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ABSTRACT During the mechanical loading and unloading process, Tb–Dy–Fe giant magnetostric-
tive materials can dissipate a mass of elastic energy due to the irreversible movements of non–180◦

domain walls, which is of interest to be applied in passive damping control systems. The magne-
tomechanical damping capacity of Tb–Dy–Fe compound is strongly sensitive to the stress magni-
tude as well as the external magnetic fields. As a new member of the Tb–Dy–Fe family, quater-
nary Tb0.36Dy0.64(Fe0.85Co0.15)2 compound has been developed as a good candidate in wide operating
temperature range applications. In order to realize the application of Tb0.36Dy0.64(Fe0.85Co0.15)2
compound in passive damping control system, it is important to systemically investigate its damp-
ing capacity under coupled magnetomechanical loadings. In the present work, 〈110〉 oriented
Tb0.36Dy0.64(Fe0.85Co0.15)2 crystal was prepared with a growth velocity of 480 mm/h by zone melt-
ing directional solidification method. The damping capacity was studied by quasi–static stress–strain
measurements under a series of constant magnetic fields up to 0.325 T. Stress ranges from 0 to −10,
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−30 and −50 MPa were used at room temperature. The results show that maximum damping capacity
(∆W/W ) is obtained at zero field. Under certain stress amplitude σm, ∆W/W decreases with the
increase of magnetic field. A critical magnetic field exists in the damping capacity–magnetic field
(∆W/W–H) curves, and seems independent on the stress magnitude. Under coupled magnetic–stress
loadings, the magnetostriction–magnetization curves were measured to analyze the switching process
of domains and movements of domain walls, by which an explanation on the variation of damping
capacity was given.
KEY WORDS Tb–Dy–Fe alloy, magnetostriction, magnetomechanical damping, magnetizationKR(2M&h	 180◦ RFM+)7R5ouhGu, N<(2CX�D, #}	1_�+�, F	125RD~?��~aih	_�+�. S	_�+�p{+)hB=0?�)aO.:4, VRQ|�R [1]. �39Ri�<�Oh Tb–Dy–Fe :|M+)_J – }J0?o,25	 180◦ RF�h#�SGu~�<m>, U~O!4�\.hQ|O, (SM�uZu�ko�3r�h+/
� [2,3]. Hathawayj [4] N0��Ri�<L�bh+) – +�m>Io, z[ Tb–Dy–Fe :|hRQ|�R(5 Stoner–Wohlfarth �m>. Teter j [5] N00. Tb0.3Dy0.7Fe2 :|M��?Iehh+) – +��m>E, M65Iehe
0
\h�Rf, ∆W/W =

1.75 (p+hM4 Q−1 d[ 0.28). Pei 7 Fang[6] ��0 〈110〉 ru Tb–Dy–Fe :|M|uR5IehhRQ|�RC�, �k`�Rf,8V_R5�uh��~jy�D.MRQ|�:_JIeh, H�RD~?����,N<(2M&RF7F�hGu�eS[�H, �kI#Ph=&q+. ��, � Tb–Dy–Fe :|ru(2huu�_<�+)�, `Ri�<�OKjyE� [7,8], VRi�<�JD�y+ (�Jump�y+); 7V, `VR5ex�D�, ` Young’s F.�K��Ej�D, V�∆E�y+ [9]. 2S�
, Tb0.3Dy0.7Fe2 :|hH�RD~?{`RQ|�[3r�,q.���h
_�� [10] �k, N0P\ Tb/Dy �%�%ml Tb–Dy–Fe :|q���Kru\x, P�/
Co >2&�GG Fe, �%E� Curie \x, ��I0�\: Tb0.36Dy0.64(Fe0.85Co0.15)2 />:|. ,/l�suW#W)k�h Tb0.36Dy0.64(Fe0.85Co0.15)2 :|
〈110〉 ru�F#}M −80 g 100 ��\:M�31'hRi�<�O, ~g�39 Tb0.3Dy0.7Fe2 :|ru�Fp1h�Jump�y+, M\\x�DE�o�3r�h+/`d [11]. [�k�:|M�u�Rbeoh�Z+/, 	�{`MRQ|�:_JIehh�Rf,~�fQ��. (S, ���,/��?0"��, ��0�\: Tb0.36Dy0.64(Fe0.85Co0.15)2 :| 〈110〉 ru�FM#PhR57+)hhRQ|�RC�, [�:|M�uZu�kW)oh+/E -�.

