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Abstract: Surface textures can be defined as a regularly arranged micro-depressions or grooves with defined shape and dimensions. 
These textures, if they are manufactured by laser ablation process, contribute to a significant improvement of the tribological, optical or var-
ious biological properties. The aim of this paper is to analyze the influence of the surface textures prepared by laser surface texturing (LST) 
at the friction coefficient value measured on the tool (90MnCrV8 steel) – workpiece (S235JRG1 steel) interface. Planar frontal surfaces 
of compression platens have been covered by parabolic dimple-like depressions with different dimensions. The morphological analysis 
of such manufactured depressions has been performed by laser scanning microscopy. Influence of such created textures on the tribologi-
cal properties of the contact pair has been analyzed by the ring compression test method in the terms of hydrodynamic lubrication regime. 
The experimental research shown that by applying of surface textures with defined shape and dimensions and using an appropriate liquid 
lubricant at the same time, the coefficient of contact friction can be reduced nearly to the half of its original value. 
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1. INTRODUCTION 

Steels are representative structural materials for most me-
chanical applications because of their high strength and tough-
ness, good machinability and relatively low cost. Surface hard-
ness and chemical composition of applied coating play a dominant 
role against wear under sliding conditions. The efficiency, reliabil-
ity, and durability of mating mechanical components depend on 
friction occurring at the interface during the sliding (Gualtieri et al., 
2009). The surface texture and geometry are the key factors 
which determine the functionality of the surface. The idea of using 
surface texturing for improving tribological performance is not 
a new development (Ibatan et al., 2015). A general classification 
on the methods to produce surface texture can be made as bot-
tom to top and top to bottom (Demir et al., 2013). The methods 
involving bottom to top strategies are the ones, where the surface 
is usually deposited with chemical/physical process in the form of 
a coating or surface is generated layer by layer. The dimensional 
scale of the patterns can reach the nanometric level. On the other 
hand, top to bottom methods based on material removal from an 
initial surface are potentially more flexible. Top to bottom methods 
involve techniques such as grinding and honing (Jeng, 1996), 
chemical etching (Rech et al., 2002), electron ion etching (Zhu et 
al., 2003), electric-discharge machining (Aspinwall et al., 1996), 
laser beam machining (Etsion, 2005), micro-casting (Cannon and 
King, 2009) and micro-ball end milling (Yan et. al., 2010).  

According to the Ibatan et al. (2015) LST is one of the most 
advanced techniques in producing of micro-dimple patterns for 
sliding contacts. The laser used is extremely fast, allowing short 
processing times. It provides high precision control of the size and 
shape, enabling the construction of optimized geometrical param-
eters and can be used for a wide range of materials including 
metals, ceramics and polymers. The texturing process involves 
focused pulsed laser to produce micro-dimple patterns surround-

ed by a solidified melt rim. Due to high energy involved with LST, 
material melting and vaporization occur, leading to heat affected 
zones (HAZ) on the solidified melt rim, and hence changing the 
local microstructures and mechanical properties. To minimize the 
microstructural changes and size of solidified melt rim, appropriate 
pulse energy and pulse frequency can be modified (Vilhena et al., 
2009). Lasers commonly used on LST are CO2 and Nd:YAG 
(Schaeffer, 2012). Currently, laser systems applied in production 
of surface textures operates with pulse duration at the femtosec-
ond level (Stašić, 2011). 

The use of a laser beam allows direct writing of the texture 
patterns, use of masks (Ortabasi et al., 1997), or diffractive optics 
(Huang et al., 2010) to generate patterns on the surface. Direct 
writing with the laser beam is the most flexible among the listed, 
since the same optical chain can be manipulated to work on dif-
ferent materials and patterns. A single tool for flexible machining 
conditions which can be adapted to different applications is an 
attractive solution for industrial use (Demir et al., 2013). 

 Surface texturing can be obtained by protrusions or dimples. 
Dimple configuration is more popular, especially in elasto-
hydrodynamic and boundary lubrication regimes. For protruded 
surface texturing, contact area between the surface and the pro-
truded geometry is much larger in comparison with dimpled sur-
face, resulting in higher average contact pressure and higher wear 
rates (Ibatan et al., 2015). The aim of micro-texturing is either to 
increase or to decrease friction (Braun et al., 2014). Textures, like 
channels or crossed channels are reported to do both, increase 
(Zum Gahr et al., 2009; Wahl et al., 2012) or decrease (Costa and 
Hutchings, 2009) friction, depending on the tribological conditions. 
Furthermore, for textures like dimples the effect to reduce friction 
is reported, especially under hydrodynamic lubrication conditions 
(Etsion, et al., 1999; Etsion, 2005). Four mechanisms are postu-
lated in the literature, which might lead to the reduction in friction 
and wear by micro-dimples: (i) the trapping of wear debris (Varen-
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berg et al., 2002), (ii) changes in the contact angle (Ma et al., 
2013), (iii) the storage of lubricant (Lu and Khonsari, 2007) and 
(iv) a micro-hydrodynamic pressure build-up (Scaraggi, 2012). 

