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ABSTRACT

This work presents the results of an experimental investigation of the vibration response 
of cyclically loaded wood-based panels. The maximum temperature of the stationary state of 
the activation zone of samples of wood-based panels in the form of a rigid cantilever with their 
cyclic load at loading frequencies from 0 to 50 Hz and maximum internal stresses from 0.98 to 
5.36 MPa was investigated. The purpose of this study is to determine the temperature of self-
heating and to determine the dependence of the temperature on the loading conditions. The 
mathematical model is proposed in the form of system nonlinear ordinary differential equations, 
where stress, strain and temperature were used as the essential variables. The behaviour of the 
system is completely determined by the ratio of the introduced external energy and the value of 
the order parameter. The critical value of the order parameter depends on the thermo-physical 
properties of the material and is equal to the ratio of the value of the heat transfer coefficient 
multiplied by the area of thermal dispersion to the coefficient of linear thermal expansion.

KEYWORDS: Wood-based composites, fatigue life prediction, nonlinear dynamic, self-heating 
effect, thermo-elastic stress analysis.

INTRODUCTION

Polymer composite materials (PCM) which also includes wood and wood-based composite 
materials are widely used in many areas of technology due to their valuable properties (Ihnát  
et al. 2017). They have high ratio of the tensile strength of the material to its density. In many 
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cases, these materials are used in structures that are subjected to cyclic or vibration loads. A 
feature of the behaviour of PCM under the action of cyclic loads is their self-heating due to 
the nature of their physical properties. Their large nonlinearity in response to external thermo-
moisture-force effects their low thermal conductivity. Self-heating of components from PCM and 
the achievement by them of some maximum permissible value of the self-heating temperature 
leads to their premature destruction. Therefore, it is necessary to understand this behaviour and 
to develop appropriate methods and models for diagnostics and monitoring purposes. The study 
of long durability of wood-based boards allows revealing the nonlinear nature of the reactions of 
these materials at power and temperature actions (Kulman and Boiko 2016, Kulman et al. 2017, 
Iždinský and Reinprecht 2017, Deliiski et al. 2019).

Nonlinearity at the same time is manifested in the absence of directly proportional reciprocal 
reactions to these actions (Boiko et al. 2013). This leads to the impossibility of applying the 
principle of superposition during their quantitative modelling, and for each nonlinear system, 
it is necessary to search their methods of research and description. Identifying possible research 
paths allows computational experiment. Understanding the nonlinearity of the behaviour of 
solids during loading is associated with the ideas of qualitative analysis of dynamic systems. 
The dynamics of the destruction of wood-based composites was considered in the conditions of 
prolonged exposure to constant load (Kúdela 2017). In these conditions, there is an increase of 
local temperature in the areas of over stresses, and in the role of the thermostat for the local areas 
of overstress, it is the deformed body itself (Kulman 2014, Kulman and Boiko 2016).

However, the temperature of the system may vary both under the influence of external 
conditions (heating or cooling), and under the influence of internal factors caused by the release 
or absorption of heat as a result of deformation. The deformation model must take into account 
the fact that the inner temperature of deformable body becomes a function of time, and there is 
necessary to take into account its energy balance in the conditions of the changing temperature. 
Since fatigue fracture has a thermal activation, a change in temperature causes a change in the 
rate of destruction. The Arrhenius Eq. 1 often expresses this dependence:

                       (1)

where: Ea – the activation energy (J.mol-1),
 k0 – pre-exponential multiplier having a constant of velocity.

