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ABSTRACT

The objective of this thesis is to propose the development of the moving nodes technique
for applications in the shape design optimization of an electromagnet having a smooth pole face
in order to maintain the magnetic flux density constant in a specified air gap region. The design
problem 1s defined as the two-dimensional magnetostatic problem. The concept is to develop the
design program based on a combination of numerical methods. The magnetic flux density is
calculated by using the finite element method, the optimal shape is calculated by using the
deterministic and stochastic optimization methods combined with the moving nodes technique
along three axes, e.g. moving in x axis, x and y axes, xy axis. In this thesis, two developed
techniques of moving nodes are proposed, the cubic spline moving node technique combined with
the triangle reshaped mesh algorithm and the cubic spline moving node technique combined with
the automatic mesh generation algorithm. The smooth pole face can be obtained by using the
cubic spline moving node technique. The appropriate triangle mesh at pole face can be gained by
using the triangle reshaped mesh algorithm. The automatic mesh generation algorithm can be
applied for the various models. The comparison of the optimal pole shape with various values of
magnetic flux density using the developed techniques of moving nodes and the use of
deterministic and stochastic optimization methods are also illustrated. Moreover, the design

results including the effect of nonlinear characteristic of magnetic materials are also presented.
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<4 1 =

flendundnvziludoyalumsimdouiigaaimuizan dmsuuuuaTamadnidumsldaim
1 e < éf b7 < A Y aa
1z (probabilistic rules) ithiugnilumsidmaiionnzan  lumanguiud)3suuy
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Optimization Method

A7 .
Deterministic Stochastic
Quadratic Extended Penalty Function (QUAP) Genetic Algorithm ’

Ui 2.7 msduunnguIsmemainnnzay

2.4 MIMMNHINZ ULy Quadratic Extended Penalty Function (QUAP)

Taom l3smsmamminzauuuuiifouly (constrained optimization techniques)

¥
=]

o Y a o1 ¥
annsoda eglugdaumsndiasnaas 1daatl

Minimize F(x) Objective function 2.1
Subject to
hj (x)=0 J=le,m equality constraints (2:2)
21 (x)=0 =l inequality constraints (2.3)
x,‘-[’ Lxsxl I=lan side constraints (2.4)

iie % il i) Hugnisesnuuy nazidouludauls (side constraints) 1
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4 ! as " o i 2 ' 5
panuuuiianvzileanuns ldadndsidu 1y biTdn1enonm (non-physical values) M3
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uﬁilmnmuﬁau"lmmw:mmsmaﬂm”lﬂ&ﬂuﬂugmﬁ‘luﬁﬁau lay (unconstrained problem) klﬁ
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= 1 9/ . .
L MIMINANWUBINIIWAUY d (search direction)

g

o c; & v - .
Mm3fmuavuIATzeznIndsuaaun 1 lunamig d (step size)

!\J

. ASMIMIAUTANITUIUMSIIR T 1nauNuau3 1A (convergence criteria)

[FF]

tg Y| a 9) o v q' 9 s (0) w 9
VUABUITMITITHAUIINMIAIMUAANTUAUVBIAITPDNILY X HOSDIAYUDUD

A o o = ' 1 o :1 o
nnvaiE i slTunlasualmilasnsyie q asgduuvaums

x(‘?”) :x(q)+aq d(@') (2.5)

A o @ a : a 1 9 o 1 d’y
e g lﬂuﬁW]‘Uﬂ'ﬁVﬂ“}ﬂ d lﬂuﬂﬁ“N‘UﬂQﬂ]Tﬂ\H‘U'\ e o !‘]Jllﬂ'l‘ll'l—l'lﬂﬁ'ﬁﬂx‘ﬂ'lﬂﬂﬂﬂd

innoun 1 lunania d

Estimate initial design x©

<

Iterative process

Q

Determine search direction d@

3

Update x'D using d@ and o

Perform step size o,

Satisfy convergence criteria ?

