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EFFECTS  OF  SuRFACE  PREPARATION  ON  FRICTION 
AND  wEAR  IN  DRY  SLIDING  CONDITIONS

wPŁyw  STRuKTuRy  GEOMETRyCZNEJ  POwIERZCHNI  NA  wIElKOśĆ 
ZużyCIA  I  SIŁĘ  TARCIA  w  wARuNKACH  TARCIA  SuCHEGO 
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 Abstract:  Wear tests were conducted using a ball-on-disc tester T-11. In the experiment, a 42CrMo4 rotating steel disc 
with a hardness of 40±2 HRC was placed in contact with a 100Cr6 steel ball with a diameter of 6.35 [mm]. 
The hardness of the ball was set to 62±2 HRC. Finishing treatment applied to the surfaces was sand blasting. 
Disc samples were prepared to obtain surfaces in similar range of the Sa parameter (arithmetical mean height 
of the surface) but other surface topography parameters vary. Dry sliding tests were conducted at sliding 
speeds of v1 = 0.16; v2 = 0.24 i v3 = 0.32 [m/s]. The sliding distance was set to 282.6 [m], and the normal load 
was set to 9.81 [N]. During the tests, the friction force was monitored as a function of time. Disc and ball 
wear was measured after the tests using a white light interferometer Talysurf CCI Lite. Profiles were taken in 
four positions (900 apart) perpendicular to the wear track. Then, using an interferometer software program 
TalyMap Gold 6.0, they were computed and averaged. It was found that the initial surface topography has 
a significant influence on friction and wear levels under dry sliding conditions. It was also identified the 
correlation between several surface topography parameters and wear volume.

 Słowa kluczowe:  zużycie, tarcie, struktura geometryczna powierzchni.

 Streszczenie: Badania tribologiczne przeprowadzono przy użyciu testera tribologicznego T-11. Skojarzenie tribologiczne 
stanowiła kulka łożyskowa o twardości 62±2 HRC i średnicy 6,35 [mm] oraz obracająca się tarcza ze stali 
42CrMo4 o twardości 40±2 HRC. Obróbką wykończeniową tarcz było piaskowanie. Proces ten wykonany 
został w ten sposób, aby uzyskać podobną wartość parametru Sa (średnie arytmetyczne odchylenie chro-
powatości powierzchni), natomiast różne wartości pozostałych parametrów SGP. Badania przeprowadzono 
w warunkach tarcia suchego dla trzech prędkości ślizgania: v1 = 0,16; v2 = 0,24 i v3 = 0,32 [m/s]. Droga tarcia 
wyniosła 282,6 [m] przy obciążeniu 9,81 [N]. W trakcie testów mierzono siłę tarcia, natomiast po ich prze-
prowadzeniu określano wielkość zużycia, wykorzystując interferometr światła białego Talysurf CCI Light. 
Profile zużycia generowane były w kierunku prostopadłym do śladów zużycia (co 900) i wykorzystując opro-
gramowanie TalyMap Gold 6.0 obliczone wartości były uśredniane. Wykazano, że ukształtowanie struktury 
geometrycznej powierzchni w istotny sposób wpływa na siłę tarcia oraz wielkość zużycia. Zidentyfikowano 
również korelacje pomiędzy wybranymi parametrami struktury geometrycznej powierzchni a siłą tarcia oraz 
zużyciem objętościowym.
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INTRODuCTION

The tribological properties of the frictional pairs are 
estimated by the coefficient of friction, wear, and 
tribological life [L. 1]. The problem of friction is 
extremely important because, according to estimates, 
about 30% of the world’s energy production is used 
to overcome various friction resistances. In order to 
increase the service life of two co-acted elements, 

e.g., in bearings, gears, and in the piston ring-cylinder 
system, the tendency is usually to reduce the coefficient 
of friction [L. 2]. The wear intensity of machine 
parts and other products is usually determined by the 
properties of their surface layer, especially by the surface 
topography, the hardness of the material, and the state of 
the remaining stresses after machining [L. 3]. We should 
always prevent wear. This is because it reduces the life 
of machine elements and sometimes leads to their failure 
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(seizure), so we counteract it by trying to eliminate or 
minimize it. Mentioned counteracting should already 
occur in the construction process. The constructor 
should select proper forms of tribomechanical assembly, 
including its material and lubrication, in other to 
minimize wear in the future movement of this assembly. 

