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Formulation of the problem. In the field of mechanical engineering and industrial
production, polymer composite materials (PCM) have become widely used. They are used as
structural materials, in agricultural machines, trucks, machinery and industrial equipment.
Scientifically based application of PCM parts allows to reduce their wear and change the mode of
operation, and to increase the reliability of machines. In addition, several fillers can be used in one
matrix for various operating modes, adapting their characteristics by the percentage content of the
latter.

PCM creation and production technologies allow to obtain new materials with programmed
properties. However, Ukraine does not have its own modern industrial production of structural
plastics. The majority of parts from PCM, which are implemented in the design of tribo couplings
of domestic agricultural machinery or equipment, are of foreign production. Therefore, the main
problem of domestic manufacturers of equipment, under such conditions, is the uninterrupted
provision of production with imported raw materials. Therefore, in order to increase the technical
level of domestic equipment and the economic safety of production, it is necessary to increase the
import substitution of structural materials, in particular structural plastics. Perhaps in this area it is
necessary to create cooperation between scientific institutions, educational institutions and
production enterprises of Turkey and Ukraine. This is a promising direction in the world.

The purpose of the work is to study the effect of fillers on the physical and mechanical
characteristics and tribological properties of PCM based on polyamide 6.

Research equipment and methods.

Carbon fiber (CF), graphite and PMS-400 oil were used as fillers.

The introduction of CF, graphite and [TIMC-400 lubricant into the structure of polyamide 6
was carried out on a two-component extruder EKI'-45. The concentration of fillers and
conventional designations of the obtained PCM are given in table. 1.

Table 1 — Conventional designations of PCM and the ratio of components in them

No Conventional designation BumicT KOMIIOReHTIB, II\_/IS(t:)'rioé)ant Graphite
PKM Polyamid-6 Carbon Fiber IMC-400 powder
1 VIIA-6-10 90 10 - -
2 VIIA-6-15 85 15 -
3 VIIA-6-20 80 20 -
4 VITIA-6-20+1,5TIMC 78,5 20 15 -
5 VIIA-6-20+5TP 75 20 - 5

Study of physical and mechanical characteristics. Compressive strength tests were
performed on the FP-100/1 testing machine according to GOST 4651-82.

Test modes:

- load scale — 20 kN;

- traverse speed 0.208 mm/min;

- speed of movement of chart paper — 60 mm/min.
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The impact toughness was determined on the KM-0.4 pendular copra by the Charpy method
according to GOST 4647-80 at a temperature of 23+2 °C and a relative humidity of 50+£5%.

Samples were tested for abrasion resistance according to GOST 23.208-79 on prepared laboratory
equipment based on the CMILI-2 friction machine. The density p of the studied samples from PCM was
determined by the method of hydrostatic weighing according to GOST 15139-69.

Presenting main material. The results of studies of the effect of fillers on the yield stress of
the obtained PCM are shown in Fig. 1.
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Figure 1 — Dependence of the yield stress of PCM, based on polyamide-6, on the concentration of fillers

It was established (Fig. 1) that the yield stress of the obtained PCM, under the condition of
the CF concentration of 15 wt. % and 20 wt. %, differs slightly. A more significant decrease of the
investigated indicator by 8%, compared to the filling of 20 wt. %, fixed under the condition of
introducing CF of 10 wt. %. This is due to the insufficient amount of filler (CF) to create a
sustainable reinforcement effect.

The effect of the concentration of fillers on the impact toughness of the obtained PCM is
shown in Fig. 2.
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Figure 2 — Dependence of the impact viscosity of PCM, based on polyamide-6, on the content of fillers

The obtained results (Fig. 2) indicate that with an increase in the concentration of CF in the
polyamide 6 matrix, the impact toughness of PCM increases. This is due to the effect of reinforcing
the CF polymer matrix, which has significantly higher strength characteristics. A sharp increase in
impact viscosity when PMS-400 lubricant is introduced into the structure of the matrix is associated
with the removal of stress concentrators of the material during its cooling.

The results of the study of the abrasive wear resistance of the obtained PCM are shown in
Table 2.
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Table 2 — Results of PCM abrasive wear resistance investigations

. S The amount of The nu_mber of Relative
Conventional designation average weight Density, kg/m® rotations of abrasive wear
PKM ' the roller, .
wear, ¢ : resistance
units.
VIIA-6-15 0,0867 1196,9 1
VIIA-6-20 0,1161 1216,7 0,759
VIIA-6-10 0,1196 1180,6 300 0,715
VYIIA-6-20+5T'P 0,1407 1237,3 0,637
VIIA-6-20+1,5TIMC 0,1560 1227,0 0,570

The results (Table 2) show that the amount of CF in the PCM structure has the greatest
influence on the value of the relative abrasive wear resistance. This is due to the significantly higher
physical and mechanical characteristics of CF, in comparison with the matrix of the polymer
material - polyamide 6. The highest abrasive wear resistance, under the specified friction modes,
was recorded in PCM VYIIA-6-15. Other PCMs have much less abrasive resistance. The decrease in
the abrasive resistance of PCM VIIA-6-20, in comparison with YITA-6-15, may be associated with
the formation of CF locules in the matrix when its concentration is increased. It is known that CFs
are capable of agglomeration. The introduction of graphite also leads to a decrease in the studied
indicator, which is due to the delamination of the PCM structure. It should be noted that CF with an
initial length of 3 mm are partially crushed in the process of mixing them with discs in the extruder,
and partially when grinding the strands into granules. Thus, the choice of PCM, based on
polyamide-6 and the proposed fillers, should first of all provide strength characteristics, and only
then indicators of wear resistance of materials.

Conclusions. It was established that the introduction of 1.5 wt. % IIMC in YIIA-6-20
provides an increase in impact viscosity by 25.1%. At the same time, this composite does not have
high abrasion resistance. In movable joints, where it is necessary to ensure the abrasive resistance of
the parts, it is advisable to use YITA-6-15 carbon fiber.

It is also shown that YIIA-6-20 carbon fiber plastics have optimally high values of the
studied parameters. The introduction of graphite into the structure of these carbon plastics does not
contribute to the improvement of the studied characteristics.
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