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òDÚ7á����ó²Ú/GPÁÜ7á��(Ü, ï�
�«#.�U{Zá� —— PÁÜ77á��,

¿éÙ¤.ó²!/GPÁ�A!9�5åÆ5U9ëêK�5Æ?1
Á�ïÄ. ïÄL², ���«AÏ�7
á��, Tá�Ø=ä�ÊÏ7á��p{Z!$�Ý!�YÝ���`:, Ó�ä�ÊÏ7á��¤Øä���
Uá�A�: 1) ûÐ�ü§/GPÁ�A, Tá�3�1Ö\1��í{�5C/�±3,§L§¥��¡E; 2)

�5�þÚ�ÑÏfäk§CA5, 3�C§Ý«mS�5�þÚ�ÑÏf�§ÝCq�5Cz. duÓ�ä�7
á��Ú/GPÁÜ7ü�7áaõUá��`:, /GPÁÜ77á��¤��«�A^u�ÄÌÄ��!8
ûÐ«1UåÚ{ZA5u��!äk(�õU�Nz`³�#.�U{Zá�.
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1 Ú ó

�Uz´�cá��ÆïÄÚuÐ�c÷+
���, �XïÄ�Øä�\, �Uá�®²Ê9
�á��Æ����¡. {Zá�´�«U
áÂ
�ÄÅ�U!(U¿òÙ=z�9U½Ù¦/ª
UþÑÑ�õUá� [1], 2�A^uÅ�����
Ä³�. �Uá�A^u{Zá�NX, /¤
�
«#.{Zá� —— �U{Zá�.

du�U{Zá�´ò�Uá��ga�!
g�ä!g·A�A5A^uDÚ{Zá�NX,
Ïd�'u�UA^u�Ä�Ä���DÚ{Z
á�, �U{Zá��äk�ÄÌÄ³��A^c
µ. 8cIS	Æö'u�U{Zá��ïÄÌ�
�)Ø>{Zá�!>/^6C{Zá�Ú��5
/GPÁÜ7á�� [2,3]. 8c��a�U{Zá
��ïÄ��Ä�g·A��½ÌÄ³�Jø

á�Æ| , �´É�u¤�!ó²Ú5UÏ�,

�e��U{Zá��õ=��õU5{Z��
A^
�Õá«1�(��. XÛUõyk�U{
Zá��ó², JpÙ«1Uå±¢y�U{Zá
��õU(��Nz, ´IS	Æö?�ÚïÄ�
9:+�.

7á�� (metal rubber, MR) ´�«d7áj
á²AÏó²��
¤�7áaõ�á�, duä
kaq��{Zá��÷*åÆ5�, q´�7á
�¬
�¶. �ÊÏ7á�', 7á��äkp{
Z!$�Ý��YÝ���`:¿�´u�â(
�I��¤A½�/G. ���{Zá��', 7
á��Ï´�7á�¬, 
äkFp$§!FË
�!|Pz�`: [4−9]. 7á��åÆ5UØ=
�Ùõ�|�(�k', ��já�á�5Uk'.
IS	Æö�é'ïÄL², ± NiTi PÁÜ7j�
�����7á��äk`uÊÏ7á�� (dÊ
Ï~�7áá�XØCgj!Ôj����7á
��) �åÆ5U [10,11], �´ù
ïÄE�'5~
§^�e�5UïÄ
��9Ù9�5åÆ5U,
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�Ñ
Ù�Uá����Úd3�5U§CA5,
l
�,rPÁÜ7j���7á��==��
�«�Ä{Zá�.

�©Äu7á��Ú/GPÁÜ7���ó
², /Ï9½/ó²�Ñ
\9L§¥/GPÁÜ
7jág��/GPÁ�Aé7á��SÜ|�
Ú÷*/m�»�, ����
3ª�C§Ý«m
äk­½|�(�ÚAÛ	/�/GPÁÜ77
á�� (shape memory alloy metal rubber, SMAMR),
¿éÙ¤.ó²!/GPÁ�A!9�5åÆ
5U9ëêK�5Æ?1
ïÄ. ïÄ(JL²,
SMAMR oä7á��Ú/GPÁÜ7á��`
:, äkÉ§Ý�����5�5�þÚ�ÑÏf,
´�«�±¢yõU(��Nz�#.�U�5
{Zá�, Q�±ÏLéÙ{Z5U�C§��¢
y�ÄXÚ��ÌÄ~�, ��±ÏLé SMAMR
��fÝ�C§��¢yé(�XÚ��ªÇ�
ÌÄ��.