1 0���%�O (99.9%) Tb, Dy, Fe 7 Co ?(2, Yk

Tb0.36Dy0.64(Fe0.85Co0.15)2 G:|, MY�q?8o���+ 4 T>{<b�[ 6.8 mm h{�. M�\xDxl�suW#���, % 480 mm/h �F�84x�`suW#. /}�#� D/Max–2200PC X �o��"
(XRD, Cu Kα), vs`uu�F�ru[ 〈110〉. ,/of�Leb�[ 7 mm, 8x[ 25 mm h�[, !,/��?0"��, 0.�[M#PR5oh+� – +)%fno, R57�+)�_�u��:|�huu. AT��
, ih�[M 0.8 T R5oRD, x>mlg�shR5ex, K��s4=_J
�sh
\+)d
σm >��}J. �shR5\x��[ 0, 0.036, 0.053,

0.13 7 0.325 T; �sh+)
 σm ��[ −10, −30 7
−50 MPa. �LeW℄h+� – +)E (strain–stress

hysteresis loop), F	�{"��_��+); ^�25
Laves phV�, "�h��exSl, B[ 28 MPa[12],(S, ���of0.�<+)Iehh+� – +)�E
(strain–stress half loop). �[hRDex2�ros0e, Ri�<U+) – +�no�2q�+�Y0e. 	�eIh�AIno�M$T_J – }J0?oe
. 25,/��0ÆfQ_J��, ;K�k"�=%h�Z+)j5 σm h�sd, �Fh+)d�23yJ5J%"�h<rCR6e. ��oh�Ry+9=�_h�ZR5p�;�, (S#7�9.

2 0�%�
2.1 �5��F�B) – B�.;R 1 [#PR5Ieh 〈110〉 ru Tb0.36Dy0.64-

(Fe0.85Co0.15)2 :|�h+) –+�Io. [0�^AT����[�3pPhH�TR~?, 0"
v� 0.8 TR5�7RDK#. 2R�
, 6R5oe
h+� – +)no����h�, VMWt}J>WM�.6+� εr;8R5P_
 0.036, 0.13 7 0.325 T, εr w�, e
��:h�+� – +)m>E. 25(2�	hK_�, +�
– +)no�	o�h; P�, 25_�F.�Dy+, +) – +�noh	o�C[�M8R5P_~�D. SV, :|�h�Rlo� (V}J – _J0?o+�m>h
\d) 8R5P_u�+)-\!u.

2.2 �#>H-92RQ|�Rf, ∆W/W (V℄�s_MhQ|O:4 ∆W 9
\_�O W h�d) �2+� – +)Io
(R 1) Y6e
 [5]
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7 1 〈110〉 qt Tb0.36Dy0.64(Fe0.85Co0.15)2 9{�L"OQ4gg*� – *(Hn
Fig.1 Compressive strain–stress half loops of 〈110〉 oriented Tb0.36Dy0.64(Fe0.85Co0.15)2 rod in magnetic fields

µ0H=0 T (a), µ0H=0.036 T (b), µ0H=0.13 T (c) and µ0H=0.325 T (d) at different stress amplitudes σm,

showing the evolution of non–linear stress–strain relation with increasing magnetic field
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 7 2 〈110〉 qt Tb0.36Dy0.64(Fe0.85Co0.15)2 9{�gN-936�Qe+
Fig.2 Field dependence of energy loss per cycle ∆W (a) and damping capacity ∆W/W (b) for 〈110〉 oriented

samples at different stress amplitudes σm

∆W/W = 4A/(σm · εm) (1)�o, A [A�+� – +)IohR�CR, εm [+)
d σm {+h+�d. R 2a 7 b ��[ 〈110〉 ru
Tb0.36Dy0.64(Fe0.85Co0.15)2 :|�hQ|O:4 ∆W7�Rf, ∆W/W 8R5ex µ0H h�D%f. 2R
2a �%�I, M σm ��[ 10 7 30 MPa �, ∆W �8R5P_~p�o�b�; M σm [ 50 MPa �, ∆W8R5P_~iP_�>b�. W�EQ|O:49+)
d3Bf%f, �-0#P �hRFGu7F�!u.

2R 2b �%�I, ∆W/W M6R5o
\, 8R5exP_~wgml, W9℄l [5] h�d�i. de%|h�, M6R57lR5o, ∆W/W 8 σm P\~b�; M4wR5 (∼0.105 T) o, Ik9 σm d_%hnp; M�R5o, ∆W/W 8 σm P\~P_.

3 3*
Tb–Dy–Fe :|hRQ|�Rf,#}%
V_J5h,q, F9(2hM
R�UX&�a3%. Teterj [5] z[, `�Rf,9(2h�[Ri�<f, λ111,
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 n 45 �R��u'�6, K, Young’s F. E j3%. `o, Young’s F.%
(2�&ru�CX%UM&umh,q. 9 Tb0.3Dy0.7Fe2 :|p�, Tb0.36Dy0.64-

