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Abstract— The Brushless DC (BLDC) motor is a permanent 

magnet synchronous motor with trapezoidal back EMF 

waveform. The sensorless commutation of BLDC motor is 

the method of commutation of stator windings without 

using the rotor position sensors. The BLDC motor mainly 

used in variable speed applications. The motor speed is 

controlled by controlling the applied voltage and normally 

PWM switching technique is used to get variable voltage.  

In this paper a new type of pulse width modulation (PWM) 

switching technique is implemented for the control of three 

phase BLDC motor. In this PWM technique, the PWM 

signals are applied only to the high side switches of the 

inverter and low side switches signals are clamped to 

constant high voltage whenever a low side switch is be 

turned on. The bus clamped PWM will produce high 

torque in motor even at lower speed. The normal PWM 

technique and the bus clamped PWM technique are 

implemented on the dsPIC33CK microcontroller and the 

results are verified. 
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I.  INTRODUCTION 

The permanent magnet synchronous motors are commonly 
used in high speed and high torque applications. “The motors 

trapezoidal back EMF waveform are known as Brushless DC 

(BLDC) motor”. The rotor of the BLDC motor is a permanent 

magnet. The behaviour of the BLDC motor is similar to that of 

the conventional DC motor and they are used significantly in 

the constant torque applications.” The rotor of the BLDC 

motor is a permanent magnet and the motor is rotated by the 

commutation of the stator windings”. The commutation of the 

motor can be done using the information of the rotor position. 

The commutation of the BLDC motor by detecting rotor 

position using position sensors is known as sensored 

commutation technique. The commutation without using the 
position sensors is known as sesorless commutation technique.  

 

In the sensorless commutation technique the motor rotor 

position is detected using the back EMF produced in the motor 

windings. There are many sensorless algorithms have been 
developed using the microcontrollers and digital filters. The 

sensorless commutation is implemented in this paper using 

new PWM technique called as bus clamped PWM technique. 

In the bus clamped PWM technique is implemented for the 

three phase BLDC motor using dsPIC33CK microcontroller. 

In this PWM technique the motor is commutation through a 

three-phase inverter. During the turn on time of the high side 

switches of the inverter are the energised using PWM pulses 

and during the turn on time of the low side switches, the 

switches are clamped to the higher voltage. Hence PWM 

technique is called as bus clamped PWM technique. 
 

 The bus clamped PWM technique will provide higher 

toque to the motor even at the lower speed. The hardware 

results of the bus clamped technique implemented for the 

BLDC motor are also explained in this paper. 

II. SENSORLESS CONTROL OF BLDC MOTOR 

 The sensorless control of BLDC motor block diagram is 

shown in the figure 1. The three phase BLDC motor is excited 

with the help of a three-phase inverter and it is powered using 

a DC bus voltage. The PWM signals are generated using the 

controller and applied to the inverter. Also to detect the rotor 
position of the motor using the back EMF generated in the 

motor. 

 

 There are many sensorless control methods have 

developed like microcomputer based[1], zero crossing 

detection from the back EMF[2], line to line voltage based[3], 

the rotor flux base[4] and virtual third harmonic based[5] 

algorithms. In this paper the sensolrless control algorithm is 

implemented based on back EMF detection using digital filter 

[6]. The main modification is the implementation of bus 

clamped PWM technique. 
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Fig. 1. Sensorless control of BLDC motor  

The switches Q1 to Q6 are switched in the 120 degree 

electrical in the conduction mode and two switches conducting 

at a time. The speed of the motor is can varied by varying the 

applied voltage. The standard technique to get variable speed is 
by PWM based DC voltage to the motor. 

 

III. BUS CLAMPED PWM TECHNIQUE 

 

In the normal PWM switching technique both the high side 

switches (Q1 or Q3 or Q4) and the low side switches (Q2 or 

Q4 or Q6) will turned on and turned off at time. 

 

Fig. 2. Standard PWM signals applied to the motor 

The standard PWM signals that are applied to the inverter to 

obtain the variable voltage are shown in the figure 2. The 

PWM2H signal is applied to Q3 switch and PWM1L signal is 

applied to Q4. In this mode both low side switch and the high 

side switch will have the same conduction time. Due the same 

conduction and at very low speed the motor will need very 

small voltage. Hence the duty cycle applied will be small, 

correspondingly the conduction time will be less. The winding 
of the BLDC motor has significant inductance which causes 

the winding current to go to discontinuous mode of the 

conduction shown in the figure 3. 