2 SMAMR ¤.ó²9Ùü§/GP
Á�A

ÊÏ7á��dÊÏ7áj (XØCgjá)
²7�!.�!?�Ú�Ø�X�ó²Ú½�
�
¤. �©ï�� SMAMR ���Äuþãó
², À^²9½.�äkü§/GPÁ�A� Ti-
50.3%Ni Ú^j, ².�!?�!�ØÚ9½.ó
²��
¤. PÁÜ7Ú^j�«×£þ9 (DSC)
­�Xã 1 ¤«, �C§Ý9AÛëêXL 1 ¤�,
Ù¥ Ms, Mf Ú As, Af ©O�LPÁÜ7j�ê¼
N�Cm©§Ý (◦C)!(å§Ý (◦C) ±9c¼N
�Cm©§Ý (◦C)!(å§Ý (◦C).

SMAMR ��ó²�¤}Ì�û½uÙ/G
PÁ�A. XJÃ{�Ñjá���ü§/GPÁ
�A, ½öÃ{/¤é�Ø¤.G��/GPÁ�
A, @o�ó�uc¼N�C§Ý±þ�, SMAMR
��òu)|�(��­.

ã 2 ¤«��²9½.ó²� SMAMR ��,
ÙÐ©pÝ� 24 mm, ã 2(a)�Ù3�Ø(å��

÷*/m. òÙØ �u)�5C/, �1�pÝ
� 21 mm, 3�§�¥\9� 50 ◦C �, T SMAMR
Á�u)/mUC, cÙpÝm©²wO\; �
§Ý�� 70 ◦C (> Af :§Ý) �, Ù�ª/mX
ã 2(b) ¤«, �ª­½�pÝ� 32.4 mm. d	, T
��dî�¡ 20 mm×20 mm ���N/)ä�C
q�Øf.��ÎN/, u)²w�|�(��­.
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ã 1 Ti-50.3%Ni á� DSC ­�

� � � � � �
ã 2 Ú^j/GPÁ�Aé SMAMR /m�K� (a) ¿
§ 20 ◦C; (b) \9� 70 ◦C

TL§�SÜ°Äå´: ~§�� SMAMR L
§¥, PÁÜ7Ú^j��5C/Ì��)Úå.
�±9¶��­ü�¡, ±þ�5C/3c¼N�
CL§¥þu)¡E, ��¡ SMAMR Ú^��N
u)ÚåÂ , ,��¡Ú^j¶�¡E “��”,
3±þPÁÜ7Ú^jü§/GPÁ�A�°Ä
e, ±9já�p�7!oÜ�C/�å�nÜ�
^e, �ª��
Xã 2(b) ¤« SMAMR ÷*/m
�wÍUC.

L 1 PÁÜ7jëê

j»/mm Ú^	»/mm Úå/mm
�C§Ý/◦C

Mf Ms As  Af

0.2 1.4 ≈ 0.2 43.5 54.7 50.3 60.5
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ã 3 ¤«�²9½.ó²� SMAMR Á�
�,§g£EÁ�L§. T SMAMR ��Ð©p
Ý h = 24 mm, ¿§e²�1ÖØ !�1�í{
�5C/� 3 mm, =�ªpÝ� 21 mm; d	du
L�p�1Ö��^, Á��u)²w�î�C/,
î�)ä�Ñw�/, Xã 3(a) ¤«. éTÁ��
?1,§g¡EÁ�±�yÙ/GPÁ�A, Á�
¥æ^9ºl�9
, dã 3(b)—(d) ��ÙpÝ3
±Y�96�^e�ª¡E�C/c� 24 mm, ¿
�	/d h = 21 mm ��Ñw�/¡E�Ø C
/c���/î�¡/G.

� � � � � �
� � � � � �

ã 3 ²9½. SMAMR Á��/GPÁ�A
(a) h = 21 mm; (b) h = 22 mm; (c) h = 23 mm;
(d) h = 24 mm

du SMAMR á��Ä:já —— /GPÁ
Ü7��C§Ý«m�$ (��$u 200 ◦C), 3A
^up§�¸¥�  ²{�C
>uÚ^��
N�ü§/GPÁ�A. ±þé'Á�L², 3e
\ó�ã��Øó²�, ?�Ú?1�A�9½.
?n�±k��ÑPÁÜ7Ú^j�k�ü§/
GPÁ�A, ¿/¤é�Ø�AÛ	/�#�ü§
/GPÁ, Ïd9½.ó²´�y SMAMR 3ª�
�C§Ý«m�\9L§¥äk­½|�(�Ú
AÛ	/¤7I�ó²Ú½.

