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Table 1 Summary of process parameters and phase transformation temperatures of the NiTi shape
memory alloys produced by SLM
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Table 2 Summary of microstructures, mechanical properties and shape memory properties of the NiTi shape memory
alloys produced by SLM
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Fig.1 Density and cross-section micrographs of the NiTi samples produced by low and high laser powers adjusted to

a small range of energy density

XIS A Dadbakhsh S5 ) SLM B 9 55.2NiTi AR
FEP P 2 R R 22 A i A (DSCO) A A RRAEAH
BRI, T UL ISR BRI AR A L, SLMBUR Y NiTi /5
S AEIMPAFG I AR ch oy ) LU — A A (L M 3OR T
FGAR, A /R B IGIR) , LP R HP 25T il 45 O RE i Y 5 28 I
JEWARK 2R, GusEdil 4 17— B2 F1 B19AH A7 1)
Nigy (Tiyo 541, 5T EBSD RAL R T B2 Fl BI9RHZEHE
st AN TRV AR 1T ) A B0, 4 3 i (1 3 (a)~[81 3 () 4331
JE XY XZ AR YZ ) . B2 A T H B A Tt S X
S, B9V st i SR AZ A AR A . A8 40 3D M 43 A (B
(WLE3(e)) BAR Nigy  Tiy , B A HAT AR 585 DU (6 4544
YT PR AAS [ 73R | 33 SLME il 4 1 NiTi 454 7T LA

12
M—A

1.0 |
Mp AR PG
08 F A — P
06 E l Mr Ms )
! As Ar,

04 F

@
= M<A AL oA
S o2 f —
= I N HP
5 of ( )
5 02 4
# 0. \/M—>A
04 | MoA Bk
~06 | ‘i}_\/ )
-08 | M—A
1.0 PR R S S S SR S S R P R
100 -50 0 50 100 150
vEL

=

iz C

P12 NiTi AR SLM il # 9 %14 ) DSC £k
Fig.2 DSC curves of NiTi samples of powder and SLM parts

T RRITEA TR

Lv 4% 4] SLM $ AR il % 17 & Ni (Nig; , Tiyee) F5E Ti
(Niy, Tig; o) &4, 4 E Ni A 41 M, -43°C, o
EUR B ICHARIFAA NLTIAH, BT NiZEARIE T A i B2,
MRS TR B NI, TLB0R . TS TiA 419 M h 68°C,
TR L0 T AR FINITL, £ B A 5 9. X ee 4 g 1) fk
BRI A AL, 23 R BOE A TS 6 G N A A
RS AL, BT 2352 i BRI NiTi &
A AEA, TE TR G A TR
1.3 DEMEEFIRKICIZHER

SLM BUJE NiTi A4 1) 12 P RE W] LA 3E o Fe 4050
s A NS R AL . TR RIS ISR OB R 128k
o7 FTER S ) DU A ROURZH 2 %% DI AE O, T LR A R 4 A 2
PLARAE PR 6 5 F 1 . Dadbakhsh %5 #F 58 1Y) SLM 8 JE 1Y
55.2NiTi F5 4 76 HP F LP 240 T BA AU L 4q v gE , e
NS4 24.6% , LP AR 5 46 1Y 4 3 2 4 1800MPa, i
KT HPIRZS 1 1700MPa, H 2 i F oW 4121 o i) B G {4
AL [CAAAH I & AN [F], IR G G 7E 2 I R R T A
MTEARICICPERE . LP AR i i GOWZH 2L 22 T [OA, 76 %
T TG E BRI RICAZRON o 107 HP FE &N,
I N AR A RN SR, X SLM B T4 21
A B2 AR 32 1 Nigy  Tiy , G 42, A LS IHERF AR 2 2
[F1) (TR 5 3 R X5 4 ) PR A0 78 T4 70 140 52 T B B, 6
RO F BERL/IN(0 = 6°~36°) I, B S FLUA 3 bt s
DR 2 5, 35 R DT 28 10 A% (R 4 548 B 2629~3094MPa, He 4 4t



