
 
 

ANS Triboconditioning: In-Manufacture Running-in Process 
for Improving Tribological Properties of Mechanical Parts 
Made of Steel or Cast Iron 
 
 
Boris Zhmud 
Applied Nano Surfaces, Knivstagatan 12, SE-753 23 Uppsala, Sweden 
E-mail: boris.zhmud@appliednanosurfaces.com 
 
Eva-Brita Åkerlund 
Department of Engineering Sciences, Uppsala University, Box 534, SE-751 21 Uppsala, Sweden 
 
Staffan Jacobson 
Department of Engineering Sciences, Uppsala University, Box 534, SE-751 21 Uppsala, Sweden 
 
Jens Hardell 
Division of Machine Elements, Luleå University of Technology, SE-971 87 Luleå, Sweden 
 
Lars Hammerström 
Scania CV AB, Materials Technology, SE-151 87 Södertälje, Sweden 
 
Robert Ohlsson 
Volvo Powertrain, Department 24453, SE-405 08 Göteborg, Sweden 
 
 
 
 
 
 
 
Summary 
 
Component rig tests suggest that ANS triboconditioning brings significant improvements in the tribological properties 
of camshafts, cylinder liners, and rocker arm shafts. Extreme-pressure mechanical treatment of the component surface 
in combination with a tribochemical deposition of a low-friction antiwear film based on tungsten disulfide allows one 
to produce, in a single finishing operation, a smoother surface with a significantly reduced coefficient of boundary 
friction and improved wear-resistance and load-carrying capacity. The treatment proved to be especially efficient for 
reducing friction and wear in lubricated contacts under high tribological stress. 
 
 
 

 
1.  Introduction 
 
Friction and wear are inherent in operation of nearly all 
machines and mechanisms and often have detrimental 
effects on performance and lifetime. Lubricants and 
coatings are two well-known ways to solve friction and 
wear problems. Use of lubricants stems back to ancient 
times and use of coatings has been steadily gaining 
momentum over the past decades following the devel-
opment and commercialization of magnetron sputter-
ing, wire-arc thermal spraying and other physical and 
chemical deposition techniques [1-3]. Significant ad-
vances have also been made in the field of tribochemis-
try, improving the understanding of the role and func-
tion of various classes of friction modifiers and ex-

treme pressure antiwear additives [4-8]. In view of 
these advances, the empirical fact that running-in does 
often improve the tribological properties of mechanical 
parts made of steel or cast iron can be explained by a 
combined effect of surface burnishing and tribofilm 
formation: The surface burnishing reduces asperities 
and the tribofilm resists cold welding. In motor sports, 
for instance, breaking-in is a well-established proce-
dure for training new or rebuilt engines in order to 
maximize their power output and durability. Breaking-
in smoothes down surface irregularities and reduces 
localized pressure between rubbing parts; the ring/bore 
system and valve train, especially for flat-tappet 
cammed engines, being the primary points of concern 
[9,10].  
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Over the past two decades, toughened emission stand-
ards for automobiles and change in customer prefer-
ences driven by high fuel prices have initiated the con-
tinuing pursuit for better fuel efficiency. Nowadays, 
nearly all major OEMs, apart from holistic engineering 
efforts on use of alternative energy sources to reduce 
greenhouse gas emissions, use of new materials to 
reduce vehicle weight, development of hybrid cars, and 
powertrain optimisation, allocate significant parts of 
their R&D budgets to follow up every advancement in 
the tribological knowledge for fighting energy losses in 
the powertrain [8]. 
 
2.  Experimental 
 
Technical aspects of the ANS triboconditioning meth-
od are disclosed in Pat. Appl. PCT/SE2010/050850.  
Triboconditioning of camshafts (from Volvo B5254 
gasoline engine) has been carried out using an in-house 
built rig as shown in Fig.1. 
 

 
 
Figure 1 / The ANS triboconditioning rig used for treatment 
of camshafts: The camshaft (1) is rotated in a turning 
machine. A ceramic tool is pressed and slid against each 
lobe to induce the triboreaction between WS2 precursors 
contained in the process fluid, which is supplied through the 
nozzle (3). Contact pressure between the tool and the lobe is 
maintained by using the tension springs (4). 
 