é�©æ^�PÁÜ7já�ÐÚïÄ®²
uy, 3¿§� 90 ◦C ^�e²L 4—6 g�E�9
Å�Ôö�, PÁÜ7jáä�
�½§Ý� “V

§/GPÁ�A”. aq/, �±39½.ó²Ä:
þé SMAMR á�?1�E�9Å�Ôö/¤ “V
§/GPÁ�A”, ¦ÙØ=�±���«#.�
U{Zá�(���±A^, ��±�â(��O
�¦��äkE,AÛ	/��U E°Äá�,
��ÿ°
PÁÜ7á���°Ä���A^/
ª.

3 SMAMR O·�9�5åÆ5UÁ
�

3.1 ÁÁÁ���XXXÚÚÚ

SMAMR O · � 9 � 5 å Æ 5 U Á �
3 WDW3020 .>fUCÁ�Åþ?1, á�§
ÝÏLÁ�Å�C��§�Ú§�¤?1��,
X ã 4 ¤ «. Á � L § ¥, � � � � � \ 1 �
Ý (0.25 mm/min) Ú�1�Ý (10 N/s), ±�y�
�\1Ì�¥ SMAMR þ!É1!ÃÀÂ.

(Ü/GPÁÜ7Ú7á��ü«õUá�
�ó²ÚåÆA5, SMAMR O·�Á�Ì�ï
Ä SMAMR �9�5åÆ1�, ±9��ó²!á
�§ÝéÙá�5U (�5�þÚÑÑÏf) �K
�.

ã 4 SMAMR O·�Á�XÚ (a) O·�Á�XÚ; (b)
SMAMR \1²�
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3.2 ÿÿÿÁÁÁ���{{{

SMAMR ���«�5{Zá�, ÙÉ	å�
^�, ��¡��SÜ7ájÚ^ò��5¡Eå
²ï1Ö, ò	å�õ±ACU�/ª;�, ,�
�¡ÏL7ájÚ^ò�m��>�ÞòÜ©Å
�U=z�SUÑÑ, Ïd SMAMR �Ì�\1 -
�1­�LyÑ´¢A5. dÌ�\1e�´¢£
��±�� SMAMR ��5�þÚÑÑÏf, Ù¢
��N
7á��á��«1UåÚ{Z5U.

ã 5 SMAMR ´¢£�«¿ã

Xã 5 ¤«�;.� SMAMR“Aå σ (MPa)-
AC ε” ´¢£�«¿ã, Ù¥ W �ü Ì�S
���ACU�Ý (MPa), ´¢£��ä¡È ∆W

�ü Ì�SACU�Ý��Ñ (MPa), Kéu�
�5{Zá�Ùü Ì�S����5ACU�
Ý U 9�ÑÏf η ©Od (1) Ú (2) ª½Â [12]:

U = W − ∆W/2, (1)

η =
∆W

πU
. (2)

Ó��5{Zá�, SMAMR �þã´¢A5
�Å�5{Zá�äk�q5, =�±@�duZ
�Þ��3, SMAMR �AC�éuAå�3¢�.
ÏdaquÅ�5{Zá�, ±E�þ�/ª½
Â SMAMR ��5�þXe [13]:

E∗ = E (cos α + i sin α) , (3)

Ù ¥ α �A C � é u A å � ¢ � �, E =
σmax/εmax �¶Â�5�þ [4], �� SMAMR E

�þ���� |E∗| = E = σmax/εmax. e©¥XÃ
AÏ`², þ± E L« SMAMR E�þ���, ¿
± EA, EM ©OL« SMAMR �c¼N��5�
þ!ê¼N��5�þ.

