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Abstract. Designs of machine-building parts made of structural composite polymer materials for the working bodies of
cotton machines and mechanisms have been developed, having a curved surface along the perimeter and a spherical
rounding in the head, facilitating minimal resistance to their introduction into the thickness of the mass of raw cotton. The
optimal geometric parameters of pegs made of structural composite polymer materials have been determined, depending
on the performance of the machines and the forces acting on the end of the pegs. Experimental studies were conducted to
study the influence of various fillers on the physical, mechanical and tribotechnical properties of the compositions, and
optimal filler contents were established to ensure the best properties of polystyrene and polyamide structural composite
materials. The principle of designing impact-resistant, antifriction and antifriction-wear-resistant polystyrene and
polyamide structural composite materials is proposed. Highly efficient structural composite materials for functional
purposes based on thermoplastic polymers and fillers of different structures and nature have been developed, having
sufficiently high strength and tribotechnical characteristics and have found application in the working bodies of cotton
machines and mechanisms of the cotton processing industry operating under conditions of friction and wear.

Keywords. Raw cotton, polymer, strength, viscosity, hardness, modulus of elasticity, coefficient of friction, power
consumption, damage to fibers, crushing of seeds.

INTRODUCTION

Currently, cotton gins and procurement points operate receiving and feeding mechanisms of the PLA brand, mobile
cotton reloaders of the HPP brand, cotton riot pickers of the RP brand, pneumomechanical cotton pickers, swarming
machines of the OBT brand to perform loading and unloading and transport operations, as well as preventive
operations during transportation, acceptance and storage of raw cotton (Fig. 1-4) [1,2].

The working bodies of these mechanisms are equipped with scooping elements made in the form of spikes, having
a spear-shaped shape and made of expensive and scarce metals (stainless steel) [3].

The use of such mechanisms has led to a significant reduction in labor costs, improved working conditions, and
increased efficiency in loading and unloading operations at procurement and Azov procurement points [4].

However, research and operational experience, as well as studies on mechanization in raw cotton handling, indicate
that these mechanisms have several inherent drawbacks. These include relatively low productivity and high-power
consumption, which are embedded in their design [5]. Specific disadvantages of the mechanisms used for loading
and unloading include fiber damage and crushing of cotton seeds, as well as the formation of free fiber. These issues
arise from the impact of metal spike working bodies with raw cotton. Additionally, mechanisms with steel working
bodies pose the risk of igniting raw cotton and generating sparks upon contact with solid and heavy impurities in the
cotton [6,7].

Addressing or minimizing these shortcomings is a pressing issue. Solving these problems will significantly
enhance the efficiency and effectiveness of the mechanisms while preserving the natural properties of raw cotton
[8,9].To eliminate or minimize these disadvantages, it is necessary to give the surface of the working bodies certain
damping properties that allow them to soften their collision with raw cotton, which will significantly reduce the
crushing of seeds and the damage to the fiber. This can be achieved by replacing metal spike working bodies with
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intelligent working bodies of optimal design made of composite polymer materials [10].
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: 1-horizontal conveyor with two belts; 2-spike elevator;

3-tricycle frame; 4 and 5-trolley with wheels; 6-fixed

. side; 7-folding side; 8-carrying box; 9-console; 10-sides
it ; made of sheet steel; 11-casing; 12-box; 13 and 14-drive
y drum
FIGURE 1. The scheme of a mobile cotton loader FIGURE 2. The scheme of the receiving-feeding
(HPP). mechanism (PLA).

1

4
1-a riot of raw cotton; 2- a tunneling machine of the OB
brand; 3- a trailer; 4- a roller working body of the
machine.

FIGURE 4. The scheme of the tunneling machine OBT.

1-RP feeder disassembler; 2-belt conveyor; 3-pipeling;
4- roller working body; 5- riot of raw cotton.

FIGURE 3. The scheme of operation of the RP feeder
disassembler.

MATERIALS AND METHODS

For the manufacture of parts of rubbing pairs (pegs) of working bodies of cotton machines and mechanisms,
impact-resistant polystyrene (IRPSC) and impact-resistant polyamide (IRPAC), wear-resistant polyamide
compositions (WRPAC) have been developed and original technological principles for creating composite polymer
materials (CPM) with specified properties have been implemented in order to comprehensively assess their
performance in various friction units of machines and mechanisms of the cotton complex [11].

The current level of development of composite polymer materials (KPM) makes it possible to create unique
materials that are workable in extreme conditions at low and elevated temperatures, pressures, aggressive and abrasive
environments. The trend in the development of this area is the creation of highly filled, reinforced and especially
durable KPMS with adjustable performance indicators for structural, special and multifunctional purposes [12].

However, existing polymer materials and compositions based on them are not yet widely used in the working
bodies of machines and mechanisms of various branches of mechanical engineering, in particular, in cotton processing
industry equipment due to the lack of developments to create reliable impact-resistant, wear-resistant, antifriction and
antifriction-wear-resistant composite polymer materials based on local resources and effective technology for their
production, as well as the manufacture of machine-building products and parts for structural and special purposes from
them [13,14].

