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Abstract: The installation and method for determining the antifriction-electro-thermal-physical 
properties - friction force, temperature and the magnitude of the electrostatic charge in the friction 
zone of machine-building composite wear-resistant-antistatic-heat-conducting polymeric 
materials when interacting with raw cotton are presented. 
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1. Introduction 
It is known that when harvesting and processing raw cotton, special attention is paid to obtaining 
high-quality cotton fiber and achieving the maximum yield of the latter by reducing losses during 
harvesting, transportation and processing of cotton [1]. 
One of the main tasks aimed at preserving the natural properties of cotton fiber is to reduce the 
mechanical damage of raw cotton during its interaction with the working bodies of machines and 
mechanisms. To solve it, a number of constructive and technological measures are carried out, 
which consist in optimizing the parameters of the working bodies of machines and reducing the 
roughness of their surface, as well as in improving the performance properties of structural 
materials from which parts of the working bodies of machines are made [2,3]. 
It is known that one of the most important operational characteristics of the material for the 
working bodies of machines, which ensures the maximum preservation of the natural properties of 
cotton, is its antifriction property [4]. 
In this regard, studies of the antifriction properties of machine-building composite polymeric 
materials and coatings from them in the working bodies of machines and mechanisms of the cotton 
complex are relevant and promising [5]. At the same time, it should be noted that at present there 
is no unified method for studying the antifriction characteristics of structural materials during their 
interaction with cotton, which makes it difficult to choose a polymer material with desired 
properties for the manufacture of working parts of cotton machines from it and the correct 
assessment of their effectiveness [ 6]. In this regard, the development of a method and installation 
for studying the antifriction properties of machine-building composite polymer materials (CPM) 
interacting with raw cotton is an urgent task [7]. 
The objects of study in the study of the antifriction properties of the material in order to develop a 
method and device for determining the tribotechnical characteristics of materials were chosen: 
high-density polyethylene and polypropylene [8]. As fillers, mainly dispersed graphite, as well as 
iron powder, and glass fiber were introduced into the polymer. Raw cotton of the 1st grade, variety 
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Bukhara-6, machine harvested with a moisture content of 8-10% and a contamination of 3-25% 
was used as a fibrous material. The substrate for the polymer coating was St-3 steel [9]. 
 
2. Method 
Based on the analysis of modern literary sources, it should be noted that the existing methods and 
installations do not provide simultaneously with the determination of the friction force, the charge 
of static electricity and the temperature in the friction zone of machine-building composite polymer 
materials during their interaction with raw cotton, and the influence of the installation parameters 
and operating modes of workers bodies of cotton-processing machines and mechanisms on the 
coefficient of friction that meet the requirements of the methodological basis and a unified 
installation for determining the anti-friction properties of machine-building composite polymeric 
materials and coatings, working when they interact with the fibrous mass - raw cotton. The present 
work [10] is devoted to the solution of this problem. 
This paper presents the results of the development extends to machine-building composite polymer 
materials and coatings based on them and establishes a method and settings for determining anti-
friction properties - the coefficient of friction, temperature and the magnitude of the electrostatic 
charge that occurs in the friction zone during the interaction of machine-building composite 
polymer materials with fibrous material ( raw cotton) [11]. 
The essence of the method lies in the fact that the friction of the fibrous material is carried out on 
the flat surface of a rotating disk sample from the material under study at a number of given values 
of pressure P and sliding speeds  V, the values of friction forces, temperatures and electrostatic 
charges of the test sample are measured in the friction zone with raw cotton, after processing the 
measurement results, it is possible to judge the range of permissible values Р,V the operating 
conditions of the tested material are determined [12]. 
Based on the foregoing, the developed installation must meet the following requirements [13]:  
1. The installation for testing should, first of all, provide:  
- regulation of the disk sample rotation frequency with the possibility of setting the required sliding 
speed V of the contact pad center from 0.5 m/s to 10 m/s, in steps of 0.5 m/s, with an error of not 
more than 5% of the set value; 
- step-by-step regulation of the pressure P of pressing the fibrous mass to the moving sample from 
0.001 to maximum 0.05 MPa; 
- measurement of friction forces of contacting surfaces in the entire range of sliding speeds and 
clamping pressures; 
- measurement of temperatures in the friction zone from room temperature to 150 0С with an error 
of no more than 5% of the measured value; 
- measurement of the values of electrostatic charges of the test sample with an acceptable basic 
error of ± 5%. 
2. To minimize the difference in linear velocities of sections with boundary radial distances 
determined by the diameter of the duct, one should be guided by the ratio: 
r/d ≥ 3  
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where   r - distance between the axes of the disk and the box;  d - box diameter. 
3. The most reliable results are provided by a box that forms a minimum contact area of 50 cm2. 
4. The gap between the box and the piston must be at least 0.1 mm and not more than 1 mm. 
5. To prevent the fibrous mass from rolling during the test, the bottom of the piston must be 
equipped with retainers in the form of dispersed metal pins. They can also be used as electrodes 
for removing residual electrostatic charges by grounding them. 
6. The gap between the test sample and the box should not exceed 2mm to eliminate measurement 
errors caused by jamming of raw cotton seeds in the gap. 
7. Sample and pulp must be electrically isolated from the tribometer frame; insulation resistance 
must be at least 10 mΩ.    
 