4 SMAMR åÆ5U�§CA5

SMAMR ���«±/GPÁÜ7���A
Ï7á��, �ÊÏ7á��3á�åÆ5U�§
Ý�A�¡äké�«O: 1) ÊÏ7á��d~5
7ájá��
¤ (XØCg!Ô�7ájá), 3
7á���~5¦^§Ý��S, já�5�þ�
Czé�, �±�ÑØO; 2) SMAMR d NiTi PÁ
Ü7já��
¤, �� NiTi PÁÜ7��5�
þ3ê¼N�Cc��Éã�, Cz���� 2—3
�. du SMAMR ��5�þ��Ì��ûuÙS
Ü� NiTi Ú^j�f5, 
û½�ö���Ì�á
�5UëêÒ´já��5�þ. Ïd�±ý�,
� SMAMR �\9,§ª�Ù�C§Ý«m�, Ù
åÆ5Uò¬u)wÍUC, �=ÙåÆ5Uäk
aquPÁÜ7�§CA5.

SMAMR åÆ5U�§CA5Á�À�,Á
�d¿§\9� 100 ◦C (pu Af §Ý), ¿3\9
L§¥À�ØÓ§Ý^�?1Ì�\1. ã 6 ¤«
��L5��Cc (¿§ 20 ◦C) Ú�C� (100 ◦C)
SMAMR � “Aå - AC” ´¢­�.

� � � � � � � � � � � � ��� � �� � �� � �� � ��	
� � 
 � �
� � �� � � �

ã 6 �Cc� SMAMR “Aå - AC” ´¢­�

dã 6 ���Cc� SMAMR Ì�\1¥�
åÆ1�u)²wUC, ´¢­�wÍC “Í”, ¿
�Xá��5�þO�, ù�Cz3ã 7 ¤«��
5�þ§C­�¥���*. dã 7 ��, SMAMR
�5�þ3 As§Ý (� 50 ◦C) ±e��� 18 MPa
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¿�±­½, A�Ø�§ÝUC; �á�§Ý,p
� 50 ◦C ±þ�, �5�þ×�O�; ��§Ý�
� 70 ◦C ±��5�þ�§ÝCz�ú¿�ªÄ�
­½, ��� 39 MPa. �� SMAMR �c¼N��
5�þ��ê¼N��5�þ� 2.2 �, ¿�ù�
UCÌ�u)u�C§Ý«mS, 3T«mS�5
�þ�§Ý,pCq�5O�; 
3�C§Ý«m
�	 ($u As §Ý, ½pu Af §Ý), �5�þA
�Ø�§ÝCz.

� � � � � � � � � � �� �� �� �� �� �� ��	
� � 
 � �
ã 7 SMAMR �5�þ�§ÝCz­�

I�`²�´, Xã 1 ¤«, �©æ^� NiTi
Ü 7 j á � c ¼ N � C§Ý « m� (50.3◦C—
60.5 ◦C), 
 SMAMR duÙõ�(�é\9,
§äk´¢�^, ��Á�L§¥��C¢S�¤
§Ý,p.

� � � � � � � � � � ��� �� �� �� �� � � � � �� � � �� � � �� � � �	 
� � 
���� � � � �� ��
ã 8 SMAMR ü Ì�{Z5U�ó�§ÝCz­�

dã 8 ��, 3�C§Ý«m (50 ◦C—70 ◦C)
S, SMAMR ü Ì��Uþ�Ñ (= ∆W ) �§
Ý,pO\� 45%, 
3�C§Ý«m�	 (=$
u 50 ◦C Úpu 70 ◦C �§Ý«m) K�±­½. �
´, du3Ó�L§¥ SMAMR �5�þ�§ÝC
q�5O�, ��ü Ì�S SMAMR á����
�5ACU�Ý U ��O\; dã 7 Úã 8 é'

��, ��Cm©c ($u 50 ◦C) �', �C�¤
� SMAMR �5�þÚ���5ACU�ÝþO
\� 1.1 �. �â�ÑÏf½Âúª (2) ��, ÑÑ
Ïf3�C����Cc� 70%, Xã 8 ¥ η ­�
¤«.

5 ��ó²é SMAMR åÆ5U�K
�

d SMAMR ���ó²��Ù©�e\óÚ
9½.ü��ã, Ù¥e\ó�ã�ó²ëêÌ�
´Ù�é�Ý, 
9½.�ã�Ì�ó²K�´P
ÁÜ7Ú^j39½.L§¥, 3�k/GPÁ�
A°Äe�Ú^j��ÚÚåÂ .

5.1 999½½½...óóó²²²ééé SMAMR ááá���åååÆÆÆ555UUU
���KKK���

9½.ó²é SMAMR åÆ5U�K�ÏL
¿§�¸e, Ó� SMAMR Á�©O39½.c�
�O·�Á�(J?1é'©Û. ã 9 ¤«�9½
.c�Ó� SMAMR Á�� “Aå - AC” ´¢­
�, ã 10 ¤«�9½.c�ØÓACe�E�þ
�.

