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Strain Variation during Isothermal Martensite 
Transformation under Stress 
in the Ti40.7Hf9.5Ni41.8Cu8 Alloy 

Pavel Pchelnikov1, Demidova E.S.1, Belyaev S.P.1,  
Resnina N.N.1, Shelyakov A.V.2 

st073586@student.spbu.ru

1St .Petersburg State University, Saint Petersburg, Russia
2 National Research Nuclear University MEPhI (Moscow Engineering 
Physics Institute), Moscow, Russia

Shape memory alloys can recover unelastic strain during heating (shape memory 
effect) or unloading (pseudoelasticity effect). This behavior is due to thermoelastic 
martensitic transformations – the first-order phase transitions that occur during 
temperature or stress variation. If the transformations take place on cooling under a 
stress, the oriented martensite appears that is accompanied by a strain increase. On 
subsequent heating this strain completely recovers during the reverse transition.

It has been found that in some NiTi-based shape memory alloys, isothermal 
formation of the martensite phase can be observed. Moreover, it has been shown 
that during isothermal holding under a constant stress, the isothermal martensitic 
transformation is accompanied by variation in reversible strain. Before holding, 
the samples have been cooled under the stress, however, the sample can be cooled 
to the holding temperature without stress and then to be subjected to loading and 
holding under a stress. The aim of the present work was to study the influence of 
regimes before holding to the reversible strain variation during isothermal mar-
tensitic transformation in the Ti40.7Hf9.5Ni41.8Cu8 alloy.

To study the isothermal strain variation in the Ti40.7Hf9.5Ni41.8Cu8 alloy, two series 
of experiments were carried out. In the first one sample was loaded up to 240 MPa 
at holding temperature equals 75 oC or 100 oC, held for an hour,  unloaded and 
heated. In the second series, a sample was cooled under 240 MPa  to the holding 
temperature, kept at a constant temperature for an hour, and then heated. The hold-
ing temperatures were chosen from 29 oC to 44 oC, which was within the range of 
the forward transformation under stress.

The results obtained showed that during isothermal holding of the 
Ti40.7Hf9.5Ni41.8Cu8 alloy under stress an increase in strain occurred in both regimes. 
The strain was completely reversible upon subsequent heating. In the first regime, 
the maximum isothermal strain of 3.8% was observed at a temperature of 75 oC. In 
the second regime, the maximum isothermal strain was 3.2% and it was found at 
a temperature of 40 °C. Thus, the results of the study showed that the regimes of 
the sample cooling before holding (cooling under a stress or cooling without stress 
and loading) hardly affect the isothermal strain but they significantly influence the 
holding temperature at which the maximum recoverable strain is observed.

Acknowlegments: This work was supported by Russian Science Foundation 
(grant number 18-19-00226)
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