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machines. Tribological tests were carried out under dry friction for
a polymer-metal pair, and a wear rate and friction coefficient of the
sample; the signs of wear were submitted to SEM observations.

Introduction

Rapid global development of plastics and their applications determine higher expecta-
tions and market demands. Those factors apply to plastics quality, economics and aesthetic
appearance (Szczerba, 2013). The continuous technological development requires the use
of modern materials in agricultural engineering. Improving the structure and the need to
ensure high quality and reliability of agricultural machinery also requires proper mainte-
nance of machinery. This is particularly important in agricultural production, where season-
ality of certain works and agricultural treatments is a significant operation problem. More
and more frequently used materials in the construction of agricultural machinery are con-
stantly high strength (supporting structure of trailers, extension arms, machine elements
working in the soil) and a wide range of polymeric materials including investigated in this
study polymeric materials used for sliding bearings (bearings of rotating machine elements
e.g. aggregates, posterior side shredders).

Agricultural machinery works in harsh conditions, with dust, dirt, and possible chemical
agents. Chemical resistance of polymers, in addition to a chemical agent, is significantly
affected by physical factors, which include: temperature, variability of operating conditions
(a cyclical nature of the contact of material with aggressive liquid), movement of liquid,
solution concentration and interaction of organic solvents with chemically active substances
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(Goscianski et al., 2005). Regardless of the impact of various chemical media and physical
factors, important — from the point of view of physicomechanical properties of the material
- is also exposure of the elements made of plastics and composites to UV radiation, mois-
ture, changing mechanical stresses, the phenomena of cavitation (tanks with liquid) and
destruction associated with the internal aging processes (Bugajski et al., 2002; Jachowicz
and Gajdos$, 2014). Knowledge and predictability of the technical aspects of the aging pro-
cess and progressive wear and tear of machinery, and equipment is essential in solving most
of the problems of the construction, manufacturing and rational process of their use
(Tomczyk, 2005). This knowledge allows proper construction, choosing the right manufac-
turing technology, optimizing complex operational parameters and the choice of optimal
strategy for the use and renewal of machinery and equipment in the further process of their
exploitation (Tomczyk, 2005).

The polymeric materials and their composites have recently been increasingly used in
various industrial applications (Friedrich and Cyffka, 1985; Gardynski and Lonkwic, 2014;
Harsha, 2011; Jachowicz and Dulebové, 2015; Shipway and Ngao, 2003). The surface layer
of the polymeric sliding materials cooperating with the steel has an impact on the tribologi-
cal properties (Ptak, 2016). At the design stage of construction the acceptability level of
polymer materials to work in conditions of abrasive wear depends to large extent on their
mechanical load and wear level which in turn translates into safety and durability of ma-
chine parts (Harsha, 2011; Nunez and Polycarpou, 2015). Friction is a very important phe-
nomenon, as measured by various parameters that determines the choice of materials for
sliding nodes, because many variables have an impact on them, e.g. working conditions of
contact elements, the ability to create a polymer film (transfer of material) or generated heat
(Menezesa et al., 2011). The wear resistance of materials not only depends on the mechani-
cal and structural properties of the materials used but also on the testing technique, as it was
reported in (Harsha, 2011; Bahadur and Gong, 1992; Cenna et al., 2003; Dykha and
Kuzmenko, 2015; Ptak, 2016; Szczerek and Tuszynski, 2002). In case of lubrication-free
polymer bearings, there is no need for maintenance, as in case of bronze or brass sleeves. In
addition, these bearings ensure a long service life of the machine thanks to better vibration
damping properties and in comparison to conventional bearings, they are not noisy. Good
practice in selection of technological materials for sliding nodes beyond economic criteria
(the cost of materials and manufacturing methods) is the assessment of the tribological
properties of materials compiled. Therefore, this work deals with tribological characteristics
research using ball-on-disc test, materials working as a sliding pair of polymer-metal under
technical dry friction.