Taking into account that the deformation change depends not only on the change in the 
stresses but also on the temperature change, the Hooke's law is represented as the Duhamel-
Neumann equations with only one coordinate (Landau and Lifshitz 1986):

   (2)

Solving the Eq. 2 with a respect to σx, and excluding, for simplification, the consideration of 
the Poisson effect; is obtained: 

  (3)

Eq. 3 takes into account the amount of stresses from external stresses (surface forces) and 
internal volumetric forces associated with the thermal expansion of the body.
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The elastic loading causes not only reversible changes in the size and shape of the body, 
but also the change in the characteristics of the internal atomic-molecular dynamics. Here, the 
thermoelastic effect (Joule's effect) is shown – change in the temperature of elastic bodies that 
have an adiabatic load. With a single-load, the temperature change ΔT of the body, which is at  
a temperature T, is determined by the Kelvin formula (Thomson 1853):

              (4) 

where: σ − uniaxial tension, positive during stretching and negative during compression,
 α − coefficient of linear thermal expansion along the load axis,
 C − heat capacity unit of body volume. 

The Joule effect and Thomson's formula were the basis for new approaches to analysing the 
stress-strain state of solids under stress. These methods of analysis, called thermoelastic stress 
analysis, are developing rapidly in recent years (Lin and Rowlands 1995, Dulieu-Barton and 
Stanley 1999, Palumbo et al. 2017, Sfarra et al. 2017, Paynter and Dutton 2003, Jones and Molent 
2004, Emery and Dulieu-Barton 2010, Fruehmann et al. 2010, Uenoya and Fujii 2000, Yoshida 
et al. 2012).

Thermoelasticity is one of the main causes of the self-heating effect during cyclic deformation 
of polymers. Many studies have been devoted to this effect (Naderi and Khonsari 2012, Toubal et 
al. 2006, Katunin 2017, Novák et al. 2017, Pavlinec et al. 2018). At the same time, many factors 
are controversial in terms of their explanations, and many phenomena have not been fully studied 
and explained. For example, what factors depend on and how is determined the value of the 
average temperature of the activation zone in the steady state. What is the transition mechanism 
(how does the transition occur) from the stationary state of the system to the non-stationary 
state? However, as a rule, in the construction of the behaviour model of the materials under study 
under the assumption, it is assumed that the material behaves adiabatically. However, such an 
assumption is not justified in all cases.

When one-piece, elastic loaded specific work, and therefore, increase in the specific internal 
energy of the body approximate (without taking into account the Poisson effect) is:

  (5)

ε - is a relatively elastic deformation of the body.

The change in the value of the specific thermal energy of the body during loading follows 
from Eq. 4:

    (6)

The study of the dynamics of interaction between temperature and internal stresses during 
deformation and destruction of composite materials on the basis of wood showed (Kulman 2015) 
that it is precisely the lagging of the change in the local temperature in the zone of destruction 
from the change in local internal stress in this zone, leads to periodic production of entropy, and 
eventually to destruction. 

The purpose of this study is to identify and determine the conditions for the occurrence 
of the stationary state of the system and determine which factors affect its stability. The aim  
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of this study is creation a dynamic model of the process of deformation-destruction of wood-based 
composite materials under the action of cyclic loading and to carry out its computational and 
experimental verification.

MATERIAL AND METHODS

Material
Commercially-produced structural particleboard of urea-formaldehyde resin (UF) bonded 

boards were provided by Kronospan UA Ltd., particleboard type P2 according to EN 312; EN 
13501-1: class D-s1, d0. One regular-size (2750 × 1830 mm) panel with the thickness of 10 mm 
was cut into 600 × 50 mm pieces. Before testing, panels were conditioned at 20°C and moisture 
content of 65%. Specimens were preheated in the chamber until they reached equilibrium with 
the target temperature. Mechanical properties of prepared samples were tested according to 
ASTM D 1037-12 at the target temperature, (Tab. 1).

  
Tab. 1: Constant factors and characteristics of the material.

