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Abstract—Speed control of an induction motor using 
indirect field-oriented control (IFOC) method with space vector 
pulse width modulation (SVPWM) technique and proportional 
integral controller is presented and discussed in this paper. A 
2.2kW three phase squirrel cage type Induction motor model 
with field-oriented control was simulated and analyzed using 
MATLAB/Simulink. The decoupling of the flux and torque 
producing components, for secondary control was carried out 
for the actual IFOC of the induction motor drive. The motor 
performance was analyzed under no-load, variable load, 
constant speed, and variable speed with load conditions. From 
the results obtained, the proposed control technique was found 
to produce satisfactory dynamic response and improved motor 
performance under these operating conditions.  

Keywords— Induction motor, Speed control, SVPWM, IFOC, 
MATLAB/Simulink. 

I. INTRODUCTION 

 Induction motors are mostly used in industrial plants due 
to their high efficiency, ruggedness, low maintenance and 
reliability. Induction motors deliver high performance in 
industrial variable speed applications since the development 
of the vector control method. Indirect field-oriented control 
(IFOC) is an effective vector control technique of induction 
motor due to its simplicity of design and implementation [1], 
[2]. Hence, when a superior performance of induction motor 
drive is demanded, IFOC is usually used [3]-[4]. In IFOC 
technique, the flux and torque are decoupled, hence, allowing 
the two parameters to be controlled independently. Thus, there 
is an independent control between torque and flux, in q-axis 
and d-axis respectively.   

This enables the induction motor to achieve a dynamic 
performance similar to a DC drive [6], [7]. IFOC technique 
for the induction motor provides a standard result by which 
many other algorithms are compared. Over the years a large 
number of induction motor research with IFOC strategy have 
been developed for industry in line with the increasing 
complexity in industrial operations. For example [8] proposed 
a modified direct torque control (DTC) which uses the stator 
to control the torque. In this study, a detailed analysis of vector 
control concept (both DTC and field-oriented control) is 
analyzed. Thomas [9] evaluated DTC and FOC on a unique 
scheme, discrete space vector modulation. The analysis in this 
study addressed steady-state current, torque ripples, and 
dynamic response due to a torque step. Vasudevan [10] 
proposed and experimentally validated geometric sliding 
mode/limit cycle control, in which three inverter modes, 
asynchronous, synchronous, and square wave, were analyzed, 
and focused on industrial applications. Haddoun [11] 

compared indirect field-oriented control (IFOC) to direct 
field-oriented control (DFOC). In this study, direct torque 
control and space vector modulation (DTC-SVM) and direct 
torque neuro-fuzzy control were evaluated.  [12] Presented a 
special approach on the operation of DFOC, DTC with pulse 
width modulation (PWM) and DTC-SVM on an electric 
vehicle. The results show the effectiveness of vector control 
in electric motor application. Bashke [13] simulated induction 
motor in real time with a low voltage model and compared the 
outcome with numerical methods.   

An induction motor is a complex and non-linear system 
that requires more effort in implementing the drive and control 
system. In this paper, MATLAB/ Simulink software package 
is used for analyzing speed control of an induction motor 
using IFOC with Space Vector Pulse Width Modulation 
(SVPWM), and the industrial variable speed applications are 
emphasized (like conveyors), where different operations are 
carried out at a given time intervals at a single  operation. The 
speed control of an induction using IFOC with SVPWM, 
constitutes the following sub units: flux control, speed control, 
current control, pulse width modulation unit, inverter and 
induction motor. These sub-units are built using a Simulink 
library toolbox based on fundamental equations.  

