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ABSTRACT 

Light urban electric vehicles are an important target, 
both for the researchers and manufacturers. Concerning 
the motor’s choice, more ways are investigated, but the 
most important is that as compact as possible solutions 
have to be used. In the top of the preferences, the 
permanent magnet synchronous motors (PMSM) and 
brushless DC motors (BLDC) are situated. These are 
preferred thanks to their high power density, high 
efficiency and low maintenance cost. Even the main 
manufacturing technology and associated power 
electronics are quite similar, they essentially differ in the 
controlling technology, simpler and more advantageous 
being the BLDC. As integration technology, the in-
wheel motor technology seems to be the one which 
improves the safety, efficiency, weight, controllability 
and finally the costs. Even the control principle is very 
well defined, the practical implementation can be 
different. The paper deals with four different control 
strategies for the BLDC motors. They are compared as 
technical implications and performances. 
 
INTRODUCTION 

During the last years, different industrial and home 
applications are widely based on brushless DC (BLDC) 
motors (servo drives, peripherals, small vehicles). This 
type of  motor have a series of advantages related to the 
small volume, high power density (light-weight), 
efficiency (Yedamale 2003). 
More authors report the use ofsuch type of motor for 
traction purposes (Tashakori et al. 2011). The in-wheel 
technology is used more and more for traction 
applications, especially low scale ones. The advantages 
resides in the fact that separate motors are included 
inside each wheel and consequently, there is not any 
more a central drive which must distribute the torque to 

the wheels, by using complicated, imprecise and heavy 
mechanisms (Tashakori et al. 2010). 
Basically, this type of motor is quite similar with the 
permanent magnets synchronous one and from here the 
specified advantages are common. The main difference 
resides in the control technique, which is much simpler 
for the BLDC motors. While for the PMSM, an 
absolute, precise position encoder is needed, the BLDC 
motor requires only the decelation of the one of the six 
60º sectors where the rotor is situated in order to 
properly control the operation. 
The mathematical model of the BLDC is well known, 
several publications (Fedák et al. 2012, Prasad et al. 
2012, Rambabu 2007, Singh et al. 2013) deeply 
describing it. 
In what concerns the command, the same publications 
highlight that thanks to the trapezoidal back EMF and 
consequently no sinusoidal variation of the motor 
inductances with rotor angle, the well-known Park 
transformation of the machine equations is not necessary 
anymore, but the natural or phase variable model offers 
many advantages. 
The paper presents an original and very compact 
implementation of the BLDC model by using the S-
function facility of Simulink and more control 
possibilities. A comparison by simulations is performed, 
which highlight the advantages and drawbacks of each 
one. 
 
BLDC MOTOR MODEL 

The phase variable model is implemented, by 
considering several hypothesis: the stator phase 
resistances are constant (temperature influence is 
neglected), all the inductances are constant (magnetic 
saturation is not present), hysterezis and eddy current 
losses are not considered and all the inverter switches 
are ideal. 
With the above assumptions, the dynamic model of the 
BLDC motor is described by the voltage equations on 
the three phases. 
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The significance of the variables will be explained later. 
In order to obtain the dynamic model in the state 
variables form, it is advantageous to write (1-3) in 
matrix form 
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is the stator 

inductances diagonal. matrix; 
[ ] [ ]Ta b ce e e e= is the back emf vector. 
 

With this matrix form, the state space model is simply 
obtained: 
 

[ ] [ ] [ ] [ ][ ] [ ]( )1
s m

di i L L u R i e
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−  = = − − − & (5) 
 

and taking into account the diagonal form of the 
inductances matrix, its inverse has as elements, the 
inverse of each element. 
The back emf vector [e] has as elements: 
 

( )a e ee K f= ω⋅ ⋅ θ , (6) 

 ( )2 3b e ee K f= ω⋅ ⋅ θ − π ; (7) 

 ( )4 3c e ee K f= ω⋅ ⋅ θ − π , (8) 
 

where θe is the electric angle of the rotor, ω is the 
angular speed of the rotor, Ke back emf constant 
[V/(rad/sec)] and the reference function f(θe) of the back 
emf is alternative, with trapezoidal shape and amplitude 
equal to 1. In Figure 1 are plotted the a phase 
waveforms of the reference function fa(θe), preset 
current *

ai and Hall signal. 
 

