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ABSTRACT Rare–earth–iron alloy TbDyFe 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 TbDyFe 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 723.0×10−6 at magnetic field of 400 kA/m
in the bonded material with particle mass fraction of 90% and particle size of 74—150 µm. TbDyFe
particle size and mass fraction show a significant influence on the magnetostriction of the bonded
materials. Compared to the advanced oriented TbDyFe 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 2×105 Hz, and by nearly 50% at 1×107 Hz.
KEY WORDS TbDyFe alloy, magnetostriction, eddy current loss

* )^��#+N|�^ 60534020 6�h+�$1+#n��#/N|�^ 20080061026 ��9`D�r : 2009–05–26, 9`'��r : 2009–09–29&nz : a �, `, 1984 f, E1% ? TbDyFe :}p[�f�N�!R,?�NÆyLB&d, �N�!RF�:Z�Æ-rv�� '&dur�Qp(:~CZ�Q��FIv)i [1−3]. 20 2℄\, p<y� TbDyFe :}bk_�mp�N6'K�4&f�ZfxD�F, Sandlund i [4] 0Khx�~�
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particle composite, d< GMPC). hx�Ax%��xDf4&, ,%.,?f5,&dZ	[�; O�~��fhx GMPC ���_ >�`f!�, tN�!R&d%t���&9f TbDyFe :} [5−8]. McKnight7 Carman[9] .K 〈112〉 �� TbDyFe :}'pY?,bp'E	���Fhx GMPC ,?, tN�!RJ%Wa 950×10−6. Ok, hx GMPC F�NL8f�m&d [10,11]._wxhx GMPC f0�6T�bN�!R&d�T, {xp!J7$Ii�Tf0��N�b, xxDO5f07��Qxu�mJf1r [12,13], hx
GMPC bp�N6�xDO5Y&KmJf�D(H�&~G.�t�60< TbDyFe :}!3CU�	:�C7>�.5xhx GMPC N�!R&dfH�; xhx
GMPC fp!J�pD!�7pDN_JiY&�#<187\J, a<hx GMPC ,?fp!J�$I7xDO5if:D}, "iTQV��&9f TbDyFe:}�#<�s.

1 Wk75-3SKY?pKv 99.9%f Fe ?WKv 99.99%

f Tb7 Dy, �m Tb0.3Dy0.7Fe1.95 :}f_�>� (�G{gXG Tb 7 DybÆ6,f�O?W
I,,fH|O), e_ 5%) g?>, bp'vp 4×10−3 Pa f��5p'p�E���Æ6 4 P, ��> TbDyFe ℄:}q. i�qb Ar ÆA��# 900�/4 h
I,>KE+�. i
I,>f�qbp':W�.K0Z#: oL, "i:}!3� 0—74 µm, 74—150 µm 7 150—

300 µm3 �&3v�n��. ?y=|y�p%D[,

E–44 E4Axphx[, i TbDyFe :}!3Vhx[�m&f	:g���Y�, b 769YP–60E .�Q�.�>�, .5��p 200, 3007 450 MPa,Æ.,bp
30 min. .�>b6r�%D 24 h >jYa�N�!R!3�:,?. 0K BM51X �}��m
 (OM) '2hx GMPC fm'#{!N; .K WKCZ–1 �N�!R18~dx85fN�!R&d�#18; K SI1260�!��z;�z85ftVY&; K Agilent–4294A�Np;7 UT33A�lK��z1:hx GMPCfxDO5Y&7p!J.

2 WkE<A^Q
2.1 oG GMPC 2gbvq9fe 1 3K!3CUp 0—74 µm f TbDyFe :}!3pY?, b 450 MPa >�.5���af TbDyFe

a 1 TbDyFe 9|.9 (�9�B) %begw GMPC e|�lj
Fig.1 Metallographs of bonded GMPC samples with 85%(a), 90%(b)and 93%(c)mass fractions of TbDyFe alloy

particles with diameters of 0—74 µm



l 12 q ` �g : fv�L��P�1
8*=dL��P$bUvBM3 1475�:}/: (	:�C) &fhx GMPCf}�mk. e�2�sxf)�p TbDyFe:}!3, 2�s"f)�pAxO\. %?W�'2a, e 1a �0MQ85�Ax/:s�, TbDyFe !3��&�xs2; {e 1b 7 c�0)�:}!3Sb&8����, Sb�e 1b �S0f(u.e 23K&CUf TbDyFe :}!3b 450 MPa>�.5���f:}	:�Cp 90% fhx GMPCf}�mk. Qe 2a�%W�'2a, !3s�f:}�*&8, 4&(uW=F; {Qe 2b 7 c �%?�F, b:}!3CUsZ,, !3�'�x�^, VAxx:�S, ��&82. Ok, s�f:}!3F�i���, o�i�f!3MQPN�Ax�+, D{x:5s�, ?R&Yr.