II. INDUCTION MOTOR MODE

The induction motor model equations are generated from 
d-q axis. An analysis of the Clacke and Park’s transformation
of the source voltage, for stationary and rotator reference
frame respectively are also analyzed. The flux linkages
equations on d-q axis are shown in equation (1)-(4). [1]

𝑑𝑑𝛹𝛹𝑞𝑞𝑞𝑞
𝑑𝑑𝑑𝑑

=  𝑤𝑤𝑏𝑏[𝑉𝑉𝑞𝑞𝑞𝑞 −
𝑤𝑤𝑒𝑒
𝑤𝑤𝑏𝑏
𝛹𝛹𝑑𝑑𝑞𝑞 +  𝑅𝑅𝑞𝑞

𝑋𝑋𝐼𝐼𝑞𝑞
�𝛹𝛹𝑚𝑚𝑞𝑞 − 𝛹𝛹𝑞𝑞𝑞𝑞�]   (1) 

𝑑𝑑𝛹𝛹𝑑𝑑𝑞𝑞
𝑑𝑑𝑑𝑑

=  𝑤𝑤𝑏𝑏[𝑉𝑉𝑑𝑑𝑞𝑞 + 𝑤𝑤𝑒𝑒
𝑤𝑤𝑏𝑏
𝛹𝛹𝑞𝑞𝑞𝑞 + 𝑅𝑅𝑞𝑞

𝑋𝑋𝐼𝐼𝑞𝑞
(𝛹𝛹𝑚𝑚𝑑𝑑 − 𝛹𝛹𝑑𝑑𝑞𝑞)]    (2) 

𝑑𝑑𝛹𝛹𝑞𝑞𝑞𝑞
𝑑𝑑𝑑𝑑

=  𝑤𝑤𝑏𝑏[𝑉𝑉𝑞𝑞𝑞𝑞 −
𝑤𝑤𝑒𝑒−𝑤𝑤𝑞𝑞
𝑤𝑤𝑏𝑏

𝛹𝛹𝑑𝑑𝑞𝑞 +  𝑅𝑅𝑞𝑞
𝑋𝑋𝐼𝐼𝑞𝑞

�𝛹𝛹𝑚𝑚𝑞𝑞 − 𝛹𝛹𝑞𝑞𝑞𝑞�]        (3) 

𝑑𝑑𝛹𝛹𝑑𝑑𝑞𝑞
𝑑𝑑𝑑𝑑

=  𝑤𝑤𝑏𝑏[𝑉𝑉𝑑𝑑𝑞𝑞 + 𝑤𝑤𝑒𝑒−𝑤𝑤𝑞𝑞
𝑤𝑤𝑏𝑏

𝛹𝛹𝑞𝑞𝑞𝑞 +  𝑅𝑅𝑞𝑞
𝑋𝑋𝐼𝐼𝑞𝑞

(𝛹𝛹𝑚𝑚𝑑𝑑 − 𝛹𝛹𝑑𝑑𝑞𝑞)]       (4) 

Where, 

𝛹𝛹𝑚𝑚𝑞𝑞 = 𝑋𝑋𝑚𝑚1 [𝛹𝛹𝑞𝑞𝑞𝑞
𝑋𝑋𝐼𝐼𝑞𝑞

+ 𝛹𝛹𝑞𝑞𝑞𝑞
𝑋𝑋𝐼𝐼𝑞𝑞

] (5) 

𝛹𝛹𝑚𝑚𝑑𝑑 = 𝑋𝑋𝑚𝑚1 [𝛹𝛹𝑑𝑑𝑞𝑞
𝑋𝑋𝐼𝐼𝑞𝑞

+ 𝛹𝛹𝑑𝑑𝑞𝑞
𝑋𝑋𝐼𝐼𝑞𝑞

] (6) 

𝑋𝑋𝑚𝑚1 =  1
( 1
𝑋𝑋𝑚𝑚

+ 1
𝑋𝑋𝐼𝐼𝑞𝑞

+ 1
𝑋𝑋𝐼𝐼𝑞𝑞

)� (7)
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 The d-axis and q-axis currents are shown in equation (8) – 
(11), that is, by substituting the flux linkages. 