The surface topography (SGP) is of particular 
importance. It affects many functional properties, such 
as fatigue strength, wear and corrosion resistance, 
contact resistance, the resistance of flow, or the tightness 
of joints [L. 3]. The problem especially arises when we 
deal with contact phenomena. In most cases, the real 
contact area between the two surfaces does not exceed 
1% of their nominal surface area. In such a case, the 
profile measurement can show, e.g., lower values of the 
roughness height, or omit essential details; therefore, the 
need for a 3D approach becomes indisputable [L. 4]. 

Standard surface roughness parameters (e.g., Ra, 
Rq) normally used by designers do not sufficiently 
describe contact surfaces. In addition, different 
standards use differing parameters. Although many 
experimental works have been carried out on the 
surface roughness and topography of contact surfaces, 
correlations between surface roughness and friction and 
wear are not yet clearly defined [L. 5–10]. Therefore, on 
the basis of literature review and previous experiments 
carried out by the present author and others, the aim of 
the presented work was to investigate the influence of 
surface topography parameters on the rate of wear and 
friction and correlations between roughness parameters 
and friction and wear.

ExPERIMENTAL

Wear tests were conducted using a pin-on-disc tester  
T-11 (Fig. 1) with a ball-on-disc configuration according 
to the ASTM G 99-95a (reapproved 2000) standard. 
A steel disc of 40±2 HRC in hardness was placed in 

contact with a steel ball with a diameter of 6.35 [mm]. The 
hardness of ball was 62±2 HRC. Rotational speed was 
set to 300 [rpm]. Disc samples were prepared to obtain 
surfaces of a similar range to that of the arithmetical 
mean height of the surface Sa parameter (about 4 [µm]) 
but other surface topography parameters vary. Finishing 
treatment of the disc surfaces was sand blasting. For 
similar values of the Sa parameter, disc samples were 
divided into two groups: G1 (Sa = 3,61–3,77 [µm]) and 
G2 (3,93–4,16 [µm]). Dry sliding tests were conducted 
at sliding speeds of 0.16, 0.24, and 0.32 [m/s]. The 
sliding distance was set to 282.6 [m], and the normal 
load was set to 9.81 [N]. To improve the repeatability of 
the dry sliding test, wear debris was removed from the 
disc surface during the test period by blow-drying it with 
compressed air of a constant pressure. All tests were 
repeated at least 3 times. During the tests, the friction 
force was monitored as a function of time. 

Disc wear was determined after the dry sliding tests 
by means of a surface topography analysis using a white 
light interferometer Talysurf CCI Lite with a vertical 
resolution of 0.01 [nm]. The measuring area of 3.3 [mm] 
× 3.3 [mm] contained 1024 × 1024 points. Profiles were 
taken in four positions (90° apart) perpendicular to 
the wear track. Then, using an interferometer software 
program, they were computed and averaged. Then, wear 
volume was calculated according to Formula (1). Table 1 
shows the specifications of the machined disc sample 
surface topographies according to [L. 12].

(1)

where d – diameter of the wear track – 10 [mm],
 S – the cross-sectional area of the wear track on  
       the disc sample surface [mm2].

Sand blasted surfaces were isotropic surfaces. The 
texture aspect ratio of the tested surfaces Str ranged between 

Fig. 1. Elevated temperature pin-on-disk testing machine T-11 (a) and drawing of test samples (b) [L. 11] 
Rys. 1.  Tester tribologiczny typu trzpień-tarcza T-11 (a) oraz rysunek skojarzenia badawczego (b) [L. 11] 
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0.747 and 0.915 [µm]. This parameter is used to describe 
the isotropy of a rough surface (a value closer 1 denotes 
a perfectly isotropic surface). The maximum height of the 
surface Sz ranged between 44.8 and 62.3 [µm] and peak 
density Spd was between 172 and 308 [1/mm2].