For impact-resistant materials, a necessary property is high impact resistance (IR), for wear-resistant composite
materials (WRCM) - a low coefficient of friction with raw cotton, for antifriction-wear-resistant composite materials
(AWRCM) - low coefficient of friction and low wear of the material when rubbing with raw cotton [15].
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Based on the fact that the friction of polymer materials with raw cotton has a molecular - mechanoelectric nature,
the obtained research results will allow us to change and regulate the properties of materials in a targeted manner,
ensuring their compliance with the requirements for composite polymer materials operating in interaction with raw
cotton [16].

Of the selected materials for research, polyamide (PA) has the best antifriction properties, so they can serve as a
matrix of composite materials for antifriction purposes, and impact-resistant polystyrene (IRPS) has the best impact
strength and hardness [17].

When choosing a filler for impact-resistant composite materials (IRCM), it is necessary to take into account its
effect on specific viscosity. For impact-resistant composite materials based on PA and IRPS, the best fillers are
fiberglass, cotton lint, and wollastonite. For ACM, it is necessary to take into account its influence on the coefficient
of friction in a wide range of load, speed, humidity, clogging and grade, as well as the preservation of the quality
indicators of raw cotton. The best fillers for the above materials are fillers — soot, graphite, talc, kaolin, wollastonite
[18,19].

AICMS must meet the requirements of a minimum coefficient of friction and a minimum wear rate. As fillers for
such materials, it is advisable to use asbestos, graphite, fiberglass (FG), cotton lint (CL), iron powder, cement, copper
powder, kaolin, talc, soot, wollastonite [20].

Thus, scientific principles have been developed for the creation of polymer composite materials that can be used
in the development of impact-resistant, antifriction and antifriction-wear-resistant polymer composite materials based
on local raw materials and industrial waste.

The table shows the physico-mechanical and antifriction properties of the developed impact-resistant and wear-
resistant composite polymer materials based on impact-resistant polystyrene and polyamide (table 1) [21,22].

TABLE 1. Properties of impact-resistant and wear-resistant composite materials.

Indicators of the properties of composite materials

Brands of Bendi Brinell Modulus of

composite endaing . rine oaulus o .~
matgrials strength, o, viscsg('i;lflfl Im2 hardness, HB, elasticity, E, m?f.} eif:ftli((:)lr?n;*

MPa ' MPa GPa ’

IRPSC -1 56.9 25.3 145.0 3.0 0.36
IRPSC -2 62.3 275 135.0 2.9 0.345
IRPSC -3 65.8 30.8 145.0 2.8 0.34
IRPAC -1 108.0 137.6 84.0 2.1 0.35
IRPAC -2 110.3 139.0 85.7 1.95 0.33
IRPAC -3 112.2 140.7 86.3 2.0 0.31

WRPAC -1 99.7 130.8 87.2 1.85 0.32

WRPAC -2 100.3 132.3 87.2 1.90 0.31

WRPAC -3 101.8 135.5 89.5 2.05 0.33

* The coefficient of friction was determined by interaction with raw cotton with humidity W= 8.2%, sliding
velocity V=1.5 m/s and specific pressure P=0.02 MPa.

As can be seen from the table, the selected impact-resistant and wear-resistant composite polymer materials based
on impact-resistant polystyrene and polyamide have sufficiently high properties that meet the requirements for the
materials of the pegs of the working bodies of cotton machines and mechanisms operating under conditions of impact,
friction and wear [23]. In this regard, it is advisable to recommend them for use in intelligent working bodies of cotton
machines and mechanisms [24].

The productivity of machines and mechanisms was determined by the cut-off method, the force acting on the end
of the stake was determined in accordance with the methodology given in [25].

RESULTS AND DISCUSSION

Experimental studies have been carried out to determine the optimal geometric parameters (angle of inclination,
length and radius of curvature) pegs made of impact-resistant polyamide compositions (UPPAC-1 and UPPAC-2) of
the working bodies of cotton machines and mechanisms, depending on their performance and the force acting on the
end of the pegboard (Figures 1 and 2) [26].
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230 245 260 275 230 305 R, mm
the radius of curvature of the stake
\ \ \ \ \ \ |
100 120 140 160 180 200 L, mm
the length of the stake
\ \ \ \ \ \ |
55 60 65 75 75 80 ?x, grod.
the angle of the stake

1- the length of the spike (L), 2- the radius of curvature (R), 3 —the angle of inclination (¢x)

FIGURE 1. The dependence of the productivity of the mobile cotton loader on the geometric parameters of the
stake from the IRPAC -1.