Characteristics of the material
Particleboard – type P2
Thickness, (mm) 10 ± 0.1
Modulus of rupture, MOR (MPa) 20 ± 0.2
Modulus of elasticity, MOE (MPa) 2600 ± 20
Density, ρ (kg.m-3) 750 ± 7
Coefficient of thermal expansion, α (m.K-1) 0.00006
Heat transfer coefficient, h (W.m-2 K-1) 6
Specific heat, Cρ (J.kg-1K-1) 2300
Length activation volume, L (m)a 0.050
Activation volume width, B (m)a 0.016
Thickness of activation volume, (m)a 0.003
Activation volume, Va (m3) 2.2E-06
The length of the heat transfer section, (m) 0.050
The width of the heat transfer section, (m) 0.022
Heat transfer area, Sa (m2)a 0.0022

aVa, Sa – determined by measuring the actual thermal field during testing.

Testing of samples was carried out on a console bended with rigid fastening frequencies  
f = 8.3 Hz; 16.7 Hz; 25.0 Hz; 33.3 Hz; 41.7 Hz; 50.0 Hz. Twenty samples were tested at each 
frequency to obtain statistically significant results. Length of the consoles L = 220; 240; 260; 
280; 300; 400; 500 mm. Amplitude of oscillation A = 12.5 mm. The temperature of 298 K and 
moisture content 65% were constant throughout all series of tests. The scheme and photograph 
is presented in Fig. 1. 

The experimental test bench contains a frame 1 with a rigid holder 2 where the test sample 
3 is fixed. In order to reduce heat loss in the activation zone, heat-insulating gaskets 4 are 
installed between the holder 2 and sample 3. The actuator 5 contains a crank-rocker mechanism 
6 connected to the free end of the console 3. The temperature in the activation zone is measured 
by an infrared camera 7 and recorded in computer 8.
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Measurement of the temperature of the region of maximum stresses (in the area of fixing 
the console) was carried out continuously throughout the test up to destruction. As a measuring 
device, an infrared camera (FLIR i3) was used. The accuracy of the temperature measurement 
is ΔT = ± 0.1 K.

              
Fig. 1: Experimental stand and scheme.

Methods
The mathematical model of dynamic behaviour PCM in the form of thermoelastic oscillator 

(TEO) was created based on the law of conservation of energy. The inflow of energy from the 
external environment was denoted in the form of the thermal energy of the thermostat and the 
cyclic mechanical force, which causes deformation of the elastic body and creates internal stresses 
through Q+(T).

The outflow of energy to the external medium was denoted from the TEO side by heat 
transfer, without dividing it into convective, radiation, and others through Q–(T). The change in 
the internal energy of the TEO in time under the action of the external thermomechanical load 
is denoted as the difference in inflow and outflow of energy in the system:

   (7)

  (8)

where: ρ - the density (kg.m-3),
 Ср - specific heat capacity (J.kg-1.K-1), 
 Q1+(T) - thermal effect during periodic compression of the body due to the thermoelastic 
              effect in the course of cyclic loading, 
 J; Q2+(T) - thermal equivalents of deformation, 
 J; α - the coefficient of linear temperature expansion, 
 K-1; h - coefficient of heat transfer (W.m-2.K-1), 
 Sa - heat transfer area (m2), 
 VА - activation volume of the sample (m3), 
 f - cyclic load frequency (Hz), 
 Т0 - the temperature of the thermostat at the time t = 0, (K). 

A dynamic model describing the evolution of TEO in time during cyclic loading is given 
in the form of a system of differential Eq. 9 that takes into account the mutual influence of 
temperature, stress and strain in the thermo-activation zone (Kulman 2015):
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                           (9)

where: T0 - thermostat temperature (K), 
 E - modulus of elasticity (MPa),
 α - coefficient of linear expansion (K-1), 
 σ(t),ε(t),T(t) - current values of stress, strain and temperature,
 Y - stress from external cyclic load (MPa),  
 M - amplitude of oscillations (MPa), 
 f - frequency of oscillations (s-1), 
 x - internal time of the system (introduced for solving a system of differential equations
      of computational methods); 
 t - time (s), 
 δ - constant (in the first approximation, it is assumed to be 1).

