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�©ïÄ
ü¬ Ni54Fe19Ga27 ØÓ���/GPÁ�A!��5Ú^5. ïÄuy, ü¬�¬äkûÐ�V�
/GPÁ�A. ØÓ¬NÆ����CAC�X9Ì�gê�Cz
UC. 3	Aå�^e, ÏLAåpuê¼N
�C, �¬3 [001],[110],[111] ��©O�)
 3.3%, 2% Ú 3%��£EAC²�. ^5ÿþ(JL²ê¼N�^
¬��É5U�� 4.8×105 erg/cm3, ���uCNÌ)¤IÅ�AåU, Ïd^|��^´¦^Ýu)=Ä
Ø´
¦Ì¬.£Ä, ¤õ�«
ØU3 NiFeGa ¥¼��^a)AC�Ôn�
.

'�c: ^5/GPÁÜ7, NiFeGa ü¬, /GPÁ�A, ��5

PACS: 81.30.Kf, 75.50.Cc

1 Ú ó

^5/GPÁÜ7 (magnetic shape nemory al-

loy,MSMA) �É'5Ì�´Ï�§äk^|��
�^5/GPÁ�A. 3^|�^e, �±�)
����£EAC. Ïd, TaÜ7ok�¡E
AC�!p�AªÇÚ�°(���nÜA5,

3#.°ÄÚDaá��¡äkd3�A^c
µ. gl Ni2MnGa �uyäk��^a)ACÚ
^|���V�/GPÁ�A±� [1−3], ­.õ
�ïÄ�|Ñ3È4Ï¦Ú&¢#�^5/G
PÁÜ7. �8c��, ®²muÑ
 NiMnAl[4],

CoNiGa(Al)[5,6], NiFeGa[7,8] , NiMnIn(Sn, Sb)[9] �
�X�/GPÁÜ7.Ni-Fe-Ga Ü7�,kéÐ�
9�5ê¼N�C [10], /GPÁ�AÚûÐ�ò
Ð5 [8], �´�8¿vk3 NiFeGa ü¬�¬¥¼
���^a)AC. 'uÙ^a)AC���, �
�k��©z, 3 Ni54.2Fe19.3Ga26.5 ü¬¥=��

 0.02%�^a)AC [11], ���u NiMnGa Ü7
¥p� 9.5%�^a)AC [3]. Ïd, �Y�ó�'
�8¥3^Æ�*	 [12], ��5�ïÄ [13] ±9�
,éÙ�C�K� [14] ��¡. �8c��, 'u�

�o3 NiFeGa ¥ØU�)�^a)AC�Ånÿ
�kïÄ. �©?Ø
ü¬ Ni54Fe19Ga27 ØÓ��
�^5!/GPÁ�AÚØAåpu�ê¼N�
C. ¢�uy, 3Øå�^e, Tá�äkûÐ��
55�, ØÓ��puê¼N�C�¤I��Uþ
±9Aåpuê¼N�C¤�)�AC²���
ØÓ. �â^5ÿþ(J, ©Û
Taá�¥^a
)AC���Ï, JÑ
U?^a)AC5���
Uå».

2 ¢��{

Ü7���´XÝ� 99.99%� Ni,Fe,Ga ü
� 7 á. | © � Ni54Fe19Ga27 � ü ¬ � ¬ |
^ MCGS-3 ��, æ^el�XÚJ.{, 3p
X�í¥÷ [001] ��)�. )�ëê�: )��
Ç 15 ¨ 30 mm/h, d¬\=� 30 r/min. �¬��
�d X ����� Laue {(½. �6^zÇ¢
�¤^��6^|� 400 A/m, ªÇ� 77 Hz. �
¬÷ØÓ���¤ 2 mm×2 mm×3 mm �º�?
1ACÿþ. �CAC�ÿþæ^>{AC¡�
�{. ��5¢�æ^ Instron 4301 .�Ø ¤ÿ
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þ. Øå����Ý� 5 kN. ^5ÿþæ^�Ä
�¬^rO (QUANTUM DESIGN úi) ÿþ, ^|
���Ý 30 kOe(1 Oe=79.5778 A/m), §ÝCz�
� 50—400 K.

