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Abstract – Induction motor modelling and controlfor hybrid electric vehicle (HEV) with parallel configuration is presented 
in this paper. Motor speed control is implemented using indirect field oriented control. Modelling of total tractive effort of 
the vehicle and power sharing control strategy between two propulsion power sources of the vehicle fora driving cycleis 
implemented in MATLAB. Driving cycle replicated for federal urban driving cycle with various speed commands and road 
slope is simulated. Speed response and torque response of induction motor and HEV is shown in this paper. 
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I. INTRODUCTION  
 
Global warming is a serious concern for all of the 
countrieswith the increasing temperature every year 
and increasing amount of gases causing global 
warming like carbon dioxide, other oxides of sulphur, 
carbon and nitrogen etc. One of the main sources for 
these gases are the emissions from vehicles running 
on conventional fuel- Spark Ignition, Compression 
Ignition based engines.Depleting crude oil resources 
is another concern for vehicles. Conventional fuel 
based vehicles cannot be banned or stopped all of a 
sudden but, the contribution of fuel for propulsion 
can be reduced by combining propulsion power from 
an electric motor. This mode is a hybrid form of 
providing propulsion power to a vehicle. This 
principle is applicable for vehicles such as small 
passenger cars, city busses and even trucks. Hybrid 
power combining conventional fuel and electrical 
energyhelps  propulsion power drawn from a 
conventional fuel based engine in a vehicle to be in a 
more efficient manner thereby reducing harmful 
emission from vehicle [5], [9]. 
Electric motor can supply propulsion power to the 
vehicle alone to form an electric vehicle and it can be 
combined with other sources of propulsion power 
thus forming a hybrid electric vehicle. Most common 
choice of electric motor includes Brushless DC 
Motor, Induction Motor and Switched Reluctance 
Motor [1],[6].  
Indirect field oriented controlled squirrel cage 
induction motor fed through an insulated gate bipolar 
transistor (IGBT) inverter based motor drive in 
considered for the electric drive in the hybrid vehicle. 
Hybrid electric vehicle is simulated with 
combinational propulsion power from 
internalcombustion engine and electric motor drive in 
a parallel configuration mode. Engine is operated 
around its highest efficiency contour [4], [7]. 
 
Indirect rotor field oriented control (vector control) 
provides a smooth speed control of induction 
motor.This ensures the torque producing current 

component Iq and flux producing current component 
Id to be decoupled, thus improving the dynamic 
performance of the drive compared to a scalar 
controlled variable frequency drive [11].  
Selectionof the induction motor drive and engine 
requires tractive effort data to be modelled in a 
simulation platform [8]. This along with power 
control strategy for vehicle driving is simulated in 
MATLAB. The hybrid electric vehicle is simulated 
for an urban driving cycle. A driving cycle is a fixed 
schedule of vehicle operation which is defined in 
terms of vehicle speed and gear selection as a 
function of time [9], [10]. 
 
II. TRACTIVE EFFORT OF A VEHICLE 
 
The propulsion unit of the vehicle exerts a tractive 
force to propel the vehicle at a desired velocity [3]. 
The tractive force must overcome the opposing forces 
which are summed together as the road load force. 
Road load force includes forces due to gravity, rolling 
resistance, aerodynamic drag, inertia of the vehicle. 
 
A) Gravitational resistance: 
The gravitational force depends on the slope of the 
road. The force is positive when climbing a grade and 
is negative when descending a downgrade roadway. 
The value of its resistance is given by: 
 
GR= ±m ∗  g ∗ 푠푖푛휃   ……(1) 
 
where,m, g being the vehicle weight, its mass and 
acceleration due to gravity. 
 
B) Rolling resistance: 
The rolling resistance is produced by the hysteresis of 
the tyre at the contact surface with the roadway.The 
rolling resistance force is the force due to the couple, 
which opposes the motion of the wheel. This force is 
tangential to the roadway and always assists in 
braking or retarding the motion of the vehicle. The 
tractive force must overcome the rolling resistance 
force along with the gravitational force and the 
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aerodynamic drag force. The value of rolling 
resistance is given by: 
 
RR=fr∗ 푤    (2) 
 
Where, fr is the coefficient of rolling resistance with a 
range of 0.01 to 0.2 varying with surface as hard 
surface to sand. 
 
C) Resistance due to aerodynamic drag: 
The aerodynamic drag force is the result of viscous 
resistance and pressure distribution over the body of 
the air working against the motion of the vehicle. The 
aerodynamic drag resistance is given by: 
 
AR= ∗ 휌 ∗ Af∗ Cd∗ (

.
)2   (3) 

 
where, 휌 is the air density, Af is the vehicle’s frontal 
area in sq. m., Cd is coefficient of aerodynamic 
resistance (drag coefficient) with typical value of 0.2 
to 0.5 for a passenger car, v is the vehicle velocity in 
km/h. 
 
D) Resistance due to inertia: 
Resistance due to inertia is: 
 
IR= ±푚 ∗ 푎    (4) 
 
Where 푚 is equal to the total mass of the vehicle and 
푎 is the vehicle acceleration. 
 
