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« 1  a¬® LAM-NiTi-SMA¯°±���>yz®²³´µ«

 

Fig.1  Optical micrographs of S-shaped grains in top view (a), elongated columnar grains in side view with linear laser 

paths (b) and ladder-shaped variation grains in top view with circular laser paths (c); (d) scheme of the layer-wise 

selective laser melting fabrication process

[28]
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« 2  ¸¹º»r¼¥2 EBSD¼¥R½« 

Fig.2  EBSD color maps of the grain shape and orientation under different process parameters: 

(a) P=56 W, V=133 mm/s; (b) P=80 W, V=190 mm/s; (c) P=92 W, V=133 mm/s

[28]
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« 3  LAM-¾¿-Ni
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Fig.3  Grain boundary structure of LAM Ni-rich Ni
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 SMA: 

(a) as built and (b) solution treated (950 �/24 h)
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« 4  ÁÂÁÃ�ÄÅ-LAM- Ni
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Fig 4  DSC response of solutionized SLM Ni
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 alloys aged 

at 350 � (a) and 450 � (b) as a function of aging time
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Table 1  Mechanical properties of NiTi-SMA under different conditions

[16,64] 

Group Orientation Fabrication method Plateau start/MPa Yield stress/MPa Fracture stress/MPa Fracture strain/% 

1 SLM 155~168 1400~1420 3245~3343 39~40 

2 SLM 165~166 1400~1420 3256~3349 37~39 

3 SLM 157~160 1400~1420 3231~3403 39~40 

4 SLM 148~160 1400~1422 3209~3366 37~39 

5 SLM 159~167 1400~1420 3458~3469 40~42 

A

[64]

 

n Conv. 191~210 1400~1420 3942~3975

f

 47

f

 

1 SLM 478~550 1246~1338 2291~2363 30.0~30.4 

2 SLM 524~578 1246~1338 2193~2402 27.7~30.4 

3 SLM 471~514 1246~1338 2309~2362 30.1~30.6 

4 SLM 472~588 1246~1338 2257~2720 29.9~32.7 

5 SLM 466~576 1246~1338 2422~2631 31.1~32.3 

sn SLM 589~738 1060~1100 2994~3037 36.7~37.2 

sn+a SLM 441~444 2030~2100 2447~2449 18.5~21.1 

sn+b SLM 472~486 1800~1880 2365~2494 25.4~25.6 

sn+c SLM 411 1416~1500 2496 29.1 

B

[16]

 

n Conv. 523 1312~1350 2793 32.1 

Notes: 

f

-the initiation of the first crack; sn-solution annealing; aging process parameters: a-350 �/24 h/H

2

O, b-450 �/5 h/H

2

O, c-450 

�/24h/H

2

O; A-specimens of SLM and Ti-rich NiTi alloy; B-specimens of SLM and Ni-rich NiTi alloy 

 

��V�äd�}~FG���Ë�a�"��õd

W#$

[18]

.�� LAM-ñò-NiTi-SMAB)�Haberland

%

[16]

ö÷ Meier%

[64]

B lm4¥c��B{T T=72 

��SLM: A

f

=62 ��� T=17 �� �B)�A

f

=7 ��.

³ LAM-ñô -NiTi-SMA B) )� LAM-ñò - 

NiTi-SMA B)d³����S�<��Ç� 1 B

Â¦. 

8à»¼����e LAM-NiTi-SMA B)��

�>-�:�}�8à»¼ LAM-NiTi-SMA B)��

�>-�:üR#%�*(�>�*(�:í�jG�

e LAM-NiTi-SMA B)�+�a123#&d} 

~

[16]

.8à»¼�e�+é LAM-NiTi-SMA B)'

��ä4l½9àÔQ,�è 2.2 �å�.���e

LAM-NiTi-SMA B)â<}~�>?@123#

&�g���e�=;Å3×âl½9�Ni

4

Ti

3

�¦

��Å3;�RéÅ3*(�>-�:�aäù�Ü

¦cl½9����(I�Q).���e�Ë

�}��{T 450 �í��{T 350 � LAM-NiTi- 

SMAB)*(�:��g*(�><R=���7�

Qxy<¨�*���7ýi�>-�:üRýR.

Saedi%

[23]

� Haberland

[16]

Å	+¿Àé LAM-ñò

-NiTi-SMA B)G�e�Ó�Ô����FG�w

 +�¦���7��B{TU� A

f

 15 �.�Ë�}�

���e LAM-ñò-NiTi-SMA B)�f,-�>

�'�:�.r��U�8à»¼ LAM-ñò-NiTi- 

SMAB)�f,-�>+Æ 700 MPa�a���e

LAM-ñò-NiTi-SMAB)67S�d+��<���

{T 350 �����7� 5 h E��e LAM-ñò

-NiTi-SMAB)�f,-�>U���{T 450 ��

9³���7 LAM-ñò-NiTi-SMA B)�f,

-�>+Æ 100 MPa. 