The geometry and dimensions of surface texture vary 
in shapes and sizes from a few microns to hundreds of microns. 
Typical texture shapes (protruded and recessed) involved are 
circular, square, triangle, and hexagon, but different patterns of 
microgrooves are also studied (Ibatan et al., 2015). Circular dim-
ple-like depressions are still the most commonly used geometrical 
pattern due to their easy fabrication and low cost (Yan et al., 
2010). There are three major parameters involved with surface 
texturing, such as dimple shape, dimple depth and dimple density 
(Ma and Zhu, 2011; Ronen et. al., 2001). By considering all the 
geometric parameters, texture shapes are optimized to achieve 
the optimum shapes which will provide the best tribological per-
formance in terms of minimum friction and maximum load carrying 
capacity (Sheen and Khonsari, 2015; Qiu et al., 2013). It has been 
found that the optimum geometry for each shape is not identical 
but similar, and the regular shape such as ellipse with round or 
curved edge is shown to reduce the friction and increase load 
carrying capacity significantly as compared to other shapes 
(Ibatan et al., 2015). Fig. 1 demonstrates important geometries of 
a surface texture and regular texture shapes currently studied by 
researchers. Except the above mentioned parameters, geometries 
such as bottom shape profile, orientation of surface texture to 
sliding direction, and cellular arrangement of surface texture are 
counted in key texture parameters too. It is emphasized that 
surface texturing may have negative effects on the tribological 
performance of a sliding couple if the surface texture is not opti-
mized (Mourier et al., 2006).  

 
Fig. 1.  Surface texture geometry; (a) key geometrical parameters  
             of a surface texture, (b) shapes of dimples (Ibatan et al., 2015) 

The applications of LST encompass the ones requiring im-
proved tribological (Etsion, 2005), biomedical (Samad-Zadeh et 
al., 2011), and optical (Iyengar et al., 2011) properties; as well as 
control of surface wetting (Bizi-Bandoki et al., 2011), and im-
provement of adhesion joint strength (Man et al., 2010). Various 
pulsed laser systems operating in different pulse regimes with 
wavelengths varying from IR to UV are employed for different 
texturing applications (Schaeffer, 2012). 

2. EXPERIMENTAL SETUP  

The aim of this paper is to analyze the influence of the surface 
textures prepared by LST on the friction coefficient value, which 

was measured at the tool – workpiece interface. Contact pair 
consists of a pair of compression platens (upper and lower one); 
among them the test sample is axially compressed. Frontal areas 
of each compression platen have been covered by a texture of 
defined shape and dimensions. There were used a four pairs of 
compression platens in the experiment; their frontal areas were 
modified by regularly arranged micro-dimples:  

(A) dimples with a diameter of 100 μm and a depth of 10 μm 
produced by hatching machining strategy, 

(B) dimple diameter of 100 μm and the depth of 10 μm pro-
duced by caving machining strategy,  

(C) dimple diameter of 100 μm and the depth of 40 μm pro-
duced by hatching machining strategy and  

(D) dimple diameter of 100 μm and the depth of 40 μm pro-
duced by caving machining strategy.  

Surface density of the studied textures makes approximately  
6%. Each texture consists of dimple-like depressions with a diam-
eter of a 100 μm. Depressions are situated at the corners of the 
regular hexagon with a side length of 400 μm. One depression is 
placed into the center of this formation, as demonstrates Fig. 2a. 
Fig. 2b illustrates an ideal profile of depression of both studied 
depth (10 μm and 40 μm).  

 
Fig. 2.  Studied textures; (a) deployment of depressions in the basic 
             formation; (b) ideal profile of studied depressions 

Compression platens were manufactured of 90MnCrV8 steel 
according to EN ISO 4957, since this type of material is widely 
applied in production of blank metal forming tools. Chemical com-
position of this tool steel is specified in Tab. 1. Hardening of man-
ufactured tools to desired hardness of 53 – 55 HRC had gone 
before the production of defined textures on the frontal areas of 
these tools. Subsequently, the frontal areas were grinded to ob-
tain a surface roughness (Ra) of 0.4 μm, then textured by laser 
beam. 