3. Results and Discussion 
The friction of structural materials interacting with raw cotton is distinguished by the diversity and 
complexity of simultaneously occurring processes. Therefore, many researchers, based on the 
complexity of the research task, simulated friction with raw cotton on various installations. Based 
on this, the antifriction properties of machine-building composite polymeric materials when 
interacting with raw cotton were determined on a tribometer, the schematic diagram of which is 
shown in Fig.1. The installation operates in the pressure range from 0.001 to 0.05 MPa and speeds 
from 0.5 to 10 m/s [14]. 
A schematic diagram of a tribometer for determining the friction force between a composite 
polymer material and raw cotton, as well as the temperature and magnitude of the charge of static 
electricity in the friction zone is shown in fig. 1 [15]. 
The tribometer works in the following way. From the electric motor 1 and the gearbox 2, a vertical 
shaft is set in motion with a horizontal disk 3 installed on it. Sample 4 from the test material is 
placed on the disk. To prevent axial and radial runout, the disc shaft is mounted on two radial and 
one thrust bearings. Cylindrical box 5, located on eight deep groove ball bearings 6, moves in the 
longitudinal direction. The use of radial ball bearings reduces the friction force between the side 
walls of the box and the guide frame [16]. 
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1 – electric motor; 2 - reducer; 3-disk; 4-sample 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. 
Figure 1. Schematic diagram of a tribometer 
  
Cables are attached to the box on both sides. One of them is transferred through block 8 and serves 
for calibration loading. The other cable is also connected to the box, and its other end is connected 
to measuring beam 11, on which strain gauges are glued [17]. 
The tribometer complex for amplifying the analog signals received from the HX711 and DS18V20 
strain gauge sensors and their recordings has a microprocessor with the Arduino UNO program 
and a computer [18]. 
Raw cotton is placed inside the cylindrical box, and a piston with weights is placed on top. As the 
disk rotates, the polymer coating drags along a cylindrical box with a sample of raw cotton and 
thereby stretches the cable, which, in turn, bends the beam with strain gauges. The mechanical 
deformation of the beam with the help of strain gauges is converted into electrical vibrations. These 
oscillations are amplified by the strain gauge HX711 and DS18S20 and the signals are recorded 
on a microprocessor with the software "Arduino UNO" and the recording is made in the form of a 
graph on a computer monitor [19]. 
In order to increase the accuracy of measurement and maximum simulation of the operating 
conditions of the working bodies of machines when determining the forces of frictional interaction 
of bulk fibrous masses, in particular cotton 6 with composite polymer materials 7, the loading 
system is made in the form of a cylindrical box 3 with a piston 5 mounted on the boom 1, which 
fixed on a vertical fixed axis 2 parallel to the plane of the disk 8. Moreover, the boom of the loading 
system is made with a longitudinal groove for installing the box at the required distance from the 
center of rotation of the disk and has the ability to swing around the fixed axis. Piston weight - 
(0.45 + 0.01) kg. The axis of the cylindrical box 5 (Fig. 2) must be at least 140 mm away from the 
axis of rotation [20]. 
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1-arrow; 2–vertical axis; 3-cylindrical box; 4 - sliding element; (copper electrode): 5-piston; 6-
fiber mass; 7 - sample with a composite polymer coating or material; 8-disk; 9-load. 
Figure 2. Load system of the test rig 
 
The sample must be electrically isolated from the frame of the test instrument, the insulation 
resistance must be at least 10 mΩ, the dielectric strength must be at least 30,000 V•cm-1 [21]. 
Copper electrodes 4 for measuring the voltage of static electricity on the fibrous mass must 
simultaneously serve to fix the fibrous mass, preventing it from rolling during testing [22]. 
The gap between the test specimen and the box should be no more than 1 mm. A sample of the 
studied material is made in accordance with Fig.3. 
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1-steel disc; 2 - test coating or composite material 
Figure 3. Test material sample 
 
