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Abstract. The use of tungsten disulfide in tribofilms on functional surfaces has been a proven 
way to reduce the frictional losses in rolling and sliding contacts, especially in lubricated 
contacts at boundary and mixed regime. A suitable and cost-effective process to deposit 
tungsten disulfide is by ANS Triboconditioning, the mechano-chemical surface finishing 
process for improving the tribological properties of mechanical components made of steel or 
cast iron. However, it is not known what are the optimal process parameters, speeds and 
pressures, to achieve an optimal surface treatment. In this paper, the modifications of the work-
piece surfaces under Triboconditioning have been tracked to optimize the process parameters. 
To closely control the conditions, a commercial tribometer with a block-on-ring configuration 
was used. Cylindrical tungsten carbide samples (representing the tool) were rubbed against 
steel rings (representing the work-piece) under two different loads and speeds. The ring 
surfaces of two different finishes (ground and honed) were measured on the same place before 
and after treatment to track the surface modifications. At last, the treated rings were rubbed 
against a flat steel surface in start-stop sequences that resemble pin-roller operating conditions 
of a truck valve train and the friction behavior was screened. The results show a reduction of 
the core roughness of the ring surfaces with the lowest friction for the ground rings treated by 
low load and low speed. 

1. Introduction 
It is an everlasting struggle to reduce the friction and wear between the surfaces of mechanical 
components in automotive applications for improving the energy efficiency and components’ 
longevity. Especially problematic are the components operating under boundary/mixed lubrication 
regimes during transient start-stop conditions such as the valve train components. In a study on 
passenger cars [1] has been reported that 15% (3-34%) of the frictional losses come from the valve 
train and 10-50% of the boundary friction can be reduced by applying new coatings/materials. Among 
the coatings, WS2 has made a great progress in friction/wear reduction for a relatively low cost by the 
introduction of the ANS Triboconditioning process [2]. This process is a combination of mechanical 
surface burnishing and tribochemical deposition of WS2. In other words, a WC tool is pressed against 
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a sliding work-piece of steel or cast iron causing W, Fe, C, O and S (S stems from the supplied process 
fluid) to chemically react under high local pressures/temperatures and to form a very thin tribofilm 
onto the surface. The result is a work-piece with: (i) a better surface finish with flatter asperities, (ii) a 
better surface integrity due to the compressive stresses induced in the substrate and (iii) a low-friction 
tribofilm. However, the process parameters (primarily loads and speeds) which lead to optimal local 
pressures/temperatures have not been systematically studied to fully utilize the potential of this 
process. A number of tests on camshafts, rocker arm shafts and cylinder liners [3-5] treated by the 
Triboconditioning process have shown lower friction/wear and it is beneficial to treat other valve train 
components such as pins and rollers of heavy duty truck engines. Some of these components are made 
of brass which has a bad impact on the ecosystem and need to be replaced by other materials with low-
friction and low-wear surfaces. 
 The primary objective of this paper is to find out what Triboconditioning parameters (loads and 
speeds) would lead to the lowest friction surface for pin-roller applications. The secondary objective is 
to investigate how the two commonly used work-piece finishes (ground and honed surfaces) would 
affect surface changes and friction after Triboconditioning. 

2. Materials and methods 
Steel outer rings with a 35 mm outer diameter of Timken roller bearings were used as a work-piece 
material. The outer surface of twelve rings was ground and as many rings were honed. A 
commercially available ground WC bar with a 4 mm diameter, was cut into 24 samples of 6 mm 
length and used as a tool material. Tool sample edges were ground in a form of fillets before using 
them in the process tests which were designed as two-level two-factor (load and speed) experiments 
performed on a block-on-ring module (see figure 1) of Bruker tribometer.  
 
 

 

Figure 1. Experimental set-up of the process tests. 

