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Abstract  In a conventional three phase Brushless DC 
machine with 120° electrical conduction, Harmonics and 
commutation torque ripple occurs because of changeover of 
load current from one phase to another at every 60 electrical 
degrees. This paper presents techniques for diminishing the 
harmonics and torque ripples in sensor Brushless DC motor. 
This torque ripple reduction techniques based on voltage 
controlled and current controlled algorithm, both results are 
simulated and compared to bring out suitable and effective 
method. 
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I. Introduction 
The conventional Brushed DC motor uses mechanical 

brushes and commutator, so it requires lot of maintenance, it 
creates noise and arcing. The Brushless DC motor could 
overcome this issue by replacing mechanical commutator by 
electronic commutator, which includes three phase inverter, 
rotor position sensor and controller circuit. Brushless DC 
motor contains permanent magnet rotor and three phase 
stator winding, it is connected with the three phase inverter.it 
means Brushless DC motor uses power electronic switches 
for the commutation purpose. Normally power electronic 
switches are operates in high frequency, so it creates 
harmonics and torque ripple, this torque ripple produces 
noise and degrade in speed-control characteristics. The 
torque ripple and the harmonics are the main issue in 
Brushless DC motor, in order to minimize harmonics and 
torque ripple the current controlled method with two level 
and multilevel inverter is used and also the voltage 
controlled method with filter is used. The paper [1] presents 
design of current control method and duty cycle of pulse 
width modulation (PWM) is regulated in real time by 
measuring the wave function of back EMF. The torque ripple 
is reduced by varying the input voltage is presented in paper 
[2]. A simple method for reducing commutation torque 

ripple by modifying the voltage of decaying phase in 
commutation interval is presented in paper [3].The paper [4] 
presents measurement of commutation interval from the 
terminal voltage of BLDC motor and it is also calculates 
PWM duty ratio using the measured commutation interval to 
suppress the commutation torque ripple. This paper [5] 
describes a new PWM switching strategy to minimize the 
torque ripples in BLDC motor which is based on sensor rotor 
position control. A novel indirect position detection and an 
improved methodology to reduce the high frequency 
harmonics content and torque ripples using RC filter 
connected at the input of the BLDC motor is presented in 
paper [6]-[9].The harmonics and torque ripple is reduced by 
the voltage control method and with filter is presented in 
paper [9]-[11].The commutation of a brushless DC motor 
depends on position of rotor. The angle between 
magneto-motive force of stator and rotor is fixed to 90° 
(electrical) so the motor produces maximum torque and 
needs low reactive current which is useful for advance 
commutation by few degrees to compensate the stray 
inductance effects and minimize reactive current. 

2. Current Control Method 
The overall block diagram of the planned system for 

current controller to minimize harmonics and torque ripple is 
shown in Fig.1. The operation of the system is as follows: the 
armature current is sensed through current sensors and 
converted into voltage signals. These signals are then 
rectified and a dc component, with the value of the ceiling of 
the current Idc is obtained. The proportional–integral (PI) 
controller is employed that contains a feedback signal 
derived from the armature current. The current controller 
block with tri-angular carrier wave is shown in Fig.2. 

The PI controller is tuned by well-known method called 
Ziegler Nichols method. The generated PWM pattern and the 
information given by the position sensor generate the 
modulation signals for each transistor produced. The PWM 
pattern controls the magnitude and position sensor 
determines the PWM pattern applied to six transistors 
creating correct sequence for the rotation of the machine. 
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Figure 1.  Block diagram of a current controller 

 

Figure 2.  Current controller block 

3. Voltage Control Method 
The BLDC motor is energized by three phase inverter 

through an Inductor – Capacitor filter for reducing the high 
frequency component. The capacitor voltage value has to be 
selected in such a way that it can charge and discharge in an 
effective manner to reduce the high frequency 
component.Fig.3.shows overall block diagram of voltage 
controller. The inductor- capacitor filter for the proposed 
work is connected in the interface of the drive and the motor. 
The LC filter in this system acts as a low pass filtering circuit 
which offer high impedance to high frequency component of 
the voltage and very minimum impedance to the power 
frequency voltage components and thereby minimizes 
harmonics in the supply voltage to the motor and the series 
inductance opposes the sudden changes in the current due to 
electronic commutation and thereby reduces the torque 
ripple. 