T(t),ε(t),σ(t) – temperature, strain and stress are the phase variables of the state vector of 
the system q(T,ε,σ), which describes the behaviour of the system at different time intervals at 
different levels of its states and determines the dimension of the phase space equal to three; α, VA, 
ρ, Cρ, h, S, γ, T0, E, M, f, δ – are control (managing) parameters, constants, on the values of which 
the behaviour of phase variables depends. Their number is fixed and imposed on the system 
from the outside – the control parameters do not change as the system changes. The attention is 
focused on those situations where behaviour of the system changes qualitatively when the control 
parameters change. If the structure is preserved when the environmental conditions change, that 
is, control parameters, then this structure is called stable or structurally stable. But if the structure 
changes, there is relative instability. Synergetic focuses its attention on qualitative changes in 
those instabilities that are caused by a change in management parameters. Under the new control 
parameter, the system itself creates specific structures, which is called self-organization (Haken 
1983).

First, the stationary state of the Eq. 9 is studied. The stationary state of the system is 
determined by its attractor. It is obvious that in the stationary state the system will be located only 
if the first time derivative of the temperature equals zero, i.e. in steady state, dT/dt = 0; dσ/dt = 0; 
dε/dt = 0. Proceeding from this condition, the Eq. 9 was analysed and get:

  (10)

  (11)

σs, Ts - average stress and temperature in the activation zone in the stationary state of the 
system.
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From Eq. 10 follows that the steady state can be written:

  (12)

Where the left side of Eq. 12 is the f low of external mechanical energy into the system in 

the amount , whereas the right side of this equation expresses 

the outflow in the form of thermal energy from the system due to heat transfer:

                                                                                                   

Thus, the stationary state of the system is characterized by equality of the inflow and outflow 
of energy from the activation volume: Q+ = Q–. Therefore, the dimensionless parameter equal to 
their ratio will be the criterion of the system stationarity:

        (13)

and will describe the behaviour of the system near its steady state. When Ks < 1, the system will 
be in an asymptotically unstable state, since the inflow of external energy is greater than the 
outflow of energy from the system due to heat transfer. When Ks > 1, the system will be in an 
asymptotically stable state, since the inflow of external energy is less than the outflow of energy 
from the system due to heat transfer. If, on the basis of the stationary conditions in the left part, 
parameters related to the conditions of external influence on the system were selected and the 
geometric parameters of the system itself, then only the thermo-physical constants will remain 
in the right part (which are assumed to be constant in the first approximation). Thus, a criterion 
equal to h/α which limits the left side of Eq. 12 is obtained and this allows to assign their optimal 
values. Eq. 12 relates the quantitative ratios of the critical parameters of the external load to 
the thermo-physical characteristics of the material by the coefficient of heat transfer and the 
coefficient of linear expansion, which allows to find the critical value of one of the parameters for 
the external load at a known value of the other.

RESULTS AND DISCUSSION

Experiment in-situ
The experimental factors levels and test results are shown in Tab. 2. For identical samples 

and identical conditions of their fixation depending on the magnitude of the external load, 
which is determined by the frequency of oscillations and stresses, the average temperature of the 
sample in the steady state Ts will be different. Under the influence of an external cyclic load, the 
temperature in the activation zone gradually increases to a certain value and then stabilizes. This 
suggests that an open system gradually moves from an equilibrium state to a stationary state, 
which is characterized by an average temperature Ts. Figs. 2 and 3 show the curves based on the 
data in Tab. 2. Namely, the dependence of the temperature changes of the steady state Ts on the 
frequency and stress in the activation zone.
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Fig. 2: Dependence of the steady state temperature of the activation zone Ts on the frequency of the cyclic 
load f, Hz at various maximum internal stress.

 

Fig. 3: Dependence of the steady state temperature of the activation zone Ts on the frequency of the cyclic 
load f, Hz at different maximum internal stress.

