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Abstract — This paper proposes a method to reduce the cogging torque of PMBLDC motor. This paper presents
some effective methods of minimizing cogging torque, which have minimum effects on the performance of
the motor. In this paper we are applied two techniques 5- Parts Alternate PM and Stator Slot design. In this
paper using Magnet Software a cogging torque reduction can be achieved.
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Abstract - This paper proposes a method to reduce the cogging torque of PMBLDC motor. This paper
presents some effective methods of minimizing cogging torque, which have minimum effects on the
performance of the motor. In this paper we are applied two techniques 5- Parts Alternate PM and Stator
Slot design. In this paper using Magnet Software a cogging torque reduction can be achieved.
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1. INTRODUCTION

Permanent Magnet Brushless DC (PMBLDC) Motor are becoming increasingly popular in industrial
applications. They offer a high-power density, high efficiency and low size and cost continues to decrease.
They have the opportunity to become a dominant force in the industrial market. Cogging torque is inherent in
PMBLDC motor. Cogging torque deteriorates torque quality of PMBLDC motor. It generated noise and
vibrations during operating conditions. Various techniques have been implemented for the reduction in the
cogging torque. Cogging torque can be minimized by several techniques adopted on stator side, rotor side and
air gap likewise Magnet shaping, Magnet shifting techniques are studied. Performance of the PMBLDC motor
is improved by applying these techniques to the motor to minimize the cogging torque. In this paper two
techniques 5- Parts alternate PM and Stator slot design to reduce cogging torque are implemented for 3 Model
i.e. (1) 200 W, 1000 RPM (2) 2.2 kW, 1450 RPM and (3) 20 kW, 1500 RPM radial flux PMBLDC motor. The
cogging torque is reduced considerably using these techniques. Performance of the motor is improved as
cogging torque is reduced.
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2. MOTOR INTIAL DESIGN

Initial model is design for 200 W, 2.2 kW , 20 kW in MagNet software.

Table -1: Motor Initial Data

Sr.no Motor Cogging % Torque
Initial Torque Ripple
Ratings (Nm)
1 200 W 1.1 48.05
2 2.2 kW 6 47.96
3 20 kW 48.6 44.91

3. COGGING TORQUE

Permanent Magnet Brushless DC (PMBLDC) Motor becoming popular in industrial applications because of
its superior performance. But one major drawback to cogging torque is the inherent element of the design
which leads to the undesired output of the motor. It creates jerkiness and vibration in the motor.

Cogging torque is produced due to interaction between the magnet pole on rotor and the stator slot. It is also

known as “detent torque” or “no current torque”.
1 _dR

Tcog o 2 ¢§ d_e
One of the main contributors to this torque ripple is cogging torque, which is the interaction between rotor
magnet and stator slot. It is caused uneven air gap in the magnets.
It is Important to point out that minimizing cogging torque does not necessarily minimize torque ripple.

4. COGGING TORQUE REDUCTION TECHNIQUES

4.1 5- Parts Alternate PM (200 W Model)

Figure 1 5- Parts Alternate PM of 200 W model.

[JCRT24A4864 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | q244


http://www.ijcrt.org/

www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 4 April 2024 | ISSN: 2320-2882

In 5- parts alternate PM techniques material assign in the five parts of the magnet is different it is like alternate
PM it means material assign in the first part of the magnet is NdFeB and then the material assign in the second
part of the magnet is Alnico and likewise.

200 W initial model cogging torque is 1.1 Nm. 5- Parts Alternate PM technique 23.63 % cogging torque reduce
compared to initial model.

initial 200 W
Sr.no | Magnet | Cogging % %
Shift Torque | Torque | Reduction
(Nm) Ripple in
Cogging
Torque
1 Initial 1.1 48.05 - 3 >
5- Parts
2 | Alternate | 0.84 38.42 23.63 —0.¢ ¥
PM Rotor position (mech.degree)

Figure 2 Comparison between initial and 5- Parts Alternate PM (200 W)

In 5- Parts Alternate PM technique Peak to peak cogging torque is about 0.84 N.m. and while the initial
model cogging toque is 1.1 N.m. so the cogging torque is reduced by 23.63% that of initial model.

4.2 5- Parts Alternate PM (2.2 kW Model)

Figure 3 5- Parts Alternate PM of 2.2 kW model.
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Sr.no | Magnet | Cogging | % % initial 2.2 kW
Shift | Torque | Torque | Reduction 4
(Nm) Ripple in 3
Cogging 2
Torque
1
0 ' . : : >
1 Initial 6 47.96 - 1 3 6 T5
-2
5- Parts -3
v2 | Alternate 4.98 54.76 17 -4
PM

Alternate PM (2.2 kW)

4.3 5- Parts Alternate PM (20 kW Model)

Figure 4 Comparison between initial and 5- Parts

Figure 5 5- Parts Alternate PM of 20 kW model.

Sr.no | Magnet | Cogging % %
Shift Torque | Torque | Reduction
(Nm) Ripple in
Cogging
Torque
1| Initial 48.6 45 -
5- Parts
2 | Alternate 37 47 23.86
PM

initial 20 kW

Rotor
position (mech.degree)

Figure 6 Comparison between initial and 5- Parts Alternate PM (20 kW)

Cogging torque produce by this model is about 37 Nm. Whereas the Cogging torque of the initial model is

48.6 N

.m.