Yes

= & o aa o
51 2.8 Tuaeui llvesiTmsmamimunzay
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(status of constraints) NyAveniUY gl 2.9 venivldilansudeu’ly g, (x) vzmia
vinuieenuuuiduuTnundulyl (feasible region) nazuSoaiiiulyhild (infeasible

. Y : do A o W & a dﬂ
region) AdtuamuzvearanTuReu lvaunsoinua ldaei

1. WansuiTouluneni (active constraint)
fandudou’ly g, (x) <0 Suadilanuzieniviivneeniuy x@

i g, x?)=0

fo A Y - = . : .
2 Wenwmau lma‘uuanml (inactive constraint)
Handudeu'ly g, (x) <0 Seniiianmzduneniiiisaeonuuy x@

i g, (x) Tautluamiuie g, (x(@) <0

3. 74 ﬁ%’uﬁau"lm"lﬂamw (violated constraint)

Handudou'ly g, (x)<0 Foniianuzhloaniivaeenivy x@

i1 g, (x) Danfluwimivde ¢, x(?)>0

4. Manguigou'ly £-nonny (& -active constraint)
o o 4 = §
Handudeuly g, (x) <0 Fonhiianue e -ueniivliiyaoenuuy x@
N g xD) <0 ud g, x?V)+e>0 150 &> 0 Huanios

& Y ' 3 o a a g
cﬁdllﬁﬂ‘aq']ﬂﬂﬂaﬂ“ﬂﬂ@g:lﬂﬂﬂﬂ'llaumlﬂ‘ﬂadufnm’ﬂ!ﬂuvlﬂ lﬂ
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HUD b g (x) <0 1§ g (x)+&>0 dlanuz g-neniil  Nigavenuuy ¢ g, (x)=0

wilanuznenid  fvaeenuuy d g, (x)>0 szlaniuzlTaan

d, vinadihe T b

gx)=0

g *a  Winumiulllg E
: : gx)+&=0

31 2.9 anzvesilansudoulvivaeenuuy a, b, c 1az d
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(penalty function) Mg lumenvesilangudou lutisny msdmuazduvuvesilansuiivead
P vzidenldvannishisenin SUMT (sequential unconstrained minimization techniques) 111
QUAP (quadratic extended penalty function) TAgHi3100ZIBUAAIT NITMIAANIVEINTHIIN
4 . 4 2 oz 2 i 5
HAZYUIATZOZNINABUATOUN  VURBUNAIAYIUABUNIIVBINTMANIMINZANAD M3
) ' 9 o c}y 4'1 c;l - :
MNANWUDIMINAUDY Hazmsimuavnaszeznndsandoun W lunsmain lupsm

NANIUBIMIWATINITMIAN 9 naasaagdii 2.10

Search Methods

Zero-order Methods First-order Methods

J G - J
Direction Set Methods
POWELL Algorithm

Conjugate Gradient Methods |z | Variable Metric Methods I
PR Algorithm BFGS Algorithm

U 2.10 FTMsuuuaN A dmsumsmiiamaveanswad

v ¥ v '
FnmanlasugdunnTasndanms sumr ddlumsmammmzaunuuiiteu Tulay
= a ) Woiad y & 2 o 2
msasugtiuvaumsdulidunoy hiddeu lvastuaeunisyiauveaTdsunsy  sumT
[ { o 3 - ° @ §
code naad ldAszUN 2.1 veiuI@iihizmsnierilansualszasd @unsi 2.1) uas
.. 4 ” 4 .
Handudeu'ly (@umisii 22 waz 2.3) wsmiduilsdsualszasdulasgzimsmmua

fanFuiiuead P Neglumenveailansudonluiisruasauns

(D(x,r):F(x)+P[h(x),g(x),r] (2.5)

¥ v

- U - L4 o A = =S g = | - 1 ' o  as ° :
e ridusmsilimesvesilansuiivead FadesiilsunldoumInilunndrdumsg ns

° @ o A c:‘ o ¥ ¥ ar as o a - e:i"
mvuagduupvesilanFuiueadannsonir ldnasdanyuzawaaagii 2.6 Tuinoiinuii
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P [h(x), g(x),rp,r;, ]: r}, Zl:gk (x)+ "o i [hj-(x)]2 (2.6)
k=1 =l

it grlx)<e, 2.7)