4. Filter Design 
The selection of LC component present in the filter plays a 

major role in the performance of the drive. The charging and 
discharging of the capacitor improves the quality of the 
voltage given to the motor. This filter possesses the 
advantages of both L-filter and C-filter. In addition, ripple 

factor in L-C filter has lower value than obtained by either 
L-filter or C-filter for the same values of L and C. 

 

Figure 3.  Block diagram of a voltage controller 

 

Figure 4.  Equivalent LC filter for one phase 

Fig.4 shows the equivalent circuit of L-C filter for 
reducing the ripple from the output voltage. The inductor 
current rating should be equal to the current ratings of the 
motor. The value of filter capacitor C can be calculated by 

C = 10
2𝜔𝜔�𝑅𝑅2+(2𝜔𝜔𝐿𝐿𝐿𝐿)2              (1) 

R is the load resistance and LL is the load inductance. The 
value of inductor L obtained by  
R is the load resistance and LL is the load inductance. The 
value of inductor L obtained by 

VRF = √2
3
� 1

(2𝜔𝜔)2𝐿𝐿𝐿𝐿 −1
�          (2) 

VRF is voltage ripple factor. According to IEEE standard 
maximum allowable range to ripples is up to 10%.So we are 
taking VRF as 0.01 and L value is calculated using known 
value of C. 

5. Simulation Results 
Fig.5.(a) shows the three phase armature current 

waveform of BLDC motor with current control mode. 
Fig.5.(b) shows the armature current waveform of BLDC 
motor with voltage control mode. 

 



112  Mitigation of Commutation Torque Ripples in Permanent Magnet Brushless DC Motor  
 

The current waveform in current control method is well 
settled and linear compared to voltage control waveform. 
Fig.6 shows the speed waveforms with voltage controller 
and the current controller with two level and multilevel 

inverter. 
The Fig.7 shows the torque waveform of BLDC motor in 

current control mode with two level and multilevel inverter 
and voltage control mode with two level inverter. 

 

Figure 5(a).  Three phase current waveform in current control method 

 

Figure 5(b).  Three phase current waveform in voltage control method 
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Figure 6(a).  Speed response with voltage controller 

 

Figure 6(b).  Speed response in current control method with two level inverter 
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Figure 6(c).  Speed response in current control method with multi-level inverter 

 

Figure 7(a).  Torque waveform of BLDC motor with voltage controller 
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Figure 7(b).  Torque waveform in current control method with two level inverter 

 

Figure 7(c).  Torque waveform in current control method with multilevel inverter 

6. Torque Ripple and FFT Analysis 
Torque ripple is defined as periodic increase and decrease 

in output torque. .The formula for finding the torque ripple 
the percentage of the difference between the maximum 
torque and the minimum torque compared to the average 
torque. It is calculated by the following formula. 

Amount of Torque ripple=𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻−𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻
𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻

∗ 100 

Fig.8 shows the FFT analysis of phase currents with 
voltage and current controller. The order of the harmonics is 
very much reduced in current control mode compared to 

voltage control mode. 
The following table.1 shows the amount of Torque ripple 

with different type of controllers. 

Table 1.  Amount of torque ripples with different controller. 

Type of controller Amount of Torque ripple in % 

Voltage controller with Filters 41.5% 

Current controller with two level 
inverter 33.11% 

Current controller with multilevel 
inverter 18.6% 
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Figure 8(a).  FFT analysis of phase current in voltage controller mode 

 

Figure 8(b).  FFT analysis of phase current in current controller mode with two level inverter 
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Figure 8(c).  FFT analysis of phase current in current controller mode with multilevel inverter. 

7. Conclusion 
In this paper the different control strategy for minimizing 

the torque ripple of brushless dc motor is proposed. The 
amount of torque ripple in Brushless DC Motor with voltage 
and current controller is calculated. The phase current 
waveform and speed waveform are discussed. Hence the 
suitable controller to minimize torque ripple is current 
control method. As the torque ripple reduces, it is also 
understood that when torque ripple reduces the harmonics 
also reduces dependently and there by performance 
enhancement of the machine is improved. 
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