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STRESS-INDUCED MARTENSITE TRANSFORMATION IN TINI SMA -
EXPERIMENTAL ESTIMATION OF ENERGY BALANCE

E.A. Pieczyska
Institute of Fundamental Technological Research, Warsaw, Poland

An equdion for energy bdance of the martenste forward and reverse trandormation in shape
memory aloy (SMA) on the basis of the laws of themodynamics, applied to homogeneous
thermodyramica processes [1], unde some assumptionswas obtained:
c,dT +dq = @dﬁéyc—M(M;As)dz—ay, where:
P 2" p P

c,dT - the heatrelated to the SMA specific heat; dq - the heatexchange with surroundngs;

y(o! p)dz- thework dore by testing machine in order to deform the spedmen;

%yC—M(M st A;) dz- theterm of thermomedhanica cougings, related to martensite formation.
P

The last part of the equation, cdled piezocdorimetric effed, is negleded in the analysis, since
its value is nat significant. For example, for 3K, recorded for the highest strain rate 10's* | is as
follows:-10x10%K x 312K x 800M P4 6.45gcm>=0.38[J/g]. So as average corntribution, 0.19[Jg].

Peaameters of the martensite transformation; c,, ,Mg, A, y were identified from tension test
caried out on the TiNi shape memory al oy at threevarious temperatures with very low strain rate.
As a result, it was found c,, =5.62MPa/K,Mg4 =228K,A; =282K, y=0.07. The value of

a =10x10°/K has been given by the TiNi SMA prodwcer - Furukawa Eledric Co., while the
material density p =6.45g'cm® was measured by the author. Basing on the above equation,

completed by the estimated material parameters as well as by the thermomechanicad data foundfor
the TiNi shape memory aloy tension tests performed with various strain rates, an energy balance
for the stressinduced martensite transformation has been cdculated. Thermal data, namely the
temperature incresse acompanying the exothermic martensite forward transformation, and the
temperature deaease, acompanying the reverse endahermic transformation, were recorded in
contad-less way by a high quality infrared camera. The cdculations have been made for three
various strain rates; 10's?, 10°s* and 10“s™. Finally, the following data, depending on the strain
rate, were estimated.
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During the martensite transformation:

17.94[3/g) + 9=6.17[Jlg] + 14.77 [I/g]; so the estimated hea exchange q = 3.0 [J/g].
During the reverse transformation:

-16.56[J/g] + g=-3.28[Jlg]-14.77[J/g], so the estimated hea exchange q =-1.49[J/g].
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During the martensite transformation:;
15.64J/g+ q=5.89J/g + 14.77[J/g]; so the estimated hea exchange q =5.02[J/g].

During the reverse transformation:
-16.1[Jig] +q =-2.89[J/g]-14.77 [J/]; so the estimated hea exchange g =- 1.56 [J/g. K].

£=10°SY AT, rengre =4-2K, ATepe =1, =007, =1, ¢,, =5.62 MPalK, M=228K, A=28XK
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During the martensite transformation:

1.93 Pg] + g=4.59[Jg] + 15.55 P/g]; so the estimated hea exchange g = 18.21 [Vg].
During the reverse transformation:

-0.46Jg+ q=-1.17 [/g)-15.55 P/g]; so the estimated hea exchange g= - 16.25 [/g].

One can naticethat irrespedive of the strain rate applied, the hea of the new phase formation is
much higher than those, supfied by the testing machine in order to deform the TiNi spedmen, so
the obtained results confirm the prediction of the phase transformation in SMA theory [1].
Furthermore, as it was foundfrom comparison of the obtained results, the higher the strain rate, the
higher the temperature changes and the lower the hea that transfers to the surroundngs. So the
obtained data of the martensite transformation energy balance seam to be reasonable.
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