2.2 oG GMPC 2/sV\jT�t.K��F�k~xhx GMPC fN�!R&d�#<18, 1:��VN6��:�. e 3 0Ff3b 450 MPa f>�.5���af&:}/:�&!3CUfhx GMPCfN�!R&dVN6yvf&~�
. %?�F, ℄:}/:sk (	:�C 85%),, N&!3b�-Z, Ax!�<N�!RfJm, _�85s\N�!R&ds3; {℄:}/:-� (	:�

C 93%),, MQ!3bk/:hx[�f�*#p;3�x:5�{&�L:�^, DO4&Z:(u, _�,?s\N�!R&dfmk; :}!3	:�Cp 90% ,,:}!37E4Ax	:g�4�, hx GMPC ��F$LfN�!R&d.Me 3 F%?�F, ℄:}!3f	:�Cp 90%,, :}!3CU�np 74—150 µm 7 150—300 µm,hx GMPC ���Fs2fN�!R&d, bkN6p 400 kA/m ,, N�!RJ��Wa 723.0×10−6 7
711.1×10−6, {!3CU 0—74 µm f85N�!R&ds3, 5`h�N�!RJ�p 515.8×10−6. o3MQ!3CUp 74—150 µm ?W 150—300 µm f85��&82 (e 2b 7 c), {!3CU 0—74 µm f85�, �!3f&8��7i�#p_�85N�!R&dmk. Ak, ��-A�:}!3f4D7KxN�!R&d4&:rfH�, {!3��f:}����4D.e 4 p TbDyFe :}!3CU�np 97—200 µm,	:�C 90%, >�.5��p 200, 300 7 450 MPa,hx GMPC N�!R&dVN6yvf&~�
. Me%f, K�>�.5eZ, 85fN�!RJ�N�	e_, b 400 kA/m fkN6���p 598.8×10−6,

599.2×10−6 7 623.8×10−6. DWb>�.5p

a 2 9| 2BT%begw GMPC |�lj
Fig.2 Metallographs of bonded GMPC samples with 90% mass fraction of TbDyFe particles with diameters of

0—74 µm (a), 74—150 µm (b) and 150—300 µm (c)
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a 3 %b9|.9�%b 2BTegw GMPC eM� Q%�	
Fig.3 Magnetostriction vs applied field H curves for

bonded GMPC samples with different mass frac-

tions of TbDyFe alloy particles with diameters of 0—

74 µm (a), 74—150 µm (b) and 150—300 µm (c)
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a 4 %b=�-4egw GMPC M� Q%�	
Fig.4 Magnetostriction vs applied field H curves for

bonded GMPC samples with 90% mass fraction

of TbDyFe alloy particles with diameters of 97—

200 µm molded at different pressures

200 MPa ,, �:,?�<O�-�:}!3Vhx[ybfS-x:.

2.3 oG GMPC 24℄_jp$"q~ [14] 3�rN�!R,?tVY&f:�7K�~. Æ�~0KN�!R,?b|DiqN6VpDS/N6f"'K�|&�q, a-!�mJY&�
�Ff"qmJ fr 7�"qmJ fa, �,?ftVQp(:~C k33�$I7\&Y: E. e 5 p Tb-

DyFe :}!3CU�np 0—74 µm, 	:�Cp 90%,>�.5p 450 MPa fhx GMPC b&i�p.�fpD!�mJY&�
. b 15 V i�p.�, Me
5 ��
Mf fr 7 fa ��p 1.912×104 7 1.987×

104 Hz.Qp(:~C k33�$I v 7\&Y: E %a-1f fr 7 fa ������/\J:

k33 = π

√

1

8
(1 −

f2
r

f2
a

) (1)

V = 2Lfr (2)

E = 4ρ(Lfr)
2 (3)/�, L p85f9v, ρ p85fSv.� 1 pÆ85bi�p.��p 10 7 15 V(xFfi�N6��p 32.7 7 49.1 mT) ,1f"qmJ

fr 7�"qmJ fa, ?Wa-\JMfQp(:~C
k33�$I v 7\&Y: E. %?�F, K�i�N6fe_, hx GMPC fQp(:~CNS�m, $I7\&Y:N:r	vf�'. 
�!i [15,16] W�<e7k} [17] f0~F, bi�N6��p 32.7 7 49.1 mT,, �V TbDyFe :}fQp(:~C k33 ��p 0.3197 0.326, {$I v ;- 2400 m/s. �t�hx GMPCfQp(:~CV�V TbDyFe :}��, $Imk

1.6 1.7 1.8 1.9 2.0 2.1 2.2
1.8

1.9

2.0

2.1

2.2

2.3

2.4

fa

 

 

 15
 10

Im
pe

da
nc

e,
 

Frequency, 104 Hz

 

 

fr

Bias voltage, V

a 5 gw GMPC a%bh�o-�eoC ��	
Fig.5 Impedance curves for bonded GMPC samples with

90% mass fraction of TbDyFe alloy particles with di-

ameters of 0—74 µm (fr—resonance frequency, fa—

anti–resonance frequency) molded at 450 MPa pres-

sure
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Table 1 fr, fa, k33, v and E of bonded GMPC sample under

different bias voltages

Bias voltages fr fa K33 v E

V 104 Hz 104 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: k33—electromechanical coupling coefficient, v—

sound velocity, E—Young’s modulus< 1/3 %O, oiZ	��hx GMPC bGdvFK�fkmY&.

