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Abstract - The results of studies of the effect of temperature and electric charge density on the
coefficient of friction of anti-friction-wear-resistant composite polymer materials when interacting
with raw cotton are presented. It is shown that the processes of charge formation and temperature
are interconnected, which provide the closest to the true values of the charges and temperature in
the interaction of the polymer-cotton pair. It was found that the improvement of heat removal
depends on the content of the filler of the epoxy coating with soot, which has high thermal
conductivity and ambient temperature.
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1. Introduction
A feature of the frictional interaction of polymer and
composite polymer materials with a fibrous mass is
the formation of electrostatic charges in the friction
zone. At the same time, one of the main questions is
what is the maximum surface charge density
possible on the surface of interacting materials and
fibrous mass.
It is known that the maximum charge density in
the contact area is on the order of several square
centimeters and higher due to the breakdown
tension of the air (3.0 · 10-6 V / m). At the same time,
the limiting charge density on interacting bodies
depends on the linear dimensions of the latter. Thus,
on surfaces with linear dimensions of 0.01-0.1 m, the
limiting surface charge density is 27 mkKl/m2, and
on thin filaments (fibers) this value reaches 170
mkKl/m2.

2. Methods
According to the known capacitance of the system
and the potential measured by a static voltmeter, the
charge value is determined by the formula [1]:
Q=U(Cvk+Cc+Cdk)

(1)

where, U – is the voltage measured by a static
voltmeter; Cvk – is the capacity of a static voltmeter;
Cc – is the capacity of a rubbing pair; Cdk – is the
capacity of an additional capacitor.
The maximum charge of static electricity is
achieved at different times of friction with raw
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cotton. As a result of the study of the kinetics of the
formation of static electricity charges, it was found
that the formation time of the maximum charge for
all polymer materials ranges from 20 to 145 seconds.
Therefore, in all experiments, the magnitude of static
electricity charges is measured 180 seconds after the
start of the experiment [2].
It follows from the above that when studying the
tribophysics of the process of interaction of CPM
with a fibrous mass, it is necessary to reduce the
contact area and determine the minimum size of the
box and the mass of raw cotton, at which the
maximum possible surface charge will be observed
[3]. These prerequisites are also related to the fact
that when the polymer and the fibrous mass interact
through large areas of contact, the effect of mutual
compensation of charges should manifest itself, due
to the convergence of oppositely charged micro-tops
[4]. At the same time, devices and installations will
not be able to measure the actual value of
electrostatic charges formed in the friction zone. In
addition, the choice of optimal installation
parameters for the device (Fig.1) is necessary to
determine the maximum possible electrostatic
charges and at the same time the coefficient of
friction is ambiguous. For example, to measure
electrostatic charges, it is necessary to reduce the
diameter of the cylindrical box and measure the
coefficient of friction [5].
Based on the above, studies were conducted on
the influence of the main parameters of the
installation on the formation of electrostatic charges
and temperature in the friction zone of polymer
materials with raw cotton, using the example of
epoxy resin.
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3. Results and Discussion
Based on the foregoing, studies were carried out on
the influence of the main parameters of the
installation on the formation of electrostatic charges
and temperature in the friction zone of polymeric
materials with raw cotton, using the example of
epoxy resin [6].
The results of the research are presented in
Figures 1-4. As can be seen from Fig. 2, an increase in
the average friction radius Rtr, with a constant
diameter of the cylindrical box dk = 80, causes a
decrease in the surface charge density to values
0.28·10-6 Kl/m2 [7]. At values greater than Rf>80
mm, stabilization of the value of the surface charge
density is observed. Such a change in the surface
charge density can be explained by the fact that at
smaller values of the average friction radius, a
significant difference in the linear sliding velocities
in the far and near parts of the cylindrical box
relative to the middle part causes an unequal effect
of cotton fibers with the surface of the epoxy coating
[8]. In the far part of the cylindrical box, there is a
more intense charge exchange and mutual
compensation between the raw cotton and the
antifriction-wear-resistant epoxy coating, and in the
near part, due to the lower linear velocity, the
formation of charges is slower [9]. With an increase
in the average friction radius, the difference in linear
velocities becomes smaller and an increasing
number of cotton fibers are involved in a more
intense charge exchange, which ultimately leads to
an increase in the total value of the surface charge
density and their more intense leakage due to the
formation of a gas discharge and mutual
compensation [10]. Stabilization of the surface
charge density at Rf values of more than 140 mm is
explained by the fact that the difference in linear
velocities is very small and the entire area of contact
between raw cotton and epoxy coating is under the
same charge exchange conditions [11].
An increase in the diameter of the cylindrical box
leads to a decrease in the total value of the surface
charge density, as shown in Fig. 3 [12].
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Figure 2: Dependence of the surface charge density on
the friction radius during friction of an epoxy
composite with raw cotton at P= 0.05 MPa and V= 6
m/s. 1- dк=100; 2- dк=90; 3- dк=80; 4- dк=70 ; 5dк=60 mm
Triboelectric charge density, q·10-6 , Ñ/m 2