Y o . [g’f(")f-{g"(")}?; it g (x)>e, (2.8)

Ee

o W = " = S a 9 9 v g - J o o o : 91 e

Amualy », idusmnniineinsududieanios 4 nazmudunniwumsid Tasldem
a " = a a 0 o o o ov

AUy (y>1) ry iusnsiiimesiisududisamn 2 nazannandwumsig lasly

M y (7' <1) uazdmuali &, Humavanies 9

Identify:
Objective function [/ (x)
Constraints functions h(x) and g(x)
Design variables x

Estimate initial x(, rp(o), r’P(O)

Iterative process

Perform @D(x, Ty ¥
using SUMT

ke

-

Update r, @D =y r @

rgtl) = et (9)
"p Ty

D 3

pe

Minimize ®(x, r )
using unconstrained

Update x(@D) = x(@ 4+ aqd(?) :

minimization methods

B

R

Satisfy convergence criteria ?

P 2 ! a4 M
gﬂ“ 2.11 ‘U'Hﬂauﬂ1i'l’!1?]—]ﬂlﬂlnzﬁuun‘UNN'ﬂu‘]‘UﬂQU SUMT code
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2.5.2.2 Two—point Crossover
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b (x, _v)= a+bx+cy (2.14)
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: ' " 1 d g =y [ o o
ms1ai 4.1 Yoyamarunmmindunsanimdn luuSnuse s D ¥eadT Inua

IAADUNIULIANAMIUINY X

1 B, ugesiema D i ldninmzsenuuy (1)

Samuniil | musudu | B, =033 | B, =034 | By =035 | By =036 | By =037
131 0.3941 0.3298 0.3398 0.3502 0.3621 0.3696
133 0.3976 0.3303 0.3402 0.3518 0.3639 0.3699
132 0.4014 0.3294 0.3395 0.3488 0.3614 0.3699
135 0.4034 0.3289 0.3392 0.3478 0.3604 0.3704
134 0.4063 0.3296 0.3395 0.3485 0.3618 0.3695
137 0.4075 0.3289 0.3390 0.3473 0.3611 0.3697
136 0.4096 0.3306 0.3401 0.3496 0.3632 0.3689
138 0.4108 0.3305 0.3400 0.3494 0.3635 0.3686
130 0.4114 0.3318 0.3410 0.3509 0.3642 0.3685
99 0.4130 0.3327 0.3417 03520 03651 0.3683

milansuosfiqn | 142E-05 | 6.12B-06 | 244E-05 | 9.23E-05 | 8.99E-06

m5af .2 deyamammiudunsanimanluuinutesena D 935 Inua

AABUNUVVIANAIIUIMINY X —

M B, luseainernma D #ildvinmseeniuy (1)

Samun | miTudd | B, =033 | By =034 | By =035 | By=036 | By =037
131 0.3941 0.3300 0.3409 0.3497 0.3610 0.3687
133 0.3976 0.3321 0.3444 0.3525 0.3649 0.3719
132 0.4014 0.3313 0.3415 0.3506 0.3621 0.3720
135 0.4034 0.3318 0.3424 0.3513 0.3630 0.3737
134 0.4063 0.3320 0.3408 0.3506 0.3620 0.3731
137 0.4075 0.3318 0.3406 0.3504 0.3617 0.3739
136 0.4096 0.3328 0.3404 0.3510 0.3624 0.3734
138 0.4108 0.3328 0.3400 0.3508 0.3622 0.3735
130 0.4114 0.3336 0.3404 0.3516 0.3629 0.3734
99 0.4130 0.3342 0.3404 0.3521 0.3634 0.3734

ﬁwﬂqﬁ%‘uﬁanﬁqﬂ 6.29E-05 | 2.97E-05 | 1.752E-05 | 7.59E-05 | 9.47E-05
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y ' ' ] @ ¢ a ] a.
M3 4.3 Jeoyamnnumuimindunsanimanluuinuyesoima D veeds Tnua

IATOUNUUIANAMIUIIAY Xy

M B, Tugesiwema D Ml ldennisesniuy (1)

