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Abstract

The submitted paper analyzes the effect of loading on the properties of selected sliding pair. Loading
regimes were simulated based on two random signals after their statistical processing with a mean value
equal to 1000 N. The aim of the study was to confirm the hypothesis of the effect of random loading
method on the size and type of wear. It should also confirm the hypothesis of the effect of used lubricant
in conditions of limiting friction in terms of its emergency properties. Steel E335 and bronze CC483K
were used as material pair. Two oils were selected for lubrication of friction node — the mineral gear
oil Madit PP80 and ecological oil Plantohyd 46 S. The result of this study is a ferrographic analysis of
oil samples and the analysis of worn surfaces in relation to weight loss, which confirms the hypotheses.
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INTRODUCTION

The design of construction nodes is required to fully respect the characteristics of operating loads
(Kucera & Rusnak 2008; Kucera 2014). An effort to simulate the tribological behaviour of the practical
system exists in simulated tribological tests. This area of tribometry is extremely difficult and the use of
the system approach is extremely important here (Blaskovi¢ et al. 1990; Licek 2017; Kucera 2014).
The effect of factors (load cycle, lubricant) on the friction pair was statistically verified by the 2-factor
Analysis of Variance (ANOVA). The respective differences between the mean values of each sample
were defined by Duncan’s Multiple Range Test with a significance level (p-value) of 0.05 (Kucera et
al. 2016, Kopcanova et al. 2018). The hypothesis of significant effect of random load was solved in
several studies. Under the conditions of experiment, Hydros UNI had more favorable results (Kostolani,
2013). Mogul, Plantohyd, Hydros and Naturelle oils with the same viscosity class of 46 loaded statically
and dynamically showed better results compared to mineral oils in terms of friction coefficient (7¢th et
al. 2014, Kucera 2014). In terms of environmental protection, the decisive factor is also the replacement
of mineral and synthetic lubricants with ecological lubricants that are biodegradable (Kosiba et al. 2013;
Majdan et al. 2016; Tkac et al. 2014, Bosansky et al. 2005). The aim of this study was to confirm the
effect of random loading process and ecological oil on the size and type of wear in terms of emergency
properties of friction pair.

MATERIALS AND METHODS

We selected steel E335 as the material sample for the shaft. The sample was pressed on the auxiliary
shaft even before grinding to final dimension. The shafts were then grinded to the final dimension of @
29.960 mm to achieve the H8/f7 fit, i.e. close clearance fit. We selected a bearing shell as the second
friction element. The commercial marking of the bearing shell is B60 and its dimensions are @ 35r7 x
@ 30F7 x 20 (Fig. 1).

Fig. 1 View of real shaft and bearing shell
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Tribological experiments were performed using the laboratory experimental test device Tribotestor M10
(SUA in Nitra, Slovakia).

Fig. 2 View of the test device Tribotestor M10 (left) and the tribological node (right)

Test parameters:
° Loading force 1: 500-1500 N (dynamic regime D1), according to generated and statistically
processed random signal 1, mean value 1000 N (Fig.3);

° Loading force 2: 500-1500 N (dynamic regime D2), according to generated and statistically
processed random signal 2, mean value 1000 N (Fig.4);

. Loading force 3: 1000 N (static regime) — marked as ST (Fig.5);

. Loading regimes: according to the processed course of performance of two random processes
and comparative (reference) static regime of the test;
. Operating speed of shaft: 180 min’;
. Time of test: 60 min;
o Running-up period: 5 min, loading 500 N;
o Lubrication method: gravity feed of lubrication (cup in a height of 500 mm);
. Oils used: Madit PP80, producer Slovnaft Bratislava, Plantohyd 46 S — producer Fuchs;
. Material of shaft: steel E335; according to standard EN 10025-2 : 2004;
Material of counterpart: a full-bronze bearing shell of material CC483K; according to standard
STN 423123.
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Fig. 3 Course of the loading force during dynamic loading, signal no. 1

Continuance of the force during dynamic loading (stochastic signal no.2)
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Fig. 4 Course of the loading force during dynamic loading, signal no. 2

300



W 7" TAE 2019
A 17 - 20 September 2019, Prague, Czech Republic

[
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Fig. 5 Course of the loading force during static loading

Oil samples were standardly prepared before implementing the ferrography. Ferrogram was assessed by
visual diagnostics and documented with a digital camera and with microscope of Kapa 6000 type
(Novel, Xiamen,China), in cooperation with digital camera Moticam 1000 1.3 MP (Motic, Xiamen,
China) (magnification was set to 200x). Ferrogram was examined in the area about 5 mm from the start
of the flow of oil sample up to the length of 20 mm, i.e. the length of about 15 mm.

RESULTS AND DISCUSSION
We performed 60 tribological tests, i.e. 10 for each type of loading and lubrication. Each of the tests
started with a 5 minutes run-up period.

Results of weight loss analysis

Determination of the weight loss of the material pair was performed using laboratory scales Voyager®
(Ohaus Corporation, Pine Brook, USA) with an accuracy of 0.001g. Both pre-test and post-test weighing
was performed under steady-state conditions to minimize measurement errors. The results (average
values) are presented in Tables 1 and 2. Their interpretation in terms of the effect of loading method on
the size of wear in experimental conditions is quite clear.