 Sample working surface roughness  Rz must meet the condition:  
Rz ≤ 0,4 dcp  
where, Rz  - sample working surface roughness, dcp is the average fiber diameter, mm, to prevent 
the fibers from catching on surface irregularities of the material being tested. 
After finding the friction force, the coefficient of friction between the composite polymer material 
and raw cotton was calculated using the well-known formula [23]: 
f  =  Σ fi  / n,                                 
where,   fi   = F/N; F – friction force, Н; N  -  normal force acting on rubbing pairs, H; n   - number 
of experiments. 
The charges formed in the friction zone were removed using electrodes. The values of static 
electricity charges were determined by measuring the potential value using an S-50 voltmeter 
according to the procedure described in [24]. To prevent leakage of charges formed as a 
result of friction, individual parts and assemblies of the installation - tribometer were isolated 
with fluoroplastic gaskets. The charges formed in the friction zone were removed using 
electrodes. The values of static electricity charges and their density were determined by 
measuring the potential value using an S-50 voltmeter [25]. 
In the first version, the charges were removed using a metal brush, at the ends of which 
flexible wires were attached. With such a measurement of charges, an additional error 
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appears due to the electrification of the brush itself [26]. 
We used a sensor that is installed at a certain distance from the charged surface of the 
polymer coating, but which makes it easier to obtain reliable data. The sensor is a metal plate 
with needle electrodes immersed in cotton. The charge value is measured with a static 
voltmeter, which is transmitted from the charged surface to the sensor by electrostatic 
induction [27]. At the same time, experiments have shown that the accuracy of measuring 
the values of charges during contact and non-contact removal of charges is almost the same. 
The sensor is isolated from the body of the unit with PTFE gaskets. Isolation of the friction 
zone using the high dielectric properties of PTFE improves the accuracy of measuring 
electrostatic charges. This is also facilitated by the additional capacitance in the measuring 
circuit [28]. 
Based on the known capacitance of the system and the potential measured by a static 
voltmeter, the charge value was determined by the formula [29]: 
Q = U(Свк+Сс+Сдк) 
where,   Свк - capacitance of a static voltmeter; Сс - rubbing pair capacity; Сдк - additional 
capacitor capacity; U - voltage measured with a static voltmeter. 
The maximum charge of static electricity is achieved at different times of friction with raw 
cotton. As a result of studying the kinetics of the formation of static electricity charges, it 
was found that the time for the formation of the maximum charge for all polymeric materials 
ranges from 20 to 145 s. Therefore, in all experiments, the magnitude of static electricity 
charges was measured 180 s after the start of the experiment [30]. 
The temperature in the friction zone was measured using a DS18B20 temperature sensor, the 
principle of operation of which is based on the change in EMF depending on temperature. 
Tests are carried out under conditions of ambient temperature (23±3 oС) and relative air 
humidity (52±3%), as well as at raw cotton humidity from 7.0 to 50.0% and contamination 
of raw cotton from 1.0 up to 25.0% [31]. 
 
Figure 4 shows, as an example, oscillograms and calibration graphs obtained by rubbing 
composite polymer materials with raw cotton at Р = 0.01; 0.02; 0.03 MPa and V = 2 m/s [32]. 
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Figure 4. Friction Force of Composite Polymer Materials with Raw Cotton 
 
Table 1 shows the anti-friction and physical-mechanical properties of composite polypropylene 
and polyethylene materials filled with organo-mineral ingredients, determined by the developed 
method and installation - tribometer.  
Table 1.  
Antifriction and physical-mechanical properties of composite polypropylene (APPK) and 
polyethylene (APEK) materials working in contact interaction with raw cotton 

Indicators 

Composite polymer materials 

А
П

П
К

-1
 

А
П

П
К

-2
 

А
П

Э
К

-1
 

А
П

Э
К

-2
 

Friction coefficient, f 0,26 0,27 0,28 0,29 
The amount of static electricity, Q·10-7, Кл 1,91 1,73 2,37 2,03 
Temperature in the friction zone, K 319 306 321 315 
Wear rate, I•10-10 3,23 3,12 6,7 6,5 
Breaking stress in bending, MPa 87,3 90,1 33,4 35,5 
Impact strength, kJ/m2 93,1 97,3 17,5 21,3 
Brinell hardness, MPa 77,2 80,3 55,1 58,4 
Modulus of elasticity in bending, GPa 1,65 1,85 0,62 0,65 

Note: I and f values at P=0.02 MPa, V=2.0 m/s. 
 
Thus, in this work, a method and installation have been developed with the help of which the 
antifriction-electro-thermal-physical properties of composite polymer materials are determined 
when interacting with the fibrous mass using the example of raw cotton. 
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