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Abstract— This paper presents the speed control of sensored 

BLDC motor using PWM techniques. The BLDC motor 

with EV or HEV application uses the position sensor for the 

operation and speed control of motor. In this paper the 

simulation of BLDC motor is done using soft commutating 

technique (Proteus Design Suit & Keil uVision3 software). 

A prototype is implemented to verify the performance of 

proposed sensored BLDC motor of 48V 5A 250W E-

BIKES. The speed control and real time measurement is 

obtained and compared.   
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I. INTRODUCTION 

BLDC motors are one of the motor types rapidly gaining 

popularity in various industrial, commercial as well as 

domestic applications. The use of BLDC motor with EV and 

HEV have gaining popularity because they possesses the 

several advantages like Better speed versus torque 

characteristics, High dynamic response, High efficiency, 

Long operating life, Noiseless operation, Higher speed 

ranges which make it suitable for Electrical Vehicle 

application[1].  

A brushless dc motor is actually a permanent 

magnet ac motor whose torque-current characteristics 

similar to that of brushed dc motor. Instead of commutating 

the armature current using brushes, electronic commutation 

is used [7]. This eliminates the problems associated with the 

brush and the commutator arrangement, for example, 

sparking and wearing out of the commutator-brush 

arrangement, thereby, making a BLDC more rugged as 

compared to a dc motor. The motor is constructed either for 

axial field or radial field depend on application. For EV 

application the radial field construction is used where the 

field is on stator and permanent magnet is on rotor.  

Unlike a brushed DC motor, the commutation of a 

BLDC motor is controlled electronically. To rotate the 

BLDC motor, the stator windings should be energized in a 

sequence. It is important to know the rotor position in order 

to understand which winding will be energized following 

the energizing sequence[7]. Rotor position is sensed using 

Hall Effect sensors embedded into the stator 

Most BLDC motors have three Hall sensors 

embedded into the stator on the non-driving end of the 

motor. Whenever the rotor magnetic poles pass near the Hall 

sensors, they give a high or low signal, indicating the N or S 

pole is passing near the sensors. Based on the combination 

of these three Hall sensor signals, the exact sequence of 

commutation can be determined [11]. Based on the physical 

position of the Hall sensors, there are two versions of 

output. The Hall sensors may be at 60° or 120° phase shift 

to each other. Based on this, the motor manufacturer defines 

the commutation sequence, which should be followed when 

controlling the motor [9]. Each commutation sequence has 

one of the windings energized to positive power (current 

enters into the winding), the second winding is negative 

(current exits the winding) and the third is in a non-

energized condition. Torque is produced because of the 

interaction between the magnetic field generated by the 

stator coils and the permanent magnets. Ideally, the peak 

torque occurs when these two fields are at 90° to each other 

and falls off as the fields move together. In order to keep the 

motor running, the magnetic field produced by the windings 

should shift position, as the rotor moves to catch up with the 

stator field. What is known as “Six-Step Commutation” 

defines the sequence of energizing the windings. Refer 

Figure 1. for the “Commutation Sequence “for detailed 

information and an example on six-step commutation [9]. 

 
Fig. 1: Winding Energizing Sequence With Respect To Hall 

Sensor [16] 

II. PWM CONROL OF BLDC USING SENSOR 

A block diagram for close loop control of BLDC motor is 

shown in Figure 2.1. Figure 2.2 shows the close loop control 

flowchart. Switches Q0 to Q5 are the power MOSFET, 

controlled by the microcontroller P89V51RD2. The 

controller drives the IC L293D which switches the power 

MOSFET. 

 
Fig. 2.1: Control Block Diagram [16] 
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Fig. 2.2: Control Flowchart [16] 

Table 1 shows the switching sequence that should 

be followed with respect to the Hall Sensors.  Every 60 

electrical degrees of rotation, one of the Hall sensors 

changes the state. Given this, it takes six steps to complete 

an electrical cycle. In synchronous, with every 60 electrical 

degrees, the phase current switching should be updated. 

However, one electrical cycle may not correspond to a 

complete mechanical revolution of the rotor. The number of 

electrical cycles to be repeated to complete a mechanical 

rotation is determined by the rotor pole pairs. For each rotor 

pole pairs, one electrical cycle is completed. So, the number 

of electrical cycles/rotations equals the rotor pole pairs 

The power MOSFETs should be switched based on 

the Hall sensor inputs, A, B and C. Table.1 is for clockwise 

rotation of the motor. This is an example of Hall sensor 

signals having a 60 degree phase shift with respect to each 

other. The Hall sensors may be at 60° or 120° phase shift to 

each other. When deriving a controller for a particular 

motor, the sequence defined by the motor manufacturer 

should be followed 

Hall A Hall B Hall C Phase A Phase B Phase C 

1 0 0 -VDC +VDC NC 

1 0 1 NC +VDC -VDC 

0 0 1 +VDC NC -VDC 

0 1 1 +VDC -VDC NC 

0 1 0 NC -VDC +VDC 

1 1 0 -VDC NC +VDC 

Table 1: Switching Sequence For Rotating Motor In CW. 