To manufacture surface textures on the frontal areas of com-
pression plates a 5-axis high precision laser machining centre 
LASERTEC 80 Shape has been used. This machine is equipped 
with a pulsed fiber Nd:YAG laser with a wavelength of 1064 nm. 
Tab. 2 contains a description of the laser beam parameters used 
to produce the surface textures. These parameters had been 
optimized in order to a depth of cut of 1 μm per a layer was 
achieved.   
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Tab. 1.  Chemical composition of tool steel (Preciz, 2012) 

C 
[wt %] 

Si 
[wt %] 

Mn 
[wt %] 

P max 
[wt %] 

S max 
   [wt %] 

Cr 
[wt %] 

V 
[wt %] 

  0.85 -0.95   0.10 -    0.40   1.90 -  2.10 0.030 0.030   0.20 -0.50   0.05 -0.15 

 
Tab. 2. Parameters of laser beam utilized to production of micro-dimples  

     Parameter Value 

     Power P (W) 10.075 

     Scanning speed  vs (mm/s) 1200 

     Repetition rate (kHz) 60 

     Pulse duration  tp (ns) 120 

Fig. 3 demonstrates the result of laser beam machining pro-
cess – tool for compression test whose frontal area is covered by 
texture D. Total textured area makes 256 mm2 (a square with 
a side length of 16 mm).  

 

Fig. 3. Tool for compression test with frontal area covered by texture D 

In order to determine the real shape and dimensions of such 
manufactured surface depressions a morphological analysis has 
been performed. This analysis of chosen depression of each 
surface texture's type has been performed using a laser confocal 
microscope Zeiss LSM 700 (with resolution of 0.12 μm). Fig. 4 
shows a real 3D shapes and dimensions of analyzed dimples 
of each studied texture, which were manufactured by two different 
machining strategies. 

The same figure shows that around the edge of each depres-
sion a rim of solidified melt was created. This rim is a typical ele-
ment of the structures manufactured by laser beam in a material 
ablation processes. More or less, this negative effect can be 
minimalized by optimizing the parameters of laser beam with a 
subsequent polishing of textured surfaces. 

To determine the friction coefficient of the contact pair a ring 
compression test was performed. During this test a ring-shaped 
test sample is axially compressed among the pair of compression 
platens; test samples were manufactured of S235JRG1 steel (EN 
10027-1). Chosen steels represent and simulate the contact 
materials (forming tool and the formed component) of the real 
specific metal forming process. Tab. 3 documents the chemical 
composition of material of test samples. This test is based on the 
assumption that the friction coefficient is constant at the whole 
contact surface and the deformation of the test ring is homogene-
ous. During this compression, the hole diameter of the test sample 

can be reduced, remain without a change or even increased 
(depending on the size of the friction coefficient). When the test 
sample is compressed in frictionless conditions, the hole diameter 
increases proportionally with the increase of the outer diameter. 
With the friction growth the increase of hole diameter is hampered 
and at a certain size of radial pressure this diameter can be re-
duced (Plančak, 2012). The ratio of outer diameter to the hole 
diameter to the height of test sample D : d : h is equal to 6 : 3 : 2. 
The dimensions of test samples are typically 12 mm : 6 mm : 4 
mm according to this ratio. Frontal areas of test samples were 
non-textured; what is more, these surfaces had been grinded to 
obtain a required surface roughness (Ra) of 0.4 μm. It is important 
to preserve approximately an equal compression of test sample 
ΔH during the test; its value should be in the interval from 0.2 to 
0.5 mm. 

Tab. 3. Chemical composition of test samples (CZ Ferro-Steel, 2011) 

C max 

[wt %] 
Mn 

[wt %] 
Si 

[wt %] 
P max 
[wt %] 

S max 

[wt %] 
N max 
wt %] 

Al 
[wt %] 

0.17 - - 0.045 0.045 0.007 - 

Tab. 4. Physical and chemical properties of applied liquid lubricants 

Variocut C 462 

A high performance and heavy-metal free neat cutting oil. 

Physical and chemical properties 

Appearance yellow liquid 

Viscosity at 40 °C  (mm2/s) 22   (according DIN 51 562) 

Density 15 °C  (kg/m3) 908   ( DIN 51 757) 

Flash point  (°C) 164   ( ISO 2592) 

Iloform FST 4 

A medium viscosity, neat forming oil containing high levels  
of advanced lubricity and extreme pressure additives. It is free  
of chlorine and heavy metals (such as Barium). 