� � � � � � � � � � � � � � � ��� � � �� � � ���	
 � � 
 �
ã 9 9½.c� SMAMR“Aå - AC” ´¢­�

dã 9 ��, 9½.� SMAMR 3Ì�\1¥
�åÆ1�u)wÍUC: \1­�wÍC “Í”,
´¢£��ä¡ÈC�. ùL² SMAMR �«1U
åÚ{Z5Uu)wÍUC: 1) 9½.��5�þ
wÍO�¿�¥yM��5A�, dã 10 ��9
½.c SMAMR �5�þ�� 1 MPa, ¿�Ä��
±�5; 9½.��5�þ�ACO�
O�, =
¥yM��5A�, Ù¥��AC (� 2%) ���
5�þ'½.cO� 9 �, ��� 10 MPa; 2) 9½
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.� SMAMR {Z5UJp, �ÑÏfl9½.c
� 0.168 O�� 0.245, Jp� 46%.

� � � � � � � � � � � � � � � ������� ���	
 � � 
 �
ã 10 9½.c� SMAMR �5�þ�AC�Cz­�

9½.c� SMAMR åÆ5U�ã�Cz�
Ù��ó²k'. SMAMR Á��´3¿§ (ê¼
N�) eò SMA ;��.��?�!�Ø
¤, �
é SMAMR Á��?19½.?n�, ¦+du9
½.�ä���å�^Á��ØUu)÷*/m
�UC, �´ÙSÜ� SMA Ú^ò3/GPÁ�
A�°ÄeÚåÂ  (Xã 11 ¤«), ¦Ú^��
Nf5Or, l
�� SMAMR �5�þO�. Ó
�duÚåÂ , ü NÈSÚ^��N�>¡È
O�, Z�ÞÑUO\, Ïd9½.� SMAMR Ñ
ÑÏfO�.

ã 11 9½.c� SMAMR Ú^��NÚåCz

5.2 ���ééé���ÝÝÝééé SMAMR ááá���åååÆÆÆ555UUU���
KKK���

SMAMR ���«õ�á�, �é�Ý ρ̄ ´Ù
õ�A5�L�ëê, ½Â�

ρ̄ = ρMR/ρs, (4)

ª¥ ρMR Ú ρs ©O�7á��Újá��Ý.

�â�YÇ P �½Â�±í��� ρ̄+P = 1,
���é�Ý ρ̄ ´ SMAMR õ�A5�­�L�
ëê, �é�Ý��K�YÇ��. dd��, �é
�Ý´ SMAMR e\ó�ã�­�ó²ëê. Äu
ÊÏ7á���åÆ5UÁ��L², �é�Ýé
7á��åÆ5Uäk²wK�.

ã 12 ¤«��é�Ý©O� 0.25, 0.2, 0.18

Ù¦ëê���Ó� SMAMR Á�©O3¿§
Ú 90 ◦C �� “Aå - AC” ´¢£�. ��, �
X�é�ÝO�, SMAMR ´¢£�º:þ£, L
² SMAMR �ê¼N�!c¼N��5�þþ�
�O�, Xã 13 ¤«. ¿��5�þ���5O
r: � ρ̄ �u 0.2 �, SMAMR �5�þ�AC�
Czé�, �±Cq@��5; � ρ̄ O�� 0.25 �,
SMAMR �ê¼N�!c¼N��5�þþäk
²wM��5A�, ù�y�� SMAMR SÜ|�
(�k'.
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ã 12 ØÓ�é�Ý SMAMR ´¢£� (a) ¿§ 20 ◦C;
(b) 90 ◦C

SMAMR ���«õ�á�, Ù�5�þØ

�já����5�þk', ��SÜ��Nm
�>G�k'. 3Ì�Ø 1Ö�^e, SÜÚ^
��NÌ��3Ã�>�5C/!�>¿�Ä�
Þ±9�>¿Å¢@Øn«�>G�. ��é�
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Ý�� (=�YÇ��) �, Ú^��Nmäk�
��[*�mu)�5C/Ú�p�Ä�Þ, d
� SMAMR SÜ|�Ì�±Ú^��N��5C
/9�pm��Ä¢y1Ö�²ïÚD4, 
�5
G�Ú^��N�fÝ�1ÖÃ', ¥Cq�5.
��é�Ý�� (=�YÇ��) �, Ú^��N
m�mk�, Ì�±�Ä�ÞÚÅ¢@Ø�Ì. �
XACO�, SMAMR SÜÚ^��N�>G�d
�Ä�Å¢=z, ��Ú^��Nm�õ/±�
>@Ø
��5C/?1å�²ïÚD4, l
�
� SMAMR �5�þäk²wM��5A�.

