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Research Status and Development Trends of 4D-Printed Shape
Memory Alloys

XIE Gui-ping, LI Zhao-qing, CHEN Shuang
(College of Intelligent Manufacturing, Hubei Engineering Institute, Huangshi 435006, Hubei, China)

Abstract: 4D printing can realize integrated manufacturing of material, structure and functionality by combining
additive manufacturing technology with smart material and smart structure, which is an important future direction for
manufacturing technology. Shape memory alloys, as a class of intelligent metallic materials characterized by the shape
memory effect and superelasticity, can integrate multiple functionalities, including load-bearing, morphing, sensing,
actuation, control, energy conversion and so on. 4D printing shape memory alloys are expected to create out adaptive,
self-assembling, or self-healing intelligent structures and apparatuses with diverse incentive-responsive behaviors. In
order to further promote the development and application of 4D-printed shape memory alloys, this paper reviews the
main forming methods of 4D-printed shape memory alloys, focuses on the research progress of Ni-Ti based, Cu based,
and Fe based shape memory alloys, and analyzes and discusses crucial issues exited now and future development trends
of the 4D-printed shape memory alloys.

Key words: intelligent manufacturing; 4D printing; additive manufacturing; shape memory alloy; Ni-Ti alloy; adaptive
structure
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Fig. 1 Comparison of properties of typical intelligent materials
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Fig. 3 Schematic diagram of laser engineered net shaping technology
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(1) BAER4DITEINI-TIFZRICIZE £ ESE
MEEEENETERRNI-TIES, BRTEEE
ELEFNI-TIEEZERSAEHEUR TS
MMBLRFIMEERT, HiMmtkee (RAaER
F650 MPa, BEKRETF8%, A{FIEELTHELN
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900 MPa, BKEZT20%, AIHREETHELNN
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(2) FERFBRE FNI-TIEESHNSET 22585
RBRATE, BEEREIZE—WITESEEEREN.

(3) IBE4DFTEINI-TIE MR FERBET
MARRAISLMIBHHISTA . Ni-TiaE RS R EER
NBER, FIMET SRR

(4) Ni-TIi6EHIWIEAER . DEMIBEZIREF
KIS N ETE AP IFEERL, BIESLMEESR
B ENSERARFIENI-TIE S, NiTERSELA, B
BH5INC. 0. NEZRFRTXR, SEHMFIEIRMAD
58It AFEE—EES, ST RIT AN
FR BRI ERE

2.2 4D $IED Cu ERNiCiZEE

CuEFRICZESEBEMNENSBUHMNSH
. RIFRIFRICIZC S FNEE Y (RS FEEA
8% ) , MSNATI-NIERRISIZEE/10EA. B
EEESRHEIREFZEAMEXNENTFERETS
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ERVADFTENIRARRFF T —EHAR -
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FASLM¥E AR INHIEE 7 BRI R 910~100 pm. F8XT
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Cu-11.85A1-3.2Ni-3Mn& & RHNABLRFIHZHEBEHIR
M, 553K HJFLINEP300 W, HEREXT
700 mm - s'AY, Cu-11.85A1-3.2Ni-3Mn& S HIENIZR
ERZEr99%; FHRAT, SLMEEERRiEE
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B fZCu-11.85A1-3.2Ni-3MnE IR E, LEBLL
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EHE R ZHR L ES S — S KASLMIEARFIE T Cu-
13.5A1-4Ni-0.5Tig U, FUETRIREZMAR
ICIZMREHIT TR, SRE: U EINIER
TREET100 CHKEHR, RTIRERIT90%.
ZIAFRIERR 7 CuE KIS 12 & S E4DFT ENGig iz A A9
ATt

SRS, BRiXxT4DHEICuERRICIZESR
MR REZBEFERFE LS. HNBLRINHZ MR
H, XTSEAEETN (BSRAETSERENDS
ARz ) LIRINEEME (FARICIZ R FNBsE M )
HHRED . BEIENE, REBIISLMIEARZLH
TWCuEERISIZEERNNML, BT HENE
ge, [BEBISLMAFCuERIRIZIZE S F4EE
RE, BAEREERTENBNER, ZH—2FF
ERIZAESUHEEEFENRERHRT . I, BF
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RS RSILIS%LA L, CuBFRIEIZEEESLM
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L. XBERRBEZ ARG, WESLMAFCulf
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FIENCuERRICIZEEIEMHIER T Z .
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HNEM., —FmE, SEFHEEL, BYHEELR
SeEEBREMAE, TJLUDEIFeEMRICIZE SR
BZERFREOEA . 5—FHE, BHIEmENS-
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[EAR5RE /9508 MPa, H{HIEEI1030 MPa, {B{KZERIA
31%, mAAIEEEFEN3.6%. 20215, FHITELFL
ERZ 53 RSEIS Z=H FerrettoZ S FASLM B AR 4
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BEEZE (63.89~194.44 J - mm” ) WEHAAMZE. M
MALRFIETIT AN, EREE: ZEaEHEXY
FEBHEESEENIGINMIGIN; BeEtEER
ErLlfetaE+m s —>y1HE, AMART®RER
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17Mn-5Si-10Cr-4Nif2 RIS IZ B SHRERMIET ZhH
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BRER, BRIBIEMFIERARAEELINTE
BitRERICIZHEREFeEF KRGS RIHIE, IEBE 74D
FIEDFeBFARICIZE SR T . M, BERIERSH
K TFADFITENFeEFRICIZESNHRMURESZ, 18
FIFIEBR T 18+ & T ZFACIE T 2 XTEHMA
L. DEUEENMPRICIZEREEEEERW, BEK
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JnBE300 C
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Fig. 6 Shape change processes of different SLM-formed Fe-Mn-Si-based shape memory alloy structures when heated
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