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Optimal Geometric Design of Transverse Flux Linear Motor
Using Response Surface Methodology

gow & W E -
(Do Kwan Hong * Byung Chul Woo * Do Hyun Kang)

Abstract - Thrust force of linear motor is one of the important factor to specify motor performance. In this study, we
optimized maximizing the thrust force of TFLM(Transverse Flux Linear Motor) using Response Surface Methodology by
the table of orthogonal array. The Response Surface Methodology was well adapted to make the analytical model of the
maximum thrust force and enable the objective function to be easily created and a great deal of the time in computation
to be saved. Therefore, it is expected that the proposed optimization procedure using the Response Surface Methodology
can be easily utilized to solve the optimization problem of electric machine.
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Table 1 Values of factors and levels

Factor Level 1 Level 2 Level 3
S a-2 a a+?2
Sio b-2 b b+2
S c-2 c c+2
Sho d-1 d d+1
C, e-02 e e+ 02
PM, f-2 f f+2
5 g-2 g g+2

E 2 ERmuEE L,,(2'x37)
Table 2 Table of mixed orthogonal array Ly (2" 37)

Exp. | S | Sia | Sh1 | Sha | Cu | PM,| 5, Thrust
force[N]
1 1 1 1 1 1 1 1 164.50
2 1 2 2 2 2 2 2 161.26
311 ]1313[3(3]|] 313 148.97
4 2 1 1 21 2 3 3 181.57
5 21 2 2 3 3 1 1 143.04
6 2 3 3 1 1 2 2 192.85
7 3 1 2 1 3 2 3 168.65
8 3 2 3 2 1 3 1 208.34
9 3 3 1 3 2 1 2 178.34
10 1 1 3 3 2 2 1 151.64
11 1 2 1 1 3 3 2 146.40
12 1 3 2 2 1 1 3 170.54
13| 2 1 2 3 1 3 2 194.98
14 2 2 3 1 2 1 3 170.56
15 2 3 1 2 3 2 1 149.15
16 3 1 3 2 3 1 2 159.28
17 | 3 2 1 3 1 2 3 208.32
18 3 3 2 1 2 3 1 191.34
BSEHEAHS 083 YAS MUHEI| HAHHUA
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Table 3 Variance analysis of multiple regression polynomial
for thrust force

Factor Coef SE. coef. | T-ratic | P-value
Const. |175.04] 1.6458 1.6458 106.356 0.000
Sy 1425 | 05205 0.5205 27.374 0.000

Sy | 088 | 05205 0.5205 1.691 0.189
S, | 028 | 05205 0.5205 0.537 0.629
S | -075] 05205 0.5205 -1.441 0.245
C, |-1867{ 05205 05205 -35874 | 0.000
PM, | 711 | 05205 0.5205 13.666 0.001
S | 338 | 05205 0.5205 6.496 0.007

Sk |-056| 09015 0.9015 -0620 | 0579
S5 1-201{ 09015 0.9015 -2224 | 0113
SE 002 | 09015 0.9015 0.026 0.981
St | -006 | 09015 0.9015 -0.064 | 0953
C? |-120| 09015 0.9015 -1330 | 0275
PM? | -049| 09015 0.9015 -0544 | 062
SE | -080| 09015 09015 -0.888 | 0.440
Model pop | Sumof | Mean | o i
Square Square
Regression(Linear) 7 7380.19 1054.31 324.35
Regression(Square) 7 26.63 3.80 1.17
Residual 3 9.75 325
Total 17 | 741657
225} — s — Simulation
- -+ Regression
210 s
Z 195} N /\
5
S 180}
- !
é’ 165} \ ’
{
150+ .\ '
135 L 1 1
0 3 6 9 12 15 18
Run number

3 4 BHA Y EFYAY Aol ulD

Fig. 4 Comparison between regression and simulation

Y= 175.04+14.255,, +0.885,, +0.28S5,, —0.755,,  (10)
—18.67C, +7.11PM; +3.385,—0.5652 — 2.0155
+0.0252, —0.0652, —1.20C*~ 0.49 PM? — 0.80.5?
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Table 4 Optimal design parameter

DV
S| S | Sl S| G |PM| S
Result
o;;:\r]r:;m 1 lo2m89) 1 {-1|-1{1 |1
SQP Optim
PUMUM o5 110.437] 27 | 14 | 03 | 22 | 19
S1ze
O‘;gff;‘l‘m 1 Jozigel 1] -1)-1]1 |1
GRG Optimum
PUmMUm| o5 110.437| 27 | 14 | 03| 22 | 19
si1ze
O‘}g‘,‘;‘m 1 lozwot| 1 {af-1]1]1
RGA Optimum
PUmMUM| o5 110.438| 27 | 14 | 03| 22 | 19
Size
£ 5%
Table 5 Optimal solution
Method
Objective SQP GRG RGA
Thrust force 216.486 216.486 216.498
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Table 6 Comparison of initial model with optimal model