𝑖𝑖𝑞𝑞𝑞𝑞 = 1
𝑋𝑋𝐼𝐼𝑞𝑞

( 𝛹𝛹𝑞𝑞𝑞𝑞 − 𝛹𝛹𝑚𝑚𝑞𝑞)    (8) 

𝑖𝑖𝑑𝑑𝑞𝑞 = 1
𝑋𝑋𝐼𝐼𝑞𝑞

( 𝛹𝛹𝑑𝑑𝑞𝑞 − 𝛹𝛹𝑚𝑚𝑑𝑑)    (9) 

  𝑖𝑖𝑞𝑞𝑞𝑞 = 1
𝑋𝑋𝐼𝐼𝑞𝑞

( 𝛹𝛹𝑞𝑞𝑞𝑞 − 𝛹𝛹𝑚𝑚𝑞𝑞)     (10) 

   𝑖𝑖𝑑𝑑𝑞𝑞 = 1
𝑋𝑋𝐼𝐼𝑞𝑞

( 𝛹𝛹𝑑𝑑𝑞𝑞 − 𝛹𝛹𝑚𝑚𝑑𝑑)     (11) 

The Electromagnetic torque and rotor speed are shown in 
equation (12) and (13).  

     𝑇𝑇𝑒𝑒 =  3
2
�𝑝𝑝
2
� 1
𝑤𝑤𝑏𝑏

(𝛹𝛹𝑑𝑑𝑞𝑞𝑖𝑖𝑞𝑞𝑞𝑞 − 𝛹𝛹𝑑𝑑𝑞𝑞𝑖𝑖𝑑𝑑𝑞𝑞)                   (12) 
 

𝑤𝑤𝑞𝑞 =  ∫ 𝑝𝑝
2𝐽𝐽

(𝑇𝑇𝑒𝑒 − 𝑇𝑇𝐿𝐿)                       (13) 
Where 𝑝𝑝 is the number of poles, , 𝐽𝐽 is the moment of initia 

�𝑘𝑘𝑘𝑘 𝑚𝑚2� �,  

 For squirrel cage induction motor, the motor voltages 𝑉𝑉𝑞𝑞𝑞𝑞   
and 𝑉𝑉𝑑𝑑𝑞𝑞   bars are shorted. Having derived the speed and torque 
equations in term of d-q flux linkages and currents of the 
stator, the same is applicable to the voltages that is applied to 
the stator. In a balanced condition, the three-phase stator 
voltages of an induction motor can be expressed as: 

 

𝑉𝑉𝑎𝑎 =  √2𝑉𝑉𝑞𝑞𝑚𝑚𝑞𝑞 sin(𝑤𝑤𝑤𝑤)    (14) 
 

𝑉𝑉𝑏𝑏 =  √2𝑉𝑉𝑞𝑞𝑚𝑚𝑞𝑞 sin �𝑤𝑤𝑤𝑤 − 2𝜋𝜋
3
�   (15) 

 
𝑉𝑉𝑏𝑏 =  √2𝑉𝑉𝑞𝑞𝑚𝑚𝑞𝑞 sin �𝑤𝑤𝑤𝑤 + 2𝜋𝜋

3
�   (16) 

 

A.  Clarke Transformation  
The Clarke transformation converts a three-phase system 

into a two-phase system (that is, to stationary reference 
frame). Taking the voltages in equation (14), (15), and (16), 
equation (7) and (8) are generated.  

Equation (19) represents the Clarke transformation in 
matric form. Figure 1 represents the Simulink model of the 
Clarke transformation. 

