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use of soft modelling materials (based on plasticine and synthetic 
waxes with modifiers), which are much cheaper and faster, 
constituting another direction in the development of methods 
supporting the analysis and design of metal forming processes. 
This method can be an independent tool in the design and 
analysis of metal forming, which considers both the shape and 
properties of the ready product, or it can work in combination 
with numerical modelling, providing it with the necessary infor-
mation on the behaviour of the deformed material, the boundary 
conditions and the structural changes; it can also play the role 
of a verification tool [17,30]. The physical modelling methods 
make it possible to shorten the designing time and reduce the 
costs of the actual experiment, owing to the use of non-metallic 
soft modelling materials, which, through various modifier ad-
ditions, provide the possibility to obtain the characteristics of 
most metals and their alloys. For example, synthetic wax filia 
very well simulates the behaviour of lead formed at ambient 
temperature, or typical steel, e.g. C45, undergoing a hot defor-
mation process [20,34]. The literature provides a large number 
of physical modelling applications in the analysis of specific 
industrial (mainly volumetric) processes, in which compres-
sion is the dominant stress state. Non-metallic soft modelling 
materials, owing to their unique construction, have found their 
application in the simulation of forging, extrusion, pressing and 
upsetting processes [2,4,21]. In turn, it is very rarely that one 
can come across a study which discusses the tests results of 
a simulation of processes involving other states of stress. Those 
infrequent cases include: physical modelling of tube blank roll-
ing [8], longitudinal rolling of metal sheets [24], longitudinal 
rolling of sections [5] and bending thick metal sheets [21], or 
helical rolling of tubes [23]. The selection of the modelling 
material also strongly depends on the simulated phenomenon, 
while being less dependent on the measurement method. For 
example, in a simulation of cracking, paraffin wax is used as 
the modelling material, which very well reveals the surface 
micro- and macro-cracks [4,16]. In turn, when the experiment 
requires significant plastic deformations, a ductile modelling 
material should be applied [1], e.g. plasticine. By modifying 
the composition of modelling materials based on plasticine and 
synthetic wax filia (through additions of kaolin, lanolin, paraffin, 
chalk, etc.) and changing the deformation rate and temperature, 
one can obtain models of flow stress-strain curves for differ-
ent actual materials [15]. It is assumed that, if the shape of the 
work-hardening curve for the modelling material is close to the 
shape of the curve for the given metallic material, it means that 
the plastic similarity condition has been fulfilled, guarantee-
ing a proper representation of the physical modelling result in 
the industrial process. Usually, such a selection of particular 
modifying components added to the base material (plasticine, 
synthetic wax filia) has been made based on the many years 
of experience and knowledge of the researcher performing the 
studies. Despite the fact that the general rules and effect of the 
operation of particular modifiers are well-known, the available 
literature hardly provides studies on the use of even selected 
IT tools which assist in such a choice in a more standardized 

way, not based on the researcher’s experience. It turns out that, 
for the approximation of mechanical properties and thus the 
prediction of the stress-deformation curves of modelling materi-
als with modifiers, IT tools can be suitable, especially decision 
tree induction [3,10,11,14,29]. And so, conducting research and 
studies concerning the use of such type of IT tools to support 
the selection and prediction of the shape of stress-deformation 
curves seems to be fully justified.

The aim of the study is to develop an appropriate approxima-
tion model of the properties of modelling materials enabling the 
support of the decisions made in the selection of modifiers for the 
base material with the use of decision tree induction. 

This should contribute to shortening the time of modifier 
selection through time-consuming physical modelling experi-
ments. In turn, supporting the analysis of the modelling material 
properties will enable a faster and better matching of the actual 
metallic materials (steel, and its alloys, aluminum, titanium, 
etc.) with the work-hardening curves. And so, the application 
of physical modelling results will become more efficient and 
more frequently used, as a tool which is more reliable and which 
better reflects the reality than the virtual computer simulations.

1.1. Characteristics of modelling materials 

The commonly used plasticines and filia-based waxes char-
acterize in low Young modulus, high elastic deformation, high 
sensitivity to deformation and temperature and, usually, defor-
mation weakening. Such materials exhibit not only the desired 
elastic properties, but they are also suitable for the modelling of 
hot physical deformation of actual metals. The modelling of cold 
metal forming process is much more difficult. While it is already 
possible to produce materials with work hardening, they are still 
very sensitive to the deformation rate and temperature, which 
makes physical modelling difficult [21,12,13,36]. Modelling 
materials based on plasticines exhibit higher structural heteroge-
neity, and so they are used mainly in the qualitative evaluation of 
the examined processes, especially the material flow images. In 
turn, modelling material based on waxes characterize in a lower 
degree of structural heterogeneity, thus exhibiting more stable 
properties. Because of this, they are applied in tests of the force 
parameters of the analyzed processes [30,36].

The possibility to transform the physical modelling results 
into the industrial processes is determined by the preservation 
of the similarity conditions, mainly in the plastic, elastic and 
geometrical scope, as well as the thermal and dynamic friction 
conditions [30]. In practice, the selection of the modelling mate-
rial is determined by the modelled process – through the selection 
of those similarity conditions which are the most crucial from the 
perspective of the process, as ideal preservation of all the condi-
tions is impossible. In plastic processing, such a condition is the 
material’s similarity condition in the plastic scope. It is fulfilled 
when the modelling material during deformation behaves in the 
same way as the actual material. The work-hardening curve is 
a graphic representation of the material’s behaviour during de-
























