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Fig. 1 Schematic diagram of shape memory effect and
superelastic region in temperature-stress space

(modified based on Ref. [21])
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Fig. 2 Compressive stress-strain curves of solid solution polycrystalline alloys at different temperatures
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Fig. 3 Tensile stress-strain curves of different alloys
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Table 1 Performance parameters of wide temperature range superelastic Ni-Ti based SMA

Ay R SRR X /K 35 35 /% % / (MPa-K™") Iyt R EZ U

Nig, ¢ Tigs 1, 40~220 3.0~4.0 -8.77/2.11 R4 S/STG [32]
Ni, ¢ Tiyg» 40~180 2.0~2.5 —2.71/2.50 FE4i SISTG [33]
Niy,; 3 Tigs 57 70~160 ~2.0 1.00 JE4E S/STG [32]
Nis; 54 Tis 46 80~280 ~2.0 3.95 R4 SISTG [32]
Ny, Ty, 123~323 3.5~4.0 Hif CD/STG [16]
Nis)Tiy, 4.2~475 2.5~5.0 Hif CD/STG [47]
Niy) Ti, 119~329 4.0~6.0 hirfip CD/STG [51]
Nis T, 123~423 4.8~8.6 hif CD/STG [53]
Niy)  Tiy 25~300 1.75~2.2 Hif NG/STG [17
Ni,, Tis, 93~453 4.0~6.0 EDALE CD/STG [52]
Ti,,Ni,, (Co, 123~223 ~4.0 3.17 hrfip CD/NG [48]
Tiy (Nijp . Cuy 70~200 ~15 -3.25/1.96 44 S [34]
Ni,, ,Tiyg S0, 113~298 3.6~5.0 FE4i S/STG [39]
Ni,, Tiy¢Sn, 83~298 ~5.5 JE4R S/STG [39]
NiTiNb 77~333 ~5.0 -2.39/3.19 hif CD/NG [49]
Nzlﬁj;;‘;:é% 77~413 3.0~4.0 0.24/2.93 R CD/NG/CO [50]

T SFAREIRA, CDFRIEIE, NGFR K Ak, CORMREAF L.

2.2 Fe HFiRIEEE M SMA

SMA 1 8 3 P47 Ay 5 L AR P ) (A AR AR
Bl 7ERE SR, B IREAHZE LY R K, i
FE S A e, D0 AT 36 b S 445 T B8 PG AR A . X — A
AR ) AT P R S B R A AR Y el . AR,
Ni-Ti #54 ARIE, KEZH Fe 3 SMA FHH AR i
PR 1) FC AR 8 REAE, AR AR o 2 30 5 R B AN A] 3
TR S5 4, T Bl = 7] 396 R AR AT oy, X LA B e A
(AR LR P AR . PR, A A L T A AH AR AL
J2: Fe 3 SMA S B 58 1 R 5 1k 1) Sle e £ R+,

5T, WL 7E Fe 224 & BHH 5] A S48
BT R AH, T FE R 3 DX S AR R N T 3, AR A
& R A AT I A T IR A AR L X —HLL
Fe JE G 4 Se OB s vE S A 1 Je BLAt, JF 0 H S8R
B SR T R TR
2.2.1 Fe-Mn-Al-Ni & 5 i3 3% A2 51 SMA
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Fig. 8 Compressive superelastic properties of Fe,; ;Mn,,Al,;Ni, ; single crystal along different crystal orientations
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Table 2 Performance parameters of wide temperature range superelastic Fe-based SMA

WA FEBAPER XK TR % do. / (MPa-K™) Imagkrst s e PN
dr
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Fig.9 Tensile stress-strain curves of alloys at different temperatures'™
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Table 3 Performance parameters of wide temperature range superelastic Cu-based SMAs
% AT X /K L3RR %% . / (MPa-K™) IR ws Bk
T
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Fig. 10 Compressive stress-strain curves of alloys at different temperatures
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Table 4 Performance parameters of other wide temperature range superelastic SMA
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Progress in design and optimization of wide-temperature-range
superelastic shape memory alloys

QIAN Mingfang"*, YIN Zhao', WANG Guisong', ZHANG Xuexi"”", GENG Lin"**

(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
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3. State Key Laboratory of Metal Precision Hot Processing, Harbin Institute of Technology, Harbin 150001, China;
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Abstract: Superelasticity is one of the most important functional characteristics of shape memory alloys, which
essentially originates from stress-induced reversible thermoelastic martensitic transformation. The superelastic
working temperature range is mainly influenced by the synergistic effect of alloy chemical composition and
microstructure. The development status of several shape memory alloy systems with broad temperature range
superelastic properties over the last ten years is methodically reviewed in this article, with an emphasis on contrasting
the features and variations of various alloys in important performance parameters like recoverable strain, temperature
dependence of critical stress, and superelastic temperature window. This article uses comparative analysis to support
the design, preparation, and engineering application of novel wide-temperature-range superelastic shape memory
alloys theoretically and practically, as well as to offer opportunities for the field's future development.

Keywords: shape memory alloy; superelasticity; wide temperature range; martensitic transformation;

microstructure regulation
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