𝑉𝑉𝛼𝛼 =  2
3
𝑉𝑉𝑎𝑎 + 1

3
𝑉𝑉𝑏𝑏 −

1
3
𝑉𝑉𝑐𝑐    (17) 

 
𝑉𝑉𝛽𝛽 = 1

√3
𝑉𝑉𝑏𝑏 −

1
√3
𝑉𝑉𝑐𝑐     (18) 

 

�𝑉𝑉𝛼𝛼𝑉𝑉𝛼𝛼
� =  2

3
�
1 1

2� − 1
2�

0 √3
2� −√3

2�
� �
𝑉𝑉𝑎𝑎
𝑉𝑉𝑏𝑏
𝑉𝑉𝑐𝑐
�   (19) 

 

B. Park Transformation  
The equations from the clarke transformation is in the 

stationary reference frame in 𝛼𝛼𝛼𝛼  axis, and park 
transformation is further use to transform the equations to a 
rotating reference frame in direct and quadrature axis. This 
can be shown in equation (20).  

�
𝑉𝑉𝑑𝑑
𝑉𝑉𝑞𝑞
� = � cos 𝜃𝜃 sin θ

−sin𝜃𝜃 cos 𝜃𝜃� �
𝑉𝑉𝛼𝛼
𝑉𝑉𝛽𝛽
�   (20) 

The  stator and rotor currents in three-phase system are  
calculated as shown in equation (21) and (22), and the 
Simulink model for park transformation is shown in figure 2. 

�
𝑖𝑖𝛼𝛼
𝑖𝑖𝛽𝛽� =  �cos 𝜃𝜃 −sin𝜃𝜃

sin𝜃𝜃 cos𝜃𝜃 � �
𝑖𝑖𝑑𝑑
𝑖𝑖𝑞𝑞
�   (21) 

 

�
𝑖𝑖𝑎𝑎
𝑖𝑖𝑏𝑏
𝑖𝑖𝑐𝑐
� = 2

3

⎣
⎢
⎢
⎡

1 0
−1

2� −√3
2�

−1
2�

√3
2� ⎦
⎥
⎥
⎤
�
𝑖𝑖𝑎𝑎
𝑖𝑖𝛽𝛽�   (22) 

Indirect Field Oriented Control (IFOC) 

The IFOC principle was introduced by Blaschke [14] 
where similar DC motor characteristics is created in an 
induction motor derive. This is a fundamental concept of 
vector control (FOC) where an induction motor is operated 
like a separately excited DC motor. The FOC technique is 
widely used when dealing with complex industrial processes. 
Under this concept, the motor flux and torque are decoupled 
and control separately. Decoupling of an induction motor is 
not so simple because of the coupling effect between the 
torque and fluxes, whose orientations (in terms of degree 
between them) vary according to the operating conditions of 
the motor.  DC machine-similar performance can be obtain in 

 
Fig. 1. Simulink model of Clarke transformation of  three-
phase currents 

 

 
Fig. 2. Simulink model of Park transformation of 𝛼𝛼𝛼𝛼   axis 
currents  

 



an induction motor by separating and controlling 
independently the field and armature fluxes in the motor by 
orienting the stator current with respect to the rotor flux [15], 
[16]. There are two ways of achieving FOC, they are: direct 
field oriented control (DFOC) and indirect field oriented 
control (IFOC). In DFOC, the rotor position is realized by a 
senor, however, the inclusion of the sensor complicates the 
system and also make the technique uneconomical [17]. While 
in IFOC, the position of rotor flux is predicted from the model 
of induction motor (block diagram shown in figure 4). From 
the phasor (figure 3) diagram, is it shown that for decoupling 
control, the flux producing component is on direct axis, while 
the torque component on the quadrature- axis . Main limitation 
of IFOC is that it sensitive to motor parameters if an incorrect 
value of rotor time constant is provided, it can cause a 
misalignment between the stator current and rotor flux thus, 
reduces the system performance. 