The typical character of the temperature Ts of the stationary state as a function of the 
frequency, according to the in-situ experiment and the results of computer calculations, changing 
in the range of 0 – 50 Hz at a stress of Yo = 3.6 MPa, model TEO (Eq. 9) is presented in Fig. 4. 

 

Fig. 4: Dependence of the steady-state temperature of the activation zone Ts on the frequency of the cyclic 
load f, Hz at a stress of M = 3.6 MPa.
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Tab. 2: The experimental factor levels and test results.
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1a

220 
(5.36)

50.0 326.8b 328.7

5

1

300 
(2.7)

50 309.0 308.0
2 41.7 325.8 324.8 2 41.7 308.7 307.7
3 33.3 324.0 322.0 3 33.3 307.8 305.8
4 25.0 317.4 317.9 4 25 303.0 303.5
5 20.0 315.2 314.4 5 20 302.8 302.0
6 16.7 312.7 311.4 6 16.7 302.4 301.1
7 8.3 305.7 304.0 7 8.3 300.7 299.0
8 4.2 300.7 301.0 8 4.2 298.0 298.3

2

1

240 
(4.2)

50.0 320.0 320.4

6

1

400 
(1.52)

50 301.2 301.6
2 41.7 319.7 318.5 2 41.7 302.0 300.8
3 33.3 315.9 315.9 3 33.3 300.0 300.0
4 25.0 313.5 312.2 4 25 300.7 299.4
5 20.0 311.0 309.2 5 20 300.8 299.0
6 16.7 307.2 306.9 6 16.7 299.1 298.8
7 8.3 303.4 302.0 7 8.3 299.9 298.5
8 4.2 300.9 300.0 8 4.2 299.1 298.2

3

1

260 
(3.6)

50.0 317.0 316.2

7

1

500 
(0.98)

50 300.7 299.3
2 41.7 315.0 314.3 2 41.7 300.4 299.0
3 33.3 312.7 311.7 3 33.3 299.9 298.7
4 25.0 309.0 308.4 4 25 300.0 298.5
5 20.0 305.5 305.9 5 20 298.7 298.4
6 16.7 303.0 304.2 6 16.7 299.4 298.3
7 8.3 300.0 300.4 7 8.3 300.3 298.2
8 4.2 299.0 299.1 8 4.2 300.1 298.1

4

1

280 
(3.1)

50.0 313.1 312.0       
2 41.7 311.6 310.6       
3 33.3 308.9 308.3       
4 25.0 305.6 305.5       
5 20.0 304.1 303.6       
6 16.7 304.3 302.3       
7 8.3 298.9 299.5       
8 4.2 299.6 298.5       

a 6 samples were used in each group.
b The confidence interval is indicated at p = 0.05 level.
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The nature of the dependence of Ts on frequency f shows that the temperature graph has  
a characteristic S shape that exhibits a saturation property. At low frequencies of the cyclic load, 
the temperature grows slowly, however, as well as at high frequencies. The largest increase in 
the temperature of the stationary state occurs in the region of medium loading frequencies in 
the studied frequency range. All this suggests the presence and significant influence of internal 
friction in the material on the processes of internal deformation and its gradual destruction.  
It can be concluded that internal friction processes play a significant role in self-heating of this 
type of material. Examples of complete temperature change curves in the activation zone under 
cyclic loading of a rigid cantilever, close to failure, with the same cantilever length (the same 
power load) and different frequencies are shown in Fig. 5.

 

Fig. 5: Change in the temperature of the activation zone under cyclic loading of a rigid cantilever of the 
same size at different loading frequencies: f = 20 Hz and f = 33.3 Hz and the same load Yo = 3.1 MPa.