Sannnii | MEuAY | B, =033 | By =034 | By =035 | By =036 | By =037
L 0.3941 03303 03432 0.3510 0.3625 03722
e 0.3976 03318 03458 0.3520 0.3651 0.3730

132 04014 0.3309 0.3425 0.3505 03616 0.3710
135 0.4034 0.3307 0.3428 0.3505 03617 0.3706
134 0.4063 0.3320 03415 0.3499 0.3605 0.3703
137 0.4075 0.3315 0.3413 0.3500 0.3600 03705
136 0.4096 0.3335 0.3407 0.3494 0.3600 03693
138 0.4108 0.3337 0.3405 0.3493 0.3596 0.3695
130 0.4114 0.3347 0.3402 0.3488 0.3599 0.3680
99 0.4130 0.3357 0.3398 0.3483 0.3598 0.3670
miladsuliosiiqa 9.14E-05 | 6.27E-05 | 1.069E-05 | 3.82E-05 | 2.93E-05
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o ¥ ' ) Vg g a ' ade & =
FIIINN ALl ‘Uﬂ%aﬂ]ﬂ'J]”Ttu]“uu!ﬁuuimﬁ“!”ﬂﬂ]uusnm‘h’ﬂ\ﬁ]]ﬂ]ﬁ D 19935 lvua maaun

UUY T @Iy x

M B, ludesiuerima » #ldninnisesnuun (1)

S | s | B, =033 | B, =034 By =035 | B; =036 | B; =037
131 0.3941 03315 0.3409 03511 0.3592 0.3691
133 0.3976 0.3337 0.3433 0.3537 0.3624 0.3721
132 0.4014 0.3315 0.3415 0.3514 0.3603 0.3700
135 0.4034 0.3319 0.3419 0.3518 0.3612 0.3704
134 0.4063 0.3309 0.3416 03513 0.3603 0.3704
137 0.4075 0.3306 03414 0.3509 0.3601 0.3700
136 0.4096 0.3306 0.3420 0.3516 0.3605 0.3715
138 0.4108 0.3303 0.3419 0.3514 0.3603 0.3714
130 0.4114 0.3306 0.3425 03521 03610 03726
99 0.4130 0.3306 0.3429 0.3526 0.3614 0.3735

rilafsuniooiian 241E-05 | 443E-05 | 3.829E-05 | 1.13E-05 | 2.88E-05

y ' v ' c a ] ade 4
M A2 deyamiauiudunsasimdnluusnusesenia D 13T Tnuamaeu

MUY 1 QWA x - y

DAWUNN

M B, luvesinena D Aldnansesnnuy (T)

Ay
ANTUAU

B4 =033 | B;=034 | B;=035 | B;=036 | B; =037
131 0.3941 0.3300 0.3409 03497 03610 0.3687
133 03976 0.3321 0.3444 0.3525 0.3649 0.3719
132 0.4014 03313 0.3415 0.3506 0.3621 0.3720
135 0.4034 03318 03424 03513 03630 0.3737
134 0.4063 0.3320 0.3408 0.3506 0.3620 0.3731
137 0.4075 03318 0.3406 0.3504 0.3617 0.3739
136 0.4096 0.3328 0.3404 03510 0.3624 03734
138 0.4108 0.3328 0.3400 0.3508 03622 0.3735
130 0.4114 03336 0.3404 0.3516 0.3629 0.3734
99 0.4130 0.3342 03404 0.3521 0.3634 03734

fiﬁqﬁ'%'uﬁaﬂﬁqﬂ 6.29E-05 | 297E-05 | 1.752E-05 | 7.59E-05 | 9.47E-05
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1 ' " ' a g = i ade
M319N A3 Jeyamimmuinduusasimanluuinugesoima D veads nua

AADUNULY 1 MUY Xy

aa o
| BOIUNT

- B, lugesinema D fAldinnisesnuny (T)

oAy
ANITVAU

By =033 | By=034 | B; =035 | B;=036 | By =037

. 131 03941 | 03295 | 03391 03493 | 03601 | 03703
e 03976 | 03315 | 03416 | 03521 03641 | 03745
132 04014 | 03306 | 03412 | 03504 | 03610 | 03714

