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Research progress in wide-temperature-range superelastic NiTi-based

shape memory alloys and their applications in aerospace

CHEN Boer,GUO Chunjiang,.I Zhonghan, CUI Lishan, HAO Shijie"

(College of New Energy and Materials, China University of Petroleum, Beijing 102249, China)

Abstract : The rapid development of the aerospace field imposes stringent requirements on elastic materials,
which need to simultaneously exhibit light weight, high strength, large recoverable strain, excellent energy
dissipation, and fatigue resistance over a wide temperature range. NiTi shape memory alloys are promising
candidates due to their superelasticity derived from thermoelastic martensitic transformation. However,
limited by their low yield strength and high temperature dependence of superelastic stress, they exhibit a
narrow superelastic temperature range, which limits their engineering applications in extreme environments
such as aerospace. This paper focuses on NiTi-based alloys with wide-temperature-range superelasticity,
systematically reviews the governing mechanisms of the superelastic temperature window, and summarizes
the research progress of optimization strategies for expanding the superelastic temperature window,
including grain refinement, elemental doping, heat treatment regulation, and composite structure
construction. The temperature window expansion efficiency and engineering applicability of each strategy
are analyzed. Furthermore, it summarizes the latest frontier applications in the aerospace field and discusses
prospective technical pathways for improving material properties as well as potential directions for
application expansion. This work aims to provide theoretical reference and technical insights for the high-
performance design and engineering application of such materials.
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Fig.1 Temperature-stress diagram for superelasticity and its broadening strategies

(a)schematic diagram of stress-strain curves of NiTi alloys at different temperatures ; (b)schematic diagram of

superelasticity and shape memory effect; (¢)schematic diagram of broadening superelastic temperature range
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Fig.8 Latest application advances in the aerospace field

(a)the wide-temperature-range strain glass alloy has been successfully applied to a key component of Chang’e-5 in China’s Lunar

Exploration Program™®'; (b)the wide-temperature-range NiTi-X superelastic alloy has been successfully used in the planetary surface

fixation, planetary soil collection and encapsulation system of Tianwen-2"

(d)superelastic shape memory alloy tire developed by NASA!

69-70 [71]

];(C)damaged front wheel of the Curiosity Mars rover'’"';
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Table 1 Properties of NiTi-based alloys with wide-temperature-range superelasticity

Material composition Modulation strategy Superelastic Critical stress/MPa (day /AT Reference
temperature range/K (MPa-K™1)
Nisg 5 Ty g Nanocrystalline 331-385 > 860 4.7 [19]
Nisg o Tl Nanocrystalline = 400 5.8 [18]
Nisy - Tige s Ni doping 148-191 = 260 3.3 [34]
Niz; ¢ Tigg» Ni doping 40-180 = 600 (compression) < 2.5 [38]
Ti7 6Nig ,Cuygy Cu doping 70-200 > 200 < 1.9 [32]
(compression)

NiTiNbFe Nb/Fe doping 77-253 > 1400 1.83 [66]
Niys 5 Tipg ;HI,Pds H{/Pd doping 323-403 = 700 (compression) 10.6 [74]
Nix 4Ty JHIs Hf doping 513-588 = 400 (compression) 7.0 [75]
Nig, TiyeZr, Zr doping + nanocrystalline 293-473 > 670 5.3 [26]
Niy, TigFes Fe doping + nanocrystalline 77-293 =800 <44 [35]
NisTisMo, Mo doping + nanocrystalline 213-373 = 600 < 5.7 [76]
Ni;, Ti,;Nb, Nb doping + nanocrystalline 153-393 =500 4.14 [5]
Ni., Ti,sV,Nb, Nb/V doping + nanocrystalline ~ 143-323 = 600 <5 [36]
Nigy g Tlyg 5 Ni, Tty precipitates 258-318 > 430 3.9 [20]
Nisy T, Ni clusters 303-383 > 380 5.0 [53]
NiTi/Nb Composite + nanocrystalline 328-376 =900 4.1 [59]
NiTi/NiTiNbFe Composite 77-413 = 700 2.8 [66]
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