(Fe0.85Co0.15)2 :|h λ111 >l, ~ K1 >� [10]. 25�Z�F�8Ieh#P, �Vh Young’s F.;K�o. (S, K%	 Tb0.36Dy0.64(Fe0.85Co0.15)2 :|
〈110〉 ru�F9#3h Tb0.3Dy0.7Fe2 :|ru(2h�Rf,~�s.m�o. =%, ���}UV_J5Ieh�DA�`�Rf,h�D.KR(2M��?hh�RC�, �%���ZuZ=�!lhi�h)ah�m>��R, `Qkx��+)4ah2F�#�S!u)ahQ|O.:4 [2]. �Æ�&M+)#� (V Smith–Birchak #�), KR�:|h�Rx�*(5	 180◦ F�h#�S!u [13].W�VR57+){5 180◦ F�!u��1�#P�/ht.: MolVR5oRDexhP_x���5
180◦ F�!u, ~Mo�VR5o 180◦ F��Ap{^s; �+)!#O!� 180◦ F�h~?����.25 Tb0.36Dy0.64(Fe0.85Co0.15)2 :|h&RD�u[
〈111〉[14], `M&h	 180◦ F�	1 71◦ 7 109◦ ,pF�. [��A�, }	 71◦ F�hGui�_%�A. MuuR5�/h, :|�M& 71◦ RFhRDexju5uuX3; Muu�<+)�/h, `RDexj59uuNbh&RD�uX3, (S, W,p�p�\ha#�/)�e 71◦ F�hGu8V_J5#P~�D.�Æ�&M+)#�, KR:|M&WM\.#*�h\x#jh�&M+) σloc, f3`V_+) σm >

σloc �, *K)aW��&h 71◦ F���#�S!u!N<O.:4 ∆W [13]. R 3a 7 b ��[#P<�+)
dIehhRmIo7RD=no. 2R�
, 8<�+) σm P_, 〈110〉 ru Tb0.36Dy0.64(Fe0.85Co0.15)2:|�hRDexM��R5o*j��7, `
\RD=8`ml. W�E, ���[Y
pPhRD~?, +)
dC�, =	hVR5exC\; ~R5exC�, l+)CK5ou 71◦ RFhRDex}uNb�u. (S,�&M+) σloc 8R5exP_~P\, �E	��\+)*O� 71◦ F���#�S!u, WD�v�0�RlM�R5o!u�+)-\hkv. M���Ieh, �Rf,8R5P_~ml, W�9�&M+)P\3%.M#PhR57+)
dIeh, F�h!u���#pP. R 4 [#P<�+)
dIehhRi�< –RDex%fno. 2R�
, 〈110〉 ru Tb0.36Dy0.64-

(Fe0.85Co0.15)2 :|��3EjhRi�<�Jump�y+: 8 σm P_, Ri�<�OjyP\, ~gRi�<=o�P8y. URi�< – RDex (λ–µ0M) no��
, M_+)~?, Ik�H�\>�, x�� 180◦ F�!u (M: 180◦ F�) ht.: RDex�4P_, ~{
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7 3 〈110〉 qt Tb0.36Dy0.64(Fe0.85Co0.15)2 9{�gQlHn6QC<mn
Fig.3 Magnetization hysteresis loops (a) and suscepti-

bilities χ (b) for 〈110〉 oriented Tb0.36Dy0.64-

(Fe0.85Co0.15)2 rod at different σm values (arrows

indicating the increase of stress amplitude, µ0M—

magnetization, µ0H—field strength)
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7 4 〈110〉 qt Tb0.36Dy0.64(Fe0.85Co0.15)2 9{�gQh�; – QCdw$e
Fig.4 Magnetostriction–magnetization curves for 〈110〉 ori-

ented Tb0.36Dy0.64(Fe0.85Co0.15)2 rod under differ-

ent amplitudes, showing different domain switching

processes (λ—magnetostriction)V#j�EjhRi�<. 8 σm P_, λ–µ0M no2
U ��[ V �:�H�\>�w�, H�RDqy[ 71◦F�!u (M: 71◦ F�). 8 σm ~�$P_, λ–µ0Mno2 V ��[ γ �: MlR5qy, Ri�<{�Ao�; M�R5qy, o�P8yt*>Ik��\>�,
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i : 〈110〉 ps Tb0.36Dy0.64(Fe0.85Co0.15)2 8zfPOz�PB� 753��EM 71◦ F�!u (71◦ F�) t*>Ik 180◦ F�!u (180◦ F�); M��R5o, r�Ik 71◦ F�!u (71◦ F�). (S, �%*IIR5ouhhF�!u(;: (i) Ml+)�, x�� 71◦ F�!u (71◦ F�);

(ii) MlR5 – �+)�, P�	1 71◦ F�!u (71◦F�) 7 180◦ F�!u (180◦ F�); (iii) M�R5 – �+)�, �[ 71◦ F�!u (71◦ F�). =%, M#PR57#P+)Ieh, F�h#�S!uN<Q|O:47�Rf,�kI#Ph�Dj�.

4 %*
(1) 〈110〉ru Tb0.36Dy0.64(Fe0.85Co0.15)2 :|�MVR5o�kI#Ph+) – +��[. 25R�M\�R57uu+)�/hju#Ph�u}u, 8R5exP\, �&M+)P\, ai�Rlu�+)-\!u;P�, +) – +�	o�C[M�R5o�e#Ej.

(2) 〈110〉ru Tb0.36Dy0.64(Fe0.85Co0.15)2 :|�hRQ|�Rf,8R5ex7+)\x~�D, x��25#PRQ|_JIeN<#PhF�!u. 8R5exP\, �R�M+)�/h}uNb�u�e�K, (~}J0?o#�S!uh 71◦ F�,.b�, ai�Rf,8VR5P_~bx.
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