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A Study of Design of Outer Rotor Type BLDC Motor for Service Robot Arm
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This s paper presents characteristics Analysis of Outer Rotor type BLDC Motor. To reduce the cogging torque and to make the high
back EMF constant of the motor, Not only magnetization directions of a permanent magnet are investigated, but also a tooth chamfer
of a stator is optimized. The design and analysis results are verified with experimental results.
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Table I. Design specifications and results of the initial design.
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Fig. 1. Shape of the initial design model.

(a) Variables of the shape design
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Fig. 2. Definition of optimal design variables.
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Table II. Sampling datum of the central composite design.
=5 x Bd7] n % LEE x; o4 vk T8 714t 7 BE= =9 a8
T (mm) (mm) (mm) %) (mN-m) W) (%)
1 0.10 2.00 17.00 1.59 592 72.0 85.55
2 0.30 2.00 17.00 1.55 242 793 85.36
3 0.10 3.00 17.00 1.61 16.6 75.9 85.61
4 0.30 3.00 17.00 1.56 62 83.6 85.34
5 0.10 2.00 19.00 1.65 547 67.1 85.53
6 0.30 2.00 19.00 1.61 26.5 74.7 85.58
7 0.10 3.00 19.00 1.67 26.7 70.3 85.60
8 0.30 3.00 19.00 1.62 114 778 85.56
9 0.03 2.50 18.00 1.78 83.6 483 83.92
10 0.37 2.50 18.00 1.71 223 61.9 85.35
11 0.20 1.66 18.00 1.72 48.7 557 84.96
12 0.20 334 18.00 1.75 16.5 56.8 84.97
13 0.20 2.50 16.32 1.46 34.6 90.5 84.05
14 0.20 2.50 19.68 127 6.6 118.5 78.99
15 0.20 2.50 18.00 1.74 43.6 548 84.66
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Table II1. Response model of sampling datum.

g TAEI Fra el W &
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by —42.0302 —-2786.16 5851.618  -120.63
b, —0.10105 —491.719 14.06027  -23.222
b, 0.088112 —14.8753 —8.00547  —-10.0415
b; 4.8591 329.2413 —645.825  25.03176
by 0.030217 188.9195 56.23674  38.50811
by —-0.00942 -21.1609 3.831615  2.008344
bs; -0.13505 -9.53142 18.02685 —0.71538
bi> —0.02751 93.91405 0.655665  —0.42683
b3 —0.00281 2267785 0.037658  0.572092
bys —0.00112 4375628 —0.49386  0.005567
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Fig. 3. Comparison of the analysis results of BEMFs.

P2 50(W)
9, > 85(%)

Agrlaloz =8 s0(W) o, B& 85(%) olds wt

=
& 7 == Ao, HHEA 23E Table Vel 3

Zlste] LERRITh

Fig. 3 27147 Bdla} HZ47 mde] F78) 47]7]

A 54 vaslel VeRhge. 27144 29 ] 7]

Table IV. Results of the optimal design.
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Fig. 4. Comparison of the analysis results of cogging torques.

Fig. 5. (Color online) Experimental system of the outer-rotor type
50 W BLDC motor.
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Fig. 6. (Color online) Experimental results of the outer-rotor type 50 W BLDC motor.
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