If signals are switched ON or OFF according to the 

sequence, the motor will run at the rated speed. This is 

assuming that the DC bus voltage is equal to the motor rated 

voltage, plus any losses across the switches. To vary the 

speed, these signals should be PWM at a much higher 

frequency (Usually 10 times) higher than the motor 

frequency. When the duty cycle of PWM is varied within 

the sequences, the average voltage supplied to the stator 

reduces, thus reducing the speed. Another advantage of 

having PWM is that, if the DC bus voltage is much higher 

than the motor rated voltage, the motor can be controlled by 

limiting the percentage of PWM duty cycle corresponding to 

that of the motor rated voltage. If the PWM signals are 

limited in the microcontroller, the upper switches can be 

turned on for the entire time during the corresponding 

sequence and the corresponding lower switch can be 

controlled by the required duty cycle on PWM [9]. 

The six microcontroller PWM outputs are 

connected to three MOSFET driver pairs (L293D), which in 

turn are connected to six MOSFETs (IRFP450). These 

MOSFETs are connected in a three-phase bridge format to 

Y connected stator winding of  BLDC. 

III. SIMULATION RESULT AND DISCUSSION 

A. Simulation path 

BLDC motor with Hall Effect Sensor was simulated using 

Proteus Design Suit & Keil uVision3 software. To obtain 

desired PWM pattern which follow the switching pattern 

shown in table 1. The program is written using Keil 

uVision3. Once we obtained desired PWM pattern this code 

is converted into hex code which are used in complete 

simulation of BLDC using Proteus Design Suit and Also for 

Hardware Implementation.  

Figure 3.1 shows the circuit for BLDC motor drive 

which is simulated using Proteus Design Suit software. 

Three phase star connected BLDC motor having three 

inbuilt Hall Effect Sensor is simulated using basic MC 

80c51, Driver L293D, and six power MOSFETs switches 

IRFP450. Port 3 of controller IC receive Hall Sensor 

Pattern. The generated PWM pulses is taken from Port 2 and 

applied to power MOSFETs switches using driver circuit. At 

port 0 two SPST switches are provided to vary the width of 

pulses applied to power switches. 

 
Fig. 3.1: Simulation of BLDC. 

B. Simulation Result 

The simulation of BLDC using Proteus Design Suit is 

shown in Figure 3.1. The PWM output measured using DSO 

is shown in figure 3.2. To vary the speed of motor the signal 

should PWM at frequency much higher than motor 

frequency (at least 10 times that of motor frequency). By 

changing the duty ratio of the PWM within the sequence, the 

average voltage applied to stator reduces and hence speed 

control is achieved. To obtain the desired PWM the program 

is written for varying duty ratio. For unipolar PWM 

technique the triggering are applied at either lower or upper 

pair of inverter. 
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Fig. 3.2: PWM Outputs Of Simulation. 

To check desired PWM port 3 of Controller IC is 

used as input port which receives the Hall sensor input. The 

port 2 is used as output port and port 0 is used for triggering 

where two SPST switches are provided. By triggering the 

switch UP the width of pulse increase which increase the 

average voltage applied to stator and hence speed of motor 

will increase. By triggering the switch DOWN the width of 

pulse decrease which reduce the average voltage applied to 

stator hence speed of motor will reduce. Here unipolar 

PWM technique with lower triggering is used and six step 

PWM is applied to vary the speed. The result for sequence 

1-1-0 is shown in figure 4.3 is obtained using Keil uVision3 

for varying duty ratio. 

By simulating the circuit we can observe the 

operation of motor. If we wish to change the speed of motor 

the duty ratio will be change and to change the direction of 

rotation the energizing sequence will change. 

 
Fig. 3.3: PWM Pulses For Sequence 1-1-0 

IV. HARDWARE IMPLIMENTATION AND RESULTS 

COMPARISON 

A 48V BLDC motor is implemented to verify the 

performance of controller. The Trapezoidal Back EMF 

Brushless DC motor with three inbuilt Hall Effect Sensor 

used in E-Bike is taken for hardware implementation. In 

figure 4.1 we can see the pictorial view of such motor. The 

design parameter of such motor is shown in table 2. 

Parameter Value 

Input Voltage Vdc 48 Volt 

Output Power Po 250 Watt 

Rated Current If 5 Amp 

Rated Speed Ns 600 rpm 

Rated Torque T 0.8 N.M 

Table 2: BLDC Design Parameter 

Before implementation of hardware the result of 

simulation and hardware is compared. The wave form of 

power supply and inverter circuit is observed using CRO. 

For 180 degree mode of conduction the gating signals are 

shifted from each other by 60 degree. 

 
Fig. 4.1: Hardware Implementation 

The waveform for six gating signals for varying 

duty ratio is shown in Figure 4.2. Here we observed that 

each gating signals are shifted from each other by 60 degree. 

The same result we can observe from simulation. 

 
Fig. 4.2: Inverter output With PWM 

V. CONCLUSION 

The control of sensored BLDC motor for EV and HEV 

application using PWM control method is more simple and 

easy to implement which provide smooth control of speed 

and torque. The overall cost of implementation using this 
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method is also low. The PWM control BLDC motor with 

Hall Effect sensor is simulated using soft computing 

technique to obtain desired speed control. By varying the 

width of pulses the average voltage applied to stator of 

motor will control and hence varying speed will achieved. 

To verify the real time performance of motor the hardware 

is implemented and tested. 
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