Figure 1: The Waveforms for the Phase a

For the other two phases, all the signal are delayed by 
2 / 3π and 4 / 3π respectively: 
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The model described by (5) must be completed with the 
torque expression 
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and with the movement equation, 
 

s
dm J B m
dt
ω

= ⋅ + ⋅ω+ . (10) 
 

where m and ms are the electromagnetic torque and the 
static one respectively, J is the total inertia and B is the 
viscous frictions coefficient. 
From (10) it results the fourth state equation: 
 

( )1
s

d m m B
dt J
ω

ω = = − − ⋅ω& . (11) 
 

Concluding, the state variables are the phase currents 
and the speed. 
The link between the electric angle θe and the 
mechanical one is done by the number of pairs of poles 
 

e mpθ = ⋅θ . (12) 
 

The mathematical model described by (5-9, 11-12) was 
implemented by using the S-function facility of 
Simulink. Figure 2 depicts the result. 
 

Figure 2: The Simulink Model of the BLDC with S-
function 

 
The highlighted areas correspond to the computation of 
the electromagnetic torque m, by using (9) and to the 
integration of the mechanical state equation (11). 
All the dynamic model described by (5) is written in an 
m-file (Figure 3) which is called with different flags by 
the S-function block during the simulation. 
In the zone 1, the inputs (phase voltages) are updated. 
In the zone 2, the state derivatives are computed with 
(5). 
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Figure 3: The Simulink Model of the BLDC with S-
function 

 
In zone 3 the outputs (phase currents) are computed. 
The block tem from Figure 2 generates, based on the 
electric angle reduced to the 0-2π range, the reference 
functions of the back emf (6-8), Figure 4, used both for 
integration of the dynamic model (5) and for 
electromagnetic torque computation (9). 
 

Figure 4: The Reference back emf functions fa, fb, fc

As can be seen, the Simulink model is quite intuitive and 
compact. The values of all the parameters are transferred 
by the dialog box of the grouped model shown in Figure 
2, Figure 5. 
 

Figure 5: Dialog Box of the BLDC motor model 
 
COMMANDS AND SIMULATIONS 

Four type of command were investigated, in order to 
analyze their performances. Basically, all the commands 
grants the classical 120º square currents, in phase with 
the back emf, in order to maximize the developed 
torque. The differences resides in the way how the 
amplitude of the currents is controlled. 
One method is based on the preset current modulation, 
which provides the inverter to be a current source. The 
other three methods consider the inverter as a voltage 
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source, the phase currents being result of the applied 
voltages. 
 
Preset currents command 

The principle of this type of command is depicted in 
Figure 6. 
 

Figure 6: Principle Diagram for the Preset Currents 
Command 

 
Based on the information delivered by Hall sensors on 
the motor  shaft, the block “fi Generator” generates, the  
120º square waveforms of the currents in p.u. The 
amplitude of the currents is obtained as result of the PI 
speed controller which multiplies the unitary waveforms 
in order to obtain the preset stator currents. These are 
compared then with the real ones by using three 
hysterezis comparators, like in the well-known bang-
bang modulation. The result pulses are applied to the six 
switches of the inverter bridge. 
Figure 7 plots few results of the simulation: step start at 
no load (0.5 Nm) and 10 rad/sec, followed by a load 
application (1.5 Nm) at 0.14 s and an acceleration to 15 
rad/sec with the applied load. 
 

Figure 7: Results for Preset Currents Command 

We notice the very good dynamic behavior, the 
command and waveforms accuracy. Only the motor 
inertia was considered. 
The command method has the advantage to be quite 
simple to be implemented, as low cost analog hysterezis 
controllers can be used. Also, the method is not sensitive 
to the variations of the motors parameters, especially 
stator resistance and to the variations of the supplying 
voltage. The main disadvantages are related to the 
variable switching frequency and application size, as 
there are necessary fast switching elements, available 
only at low to medium power. 
 
