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Robust Design Optimization for Reducing Cogging Torque of a BLDC Motor
through an Enhanced Taguchi Method
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In this paper, an efficient robust design utilizing an enhanced Taguchi method is proposed to reduce cogging torque of a BLDC
motor in the presence of design uncertainty. To overcome defects of the conventional Taguchi method in dealing with a generalized
robust design problem, a penalty function and an optimal level searching technique are newly introduced. In order to verify the
proposed method, a 5 kW, rated speed of 2,300 rpm, rated torque of 20 Nm BLDC motor for driving electric vehicles is optimized.
Then, the robust design is compared with conceptual and deterministic ones in terms of the cogging torque, rated torque and torque

ripple.
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Fig. 1. (Color online) Difference between DDO and RDO optima.
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Fig. 2. Flowchart of the proposed Taguchi method.
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Table I. Conceptual design of a BLDC motor.
Parameter Dimension
Outer diameter 126 mm
Inner diameter 70 mm
Rotor Magnet length/height 38/4 mm
No. of poles 8
Permanent magnet NdFeB
Outer diameter 200 mm
Inner diameter 127.4 mm
Stator Lamination height 38 mm
No. of slots 12
No. of coil turns 24
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Fig. 3. One-eighth model and five design variables.
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Table II. Design and noise factors for a BLDC motor

Design factor Level 1 Level 2 Level 3 Xz X
X, (mm) 0.7 0.8 0.9 0.6 2.0
X, (deg) 36.67 36.77 36.87 36.20 37.92
X5 (deg) 2.14 2.24 2.34 1.79 2.69
X; (mm) 6.9 7.0 7.1 4.0 10.0
Xs (mm) 37.8 37.9 38.0 36.0 38.0
Noise factor Level 1 Level 2 Level 3 - -

Tolerance -0.1 0 0.1 - -
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Table III. Performances indicators at three different designs

Design variable Conceptual design DDO  Proposed
X, 0.8 1.32 0.90
X 36.77 37.9 37.2
X; 2.24 1.79 1.84
Xy 7.0 433 7.30
Xs 38.0 36.0 38.0
4y (Nm) 0.641 0.393 0.553
Towg (Nm) 20.28 20.59 20.15
Tippie (%0) 17.7 13.5 15.8
O 0.0415 0.0591 0.0329
Iterative designs - 9 17
Simulator calls - 158 918
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Fig. 4. (Color online) Comparison about cogging torque and variation
between DDO and proposed method.

— Initial
< bDO : Initial
-+= Proposed . DDO
=== : Proposed

Fig. 5. Shapes between three different designs.
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