The results in Fig. 5 show that at a loading frequency f = 20 Hz, the steady state with the 
average temperature of the activation zone Ts = 303.6 K remained unchanged for almost an 
unlimited time. While at a frequency of f = 33.3 Hz, the stationary temperature Ts = 308.3 K 
was maintained for ts = 4788 s and then increased. Intermediate current results, the temperature 
changes during the transition of the activation zone, first to the non-stationary state and then to 
the exacerbated mode and destruction, are shown in Fig. 6. 

                                 a)                          b)                           c)                            d)
Fig. 6: The thermograms of the surface of maximum stresses during of its cyclic loading; a) material in 
a stationary state; b) the thermogram 2 minutes after the end of the stationary state and the start of a 
non-stationary state; c) the thermogram 14 minutes after the start of the non-stationary state; d) the 
thermogram 14.5 minutes after the start of the non-stationary regime at the time of destruction.
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The behaviour of the material in time qualitatively repeats the behaviour of the same material 
in a computational experiment. This is verified by the developed dynamic model for deformation 
and fracture of structurally heterogeneous materials such as particleboard. 

Computational experiment 
The aim of the computer experiment was to verify the adequacy of the behaviour of the 

dynamic model in the form of three differential equations (TEO model) to the behaviour of 
samples under cyclic loading. It is necessary to determine whether the model can describe the 
initial increase in temperature and its subsequent stabilization in the steady state. In order for the 
model to describe the specific conditions of the experiments, it must have initial and boundary 
conditions that are identical to the conditions for conducting a full-scale experiment. In this case, 
the initial and boundary conditions were the following dependencies:

The boundary test conditions that are the magnitude of the loading parameters of the system 
were presented in Tab. 2. Remaining boundary conditions are presented in Tab. 1 in the form 
of constant values. The solution will be thought by the Runge-Kutta fourth order computational 
method in the internal time mode, which coincides with the real one. 

The results of computer experiments are presented in Tab. 2. Fig. 7 shows a graph of the 
change in the average temperature of the activation zone in time under the boundary conditions:  
f = 50 Hz, Yo = 3.6 MPa. Under other boundary conditions, the nature of the curve does not 
change, but only the value of the maximum temperature is reached. The graph shows that the 
temperature from the initial temperature, To = 298 K, gradually rises and stabilizes at Ts = 315.85 K. 
All other values of stationary temperatures, depending on the boundary conditions, are presented 
in Tab. 2.

    

Fig. 7: Change in average temperature at f = 50 Hz and M = 3.6 MPa.

Fig. 8 shows graphs of changes in all three phase variables in the steady state. It can be 
seen that each of the variables is not a constant value, but f luctuates around its mean value. 
For example, the temperature varies from 315.55 to 316.14 K; internal stress from 6 to 4 MPa; 
deformation from -0,002 to + 0,002. Since over time, the boundaries of phase variables do not 
change, which means our dynamic system is in the region of a stable cycle – an attractor.
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                         a)                                                b)                                                 c)
Fig. 8: The nature of the phase trajectories changes in the stationary state of the system: a) temperature 
change Ts depending on changes in internal stresses, σ; b) temperature change Ts depending on the change 
in deformations, ε; c) stress variations σ due to deformations ε.

              

                                            a)                       b)   
Fig. 9: The nature of the changes of phase variables in the stationary state of the system: a) the change in 
internal stresses, σ; b) change of deformations, ε.

 
Based on obtained results, the stationarity criterion was determined by formula (13) for each 

group of experiments. The results are presented in Fig. 10.

   

 
                               a)                                                                        b)

Fig. 10: Change in the stationarity parameter Ks depending on: a) frequency, b) stress.