For the decoupling of flux and torque producing 
components, the rotor equations can be written as 

𝑑𝑑𝜓𝜓𝑑𝑑𝑞𝑞
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑞𝑞𝑖𝑖𝑑𝑑𝑞𝑞 − (𝜔𝜔𝑒𝑒 − 𝜔𝜔𝑞𝑞)𝜓𝜓𝑞𝑞𝑞𝑞 = 0    (23) 

𝑑𝑑𝜓𝜓𝑞𝑞𝑞𝑞
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑞𝑞𝑖𝑖𝑑𝑑𝑞𝑞 − (𝜔𝜔𝑒𝑒 − 𝜔𝜔𝑞𝑞)𝜓𝜓𝑑𝑑𝑞𝑞 = 0   (24) 

The rotor flux linkage expressions are  

𝜓𝜓𝑑𝑑𝑞𝑞 =  𝐿𝐿𝑞𝑞𝑖𝑖𝑑𝑑𝑞𝑞 + 𝐿𝐿𝑚𝑚𝑖𝑖𝑑𝑑𝑞𝑞    (25) 

𝜓𝜓𝑞𝑞𝑞𝑞 =  𝐿𝐿𝑞𝑞𝑖𝑖𝑞𝑞𝑞𝑞 + 𝐿𝐿𝑚𝑚𝑖𝑖𝑞𝑞𝑞𝑞     (26) 

From this expression, we can write  

𝑖𝑖𝑑𝑑𝑞𝑞 =  1
𝐿𝐿𝑞𝑞
𝜓𝜓𝑑𝑑𝑞𝑞 −

𝐿𝐿𝑚𝑚
𝐿𝐿𝑞𝑞
𝑖𝑖𝑑𝑑𝑞𝑞    (27) 

𝑖𝑖𝑞𝑞𝑞𝑞 =  1
𝐿𝐿𝑞𝑞
𝜓𝜓𝑞𝑞𝑞𝑞 −

𝐿𝐿𝑚𝑚
𝐿𝐿𝑞𝑞
𝑖𝑖𝑞𝑞𝑞𝑞      (28) 

Putting (5) and (6) in (1) and (2), we have, 
𝑑𝑑𝜓𝜓𝑑𝑑𝑞𝑞
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑞𝑞
1
𝐿𝐿𝑞𝑞
𝜓𝜓𝑑𝑑𝑞𝑞 −

𝐿𝐿𝑚𝑚
𝐿𝐿𝑞𝑞
𝑅𝑅𝑞𝑞𝑖𝑖𝑑𝑑𝑞𝑞 − (𝜔𝜔𝑞𝑞𝑞𝑞)𝜓𝜓𝑞𝑞𝑞𝑞 = 0  (29) 

𝑑𝑑𝜓𝜓𝑞𝑞𝑞𝑞
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑞𝑞
1
𝐿𝐿𝑞𝑞
𝜓𝜓𝑞𝑞𝑞𝑞 −

𝐿𝐿𝑚𝑚
𝐿𝐿𝑞𝑞
𝑅𝑅𝑞𝑞𝑖𝑖𝑞𝑞𝑞𝑞 − (𝜔𝜔𝑞𝑞𝑞𝑞)𝜓𝜓𝑑𝑑𝑞𝑞 = 0 (30) 

  𝜔𝜔𝑞𝑞𝑞𝑞 =  𝜔𝜔𝑒𝑒 − 𝜔𝜔𝑞𝑞    (31) 

For decoupling control 

𝜓𝜓𝑞𝑞𝑞𝑞 = 0     (32) 
𝑑𝑑𝜓𝜓𝑞𝑞𝑞𝑞
𝑑𝑑𝑑𝑑

= 0     (33) 

Substituting these equations in (7) and (8). We have 
𝐿𝐿𝑞𝑞
𝑅𝑅𝑞𝑞

𝑑𝑑𝜓𝜓𝑞𝑞
𝑑𝑑𝑑𝑑

+ 𝜓𝜓𝑞𝑞 =  𝐿𝐿𝑚𝑚𝑖𝑖𝑑𝑑𝑞𝑞      (34) 

𝜔𝜔𝑞𝑞𝑞𝑞 =  𝐿𝐿𝑚𝑚
𝜓𝜓𝑞𝑞

𝑅𝑅𝑞𝑞
𝐿𝐿𝑞𝑞
𝑖𝑖𝑞𝑞𝑞𝑞     (35) 