Voltage inverter and independent current controllers 

A way to independently control the phase currents, but 
with constants switching frequency is to use one current 
controller on each phase whose output signify the duty 
cycle on that phase, at a fixed switching frequency, 
common to all the three phases. The principle of this 
command in depicted in Figure 8. 
 

Figure 8: Principle Diagram for Voltage Inverter and 
Three Current Controllers 

 
The speed controller outputs the necessary amplitude of 
the stator currents which guarantees the necessary 
torque. This value multiplies the unitary 120º square 
waveforms of the currents generated by the “fi
Generator” block, based on the Hall sensors. 
Each resulted current is applied to a current controller 
(Figure 9). 
 

Figure 9: Independent Phase Currents Controllers 
 
The outputs of the three current controllers signify the 
necessary value of duty cycles (DC) on each phase. The 
block “Modulator” generates the three commands of the 
inverter’s arms, based on a unique switching frequency, 
specified in the dialog box. Before applying these 
commands to the inverter’s switches, the commands are 
processed in order to obtain the intersection of the 
commands. This operation is requested taking into 
account the principle of BLDC command. In accordance 



with this, in any instant only two switches must be ON, 
on different phases and different inverter’s part 
(positive/negative). 
Figure 10 plots few results of the simulation: step start 
with load (1 Nm) and 10 rad/sec, followed by a load 
application (1.5 Nm) at 0.2 s and supplying voltage 
reduction from 24 V to 20 V at 0.3 s. 
 

Figure 10: Results for Three Current Controllers 
 
The dynamic behavior is almost as good as for the 
preset currents command, the torque being correctly 
controlled. When the load is increased, the speed 
controller reacts and outputs a larger stator currents 
amplitude. The motor balance quite fast the applied 
load. 
Thanks to the independent current controllers, when the 
supplying voltage is reduced (0.3 s), they react and are 
able to maintain the stator currents around the preset 
values. 
As disadvantage, we underline that this control requires, 
as for preset currents command, fast and precise current 
sensors. 
A simpler solution is to use a single current controller. 
 
Voltage inverter and single currents controller 

This command uses a single current controller which 
compares the preset value of the stator currents 
amplitude with the union of the measured currents 
(Figure 11). 
The advantage is that no pulses overlapping is 
necessary, as the single current controller generates a 
unique value for the all duty cycles. 

 

Figure 11: Principle Diagram for Voltage Inverter and 
Single Currents Controller 

 
Figure 12 plots few results of the simulation: step start 
with load (1.2 Nm) and 10 rad/sec, followed by a load 
application (1.5 Nm) at 0.25 s and supplying voltage 
reduction from 24 V to 20 V at 0.35 s. 
 

Figure 12: Results for Single Currents Controller 
 
The general behavior is almost similar as with three 
current controllers, but slight instability is noticed. The 
command is simpler (only one current controller), but 
still needs fast and precise current sensors. 
The simplest way to command the BLDC motor is to use 
a single modulator overlapped on the ideal 120º square 
waveforms of the currents. 
 
Open loop voltage inverter 

In this case, the duty cycle is the input of the control 
diagram (Figure 13) and no current sensor is used. 
The motor will operates on voltage characteristics, as a 
classical DC motor. There is no speed controller, so the 
adjustment of the speed is performed by adjusting the 
preset value of the duty cycle. In order to keep a 
constant speed, the duty cycle must be permanently 



adjusted, depending on the load and on the supplying 
voltage changes.  
 

Figure 13: Open Loop Command 
 
This command is the simplest and well suited for cheap, 
single motor wheel vehicles applications. 
 
CONCLUSIONS 

The paper presents a compact an simple implementation 
of the BLDC motor dynamic model, by using the S-
function facility of Simulink. Four types of command 
are analyzed and simulated. The advantages and 
disadvantages of the analyzed commands are 
emphasized and possible applications highlighted. The 
future activity will be focused on the analyze of the 
efficiency of each command type. 
 
