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ABSTRACT  Rare-earth-iron alloy ThDyFe is an advanced magnetostrictive material to date
because of its giant magnetostriction, high energy density, and rapid response at room temperature
and low magnetic field. Due to the high sound velocity and eddy current losses of TbDyFe alloy under
high frequency, its applications are limited. The bonded giant magnetostrictive materials are expected
to exhibit high resistivity to reduce the eddy current loss. In the present study, the bonded giant
magnetostrictive materials were prepared by mixing TbhDyFe alloy particles with epoxy resin. The
electrical resistivity, impedance and eddy current losses of the bonded materials have been primarily
analyzed. The optimized magnetostriction is observed to be 723.0x 1076 at magnetic field of 400 kA /m
in the bonded material with particle mass fraction of 90% and particle size of 74—150 um. TbhDyFe
particle size and mass fraction show a significant influence on the magnetostriction of the bonded
materials. Compared to the advanced oriented ThDyFe alloy, the electrical resistivity is 5 orders of
magnitude greater, and the sound velocity is 1/3 lower under the applied magnetic field of 32.7 mT,
and the eddy current loss factor is reduced by 90% at 2x10° Hz, and by nearly 50% at 1x107 Hz.
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Fig.1 Metallographs of bonded GMPC samples with 85%(a), 90%(b)and 93%(c)mass fractions of ThDyFe alloy

particles with diameters of 0—74 pm
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o, AHORL AN ROIRE AT AT 8 B REBU 4R R
FEAS. 30, w4 ok R i & S50 A E AL th S R REE 45
PERE = A — RSB, TRURLA /NG & & A S Ak,
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Fig.2 Metallographs of bonded GMPC samples with 90% mass fraction of TbDyFe particles with diameters of
0—74 pm (a), 74—150 pm (b) and 150—300 pm (c)
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Fig.3 Magnetostriction vs applied field H curves for
bonded GMPC samples with different mass frac-
tions of ThDyFe alloy particles with diameters of 0—
74 pm (a), 74—150 pm (b) and 150—300 pm (c)
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Fig.4 Magnetostriction wvs applied field H curves for
bonded GMPC samples with 90% mass fraction
of TbDyFe alloy particles with diameters of 97—
200 pm molded at different pressures
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E =4p(Lf)? (3)

K, L il BE, p il Remy 2 B

£ 1 Mz R ERES AR 10 A1 15 V(XY
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k33, P v MIBMERTE E. WAL, HEMRERESH
Hamm, Hhigh GMPC WHLEMG RECH FT T, 7R
PR IR LT, PRk 1516 R R AR
# U7 pmeas i, ERERES N 32.7 # 49.1 mT
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Fig.5 Impedance curves for bonded GMPC samples with
90% mass fraction of TbDyFe alloy particles with di-
ameters of 0—74 pm (fr—resonance frequency, fa—
anti-resonance frequency) molded at 450 MPa pres-

sure
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R1 AFRMEHRETHZ GMPC# fi, fa, kss, v 1 E
Table 1 fr, fa, k33, v and E of bonded GMPC sample under

different bias voltages

Bias voltages fr fa K33 v E
\Y% 10* Hz 10* Hz m/s GPa
10 1.765 1.855 0.342 1588.5 12.455
15 1.912 1.987 0.302 1720.8 14.584

Note: kzz—electromechanical coupling coefficient, v—

sound velocity, F—Young’s modulus
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A .
2.4 g GMPC Ry BEERRTRFE
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JBE, L JT F 2 T IRy B BE, TR B PR, BRI R
SHEEN 074 pm, G&&EK 93% M 90% Hikfe
BRI 0.3363 Al 1.1613 Qm. A[W, H&4E&E
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Fig.6 Comparison between the elastic permeability u’ and
between the viscous permeability u” (a) and between
the ratio of eddy current loss factors (b) of bonded
GMPC and cast ThDyFe alloy (R—the ratio of tanf

of GMPC to tanf of cast ThDyFe alloy)

SRMIX T4 ThDyFe & RIERE, HHEHIES
FLEGRTTRIN; Tiki%s GMPC B R SR HIX T4
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GMPC U T- 5444 ThDyFe 44250, 1
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GMPC e E T-M%4 ThDyFe 448y 9.73%, Rjif#E
1E 1.03x 107 Hz Q@i T, Hith GMPC $ikeE T
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(4) FEBRZE N 2.06x10° Hz B, LK S 450 MPa,
BEBRLRAE 150300 pm, FTEIECH 85% WLk
GMPC f##ikeR 74; TbDyFe &4 FEAk 90% LU, #fig
B N B RS P 4 UKL 52 & B R TR I TR R PR A
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