𝑇𝑇𝑇𝑇 =  3
2
�𝑃𝑃
2
� 𝐿𝐿𝑚𝑚
𝐿𝐿𝑞𝑞
𝜓𝜓𝑞𝑞𝑖𝑖𝑞𝑞𝑞𝑞    (36) 

From the block diagram in figure 4, signal 𝜔𝜔𝑞𝑞𝑞𝑞  obtained is 
added with rotor speed signal 𝜔𝜔𝑞𝑞 to generate frequency signal 
𝜔𝜔𝑒𝑒 , Rotor flux angle 𝜃𝜃𝑒𝑒 for coordinate transformation is 
obtained from  equation (37) 

𝜃𝜃𝑒𝑒 = ∫(𝜔𝜔𝑞𝑞 + 𝜔𝜔𝑞𝑞𝑞𝑞)𝑑𝑑𝑤𝑤   (37) 

 

III.   SPACE VECTOR PULSE WIDTH MODULATION  
Space Vector Pulse Width Modulation (SVPWM) 

technique is a preferred technique for Pulse Width 
Modulation voltage source inverter since it gives an output 
with less harmonic distortion. In this technique, phase 
voltages are represented as space vector model and the 
inverter is switching between two adjacent active vectors and 
a zero vectors during one switching period [18]. There are 
eight possible states, which are associated with a reference 
vector, and for possible of generating a rotating field, and the 
inverter has to be switched in six of the eight states [19]. The 
other two states are zero vectors. From figure 6, the angle 
between any two vectors is 60°. the notation that describes the 
states of the three phase inverter (shown in figure 6) and the 
corresponding voltages is recorded in Table 1, this depends 
on the on and off state of the transistor. For example, the state 
when transistors T1, T4, T5 are on and T2, T3, T6 are off can 
be represented with the notation (+ - +). The line –to – neutral 
voltages can be converted into a space vector 𝑈𝑈𝑞𝑞 from 
equation (38) 

 
𝑈𝑈𝑞𝑞 =  𝑉𝑉𝑎𝑎𝑎𝑎(𝑤𝑤)𝑇𝑇𝑗𝑗0 + 𝑉𝑉𝑏𝑏𝑎𝑎(𝑤𝑤)𝑇𝑇𝑗𝑗

2
3 + 𝑉𝑉𝑐𝑐𝑎𝑎(𝑤𝑤)𝑇𝑇−𝑗𝑗

2
3       (38) 

Where the components are of angles �0, −2𝜋𝜋
3

, 2𝜋𝜋
3
� 

 The reference voltage vector (𝑈𝑈𝑞𝑞) is sampled with the 
fixed clock frequency 𝑓𝑓𝑞𝑞 =  1 𝑇𝑇𝑞𝑞⁄ , if reference voltage falls at 
section one from figure 2, taking 𝑈𝑈0 =  𝑉𝑉1,𝑈𝑈60 =  𝑉𝑉2,𝑈𝑈𝑞𝑞 =
 𝑉𝑉𝑞𝑞𝑒𝑒𝑟𝑟,, then: 

𝑉𝑉𝑞𝑞𝑒𝑒𝑟𝑟 =  𝑑𝑑1
𝑇𝑇𝑞𝑞

(𝑉𝑉1) + 𝑑𝑑2
𝑇𝑇𝑞𝑞

(𝑉𝑉2)   (39) 

As the amplitude of 𝑉𝑉1, and 𝑉𝑉2, are equal to  2𝑉𝑉𝑑𝑑𝑉𝑉 3⁄ , 
hence 

𝑤𝑤1 =  √3𝑇𝑇𝑞𝑞
𝑉𝑉𝑞𝑞𝑒𝑒𝑟𝑟
𝑉𝑉𝑑𝑑𝑐𝑐

sin(60 − 𝛼𝛼)   (40) 