Figure 1: Schematic diagram of the installation –
tribometer. 1 – electric motor; 2 - reducer; 3-disk; 4sample with polymer coating or composite material;
5-box; 6–ball bearing; 7-piston; 8-block; 9 microprocessor with Arduino UNO program; 10-load;
11 – load cell НХ-711; 12-computer
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Figure 3: Dependence of the surface charge density on
the diameter of the cylindrical box during friction of
the epoxy composite with raw cotton at P = 0.05 MPa
and V =6 m/s. 1–Rf=140 mm; 2–Rf=120 mm; 3–Rf=100
mm; 4–Rf=80 mm; 5–Rf=60 mm
This character of the dependence of the surface
charge density on the diameter of the cylindrical box
obviously depends mainly on the ACA of the contact
[12]. Moreover, the greater the contact, the more
intense such processes as the formation and mutual
compensation of charges occur, and therefore the
total value of the surface charge density recorded by
the measuring instruments is somewhat lower than
with smaller dimensions of the cylindrical box [13].
These data confirm the conclusion made by the
author that the smaller the area of interaction during
friction of two solid bodies, the more accurate the
measurement of the actual value of the surface
charge density, since the effect of charge mutual
compensation is smaller [14].
The formation of electrostatic charges during the
interaction of polymers with raw cotton is closely
related to the temperature in the friction zone; the

International Journal of Mechatronics and Applied Mechanics, 2022, Issue 12

135

Investigation of Antifriction Properties of Composite Epoxy Material in Interaction with Raw Cotton
mainly on the actual contact area (ACA). Moreover,
the greater the contact, the more intense such
processes as the formation and mutual
compensation of charges occur, and therefore the
total value of the surface charge density recorded by
measuring instruments is somewhat lower than with
smaller cylindrical box sizes. These data confirm the
conclusion that the smaller the area of interaction
during the friction of two solids, the more accurate
the measurement of the actual value of the surface
charge density, since the effect of mutual
compensation of charges is smaller [18].

Temperature in the friction zone, K

Temperature in the friction zone, K

results of temperature measurements in the friction
zone of epoxy coatings in raw cotton are shown in
Figures 4 and 5 [15].
Figure 4 shows that an increase in the average
friction radius causes some decrease in temperature
[16].
This confirms the conclusion of the authors that
the temperature is a consequence of the processes of
formation of electrostatic charges and their
microcharges. Indeed, with all other conditions being
equal, an increase in the average friction radius
should not cause an increase in temperature in the
friction zone, since the ACA of the contact depends
on the diameter of the cylindrical box, and this
parameter remains constant [17].
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Figure 4: Dependence of the temperature in the
friction zone of an epoxy composite with raw cotton
on the average friction radius Rtr at P= 0.05 MPa and
V=6 m/s 1–dbox=100mm; 2–dbox=90mm; 3–dbox=80mm;
4–dbox=70mm; 5–dbox=60mm; 6–dbox=40mm
An increase in the diameter of the cylindrical box
leads to a decrease in the total value of the surface
charge density, as shown in Fig. 4. This nature of the
dependence of the surface charge density on the
diameter of the cylindrical box obviously depends

Figure 5: Dependence of the temperature in the
friction bath of the epoxy composite with raw cotton
on the diameter of the cylindrical box at P = 0.05 MPa
and V= 6 m/s. 1–Rf=140 mm; 2–Rf=120 mm; 3–Rf=100
mm; 4–Rf=80 mm; 5–Rf=60 mm
Indirectly, this assumption is confirmed by the
results of the experimental data on the study of the
values of the surface charge density and temperature
in the friction zone of the epoxy coating filled with
soot and raw cotton, presented in Table 1. The
electrically conductive filler - soot allows the
removal of electrostatic charges from the friction
zone [19].