Model Thrust force[N]
Initial 178.55
ANOM 212.49
RSM 216.48
3.2 B
B =RdME Z24& d¥AF7IE AFsed AolM
AA AgtE AFMe A F4H 3de] AFE BAsS
I, THRARA AR 3ol ;YU A= R U, T
yu|, o], Heo], o} GTAAe] o|FE F2H7A, 4+
A Folal olFA Holel Eo], FF F& AAMAZ
o} AAESe] WA wE 3 AdE dedslr] st
o BHEEUENYE o) E 8 AL FEIA FF
g2 AN F¥o] Hoisk Hrl H3 JAE MY

AE79 P4E dehlle AARSed g 329 34
craAle] g A2z dnelEd SQP, GRG, RGAS 751%
st g HAsek HAHgL Ao FIFHA Eso

g oole APATF AFQ o) EATIAN Bt E°7“?l
AAE Y7 Hst HuadEd FEEHS THA
APAF7AA 2Yst= Fo] Aoyt He HHA=2EE
d& Ass}t 79 dAFATR3)

dAtel 2

2 a7e FFFeds Adr)ed7ast A45
= RFATAYY RAN WANZY AEALY
dgos FYAer oo DA AeA FAE
=gyrh,

HE7|el YN

Trans. KIEE. Vol. 55B, No. 10, OCT, 2006

2 n 2 9

[11 R. Arumugam, J. F. Lindsay, and R. Krishnan,
“Sensitivity of Pole Arc/Pole Pitch Ration on
Switched Reluctance Motor Performance”, IEEE IAS
Annual meeting, pp,50-54, 1998.

[2] Yamada, H., “Optimum Design of Thin Linear DC
Motor with Logn Strokes”, T.IEE Japan, Volll6-D,
No.4, pp.384-389, 1979.

{3 Choi, M. S, Kim, Y. Y. and Lee, S. L, “The
Optimum Geometric Design Stators for a Brushless
DC Linear Motor”, Trans. of KSME A, Vol.23, No.3,
pp.442-448, 1999.

[4] K. J. Binns, “Permanent magnet AC generators”,
Proc. IEEE, Vol.126, No.7, pp.690-696, 1979.

[5] T. Alasuvanto,
Permanent Magnet Rotor Constructions”, Int. Conf.
on Electrical Machines, pp.1034-1039, 1990.

6] A, 5%, Z2=d, A& APHAF7] FIEE
AL, v ddaEdolgussy FASed s
=24, pp.138-146, 2004.

[71G. E. P. Box and K. B. Willson, "On the
Experimental Attainment of Optimum Conditions”,
Journal of the Royal Statistical Society, Series B,
Vol.13, pp,1-14, 1951.

[8] D. M. Allen, “Mean Square Error of Prediction as a
Criterion for Selecting Variables”, Techno-metrics,
Vol.13, pp,469-475, 1971.

[9] D. M. Allen, “The Relation Between Variable
Selection and Data Augmentation and a Method for
Prediction”, Technometrics, Vol.16, pp,125-127, 1974.

(101 G. A. F. Seber, “Linear Regression Analysis”, John
Willey, New York, 1977.

[11] F. Gillon, P. Brochet, "Screening and Response
Surface Method Applied to the Numerical Optimization

IEEE Trans. Mag,,

“Comparison of Four Different

of FElectromagnetic Devices”,
V.36, 4, pp.1163-1167, 2000.

[12] Ruowen Rong et el, "Applying Response Surface
Methodology in the Design and Optimization of
Electromagnetic Devices”, IEEE Trans. Mag., Vol.33,
No.2, pp.1916—1919, 1999.

(13] =4, $93d, Z#=d, “JuudEE o] &3 FHS
ﬂtﬂﬁ}s}ﬂflﬂ P4 AEHFNY HZAAT, g
A7iehsl =82 A4, A11E, BH, pp505-510,
2005.

503



B|APYME 55B% 108 20064 108

E O (EH M
19723 29 2294, 1998 Boldl 7IAF
g Y. 20049 F diEdd ZiA e
EJ03Ah, 20043 ~8A FFAT|ATY
Mechatronics 2 d+4.
Tel : 055-280-1395
Fax : 055-280-1547
E-mail : dkhong@Keri.rekr

sHIABMHH
19639 74 2294, 19899 Fdd AT
g3 &4, 2000d AEAER V1A FTER
E(EA, 19919 ~3A FFA7ITY
Mechatronics 1 & ©%.
Tel @ 055-280-1632
Fax @ 055-280-1547
E-mail : bcwoo@Kkeri.re.kr

4T 8 (3%
195813 9€ 2144 1981¢ ¥d AT
g3 &4, 19963 %Y Braunscheig 3
ZJ(HAD, 1986 ~a8A FFAVATH
AJAT TS @,
Tel : 055-280-1480
Fax @ 055-280-1547
E-mail : dhkang@XKeri.re.kr

504