135 04034 | 03311 | 03426 | 03511 | 03620 | 03730

134 04063 | 03312 | 03417 | 03507 | 03607 | 03706

137 04075 | 03310 | 03423 | 03504 | 03603 | 03708

136 0409 | 03319 | 03415 | 03512 | 03608 | 0.3697

138 04108 | 03319 | 03416 | 03511 | 03605 | 03693

130 04114 | 03327 | 03413 | 03520 | 03613 | 03692

99 04130 | 03333 | 03411 03527 | 03617 | 03688
ailandutloniiqn | 3.19E-05 | 2.75E-05 | 2.086E-05 | 2.79E-05 | 3.5E-05
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M a1 doyadinmmunniudunsanimndn luuSougesena D vea31 Tnua

AADUNIUL 2 @IULINNY x

M B, Tuvesiwema D i ldnnmsesniuy (T)
Bamuvi | Wi | B, =033 | B, =034 | B, =035 | B, =036 | B, —037
1 0.4055 0.3321 03417 03513 0.3627 0.3719
2 0.4063 03317 0.3413 0.3507 0.3623 0.3710
3 0.4050 0.3323 0.3419 0.3518 03629 03724
4 0.4058 0.3321 03419 0.3516 0.3627 0.3721
5 0.4040 0.3327 0.3423 03524 0.3634 03732
6 0.4047 03330 0.3428 0.3531 0.3637 0.3742
7 0.4024 0.3332 0.3425 0.3530 03638 0.3740
8 0.4030 0.3339 0.3435 0.3544 0.3646 0.3758
9 0.4000 0.3335 0.3425 03532 0.3641 0.3742
10 0.4001 03348 0.3437 0.3550 0.3656 0.3765
1 0.3966 0.3335 0.3419 0.3527 0.3640 03735
12 0.3956 0.3348 0.3428 0.3539 0.3657 0.3750
13 0.3920 0.3329 0.3406 0.3512 0.3632 03715
14 0.3861 0.3320 0.3387 0.3490 0.3619 0.3686
15 03919 0.3349 0.3421 0.3530 0.3660 0.3736
16 0.3903 0.3345 0.3414 0.3522 0.3654 03726
17 0.3863 0.3312 03381 0.3483 0.3607 03678
milandunia m‘r‘iqﬂ 0.000187 | 8.68E-05 | 0.0001286 | 0.000265 | 0.000218
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MINN 9.2 deyamauuiudunsaimanluuSnusesena D veads nua

AABUNIUY 2 @MUY x — p

1 B, Tugeaiwerma D Mldsnmsesninn (T)
sanni | Ausudu | B, 033 | By 034 By =035 | By =036 | By =037
1 0.4055 0.3310 0.3417 0.3524 0.3618 0.3719
2 0.4063 0.3306 0.3411 0.3518 0.3612 0.3715
3 0.4050 0.3313 0.3422 0.3527 0.3622 0.3721
4 0.4058 0.3311 0.3403 0.3528 0.3621 0.3721
5 0.4040 0.3319 0.3428 0.3532 0.3627 0.3723
6 0.4047 0.3321 0.3434 0.3540 0.3634 0.3729
7 0.4024 0.3324 0.3434 0.3534 0.3630 0.3724
8 0.4030 0.3332 0.3446 0.3547 0.3644 0.3734
9 0.4000 0.3328 0.3436 0.3531 0.3630 0.3722
10 0.4001 0.3342 0.3452 0.3544 0.3646 0.3735
¥ 0.3966 0.3329 0.3434 0.3521 0.3621 03713
12 0.3956 0.3342 0.3446 0.3526 0.3631 0.3713
13 0.3920 0.3324 0.3423 0.3502 0.3603 0.3722
14 0.3861 0.3316 0.3406 0.3475 0.3577 0.3695
15 0.3919 0.3345 0.3441 0.3512 0.3619 0.367
16 0.3903 0.3341 0.3435 0.3504 0.3610 0.371
17 0.3863 0.3307 0.3399 0.3471 0.3571 0.370
silaiduiasiiaa 0.000126 | 0.000169 | 0.0001405 | 0.000124 | 8.16E-05
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MIA 4.3 deyamimmmuminduusaningn luusnutesena b veedsnua

