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A Study on the Topology Optimization in Magnetic Fields
— Comparisons Between the Density Method and the Homogenization Design Method

Jeonghoon Yoo

Key Words :  Topology Optimization($} 33 & 3}), Magnetic Fields(A}7] &), Finite Element Method(+r
g2 A ), Density Method(Z2 =% ), Homogenization Design Method(# 2 31)

Abstract

The density approach and the homogenization design method are representative methods in topology
optimization problems. In the topology optimization in magnetic fields, those methods are applied based on
the results of the applications in elastic fields. In this study, the density method is modified considering the
concept of the homogenization design method. Also, the results of the topology optimization in magnetic
fields by the modified density method as well as the homogenization method are compared especially
focusing the change of the penalization parameter in the density approach. The effect of the definition of the
design domain such as global/local design domain is also discussed.

1. M2 $n a0 ©e Asd BAAE Toko 4l
Fgad AEyel ¢ A WeE 239 2
& 279 Esh gl #ARgus o2y Ad

91 4+2 & A Al (topo timization)= ZFEY A =
e i opology optimizaon)= & °ﬁ;§, of gested Be AFAZo| o] WG o] &atn
sl 7+ g Wy slE EAL AAwE Ak Y ASA BAE FEM AR o
stel Folz BHYS9 Agzde] BE 34%14 dspetel S AAE b fod H2os
d AAARE EEHE Adeld, oE WEHH :E"’J ‘%ﬁ%f%}” AT d7sel ees) A
27, FARAARA ) 229 ARAA LR ST
A Agon e AuAAns dhee  JA% A4AAse wge 9T a4 3
= Bendste® o] &) Aty gAsky  OFs, 59t%, AT L-“:— TEAA FA A

(homogenization design method, HDM)¥} SIMP(Solid “EJ‘“” HEgoldE nll FIFe 2A 27)%
Isotropic with Penalization Method)® 3= OMD(Optimal ~ & EAI7AA 2 28 o] #Fga .
Material Distribution)?© 2 2275 3= wEwo) v A713Ue F28o AH A3 o] Pz I
2] Atesich o] WA Hggo] Foutrn Hzo o
FRAHNL Cheng® So ol AANHAY 2A ZA3Pe HLo| I AT Futs] o]F o
G Aol AsKrelaxation)2t EA A &F I Qe )
871 98 £ WAL AAn AAE oz A1 e F2Ed gt ZEHS HET
AAdae olgHos Page nrase 2a AT & 82E FWAdsoropic)d] AR 157
Hol & 7k tEEe A7) F I8 (magnetic

T3, AAstn ATy permeability)S ZHA A HE=Z Ao 2AnA
E-mail : yoojh@yonsei.ac.kr (orthotropic)ol LB EE EAlolE M gof o]y

TEL : (02)2123-2859  FAX :(02)362-2736




; global design dormein
X

periodic microstructure t cell

Fig. 1 Concept of the topology optxmlzatlon

T AEdE HAHE FYsie
= QutA Q] e ao FEa9
2 ¥ 4~ (penalization parameter)¥] Zkoll
AgmAY A7 FA] A Lof
FA9 vlR7IA R 24 ?éEi £
2438t HAE FAstq ¢

2 ATNE 2713 wel TRl A4H
sol glojH AEHel 74 FFHY AAE

T 5 gt PAe AYRLA W EW By
A el ALt Asst 2T o9 4
JHH 5] 2HE waste] A7F B Px

o HHz BAL BHIYG Yo T2Bel aw

A FAS EAE ZeAE U8 Bzt g

= 7 "|

o

]

2. fAeEHHA L W

Fig. 12 72 HE S A48 299 A7 3
229 A3HHPLAY MNEE Jdepda Aok
AdE Qo AARYE 1ol Jo AFL=7}F 7talA|
% Tyl = Neumann©|Y} Dirichlet B A|ZH o] 2 &
Hoh A9 Y = agdM B ﬁz%n H
gAY Fite sz o] Ab3ldiscretized)H B ZHzh o)
84 349 S d@nit celh)= T?‘QQE} 2
E x(x/x2)e wla2g JgdAe HEEL Ry
AHpyly2ye vlolag dgdAre HEFHE HTA
Eig=3 ﬂéi}%ﬂ*it Zyzvol AL Fig 10
Vel A E Tkl FY(hole)E 7FAH o]