RESulTS  AND  DISCuSSION

Table 2 presents the results of the investigations.  
For each surface type, the mean values of the wear volume 
of the disc samples V, the sliding distance for obtaining 
steady state conditions of the friction force DSS,  

Table 1. Selected surface topography parameters of the tested disc samples
Tabela 1.  Wybrane parametry SGP badanych powierzchni

Table 2. Test results: v – disc volumetric wear, DSS – distance required to obtain steady state friction force 
conditions, Fav – average friction force value after obtaining steady-state conditions, and F120 – friction 
force value obtained after a test period of 120 [s]

Tabela 2.  Wyniki badań: V – zużycie objętościowe tarczy. DSS –droga tarcia przebyta do uzyskania stabilnej wartości 
siły tarcia, Fav –średnia wartość siły tarcia po osiągnięciu jej stabilnej wartości, F120 – wartość siły tarcia 
osiągniętej po 120 [s] testu
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the average value of the friction force after obtaining the 
steady-state condition Fav, and the value of the friction 
force obtained for the test duration of 120 [s] F120 are 
presented. A contour plot and isometric view of worn 
disc surface G2-no. 1 at the sliding speed of 0.16 [m/s] 
is shown in Fig. 2. Figure 3 presents the cross-sectional 

areas of the wear tracks on the disc samples. Wear 
scars visible on cross-cuts perpendicular to the sliding 
direction did not have a circular shape. It seemed that, 
during wear progress, nonconformal contact changed 
into conformal contact [L. 13]. Figure 4 shows selected 
curves of friction forces.

Fig. 2. Contour plots (a), and isometric view (b) of worn disc surface G2-No. 1 at the sliding speed of 0.16 [m/s]
Rys. 2.  Mapa konturowa (a) oraz widok izometryczny (b) powierzchni G2-nr 1 po testach tribologicznych przy pręd-

kości ślizgania 0,16 [m/s]

Fig. 3. Profiles of selected worn disc samples at the sliding speed of v = 0.16 [m/s]: (a) G1-No. 1, (b) G2-No. 3, 
(c) G2-No. 2, (d) G1-No. 4

Rys. 3.  Profile zużycia wybranych próbek przy prędkości ślizgania v = 0.16 [m/s]: (a) G1-nr 1, (b) G2-nr 3,  
(c) G2-nr 2, (d) G1-nr 4
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For the G1 group with the smallest sliding speed, 
Sample No. 5 was characterized by the highest value of 
volumetric wear. In this case, the average value of friction 
force Fav was also the largest. In turn, the smallest wear 
volume V = 0.468 [mm3] was obtained for Sample  
No. 1. A similar tendency was also observed for the other 
sliding speeds in Group G1. The smallest volumetric 
wear was obtained for Sample No.1. At a sliding speed 
of 0.24 [m/s], it was 0.752 [mm3], and 
at a sliding speed of 0.32 [m/s], it was 
0.709 [mm3], respectively. In both cases 
distance required to obtain steady state 
friction force conditions DSS was the 
shortest and achieved values 38.86 [m]  
at a sliding speed of 0.24 [m/s], and  
79.13 [m] at a sliding speed of 0.32 [m/s]. 
The average friction force value after 
obtaining steady-state conditions Fav 
was the smallest in both cases (8.231 [N]  
at a sliding speed of 0.24 [m/s] and  
8.075 [N] at a sliding speed of 0.32 [m/s]).

The wear volume of G1 group samples was the 
smallest in the case of the surface topography with 
the lowest value of the skewness of height distribution 
Ssk and the greatest when the skewness increased. 
The opposite tendency was observed for the root mean 
square gradient of surface Sdq describing the mean 
slope of the surface texture. In this case, the largest 
wear volume corresponded to the smallest value of Sdq 
parameter, and vice versa – the lowest volumetric wear 
was observed at the highest value of the Sdq parameter.

For the G2 group with the smallest sliding speed, 
Sample No. 9 was characterized by the highest value 
of volumetric wear. In this case, the average value of 
friction force Fav was also the largest. In turn, the lowest 
wear volume V = 0.583 [mm3] was measured in the case 
of Sample No. 8, which corresponded to the shortest 
distance required to obtain steady state friction force 
conditions DSS. For the other sliding speeds in Group 
G2, the largest value of wear volume was also observed 
for Sample No. 9. At a sliding speed of 0.24 [m/s], it 
was 0.974 [mm3], while at a sliding speed of 0.32 [m/s], 
it was 1.240 [mm3], respectively. In both cases, the 
distance required to obtain steady state friction force 
conditions DSS was the longest and achieved values 
45.29 [m] at a sliding speed of 0.24 [m/s], and 115.31 [m]  
at a sliding speed of 0.32 [m/s].

