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A X0 =

o max[x; (k)] - x; (k)
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x*(k) Ry IERMER SR BE /NYS/NEE 5 x,
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min[x; (k)]73 5l B B A B 5 b ax (£ b HAES/NEE
i A AE B/ ME -

FERRIERALZ 1% - P35 THEAT IR 7
M - ABAE L Z 7l 75 Je st B 72 e 51 B A B 1
o ZRYIETES/NELE Bl i (R H =~ Ry &
PH o BEE R S/NEL#E R b B — B B B B (Grey
Relational Grade, GRG)#:{TER#E » H=T40 ¢

_ Amin+ <t3Amax 1 4
A (0 EA,, 1

Ay (K) = I, () — x; (K)I

A= min x min x Ix, (k) — x; (k)I (15)

A= max x max X Ix; (k) — x; (k)l

AT (14)hi=1,2,3>j=1,2--,16 k=1,
2,16 « HF(15)FHHIA; (k) B &R T EF
H o A B SR FHSERETIIR/NNE 1
A R SR TFHREEBETFIERKRE - &Mt
A RE D BEEI NN~ ZME  EFEER
0y 72 S o Ry BHEANY - m] DU IR 7R SR 2K #E 1T
PR R EIKRB REAVHEY » ASER
0.5 -

HRES/NEESSE A AT (12)81(13) » #TTIE
FbEH 5 B A E (149 B S)RFER LB
BRI BER RS - 7 AHCEE RS R A
RS2 2 IR EHE -

4.1.4 RRBERIRELL

T A 2 e P B ] DL o B = {0 53 - M
b ~ TR S [ DL R R B = (880 57

EE i wasEy et i) E 10 T
45 P R R st (A BB A b E AR e B - T
SRR S | T e S - A -
A% P i S bR B B (LIRS 2 i B oy
M2 i BFEFR(MPCI) - fRia8 ek 8 2 =
B B ZAPLUREE = - B =
AR B R M R SR Ml aR - S
PR EL 75 2 B S ERVAH & - T i ALy
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R HIEBERGEREREEEZ KRR SR
HIEERAER PRELEES o
L eff T, Tpmx 107 GRG GRG GRG
(%) (%) (Nm/mm’) eff T, T,
1 88.880 0.6974 6.19101 0.488 0.466 1
2 90.125 0.6958 5.96970 0.805 0.473 0.826
3 88.975 0.7103 5.74154 0.503 0.421 0.697
4 88.597 0.6675 5.50228 0.448 0.627 0.595
5 87.434 0.6863 5.50975 0.333 0.515 0.597
6 88.625 0.7340 5.46929 0.451 0.359 0.583
7 90.108 0.68834 5.09562 0.798 0.505 0.470
8 90.445 0.6724 5.07090 0.965 0.593 0.464
9 89.895 0.6555 4.98359 0.719 0.732 0.444
10 90.502 0.6648 4.79063 1 0.648 0.403
11 87.711 0.7467 4.86269 0.355 0.333 0.417
12 89.107 0.6955 4.68755 0.526 0.474 0.383
13 89.565 0.6366 451717 0.624 | 0.354
14 88.672 0.6824 4.47912 0.458 0.534 0.348
15 90.252 0.7239 4.44319 0.862 0.383 0.343
16 89.385 0.7152 4.38025 0.581 0.407 0.333
T BRSNS - (MPCI) -

ASCHRA T = AR S B E A - Ht

i A\ Y SR B — ) S e B T oy Ry = AR
S (Small) ~ M (Middle) ~ L (Large) ° (7R 8% °
2015 5 George and Kyatanavar, 2016 ; Lan et al.,
2018 ; Shi et al., 2020)

HAE RS AR - RS —FEES
PEEAR AR AR AR 5% - (A E TS
SN RERE P - BSOS NG 2 S HE 50 18 FEE H B B
RNV - DU NEYIE =0T - SRR
HHIMER L > IR ¢
R;:if Z, is A, and Z, is B, and Z, is C, then X is

VVS -
R,:ifZ,is A, and Z, is B, and Z, is C, then X is S ©
R if Z, is A, and Z, is B, and Z, is C, then X is
VVL -

R, BBl ERIRRAL - Z, ~ Z, ~ Z,93 7]

R A BB IR (A3 X Ryt 28

A e =M ABEHB(Z, = Tep ~ Z,= T, 52
Z,=T, ) B A FEEHVEZEE - [ A
NI N EE A = SR > HbgA3 =
271 5 H R QTERIERIAR A - R,;) » 41fE 12(a)(b)
(DA »

T 1% A L B B (MPC) 2 ] 75 By 855
4k > VVS (Very VerySmall) ~ VS (Very Small) ~ S
(Small) ~ M (Med) ~ L ~ VL ~ VVLZS o

PR S AR M B T A AR S - AT
PR HESR 5 Maddani max-min - WEAIECE
FHVE AT -

4.1.5 EMBOEREES

SOEDL B (S HMPCIE %
1155 8 T 2 5 B b R L 0 S5 BL(MPCT)
BiERs o BIANE I E T T B
15 R A2 5 7K 38 4 11 FE M P CTZ
{8 > SEHE I B0 T TRAFAR T4
B - SR BRI R SR - PEER
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Multi-Objective Optimization Design of a Permanent
Magnet Brushless Motor Based on Integrated Fuzzy
Logic and Taguchi Method

Sheng-Wei Zhan'  Jenn-Jong Shieh®

ABSTRACT

In this paper, based on integrated fuzzy logic and Taguchi technique, a multi-objective optimization
design with finite element software Flux2D for the car windows lift BLDC motor is proposed. The proposed
method not only can improve motor performance, but also can reduce use of magnets and maintain at rated
torque significantly. Finally, the designed BLDC motor is further studied and compared with the traditional
brush DC motor and BLDC motor. The results show that the designed BLDC motor has better performances
than traditional brush DC motors in car window lift application indeed.

Keywords: permanent-magnet brushless motor, finite element, fuzzy logic, Taguchi method.

'Professor, Department of Electrical Engineering, Feng Chia University. Received Date: August 17, 2021
*Postgraduate, Department of Electrical Engineering, Feng Chia University. Revised Date: October 1, 2021
* Corresponding Author, Phone: +886-4-24517250, E-mail: jjshiech@fcu.edu.tw Accepted Date: October 19, 2021