Materials and methods

Table 1 presents the characteristics of physical and mechanical properties of polymer
materials, according to the manufacturer's data. Polymer samples used for the sliding nodes
by Igus®, with trade names iglidur A180, iglidur P210, and iglidur X have been applied for
the tests.
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Table 1.
Summary of physical and mechanical properties of researched polymer materials
. . iglidur® iglidur® iglidur®
Properties Unit A180 P210 X
Density (grem®) 1.46 1.40 1.44
Colour (-) white yellow black
The maximum moisture absorption at (%
23°C/50% r.h. weight) 0.2 0.3 0.1
0,
The maximum water absorption (% 13 0.5 0.5
weight)
Modulus of elasticity (MPa) 2300 2500 8100
Tensile Strength at temp 20°C (MPa) 88 70 170
Compressive strength (MPa) 78 50 100
;’gfcmammum surface pressure at (MPa) 28 50 150
Shore hardness (°Sh D) 76 75 85
The maximum operating temperature C) +90 +100 +250
in a long time
The maximum operating temperature oc +110 +160 +315
in a short time
The minimum operating temperature °C -50 -40 -100
Thermal conductivity (W-mtK) 0.25 0.25 0.6
The coefficient of thermal expansion at (K1.10%) 11 8 5

23°C

(http:/www.igus.pl)

The specimens used for tribological tests have been made in the form of discs with di-
ameter of @ 30 mm and thickness of 5 mm. The discs have been subjected to grinding by
means of water abrasive papers with the grain size of 220, 600 and 1200 correspondingly.
Then, the samples have been subjected to mechanical polishing by means of diamond parti-
cles suspension (3 um) and oxides particles suspension (0.05um), washed with acetone and
dried after completed polishing.

Wear tests were conducted on a "ball-on-disc" tribotester by CSM instruments, at room
temperature under technical dry friction. The balls with diameter of @ 6 mm made of steel
100Cr6 (manufactured by CSM Instruments) have been used as a counter-sample (ball).
The tests were carried out under the load of 10N with linear speed of 0.05 mm-s™ on the
radius of 5 mm. The total test distance was equal to 500 m and was used to record the fric-
tion coefficient change. The wear measure was equal to volumetric loss of the sample
which occurred as a trace of abrasion as a result of sample and ball mating.

Therefore the surface area of sample abrasion was measured by means of Dektak 150
contact profile meter manufactured by Veeco Instruments along the sample circumference
(at 15 locations). Nose radius of a measuring needle was equal to 2 um. A volumetric wear
was set as the product of the average value of the wear field of the sample and circumfer-
ence of a circle of wear track resulting in the ball-on-disc test. Then the so-called wear
factor (K) was determined, which, next to volumetric wear, took into account the load and
the distance used during the test (ASTM Standard, G 40-15):
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K= Volumetric wear (mm3N‘1m‘1) (1)

- Loading force X sliding distance

The surface of wear tracks of materials tested after carried out tribological tests was as-
sessed using scanning electron microscope Phenom G2 pro (Phenom Word).

Results and discussion

Values of recorded coefficients of friction are given in Table 2, a graphical interpreta-
tion in the path function is shown in Figure 1.

Table 2.

Summary of the values of the friction coefficients of researched polymer materials

Materials . The average Staf‘d‘?‘rd
friction coefficient p deviation

Iglidur A180 0.14 0.02

Iglidur X 0.19 0.03

Iglidur P210 0.12 0.05

Comparative analysis of friction coefficients indicated, that the lowest coefficient of
friction was observed for steam iglidur P210 — steel 100Cr6. For this pair the maximum
standard deviation of +0.05 is obtained. On the other hand, the largest friction coefficient is
obtained for steam iglidur X — steel 100Cr6. In general, a lower friction coefficient corre-
sponds to a polymer with a smaller hardness (see Table 1 — Shore hardness). To change the
friction coefficient in the path function in all the studied cases there is a small increasing
tendency of coefficient of friction, which increases smoothly along with the increasing
contact field between the mating surfaces (Fig. 1). Sometimes the products of wear get to
the track of the direct cooperation of a sample and counter-sample and then the momentary
increase in friction coefficient is observed.

Analysis of the results shown in Figure 1 proved that iglidur P210 material has the
smallest coefficient of friction in the technically dry friction environment, which is charac-
terized by the lowest wear resistance. Then a slightly higher friction coefficient, but a much
higher wear resistance was noted for the iglidur A180 material.