So, the reduction in the Cogging torque is 23.86% that of Cogging torque of initial Model.

5- Parts Alternate PM technique applied to all three different ratings model. And reduced Cogging torque
about 23.86 % that of initial model.

[JCRT24A4864 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 246


http://www.ijcrt.org/

www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 4 April 2024 | ISSN: 2320-2882

Thus, we can conclude here that 5- Parts Alternate PM techniques can be helpful in reducing the Cogging
torque and torque ripple also but there will be compromise with the average torque.

5. COGGING TORQUE REDUCTION TECHNIQUES

5.1 Stator Slot Design (200 W)

Figure 7 Stator cross section of 200 W.

Stator cross section of initial model of 200 W PMBLDC motor is shown in the above figure. Here in this
model, there are 24 teeth and in these teeth the teeth edge is similar in both sides from Centre of the tooth but
in the stator slot design it is one side as shown in figure below.

5.1.1 Case 1 (200 W) 5.1.2 Case 2 (200 W)

Figure 8 Stator cross section of new slot design for Case 1. Figure 9 Stator cross section of new
slot design for Case 2.
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Sr.no | Magnet | Cogging % %
Shift | Torque | Torque | Reduction
(Nm) | Ripple in
Cogging
Torque
Initial
1 200 W 1.1 48.05 -
Slot
2 design 0.66 39.45 40
case 1
Slot
3 design 0.6 28.96 45
case 2

¢ Y

intial torque
case 1

Rotor position(mech degree)

Figure 10 Comparison between different cases of slot design model. (200 W).

Cogging torque produced by case 1 model is about 0.66 N.m. whereas the cogging torque of the initial model

is 1.1 N.m. So, the reduction in the cogging torque is 40% that of cogging torque of initial model.

Cogging torque produced by case 2 model is about 0.6 N.m. whereas the cogging torque of the initial model

is 1.1 N.m. So, the reduction in the cogging torque is 45 % that of cogging torque of initial model.

5.2 Stator Slot Design (2.2 kW)

Cogging torque produced by case 1 model is about 3.68 N.m. whereas the cogging torque of the initial model

Figure 11 Stator cross section of 2.2 kW.

is 6 N.m. So, the reduction in the cogging torque is 38.7% that of cogging torque of initial model.

Cogging torque produced by case 2 model is about 3.68 N.m. whereas the cogging torque of the initial model

is 6 N.m. So, the reduction in the cogging torque is 38.7% that of cogging torque of initial model.
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5.2.1Case 1 (2.2 kW)

Figure 12 Stator cross section of new slot design for Case 1.
slot design for Case 2.

Sr.no | Magnet | Cogging % %
Shift | Torque | Torque | Reduction
(Nm) | Ripple in
Cogging
Torque
Initial
1 29 KW 6 47.96 -
Slot
2 design 3.68 39.75 38.67
case 1
Slot
3 design 3.68 39.05 38.67
case 2
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——Initial 2.2 kW
case 1
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Rotor position (mech.degree)

Figure 14 Comparison between different cases of slot design model. (2.2 KW).

5.3 Stator Slot Design (20kW)

Figure 15 Stator cross section of 20 KW.

Cogging torque produced by case 1 model is about 22.4 N.m. whereas the cogging torque of the initial model
is 48.6 N.m. So, the reduction in the cogging torque is 54% that of cogging torque of initial model. So, it is
half of the cogging torque of initial model.

Cogging torque produced by case 2 model is about 22 N.m. whereas the cogging torque of the initial model is
48.6 N.m. So, the reduction in the cogging torque is 54.74% that of cogging torque of initial model. So, it is
half of the cogging torque of initial model. There is quite less difference between the case 1 and case 2 as far
as the reduction in the cogging torque.

Thus, we can conclude here that Slot design can be helpful in reducing the cogging torque and torque ripple
also but there will be compromise with the average torque.
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5.3.1 Case 1 (20 kW)

5.3.2 Case 2 (20 kW)

Figure 16 Stator cross section of new slot design for Case 1. Figure 17 Stator cross section of new
slot design for Case 2.

Sr.no | Magnet | Cogging % %
Shift | Torque | Torque | Reduction
(Nm) | Ripple in
Cogging
Torque
1 | Iitial g6 | 4491 ;
20 kW ' '
Slot
2 design 22.4 25.97 54
case 1
Slot
3 design 22 25.91 54.74
case 2

—initial =——case1 =——case2

30 T

Torque (N.m.)

10 T

20 L

30+
Rotor position (mech.degree)

Figure 18 Comparison between different

cases of slot design model. (20 kW).
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7. CONCLUSION

This paper presented the different topologies for minimization of the cogging torque and the suppression of
the torque ripple in surface mounted PMBLDC motor. In which 5- Parts alternate PM and Stator slot techniques
are included. Proper design of the motor by shaping the rotor pole or rotor magnet cogging torque of the motor
is reduce and torque ripple can be reduced. In the 5- Parts alternate PM technique was studied, and the
comparison result prove that reduces the cogging torque almost 23.86% that of initial model (20 kW). In the
Stator slot design techniques where two combinations of stator were studied like case 1 is right sided stator
slot shifted and case 2 is left sided stator slot shifted. Comparison result from the FEA proves that case 2 left
side stator slot shifted technique reduces the cogging torque about 54.74% that of cogging torque of initial
model (20 kW).
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