3 (J�?Ø

ã 1 � Ñ 
 ü ¬ � ¬ Ni54Fe19Ga27 � � 6
^ z Ç χ � § Ý T � C z ' X. d ã w Ñ, T
ü¬�¬�Øp§Ý TC= 302 K, ê¼N=C§
Ý MS=270 K. �C(å�, UYü$§Ý, 3 175 K

?uy�¬��6^zÇw«��¸, éAX¥m
ê¼N�C�C. 3���,§L§¥, 3 200 K

?Ñy­�Ñy��,§¸, éAX¥mê¼N�
C�_�C. UY,p§Ý, �6^zÇw«��
:ì�þ,éAXê¼N�C�_�C, _�Cå
©§Ý AS=272 K.

ã 1 ü¬ Ni54Fe19Ga27 ��6^zÇ χ �§Ý T �Cz'
X

ã 2(a),(b),(c) ©O�Ñ
 Ni54Fe19Ga27 ü¬
�¬3 [001],[111] Ú [112] n����AC λ �
§Ý T �Cz'X. �±w�ü¬�¬�ØÓ¬
NÆ��3�CL§¥Ñw«
ACâCÚéÐ
�V�/GPÁ�A. ÷X�¬� [001] ��, ü
§�, �¬��, AC�� 0.12%. 9Ì�L§Ø
UC���A5; ÷X�¬� [111] ��, 1�g
Ì��, �¬��, AC�� 0.03%. UY?11
�g9Ì�, �¬d�5���C�Â , ÙÂ 
þ� 0.06%;[112] ����¬, üg9Ì�Ôö¥,

�¬Ñ´Â �, 1�g�Â þpu1�g, �
� 0.12%. ü§L§¥,NiFeGa �¬u)9pu�

ê¼N�C, >º*	w« NiFeGa �¬�9pu
ê¼N�a.´ 5 �N��ê¼N (10 M)[12]. 3
9pu�CL§¥, ¬�) 24 �ê¼NCN, z�
CNäkØÓ���. A�CN�m¬|¤CN+,

CN+�g���^¬¦�¬�AC~���. =
¦3ü¬�¬¥, g���^¦CN3ØÓ��þ
!©Ù, ê¼NCN¤�)�ACò¬p�-�,

ù���¬Øw«��÷*AC.Ishida �<ÏL
>º*	
�¬ Ni51Fe22Ga27 3 3 g9Ì�L§
¥�ê¼NCNÚ^Æ(�, uyzg9Ì�L§
¥)¤�g��ê¼NCN+Ø�� [12]. �Ò´
`zg9Ì���, CNü��ª¬u)UC, Ï
d���CACØ­½. Ó�, ê¼N�CL§¥,

¬�)"�, 'X`Ì¬"�Ú��"�, "�¡
Ú��¡�£Ä, Ñ¬K��CN�ü��ª. �
X9Ì�O\, "�¬\È, �¬��9puê¼
N�CAC�Ø­E.

ã 2 Ni54Fe19Ga27 ØÓ¬NÆ���AC - §Ý­� (a)

[001] ��;(b) [110] ��;(c) [112] ��

ã 3 � Ñ 
 ¿ § e ü ¬ � ¬ ÷ [100],[110]

Ú [111] ��Ø �Aå (σ)- AC (ε) ­�. d
u ÿ Á § Ý p u ê ¼ N _ � C ( å § Ý, Ï d
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� 1 � ¤ k � ¬ Ñ � ± � � £ E � � G. ü ¬
�¬3n�$�ê��Ñw«
éÐ���5
5 �. 3 [111] � �, A å � � 61MPa, U þ �
Ý (

1
2
σε) �� 3.3×106 erg/cm3 � (1 erg=10−7J),

u)�C. 3 61 MPa �^e, ÏLAåpuê¼
N�C�±�) 3%�AC²�, ¤I��Uþ
� 9.2×106erg/cm3. ���Ñ�´, 3Aå�^
e, CN¬�)J`��, �Ò´`3Aå�^
e�)�´��ê¼N, 
·�c¡`L, 39
��^e, �C��Ô´g��ê¼N. Ïd3
Aå��^e*	���CAC���uã 2