The values of determined wear factors (K) are presented in Figure 2. With analysis of
the above-mentioned results the highest wear resistance in the technically dry friction envi-
ronment was observed for iglidur A180 material. However, the greatest wear was observed
for iglidur P210 material, which was characterized by the lowest coefficient of friction.
Such a course of usage is closely connected with the structural construction of materials
tested and translates directly into the surface condition after the tribological tests.
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Figure 1. Charts of changes of friction coefficient recorded on a ball-on-disc stand at a
distance of 500m in technical dry friction conditions
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Figure 2. A graph of the values of wear factors (K)

In order to verify that the changes are indeed statistically significant, analysis was per-
formed with the use of STATISTICA software along with parametric tests for independent
trials. Statistical analysis using Shapiro-Wilk test of volumetric wear measurement showed
that the results obtained have a normal distribution p>0.05 (assuming a=0.05). Respectively
for iglidur material: A180, X and P210 was obtained successively: p=0.531, p=0.973 and
p=0.796, therefore p>a, there is no reason to reject a hypothesis of normal distribution of

99



Mariusz Walczak, Jacek Caban, Andrzej Marczuk

tested characteristics. This can provide quite a homogeneous structure of tested polymeric
materials. In addition, severe Student’s t-test (for ¢=0.05) showed that differences in wear
are statistically significant (p<0.05) between all groups of the tested materials.

Analysis of wear profiles (Fig. 3) and wear track surface — pictures SEM (Fig. 4) indi-
cate that abrasive wear mechanism is dominant. Microslicing is an intensifying factor.
There are then traces in the form of constant cracks along the wear track. In case of iglidur
X and P210 samples delamination was observed. In addition, there are adhesive phenome-
na, determined by local temperature increase as a result of friction. There has been a trans-
fer of polymer material on metal surface of the countersample. After the tribologicals tests,
it was noted that polymer particles adhered to the steel countersamples 100Cr6. As shown
by the literature (Nunez and Polycarpou, 2015; Menezesa et al., 2011; Gardynski and
Krzyzak, 2009; Polak, 1998) during tribological processes after a given period of time
cooperation of polymer-metal pair changes into polymer-polymer co-operation, a polymer
film can be then created.

Deepest wear track (Fig. 3) has been reported for material iglidur P210 and it is on av-
erage about 3x deeper in respect to the least wearable iglidur A180.
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Figure 3. Typical cross-section profiles of wear tracks
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Figure 4. Representative SEM structures of wear tracks after tribological tests under con-
ditions of technically dry frictions of the following materials: a) iglidur A180, b) iglidur X,
and c) iglidur P210
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Conclusions

Knowledge of the technical aspects of the wear processes of machinery and equipment
is essential when developing a new machine design. Knowledge of tribological characteris-
tics and identification of polymer material wear allow developing in the future comprehen-
sive criteria for their selection in the design of sliding bearings of agricultural machinery
and equipment.

Comparative analysis of friction coefficients pointed out that the lowest coefficient is in
case of the material iglidur P210 (u=0.12) then respectively higher iglidur A180 (u=0.14)
and iglidur X (u=0.19). In addition, among all groups of tested materials statistically signif-
icant differences (p<0.05 in Student’s t-test) in wear have been noted. It has been observed
that, in terms of technically dry friction, the most wearable material was iglidur P210, for
which in the test the lowest coefficient of friction was recorded. However, the greatest
resistance to wear in the ball-on-disc test was recorded for the material iglidur A180. Essen-
tially, the destruction mechanism of tested polymers had an abrasive nature. Furthermore,
in case of iglidur X and P210 materials a delamination was found. In addition, there are
adhesive phenomena associated with the transfer of polymer material on the surface of steel
100Cr6.
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OCENA WEASCIWOSCI TRIBOLOGICZNYCH MATERIALOW
POLIMEROWYCH STOSOWANYCH NA LOZYSKA SLIZGOWE
MASZYN ROLNICZYCH

Streszczenie. Ciagly rozwoj technologiczny, wymusza stosowanie nowoczesnych materiatow kon-
strukcyjnych rowniez w inzynierii rolniczej. Znajomos$¢ charakterystyki tribologicznej materiatow par
wspotpracujacych ze soba, jest przydatna do opracowania skojarzen §lizgowych maszyn rolniczych.
Przy wyborze materiatéw technologicznych poza kryterium ekonomicznym powinna by¢ ocena wia-
Sciwosci tribologicznych materiatdow. W artykule przedstawiono analiz¢ charakterystyki zuzycia
tribologicznego ball-on-disc materiatéw polimerowych stosowanych jako elementy $lizgowe maszyn
rolniczych. Préby tribologiczne przeprowadzono w atmosferze tarcia technicznie suchego dla pary
metal-polimer. Badano wspoétczynnik zuzycia i wspotczynnik tarcia probek, a $lady zuzycia poddano
obserwacjom SEM.

Stowa kluczowe: wspotczynnik tarcia, tozyska slizgowe, test ball-on-disc, zuzycie, tribologia
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