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Experimental Study of an Induction Motor Using Scalar Control 
Method Applied in Electric Vehicle 

 
 

Abstract. This paper present the scalar control method applied in an electric vehicle, witch use an induction motor for its drive, where the 
dSPACE MicroLabBox is used as a real time interface (RTI) for SIMULINK.  At first we present the induction motor model in the dqo axis, 
and the control method, then we present the dynamic model of the vehicle. Finally, the figures show materials used, and the experimental 
results obtained by experiment software Control Desk.  
 
Streszczenie. W artykule przedstawiono metodę sterowania skalarnego zastosowaną w pojeździe elektrycznym wykorzystującym do napędu silnik 
indukcyjny, gdzie dSPACE MicroLabBox jest używany jako interfejs czasu rzeczywistego (RTI) dla SIMULINK.   Najpierw przedstawiamy model 
silnika indukcyjnego w osi dqo oraz sposób sterowania, następnie przedstawiamy model dynamiczny pojazdu. Wreszcie, rysunki przedstawiają 
użyte materiały i wyniki eksperymentalne uzyskane za pomocą oprogramowania doświadczalnego Control Desk. (Badanie eksperymentalne 
silnika indukcyjnego z wykorzystaniem metody sterowania skalarnego stosowanego w pojeździe elektrycznym) 
 
Keywords: Electric Vehicle (EV), induction motor (IM), scalar control, dSPACE MicroLabBox, Control Desk.  
Słowa kluczowe: Pojazd elektryczny, silnik indukcyjny, kontrola skalarna, dSPACE MicroLabBox, Panel sterowania. 
 
 
Introduction 

The electric car is one of the most environmentally 
friendly modern technologies to day, where it does not emit 
harmful fumes, and it depends on electricity (batteries) as a 
source of energy. Unlike the conventional internal 
combustion vehicle, which in turn leaves toxic gases 
harmful to the living environment and also depends on fossil 
fuels as a source of energy . 

An electric car compensates the human better than the 
conventional internal combustion vehicle, that is why many 
studies today focus on this aspect of technology (electric 
car), as studies differ in all areas related to the electric 
vehicle, according to the diversity of its parts. One of the 
most principal part of the electric vehicle is the motor, where 
we have many types of it, such us the induction motor IM, 
the direct current motor DCM, the switched reluctance 
motor SRM and the interior permanent synchronous motor 
IPM, each of these motors has its own control structure, 
advantages and disadvantages, we choose the appropriate 
motor according to the type, cost, power and size of the 
vehicle[1]. 
In our study, we choose the induction motor, due to its 
availability, simple and robust construction. The major 
advantage of induction motors is that they are powerful and 
can operate in any environmental conditions, also are 
cheaper due to the absence of brushes, commutators and 
slip rings. There are three basic methods of induction motor 
control, which are scalar control, field oriented control 
(FOC) and direct torque control (DTC)[2]- [6]. 

Several scalar controls exist depending on whether one 
acts on the current or on the voltage. They depend above 
all on the topology of the converter (voltage inverter or 
current). The voltage inverter being now the most used in 
small and medium power, it is the V/f control the most used. 
In this study, we choose to control the induction motor with 
(v/f control), as it is simple and low cost control, compared 
to the other two controls (FOC and DTC), the principle of 
scalar control is to maintain the value of the voltage on 
frequency constant (V/f = constant), which means to keep 
the flux constant, so the torque is controlled by the action 
on the slip[3]. However, to obtain this control we need to 
have the instantaneous value of the motor speed, in this 
case, we use the speed sensor (encoder). We use dSPACE 
MicroLabBox as a communication medium to know the 

motor speed value and give the inverter gates signals. Fig. 
1 Shows the induction motor control schema. 

 
Fig. 1. Basic scalar control schema. 
 
The induction motor model 
     Fig.2 Shows the equivalent circuit of the induction motor, 
where the model is in the dqo axis [4], and according to this 
circuit, we can write the mathematical model of the 
induction 
motor as:[7] 
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where d	and q	are the dqo axis. i; is the current. v; is the 
voltage. R; is the resistance. L is the inductance. M; is the 
magnetizing inductance. ω; is the angular speed. ωsl; is the 
slip speed. s	and r represent the stator and the rotor. The 
flux equations can be expressed as: 
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where Φ	represent the magnetic flux. 
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Fig. 2. Equivalent circuit of induction motor in dqo axis 

 
The electromagnetic torque and speed can be expressed 
as : 
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such as: Te is the electromagnetic torque. p	is the number of 
pole pairs. Ωr	 is the rotor speed. Tr	 is the load torque. J	 is 
the moment of inertia. Cf	 is the friction coefficient. S	 is the 
Laplace operator. 
 
Scalar control algorithm 
The scheme shown in the Fig.4; represent the block scalar 
control  control algorithm in Fig.1, the regulator is of type PI; 
where through the speed error, it can give us the value of 
the reference slip speed ωsl ∗ as the equation below [8]: 
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where: ωr*	and ωrmes are the reference and measured speed 
respectively. kp	and ki are the proportional and integral gain 
of the PI regulator respectively, and we can get their values 
through the following[3]: 
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Fig. 3. Speed regulation. 
 