ACKNOWLEDGMENTS 

This work was partially supported by the grant number 
P09004/1137/31.03.2014, cod SMIS 50140, entitled: 
Industrial research and experimental development 
vehicles driven by brushless electrical motors supplied 
by lithium-ion accumulators for people transport - 
GENTLE ELECTRIC. 
 
REFERENCES 

Fedák, V.; Balogh, T. and P. Záskalický. 2012. Dynamic 
Simulation of Electrical Machines and Drive Systems 
Using MATLAB GUI- A Fundamental Tool for Scientific 
Computing and Engineering Applications - Volume 1, 
Prof. Vasilios Katsikis (Ed.), ISBN: 978-953-51-0750-7, 
InTech. 

Prasad, G.; Sree Ramya, N.; Prasad, P.V.N. and Tulasi Ram 
Das G., “Modelling and Simulation Analysis of the 
Brushless DC Motor by using MATLAB”, International 
Journal of Innovative Technology and Exploring 
Engineering, Vol. 1, Issue 5, Oct. 2012. 

Rambabu, S., “Modeling and control of a brushless DC 
motor”, Thesis, 2007. 

Singh, C. P.; Kulkarni, S. S.; Rana, S. C.and Kapil Deo, 
“State-Space Based Simulink Modeling of BLDC Motor 
and its Speed Control using Fuzzy PID Controller”, 
International Journal of Advances in Engineering Science 
and Technology, Vol. 2 , No. 3, 2013, pp. 359-369. 

Tashakori, A.; Ektesabi, M. and Hosseinzadeh, N. 
“Characteristic of suitable drive train for electric vehicle”, 
In Proceedings of the 3rd International Conference on 

Power Electronic and Intelligent Transportation System 
(PEITS), 20-21 Nov 2010, Shenzhen, China. 

Tashakori, A.; Ektesabi, M. and Hosseinzadeh, N., “Modeling 
of BLDC Motor with Ideal Back-EMF for Automotive 
Applications”, In Proceedings of the World Congress on 
Engineering 2011, WCE 2011, July 6-8, 2011, London, 
U.K. 

Yedamale, P. “Brushless DC (BLDC) Motor Fundementals”, 
AN885, 2003. Michrochip Technology Inc.

AUTHOR BIOGRAPHIES 

SERGIU IVANOV was born in Hunedoara, Romania 
and went to the University of Craiova, 
where he studied electrical engineering. He 
obtained his degree in 1986. He worked for 
the Institute for Research in Motors, 
Transformers and Electrical Equipment 

Craiova before moving in 1991 to the University of 
Craiova. He obtained his PhD in 1998 with a topic in the 
field of the control of the electric drives systems. He is 
involved in modelling of the electromechanical systems. 
 

VIRGINIA IVANOV was born in Vela, 
Dolj, Romania, 1963. She was graduated 
in Electrical Engineering at University of 
Craiova, Romania, in 1986 and Doctor in 
Electrical Engineering in 2004. From 1986 
to 1998 she worked as researcher with the 

Researching Institute for Motors, Transformers and 
Electric Equipment Craiova. In 1998 she joined the 
Faculty for Electrical Engineering, Department of 
Electrical Equipment and technologies. 
 

DANIEL C. CISMARU was born in 
Craiova, Romania and he studied electrical 
engineering at the University of Craiova 
where obtained his degree in 1993. He 
works at the Faculty of Electrical 
Engineering and his research focuses on 

modelling and simulation of electric traction equipment. 
 

DAN SELIŞTEANU received the 
Electrical engineering degree in 1989 and 
the Ph.D. in Automatic Control in 1999 
from University of Craiova, Romania. In 
2005 he was awarded an AUF (Agence 
Universitaire de la Francophonie) Research 

Fellowship which he spent at HEUDIASYC CNRS, 
Compiègne, France. Since 1991 he is with the 
University of Craiova, where he is currently Professor in 
the Department of Automatic Control. His research 
interests include adaptive control, sliding-mode control, 
nonlinear systems, and control of bioprocesses. 

 




