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Recent advances and prospects in wire arc additive
manufacturing of shape memory alloys

WU Fubao’,ZHANG Shiquan, QIAO Bo,GAO Shiying, WU Lijun,
WANG Xiaoting,ZHENG Hongwei

(Inner Mongolia Institute of Metal Materials, Baotou 014034, Inner Mongolia,, China)

Abstract : Shape memory alloys (SMAs) , owing to their unique superelasticity and shape memory effect,
have been widely utilized as intelligent materials in aerospace, marine engineering, biomedicine,
automotive industries, and other fields. With the continuous advancement of national major scientific
projects and engineering initiatives, traditional forming technologies have become inadequate to meet the
stringent requirements for SMAs structural components in terms of lightweight design, intelligent
functionality, multifunctional integration, and superior comprehensive performance. Wire arc additive
manufacturing (WAAM) technology demonstrates distinct advantages in the efficient and cost-effective
fabrication of medium to large-scale complex metal structures, attributed to its short production cycles,
high material utilization rates, and excellent forming performance. This technology effectively addresses
issues inherent in conventional forming methods, such as poor forming quality, low strength and
toughness, and spatial constraints in forming, thereby greatly meeting the manufacturing requirements for
SMAs. However, due to the complex thermal cycling effects in WAAM, the microstructure exhibits
defects such as coarse grains, pores, inhomogeneous deformation, and cracks, severely affecting the
performance of structural components. This paper comprehensively reviews recent domestic and
international research progress on WAAM-processed SMAs, encompassing fundamental characteristics of
SMAs, principles and classifications of WAAM, microstructure control, precipitation phases, phase
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transformation and hysteresis characteristics, defect suppression, superelasticity and shape memory

effects, and performance enhancement. Finally, an outlook is provided from the perspective of synergistic

control of material-process-microstructure-property, indicating that the deep integration of intelligent,

composite, and cross-scale precision control technologies will be the future direction.

Key words: shape memory alloys; superelasticity ; wire arc additive manufacturing ; microstructure control;

defect suppression
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Fig.1 Classification of shape memory alloys
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(a)microstructure of NiTi samples in different regions'™’; (b)microstructure of NiTiTa samples in different regions!
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Fig.5 (TiTa),Ni precipitates in WAAMed NiTiTa shape memory alloys'™

(a) TEM image of the equiaxed grains region at low magnification; (b)magnified image of region b in Fig.(a) ;

(¢)-(f)images of local precipitates and the corresponding elemental mapping ; (g)enlarged morphology of

precipitates with element composition and SAED ; (h)high-resolution TEM image of region h in Fig.(g)
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(a)DSC curves; (b)variation curves of phase transformation temperature and hysteresis
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Fig.7 Shape memory effect of WAAMed shape memory alloys

(a)memory recovery process of Cu-12.5A1-3.0Mn alloy (pre-strain is 8.0%)"*%; (b)memory recovery process of Cu-12.5A1-3.0Mn-1.0Ni alloy

(pre-strain is 8.0%)"%; (¢)comparison of specific strength and maximum recoverable strain between WAAMed Ti-14.7V-9.8Al

shape memory alloy and other typical high-temperature shape memory alloys (Note: the ordinate of the red dotted

box point is the maximum fully recoverable strain of the alloy
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&1 WAAMed FERICIZE & S22 1ERE
Table 1 Mechanical properties of WAAMed shape memory alloys

SMAs Process Heat treatment UTS/MPa CS/MPa YS/MPa EL/% HV Ref.
Ti- Til4.4V9.7A127Zr STAW Annealing: 900 “C/6 h; 814.0 352.0 10.1 [40]
based  Tild.4V9.7Al47Zr ice-water quenching ~ 775.0 501.0 13.0
Til4.4V9.7A16Zr 646.0 <2200.0 12.8
Ti-12.2V-10.1A1 GTAW Annealing: 900 “C/6 h; 905.0 550.0 7.9 326.0 [87]
Ti-14.7V-9.8Al ice-water quenching 852.0 9.0 317.0
Ti-17.0V-9.5A1 534.0 260.0 6.1 303.0
Fe- Fe-17.0Mn-5.0Si-10.0Cr- GMAW 821.064.0 472.04+18.0 26.04+1.5 250.0-300.0 [95]
based”  4.0Ni-1.0(V,C)
Fe28.0Mn5.0Si Annealing : 1050 °C/8 h; 220.0-260.0  [100]
Fe28.0Mn5.08i+50.0% Solution: 900 °C/2 h 278.4
nano-Si doping
NiTi- Ni50.8Ti49.2 W-DED 511.6 8.5 [73]
based  Ni49.1Ti48.6Ta2.3 558.1 7.9
NiTiCu(20.0%Cu) CMT 232.0£11.0 3.7+0.7 369.5 [74,
T6: 900 °C/1 h-+ 539.0 6.9 317.0 88 ]
450°C/1h
Ti-Ni-Al-V CMT 2100.0415.0 8.740.6 685.4 (bottom[77]
area)

553.0(top area)

Ni52.0Ti48.0 CMT 1766.0(H) 28.1(H) 500.0-750.0 (89,
1981.0(L) 35.3(L)  (bottom area) 101]
400.0  (middle
area)
500.0(top area)
Solution: 800 °C/1 h 2406.0(H) 16.9(H)
2537.0(L) 18.4(1)
T6: 800 °C/1 h-+ 1927.0(H) 27.5(H)
450°C/3h 2271.0(L) 35.2(L)
Ni49.0Ti47.0Nb4.0 1874.0(H) 31.7(H)  300.0-600.0
2268.0(1.) 36.2(L)  (bottom area)
300.0-450.0
(near top)
Ni47.0Ti44.0Nb9.0 2042.0(H) 32.6(H) 300.0-400.0
2214.0(L) 38.3(L)  (bottom area)
280.0-350.0
(near top)
Solution: 800 ‘C/1h 2216.0(H) 32.4(H)
2143.0(1.) 40.2(1.)
T6: 800 °C/1 h-+ 2072.0(H) 33.4(H)
450°C/3h 2243.0(1.) 40.2(1)
Ni45.0Ti42.0Nb13.0 2483.0(H) 37.2(H) 250.0-300.0
2206.0(L) 35.6(L)
Ni51.1Ti48.9 UHFP-GTA Annealing: 950 °C/5h 611.3+12.4 19.5 288.64+10.5  [102]
Ni-Ti-Cr-Mo-Nb CMT 1970.0 8.0 570.0 (bottom [79]
area)
580.0-650.0
(middle area)
603.0-714.0
(top area)

Note: UTS, CS, YS,EL, L,and H stand for ultimate tensile strength, compressive strength, yield strength, elongation, longitudinal , and horizontal ,

respectively ; *SMA content: mass fraction
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