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Terfenol-D is one of several magnetostrictive materials with property of converting energy into
mechanical motion, and vice versa. Magnetostriction is the property thal causes certain
ferromagnetic materials to change shape in a magnetic field. Terfenol-D is said to produce giant
magnetostriction, strain greater than any other commercially available smart material. In this
paper, fundamental characteristics analysis of giant magnetostrictive materials(Terfenol-D) has
been investigated. The magnetic field analysis is carried out by using finite element method
simulation ANSYS The results show 223N in force and 9.5T in maximum magnetic flux density
and 7.56 10°A/m in maximum magnetic field intensity 1A current. Through the analysis, basic
data of Terfenol-D for the application of mechanical system are obtained.
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H = magnetic field intensity

N = number of coil turns

1 =rod length

I = current

A = magnetostriction

¢ = compliance

G = prestress

d = piezomagnetic constant

Al= elongated length

F = generated force

E = young’s modulus of Terfenol-D
A = cross sectional area of the rod

Giant Magnetostrictive Marials (EX7[HE AT,

B = magnetic flux density
BH = magnetic energy
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20l E 2 E(smart materials)= $EA 0] Holu}
I A9 wzE PA3a §93E e HAEE
AR 3 ek AulE Age FEHA EFL 9
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AR EHANA 7} 5% & AAZE o] F A
HEy BAL U 2AVEdaxz Ede
Terfenol-D A&2}9] ALg-o] F53FiL = FAlolth
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VAN 28 Fxol] Agety] Y3 71xATE S
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AZIRE dAUSS AR A7H AJuiAE
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Fig. 1 Magnetostriction phenomenon
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Fig. 2(a) Magnetostriction versus magnetic field intensity
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Fig. 2(b) Operation at the linear region
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22 ZX7|HEAK} (Terfenol-D)
Terfenol-D &AHE £ A7|¥y A4dg 2=
ER 44 t2ZZH(Dy), HEHIWFE =
e 25& 2 HFe)Ss TN Aoz
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Terfonol-D &AHE Aol A 2,000 ppm ©]4H¢]
7MY dog. W3 ge 7 94 T
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Table 1 Material properties5

Property Terfenol-D PZT Ni
Density (kg/m’)|9.25x10° 7.7x10° |8.97x10°
Young’s modulus 12 5.3.5x10'  17.3x10'°132x10"°

(N/m?)

Tensile strength |»¢ 300
()
Comp. strength
700
(WPe)

Thermal 1,510 10<10° |13.3x10°
expansion (/C)

Resistivity

(L0 om) 60 - 700
Cure emperare|0 w0 |04

iy 380 354
)
Magnetostriction 15002500 100 -40
(ppm)
Energy density
/) 14000-25000 |1300
Coupling factor [0.7-0.75 0.65 0.3
Sound speed (WS) {1720 ) 4900
E AUA BEZF AM @ dEezx 2 9
g 4+ Q7] Wi We Fus HHdA A}
48 & gtk @A AW Aol FR, AYRH ¥
5 A% g AlxHE, AR Sui(sonan)®] A
F3 &4, FEVA T AR Eokld &8 7}
Sl ¥ HEHIL 3, AAE S8 A
& Hojxz ok’

Terfenol-D 4} #wh ozt AZ|RPEES
e A 7IAAA $o] | 54 Ww3doe=
Hgd o &7 oA 7] wabrh Sk
g AP ELS Bvh a¥A FERE AT

Al olE & AAE %%ﬁeuz Apelate] 2] 7o)
WstE AReaN T2E @%-‘%L} EHA
<43 B“%‘ze_r*o— 737@?:} 2= 9l oleld Wy
& ol galel H)ou HANDDE g % 9tk olsh
Zo] AZIfEolA ¥t &7 sMEdie] AAME
okl SRHAXN T ¢, A A7IFH Hopo
He 48 AZE vEsn ol

o lo ¢
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Fig. 3 & A RdE Yehd 9l Terfenol-D
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228 7Y% AN 4BFH2 B 9
o dugHe FAY ~¥% AT Pzl

71&9 747 Vg B3 Terfenol-D 2AE A
| TERAAN FTANel dv AU e A
Y o §E3tte A4S & 5 Ak FFAA o]
Ae W & (&L, A7E, AUAE I F
pa=

S Y3 AFEE XX = Table 2 9} Zt)
UHAFE 1 A ol YL ¥AE 25mm, 2o
100mm 2] Terfenol-D
A F L (current density)= Zdo] EAX R i‘?—i‘l:]—
o] g Aol 500mm’ ©]3, HAd AF 1A B
EHE B$ 9 100Am* 2 ST}

S AS  magnetostatic AAE 02 FEEa
e AL A& P2 (magnetic flux  paralle) S

5 g359int

+Air volume
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Fig. 3 Magnetostrictive analysis model embedded in the
control volume of air (free space)
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Fig. 4 Distribution of magnetic flux density

Fig. 5 Magnetic field intensity in the Terfenol-D
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Fig. 6 Force related to current

Table 3 Increase of magnetic energy

A=950 T, Hh A A7l 756 10°A/m o]tk Current(A) | B(T) | H(A/m) | BH(T-A/m)
0.2 2.03 1.47 10° 298 10°
Table 2 Magnetic properties of materials 0.4 3.75 2.99 10° 1121 10°
. | Relative Coercive | 0.6 567 | 451 10° | 2557 10°
omponent | Materia . p o
permeability force 0.8 7.58 6.03 10 4570 10
Rod Terfenol-D 10 - 1 9.50 756 10° 71.82 108
Pole piece Steel 10000 -
Permanent Fig. 6 o Terfenol-D A9 ¥ S YEYA
magnet Alico 1.5 729 Oe o AFE 02-1A7HA 02 AR =718y M-S
- 33 Aoty ¥ HMRHANN dAF7H 1 A Y
Freespace | Alr ! - W Terfenol-D 2xte] 2L oF 223N o[t} &
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