Physical and chemical properties 

Appearance dark brown liquid 

Viscosity at 40 °C  (mm2/s) 120  (according to DIN 51 562) 

Density at 20 °C  (kg/m3) < 1000  (DIN 51 757) 

Flash point  (°C) 144  ( ISO 2592) 

Friction coefficient evolution was recorded in a hydrodynamic 
lubrication regime; two types of liquid lubricants were used to 
ensure this “full lubrication” configuration at the contact interface: 
a mineral VarioCut C462 oil and Iloform FST4 oil, physical and 
chemical properties of applied lubricants are depicted in Tab. 4. 
Both non-textured and textured compression platens were tested 
for comparison. 
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Fig. 4.  Real 3D shapes of chosen depression of each studied  
             surface textures 

3. RESULTS AND DISCUSSION 

Single friction coefficients obtained through a ring compres-
sion test, measured in various combination of surface texture 
with/without a lubricant, are specified in Tab. 5. Two test samples 
(8 test samples compressions) have been used for analysis of 
each combination of input parameters from Tab. 5. Reference 
value (shown in red) is represented by experiment no. 13; contact 
surfaces were non-textured in lubrication-free friction regime, 
friction coefficient f13 got at 0.275±0.015 value. This value is in 
accordance with the Engineering ToolBox (2014); where the 

friction coefficient attains value from 0.25 to 0.8 for a steel – steel 
contact pair.  

Tab. 5. Design of experiment and obtained friction coefficients 

Experiment Texture Lubricant 
Coefficient of 

friction  (-) 

1. 

A 

˗ 0.18 ± 0.013 

2. Variocut C462 0.18 ± 0.005 

3. Iloform FST 4 0.21 ± 0.010 

4. 

B 

˗ 0.26 ± 0.010 

5. Variocut C462 0.22 ± 0.005 

6. Iloform FST 4 0.22 ± 0.012 

7. 

C 

˗ 0.26 ± 0.013 

8. Variocut C462 0.23 ± 0.014 

9. Iloform FST 4 0.18 ± 0.001 

10. 

D 

˗ 0.25 ± 0.010 

11. Variocut C462 0.16 ± 0.009 

12. Iloform FST 4 0.15 ± 0.001 

13. - ˗ 0.275 ± 0.015 

Friction coefficients values are depicted in Fig. 5 in relation to 
the reference value. In all executed experiments friction coeffi-
cients reached a lower value than the reference value (if the 
values of standard deviations are neglected). There are an indi-
vidual friction conditions distinguished by a color in this figure 
(grey shades for lubricant-free regime, green shades for Variocut 
C 462 and blue shades for Iloform FST 4). The influence of de-
fined surface textures on the friction coefficient value in lubrica-
tion-free regime is meaningless in the experiments no. 4 (friction 
reduction of only 5.5 %), no. 7 (friction reduction of only 5.5 %) 
and no. 10 (friction reduction of 9.1 %), because the friction coef-
ficient values in these experiments are similar to the reference 
value. It means, these defined surface textures do not contribute 
to reducing the friction coefficient at the analyzed tool - workpiece 
interface in the lubrication-free regime. The exception has been 
observed in the experiment no. 1, when applied surface texture 
contributed to the reduction of friction, friction coefficient value 
decreased to f1 = 0.18 (35 % friction reduction compared to the 
reference value).   

Horizontally hatched columns in Fig. 5 demonstrate the friction 
coefficient values obtained in the experiments where the Variocut 
C462 lubricant has been used to ensure the hydrodynamic friction 
regime. The largest reduction of friction has been observed in the 
experiment no. 11 (Texture D + Variocut C462) with the friction 
coefficient value of 0.16 (42 % friction reduction). Friction reduc-
tion has been successfully observed in other experiments too – 
experiment no. 2 with the friction coefficient value f2 = 0.18 (35 % 
friction reduction), which is substantially the same value as in the 
experiment no. 1 (surface texture A in lubrication-free regime, f1 = 
0.18); which means, applied liquid lubricant does not contribute to 
reducing of friction, reducing of friction coefficient is probably 
achieved by applying of surface Texture A. In experiment no. 5 
friction coefficient of 0.22 has been measured and in experiment 
no. 8 the friction coefficient 0.233 has been observed (friction 
reduction of 20 %, resp. of 16.4 %). 