� � � � � � � � � � � � � � � ��� �� �� �� �� �� � 		
��
 � � � �� � � � � �� � � � � �� � � � � ���� � � � � � � � � �� � � � � �� � � � � ���� � � �
ã 13 ØÓ�é�Ý SMAMR �5�þ�AC�
Cz­�

du NiTi PÁÜ7�5�þäk§CA5,
Ùc¼N��5�þ EA ���ê¼N��5�
þ EM � 2—3 �, 
�Ù¦ëê�½�, SMAMR
�5�þ�já�5�þCq¤�', ÏdÙ�5
�þ�äk§CA5. �´ SMAMR ���«?�
�Ø
¤�õ�á�, ÙSÜ|��Aå©Ùäk
�½�Øþ!5. du NiTi PÁÜ73c¼N�e
äk��5, =�á�SÜAå���C�.Aå
�òu)Aå°Äe�ê¼N�C, ¦� SMAMR
SÜAå���Ü©c¼N�Ú^��N�ê¼
N�=C, l
¦��N�5�þü$, 0u��
c¼N�Ú��ê¼N��5�þ�m, Ñy “^
z” y�. Ïd, SMAMR �5�þ�ACO�
O
��M��5A�3c¼N���fuê¼N�,
�ã 13.

du±þ�Ï, SMAMR �5�þ' EA/EM

Ø=�§Ýk', ��1Ök'. dã 14 ��, d
uc¼N�Ú^��N3�Aå��fÝ “^z”,
ØÓ�é�Ý� SMAMR �5�þ' EA/EM þ
¥^��5A�, =�ACO�
~�, ¿�ù

�^��5A���é�Ýk'. ��é�Ý�
� (�u 0.2) �, du SMAMR ê¼N�Úc¼
N��5�þþ¥Cq�5, ¿��é�Ý��
� SMAMR �5�þ��, ���ÓAC^�e
�Aå��, ÙSÜu)Aå°Äê¼N�C�c
¼NÚ^��N~�, u) “^z” �Ú^��N
NÈ©ê��ü$, Ïd�5�þ' EA/EM �^
��5A��f, X��é�Ý� 0.18 �, �XA
Cl 0.5%O\� 2%�, EA/EM ~� 12%; ��é
�Ý�� (Ø�u 0.2) �, SMAMR SÜc¼N�
Ú^��NAå��, ¦�u) “^z” �Ú^�
�NNÈ©êO�, ���5�þ' EA/EM �^
��5A���²w, X�é�Ý� 0.25 �, �X
ACl 0.5%O\� 2%�, SMAMR � EA/EM ~
� 28%, ¿�Ø2��é�ÝCz, dã 14 ���
é�Ý©O� 0.2 Ú 0.25 �� “AC - �5�þ'”
­�A�­Ü.

� � � � � � � � � � � � � � � �� � �� � �� � �� � �� 	
� � � 
 �
� � � � � �� � � � � ���� � � � � ��

ã 14 ØÓ�é�Ý SMAMR �5�þ'�ACC
z­�

�X�é�ÝO�, SMAMR �5�þCq
�5O�, ¿�3c¼N�e��²w. ±AC
� 2%��~, �X�é�Ýl 0.18 O�� 0.25, ê
¼N�e�5�þO� 160%, 
c¼N�eKO
�� 250%, l
���5�þ' EA/EM ��é
�ÝO�
O� (Xã 15 ¤«), �=�é�Ý�
�� SMAMR ��5�þ3�Cc�äk���
��5Ý. SMAMR ü Ì�¥����5ACU
�Ý U ��5�þ���', Ïd���é�ÝO
�
O�, ¿�3c¼N�eO�ÌÝ��.

dã 12 ��, �X�é�ÝO�, SMAMR ´
¢£��ä¡ÈO�, =ü Ì��Uþ�Ñ ∆W

���é�ÝO�, �´�é�Ýé ∆W K�fu
é U �K�. �â�ÑÏf½Âúª�� SMAMR
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�ÑÏf��é�ÝO�
~�, Czª³��5
�þfÐ��: dã 15 ��, �X�é�Ýl 0.18
O�� 0.25, �ÑÏfCq�5/~�, 3ê¼N
�e~� 3%, 
3c¼N�e~�� 28%, �=�
é�Ý��� SMAMR ��ÑÏf3�Cc�ä
k�����5Ý, ù�:��5�þaq.