:rL

e

o g79 Amyl AAEEs} Hrog o]gzﬂ,c‘q

AR AFE Fadelt £, % p 8 4

7t A Ae] gdAry Txe & u FHs) ol

Eol W& HAAdY QF FASE ZH4e f3a
o 5 L=

H A F

s Pl @ A7 371
x,
H 0 0
Eijk] ’Yl _[[EW Eg ay: }y €))]
a_ | )
p =m1pody @
UM pf e 27 #ASE SAse dng,

A

wslag EASE = 1 2dg tepd
c}. z© egdel ME Yehs o]},

AN Free fgARAS YolE w
A% A ANFHE) ke FAFAAM A
Aol BT g4, & AR A FEREo D
% o 25E AVNERE 4L Thee Ao
A4k 0D

= s A
EAgs

% 4 3)

"= [y + [ 1, >,
A71el A EATST yo @94 ANA Z
I (magnetic field strength)E e}

YEYP S ALEE Aol dHde sdel
SE5A o HAANre Wa2d HdA4 498

b3

d

IU

FAEE g3 2z WAwyl Ak gajAle
E}»/Hy:“_/r_.z_— g}. GL uﬂ 7# 9’_/\4 /\%71 2= =
Q49 WA g 3ty g Aoz vehd,
E=Eyflpr) @)
714 = AT e ggoly piz WA
FE L}E}LM Wk oA Mo g 47
A po Ee dWrHoZ 243 ARG
Beg ol AV FEHREL thFo AS of
& Ak
p= o1+ (g, - 1) | (5)
AZNM oy, p, 2 T A E A o] b2 T

3} Aol 2F7) 2B (relative permeability) & VFERH
o WAwSe e BAN S vs 24 Av
o gho] dwbH o7 A& Y

7



372 sy

A7 ?5‘-%9] A Asle] Aol oA
7189 BEEE A3 AS Y AAne
7AR& A ol EI}J—P(wave -guide) FAolAe} #
o] AR AnAo] nyHE A F,x 5z BF
22 A2 9& AFEIHEoY AVEHEE
(electric permitivity)& ejsle ZA$9) HLo) F
ezt =g Fgof wet ol ¢ W
ol 3715 Atdel ARFozH ALAR ¥

R ﬂé%‘o} 7bed oz wadd. o
FARL AR Na 229 T FYL
Astn 2 2718 AANTE AASE FASY

9] MEE Agstd dxye FAHAG. Fig 28

A 2o 9% 949 &L RAFDT ¢
oh AANSE x p 2 $HoR THY AV
d, dy d?} H olo] mE g0 WEE gy
Zol EAET)

p = poll-didyd) )

A71N & AAZY LEE YEdd. A 6)&

aejstey FEo 77t 0 4 WY AAZY 2E
Ei1o8n ¢ 0 4 (5)E BEHE 849 A
FHES g 2ol ved 5 9l

p = o+, 10" |

U]
= ﬂo[l +(l‘r - 1)(1 ~didyd, )ﬂ]

29
}oj ,q

$o) w3

I} FAEo) oFh AR EAMH|R
‘Za”?} upo} Zo] HEHE o]§E
G e 2-49) #E A8ET Yok

o He b
r2 ¥

rE

2,
ot

ED X

0.8 //
0.5 3
c.4 7 .

4
’
-

——Et
s 0RO SItY{ D=2)
> = _=tensityip=3)

*

2.0
0 0.2 0.4 0.6 0.8 t

element density

Fig. 3 Elastic moduli according to the element density

permeability
5.0000E-03

4.0000€-03

3.0000E-G3 | / /
OWXE-G | / rf//

0 02 [ 0.6 08 1
element density

0.000C€E 00

Fig. 4 Magnetic permeability according to the element
density

Fig. 32 2= #23gd g
Hslg aso dxrwsly ua} ;»m
o YT g olgd A% Wiy
AAHADL ARG oj&F A
o me & %ké 2= %374]?
e EAEm gl =
A A2 %’-"roﬂt %’E%’oﬂ wE Avel gz
Hell 23 Ax}r} vled A8 BoFa 9)
Fig. 45 AA715280] 400020 =3 A o
s A7EaE wge B3 E 849 Urwl
wel 2R &X‘i}B‘OE e )X o)n
D=y AFEEE HARMSE 05, 1, 2, 30tk &
Az A= 584 1}!%‘3 71738k A7) &
#gL Asgc :L%MIH Boizle wiel Zol
B4Alre Asos g2 HAWLst ) Be
052 o FH3H »}9} Hl g AYE Hol

