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Figure 10,12  Comparison of the formation of glass and crystals from a melt.
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Martensite, %

Fig. 1

Mf Ms As Af
Temperature —»

Typical transformation versus temperature
curve for a specimen under constant load
(stress) as it is cooled and heated. 7, transformation
hysteresis. M., martensite start; M;, martensite finish;

A., austenite start; A;, austenite finish

Table 1  Alloys having a shape memory effect

Transformation

Transformation-temperature range hysteresis
Alloy Composition °C °F A°C A°F
AgCd ................... 44/49 at.% Cd —190 to —50 —310 to —60 =15 =25
Au-Cd ................... 46.5/50 at.% Cd 30 to 100 85 to 212 =15 =25
Cu-Al-Ni................. 14/14.5 wt% Al —140 to 100 ~-220 to 212 =35 =65
3/4.5 wt% Ni

CuSn...oovvvviinniian... =15 at.% Sn ~120 to 30 —185t0 85
CuZn.........ooiiin. 38.5/41.5 wt% Zn —180 to —10 —290 to 15 =10 =20
Cu-Zn-X (X = Si, Sn, AD). .. a few wt% of X —180 to 200 =290 to 390 =10 =20
In-Th. ..ol 18/23 at.% Ti 60 to 100 140 to 212 =4 =7
Ni-Al ... 36/38 at.% Al —180 to 100 —290 to 212 =10 =20
Ni-Ti .o.ooononios U 49/51 at.% Ni —50to 110 ~60 to 230 =30 =55
Fe-Pt .................... =25 at.% Pt =-130 ==200 =4 =7
Mo-Cu.............ceee 5/35 at.% Cu —-250 to 180 —420 to 355 =25 =45
FeMn-Si................. 32 wt% Mn, 6 wt% Si —200 to 150 —330 to 300 =100 =180

Source: Ref 5
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Table 2 Properties of binary Ni-Ti shape
memory alloys

Properties Property value
Melting temperatures,

°C (CFY. - oL i e il ae oo 1300 (2370)
Density, g/cm?® (Ib/in.7) . . . . 6.45 (0.233)
Resistivity, pL2 - cm

Austenite . . ... ... ... =100

Martensite . ... ... L. =70

Thermal conductivity,
W/im - °C (Btu/ft - h -

°F)
Austenite . .. ... ..o .. 18 (10)
Martensite . . ... . ... ... 8.5 (4.9)

______ Similar to 300 series
stainliess steel or

titaniuem alloys
Young's modulus, GPa

(10° psi)
Austenite . .. ... L ... =83 (=12)
Martensite . . ... ... ... .. =28 At (=~4—6)
Yield strength, MPa (ksi)
Austenite . . ... ... ... .. 195—690 (28—-100)
Martensite . ... ... ... ... FTO0—140 (10—-20)
Ultimate tensile strength,
MPa (ksi) . .. ... .. ... B9S (130
Transformation
temperatures, “C (°F). ... —200 to 110 (—325 to 230)

Latent heat of trans-
formation., kJ/kg - atom
{cal/g ~atom) ... _.__.._.._ 167 (a40)
Shape memory strain. . .. .. 8.5%9% maximum
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Table 3 Properties of copper-base shape memory alloys

[ Property value ]

Property Cu-Zn-Al Cu-ALlNi
Thermal properties
Melting temperature, “C(°F) ......................... 950-1020 (1740-1870) 1000-1050 (1830-1920)
Density, glem> (Ib/in.3)y ........ ... . i 7.64 (0.276) 7.12 (0.257)
Resistivity, pl-cm ... ... o, 8.5-9.7 11-13
Thermal conductivity, W/m - °C (Btu/ft-h-°F) ........ 120 (69) 3043 (17-25)
Heat capacity, J/kg - °C (Btu/lb-°F) .................. 400 (0.096) 373-574 (0.089-0.138)
Mechanical properties
Young’s modulus, GPa (10° psi)(a)

Bohase. ...ooieiei i e e e e e 72 (10.4)(a) 85 (12.3)(a)

Martensite .. ......coinn i e e 70 (10.2)(a) 80 (11.6)(a)
Yield strength, MPa (ksi)

Bphase. .. ..o e 350 (51) 400 (58)

Martensite . ...t e 80 (11.5) 130 (19)
Ultimate tensile strength, MPa (ksi) .................. 600 (87) 500-800 (73-116)
Shape memory properties
Transformation temperatures, °C °F) . ................ <120 (250) <200 (3%0)
Recoverable strain, %..........ccooviiiiiiiiiinana. 4 4
Hysteresis, AC(A°F) . ......coove it 15-25 (30-45) 15-20 (30-35)

(a) The Young's modulus of shape memory alloys becomes difficult to define between the M and the A, transformation temperatures.
At these temperatures, the alloys exhibit nonlinear elasticity, and the modulus is both temperature- and strain-dependent.
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