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Optimal design on a brushless DC external rotor motor
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Abstract: Cogging torque ripple is the main impact factor of the out-
put torque ripple of electric vehicles driven by wheel hub motors. To
suppressing cogging torque ripple, a DC external rotor motor was
studied, and a finite element analysis model was established in
Ansoft Maxwell according to its structural parameters. The
simulation results of cogging torque agreed well with those obtained
from experiments, and this showed the analysis model was correct.
Then, the main parameters of the hub motor were optimized by
using Taguchi method, in which the peak values of cogging torque
and average values of output torque were taken as the optimization
goals, the slot width, pole arc coefficient, air gap length and parallel
tooth width as the control factors, the processing errors of notch

width, air gap length and parallel tooth width, and residual magnet-
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ism variation as noise factors. The performances of the motor were
simulated in the finite element analysis model with optimal structural
parameters. The results showed that the cogging torque of the motor
was reduced significantly, and the average values of output torque
were increased slightly at the same time.

Keywords: optimal design; Taguchi method; cogging torque; DC ex-

ternal rotor motor; finite element analysis
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Table 1 Parameters of an external rotor motor
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Figure 1  Structure of stator slot

Y

B2 S R AT AR
Figure 2 Finite element analysis model of the motor
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Figure 3 Comparison of cogging torque between simulation

and test value
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pole-arc coefficient
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Table 3 Value level of the noise factor

AB oM SEE  AB L A0 BRKEM ABAPAT 58

A TR mm 2T TRE/mm LB /mm
1 —0.02 —0.01 —0.01 —0.04
2 0.00 0.00 0.00 0.00
3 0.02 0.01 0.01 0.04
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Table 2 Value level of the controlled factor
AE R 0915 B Ll 31330 3K AR 05 38 FH e o2 5 i AT 3 (B 43
g oMok 0 TR B U7 2 B 05145 BB 4054 S 5
IKAF N ’ s o~ 22 F T 1
Tl /mm WES KE/mm H9E/mm TR o s
W 10 3 K
1 3.4 0.7 0.4 5.7
) ig 0 ; 61 3.3.1 {EMa LAy #r {5 MR LK (sigal-to-noise ratio, SNR) &
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Table 4 Orthogonal experiment table
N L9 hF L9
2
AB,o/AB:/A8/AB,
éﬁ% Bm ap J Br
1111 1222 1333 2123 2231 2312 3132 3213 3321
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
it 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Table 5 Results of T, by finite element analysis N-+m
R g = Ta T.o T.s T T T T . T T
1 32.011 32.179 32.345 32.102 32.014 32.355 31.948 32.311 32.184
2 32.781 32.958 33.128 32.924 32.797 33.120 32.769 33.085 32.958
3 33.523 33.670 33.878 33.668 33.558 33.853 33.524 33.820 33.706
4 32.172 32.313 32.452 32.128 32.181 32.570 32.002 32.405 32.437
5 31.139 31.307 31.474 31.288 31.153 31.452 31.139 31.435 31.296
6 32.896 33.096 33.293 33.145 32.928 33.190 32.982 33.243 33.025
7 30.782 30.916 31.047 30.766 30.790 31.141 30.645 31.004 31.026
8 33.910 34.072 34.233 33.970 33.917 34.299 33.816 34.198 34.137
9 31.188 31.382 31.574 31.441 31.213 31.464 31.278 31.532 31.298
*6 T.HRTHHE
Table 6 Results of T. by finite element analysis N-+m
iR g T T, Tes Ty T.s T.s T.r Tes Tey
1 0.815 0.795 0.774 0.802 0.771 0.846 0.778 0.853 0.820
2 0.222 0.206 0.190 0.212 0.193 0.234 0.199 0.240 0.220
3 0.325 0.310 0.295 0.332 0.312 0.355 0.334 0.376 0.357
4 0.714 0.704 0.693 0.696 0.683 0.734 0.675 0.725 0.712
5 0.132 0.120 0.109 0.121 0.108 0.136 0.109 0.138 0.123
6 0.557 0.576 0.593 0.569 0.574 0.560 0.568 0.553 0.559
7 0.489 0.488 0.487 0.476 0.473 0.494 0.462 0.481 0.479
8 0.241 0.252 0.261 0.233 0.241 0.228 0.223 0.208 0.218
9 0.430 0.451 0.472 0.439 0.448 0.424 0.436 0.411 0.421
Sy — ,é ’ 2 RT7T EHEWUEE T MEEREEE T HERE
o Table 7 Signal-to-noise ratio of T, and T.
A dB
S\"Ieifﬁu% L[ﬁ Lﬁﬁ?ﬁ% T, T.
p— P A A . R rr———
o’ 7 bRy B 2 2 69.897 30.879
R AL B - 257 i S A A 2 T Dl L TR iy R R R T A R A 3 70.343 21.945
L {2 3 Ol TR ) B /IR M L B BT B e o e R 4 69.498 7.013
BB R B Ty 22 BN ST TG AT R A R 0 Y 8 (B N 22 5 68.871 42.030
N BT 6 69.983 11.320
BN Y15 1 R R 7 68.616  14.634
Sy — —lOln(iEy,Z> ’ (3 8 70.563 29.013
n 4 9 68.919 16.546
K.
n [F] — a8 2 5 T R A 7 i e — R A i e RS M EF BXT T, 0% K, a, ¥ T
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BHRFHEREMR L RB R
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T.5 T AW LI F 3 MH , 45 R W.5& 8.
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Table 8 Mean value of signal-to-noise ratio of T, and T.