2
o o 2=
-T'—M!:!'E‘ELTS&



2173 W] A3HX s PP A AT 373

b 2Hy

F =N
b
for

|X-|
S

4.1 =™zt 2H 2 A3

g Az FAlE F£2 duAy oz
a5 H¥dro Hdyae 43 ‘:-4 A gk
Aoz FAd AA 49Uy Ay Y
& AZ9 ¥3¥(saturation effect)E 112 3}
tge Aog I}

L f Bdde
= % LB’ mBarv

Al u(B) = FHAYE 2l dtol
(magnetic flux density)?] &2 EZHE Ar|E3E
olt}y. #Ag o g MANM o g & (3)
s AlEY $HEY Ldxy g3 He= 7
840 gro wat A (7)o A AMEA Frt
U] #AF N, AF L AS v & o8& A
7l A E oAl g Aoz B8 5 Qo

gk
o

W= %NI v (9

13 7289 ALHARE dAstq A
Agg AALGY A7 AE Hohstst
o2 A AAGHY FAAG 21S

gigte] HAs FAE ohEF Zol Yehdt

maxxmlze Luie = My
ud (10
subject to Zve >V

e=1

el AHolA pe AANST HEE EANST e
= A71H 7 & 2}o] 1 2 (magnetic mean
compliance)8 YWERHTE 2] (10)0.2 vERG FH A
3 FAE s A v I A" ghole
2 AAQLY Jo Lol AUyt HE F2ES
A = ol AEdRY gtz dAd

ﬂ,

ol A AAdse] ghe AL
S g WstA ®lcoh
g &2k A3 A9 ¥ (Sequential

linear programming)S.2 HA 9 AA WH4+E A7
Hog 37 fEAE “74]5";‘7—94 WsheFel] wE
EXgao Atz MEEs vl 973 E
Aito) G o)

5] AL g oz HARE F
9 A] of| 1 A (total potential energy)& o] &3] T gtc}.

== _[BT -——de NIy = —%IMMC (11)

A anel Yvebd AW ArHE AZeold
g Hogste BHgrE ¥ Hilﬂlhixl%— Hi

stabe AF 2E ognj2 g F YA A
o AAES) Wl g NgE % Fatd o
% 2t
T (g7 L OBy, Lipr [ ]B
oD y(B)aD 2 D\ 1(B) (12)
yveid
aD

Aol Aoﬂ ol m e zq 243 A EE OoT)
2ol Uerd & ot

[#(B)}B
2.[/ [ap y(B) 63[ EB)]Z%}MV

o887t AANA A7) F e
< A (D ol BAHD dARMEE 7 9o
T 2718 BAEEd, dy d;7F Atk o] B4
of 4 (13)e8 ZAE FEE Addstd o5
2ot

O, 1 (gr| 0 1 ,Of L \oB
ad; 2 LB [6{1- @) aB(y(B)] ad, }Mv
L 6;1(3)/611 L0 [ L \2B |5,
2 u*(B) B u(B))od,
IBT[ M~—1);;(1 dd,d)PCd,d,) (14)
P

o( 1 \aB
A L R} P
+53( ;I(B)J 20, 1B

i, j,k=123 and i# j=k

ar,

1
oD 2 a3)




374 #

g
core

air

(a) Cross sectional view of an H-magnet

y 4
I,
core
1Y air cail I,
T, X

(b) Quarter model for analysis and design

P T T F——F

ry

,
e )

T
ANy

SREaS
H-+-11

1
[
-4

L

Wi

i
LT

(c) Contour of vector potential

Fig. 5 Shape and analysis of an H-magnet
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Table 1 Comparisons of the results by HDM and the
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