LAM µ¶�ðÏë�rsÐwlø�FGo�

e LAM-ñò-NiTi-SMAB)����.µ¶�ðñ

TÙ 92 J/mm

3

�F) 195 J/mm

3

�Ær-LAM-Ni

50.2

Ti

49.8

��B)*(�> 1700 MPa�+K 3200 MPa�*(

�: 27%�+) 38%

[17]

=a
�Ðr-LAM 9³|¦

NiTi ��B)�Ô*(�>+/�R�� 890~1050 

MPa

[36]

. 

2.5.2  LAM-NiTi-SMA ���� 

LAM-NiTi-SMA B)��"��l�¿À< 

�

[65]

.¬�� LAM-NiTi-SMAB)���ÇÏ¦�

�0�
��>%��B)�"��FG1+. 

Moghaddam

[32]

%
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50.1
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Ã 2ùd³?@lø�� XY#�[4#h Xì�0°�
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Dilibal
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Fig.5  Schematic diagram in three different directions (a) and 

stress-strain curves (b) of dog-bone samples

[32]

 


�<èm�B=�>\Z[íξ�M�</�ó>\

$�'m4?'m@�A8Z[íξ.B �}�

NiTi-SMA Z[���Å399|<BC�� 16 ùd

³{T��Ù–20 �) 50 ��nÉ A

s

�A

f

���DZ

[íξ�ÇT 6KU.�B{T¦�Â¦�1239:

�M

f

<T<A

s

��T 6 ; A É'=123-523E�9

:�A

s

<T<A

f

��T 6; BÉ'=5239:�A

f

 < T��

T 6 ; C É'.Ô;�Ær-LAM B)�jkb�B
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B)ξ=0.041±0.004�jkb�B)ξ=0.038±0.004=5

239:Z[í�Ær-LAM B)ξ=0.003±0.004�j

kb�B)ξ=0.002±0.004�1239:í5239:

Z[í+

[68]

. 

���LAM-NiTi-SMA ���� 

NiTi-SMA Å3¶F Ni�Ti ³´¬¸í��A

B�G M-A899:��|Hý����,�
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��(SME)���{T?@ M 9:�~løIÚG�

$��=�2�����J'��(SE)���>?@ M

9:�~løIÚ�$��
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;��CD9:����*�PQv. NiTi-SMA
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« 6  ��M_ NiTi-SMAr LAM-NiTi-SMA<=56 

Fig.6  Damping properties comparison between SLM and conven- 

tionally fabricated NiTi (area A: martensite; area B: marten- 

site to austenite; area C: austenite)

[68]
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[15,54]

%� Meier

[64]
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)�jkGRØ³|¦B) SME.S�B) SME �

B(¥c�!� Zwick/Roell Z100)�{T 20 ��A

s

=30 

����> 400 MPa�M 9:���B)CDFG�

120 ��A

f

=33 ��.�I+�+T�¿À LAM-NiTi- 

SMA B)�����>Ö:.�B�>-�:üR�

ÇT 7KU.Â¦dJK�:�£�`FDvó�F�

LAM-NiTi-SMA B)�::®��jkGR³|¦

B)�::®.¼ 5 v�`FDB �=; LAM- 

NiTi-SMA B)(I°8���jkGR³|¦B

)�}�`vó+� 5 v�2 ùB)�:¤�°8.

dJ(I�:j 15 v�`�LAM-NiTi-SMA B)d

J(I�:$ 2.5%�jkGR³|¦B)dJ(I�

:$ 3.9%. 

UDU��Meier

[64]
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Fig.7  Evaluation of cyclic stability of shape memory: (a) stress-strain plots of aged SLM NiTi and (b) conventional NiTi; (c) proportion 

of reversible deformation

[15]
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Fig.8  Evaluation of cyclic stability of pseudoelasticity: (a) stress-strain plots of aged SLM NiTi and (b) conventional NiTi; (c) proportion 

of reversible deformation

[15]
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Research Progress on the Laser Additive Manufacturing 

Technology of NiTi Shape Memory Alloys 

 

Deng Huaibo, Chen Yuhua, Li Shuhan, Deng Yunfa, Xu Mingfang, Ji Di 

(Nanchang Hangkong University, Nanchang 330063, China) 

 

Abstract: NiTi shape memory alloys have received extensive attention due to their excellent functional properties, biocompatibility, 

damping properties, low stiffness, and corrosion resistance. However, the processability and machinability of NiTi shape memory alloys 

are of great difficulties. In the past 20 years, the additive manufacturing technology has been developed sharply, resulting in the direct 

fabrication for complex structure of NiTi shape memory alloys, which has a great potential value in the aerospace, medical equipment and 

other fields. This paper makes a comprehensive review of the key issues and solutions in the domestic and foreign NiTi shape memory 

alloys laser additive manufacturing researches, including the comparison of the traditional process manufacturing and additive 

manufacturing of NiTi shape memory alloys, and the effect of laser additive manufacturing process parameters and post-heat treatment 

parameters on the microstructure, mechanical properties and functional properties of NiTi shape memory alloys. Based on research results, 

the future direction of NiTi shape memory alloys laser additive manufacturing is predicted. 

Key words: NiTi shape memory alloys; laser additive manufacturing; process method; microstructure; functional properties 
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