According to the Fig.3; we can determine the open loop 
transfer function ToL as follows: 
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The closed loop transfer function TcL is obtained by the 
following equation: 
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The canonical form of a second order transfer function 
Tcf is 
given by: 
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when ξ represents the damping coefficient and ωn is the 
own pulse. Matching TcL with Tcf , we find: 
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After the calculation we find: kp	= 0.025 ; ki	= 0.001 
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Fig. 4. Scalar control block. 
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We get the stator reference speed pulsation ωs
*
 with the 

following equation: 
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In the following equation we note that the voltage Vs is 
the 
same whatever is the reference considered[7]. 
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To keep the flux constant, the voltage Vs efficiency must 
be proportional to the supply frequency of the stator fs , at 
high speed RsIs is too small compared to ωs, so we can 
write as follows : 
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However, this relation is not valid for low value of the 
pulsation ωs, because the voltage drop RsIs due to the 
resistance of the stator windings is no longer negligible 
compared to the term ωsΦs [9] 
 

 
Fig. 5. Types of forces applied to the vehicle. 

 
vehicle dynamic model 

In order to study vehicle control, it is necessary to have a 
model which accounts for the dynamic of the vehicle from 
the tensile forces developed by its actuators and the 
resistance forces to displacement. Fig.5 Shows the different 
forces applied to the vehicle [8]. Where each of these forces 
has its own relation, and can be written as follows: 
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where Fad is the aerodynamic drag force. ρ is the air 
density. Cd the drag coefficient. A is the surface of vehicle 
(windward area) and V is the velocity. 
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where Frr is the rolling resistance force. Kr is the tire rolling 
resistance coefficient. m is the total mass of the vehicle and 
g is the gravity acceleration. 
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where Fhc is the hill climbing force, and α is the road slop 
angle. 
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where Fa is the acceleration force. a is the vehicle 
acceleration and gr is the gear ratio [9]. 
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where Fte is the total traction effort. 
The power of the motor Pm and the torque load applied 
from 
the vehicle to motor Trr are given by: 
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where, R is the weal radius, and η is the motor efficiency. 
 
Experimental results 

The test bench shown in Fig.6, present the material 
utilize in our experiment, where in addition to the induction 
motor, we have an inverter type SEMIKRON; witch is 
attacked by the gates drive in his IGBT interrupter, then he 
gives the appropriates voltages to the motor according to 
the gates pulsations, speed sensor (encoder); to measure 
the instantaneous value of the motor speed, the whole 
control algorithm witch is in MATLAB/SIMULINK and the 
measured speed are implemented in dSPACE MicroLabBox 
within 50µs to generate digital control signals via PWM 
outputs; where the control frequency is about 10KHz, the 
magnetic powder break is used to generate the resistance 
torque Tr where is applied to the motor in load test. 
 

 
Fig. 6. Experiment prototype for laboratory 

 
fixed reference test) 
Where we have fixed the reference speed value Nr

*
 at 

1200rpm, Fig.7 shows the results of this test. 
different speed test) 
In this case, we test the motor robustness by applying 
different values of the reference speed Nr

*, where the 
expermental results are in Fig.8. 
reverse speed test 
This test is for reversing the motor direction, where the 
results are in Fig.9. 
load test 
This test is for fixing the reference speed value (Nr

*) at 
1200rpm and applying a load torque Tr = 2N.m at t = 44s, 
the results are shown in Fig.10. 
scenario load test 
In this case, we applied an scenario of the load torque as 
shown in Fig.11(a),and fixing the reference speed value 
(Nr

*) at 1200rpm, the results are shown in Fig.11. 
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(a) The motor speed Nr 

(b) 
b - The current (i) 

Fig. 7. fixed reference test 
 

 
(a) The motor speed Nr 

 
b - The current (i) 

Fig. 8. Different speed test 
 

 
(a) The motor speed Nr 

 

 
(b) The current (i) 

Fig. 9. reverse speed test 

 
(a) The motor speed Nr 

 
b) The current (i) 

Fig. 10. Torque load test 

 
(a) Load torque profile Tr 

 
(b) The motor speed Nr 
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c) The current (i) 

Fig. 11. Scenario load test 
 
 
Conclusion 

This paper has presented an experiment (v/f) control of 
an induction motor drives used in electric vehicle, where the 
vehicle dynamic model was presented as the torque load on 
the motor. Several tests were conducted to the motor and 
according to its performance we can say that this control 
method gave us acceptable results, knowing that we used 
one speed sensor to regulate the speed, unlike the other 
technique of control (FOC, DTC) they use more than that. 
The experiment results with all the tests has been verified 
that this control method strategy is allowed to apply in an 
electric vehicle motor drive. 
 
Table 1. The induction motor parameters 

Induction motor Unit Value 
Pn kw 0.55 
Vn V 230/400 
in A 2.48/1.43 
Nn rpm 1390 
f Hz 50 
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