under different control factors and levels dB

AERT HFAT T, T.
1 69.885 19.042
By 2 69.451 20.121
3 69.366 20.064
1 69.176 8.649
ap 2 69.777 33.974
3 69.749 16.604
1 69.987 14.878
0 2 69.438 18.146
3 69.276 26.203
1 69.068 20.959
B, 2 69.499 18.944
3 70.134 19.324
S. =32, [m, (T)—m(T>]*, (5)
i=1
K

X B,«) \ap\3\B1E‘iﬁ;|J[i]%?
T— LRy PR bR 48 T8¢ T.s

m,; (T e T o 5 AKET T3 T RF
i

m(T)—T, 8 T. W F341MH.

TR R R 9,

R BETSEIRESHBF MW

Table 9 Influence of design parameters on performance
T. T.
CECE RS
Ss I/ % Ss WE/ %

By 0.465 12.53 2.213 0.18

ap 0.690 18.58 1 006.330 82.54

8 0.832 22.40 203.850 16.72

B, 1.726 46.49 6.876 0.56
B R S 100.00  1219.269  100.00

A, By 0. BAE T.HET A ELEE TP AT b
B R e, 78 T AT WCE I Torh ok, B [ i =% 17 3
i Y B R R O AR B R (L, W IR IR IR AE S BB N B
(3.4 mm) ., (0.8) .8, (0.4 mm) .B (6.5 mm),
3.3.4  ARALGIRPFEIGE I FHHT I H L 1 Maxwell 2D
R, AR A L B BT S B MR, X 3 B S S A AT
A BRIT 07 B UE 45 2 59 15 8 5% R lh 2 A i 9 RS E T B0 S
s LA 6.7,

i B 6 AT AL AL S A I R e R (E 292 0.8 N« m, ff
LT Y VS R R 29 2.3 N« m, 58 2 P Ak B 1 R R
NS g T Ol =l AT S I AT (R TR T
23.0~37.5 N » m, {4k 5 69 % 46 4F 27.5~36.5 N » m,
W A BT B R KR AR T ALk S . R I R 05 B BT I 4
AT H O AT 7 2 % 2 R 33.6 N - mL AL R Y
i R 2 O 33.8 N - m,
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Figure 6

Waveform of cogging torque
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Figure 7 Waveform of output torque
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