 

Fig. 3. Phase voltage and current of motor with standard 

PWM technique 

The discontinuous current is due to the discharge of energy 
stored in the motor inductance during off time of the PWM 

signal. “The electromagnetic torque produced by the motor is 

directly proportional to the phase current of the motor”. Due to 

the discontinuous current the magnitude of the 

electromagnetic torque produced becomes low. This would be 

the disadvantage for the high starting torque applications. 

 

The bus clamped PWM technique is introduced to 

overcome the disadvantage of the discontinuous current at low 

speeds. In the bus clamped PWM switching technique the high 

side switches (Q1 or Q3 or Q4) will be turned on and off 

depending on the PWM duty cycle. But the low side switches 
(Q2 or Q4 or Q6) will be clamped the maximum voltage 

during their conduction time.  

 

Fig. 4. Bus Clamped PWM signals applied to the motor  
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The bus clamped PWM signals applied to the motor is 

shown in figure 3. The low side switching signals are always 
turned in this PWM technique. Because of this the motor 

inductance will not have sufficient negative voltage to get 

discharge and to go into discontinuous conduction mode. The 

motor inductance energy discharge will be very slow, and 

magnitude of the motor will be high compared to the normal 

PWM technique. The motor phase voltage and current 

waveform is shown 5 with bus clamped PWM technique 

 

Fig. 5. Phase voltage and current of motor with bus clamped 

PWM technique  

IV. HARDWARE IMPLEMETATION 

The bus clamped PWM is implemented on the hardware for 

Brushless DC motor with sensorless commutation algorithm 

using dcPIC33CK microcontroller. The motor parameters used 

for the hardware implementation are shown in table 1. 

Table -1 Motor Specifications  

PARAMETER VALUE 

Rated Voltage 24V 

Rated Current 1A 

Rated Power 24W 

Rated Speed 3300rpm 

Number of Poles 10 

The hardware setup for the implementation of the bus 

clamped PWM technique based sensorless control scheme is 

shown in the figure 6. The DC power supply is used to power 

up the hardware and the motor. The MCLV-2 motor control 

development board with dsPIC33CK microcontroller is used 

develop bus clamped PWM signals and the sensorless 
algorithm. The computer is used write the algorithm and it is 

programmed to microcontroller using a programmer. The 

oscilloscope is used watch the signals. 

 

Fig. 6. Hardware test setup 

V. RESULTS 

The bus clamped PWM signals obtained from 

microcontroller for the inverter is shown in the figure 7.  

During on time of the low side switch signals, they are 

clamped to bus voltage. The duty cycle of the high side 

switches of the inverter can be varied only for the to get the 

variable voltage. 

 

Fig. 7. Bus Clamped PWM signals  
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Fig. 8.    Motor Phase voltage and phase current waveforms 
along with bus Clamped PWM signals 

 

 

Fig. 9.    Motor Phase voltage and phase current waveforms 

along with standard PWM signals 

The BLDC motor phase voltage and phase current 
waveform captured at motor running at maximum speed is 

shown in the figure 8. The phase current and phase voltage are 

measured at the one of the phases of three phase BLDC motor. 

The figure 8 also contains the bus  clamped PWM signals 

applied to the motor at the same time. The motor phase voltage 

and current for the same motor using standard PWM technique 

is shown in the figure 9 at the same speed. 

 

From the figures 8 and 9, the motor takes lesser current in 

case of standard PWM technique as compared to bus clamped 

PWM technique at the same speed. Also the current in the 

standard PWM technique is in discontinuous mode, hence the 
electromagnetic torque produced by the motor will be less 

compared to that with the torque produced by the motor using 

bus clamped PWM technique. 

VI. CONCLUSION 

The new PWM technique known bus clamped PWM 

technique is developed for the sensorless control of the BLDC 

motor. The advantages of bus clamped PWM technique over 

the standard PWM technique are discussed. The bus clamped 

PWM technique will provide the higher electromagnetic 

torque to the motor at the lower speeds. This technique will be 

very helpful in the BLDC motor high torque applications. . In 

bus clamped PWM technique the motor will take lower 

voltage to produce higher electromagnetic torque when 

compared to standard PWM technique. The developed PWM 

technique is implemented and tested on the hardware.                             
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