E) Total Resistance: 
Total resistance of the vehicle for typical conditions 
are as follows: 
TR= RR+ AR (the car have a constant velocity on a 
level road) 
TR= RR+ AR± GR (the car have a constant velocity 
on a gradient (up or down)) 
TR= RR+ AR ±  IR (the car is accelerating or 
decelerating on a level road) 
TR= RR+ AR± GR± IR (the car is accelerating or 
decelerating on a gradient (up or down)) 
 
III. HYBRID ELECTRIC VEHICLE DRIVE 
TRAIN 
The transmission elements and the propulsion unit 
combined are referred to as the drivetrain of the 
vehicle. The transmission is the mechanical linkage 
that transmits power between the propulsion unit and 
the wheels [2]. The drivetrain is also often referred to 
as the powertrain of the vehicle. 
 
HEVs are classified into two basic configurations: 
series and parallel. A series hybrid is one in which 
only one energy converter can provide propulsion 
power. The heat engine or ICE acts as a prime mover 
in this configuration to drive an electric generator that 
delivers power to the battery or energy storage link 
and the propulsion motor. This is represented in fig. 
1. 

Fig.1. Series configuration of a hybrid electric vehicle 
 
A parallel hybrid is one in which more than one 
energy source provides propulsion power. The heat 
engine and the electric motor are configured in 
parallel, with a mechanical coupling that blends the 
torque coming from the two sources. This is 
represented in fig. 2. 

 
Fig.2. Parallel configuration of a Hybrid Electric Vehicle 

 
Another configuration combining the advantages of 
both the configurations are represented by a Series- 
Parallel configuration of the Hybrid Electric Vehicle. 
This is represented in fig. 3. 

 
Fig.3. Series-Parallel configuration of a Hybrid Electric Vehicle 

 
IV. INDUCTION MOTOR DRIVE 
 
Induction motor used for vehicle propulsion is fed 
from battery pack inside the vehicle. A parallel 
configuration of a hybrid electric vehicle with more 
details can be represented in fig. 4. 

 
Fig. 4.Block diagram of Parallel configured Hybrid Electric 

Vehicle 
The induction motor drive used in the hybrid electric 
vehicle is represented by a block diagram as shown in 
fig. 5. 
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Fig. 5. Block diagram of induction motor drive 

 
Three phase Voltage Source Inverter (VSI) is chosen 
for this purpose and is represented in fig.6. 

 
Fig. 6. Voltage source inverter powering a star connected three 

phase induction motor. 
 
The VSI is operated using a pulse width modulated 
scheme (PWM) to obtain three phase sinusoidal 
waveform with a LC filter connected following the 
inverter. 
The different switching states of a six switch three 
phase VSI can be represented by fig.7. 

 
Fig. 7. Switching states for a six switch three phase voltage 

source inverter 
 

 
Fig. 8. Time delay between switches on a same leg 

The time delay is to be maintained between switches 
of the same leg of an inverter to avoid a shoot 
through fault which is represented in fig.8. 
 
Induction motor drive’s response should be as fast as 
possible. The driving cycle of a vehicle varies on a 
wide range for an urban drive to a highway drive 
thereby varying the demand for propulsion power. To 
cope with this varying demand, the performance of 
the drive should be fast and reliable. For this purpose, 
vector control is opted for rather than the scalar speed 
control. Indirect field oriented control (vector control) 
decouples the field producing current vector Id and 
the torque producing current Iq thus making an 
induction motor to behave in a similar fashion as 
separately excited DC motor. This improves the 
speed response and the overall behaviour of induction 
motor drive. Vector control of induction motor can be 
realised by high frequency sampling of motor 
terminal voltage and current thereby taking it for 
further processing to decouple the field producing 
current vector and torque producing current vector on 
a real time basis. This is possible by using a Digital 
Signal Processor (DSP) for example TMS320F28069 
USB CONTROL STICK with a frequency of 80MHz. 
The output PWM signals are fed to the pulse width 
modulated inverter switching scheme. A hysteresis 
current controller can limit the possible current over 
shoots or spikes which occurs due to sudden 
command signal change or any temporary tuning 
mismatch in the differentiator or integrator realised 
inside the DSP. 
 
After achieving decoupling of vectors, change in 
torque or flux command without affecting the other 
can be represented in Fig.9 (a) and (b). 

 
Fig. 9.(a)Change in torque current command;(b)Change in flux 

current command 
 
V. SIMULATION OF HYBRID ELECTRIC 
VEHICLE 
 
Pressure applied on the accelerator translates to the 
total driving effort required for propelling the vehicle. 
The driving cycles used for measurement of road 
vehicle emissions normally simulate a vehicle for 
about half an hour. Simulation done with the help of 
MATLAB, inspects details of signals even in 
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microsecond range. This situation calls for a large 
computing time and resource requirement with in 
depth detail. To simulate behaviour of a Hybrid 
Electric Vehicle on a normal user’s personal 
computer or a computer in a college’s laboratory, a 
replica of commonly found driving cycles is 
simulated for about five to six seconds and the results 
are studied. 
 
