEL 

 
Table 2 Motor Parameters. 

 
Fig. 8: IM model 

 

Fig. 9: IM model 

The Fig. 8 & 9 shows the model of induction motor 

in MATLAB/Simulink. The parameters of machine are 

shown in table 2. 

Fig. 10: Electromagnetic torque. 



SVPWM Inverter for Induction Motor 

 (IJSRD/Vol. 4/Issue 07/2016/092) 

 

 All rights reserved by www.ijsrd.com 395 

The Fig. 10 & 11 gives the torque and speed of 

induction motor respectively. The machine is initially stalled 

when rated balanced voltage is applied with 𝑣𝑎𝑠 =

 √2𝑉𝑠𝑐𝑜𝑠𝑤𝑡. 

Fig. 11: Rotor speed ωr 

Fig. 12: Stator current. 

Fig. 13: Rotor current. 

VI. EXPERIMENTAL SETUP 

The prototype of the 3 phase bridge inverter is setup in the 

laboratory and output voltage of inverter is measured using 

DSO. The gate pulses for the inverter is generated using 

Arduino Mega microcontroller board. 

 
Fig. 14: Experimental setup. 

The Fig. 14 shows the whole experimental setup. It 

has four different section Inverter section, Arduino Mega 

microcontroller board, Driver section, power supply unit. 

 
Fig. 15: Output of driver circuit (switching signal for 

𝑆1 and 𝑆2). 

The Fig. 16 shows the output line voltage obtained 

from the SVPWM inverter. The input voltage is given as 

𝑉𝑑 = 5V. 

 
Fig. 16: Output voltage. 

VII. CONCLUSION 

Increasing trend of using space vector PWM (SVPWM) is 

because of their easier digital realisation and better DC bus 

utilisation. Firstly, model of a three-phase VSI is discussed 

based on space vector representation. The SVPWM results in 

a higher limit on the available output voltage by a factor 15%. 

The simulation model of SVPWM controlled inverter is 

obtained using MATLAB/SIMULINK. The prototype of 3 

phase bridge inverter is setup and gate pulses are obtained 

from Arduino Mega2560. The dynamic analysis of the 

symmetrical induction machines in the arbitrary reference 

frame has been intensively used as a standard simulation 

approach from which any particular mode of operation may 

be then developed. MATLAB/SIMULINK has an advantage 

over other machine simulators in modelling the induction 

machines. 
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