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Abstract 

The paper describes a study of steel 316L – polyethylene PE-UHMW friction 
couple during the slip-roll motion. The analysis is focused on the linear wear of 
polymer plates at various rolling-to-slip ratio values. Kinematic parameters of 
the friction nodes were angular velocity of the steel cylinder – ω, and the linear 
speed of the polymer plate – vp. 
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In the experiment, the geometrical slip speeds were constant (s = 25 mm/s 
for each case). The constant geometrical slip speeds for different values of the 
plate speed (traverse of the contact point) vp allowed the determination of the 
influence of that parameter on the linear wear of the polymer component. 

The research showed the impact of plate speed (the contact point's traverse) 
vp on the values of the linear wear of the polyethylene, and the polymer's linear 
wear increase at the extreme ratios of the slip-roll motion  
(vp = 0, ω = 0). 

INTRODUCTION 

Friction, in complex kinematic conditions, still represents an unexplored area of 
tribology. Increasingly, in machines' friction nodes, unconventional bearing 
systems are used, which are characterized by a complex motion of the friction 
elements. The motion very often observed in the metal-polymer friction nodes is 
the slide-with-rolling motion. It is found in some parts of variators, cams, or 
bearing bushes. A typical example of that kind of friction nodes is observed in  
knee endoprostheses [L. 3, 4, 7]. Unfortunately, not much research describing 
tribological phenomena that occur at that type of motion has been done so far. 
Just a few works merely tackle the problem of the relationship between the 
friction coefficient [L. 5, 13] and the rolling-to-slip ratio. A similar situation 
occurs in the case of wear [L. 15]. 

It should also be noted that this kind of motion (rotation-with-slide) occurs 
in the highly loaded machine parts such as gears, tractions of rolling vehicles, 
or, generally, in the rolling process [L. 2, 11, 12]. 

The research presented in the paper showed the influence of the slide-roll 
motion components on the wear of a selected material combination. 

The materials and kinematic parameters correspond to those used in knee 
endoprostheses and make some continuation of the friction coefficient 
investigation described in [L. 5]. 

MATERIALS  AND  MEASURING  METHODS 

The wear measurements were carried out for the complex sliding-with-rolling 
motion that occurs between the polyethylene (PE-UHMW) plate and the steel 
roller (ANSI 316). The aim of the experiment was to measure the linear wear 
occurring at different rolling-to-sliding values. In the model, particular 
components of the friction nodes are described by the following parameters: 
•  Angular velocity of the cylindrical part – ω, and 
•  Sliding speed (contact point) – vp. 

The kinematic scheme of the friction couple is shown in Figure 1. 
Slippage s, which occurs between the rubbing surfaces, is calculated in 
accordance with the following equation (1).  
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Fig. 1. Kinematic scheme of the analysed plate-roller type friction node 
Rys. 1. Schemat kinematyczny przyjętego do analizy węzła tarcia typu płytka-walec 

 

                                                  pvrs 
 
                                             (1) 

 

The investigation was conducted for a constant value of the summary slip  
s = constant, similar to the study described in [L. 5]. However, the speed of the 
displacement of the contact point relative to the polymer element (vp) was 
changed. According to the equation (1), in order to maintain constant slip s, 
angular velocity ω was also variable. Moreover, in the experiment, the load and 
geometry of the contacting surfaces were constant. The study was conducted in 
the reciprocating motion. 

The constant value of summary sliding speed s between the polymer and 
the steel components enabled the elimination of the sliding speed impact on the 
processes of friction at the contact surface. According to the mechanical and 
adhesion theory of friction [L. 1, 9, 10, 14], the drag depends on the mechanical 
deformation of micro roughness and the breaking of adhesive bonds. In all five 
examined cases, total geometric slip speed s was 25 mm/s. The set values of  
displacement speed vp and steel roller angular velocity ω were calculated based 
on the equation (1) and are presented in Table 1. 
 
Table 1.   Kinematic parameters of the experiment in slide-roll movement 
Tabela 1.  Parametry kinematyczne badań w ruchu toczno-ślizgowym zastosowane w eksperymencie 

 

Nr 
|s| 

[mm/s] 
vp 

[mm/s] 
ω  

[rad/s] 
ω·r 

[mm/s] 
1 25 25 0.00 0 
2 25 20 –0.20 –5 
3 25 10 –0.60 –15 
4 25 5 –0.80 –20 
5 25 0 –1.00 –25 

 
The calculated negative values of the angular and rotational speed required 

the use of counter-rotation (relative to the direction of sliding) of the cylindrical 
part in order to provide the required value of summary slip s. For the first point 
of the experiment's plan, the cylindrical sample was fixed and only the polymer 
plate displacement occurred. For the fifth point, rotation occurred only when 
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there was no displacement of the polymer plate. In that case, the contact point 
(vp = 0 mm/s) remained stationary. 

