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Abstract— This paper presents a MATLAB / Simulink based design and simulation of Permanent Magnet Brushless DC (PMBLDC) Motor 

for Vehicular Applications. Nowadays for a vehicle design, electric power steering (EPS) is an advanced technology. A control scheme is 

presented in this paper based on the design of PMBLDC motor and requirements of EPS for assist motor. In this work, hysteresis current 

controller and rotor position sensors are designed to control the assist torque from the PMBLDC motor. The easy operation, accuracy of the 

system and implemented control schemes are validated by the MATLAB / Simulink based results. 

  

Index Terms— Permanent Magnet Brushless DC (PMBLDC) motor, hysteresis control, current control, electric power steering 

(EPS), torque. 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Permanent Magnet Brushless DC (PMBLDC) Motor has significant importance because of inherent properties like high 

efficiency, low noise operation, maintenance free, etc.... These are widely used in many applications like automation, military, 

health sector, energy sector, home appliances and for many applications. Hence, it is important to design low cost and efficient 

speed controller for PMBLDC Motors [1-3]. 

 

One of the recent advancement in vehicle technologies is electric power steering (EPS) [3]. BMW vehicles upgraded to the EPS 

technology [4]. The EPS uses an electric motor to provide the steering assist. The EPS doesn’t require fuel hence save in fuel cost, 

protecting environment and at any condition of operation, it can be easy to modify by changing the design of controller software to 

adjust the system's characteristic of power assistance [5]-[6]. 

 

Nowadays brush DC motors used in EPS has been gradually replaced by the PMBLDC motors because it uses the electronic 

commutation technology instead of mechanical commutation, high starting torque, high efficiency , simple in structure, wide speed 

range , reliable operation , etc.. [7]- [8]. 

 

Rest of this paper is organized as a brief introduction to role of Permanent Magnet Brush-Less DC (PMBLDC) Motor in advanced 

vehicle technology applications of electric power steering (EPS) is given in Section. I. Design and modeling aspects of PMBLDC 

Motor is discussed in Section. II. PMBLDC Motor based EPS control design and its MATLAB/Simulink based results are discussed 

given in Section.III.  Finally conclusion is given in Section. IV. 

II. DESIGN AND MATHEMATICAL MODELING ASPECTS OF PMBLDC MOTOR 

In PMBLDC Motor three stator phase windings are connected in a star manner. Fig.1. shows the equivalent circuit of a PMBLDC 

Motor. 

 
Fig.1. Equivalent circuit of a PMBLDC Motor 

 

   The windings of a PMBLDC Motor modelled are in a series combination of Resistance (R) and inductance (L). Speed of the 

BLDC motor depends on the voltage source, which is known as the back EMF (E) [4]. The three phase voltages are given by the 

equations (5), (6) & (7). 

       𝑉𝐴 = 𝑅𝑆. 𝐼𝐴 +
𝑑

𝑑𝑡
𝐹𝐴 + 𝐸𝐴                                    (5) 
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       𝑉𝐵 = 𝑅𝑆. 𝐼𝐵 +
𝑑

𝑑𝑡
𝐹𝐵 + 𝐸𝐵                                   (6) 

      𝑉𝐶 = 𝑅𝑆. 𝐼𝐶 +
𝑑

𝑑𝑡
𝐹𝐶 + 𝐸𝐶                                     (7) 

   The relation between the back EMF waveform and the armature current (I) of an ideal BLDC motor is shown by the Fig.2. The 

shape of the currents should in rectangular waveform and must be in-phase with the corresponding phase back EMF [9]-[10]. 

 

 
 

Fig.2. Waveform of back EMF and phase current with respect to hall-sensor position  
 

    If the self and mutual inductance around the air gap are consider to be constant, then there will be a direct relation between the 

applied source voltage of the phase terminals (V) and the induced back EMF (E) is given by equation (8) and the electromagnetic 

torque (Te ) in N.M  is given by equation  (9) 

           𝐸 ∝ 𝑉                                                                 (8) 

 

𝑇𝑒 =
( 𝐸𝐴. 𝐼𝐴 + 𝐸𝐵 . 𝐼𝐵 + 𝐸𝐶 . 𝐼𝐶)

𝜔𝑟

                               (9) 

Where, 𝜔𝑟 = Rotor mechanical speed 

        , 𝑉𝐴= Phase “A” voltage 

                𝑉𝐵= Phase “B” voltage 

               𝑉𝐶= Phase “C” voltage 

              𝐼𝐴 = Phase “A” current 

              𝐼𝐵 = Phase “B” current 

              𝐼𝐶  = Phase “C” current 

              𝑅𝑆 = Stator resistance 

              𝐹𝐴= Phase “A” stator flux linkages 

              𝐹𝐵= Phase “B” stator flux linkages 

              𝐹𝐶= Phase “C” stator flux linkages 

              𝐸𝐴 = Phase “A” back EMF 

             𝐸𝐵 = Phase “B” back EMF 

             𝐸𝐶  = Phase “C” back EMF 

 

III. MATLAB/SIMULINK RESULTS OF PM BLDC MOTOR BASED EPS CONTROL SYSTEM  

In this work, current control strategy is adopted for the PMBLDC motor of EPS. This control strategy requires only torque signal 

of wheel and speed signal of vehicle. The control scheme of the proposed PMBLDC motor based EPS system is shown in Fig. 3 [11]. 

Calculated specifications of the overall system is given by the Table.1 and according to the related formulations and specifications 

simulation model has developed and is shown by the Fig.4. 

Fig.5. Shows the MATLAB/Simulink based resultant torque response of proposed systems. It’s clear, with the sudden increase 

of the load; the torque has a greater pulse, which is mainly caused by the current commutation and frequent switching of the current 

hysteretic controller. 
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Fig.6. shows the MATLAB/Simulink based resultant speed response waveform. It’s clear that whatever the time at 0.25s or 0.4s, 

when the load suddenly increases or reduced, the speed response reached steady-state is fast. Hence the system has smooth and quick 

response. 

 

 

 
 

Fig.3. Block diagram of control scheme of PMBLDC motor system in EPS 

 

 
 

Fig.4. MATLAB/Simulink experimental diagram of control scheme of PMBLDC motor system in EPS with masked blocks 

 

TABLE I 

SPECIFICATIONS OF THE PMBLDC MOTOR BASED EPS SYSTEM 

Sl. No  Name of the parameter Rating of the parameter  

1 Rated speed  in r/min 1000 

2 Stator phase winding resistance in Ω 0.1 

3 Self-inductance of stator winding in mH 1 

4 Mutual inductance in mH 0.5 

5 Motor inertia in kg.m2 0.002 
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Fig.5 Torque response waveform of the proposed system 

 

 
Fig.6. Speed response waveform of the proposed system 

 

IV. CONCLUSION 

Thus, in this paper modelling and control of PMBLDC motor in EPS vehicular application has simulated in MATLAB/Simulink 

gui environment. The simulation results prove that the developed control strategy of the PMBLDC motor is in the acceptable range. 

For further research on the EPS control strategies an Artificial Intelligence (AI) based fuzzy logic control (FLC) techniques, 

optimization technique methods can be adapted. 
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