Double diagonally hatched columns in Fig. 5 depict the friction 
coefficient values obtained in the experiments where the Iloform 
FST4 lubricant has been used. During the ring compression test 
execution an undesirable phenomenon was observed – there was 
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a high adhesion of test sample to the upper compression platen. 
This phenomenon came into existence as a result of high lubricant 
viscosity (see Tab. 4). A combination of surface Texture D with 

liquid lubricant Iloform FST 4 in experiment no. 12 achieved the 
lowest friction coefficient value (f12 = 0.15) of all performed exper-
iments (46 % friction reduction). 

 
 
 

 

Fig. 5. Graphical comparison of obtained friction coefficients in a relation to the reference value 

Tab. 6.  Friction coefficient values relative to the defined surface texture 
              and applied liquid lubricant 

 
  Texture      

A 
  Texture  

B 
  Texture  

C 
  Texture  

D 
Reference 

sample 
Friction 

reduction 

No        

lubricant 
  0.18  0.26  0.26  0.25 

   0.275 

35 % 

Variocut   

C462 
  0.18  0.22  0.23  0.16 42 % 

Iloform 

FST4 
  0.21  0.22  0.18  0.15 46 % 

The machining strategy is an important factor that significantly 
affects the desired shape and dimensional accuracy of produced 
surface dimple-like depressions. The influence of machining 
strategy on the tribological properties of contact surfaces (friction 
coefficient in particular) is observed for both types of textures and 
all tribological regimes. If a shape and dimensional accuracy of 
Texture C (hatching strategy) and Texture D (caving strategy) is 
compared, we can see that hatching machining strategy contrib-
uted to the production of shape and dimensionally more accurate 
depressions than in caving strategy, but the better tribological 
behaviour has been observed in Texture D (when both lubricants 
were applied). The reason is that by caving machining strategy a 
more favorable dimple diameter to the dimple height ratio dp/hp 
was achieved (in this case the value of the ratio is circa 0.18), 
whereas the value of the ratio is circa 0.32 for Texture C. The 
optimal value of the ratio can be found in the interval from 0.1 to 
0.2, according to Ronen et al. (2001). 

Tab. 6 demonstrates the friction coefficient values relative to 
the reference value when various surface textures and lubricants 
were applied to modify the tribological conditions of contact sur-

faces. There are also marked the lowest friction coefficient values 
which were measured in single friction conditions.  

4. CONCLUSION 

According to Tang et al. (2013) surface texturing is a widely 
used approach to improve the load capacity, the wear resistance, 
and the friction coefficient of tribological mechanical components. 
Laser surface texturing with a parabolic dimple-like depressions 
with depths of 10 μm and 40 μm and diameter of 100 μm and a 
textured area of 6 % has been applied to 90MnCrV8 steel frontal 
area in order to analyze the influence on the friction coefficient 
measured at the tool – workpiece interface. Laser texturing has 
been performed using a pulsed fiber Nd:YAG laser with pulse 
duration of 120 ns. Two different machining strategies were ap-
plied in production of surface textures in order to find which strat-
egy produces shape and dimensional more precise micro-
dimples. The morphological characterization of ablated surfaces 
has been performed using laser confocal microscopy technique. 
Tribological tests have been performed in hydrodynamic lubrica-
tion configuration, where two different types of liquid lubricants 
were applied at room temperature.  

Results confirmed the influence of machining strategy on the 
geometrical parameters of produced dimples and the impact on 
friction behavior of the surface. Also significant improvement of 
friction behavior under lubricate conditions has been observed. 
Textured contact surface modified by Iloform FST4 lubricant 
showed better friction behavior than reference surface. Reference 
value corresponding to a non-treated surface was established at 
0.275±0.015. Friction coefficient was in this case reduced to 0.15 
value (the best friction coefficient reduction of 46 %), which 
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means, that by applying of surface textures with defined shape 
and dimensions and using an appropriate liquid lubricant at the 
same time, the coefficient of contact friction can be reduced nearly 
to the half of its original value. The surface texturing is important 
in reducing friction and wear. The generation of hydrodynamic 
pressure, the function of micro-trap for wear debris, and the micro-
reservoirs for lubricant retention are the main mechanisms re-
sponsible for reducing the friction and wear in this method 
of surface treatment.  

Presented results give answer on the questions regarding the 
influence of laser texture machining parameters and lubrication 
of laser textured surfaces on the friction behavior. In the experi-
ments only planar surfaces have been evaluated. More compli-
cated situation arises in the case where a complex shaped sur-
face is used. 
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