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Topology Design Optimization of a Magnetic System Consisting of Permanent
Magnets and Yokes and its Application to the Bias Magnet System of a
Magnetostrictive Sensor
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Abstract

The objective of this investigation is to formulate and carry out the topology optimization of a magnetic
system consisting of permanent magnets and yokes. Earlier investigations on magnetic field topology

optimization have been limited on the design optimization of yokes or permanent magnets alone. After giving
the motivation for the simultancous design of permanent magnets and yokes, we develop the topology
optimization formulation of the coupled system by extending the technique used in structural problems. In the
present development, we will also examine the effects of the functional form for permeability penalization on

the optimized topology.
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Fig. 1 A schematic diagram of the magnetostrictive
sensor applied to a ferromagnetic beam
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Fig.2 Optimized result of the bias magnet using multi-
resolution topology optimization method
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Table 1 The material properties of air, a yoke, and a
permanent magnet
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Fig.3 The relative permeability of the design element as
a function of p when equation (14) is applied.
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Fig. 4 The relative permeability of the design element as
a function of p when equation (15) is applied.
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JrAMT 238 TEF Ayl A2 JRAFHAA R A7EF AN

4096 7} ©]c}.
A @9 AMel AEEEe Aoz, B 415
FAE & 2ol A3 & F ok
Find p,g
to minimize
S ==Y B(p.<.
Z the cross section of the sensor coil ( 1 6)
subject to
h(p,c)<0 i=10
0<p,g<i

A71A, & 7Y G JAF HH9

e 849 WMIE, 1 FEXAY JFE T
ok 9 oM S B oA FPFH 3¢
BXE ug&o

Al F2 Az AAAME 2F &£
Z(Mass Constraint)}S FE YA ALg3eh. AZF
T&EzANE BAREE o|FE EHY T IAH
9] Fo] AN L YA FEE = Aot}
o, B ZAAE 2AGA9E FAsE £ 2

]Ui gt A% FE2AS AF3E £

ED
oz e Aolw, SaA BE
23 #Az7o] FE2AL ¥
oz gFANY VL TH
239 AL AJNIE PHolth A% &
zAge A2 ol HEF 2

ATt
AR
Casel: /=1, h'—m_ 1 17)
2(1=¢)pov. X SePeve
Casell: /=2, h =—”—Ms———1,h2 ='-’M—m_1
(18)
pRAAR
Caselll: I=1, h =°M—m—1 (19)
A7N, \ = 229 BAE, », F M E 22 A

m 5

FAN aze TEA @ vehdnh 47
Eagr dAAY o=el wet ¢ FEZAE F
s Adgstd A3 Ao Hgstd dnh
B ZAdNE A7 B+E 5 HE&5to 2
€ vlas 23

34 QT SHY

2 dFdAHE
AVM(Adjoint Variable
AVM o @3 2AFS

Uz Mg 94l
Method)™&  A}&-31% o}
U4Es g9 Zo] &

1707
#3kA
Yy (ai XK A ] (20)
dp, . op,
714, aE g e gaiA Feldn.
Al 1)

oA,
A 16)ezREg Fiid o

dA Z o, 2)
4, M 23

4.1 2{a=M5E o3

g Jled A A 7|xdd, 2¥ 5 9
AA mdd Bt HAHE FYPHU. EHA
T m e 47t 28 FL35 00, AT
z71ge2 IdxHg p & 015 ¥3WF ¢
058 FJoh =3 ALE Ag A L X2
o @AY B dFdME Uxxz svt HF
3} ¢ 12 %9 MMFD(Modified Method of Feasible
Direction)(z” £ 435

ddt HH3le o] B Fos A (129
278t} AAESE ol mEbd AAGHe a4
7 F7), 47, = 23 F9 shvE ARl
Hojof gir}, ey, U= vt HAH3 ¢as
Zo EXY A3l Fo] g o ZE MW
FEo] AFsA 0 == 1 9 & AV YE

o} g, A2 Aze] a9 s ool 2
Astd g9 Aag AAsE, FH I (Post
Processing) & & &1t}
Yoke for p>06,<03
Magnet for p>0.6,{>07 (23)
Alr otherwise

¥ =RoM OEd ri FAUE A Az
=434 e b

Table 2 The value of the material properties applied to
the bias magnet configuration problem
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Fig. 6 The post-processed optimization result based on
equation (14). (Black area: permanent magnet.
Gray area: yoke) The constraint scheme
equation (17) is used. The mass fraction
M, +M, is 15% of the total mass. ( f = -
105000, # =0.003, F=-447000)

Fig. 7 The post-processed optimization result based on
equation (15). (Black area: permanent magnet.
Gray area: yoke) The constraint scheme
equation (17) is used. The mass fraction
M_+M_ is 15% of the total mass. ( f =
798000, A =0.003, F=-799000)
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Fig.8 The post-processed optimization result based on
equation (15). (Black area: permanent magnet.
Gray area: yoke.) The constraint scheme equation
(18) is used. Each of the mass fraction M, and
M, is 7.5% of the total mass. ( f = 691000,

s

h=-0432, h=-0.023, F=-691000)

Fig. 9 The post-processed optimization result based
on equation (15). (Black area: permanent
magnet. Gray area: yoke) The constraint
scheme equation (19) is used. The mass
fraction M_ is 7.5% of the total mass. ( f = -
722000, A=0.003, F=-722000)
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The post-processed optimization result based on

Fig. 10

equation (15). (Black area: permanent magnet.

Gray area: yoke.) The constraint scheme
equation (18) is used. Each of the mass

fraction M, and M_ is 7.5% of the total
mass. ( f = -331000, k= 0.003, A,= 0.002,
F=-331000)
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