𝑤𝑤2 =  √3𝑇𝑇𝑞𝑞
𝑉𝑉𝑞𝑞𝑒𝑒𝑟𝑟
𝑉𝑉𝑑𝑑𝑐𝑐

sin𝛼𝛼     (41) 

 
Fig. 3.  Phasor diagram of IFOC of an Induction motor. 
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IV. PROPORTIONAL INTEGRAL CONTROLLER 
The proportional Integral controllers are use as the main 

controller in this model, for the speed, flux and torque 
control. As the difference between the reference value and 
actual value grows, the P term increases relatively to provide 
correction. The Integral (I) term of the controller is used to 
eliminate small steady state errors. The Simulink model of 
the PI speed controller is shown in Figure 5. And the analysis 
of the output value of the controller is given in equation (4) 
to (7) 

𝑜𝑜𝑜𝑜𝑤𝑤𝑝𝑝𝑜𝑜𝑤𝑤(𝑤𝑤) =  𝐾𝐾𝑃𝑃𝑇𝑇(𝑤𝑤) + 𝐾𝐾𝑖𝑖 ∫ 𝑇𝑇(𝜏𝜏)𝑑𝑑𝜏𝜏1
0     (42) 

𝑇𝑇(𝑤𝑤) = Set Reference Value – Actual Calculated Value 

𝑇𝑇(𝑤𝑤) = 𝜔𝜔𝑞𝑞𝑒𝑒𝑟𝑟 − 𝜔𝜔𝑚𝑚(𝑤𝑤)     (43) 

𝑇𝑇𝑞𝑞𝑒𝑒𝑟𝑟(𝑤𝑤) =  𝑇𝑇𝑞𝑞𝑒𝑒𝑟𝑟(𝑤𝑤 − 1) + 𝐾𝐾𝑖𝑖[𝑇𝑇(𝑤𝑤) − 𝑇𝑇(𝑤𝑤 − 1)] + 𝐾𝐾𝑖𝑖𝑇𝑇(𝑤𝑤) (44) 

Where 𝐾𝐾𝑃𝑃 is proportional gain and 𝐾𝐾𝑖𝑖  is integral gain. Figure 
13 represents the implementation of the PI controller 

 

 
Fig. 4.  Block diagram of  IFOC  of an Induction motor. 
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Fig. 5. Simulink implementation of PI controller 

 

 
Fig. 6. Representation of an inverter state in reference    
frame 

 

 

𝑤𝑤2 𝛼𝛼 

𝑤𝑤1 

6°section 
𝑈𝑈180 (−, +, +) 

𝑈𝑈180 (−, +, +) 

4°section 
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𝑈𝑈60 (+, +,−) 

𝑈𝑈0(+,−,−) 

2°section 
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𝑈𝑈000 (−,−,−) 

1°section 

Table 1: Summary of Switching State 
State 
C 

On Device Va Vb Vc Space 
voltage 
vector 

0 T2,T4,T6 0 0 0 0000(−,−,−, ) 
1 T1,T4,T6 2𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  −𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  −𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  0000(+,−,−, ) 
2 T1,T3,T6 𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  −2𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  060(+, +,−, ) 
3 T3,T2,T6 −𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  2𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  −𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  0120(−, +,−, ) 
4 T2,T3,T5 −2𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  0180(−, +, +, ) 
5 T2,T4,T6 −𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  −𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  2𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  0240(−,−, +, ) 
6 T1,T4,T5 𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  −2𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  𝑉𝑉𝑑𝑑𝑉𝑉 3⁄  0300(+,−, +, ) 
7 T1,T3,T5 0 0 0 0111(+, +, +, ) 
 



V. SIMULATION RESULTS AND ANALYSIS  
The IFOC strategy is shown in Fig.4, the simulation is 

done by using the Simulink toolbox of MATLAB. The 
parameters of the tested motor are listed in table 1.The 
proportional integral controller was used with proportional 
gain and integral gain of 37 and 89 respectively. For a better 
understanding of the performance of an induction motor 
based on Space Vector Pulse Width Modulation under IFOC 
method, different operational modes have been tested, these 
include: no-load at command speed of 100rad/sec, under the 
constant load at different speed values, constant speed at 
different load values, and under the variable command speed 
load values. The detailed explanations of the Simulation 
results are given the subsequent sections. 