Table 1. Dependence of the values of the surface charge density and temperature in the friction zone of a
carbon-filled epoxy coating with raw cotton on the average friction radius at P = 0.05 MPa, V = 6 m/s, d k = 70 mm
Friction radius, Rtr, mm
30

60

Filler content, wt. h.
5 10
20

5

100

Filler content,wt. h.
10
20

140

Filler content, wt. h.
5
10
20

5

Filler content, wt. h.
10
20

Surface charge density, q·10-5Kl/m2
0,92

0,54

0,33

0,78

0,31

0,25

0,68

0,26

0,19

0,51

0,21

0,16

322

318

310

Temperature in the friction zone, Тtr, К
336

333

328

330

328

323

To confirm this explanation, temperature
measurements were carried out in the friction zone
(Table 2). From which it can be seen that the improvement

136

325

321

315

of the heat sink depends on the content of the filler
of the epoxy coating with soot, having high thermal
conductivity and on the ambient temperature.
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Table 2. The dependence of the surface charge density and temperature in the friction zone of a filled epoxy
composite with raw cotton on the diameter of a cylindrical box at P= 0.05 MPa, V= 6 m/s, R tr=210 mm, Tair=285 K
Diameter of the cylindrical box, dк, mm
40
0

80

20

0

100

120

Filler content, wt. h.
0
20

20

0

140

20

0

20

0,19

0,21

0,16

318

327

320

Surface charge density, q·10-6Kl/m2
1,2

0,7

0,8

0,34

0,65

0,92

0,30

Temperature in the friction zone, Ttr, К
318

308

319

314

323

From this Table 2 it can be seen that when
providing heat removal from the friction zone, the
value of the surface charge density decreases, the
temperature increases only slightly with an increase
in the diameter of the cylindrical box. The data
obtained allow us to conclude that it is necessary to
reduce the diameter of the cylindrical box to the
minimum possible size, but not less than 20-25 mm,
since the cross-sectional area of one seed of
medium-fiber cotton is 1.8-2.0 cm2, and there should
be at least 3-4 cotton seeds in the box.
The height of the cylindrical box, as the research
results have shown, does not affect the formation of
electrostatic charges on the surface of interacting
antifriction-wear-resistant epoxy composites and
fibrous mass, which proves their dependence on
factors such as ACA, pressure, speed, air
temperature, quality characteristics of raw cotton,
and the type of polymer material, i.e. processes
electrification and temperature in the friction zone
do not depend on such an installation parameter as
the height of the cylindrical box. A slightly higher
absolute value of the surface charge density at a box
height of 80 mm compared to a height of 80 mm is
due to the mutual movement of raw cotton slices
inside the box. This assumption is confirmed by
experimental studies on an installation without a
rotating disk using a vibrating second piston
connected to an oscillating device (Fig. 6).
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325

In this installation, raw cotton slices interact with
each other under the action of a vibrating piston.
Their friction between each other is regulated by
means of an oscillating circuit, the oscillation
frequency of which is set by a low-frequency
generator.

Figure 6: Load system of the test rig. 1-arrow; 2–
vertical axis; 3-cylindrical box; 4 - sliding element;
(copper electrode): 5-piston; 6-cotton fibers; 7 sample with epoxy composite material; 8-disk; 9-load
The results obtained, presented in Table 3, show
that when the raw cotton slices move between each
other, their electrification is observed, and the value
of the surface density is almost equal to the
difference between the value of the surface charge
density obtained at a box height of 80 mm and the
value of the surface charge density obtained at a box
height of 80 mm [20].

Table 3. Relationship between triboelectric charge density and number of revolutions
Number of revolutions
Triboelectric charge density
2 rpm
4 rpm
Frequency, Hz
10
20
30
40
10
20
30
40
q·10-6Kl/m2
0,41
0,52
0,63
0,78
0,55
0,73
0,84
0,91

4. Conclusions
The obtained research results allowed us to conclude
that for measuring the surface charge density and
temperature in the friction zone of polymer
materials with raw cotton, the optimal parameters of
the developed installation are the average friction
radius of 140 mm, the diameter of the cylindrical box

of 80 mm and the height of 80 mm.
The study of physical factors in the friction zone
of polymers with raw cotton has shown that the
processes of charge formation and temperature are
interrelated. The specified parameters of the
installation provide the closest to the true values of
the values of charges and temperature under the
conditions of interaction of a polymer-cotton pair.
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Thus, it was found that an increase in the average
radius of friction causes a slight decrease in
temperature. However, the decrease in temperature
with an increase in the average radius of friction is
obviously caused by a decrease in the processes of
charge exchange and the flow of smaller microcurrents and micro-discharges.
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