The largest values of wear volume in Group G2 
(similar to G1) were observed for the smallest value of 
Ssk parameter. The increase of this parameter usually 
resulted in an increase in wear volume. The largest 
volumetric wear of the G2 group also corresponded to 
the highest values of such surface topography parameters 
like Sdq or Spd (peak density). In most cases, one can 
also observe the influence of Sku parameter (kurtosis) 
on the rate of wear volume. The highest values of this 
parameter led to the smallest values of volumetric wear.

The mean value of coefficient of friction μ  
(Fig. 5) ranged between 0.843 (Sample No. 1) and 
0.897 (Sample No. 5) in the case of sliding velocity  
v1 = 0.16 [m/s]. For sliding speed v2 = 0.24 [m/s],  
the coefficient of friction μ ranged from 0.839 (Sample  
No. 1) to 0.884 (Sample No. 5). And at sliding speed  
v3 = 0.32 [m/s], coefficient of friction μ ranged from 
0.823 (Sample No. 1) to 0.888 (Sample No. 6).

Fig. 4. Friction force versus time for selected worn discs 
at the sliding speed of 0.16 [m/s]: (a) G1-No. 1,  
(b) G2-No. 8, (c) G2-No. 7

Rys. 4.  Wykresy siły tarcia wybranych próbek uzyskane  
przy prędkości ślizgania 0.16 [m/s]: (a) G1-nr 1,  
(b) G2-nr 8, (c) G2-nr 7

Fig. 5. Coefficient of friction µ tested samples
Rys. 5.  Współczynnik tarcia µ badanych próbek
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Fig. 6. Dependence between v, Ssk and Sku at the sliding 
speeds of v1 = 0.16 [m/s] (a), v2 = 0.24 [m/s] (b) and 
v3 = 0.32 [m/s] (c)

Rys. 6.  Zależności pomiędzy V, Ssk and Sku przy różnych 
prędkościach ślizgania v1 = 0.16 [m/s] (a), v2 = 0.24 
[m/s] (b) oraz v3 = 0.32 [m/s] (c) Współczynnik tarcia µ 
badanych próbek

For study of connections between surface 
topography parameters and wear volume, the linear 
coefficient of correlation R was used. The value of 
correlation coefficient ranges between –1 and 1. The 
greater the absolute value of a correlation coefficient, 
the stronger the linear relationship between parameters. 

The strongest relationship between volumetric wear 
and surface topography parameters was achieved for 
the Ssk parameter. The linear coefficient of correlation 
R between V and Ssk obtained a value of 0.78 for 
sliding velocity v1 = 0.16 [m/s]. At sliding velocity  
v2 = 0.24 [m/s], it was 0.87, while at sliding velocity 
v3 = 32 [m/s], it was 0.7. The other surface topography 
parameters were characterized by a smaller relationship 
with wear volume. Figure 6 presents the relationship 
between surface topography parameters like Ssk and 
Sku and volumetric wear. It can be seen that decreasing 
the Ssk parameter leads to a reduction in wear volume. 
Additionally, increasing the value of the Sku parameter 
leads (although in smaller range than in the case of the 
Ssk parameter) to a reduction in volumetric wear. The 
study confirmed the effect of the Ssk parameter on wear 
volume presented in [L. 14, 15], but mentioned works 
concerned surfaces with Sa parameters lower than  
1 [µm]. However, the study did not confirm the 
significant influence of the Sds and Spd parameters on 
the rate of wear volume observed in the case of smooth 
surface topography.

CONCluSIONS

The basic amplitude parameters that are commonly used 
to describe tribological characteristics and were the first 
parameters taken into account for the estimation of the 
surface conditions are not sufficient for determining the 
tribological properties of contact surfaces. Therefore, 
other surface topography parameters should be used to 
describe the tribological properties of the friction pairs.

In the conducted studies, an increase in the Ssk 
parameter caused an increase in the wear volume. The 
linear coefficient of correlation R between Ssk and V, 
in some cases, was close to 0.9. This parameter may be 
used to plan surfaces and surface topographies exhibiting 
desired tribological behaviours under dry sliding 
conditions. The Sku and Sdq parameters can also be 
used to forecast the wear volume but in a smaller scale. 
Parameters like Ssk and Sku are less mathematically 
stable than other parameters such as Sq, since they 
include high order powers in their equations, resulting 
in error propagation. Therefore, due to their uncertain 
nature, they should be used with great care.
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