@ADUNILY 2 MUY Xy

A B, lure4iwe s D ildvnniseeniuy (T)
Banwi | s | B, =033 | B, =034 | By =035 | B, =036 | B, —037
l 0.4055 0.3303 0.3413 0.3502 0.3615 0.3701
2 0.4063 0.3299 0.3408 0.3495 0.3613 0.3697
3 0.4050 0.3306 0.3416 0.3505 0.3617 0.3704
4 0.4058 0.3303 0.3416 0.3502 0.3615 0.3702
5 0.4040 0.3311 0.3421 0.3512 0.3619 0.3709
6 0.4047 0.3313 0.3427 0.3515 0.3621 0.3712
7 0.4024 0.3316 0.3424 0.3519 0.3622 03714
8 0.4030 0.3324 0.3435 0.3529 0.3628 0.3724
9 0.4000 0.3321 0.3424 0.3525 0.3624 0.3718
10 0.4001 0.3335 0.3437 0.3543 0.3637 0.3736
11 0.3966 0.3323 0.3418 0.3527 0.3623 0.3717
12 0.3956 0.3337 0.3426 0.3545 0.3638 0.3735
13 0.3920 0.3320 0.3405 0.3521 0.3615 0.3707
14 0.3861 03313 0.3386 03511 0.3603 0.3691
15 0.3919 0.3341 0.3418 0.3549 0.3642 0.3737
16 0.3903 0.3338 0.3412 0.3543 0.3637 0.3730
17 0.3863 0.3304 0.3380 0.3499 0.359 0.3679
mﬁqﬁsﬁ’uﬁ@ﬂﬁqﬂ 8.45E-05 7.75E-05 0.0001167 0.000104 TE-03
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1 B, luvesierima D 71&nnnisesnuny (1)
e B4=0.33 B4 =0.34 B, = 0.35 B4=0.36 By =0.37
| | 03321 | 0.3321 | 0.3417 | 0.3415 | 0.3513 | 0.3510 | 0.3627 | 0.3628 | 0.3719 | 0.3721
> | 03317 | 0.3316 | 0.3413 | 0.3410 | 0.3507 | 0.3505 | 0.3623 | 0.3626 | 0.3710 | 0.3718
3 | 0.3327 | 0.3327 | 0.3419 | 0.3417 | 0.3518 | 0.3512 | 0.3629 | 0.3629 | 0.3724 | 0.3723
4 | 03321 | 03325 | 0.3419 | 0.3416 | 0.3516 | 0.3511 | 0.3627 | 0.3629 | 0.3721 | 0.3721
5 | 03327 | 0.3302 | 0.3423 | 0.3421 | 0.3524 | 0.3516 | 0.3634 | 0.3631 | 0.3732 | 0.3727
6 | 03330 | 0.3331 | 0.3428 | 0.3425 | 0.3531 | 0.3521 | 0.3637 | 0.3635 | 0.3742 | 0.3728
7 | 03332 | 0.3333 | 0.3425 | 0.3420 | 0.3530 | 0.3282 | 0.3638 | 0.3632 | 0.3740 | 0.3732
g | 0.3339 | 03327 | 0.3435 | 0.3434 | 0.3544 | 0.3530 | 0.3646 | 0.3641 | 0.3758 | 0.3737
9 | 03335 | 0.3332 | 0.3425 | 0.3420 | 0.3532 | 0.3522 | 0.3641 | 0.3629 | 0.3742 | 0.3735
10 | 03348 | 0.3354 | 0.3437 | 0.3411 | 0.3550 | 0.3536 | 0.3656 | 0.3643 | 0.3765 | 0.3751
I1 | 03335 | 0.3331 | 0.3419 | 0.3406 | 0.3527 | 0.3518 | 0.3640 | 0.3622 | 0.3735 | 0.3737
|2 | 0.3348 | 0.3349 | 0.3428 | 0.3419 | 0.3539 | 0.3530 | 0.3657 | 0.3632 | 0.3750 | 0.3757
13 | 03329 | 0.3328 | 0.3406 | 0.3418 | 0.3512 | 0.3507 | 0.3632 | 0.3605 | 0.3715 | 0.3732
14 | 0.3320 | 0.3304 | 0.3387 | 0.3406 | 0.3490 | 0.3490 | 0.3619 | 0.3581 | 0.3686 | 0.3724
I5 | 03349 | 0.3346 | 0.3421 | 0.3418 | 0.3530 | 0.3526 | 0.3660 | 0.3623 | 0.3736 | 0.3727
16 | 03345 | 0.3340 | 0.3414 | 0.3413 | 0.3522 | 0.3520 | 0.3654 | 0.3615 | 0.3726 | 0.3722
17 | 0.3312 | 0.3307 | 0.3381 | 0.3397 | 0.3483 | 0.3482 | 0.3607 | 0.3574 | 0.3678 | 0.3708