A. No Load  
The simulation results of the on load operation 

representing the torque and Speed are shown in figure 7, and 
figure 8 respectively, the speed and torque waveform 
stabilizes and settle at 0.8 sec. The results of the speed 
(figure8) indicates a dynamic response at no load, where the 
operation continue at the command speed of 100 rad/sec after 

the time rise and settling time of 0.8seconds with minimum 
overshoots. 

B. Step Change in Load Torque at Constant Speed 
The responses of the motor on step change in load torque 

at constant speed are shown in figure (9) and (10) 
representing torque and speed respectively. Loads of 50Nm, 
200Nm, and 60Nm were introduced at the time range of 0 
second to 3 seconds, 3 second to 5 second and 5 second to 8 
second respectively. The main advantage of indirect field 
oriented   control is shown in figure (10) where the speed of 
the motor remains constant even at load change. Also it can 
be seen that the dynamic torque response is fast for this level 
of operation 

C. Variable Speed and Load Operation  
The responses of the motor on variable speed and load 

operation are shown in figure (11) and (12) representing 
torque and rotor speed. This is a typical variable speed 
application, where within a system’s singular operation, 
different speeds and loads are demanded. In this operation, 
load of 50Nm, 100Nm, 200Nm and 60Nm were introduced 
at 0 seconds to 3 seconds, 3 seconds to 4 seconds, 4 seconds 
to 5 second and 5 seconds to 8 seconds for the command 
speed of 50rps, 100rps and 60rps respectively. The simulation 
results shows the performance of this motor at variable 
speed/load operation. The simulation results show a good 
response to the command speed and load values, which shows 
that, IFOC method using PI controller has provided an 
improve running operations of the motor at this condition. 
 

Table II: Summary of Switching State 
Motor parameters specification 
voltage 380 
Power 2.2kW 
Frequency 50Hz 
Rotor Resistance 0.328Ω 
Stator Resistance 0.097Ω 
Rotor Inductance 0.891 × 10−3 
Stator Inductance 0.891 × 10−3 
Mutual Inductance 0.0447H 
Pole 4 
Initial 1.092Kg𝑚𝑚2 
Rated speed 1435RPM 

 

 

Fig. 7. Electromagnetic torque at no load 

 

 

Fig. 8. Rotor Speed at no load 

 

 

Fig. 9. Electromagnetic torque at Variable load 

 

 

Fig. 10. Speed at Variable load  

 



 

VI. CONCLUSION  
This paper has presented the indirect field oriented control 

(IFOC) of an induction motor using space vector pulse width 
modulation technique. In this technique, the flux and torque 
components were decoupled and controlled separately in d-
axis and q- axis respectively. The simulation was carried out 
in MATLAB/Simulink, and the simulation results verify the 
proposed control technique. The dynamic requirement of 
indirect field oriented control is achieved by applying PI 
controller in the model. The simulation results of IFOC 
shown are: rotor speed, and electromagnetic torque, and these 
results represent the motor performance under different 
conditions of load and speed variation. The operational 
performance was analyzed under: no-load, constant speed 
with variable load and variable speed and load condition. 
Finally, from the results, the model has reduced the initial 
ripples that normally occur in the torque and speed waveform 
of an induction motor, and also maintain the desire speed 
despise load variations. The simulation results show that the 
proposed control technique improves the performance of the 
motor under the aforementioned operating conditions. 
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Fig.12. Rotor speed at Variable load and speed 

 

 

 

Fig.11. Electromagnetic torque at Variable load and speed 

 


		2021-10-21T09:10:48-0400
	Preflight Ticket Signature