� � � � � � � � � � � ��� �� �� � �� � �� � �� � �� � ���	
 � � 
 � �� � � � � 
 � �� � � � �
� � � � � � � � � � � �� � �� � �� � � � � �� � �� � �� � � � �� � �� � � � �� ��� � � � � � �  !

 !
" # $

" % $
ã 15 SMAMR åÆ5U��é�ÝCz­� (a) �5
�þÚ�ÑÏfCz­�; (b) �5�þ'Ú�ÑÏf'
Cz­�

± þ Á � ( J L ²: � é � Ý O � � ±
¦ SMAMR ��5�þJp, 
�ÑÏfü$;
¿�¬Or SMAMR �Cc��5�þÚ�ÑÏ
f���5Ý. ù�A5� SMAMR A^u�ÄÌ
Ä������OJø
�O5Æ, ¦��Oö�
±�â�Ä³�8I¼êé SMAMR ��fÝÚ

{Zëê��å, �O�A�é�Ý� SMAMR �
�, l
¢yéÄåÆXÚ�ÄÌÄ³��`z�
O.

6 ( Ø

�©òDÚ7á��ÚPÁÜ7��ó²(
Ü, ï�
oä�ö5U`³�#.�U�5{
Zá� —— /GPÁÜ77á��, ¿éÙåÆ
1�!5U9ëêK�5Æ?1
Á�ïÄ, �
�XeÌ�(Ø: 1) 9½.ó²´�y SMAMR
á�3ª��C§Ý«m���§Ý��Säk
­½|�(�!AÛ	/Ú5U�7�ó²Ú½;
2) ²9½.ó²?n� SMAMR äkaquÊÏ
/GPÁÜ7�ü§/GPÁ�A, Ù3~§�
1Ö�^��í{�5C/�±3c¼N�C(
å���¡E; 3)SMAMR äkûÐ�«1UåÚ
{Z5U, ~5�OëêeÙ�5�þ��� 5—
50 MPa, �ÑÏf� 0.15—0.3, ¿�ÙåÆ5Uä
k§CA5, 3�C§Ý«mS�§ÝCq¥�
5Cz, Ù3c¼N�e��5�þ��ê¼N�
e� 2.2 �, �ÑÏfK�ê¼N�e� 70%�m;
4)SMAMR �9�5åÆ5U��é�ÝCz, ä
k��O5, �é�ÝO��±¦ SMAMR ��5
�þJp, 
�ÑÏfü$, ¿�¬Or SMAMR
�Cc��5�þÚ�ÑÏf���5Ý.

nþ¤ã, SMAMR �ï���ÄÌÄ³�+
��ïÄJø
�«#.�U�5{Zá�, T
á�Ø=ä��DÚ�Ä{Zá����{Z5
U (�ÑÏf� 0.2 �m), ¿�ä�ûÐ�«1U
åÚó²�¢y5, äkÙ¦yk�U{Zá�¤
Øä��õU(��Nz`³, äkûÐ�A^c
µ.
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Research on the shape memory effect and
thermalelasticity of a novel intellectual damping

material∗

Hong Jie Liu Bao-Long Zhang Da-Yi† Ma Yan-Hong
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Abstract

In this paper, we introduce a novel intellectual damping material — shape memory alloy metal rubber (SMAMR), which is made

from the shape memory alloy through the process similar to that for metal rubber. The shape craft, shape memory effect and mechanical

properties are tested and discussed. The results show that the SMAMR has the combination properties of both shape memory alloy and

metal rubber, such as high elasticity and damping capacity, low density, designable porosity, shape memory effect, and temperature

dependent mechanical properties. The SMAMR not only has modulus and loss factor varying linearly with temperature during the

phase transformation between Martensite and Austenite, which is quite available in the active control of vibration; but also has the

modulus and loss factor large enough to be used as bearing structure. So the SMAMR is a significant integration of both functional

material and structural material, and is quite attractive in active vibration control.

Keywords: metal rubber, intellectual material, damping material, shape memory effect
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