¥ � 9 p u � C � ) � A C. 3 [110] � �, A
åÚUþ�Ý©O�� 103 MPa,5.6×106 erg/cm3

�, Aåpuê¼N�C. 3 [110] ��ÏLAå
pu�C�)�AC²�´ 2%, ¤I��Uþ
� 10.3×106 erg/cm3. 3 [001] ��, Ñy
üÚ�
C, 1�ÚÚ1�Úê¼N�C��.Aå©O

ã 3 ü¬ Ni54Fe19Ga27 ÷ [001],[110],[111] ��Ø �A
å - AC­�

� 103 Ú 158 MPa, �éA��CéÄ¤I��U
þ�Ý� 5.6×106 erg/cm3 Ú 1.9×107 erg/cm3. Ï
LüÚ�C�)�AC�� 3.3%. ÏL'��
�, [111] ���pu�C¤I��Uþ�u [001]

Ú [110] ü���¤I��Uþ. ØÓ¬N���
��5��É58Ïu¬NÆ��þ�5ÚCN
����É. ·���±wÑ3 [110],[111] ���
Aå¢�©O� ∼19 MPa Ú ∼8 MPa. �XAå
O\, ùü����Aå¢�A�´~ê. 
3D
Ú�/GPÁÜ7 CuZnAl ¥ [15], Aå¢�A�
Ñ´�XAå�O\
O��. ùÌ�´Ï�3
DÚ/GPÁÜ7¥�\N´�) �, �XA

åO\, �)� ��5�õ. 
3 [100] ��, 1
�ÚÚ1�Úê¼N�CAå¢�©O� 48 MPa

Ú 94 MPa. �XC/þ�O\, Aå¢�´ÅìO
��.

ã 4 ü¬ Ni54Fe19Ga27 ØÓ§Ýe�^z­�

Ni-Fe-Ga Ü7ê¼N�C�´»Úê¼N�
C��ÔÉÜ7¤©ÚÿÁ^� ('X`§ÝÚ
Aå) �K�. ê¼N�(��~E,, �) 5 �N
� (10 M) �o�½öü�ê¼N;7 �N� (14 M)

���½öü�ê¼N±9�N��o� L10 ê
¼N. 3 Ni-Fe-Ga ü¬Úõ¬¥Ñ®²*	�
õ
Úê¼N�C [13,16]. �â NiMnGa �9©Û�(
J, �C)¤ 10 M ê¼N��Cd9�u 14 M �
�Cd9,14 M ��Cd9�u L10 ê¼N��C
d9 [17]. ù�Ò``)¤ 10M I��é���°
Äå, 
)¤ L10 ê¼NI����°Äå.Sutou

�<�Ñ9pu�ê¼N�C´ L21 →10 M �
ê¼N, 
Aåpu�ê¼N´ L21 →14M→L10

�ê¼N [12]. dþ¡�ã�±wÑ, ¿§e,[111]

����C°Äå�u [001] Ú [110] ü����
°Äå. 
 [001] ��Aåpu
üÚê¼N�
C, âd·�@�3 [001] ��*	�1�ÚAå
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pu�ê¼N�CAT´u)
 L21 →14M �(
�=C, 1�Ú�C´ 14M→L10 �¥mê¼N�
C. 3 [110] ��Aåpu�´ L21 →14M �(�
=C. 3 [111] ��Aåpuê¼N�C¤I��
Uþ�$, ÏdAåpu�´ L21 →10M �ê¼
N�C.

ã 4(a) Ú (b) ©O�Ñ
ü¬ NiFeGa �¬
1�Úê¼N�÷ [001],[110] Ú [111] ��ÿþ
� M −H ­�. é²w, éuá�(��1�,[001]

´´^z��,[110] � [111] ��J^z. 1�3
n���� M − H ­�/GA���. ,
3ê
¼N�, �,n�����Ú^Ý�Ó, �´3^
zL§¥LyÑ��ØÓ^z­��/G. ^z
��Ú�c, [001] ­�LyÑ²w�nãª^z
L§, = 0—0.5 kOe, ^Ý M �	^| H �5O
\;0.5—2 kOe, M � H �úO\; �u 2 kOe, ^z
ÅìªC�Ú. 
 [110] Ú [111] ���^z­�/
G�~�q,M �X H ÅìO\, ��ªC�Ú.