The tested combination of materials is used very often in the sliding nodes 
of endoprostheses. The counter specimen in the slide/roll experiment were the 
rollers of austenitic steel ANSI 316, the surfaces of which were mechanically 
polished and had an average value of the profilometric parameters of roughness 
Ra = 0.13 µm, Rm = 0.73 µm. The geometrical dimensions of the steel roll were 
diameter D = 38 mm, and width b = 5 mm. 

The polymer plates were made of ultra-high molecular weight polyethylene 
(PE-UHMW) of the following dimensions: width B = 10 mm, plate height H = 
4 mm, and length L = 100 mm. The normal force for all the cases was constant 
at Fn = 100 N. 

During the tests, a test stand for the friction in the slide/roll movement was 
used (Fig. 2a). It is described in more detail in [L. 8]. 

The wear measurement was taken at different times of the friction. The 
results are summarized for the measurements taken after 0.5, 1.0, 2.5, 5, and 10 
hours of friction. 

 

 
   

Fig. 2.   a) Tribological test rig for investigation in the complex slide/roll cyclic motion, 
b) the polyethylene plate linear wear measuring stand 

Rys.  2.  a) Stanowisko do badań tribologicznych w złożonym ruchu cyklicznym toczno-
ślizgowym, b) stanowisko pomiaru zużycia liniowego polietylenowej płytki 

 
On the surface of each of the polymer samples, areas that collaborated with 

the steel cylinder were defined. In those areas, five measuring sections across 
the track of friction were selected, where the wear of the polyethylene plate was 
measured by means of a touch distance sensor. In each of the measuring 
sections, the wear value was taken in increments of 0.5 mm, measured using 
a micrometre screw fixed to a measuring table (Fig. 2b). 

Depending on the sliding speed (displacement of the contact point) vp, the 
length of the wear trace was different. The shortest length of the track, due to 
the lack of the displacement component, was for measurement 5 (Tab. 1). For 
that case, it was possible to take only one measuring section in the centre of the 

a) b) 
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track. From the wear measurement, due to deformation of the material at the 
edges of the wear track, the extreme areas were excluded. A map of the wear 
measurement points used for the statistical analysis is shown in Figure 3. 

 

 

 
 

Fig. 3.  Wear measurement point map on the polymer plate wear trace: A – marginal 
points, rejected due to deformation, B – points taken for the statistical analysis,  
C – points taken for the analysis in the case of absence of the slide ratio, vp = 0, 
measurement 5 

Rys. 3.  Mapa punktów pomiarowych na śladzie zużycia powstałym na płytce polimerowej.   
A – skrajne punkty pominięte ze względu na deformację polimeru, B – punkty przyjęte 
do analizy statystycznej (pomiary 1–4), C – punkty przyjęte do analizy dla wariantu 
z brakiem posuwu vp = 0, pomiar nr 5   

RESULTS  AND  DISCUSSION 

For each set of the kinematic ratio (turning to slip) and of a specific time of 
friction, a set of lines representing the depth of the linear polymer wear was 
determined. Due to the limitation of this paper, the analysis of the distribution 
of wear on the surface of the friction area has been skipped. 

The determined values of the linear wear at certain kinematic parameters 
are average values of all sections and points. That made it possible to visualize 
the impact of the kinematic parameters and the time of friction on the linear 
wear value of the polymer plate. The measurement results are summarized in 
Table 2 and illustrated by the graph in Figure 4. 
 
Table 2.  Summary of average values of the linear wear of polyethylene zh in μm for differ-

ent times of testing and rolling to slip ratio 
Tabela 2.  Zestawienie uśrednionych wartości zużycia liniowego zh polietylenu wyrażone w μm 

dla różnych czasów badania oraz składowych toczenia i poślizgu 

vp [mm/s]

ω*r [mm/s]

zh [µm] σ [µm] zh [µm] σ [µm] zh [µm] σ [µm] zh [µm] σ [µm] zh [µm] σ [µm] Czas [h]

0 1,0 0 1,0 0 1,0 0 1,0 0 1,0 0,0
7,78 2,4 10,47 1,0 9,9 1,4 5,8 1,0 19,2 1,0 0,5
10,8 2,4 11,19 1,0 10,5 1,4 10,44 2,1 26,2 1,0 1,0

15,51 2,8 12,36 1,0 11,6 1,0 12,27 2,4 32,7 1,0 2,5
17,58 2,7 13,22 1,0 12,1 1,1 13,33 2,4 41,1 1,0 5,0
18,58 3,0 14,08 1,0 12,6 1,2 15,07 2,6 42,8 1,0 10,0
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In the presented results, the standard deviation of a series of measurements 
in different measurement sections on the wear track was taken for the 
measurement error. If the calculated value of the standard deviation was less 
than one micron, the accuracy of the instrument (1 µm) was taken as the 
measurement error. 