98

151 ##E Additive Manufacturing

SN g 32.48%~39.12% ) , 5 i 4 FHG B ] i Bk B
Ty %1 2% 1 R N T A 4 1 TR 28 M RE A B, 58 5 /0 4E J8
[ B 158 o [T, 2 o AT AR B B T LA ARAT A Ay 1o A 15
FERIR B ASTE BE J1, WAE 0=6°F11 6, =800MPa I}, J5 45 Wi 24
NiAE R 4.64% F19.25% . Lud80F58 T SLM BUE 9 Niy)  Tiy,,
B A MR AR TEAT /Y, T A A HAA S AR
e, P sk 776MPa, i %K 7.2% , 7 T Narges Sl 7
) Nig,, Ti,o & 45 [ 606MPa il 6.8%*, SLM Jil JE
Nig,  Tis o B 4 1E 400MPa T 10 KN 2% —EI E G5, AR
CICIR I 2250 98.7% , FTR S 1V 2% K 4.99% , A&l 4 (a) 7R
(e FITMFST BT 330107 A5 5 &, R A EA B0 10 [ 1) SRR AR )
FEPEFRRLATAE S A G A rh , B19' 2528 ) [C ARG AR oy
B2 BLECIR, 4 & 4 (b) Fi7R , 3X 5 80UV B i A 1 AR W &
222)/mm’* 4T EIAF: & BA 438003 A 19 TN AT 90 DL By
AL R B o 3K AT LA Sl R PR el R ep (S R B
BT B, AT S 5000 5 B i B9 AT R 2 7 78RR &%
Wen %5 2% FH 25 il 1m0 B2 MR 58 T Nigg 05 Tigg 07 Nisg g3 Tigg o 1

86.0% B2

(d)

83.3% B2

Niy,,, Tig o, A 4 B9 TR GC A2 P B8, b Ni & 2 K
(50.73at% ) B & BL I8 RIS AZ R0, T 76 Ni & & 45
(50.93at%Fl1 51.27at% ) B R 20 1 S v B 428 ALkt , T
DA 3 7 N 25 R 2 i) SLM B B NiTi A 4 10 35 A8 T
JERAS TR G VR, L SEEASR P REIA R

2 SLMITED CuERIKICIZE S

AR NITi SR ARICIC A K S P BB AT, ZE I S1 G ER R
TGS (EAAS & &Y, MLAOIN T BRI, FLASBR TF /N R S)
ZER A TEE Y R T Cu I RICIZ A4S E . Cu
FICRICAZ A A A 3 T3 A R A LR Tt
fE , A BB IT (T R A A A AT X B 19 DG A i R
£ HEMF R Z 6 Cu LB RIS &4 B 8H =2,
Cu-Al-Ni Cu-Zn-Al FI Cu-Al-Mn. {H&{E58 i FIEE
TR PP Cu L 12 & A5 5 A= b RIAT H 4 LSS RLRLR
B by R RN BEAS T AR S, SLM FEAR R
FBOERIE BT 2 208 i, A MG Cukidiz g

L T

(Bl et
Wy PO um.},é}l;

85.9% B2

sD, @@ B2 80 B19
(c)

B2

B19

(e)
K3 B2 FIB19FHAE SLM il 8 i NiTi 5 5 it 189 NS Rl T ) 23 A 5D
Fig.3 Distribution features of B2 and B19' phases on three different cross-sections in SLM-produced NiTi alloy sample
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Table 3 Summary of process parameters and phase transformation temperatures of the Cu-based shape

memory alloys produced by SLM
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Table 4 Summary of microstructures, mechanical properties and shape memory properties of the Cu-based shape
memory alloys produced by SLM
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Fig.6 DSC curves and SEM images of SLM-printed samples
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Fig. 8 Shape changes of objects of Fe-Mn-Si shape memory alloy produced by SLM upon heating to 300°C after deformation
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Table 5 Summary of process parameters of the Ni-Mn-Ga-based shape memory alloys produced by SLM
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Table 6 Summary of phase transformation temperatures, microstructures and magnetic properties of the Ni-Mn-Ga-based

shape memory alloys produced by SLM
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Fig.9 Schematic diagram of the deformation test of the sample in the magnetic field of 0.8T
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Research Progress and Prospect of 4D Printing of Shape Memory Alloys

Dang Mingzhu, Xiang Honghao, Cai chao, Wei Qingsong

State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong University of Science and
Technology, Wuhan 430074, China

Abstract: 4D printing mainly refers to the technology of preparing smart components by combining 3D printing
technology with smart materials. Smart components can undergo shape and performance changes under external
environmental stimuli. Shape memory alloy is the main material for 4D printing of metals. It can undergo interactive
phase transformation of martensite and austenite under external stimuli and cause shape changes. 4D printing of
shape memory alloys can not only solve the problems of coarse grain size, high impurity content and poor surface
quality caused by traditional processing technology, but also realize the integral manufacturing of complex structures,
which can increase the application and development of shape memory alloys. This paper reviews the progresses of
the forming process, microstructures and properties of 4D printed NiTi-based, Cu-based, Fe-based and Ni-Mn-Ga-
based shape memory alloys, and provides an outlook on the development of 4D printed shape memory alloys to
provide useful references for the research and application of 4D printed shape memory alloys.

Key Words: 4D printing; selective laser melting; shape memory alloy; shape memory effect; superelasticity
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