A new special ANS process fluid was filled into the liquid bath and used for each test with a total 
running time of 380sec. The tests were run at ambient temperature and loads of 180N and 360N and 
speeds of 600rpm and 1200rpm were selected. For each test point three repetitions with three different 
tools/rings were made. On a white light interferometer, each ring was measured on a four locations 
positioned 90° from each other circumferentially before and after tests by using a 10X objective. The 
surface measurements were conditioned in MountainsMap [6] by fitting and removing second order 
polynomial, high-pass filtered by Gaussian filter with 0.25mm cutoff and the 3D roughness parameters 
were calculated. After form removal, the surfaces were morphologically decomposed in 64 scales by 
using Mexican hat wavelet in Matlab [7] and the root-mean square (Sq) value and its relative change 
before/after test was computed for each scale. The values of the Sq-change were averaged per test 



 
 
 
 
 
 

point and surface type for a better graphical overview of the trends. A table of the averaged roughness 
parameters and a graph of the multi-scale analysis are presented in the next section.  
 For screening the friction, the rings were rubbed against a 3mm wide steel ground block 
positioned in the middle of the rings to ensure that it contacts only the treated part of the ring surface. 
A constant load of 3N and a trapezoidal varying speed (see figure 2) was used on the block-on-ring 
module to resemble transient operating pin-roller conditions of a truck engine. In 15 periodical start-
stop sequences, the speed increases linearly under 5sec, stays constant at 714rpm (V2=11.9 rev/sec in 
figure 2) for 5sec, decreases linearly under 5sec and stays still under 5sec with a total test time of 
5min. For each test run at ambient temperature, new 0W-20 motor oil was used. Beside the coefficient 
of friction (COF), the electrical resistance (R) signal of the contact was also recorded to correlate it 
with the oil film thickness and consequently to the lubrication regime. As it can be seen from figure 2, 
a thick oil film builds up as the speed increases (el. resistance quickly reaches plateau/maximum value 
of 100 kOhm), representing the full film lubrication i.e. the stable pin-roller operation, while at the 
start/end of the cycle, boundary/mixed lubrication occur, representing the transient pin-roller 
operation. 
 

 

Figure 2. Signals of electrical resistance (R-red curve), coefficient of friction (COF-black curve) and 
rotational speed (V2-blue curve) from a friction start-stop test. 

 
Average value from the second to the last sequence (only the moving part of the sequences was 
considered) of the COF-data was calculated for each test by using a special Matlab program. The 
result is presented in the next section. 

3. Results and discussions 

The values of the roughness parameters averaged per ring surface type and process test point 
before/after treatment along with the reduction of the core roughness (Sk reduct.) are presented in 
Table 1. By careful inspection of the table, it can be noticed that it is only the Sk parameter (core 
roughness, in bold style in the table) which is reducing after Triboconditioning for all the surfaces. The 
other parameters either decrease or increase. For example, Sq decreases for all the surfaces except for 
the honed one treated by a load of 360N and a speed of 1200rpm (see the last row). It is reasonable 
that the core roughness reduces since the process levels the asperities. This is also reflected in 
reduction of the Spk parameter for the most of the surfaces except for the honed ones treated by 
360N/600rpm and 360N/1200rpm. However, artificial spikes present on the interference 
measurements could be a reason for this. It is interesting to note that generally the reduction of the 



 
 
 
 
 
 

core roughness (see the last column) of the ground surfaces is larger than the honed ones with the 
largest reduction of 43.8% for the ground surface treated by 360N/600rpm. The ground surfaces are 
also initially rougher than the honed ones (see Sq parameter), but after low load/speed 
Triboconditioning they tend to reach the roughness level of the honed surfaces.  

Table 1. Averages of twelve 10X interference measurements (3 rings x 4 measurements/ring) of the 
standard parameters of the ring surfaces before/after Triboconditioning. The last column represents the 
reduction of the core roughness: Sk reduct.= (Sk before – Sk after)/Sk before * 100. 