Tab 1. Average values of the bearing shell weight loss

Type of oil PP 80 Plantohyd 46S

Loading ST D1 D2 ST D1 D2
Weight loss, g 0.0244 00282 0.0852 00175 0.0195 0.0205

Tab 2. Average values of the shaft weight loss

Type of oil PP 80 Plantohyd 46S
Loading ST D1 D2 ST D1 D2
Weight loss, g 0.011 0.0112 0.014 0.0025 0.0051 0.0053

Based on the recorded and processed results of the experiment following can be stated:

The smallest wear in the whole set of the bearing shell samples was observed at static loading regime
lubricated with oil Plantohyd 46 S and it was 0.017 5 g. On the other hand, the highest wear was observed
in the bearing shell samples loaded with dynamic regime D2 lubricated with oil PP 80 and it
was 0.035 2 g.

The smallest wear in whole set of the shaft samples was again observed at static loading regime
lubricated with oil Plantohyd 46 S and it was 0.002 5 g. The highest wear was observed in the shaft
samples loaded with dynamic regime D2 lubricated with oil PP 80 and it was 0.014 g.
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Results of the ferrographic analysis

We prepared 3 samples of oil Madit PP 80 for the ferrographic analysis. The samples were randomly
taken during the experiment for each loading regime:

-Sample no. 1 — loaded with constant force — marked as static — ST (reference),

-Sample no. 2 — loaded according to generated signal 1 — marked as dynamic — D1,

-Sample no. 3 — loaded according to generated signal 2 — marked as dynamic — D2.

At the same time we also prepared 3 samples of oil Fuchs Plantohyd 46 S. The samples were randomly
taken during the experiment for each type of loading regime:

-Sample no. 4 — loaded with constant force — marked as static — ST (reference),

-Sample no. 5 — loaded according to generated signal 1 — marked as dynamic — D1,

-Sample no. 6 — loaded according to generated signal 2 — marked as dynamic — D2.

The effect of loading methods on wear type and wear size of the friction pair materials was demonstrated
by observing the ferrograms at 50x magnification (Kucera et al 2016; Kopcanovd et al 2018). The aim
of observing the ferrograms at 200x magnification (as well as worn surfaces) was to confirm the
hypothesis of wear type and transfer of abrasion particles from surface to surface. Based on the
observations of the ferrograms (Madit oil) it can be stated that the thickest layer of the ferrographic film
is at the sample no. 3 (Fig. 6¢). Large particles above 100 um have been recorded (measured in photo).
By observing the surfaces of the shafts lubricated with Madit oil we found small amounts of transferred
material with degradation signs regardless of the loading method. The pictures are therefore not
mentioned. By observing the samples no. 4 and no. 6 lubricated with oil Plantohyd, their intense
coverage has been recorded (Fig. 7). The highest coverage was at the sample no. 6 with signs of tiny
shiny particles. The least intensive coverage of this sample set is at sample no. 4 where large numbers
of medium-sized particles up to 30 um have been observed. Several particles of about 100 um were
recorded at sample no. 6. By observing the surfaces of shafts lubricated with oil Plantohyd, substantially
larger quantities of transferred material are visible, especially in dynamic loading methods (Fig. 8b, c).
Fig. 8b (shaft sample no. 21) shows the areas of continuous surface of transferred material in the form
of thin scales after multiple plastic deformation, indicating the presence of adhesive wear. Fig. 8c (shaft
sample no. 22) shows, that in addition to the continuous surfaces of the transferred material, there are
signs of abrasive wear in the loading cycle D2.

The performed experiments can be characterized as wear tests under the conditions of limiting friction.
The effect of dynamic loading is visible in Fig. 8b, c. There are visible continuous layers of transferred
material without degradation signs, which resulted in “lower” shaft wear. Finally, the transferred
material behaved as a triboactive element, what in the end affected the better friction coefficient

(Kopcanova et al 2018).
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Fig. 6 View of wear particles (200x)
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Fig. 7 View of wear particles (200x)
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This also confirms the hypothesis of the effect of dynamic loading method on the wear size as a result
of the transfer of material from the softer element of the pair.

Fig. 8 Surface of the shaft after a- ST, b — D1, ¢ — D2 loading, lubricated by oil Plantohyd 46S
(sample no. 20, 21, 22) (20x)

CONCLUSIONS
The selected material pair (steel E335 and tin bronze CC483K) were tested in two-oil-lubricated
environment. On a representative sample, dynamic loading has been shown to cause higher wear of the
material pair compared to static. Under the conditions of given experiment (limiting friction state), the
difference is 0.01 g for shells and 0.003 g for shafts. Friction node degradation occurred in the
environment lubricated with Madit PP80. In ecological lubrication with Plantohyd 46S, the transferred
material along with the oil acted as a triboactive element. This has also been confirmed for dynamic
loading methods. Plantohyd 46S has better properties in terms of emergency properties. This is also
evidenced by lower shaft wear (0.005 3 g) compared to Madit PP80 (0.014 g).
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