Parameters chosen for simulation of a parallel 
configuration based hybrid electric passenger car are 
vehicle mass Mv=1.5 tonne, coefficient of rolling 
resistance fr=0.02, air density ρa=1.205 kg/m3, frontal 
area Af=2 m2, coefficient of aerodynamic drag 
Cd=0.3, wheel radius of 0.28 m, and motor and 
engine transmission as 0.9 and 0.9 respectively. 
 
Calculation of all tractive forces leads to a selection 
of internal combustion engine with a capacity of 43 
kW and induction motor with rated power of 54 kW. 
Maximum torque capability of internal combustion 
engine is 430 Nm at a speed of 950 rpm with a 
maximum speed of 1500 rpm. Internal combustion 
engine is designed to take the average vehicle load. 
Dynamic load is supplied by induction motor. To 
maintain internal combustion engine operation 
around its maximum efficiency contour, torque 
sharing strategy is set between 63 Nm and 430 Nm. 
Induction motor supply vehicle torque requirement 
below 63 Nm and share the torque with engine for 
requirement above 430 Nm. The conditions set for 
torque sharing for both propulsion power sources also 
links to speed sharing by them. For driving vehicle at 
low speed, in this simulation below 200 rpm, motor 
drives the vehicle. This avoids a situation where 
internal combustion if used, operates under a low 
efficiency region. Engine contributes speed 
requirement of the vehicle beyond 200 rpm. Induction 
motor also shares the speed for requirement above 
650 rpm and slope greater than 5°. Speed or torque 
sharing strategy can be varied as per typical vehicle 
requirement such as off road vehicles, vehicles for 
high terrain operation, for operation in desert 
conditions, sand dunes and so on. 
 
Speed response of Induction Motor drive is as shown 
in fig. 10. 
 

 
Fig. 10.Speed response of induction motor 

 
Fuzzy logic controller is used to handle the error 
between command speed and actual speed and the 
rate of change of error. 
The motor torque and engine torque contribution for 
the hybrid electric vehicle is as shown in fig. 11. 

 
Fig. 11.Motor torque and Engine torque contribution for HEV 

 
Induction motor torque response in represented in fig 
12. 
 

 
Fig. 12.Torque response of induction motor 

 
The motor current waveform is as shown in fig. 13. 

 
Fig. 13.Current waveform of induction motor 

 
Hysteresis current control is used to control motor 
terminal current. 
 
Vector control of induction motor improves the 
dynamic performance of motor drive. During this 
control the torque producing component of current 
vector Iq is in quadrature with field producing 
component of current vector Id thereby decoupling 
them. The waveform for the same observed in 
simulation is as shown in fig. 14. 
 

 
Fig. 14. Waveform of Iq and Id versus time 

 
Thus the vector control of induction motor ensures 
motor flux remains constant under varying load 
demand as long as the speed requirement is below the 
rated speed. This is represented as shown in fig. 15. 
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Fig. 15. Waveform of motor flux versus time 

 
The speed response of the hybrid electric vehicle is 
shown in fig. 16. 
 

 
Fig. 16. Speed response of hybrid electric vehicle 

 
Vehicle’s torque demand for different speed 
command the associated mode of operation is 
tabulated in table 1 as shown below: 
 

Table 1: HEV torque demand for various speed command 
along with the mode of operation 

Time 
(sec) 

Command 
Speed 
(km/hr) 

Demand 
Torque 
(Nm) 

Mode of 
Operation 

0 0 41.19 Motor 

1 22 116.65 Engine 

1.5 70 366.1 Engine 

2 45 436.67 Hybrid 

2.5 100 388 Engine 

3 90 476.87 Hybrid 

3.5 50 275.55 Engine 

4 70 473.4 Hybrid 
4.5 120 261 Engine 

5 100 262.5 Engine 

 
The above table leads to the conclusion that motor 
kicks into operation in a hybrid electric vehicle 
during the start and during peak demand period. The 
peak demand in this application is prioritised based 
on the road slope where an internal combustion 

engine performs in a less efficient manner. The 
control scheme can also be used for a driving cycle 
encountering a stop and go traffic. 
 
CONCLUSION  
 
Rugged nature of induction motor and robust 
performance made squirrel cage induction motor the 
choice for application in a hybrid electric vehicle. 
Indirect field oriented control made induction motor 
performance like a separately excited DC motor thus 
gives giving an accurate and fast response compared 
to its scalar mode of speed control with better 
efficiency too. Decoupled performance of induction 
motor with vector control and limited overshoots in 
the desired output make the system more reliable and 
long lasting. This led to the possibility for using 
induction motor like a continuously variable 
transmission based internal combustion engine’s 
performance.Parallel transmission based hybrid 
electric vehicle was simulated in MATLAB. 
Simulation results indicate the possibility for using 
vector controlled induction motor based hybrid 
electric vehicle on a broad scale thus reducing the 
harmful environmental impact and its consequences.  
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