Load/Speed Sq Sdq Spd Spc Shv Sha Spk Sk Sk reduct.
N/rpm µm 1/µm² 1/µm µm³ µm² µm µm %

180/360 Before 0,145 0,066 8,61E-04 0,073 7,46 791,20 0,110 0,367
180/360 After 0,088 0,037 5,89E-04 0,063 6,56 918,35 0,074 0,206

180/1200 Before 0,149 0,069 1,27E-03 0,081 5,87 650,01 0,115 0,388
180/1200 After 0,098 0,046 1,21E-03 0,068 7,06 771,24 0,082 0,225

360/600 Before 0,141 0,066 7,57E-04 0,070 8,29 910,06 0,107 0,366
360/600 After 0,109 0,050 1,19E-03 0,081 8,24 779,75 0,083 0,244

360/1200 Before 0,154 0,064 5,82E-04 0,073 10,75 1101,40 0,135 0,358
360/1200 After 0,127 0,058 2,07E-03 0,075 4,61 476,72 0,117 0,298

180/360 Before 0,084 0,052 3,40E-03 0,045 3,94 306,91 0,061 0,195
180/360 After 0,076 0,042 1,82E-03 0,059 5,85 619,67 0,056 0,142

180/1200 Before 0,102 0,061 3,82E-03 0,059 3,75 263,05 0,093 0,231
180/1200 After 0,075 0,041 1,47E-03 0,074 6,65 769,42 0,059 0,140

360/600 Before 0,081 0,048 2,97E-03 0,038 4,22 337,27 0,054 0,185
360/600 After 0,079 0,045 2,00E-03 0,067 4,42 526,91 0,073 0,121

360/1200 Before 0,083 0,051 3,07E-03 0,041 4,18 331,86 0,058 0,195
360/1200 After 0,096 0,056 3,28E-03 0,080 4,48 401,94 0,107 0,179
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Figure 3 illustrates the Sq-change computed from morphologically decomposed (into 64 scales) 
surfaces for all the loads and speeds tested. It is quite clear that all the ground surfaces show Sq 
decrease for all the scales (all the blue curves have positive values), while the most of the honed 
surfaces show Sq increase (the red curves have negative values) except for the first four scales of the 
upper graphs for the load of 180N. This means that all the wavelengths (roughness and waviness) 
decrease of the ground surfaces for all the loads/speeds applied, but the honed surfaces get generally 
rougher and wavier after Triboconditining. Only the shortest wavelengths (finest features) of the 
honed surfaces decrease after the low load treatment.  
 



 
 
 
 
 
 

 

Figure 3. Average curves of the change of the root-mean squared values (Sq) computed from 
morphologically decomposed (into 64 scales) surfaces Triboconditioned by the following 
loads/speeds: 180N/600rpm (upper left graph), 180N/1200rpm (upper right graph), 
360N/600rpm (lower left graph) and 360N/1200rpm (lower right graph). 

 
 
The average friction coefficient after treatment of the surfaces is presented in figure 4. Each dot 
represents an average of friction for respective ring sample, while the bars are friction averages of all 
the three rings. The lowest friction can be seen for the ground surface treated by low load/speed of 
180N and 600rpm. 
 

 

Figure 4. Average coefficient of friction after Triboconditioning of the ground and 
honed surfaces. 

 
  



 
 
 
 
 
 

4. Conclusions 

• The ground surfaces Triboconditioned by low load/speed showed the lowest friction and the 
largest reduction of the core roughness (Sk parameter). 

• Under Triboconditioning, the roughness and waviness of the ground surfaces generally reduce 
while the honed ones behave just the opposite. The ground surfaces are rougher than the 
honed ones, but after low load/speed treatment of the ground rings their roughness approaches 
to the same order of the honed rings. 

• The only standard parameter which systematically captured the surface changes was the Sk 
parameter and it is recommended for quality control of this process. 
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