2.4 oG GMPC 23uPCeOZ>p<0:}!3f	:�C7!3CUx85p!&dfH�, iz�>fZ��85���Tf[_pn, 0KlK�1:<85fp!, "\Jp!J. !3CU�np 0—74 µm, :}/:p 93% 7 90% f85fp!J��p 0.3363 7 1.1613 Ω·m. %f, K:}/:[�, �N�!R!3�:,?fp!Jmk. :}/:p 90%, !3CU�np 0—74 µm, 74—150 µm 7
150—300 µm fhx GMPC fp!J��p 1.1613,

0.3817 7 0.0175 Ω·m. %f, K�:}!3CUfeZ,�N�!R!3�:,?fp!Jmk, o3MQ85�3vsZf:}!3b�BtH"!>paFf�Js�S�. �t�hx GMPC fp!J��� TbDyFe:}fp!J (6×10−7 Ω·m[18]) [�< 5 �C:Z?�. hx GMPC p�N,?, tN
O57(SO5%??K&\, DO%?.K�rxDO5q θ f�~*�Ihx GMPC fxDO5, X%rA tanθ pO5D�. O5D�3�r�N,?xDO5f6/C, O5D�\Z, �W�N,?bp�N6�xDO5\Z. ��:r9vfZE�85'pN�, 0KNp;1:85fO5p! Rs 7N���
�a{Eufp�e: Ls.a-?��/%?\J85f\&N_J µ′ 7h&N_J µ′′, "�:(�85fO5D�, XO5qfuz}
tanθ [19]

µ′ =
πD

µ0N2S
Ls (4)

µ′′ =
πD

µ0N2Sω
Rs (5)

tanθ = µ′′/µ′ (6)/�, D pN�f<uTn�|�, N pN��S	ND
�f_C, S pN�<uTR, ω pp�N6fZmJ.e 6a p>�.5 450 MPa, :}!3CU 150—

300 µm, 	:�C��p 85% 7 90% fhx GMPC?W�V TbDyFe :}f\&N_J µ′ 7h&N_J
µ′′ VmJf&~�
. %?�F, hx GMPC f\&N
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a 6 %b9|�9�Begw GMPC 6 TbDyFe 9|eM^IVwCN4C�ew�
Fig.6 Comparison between the elastic permeability µ′ and

between the viscous permeability µ′′ (a) and between

the ratio of eddy current loss factors (b) of bonded

GMPC and cast TbDyFe alloy (R—the ratio of tanθ

of GMPC to tanθ of cast TbDyFe alloy)_J�xQ�V TbDyFe :}Z	[�, {K�Ax/:fe_{e_; {hx GMPC fh&N_J�xQ�V TbDyFe :}�D&Z. M/ (6) %v, hx GMPCfO5D��xQ�V TbDyFe :}Z	mk.?�V TbDyFe :}fO5D�pO�, :}	:�Cp 85% 7 90% fhx GMPC b&mJ�fO5D�V�V TbDyFe :}O5D�f�} R �e
6b S0. Me 6b %?�F, K�mJfe_, hx
GMPC fO5D�V�V TbDyFe :}f3�e�; bmJp 2.06×105 Hz ,, :}	:�Cp 85% fhx
GMPC fO5D�p�V TbDyFe :}f 9.73%, X.b 1.03×107 Hz f�m`h�, hx GMPC O5D����N TbDyFe :}f 55.35%; :}	:�Cp 90%fhx GMPC bkm,fO5D�V�V TbDyFe :}���mW�, {b�m`h�V TbDyFe :}xDO5��&W�, �63MQ:}	:�Cs�f85�:}!3ybtHf�J�Z, ���!>ZfxDIF,_�<85s\xDO5fZ	�'.

3 EQ
(1) hx GMPC�, TbDyFe :}!3CUp 74—
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150 µm ?W 150—300 µm ,, AxV!3x:�x�S, ��&82; {!3CUp 0—74 µm ,, 85�F�W�f&8��7!3i���.

(2) hx GMPC �!3CU�	:�C7>�.5xtN�!R&d�NH�, ℄:}!3CUp 74—

150 µm�	:�Cp 90%�>�.5p 450 MPa fhx GMPC N�!R&d��$L, N�!RJWa
723.0×10−6.

(3) hx GMPC p!J� TbDyFe :}[� 5 �C:Z, {K:}!3/:[�{mk, K!3CUe�{'�, hx GMPC f$Is TbDyFe :}mk< 1/3%O.

(4) bmJp 2.06×105 Hz ,, >�.5 450 MPa,:}!3CU 150—300 µm, 	:�Cp 85% fhx
GMPCfO5D�s TbDyFe :}mk 90%?�,Axf_�.�N�!R!3�:,?fxDO5Z	mk.-Ih
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