The data shown in Fig. 10 allow to distinguish two regions that differ in the magnitude 
of the stationarity parameter and, therefore, the nature of the system’s behaviour when a steady 
state is reached. The lower region of the diagram in which Ks <1 is the region in the general case 
of the asymptotically unstable state of the system. That states where the probability of a system 
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transitioning to a non-stationary state is much higher than when Ks = 1. For example, for mode  
f = 33.1 Hz and M = 3.1 MPa in the diagram in Fig. 10a, the stationarity parameter Ks (33.1/3.1) 
= 0.89 lies below the line Ks = 1. The evolution of the system with this mode is shown in Fig. 5  
(f = 33.1/3.1). After a certain time, the system went into a non-stationary state and then collapsed. 
The system loaded in accordance with the mode f = 20/3.1 has the stationarity parameter Ks 
(20/3.1) = 14.8 > Ks = 1, that is more stationary criterion. In this case, the system may be in  
a stationary state for an unlimited time.

In the initial period, when the inflow of external energy into the system is greater than 
its outflow from the system, the temperature gradually rises. With increasing temperature, its 
gradient increases and, consequently, the heat transfer of the system increases. At a certain point, 
the inflow and outflow of energy are equalized. After that, the temperature f luctuates with  
a small amplitude around its average value. However, if the temperature stabilizes and, at the 
same time, the outflow of energy from the system is less than a certain value, then this steady 
state will not be stable (or asymptotically stable) and after some time the system will move to  
a non-stationary state (see curve f = 33.3/3.1 MPa, Fig. 5). If the temperature stabilizes and, at 
the same time, the outflow of thermal energy from the system is less than a certain value, then 
such a stationary steady state cannot be considered as stable. This part of the external energy will 
dissipate within the system. Thus, the system should have a limiting stationary state, exceeding 
which the system will increase the probability of a transition to a non-stationary state and then 
to an exacerbated regime. The limit stationary state depends on the system itself and on the 
conditions of its loading. 

At this stage, based on the comparison of results of computer experiments can be determined 
whether the system has exceeded the limiting steady state or not. Depending on this, it evaluates 
some of the risks of its future behaviour. Thus, the TEO model can be used as a basic forecasting 
model, since it adequately describes the initial moment of the system evolution and its transition 
to a stationary state.

CONCLUSIONS

Under the influence of an external cyclic load, the temperature in the activation zone of 
a polymer composite material gradually increases to a certain value and then stabilizes. This 
suggests that an open system gradually moves from an equilibrium state to a stationary state, 
which is characterized by an average temperature Ts. The nature of the dependence of Ts 
on frequency shows that the temperature graph has a characteristic S shape, which exhibits  
a saturation property. At low frequencies of the cyclic load, the temperature grows slowly, 
however, as well as at high frequencies. The largest increase in the temperature of the stationary 
state occurs in the region of medium loading frequencies in the studied frequency range. All this 
suggests the presence and significant influence of internal friction in the material on the processes 
of internal deformation and its gradual destruction. It can be concluded that this type of material 
internal friction processes plays a significant role in its self-heating.

A stationary criterion of the system was proposed, which allows determining the stability 
level of the stationary state of the system for each loading mode and each material.

In parallel with the full-scale experiment, a computational experiment was conducted on 
the proposed mathematical model in the form of a non-adiabatic thermoelastic oscillator. The 
results of the computational experiment confirmed mathematical description of the deformation 
process - the destruction of polymer composites in the form of a system of nonlinear differential 
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equations of the first order. The analysis of results of in-situ experiment and the computational 
experiment made it possible to formulate the concept of a critical exponent (order parameter) for 
fatigue failure. The behaviour of such dynamic system is completely determined by the magnitude 
of the order parameter. The critical value of the order parameter depends on the thermo-physical 
properties of the material and is equal to the ratio of the value of the heat transfer coefficient 
multiplied by the area of thermal dispersion to the coefficient of linear thermal expansion.

It is shown that the model of a non-adiabatic thermoelastic oscillator in the form of a system 
of three differential equations in partial derivatives can be used as a basic nonlinear dynamic 
model of the behaviour of such complex systems as structurally inhomogeneous media. The 
behaviour of these materials is adequately described by a dynamic system of differential equations, 
which includes three variables, namely, stress, strain, and temperature.
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