3 ü ¬ NiMnGa ¥, � ê ¼ N ´ 10 M ½
ö 14 M N�(��, �¬ÐyÑl 0.12%—9.5%Ø
���^a)AC [2,3]. 8cÊH@��^a)A
C5
uÌ¬.£ÄÚå�CN­ü. Ì¬.$
Ä�°Äå5
uê¼NCN�m^¬��É5
U½ Zeeman U��O [18]. �k�^¬��É5
U�uCNÌ)¤I��Å�U�, ^|��^
âU¦CN­��, ÄK^|��^´¦^Ýu
)=Ä, 
^Ý=ÄA�ØU�5��AC. ê¼
N�e,NiFeGa ü¬÷ [100],[110] Ú [111] ���
��Ú¤I��Uþ Ku =1

2MsHa, Ù¥ Ms ´�
Ú^zrÝ,Ha ´��É5|. �â¬�NÈ [12]

±9�fþ, �±��Ñ Ni54Fe19Ga27 ��þ�Ý
� 8.5g/cm3. d^z­�êâ, O�Ñê¼N�^
¬��É5U�Ý�� 4.8×105 erg/cm3. �â©

z��, 3 NiFeGa ¥, CNÌ)¤I��Aå σtw

� NiMnGa Ü7¥�Ì)Aå��, Ñ3 2MPa �
m [13]. CNÌ)¤I��Å�Udúª σtwε0 O�
�Ñ, Ù¥ ε0 n�G�e���AC,ε0 = 1− c

a
(a,

c ´ê¼N�¬�~ê), ��d¬N(�û½ [3].

·��c�ïÄL² [8], ê¼N�¬�ëê� a =

5.8565Å, b = 5.7336Å, c = 5.4507Å, Ïd ε0 = 6.9%.

O��ÑCNÌ)¤IÅ�U� 1.4×106 erg/cm3.

ÏLþã'���, ^¬��É5U���uÌ)
AåU. �Ò´`, ^Ýu)=Ä'CN­��¤
I��Uþ��õ. Ïd, 3	\^|��^e, ^
|��^´¦^Ýu)=Ä
Ø´°ÄÌ¬.£
Ä. ù�´��o��vk3 NiFeGa ü¬�¬¥
uy��^a)AC��Ï. �â©Û��, e�
Jp NiFeGa á��^a)AC, 7L�JpTa
á����É5. �±ÏL�,��É5'�r�
á�, 'X�,Dè Gd �5ÁãUõá��5U.

4 ( Ø

^�6^zÇ, �CAC, ��5Ú^ÿþÃ
ãL�
ü¬ Ni54Fe19Ga27 �Ä�Ôn5�. ¢�
(JL², �¬w«ûÐ�/GPÁÚ��É5�
�55�. Aåpuê¼N�C�, 3 [110] ��¤
I��Uþ$u [001] Ú [111] ���¤I�Uþ,

ùÌ�´Ï�§�)¤
ØÓN�a.�ê¼N,

���C¤I��°ÄåØ��. Ó�, ^5ÿþ
L², ü¬�^¬��É5U���uÌ¬.£Ä
¤I�Uþ, Ïd3	^|�^e, ^Ýu)=Ä

Ø´Ì¬£Ä, ��éJ*	�^a)AC. Ï
L©Û�ÑJpá����É5´Uõá��^
a)ACA5�å».
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Abstract

Shape memory effect and superelasticity are studied in this paper. At room temperature, perfect strain plateaus of 3.3%, 2% and

3% are obtained in the [001], [110] and [111] directions. The energies required to induce the martensitic transformation in different

crystallographic directions are estimated from the stress–strain results. Each of the magnetization curves in the martensitic phase

indicates that a magnetic anisotropy energy density Ku =
1

2
MsHa=4.8×105 erg/cm3, which is far smaller than the mechanical driving

force for variants twinning. This interpretes why only a little magnetic field induced strain in NiFeGa alloy has been observed so far.

Keywords: ferromagnetic shape memory alloys, NiFeGa, shape memory effect, superelasticity
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