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Multi-field Coupling Model of Embedded Giant
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Abstract

The optimization design model of embedded giant magnetostrictive components ( EGMC ) was
presented with multi-field property of machinery, electric, magnetic and thermal. And the multi-object
genetic algorithm was applied to the optimization design of the EGMC. All optimal objects of the model
were confirmed by the general design rules and the requirements of non-cylindrical holes in precision
processing. The optimal goals of the model were as follows; a suitable flexural rigid of the EGMC, the
maximum torsional rigid of the EGMC, the maximum coil efficiency, the maximum magnetic field density
inside the coil, the maximum cooling efficiency of the water-cooling cavity, and the maximum magnetic
field density in giant magnetostrictive material ( GMM ) by reducing the magnetic reluctances. The
variables needs optimization included the size of GMM, the magnetic permeability of all magnetic
materials, the structure of magnetic flux path, coil, and water-cooling cavity. All optimal parameter
ranges were determined by application demands. The finest parameters of giant magnetostrictive
components were obtained by non-dominated sorting genetic algorithm ( NSGA ) with space search
method, which were proved by the experiments and magnetic field simulations.

Key words Giant magnetostrictive components, Multi-field coupling models, Multi-object genetic
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Fig.1 Basic structure of embedded giant

magnetostrictive components
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Tab.2 Optimized results of design variables

Tab.1 Constraint form of design variables
pe/Hem ™! 1.25x10°° X,/mm 35 ~45
p,/Hem ™! 1.25x10 7} X,/mm 43 ~53
L,/mm 10 ~40 Xs/mm 50 ~60
L,/mm 60 ~250 Xg/mm 60 ~120
Ly/mm 10 X,/mm 80 ~ 140
d/mm 0.7~1.3 Xy/mm 40 ~ 80
X,/mm 30 ~ 60 X,/mm 60 ~ 100
X,/mm 7 ~17

ARt HH B Kl
p/Hem ™! 1.25x10°° X;/mm 43
w,/Hem ™! 1.25x10°? X4/ mm 49
L,/mm 25 X5/mm 55
L,/mm 230 X¢/mm 87
Ly/mm 10 X,/mm 107
d/mm 0.76 Xg/mm 40
X,/mm 55 Xy/mm 60
X,/mm 15

AR 2 AR M AE A X o 28 i U e A
) GMM A4 PF4nfEl S iy s . fE 0 ~5 A 100 Hz 52748
R IREN T, GMM 4 1 1 %5 il 242 4 1E] 6 frs e
SR B% Han 9 A AL i S T EL H ke A E T
22.9 pm, RS AU T AT, L 0.8 Nom
A HL A I, GMM A4y £ i F 41 e A2 22 0 0.3 pum , 75 45
ST AL T e FUHL I K

1% Maxwell Xf GMM 4 {1 3 0EAT 0 #r L 45
nlE 7.8 Pros (L, GMM B D7 1 K ) o SR



%5 1

W AF i A UG Eh 4 M 0 2 i 4 1A 195

[ 6

0.6 AHANBLAT

—m 45 A

BT

8  GMM N b &5 S
‘ Fig.8 Internal magnetic field intensity of GMM
Bl 5 GMM g {1 i #6285 S B0 il 2 with different magnetic conductivity tool rods
Fig.5 Quasi-static parameters testing of giant . N . N .
) K9 ekl inzk 2.5 A B A I, £ 18] i L B
] 728 A i 2k, T K Ve T Y BT B R M B T 2k

magnetostrictive components

35 e
N Bl R HRCRA %
Eos
5
20
15 P — 2.5A 0K
N s N . o e A
1 2 3 ] 3 2.5A, /KA
1/A 20 a0 "6 80 100
100 Hz SRS LT GMM F 44 1925 17 8% it pih 2% f/min

9 2.5 A R I £ P 1 4 3 R I I 1 A2 A i £

Fig.6 Bending displacement output of giant magnetostrictive

i Fig.9 Different curves of coil average temperature changes
components in 100 Hz current driving . . . L
with water-cooling or without water-cooling in

0, 45 %%(5‘@2) ﬂﬁﬁfﬂrﬁ_f, ?@ﬁ%ﬁﬁj\%ﬁéﬁ% 2.5 A driven current
KT GMM, R MBBLRE B 0y 0. 0127, Higik ML AT BT 81, A% SO A 9 GMM. ) 55 45
PR BRI MBI ORI IR e e py 2 BT R S S LI TR B RS A

1L CMM, FN LIS SR L B J9 0.8 T RNHER T oMM py i i B K EL 34520 O > K % T
BEE A . SCRRL6 48t — MO M B BB L gt st i
YA R S BN ) 3 S 2 5 0 BB 9 2 2

&t

B2 UL AT L R 65 AR AR TTRE JF R St gy O
FEAR T B A LRI (1) % AR GMM 44 {25 59 45 5 A 7 FH 3
= - A BRI T OMM KR RE L A A Ak i
— — FEORER 445 UK SRR B R R R S
— = L GMM i B8 J Rl 45 B B L 382
= = T Vo s (AR
= = (2) RINZ HFRE GRS T 2584k
® (g Ak B3
7 GMM iy E R  4 1i (3) 275 {5 R 50 MR 3 07 B0 E L 1
Fig.7 Internal magnetic field distribution of GMM AL ) GMM 4 1443 # % (100 Hz B} ,22. 9 wm) §f 2
with different magnetic conductivity tool rods SIEFL j]u TH3 , 3.1: EER % I g /> 1k ij, B3| /}j . gjz & T
(a) 45 SHIEAT  (b) A G50 H AT AL RBOR ORIk
2 % XX #

