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Micro Magnetostrictive Vibrator using Iron-Gallium Alloy (Galfenol)
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Micro magnetostrictive vibrator using Iron-Gallium alloy (Galfenol) was investigated. Galfenol is an
iron-based magnetostrictive material with the magnetostriction more than 200 ppm, high permeability pr > 100 and
Young's modulus of 70 GPa. The material is machinable to free of the shape by conventional cutting process, and
sustainable for tensile, bending, and impact. Micro actuator using Galfenol equipped with iron yoke and winding coil,
therefore, has advantages over PZT type, in simple, low voltage driving, high robustness and wide temperature
operation range. This paper describes the performance of a micro vibrator improved to our previous prototype, in
configuration, material, and fabrication process. The vibrator using stress-annealed Galfenol machined to the rod of
1mm diameter was observed the displacement of 1.2um, high bandwidth of 30 kHz and high tensile robustness
withstanding suspended weight of 500g. The vibrator was also verified useful as speaker which can generate clear
sound from the power of a portable music player.

Key words: micro magnetostrictive vibrator, Galfenol, stress-anneal

Fe-Ga &% (Galfenol) ALV Y OHEREF
B E - Eric Summers* + Marilyn Wun-Fogle ** - 4 H &5}
SRR AR TP, RSO R AR 7— 83— 1 (7 113-8656)
“Etrema Products, Inc., 2500 North Loop Drive, Ames, IA 50010, USA
** Naval Surface Warfare Center, Carderock Division, 9500 MacArthur Boulevard, West Bethesda, MD 20817-5700, USA

1. [FLHI AET, TOREIPHIIEEMEICHHZ &, DE DB L AR

(2, BRIRORRIIEE, 35w ARSI LIZZ, AL T

JERITEETHH Z L ThH D, FIMESHZOUVTHEEE 200

~300ppm, Y 7R T0GPa, HuBRHEFR 100, %= Y —{i% 600C

Pll, 7/Fax—4OEEE LT 4y THD. Galfenol %)l

WD L BB, RGBT LY VIO T 7 Fam— 25

PRILCE, TS, FOENHE - MR R L, LLUFDR

TREIME L FRTD.

o F-oIEYCHh, EEREOSIIIR

o  HULBIoRRV AN, SR, HHESEEICH TS
B e, (EULESICRD.

o  TVERER (UBREER~100) 1240, NSV ERETCENE
5. WEEHIHV L THD.

o VUL CHRENHEAAMIR, JEV VS NIBERT 5.

o HIEMN O EROWA VRIE TN AfRETH D.

B, LIED Galfenol DA~ A 7 a T I Fax—FITE
WT BT, FORNMERELTS S, ZOMEORHEE L
M UTEF e~ A 7 1 A = X LOARE HIE LT
HTVA. Galfenol (243, BI-HEBIVIRIEND, 1Z&AEDH
MUNLAMEE 5. Foxld, TTHERHEBUN, 2% SRk - &
FELLATIEIND T, /M K U L AEsEDI IR L
FoTNBY., ZHUC L Yum A—F TET A7 FOTERA R
BRI CETX, YIS B4, BEEAMEDIZE A LB LA
EEE TRET1~05mm A, £E bmm 02y FEYYITD
LITHEIL, TSR LIRS (T 100ppm LA E, 3t
PR 20kHZ LA &, 77 Fax—i L LT r7etiRed el
LCW59, Sa], Fx i3bPE e R TR LU, &
O VRICEN D, TR ERED (R R L. T2 TGRS
AR D 94 V) LD Galfenol TFDMHER T 5 2 & TfF

PEHIESEROT OB LT X T SN TS A USRI VRY, RE
A, LB - & L TR B~ A /a7 7 Fax—
B OEENEESTD, TSIV S by e,
IIHRENHE TEIE, 1Ko Mal, KOO DEERITIEIC
. ZOL I NETIRBYE R A2/ DC T—FED
BRGTFITH DD, B INEZ2BORERTTERAEL, W
SRR TR C & B EMEROEREEM L (Terfenol D) 13, 8T
Mia=A 7 1 A J = X LR R HHREEELE L THBk DI
HENTWS, EEIFER (2R LA L=, 3T
NEREERSY, F O EIRERHEERRIL, VR 5 HIKE
H, BA o=, GECEBIRT27 7 Fax—8E LT, AA
T D L REFERCFRNAERSE TE NI T D D Fi22h
BIEHET 7 Fax—HE, FOEONZINVT—EEND, <A 7
WHEEIRE—Z 2, R, AP F, A= Lo ER
SRR~ ORISR S TS,

LML, TABHEEEMM B~ A 707/ Fa—FIZBLT,
BICHRTED  HENNEORNITRE 2 BEN 5 D ONENTH 5.
Z UM B CH A DN N L, TR s 5. B
BRI ET 7 F ax—Z 2T, Ak, # Ao
VEIUASRER /0 5 L3S, ZHAKEANI T CIIT 572515,
FHEEA GO T 7 F 2 o— 4 ORESBRE L2 TUIe 67
VN ETHEBEES BRI LTI, ENEOIRBRIE 2mm L
T, FHINZ DA THEMEE RN H D, Fix, Zhbd
DIFLEEL VL TE=E LTH, Ma< B3 WEBIOED #2u
IIHERAA L, FOMRIAMD IR MR-, ZRAN
WD 2 SITER ORI DD E ZATHLH .