4 ' o s a, v o a a aa A
Min 4.5 deyamilinduithmnevesismammnzmuvalanadniazfmeiiadn

[]

milandurioviiga
By (T) alasaan Amaitiaan
0.31 0.0001643 0.0003033
0.32 0.0001086 0.0001489
0.33 0.0001719 0.0001966
0.34 0.0000554 0.0000892
0.35 0.0000759 0.0001341
0.36 0.0001439 0.0002724
0.37 0.0001746 0.0002228
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HUIAY x
_ AT udy 1 B, Tugesiweima D #1&vnmsesniuy (1)
i linear Non-linear | B4 =0.33 B,y =0.34 B;=0.35 By=0.36 | B,;=037
1 04055 | 0.4159 0.3291 0.3398 0.3497 03597 | 03716
2 | 04063 | 0.4167 0.3287 0.3394 0.3493 03589 | 03713
3 0.4050 0.4154 0.3294 0.3401 0.3499 0.3601 0.3719
4 0.4058 0.4162 0.3291 0.3400 0.3499 0.3599 0.3717
5 0.4040 0.4144 0.3298 0.3405 0.3503 0.3608 0.3723
6 0.4047 0.4151 0.3300 0.3408 0.3508 0.3616 0.3726
7 0.4024 0.4127 0.3302 0.3410 0.3506 0.3615 0.3728
8 0.4030 0.4134 0.3309 0.3416 0.3516 0.3629 0.3736
9 0.4000 0.4103 0.3306 0.3413 0.3505 0.3617 0.3731
10 | 04001 | 04104 03317 0.3425 03518 03636 | 03746
11 0.3966 0.4068 0.3306 0.3413 0.3499 0.3612 0.3730
12 0.3956 0.4058 0.3318 0.3427 0.3508 0.3625 0.3746
13 0.3920 0.4021 0.3302 0.3407 0.3486 0.3598 0-3722
14 0.3861 0.3961 0.3295 0.3398 0.3467 0.3575 0.3709
15 | 03919 | 0.4020 0.3321 0.3428 03501 03616 | 03750
16 | 03903 | 04003 03317 0.3424 0.3495 03608 | 03744
17 0.3863 0.3963 0.3287 0.3389 0.3490 0.3568 0.3696
milafguiosiian 2.07E-05 | 3.71E-05 | 0.0000225 | 5.85E-05 | 0.000155
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Abstract

This paper presents the development of the moving modes
technigue for the shape design optimization of an electromagnet which
has a smooth pole face using the cubic spline moving nodes technique
combined with the triangle reshaped mesh. The design problem s
defined as the two-dimensional magnetostatic problem. The concept is
10 develop the design program based on a combination of numerical
methods. e.g. the magnetic flux density 1s calculated by using the finite
clement method. the opumal shape s calculated by using the
deterministic methods. This paper illustrates three techmiques of cubic
spline moving nodex. ¢.g. moving 1 X axis. Yand Vaxis and XV axis.
The results show that the shape design oplunization of an electromagnet
having a smooth pole face and the desired magnetic flux density in air

gap region can be obtained by using this proposed technique.

Keywords : shape design optimization. finite ¢lement method.
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s paper presents the companson of the deterministic and
stowhastic methods for shape design optimization of an electromagnet
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