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Opinion
Chromium-nickel and manganese alloys are have been subject to extensive research [1-

7], in particular, in connection with tribological problems [3]. Depending on the chemical 
composition (component ratio) and temperature, chromium-nickel alloys may exist in a 
martensitic or austenitic state [7].

Recently, there was increasing scholarly interest to the creation of inhomogeneous 
structures in such alloys consisting of austenite regions formed by local laser action in the 
martensitic matrix [7-11]. Initially, the material, which was in the austenitic state after 
smelting and hot plastic deformation, was transferred to the martensitic state with the help 
of cold rolling (tensile force) with large degrees of compression. After some relaxation, the 
sample was subjected to local laser heating in the temperature range of reverse martensitic 
transformation, which transferred it back to the austenitic state. Then the sample was 
cooled to the initial temperature, while remaining in the austenitic state. The entire cycle of 
material transformations is possible if the initial temperature of the sample is in the region of 
coexistence of austenitic and martensitic phases.

Thus, the research task emerges to model these stages within one of the models of 
martensitic transitions. One of the authors has previously conducted several studies of 
fluctuation and relaxation processes in materials with shape memory effect, namely in 
Geisler alloys [12-15]. Taking into account the physical generality of the processes during 
martensitic transitions, it makes sense to use this model to study the above stages, which are 
also observed for chromium-nickel alloys.

For calculations, we select a set of model parameters given in [12-15]. It is important 
for us that for these parameters of the model, the temperatures of the forward and reverse 
martensitic transitions differ and are equal, respectively, to TM=150K and TA=156K, which 
provides a temperature range of 6K lability. It is important to emphasize that the values of 
the temperatures TM and TA, as well as the value of the lability interval, are not critical for 
modeling the process.
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Abstract
The paper carries out computer modeling of several stages of exposure to alloys prone to martensitic 
transitions, including the stages of mechanical (deformation) and thermal (laser) exposure. It demon-
strates the possibility of the existence of a closed cycle, when, as a result of various influences, the mate-
rial returns to its original state.
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Figure 1a shows the relief of free energy for the temperature 
Teq=155K, for which potential pits of three martensitic minima 
(for each of the martensite orientations) and an austenitic one (in 
the center of the plane of the order parameters) have the same 
depth. As the initial temperature for computer simulation, we 
choose the temperature T=Teq=155K, at which the stability of the 
martensitic and austenitic phases are, in fact, the same. In addition, 
we assume that at the initial moment of time the sample is not in 

a strict minimum of free energy, but in some arbitrary state with 
a non-zero value of the order parameter. From this state in the 
process of evolution, the sample passes into the nearest minimum 
of free energy. When the task parameters are selected, they turn 
out to be the minimum corresponding to the austenitic state (the 
0th minimum in Figure 1a). In Figure 2, where the dependence of 
the phase transition parameters (e3) on the time of the process is 
shown, this stage corresponds to region I.

Figure 1: Relief of free energy: a) in the absence of a tensile force b) when stretching the sample.

Figure 2: Evolution of order parameters at various stages of exposure to the sample.
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At the time of 0.0125conl. units, an external tensile force 
is activated, directed towards the 1st minimum of free energy. 
Taking into account this force leads to a change in the relief of free 
energy (Figure 1b). All minima of free energy, except for the 1st, 
are suppressed, and the remaining minimum increases (deepens). 
Naturally, in the process of evolution, the system slides into this 
minimum (region II in Figure 2). A martensitic state induced by an 
external tensile force occurs in the system.

If the external force is turned off at a time slightly above 
0.025cont. units, then the system relaxes to the nearest 1st 
minimum of free energy. Since this minimum is less deep, this leads 
to a decrease in the absolute value of the parameter of the order e3 
(region III in Figure 2). If at some point in time the laser heating 
is turned on above the temperature TA, the system will begin to 
evolve to the austenitic state with e3=0 (region IV in Figure 2). 
Further cooling to the initial temperature leaves the austenitic state 
unchanged (region V in Figure 2).

Thus, as a result of a closed cycle, the material returns to its 
initial stable state corresponding to its state at the boundary of 
regions I and II. Further repetition of the sequence of actions 
with the same result can be carried out indefinitely. A sufficiently 
small volume of material was chosen to simulate this cycle, so that 
the whole process proceeds homogeneously. If the volume of the 
material is large, then the possibility of local laser beam exposure 
to its individual sections and the formation of an inhomogeneous 
structure opens up.
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