ZHUSKTL, T A U D OHEFRAEITC, Galfenol &FHIAVDHEL
BEBIDSBRRE STV D 309, ZUIERER—RIZHT Y U LE T

372 Journal of the Magnetics Society of Japan Vol. 31, No. 4, 2007

NI | -El ectronic Library Service



The Magnetics Society of Japan

W b ADTEYMARETIT D L3RS, BARA L E—F U AD
AR, BIRE ORI L BRHED  HIEE - & L CENM
Tz,

2. IEMFOMAL

Fig. 113U LU7/-08) (-, Fig 2 13X 0OMBTH . B8 13,
E#% Imm £ & 5mm @ Galfenol (Fesi6Gaiga) Dy RiZzA
/v (270T, #34% 40um, 17Q) %%, ZESMF 2mm W 1.6mm
ORE NIV (45Permalloy) (ZINHT-HDTH L. Galfenol
DFEYMIEER 2mm O K%y » 7 (45Permalloy) - &, [T
G PMEASITERY, INBIIAT YT LSRR
BT D, Ko TaA /MIERENT &, MEORFIMICH:
RHRAEL, BEEWWEL S, $7- Fig. 3D L H 2wy NE[EEE,
T2 Ry o NFIAR Y MNEETHEAL, TORBR, BFHMO
D2 DEISIRVIZHITZ BhD. TV T ORFEHE
(% 0.5mm TEOIEAY) Y HEHHADINR LA T > T D, AR
i, Galfenol v F%&, 7U—RXZ 2 KV —1 A NECIER
EFV-RIFR 6.35mm DG (Research grade) 905810 1L
7. INEETIAY—A v FT Imm AOTy FIHHIL, =
b A~ O LI THEEEEEEIN] (Y2 #EERL 0.1 pm,
S¥f#RE Inm, C EHAE) (TLV1T-o7.

Fig. 1 Vibrator (left) and its fixed on brass fixture (right)
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Fig. 2 Configuration of vibrator.

Fig.3 Joint between Galfenol rod and fixture.
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Fig. 4 Measurement apparatus.
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Table 1 Comparison of strain distribution of rod and

vibrator (ppm).

Galfenol
Rod 210 (c) 210 206 208 210
Vibrator | 191(c) 180 217 208 173
Galfenol with stress anneal
Rod 299 (c) 297 291 290 301
Vibrator | 245 (c) 234 261 256 230

374

ZULTFig 5, 613ZhEh, vy NEEE) T 5 HDBEEM
BROTHZEE LTI bOThD. (Fig. 6 Ol (1) DRI,
ERES 2 A NVETHB L) 2UE7 L Lo Galfenol DHEED (42
BOTIL, 7y FICHA~BEEORNT 10ppm FUET, 1T
DEMEDHER IR TV E E2 5. —F, JEFYDBE, Ih
FHMEATE v Mz TER L% 300ppm DREEN H-7203,
158 (-OB#ET Z s 50ppm PR Lis. BUERHRY Y 200°C
PLEDOHERTHET D HLOT, 20BN, Fig 3iihs L H8s
EATIIASEIRI A S N 2 & T, BFEOMEER LIz Z &
IZ& D EHENENS. 1um OBMIZFEINC (43T, THETIL0.3A
DOBRASMTETEDS,  FRROBRENTHIEIFD 0.2A (0.34W) (ZFR
bR, ZHUTFIZ S T ADRABER E AL Z & TSR
WIS LAk,

300 v 1.5
with stress anneal:

= 200} 10E
g
- without E
R=] : £
< 7}
p=) Q
7] &
100 - -10.5 a,
2
[=]

0 0

-200 S0 100 200
Magnetic field (kA/m)
Fig. 5 Displacement of rod with magnetic field

(frequency 100Hz, no pre-load).
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Fig. 6 Displacement of vibrator with current
(frequency 100Hz).
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Fig.9 Actuator was hanged weight of 500g.
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Fig.10 Actuator was used as speaker. Iron plate vibrated
by the actuator attached can generate sound.
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