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Topology Optimization of an Electromagnetic Coupler

Considering Force Direction
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Abstract

The machine locking system is an important device for the safety of persons using the machine. In this study, a
locking system using electromagnetic fields is proposed to decrease the defects and the cost for repairing and
maintenance of the existing locking system using structural mechanism. We analyze the electromagnetic locking
system and calculate the generated force considering direction by the finite element method. Also, we set up two
design domains for the topology optimization; first domain is optimized to reduce the volume and the other is
optimized to maximize the generated force keeping the volume, especially. The optimal design is obtained by
integration of the two optimized results. An improved design is obtained by the optimal topology and it is
confirmed by comparison with the initial locking system.
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Fig. 1 Optimization process
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Fig. 2 Concept of the topology optimization
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3. Sensitivity Analysis
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Fig. 3 Initial model of the EM coupler
(a) cross sectional view
(b) vector potential plot
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Fig 4. Design domain for the optimal design
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Fig. 5 Optimization results of design domain I
(a) for the energy maximization
(b) for the force maximization
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Initial
Condition
Density
1~20: 0.8
21~26:0.8
27~32:0.2
33-38:1.0

Initial
Condition
Density
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55-6010.2
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Initial
Condition
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21~26:0.8
27~32:0.2
33~38: 1.0

Fig. 6 Optimization restlts of design domain II
(a) maximizing energy with large mesh
(b) maximizing energy with small mesh
(c) maximizing force with large mesh

Table 1 Optimization results of design domain I

maximize energy maximize force
vol. fraction | decrease of | vol. fraction | decrease of
force(%) force(%)
0.3 1.22 0.3 0.82
0.6 0.21 0.6 0.045

Table 2 Optimization results of design domain II

objective maximizing energy maximizing
force
mesh size large small large
force 11.9% 7.9% 26.8%
(decrease) (increase) (increase)

HENENAMBE =2 8/A 23 45,2006 12€

Jdo
o
Fob

42 M3} Anjo| HE
HESE MAYY 2 ABHo|Msl0f siAF
Aot %7| 2HE SHMEH Hjetol RO|E

Table 10 djmstCE
9 03t £= 06t =2
17| TR0, =7 DHECE SHE4L0l
YUASHCE L} Table 10 LIEHA HEQ}
EXML el HABH BOE 70%, 40%Y0 T Y
Bt Bl ZAE Ao LMK AFE U &+ UCH
£33 ORI E ZcHstet 2E st EE 2CHSE
ZM3lE dlwmetH, g AsE XHs0 o
E2 ZYE 2/YE & & UL

HAFE Ng FAssr 22 71 2EIe
AtOl= Table 20 BIWSICH HAFH 1= =7
DN 22 FOE RX&7 A HFH AT =
7E A gHe 60%2 MHSIH H58 F4A
Jle AHHIE $YSICL 2122 HAIY |
o Z|F3sojiME EO| HASIHXICH MAFA 11
| &30l M= Eol F7t5IUCH Table 28 2™
o £ A0l WU XE ZChstst 2Xg 5 24
3717t 2 dR0E 11.9% Ol HLGRID, e
azizt =2 HRE 79% &ol SIEICE =
Bt 82 AOisist AN ME 26.8% EO|l 57t
StECh MAYEY 0iMe BHRIJHRZE oL X8
Fohatst z Mol Ct e Acistst £ = st
M 2 8ol YMsicCt

Ubtsgo g ZAxE 0|88 AXMIHMNAE F
Mt Y E0] UHTo AL Foto] ot M
+5 AA&7HH X|Hel(Local optimum)E F22
B, 27| 27 HdFdlF= Yo et 2F ¥
Ao| Ct2A L2Ch & 32 HdAFY nef of
X XcistE SXstaZ Zte FHHSME £
JiZkel MFol wet NE @49 Aol e
CHES & £ UCt oYX & /i8St 2[HsHe
f4A 3JE t2A sto FHFglsigiem 1 Aa
ZS g4 wyst oM 2 XtolE =oln ¢
ct.

HAYYN 12 RS
ZaMFIB HE3HE

ME
=Y
3l
a2

Z0|

2

=2
A
.

=l

43 2Ed4

HAGY 12 YAFY nel EHE
SHH4E dFsIch 4AFIA 1=
Bt ANt JtE E2 ZUE BALEE
HBEY2E MYSIRCL HAFY 12
28 M8 =dol 03,06 2 F ER 2
chsist 2FstE AE AR HdFYHY
Ch.Fig.7 2 ZA3E 42 20 F1 Y20,

g
(=]
2

p =1
=

234



o YuMe DA M2 HEHY AL AN

(a)
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Fig. 7 Final design for
a) with 0.3 volume fraction of design domain I
(b) with 0.6 volume fraction of design domain I

Table 3 Result of the final design

volume fraction 03 0.6

force increase (%) 24.8 26.2
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