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A Elicitation of Polynomial Equation of Thrust Coefficient for Linear Synchronous
Motor by Experimental Design Method
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(Jang Ki-Bong - Pyo Se-Ho - Kim Gyu-Tak)

Abstract — This paper deals with a polynomial thrust equation of a permanent magnet linear synchronous motor that is
considered by a skew and overhang effects of permanent magnet. The skew length, the overhang length, the width and
height of permanent magnet, the teeth length and air-gap length which effect to the flux density of air-gap are selected
as variables of the polynomial thrust equation. Polynomial thrust equation is elicited by the 6 parameters. The results are
satisfied that the values by polynomial thrust equation are compared ones by using 3-dimensional finite element analysis

and experiment.

Key Words : Reduction of detent force, Thrust coefficient, 6 design parameter, skew and overhang effects of permanent

magnet, experimental design method
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Fig. 1 Prototype machine
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Table 1 Specification of analysis modei

Item Sb%r{l Value
g:r?;(i:léal magnetic flux B, 136 T
Height of PM Im | 9.0 mm
Width of PM Wom | 265 mm
Stator Pole pitch 30 mm
(gglirtlft g;zvh I:SS]is;c model N 0 mm
of PM moed\:{overhang 110 mm
Basic model 0 mm
gnvghha{)%m Skew-overhang Lo
model 4 mm
Turns per Phase 304
Height of teeth he 1%?3
Length of teeth Weorel 93 mm
Aot [ Width of teeth we | 14 mm
Slot pitch 40 mm
Rated current 1 653 A
Mechanical air-gap le |14 mm

22 3%4 wotes dAda 2 AEF uE

2% la)= LSMY HREd, :4& 5437 Ha
Hlelth. HeEHe] & ReAdlAxs: CAS, =d4%:
SB-20L]9} & %g IAAZ AAH Sl &y HE=E
of AN, v T F& FA Auld 13 Azlen,

g2 AAH gle ey MER F Fel g9
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Detent force(N)
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Fig. 2 Detent force
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& ke AR A4 AlAz=AE CAS, ZaW:
SB-200Lj2 w& & A 9 l‘% Hdey 34 493 4

A=y
1000
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N ‘q - Basic model simulation vaiue
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Basic model
Skew and Overhang model

Normalized|[%]
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Harmonic order
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Fig. 3 Thrust and harmonic order
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Table 2 Design parameters and variable range

Item Symbol Variable Interval
rangelmm] [mm]

5 4o lg 06 - 22 04

AR Fol lom 8 - 10 05

G 7R oW Aol lon 0-4 1

2 do] Weore 91 - 95 1

AR Z Wpm | 255 - 275 05

ATAA 25 Dol [skew 0-20 5
32 MEAEH

218 A 8 ¥ (experimental design)& AF<e EAdo dITS
nzE g 7R A A(factor)E HAAEL o5 TAE
SolR 7] 93 AgLe HAAsle HAY AxzxAE Hob
e A% U oudy AdAFEH S AundEs v=
2 3, Axg oW Ax7E oW & LY BE <)
Aol o] e Z44 e E AHE Rt A mu
gae Z gol Hmrt HA W fTEe ¥& iolth F,
oW o My 2 G HAA p&Eo] 2 3AeH
et e 2 FAEe gl AusgdidE oj&stA HA o
o AF glo] H49 APz Y HEE AS F A
= Wojth B E=EAE 6719 AAE Y fFoE
8¢ 34 6°=7776
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Table 3 Orthogonal Array

324
lg Iom loh | Weore | Wpm | Iskew Rl
3| A A [N]
1 1 1 1 1 1 1008.31
1 2 2 2 2 2 101252
1 3 3 3 3 3 1004.55
1 4 4 4 4 4 931.22
1 5 5 5 5 5 935.01
2 1 2 3 4 5 799.43
2 2 3 4 5 1 996.84
2 3 4 5 1 2 1005.12
2 4 5 1 2 3 946.12
2 5 1 2 3 4 854.13
3 1 3 5 2 4 844.8
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Table 4 Torque for all levels of all factors

Setting
of 1 2 3 4 5
factor
Tg 988.3 920.3 360.8 808.7 7625
Tom 860.4 8675 872.3 872 868.3
Toh 842.7 854.7 871.3 830.3 891.5
Tcore 850.8 860.5 865.2 8781 | 88859
Tpm 8739 869.1 865 865.1 867.4
Tskew 932.7 912.9 882.9 837.8 774.2
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Table 5 Overall Mean
Ta’ue
M(overall mean) 868.12

Hit BAg BN dd wed uE BIHE
868.12[NJeleh. o] 9 FHgg ol &3t & WFS Z
Al WE FTFHE Hdy] YEAH RARdE AN
o Higg VIESR so FFe Held #A AFF
(Sum of Squares:SS)& ol#l 4 & FaA ATt

58 of 1, —52(T —-m)®  (ANOVA)

i1

SSE BalA 7 AN Hgte] wek LSMY] 24 F
g gyt AEE e @ 5 Uk dvA AN 94
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Table 6 Effects of design parameter
Item SS AAEST F3¢g[%]
T 4ol 158673 4617
ATAY E9 205 2.44
FTAY 9&1 g o] 7593 9.97
2] do] 3848 7.17
FTAY Z 143 1.82
GrAN AF 2o 76915 324
E 68 dAWSLY 9F%HD 0F 5o AANESd w2
Eze @3 dAe meEe] LsSMH HUFHITE &F
a3tct.
)‘2653}7"] ‘}skcm
o [18.537x1.005 Fom (1350 + W) ~6.59%125 5 %Iy

[0.32341, +1.55]

g ol&3A LSMe HAFHEE &H4A 7
AL FE 24 HHE AP ojF AR

AP st vl ste 2 BEAE FsA.
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Table 7 Compare the results by thrust equation, 3-D FEA,
and experiment

Items [mm] Peak Thrust[N]

lg |lpm| loh (Wecore|\Wpm| Iskew | FEA |Equation Erile)rf?
06 910] 93 |265] 0 |1032.63] 1033.86
220910 93 {265 O 796.22 | 797.30

14|85, 0| 93 |265] O 895.80 | 898.06

14191241 93 |2656] 0 930.29 | 926.44

141914 93 |265| O 951.13 | 952.58

141910 93 1265] 10 848.1 848.89 | 8448

1419101 93 1265] O 399.99 | 900.30 | 896.51

1419101 93 |265] b5 832.41 | 879.74

141910 ] 93 [265] 20 | 73442 | 73965

141914 93 1265 10 | 89882 | 901.16 | 89567

141910 93 |265| 25 | 64891 | 649.26
06 9101 93 |266] 10 {97970 | 97481

119512 92 | 27 5 957.93 | 959.66

11910 93 1265| 15 | 85381 | 83941

18910 93 [265]| 5 830.40 | 826.36

1819131 93 |265] 15 | 79544 | 791.96
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