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Design of a Magnetostrictive MicroActuator
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ABSTRACT

This paper presents the development of a magnetostrictive microactuator. The structural and functional requirements
are as follows: it must be a millimeter structure and must achieve controllable displacement with nanometer resolution.
Finite Element Analysis(FEA) is used to determine the structure with the most uniform and highest magnetic flux
density along the Terfenol-D rod. The microactuator prototype 1 is designed and made based on the FEA. It is observed
that the microactuator show some level of hysteresis and that it produces 25 newton in force and 3 pm in displacement
with 1.5 amperes of current, and resolution of 250 nm per 0.1 amperes.

To improve the performance of the microactuator prototype 1, microactuator prototype 2 is made again with a
permanent magnet (PM). It is observed that the microactuator prototype 2 generates 3.3 um in displacement with 0.9
amperes of current. It means that the microactuator prototype 2 performs better than the microactuator prototype 1.
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Fig. 1 Magnetrostriction : (a) when Terfeno-D is not
exposed to a magnetic field, (b) when Terfeno-D
is exposed to a magnetic field
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Fig. 3 Structure of a microactuator with a permanent
magnet and a solenoid
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Fig. 5 ANSYS model of the microactuator
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Fig. 6 Distribution of magnetic flux with PM
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Fig. 10 Distribution of magnetic flux with fully-wound
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Fig. 11 Magnetic flux contour with fully-wound Coil
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Fig. 16 ANSYS model of the microactuator

(a) STRHo| X7|s =20 ojxlE I

eLza-170

nIN-. 889201

naxe1.062
.8as:

£-03
3 neson

Fig. 18 Magnetic flux contour with PM

gpAe] 7] 2o mAE FTFS T
Mo #7o BE A& BE, AELE, A7) H,
271 A(B X H)E Bl 283 ch. Figs. 17 3% 18 2
A& 2o WY AlgdolA Adelth dT A
Aol g Wrnt JTF Aol AL # AFe] vt

180

Table 3 BH,, depending on PM

o2z 257 Ul AA2E B A&l AL
g2 ¥ % 7 Yok

AAol & W | AAe) g
ZA&EEE (T) 0.4638 0.3850
2718 (A/m) 106805 88615
B X H 49536.16 34116.78

A&AE, 278, A7 AR B x H) AlEH o
A ATE Table 3 #F Zrh 7AMo] P& A
B} 97Eaide] e AL B & AEFUE,
4718, JUAS g4& & &L HAF & UH

o) olix] M &%

299 Eolgt FFAY FAS el 10 mm
2 AaHeg volaz FEr U9 Ao F
AE 5~1 mm Atolol A MEA7IH A H3E
ANE#oldd A Table 4 9 ZTh AX 9] F7
7} 4 mm oli, ZYY Eol7t 6 mm 4
Terfenol-D ¢l A& A7 AN} 7 &
g & Ak

Table 4 BH,,,, with the variation of PM thickness

AT N
Asdw | 2A7Y

[ZEFA] B X H
() (M (A/m)
5[5] 0.332309 89959 29894.185
4[6] 0.312250 99500 31068.875
37 0.275839 106538 29387.335
28] 0.245098 88706 21741.663
1[9] 0.200002 96011 19202.392

2.5.2 ojo|A 2 =E7] HE
olae) ARE wgoz A% wlolaz 7

% 7] Figs. 19,20 3 2t}

Fig. 19 Assembled view of the microactuator
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Fig. 21 The output displacement of the microactuator
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