AT BRSO U, 4. AT B RIE B B A A TR AL T ], W IoR 2224 . L3RR, 2009,43(1) 13 ~17.
Zhao Zhangrong, Wu Yijie, Gu Xinjian, et al. Optimization for giant magnetostrictive actuator based on genetic algorithm
[J]. Journal of Zhejiang University: Engineering Science, 2009, 43(1): 13 ~17. (in Chinese)

RIBE, BWIEK, BRTR, & BEBMEHESE SIS SRR T]. R, 2005, 36(7) : 114 ~117.
Yu Peiqiong, Mei Deqing, Chen Zichen, et al. Structure optimization and static characteristic experiment of giant
magnetostrictive actuator| J]. Transactions of the Chinese Society for Agricultural Machinery, 2005, 36(7) : 114 ~117. (in
Chinese)

YN, WU E, BARTE. B EEBCN48 B RE A B BT BRI [T ] WITLR“E# 4. L% hR, 2006, 40(2) : 192 ~ 196.

Li Mingfan, Xiang Zhanqin, Lii Fuzai. Magnet circuit design and optimization of giant magnetostrictive transducer [ J].



196 & o HLOW o 4R 20124
Journal of Zhejiang University: Engineering Science, 2006, 40(2): 192 ~196. (in Chinese)
4 EXRY, EWIL, B B TORBE BN 4R ORI AL il BORPLA Bt A SRR (T, BULAR D AR A 4R, 2007,
43(11) .27 ~33.
Wang Xingsong, Wang Xiangjiang, Mao Yan. Design, analysis and control of novel pressing and bending magnifying
mechanism driven by giant magnetostrictive material [ J]. Chinese Journal of Mechanical Engineering, 2007, 43(11) . 27 ~
33. (in Chinese)
5 Bi Jie. A study of magnetostrictive mini-acutators [ D]. Maryland, USA: University of Maryland, 1997.
6 REEE, &) MM At BTl AR, 2005 34 ~79.
7 ELIE. RERUCTRERIM . dtat. EB7 kAL, 2008 045 ~ 96.
8 RUE, SRUE, BEALOR, . E LB AR B BRI R ST L] A 2% 4, 2002, 23(6) 1552 ~ 555.
Xu Feng, Zhang Hu, Jiang Chengbao, et al. Designing and performance research of giant magnetostrictive actuator [ J]. Acta
Aeronautica ET Astronautica Sinica, 2002, 23(6) :552 ~555. (in Chinese)
9 TFTE. LEWMAEIM]. Jtat: Blas bk, 2008 65 ~87.
10 Sarkar D, Modak J] M. Pareto-optimal solutions for multi-objective optimization of fed-batch bioreactors using nondominated
sorting genetic algorithm [ J]. Chemical Engineering Science, 2005, 60(2) :481 ~492.
11 Michielssen E, Sajer ] M, Ranjithan S, et al. Design of lightweight, broad band microwave absorbers using genetic
algorithms [ J]. IEEE Transactions on Microwave Theory and Techniques, 1993, 41(6 ~7): 1024 ~1 031.
12 Kishalay Mitra, Ravi Gopinathb. Multiobjective optimization of an industrial grinding operation using elitist nondominated
sorting genetic algorithm[ J]. Chemical Engineering Science, 2004, 59(2) :385 ~396.
13 Carlos A C, Alan D C, Arturo H. Using a new GA-based multiobjective optimization technique for the design of robot arms
[J]. Robotica, 1998, 16(4) :401 ~414.
14 RXESR FEmEE, 8 SO, 5. BB A AT A 2 S ARSI S A BRI [T]. RL AL~ 42,2008 ,39(3) 123 ~

126.
Zhao Zhangrong, Sui Xiaomei, Wu Yijie, et al. Coupling nonlinear dynamic finite element model of giant magnetostrictive

actuator[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2008 ,39(3) :123 ~126. (in Chinese)

(E#EE 178 W)

8

10

11

Lipton A, Fujiyoshi H, Patil R. Moving target classification and tracking from real-time video[ C] // Proc. IEEE Workshop on
Applications of Computer Vision, Princeton, NJ, 1998 8 ~ 14.

BSCHT, ZEtt ). MU B B bR I 5 i A L BT 1] BHEES AR, 2009, 27(10) @ 64 ~70.

Zhao Wenzhe, Qin Shiyin. Comparative study on detection methods for video motion targets [ J]. Science & Technology

Review, 2009, 27(10) : 64 ~70. (in Chinese)
R0, BRI, AR, S BRI R R RININ 22 IE s B AR I Uy ik (1], AR, 2006, 27(8) : 961 ~964.
Li Gang, Qiu Shangbin, Lin Ling, et al. New moving target detection method based on background differencing and
coterminous frames differencing [ J]. Chinese Journal of Scientific Instrument, 2006, 27(8) : 961 ~964. (in Chinese)
SRR Tk L XVBE, A B TR IR I S RS N B AR B A [T]. AL 3] ,2011,42(3) 161 ~ 165.
Zhou Jun, Zhang Gaoyang, Liu Rui, et al. Apple attitude estimation based on particle filter for harvesting robot[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011,42(3) :161 ~165. (in Chinese)