Analysis of the influence of the friction time on the wear showed that, for 
all the cases, the most intensive wear occurred within the first 30 minutes. The 
values of the linear wear for that first period ranged from 38% to 79% of the 
total measured wear (after 10 hrs.). This indicates the importance of the lapping 
process for the 316L stainless steel – PE-UHMW friction couple. These 
observations are supported by research findings described in paper [L. 6]. The 
linear wear measured at the first stage of the experiment may also be associated 
with the mechanical deformation of the polymer. This effect may be caused by 
the concentrated contact (plate-cylinder) in the friction node, which results in 
the exceeding of the yield strength of PE-UHMW. 

In order to visualize only the effect of the kinematic parameters on the 
linear wear of the polyethylene, in Figure 5, the values of the total average 
wear after 10 hours of friction have been presented.   

  

 
 
Fig. 4.  Average linear wear of the polymeric plate depending on displacement speed vp for 

different times of testing 
Rys. 4.  Średnie zużycie liniowe płytek polimerowych w czasie przy różnych wartościach pręd-

kości posuwu vp 
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Fig. 5.  The average linear wear zh of PE-UHMW after 10 hours of friction at various feed 
rates vp 

Rys. 5.  Zestawienie sumarycznych uśrednionych wartości zużycia liniowego zh polietylenu  
PE-UHMW po 10 godzinach tarcia przy różnej prędkości posuwu vp 

 
The largest linear wear (above 40 microns) was observed at the absence of 

displacement of the contact point relative to the plate (vp = 0). The polymer's 
wear value for this case is obvious, because the wear occurred in a very small 
area. In all other cases, the wear process was spread over a larger area of the 
polymer plates. Interestingly, the study described in [L. 5] did not show any 
significant differences in the values of the friction coefficient at a changed 
displacement rate for the same friction couple, which proves that the 
displacement of the contact point in the slide-rolling friction nodes reduces the 
wear of the polymer without increasing the friction value. 

Analysing another extreme case in the space of possible kinematic states of 
the slide-roll friction (no rotation of the roller, ω = 0, vp = –25 mm/s), an 
intensification of the linear wear can be noticed. For the friction couple 316 – 
PE-UHMW, the linear wear increased by approximately 20 microns compared 
to other cases. The source of the increase has not been definitely identified, but 
it may be caused by the local temperature increase, or faster wear of the steel, 
which results in the wear of the polymer. 

The lowest value of the linear wear of the polyethylene was recorded for 
the value of vp = 25 mm/s. This is not the extreme value of the kinematic 
parameters assumed for the experiment. This proves that the impact of the slide-
roll friction on the wear process is complex. Just as it is in the case of friction 
[L. 5], during the slide-roll motion, the value of the contact surface area may be 
very important, which is a consequence of the polymers' viscoelasticity. 
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In the experiment, the creeping process in the tested polymer plates was 
noticeable. A tangible proof of that was the reduction (by approximately 10%) 
of the measured linear wear of the polymer plates after 24 hours. This shows the 
need for using in similar studies other measures of tribological wear, such as 
mass wear. 

SUMMARY  AND  CONCLUSIONS 

The results of the research prove the impact of the contact point displacement 
and other kinematic parameters in the slide-roll friction on the wear of 
a polymeric material. 

The observed decrease of wear related to the increase of displacement 
speed vp can be related to the viscoelastic properties of the polymer. However, 
this requires further studies using other polymers of different rheological 
properties. The studies shows the complexity of the phenomenon of friction and 
wear in the slide-roll motion for the metal-polymer couples, which is related to 
the type of contact occurring in the micro as well as in the macro scale. 

To determine the impact of particular kinematic factors on the friction and 
wear during the slide-roll motion, it is recommended to carry out further 
investigation at wider ranges of vp and ω, various Fn loads and the surface 
roughness values. 
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Streszczenie 

W pracy opisano badania pary trącej stal 316L–polietylen PE-UHMW 
podczas ruchu toczno-ślizgowego. Analizie poddano wartości zużycia linio-
wego płytek polimerowych przy różnych wartościach stosunku prędkości 
liniowej do obrotowej elementów węzła tarcia. Jako podstawowe parame-
try kinematyczne w analizowanym węźle przyjęto: prędkość kątową stalo-
wego walca – ω oraz prędkość przesuwu płytki polimerowej vp. W prze-
prowadzonym eksperymencie dla wszystkich analizowanych przypadków 
prędkość poślizgu geometrycznego s była stała i wynosiła 25 mm/s. Przyję-
cie stałej prędkości poślizgu s przy różnych wartościach prędkości przesu-
wania się punktu styku vp pozwoliło na wyznaczenie wpływu tego parame-
tru na zużycie liniowe komponentu polimerowego. Wyniki wykazały wpływ 
prędkości przemieszczania punktu styku vp na wartości zużycia liniowego 
polietylenu. Eksperyment wykazał zwiększenie wartości zużycia liniowego 
polimeru w przypadkach skrajnych ruchu toczno-ślizgowego (vp = 0 oraz  
ω = 0). 
 
 