As can be seen from Fig. 1, the optimal values of the angle of inclination (¢x) to the horizon and the radius of
curvature (R) of the stake are in the range of 65-70° and 270-275 mm, respectively [27]. With a decrease and increase
in these values of the angle of inclination and the radius of curvature of the stake, the efficiency of capturing the mass
of raw cotton decreases. The length of the spike (L) also affects the efficiency of capturing raw cotton. An increase in
the length of the stake to 160 mm is accompanied by an increase in the captured mass of raw cotton, and a further
increase in length is accompanied by a slight decrease in the mass of cotton. The angle of inclination at the top of the
leading edge of the stake is 20-25°[28].

Figure 2 shows the dependences of the forces acting on the end of the spike made of impact-resistant polyamide
composition (IRPAC-2) of a mobile cotton loader on its geometric parameters [29]. As can be seen from Fig. 3, with
an increase in the radius of curvature of the peg to 275 mm, the force acting on the end of the peg increases, reaching
a maximum, and further with an increase in the radius of curvature, the force acting on the end of the peg gradually
decreases, due to the low coefficient of friction of the composite polymer material. As the length of the stake increases,
the force acting on the end of the stake also gradually decreases, reaching a maximum with a length of 160-180 mm
[30].

The force acting on the end of the stake gradually decreases as the angle of inclination increases, reaching a
minimum at an angle of inclination of 60-70°, and then increases.
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230 245 260 275 290 305 R, mm
the radius of curvoture of the stake
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55 60 65 75 75 80 ?x grad.
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FIGURE 2. The dependence of the force acting on the end of the stake from the IRPAC -2 mobile cotton loader on
its geometric parameters.

olx

i

1- spike; 2-rubberized tape; 3-bolt,4- washer; 5 -nut.
FIGURE 3. Prefabricated spike of the working body of the mobile cotton loader of the HPP brand.
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On the basis of these materials, the designs of the pegs of the working bodies of the mobile cotton loader of the
HPP brand (Fig.3), the cotton riot disassembler of the RBD brand and the pneumomechanical cotton disassembler
(Fig. 4) were developed [31].

1- milling cutter; 2- pegs; 3-washer

FIGURE 4. Prefabricated pegs of the working body of the cotton riot picker and the
pneumomechanical cotton picker.

A spike made of a high-impact polyamide composition (HIPAC-2), the working body of a mobile loader (Fig.3)
is an exciting element made in the form of a rod with a spherical rounding in the head and with a trapezoidal profile
in cross section from the head to the base. The radius of curvature of the stake is R = 270-272 mm, and at the base
between the stiffeners of the profile there is a hole for a bolted connection and a recess with a radius of 40 mm [32].

The installation of pegs in the working body is carried out as follows. The pegs are pre-installed on the bar using
bolted connections, then it is fixed to the tape of the working body of the mobile cotton loader. When replacing the
pegs, it is enough to unscrew the nuts and the pegs are released from the bar [33].

A spike made of a wear-resistant polyamide composition (WRPAC-3), the working body of the cotton riot
disassembler (Fig.4) is made in the form of a rod shaped like a truncated cone bent along the radius of curvature in
the direction of rotation of the milling type working body. The radius of curvature is 70-75 mm. The pegs are
assembled in the working body as follows. Pegs 2 with M18 thread are screwed to the pipe of the milling cutter 1 of
the working body. When replacing the pegs, it is enough to unscrew them and the pegs are released from the milling
cutter pipe [34].

Optimal geometric parameters of pegs made of structural composite polymer materials ensure their introduction
into the thickness of the mass of raw cotton, contribute to increasing the productivity of the mechanism, reducing
mechanical damage to fibers and crushing of raw cotton seeds, reducing power consumption and eliminating possible
ignition of raw cotton [35].

The tests carried out in production conditions of pegs made of impact-resistant and wear-resistant composite
polymer materials have shown that their use in the pegging working bodies of a mobile cotton loader, a cotton riot
disassembler and a pneumomechanical cotton disassembler will significantly increase the reliability and performance
of machines, reduce the damage to seeds and cotton fibers, reduce the formation of free fiber during the acceptance
and transportation of cotton-raw cotton, as well as during preventive operations with raw cotton, eliminate the
possibility of sparking and burning of cotton due to a decrease in the coefficient of friction of raw cotton when
interacting with the working surface of a stake made of composite polymer material, improve the quality of the fiber
produced.

060012-6

¢¢:/€'60 G20cZ dunr 61



CONCLUSION

Thus, the pegs of the working bodies of the mobile cotton loader and the cotton riot disassembler are made in the
form of a curved hook bent in the direction of movement of the working body. In the head part, the pegs have a
spherical rounding, which facilitates minimal resistance to the penetration of the pegs into the thickness of the mass
of raw cotton. The angle of inclination of the stake to the horizon surface is . = 65-70°, and the angle between the
side faces of the stake is o = 20 - 25°. This design of the stake improves the gripping ability, reliability and efficiency
of the pegs of the working body when capturing raw cotton and disassembling the cotton riot, as well as when moving
raw cotton to subsequent technological chains of machines and mechanisms, which increases machine productivity,
reduces power consumption, reduces fiber damage and seed crushing and prevents the possibility of cotton burning-
raw.
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