 
With minor adjustments in process conditions, the 
same rig has been used for triboconditioning of rocker 
arm shafts. 
Triboconditioning of cylinder liners (for Volvo heavy-
duty diesel engine 13 litre) has been carried out using a 
standard honing machine from Nagel. The honing head 
has been modified to accommodate a set of tribocondi-
tioning tools in place of the honing stones and the 
honing oil has been replaced by a special process fluid 
required for the triboconditioning. The corresponding 
tool configuration is shown in Fig. 2. 
Tribological testing of triboconditioned camshafts and 
rocker arm shafts has been carried out using a specially 
engineered test rig (see Fig.3). 
Tribological testing of triboconditioned cylinder liners 
has been carried out using a reciprocating ring/bore 
friction and wear tester resembling the common high-

frequency reciprocating rig. A segment cut from the 
compression ring was put into a conform contact with 
the liner surface and oscillated back and forward at a 
given normal load. The friction force was dynamically 
measured using a load cell, whereby the average coef-
ficient of friction was determined. 
 

 
Figure 2 / Tool configuration used for triboconditioning of 
cylinder liners with ANS tools (1) being used in place of 
honing stones. 
 
 
 

 
 
 
Figure 3 / Scheme of the rig used for friction measurements 
on rocker arm shafts and camshafts. The shaft in study (1) is 
put into sliding contact with an appropriate friction probe 
(bearing element, ball, tappet, etc.) mounted in a holder 
equipped with a friction force transducer (3). The shaft can 
be rotated at different speeds by using a turning machine. A 
certain normal force is applied to the probe by using a 
tension spring (4). Maximum, minimum and average friction 
coefficients are obtained by dynamically monitoring digital 
output from the friction and normal force transducers. 
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Surface analysis of triboconditioned parts has been 
carried out using scanning electron microscopy (SEM, 
Zeiss LEO440), X-ray photoelectron spectroscopy 
(XPS, PHI Quantum 2000) and white-light interference 
profilometry (WYKO NT 1100). 
 
3.  Results and Discussion 
 
3.1 Effect of triboconditioning on surface 
topography 
 
As high-pressure mechanical treatment is involved, 
triboconditioning leads to smoothing of asperities by 
tool contact and partial coverage of valleys by 
generated WS2. Some typical figures reflecting the 
changes in surface roughness can be seen in Table 1. 
 
Table 1 / Effect of triboconditioning on surface roughness 
parameters for cylinder liners 
 
 
Parameter 

Value, µm 
Initial 
surface 

Triboconditioned 
surface 

Ra  0.32  0.28 
Rz  4.98  3.86 
Rpk  0.22  0.09 
Rvk  1.51  1.29 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This is also reflected upon the form of the bearing area 
curve which becomes flattened as shown in Fig. 4. 
 
3.2 Effect of triboconditioning on friction and wear 
 
Component rig tests demonstrate that triboconditioning 
of cylinder liners affords significant friction reduction 
near the turning points in the ring/bore system (Fig. 4). 
The observed effect can be attributed to the following 
two factors: (i) increase of the load-bearing area as 
seen in the SEM images and confirmed by the bearing 
area curve shape change, and (ii) formation of a low-
friction tribofilm containing WS2 as confirmed by 
surface chemical analysis. Both the factors are inherent 
in triboconditioning and there is no way to separate 
their relative contributions: It is not possible to remove 
the tribofilm without distorting the surface topography, 
nor is it possible to reproduce the surface topography 
of the triboconditioned part without a tribofilm being 
generated. The same general arguments are applicable 
to other components in study. Thus, triboconditioning 
of camshafts has been found to lead to significant 
friction reduction in the valve train for flat-tappet 
cammed engines (see Fig. 5). Simultaneously, tappet 
wear is reduced by up to 10 times. Tappet wear is an 
issue for turbocharged diesel engines, and the only 
workable solution to address this issue at the moment 
is DLC coating, which is rather costly.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 4 / Effects of triboconditioning on the surface topography (SEM), frictional properties (reciprocating ring/bore friction 
tester) and bearing area curve shape (surface profilometry) of cylinder liners .
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Provided that the effect of triboconditioning endures 
for sufficiently long, triboconditioning of camshafts 
may eliminate the need for DLC coated tappets in such 
engines. 
When focusing on friction measurements, it is 
important not to lose wear from consideration. This 
circumstance is often overlooked in tribological studies 
and very misleading conclusions are arrived at as a 
result. It should be remembered that, in most cases, any 
reduction in friction achieved at a price of increase in 
wear is totally unacceptable as it shortens lifetime and 
affects functionality of components. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is not unusual that the coefficient of friction is 
decreasing in the course of a tribotest carried at 
constant speed and load. The reason for that is often 
wear.  
As wear is progressing during the entire tribotest, the 
effective contact area between the rubbing surfaces is 
expanding and the contact pressure is, accordingly, 
dropping. As a result, the Hersey number is increasing, 
and correspondingly, a gradual shift from boundary to 
hydrodynamic lubrication is taking place in the course 
of the measurement.  
The only objective way to compare friction levels by 
using accelerated tribotests as depicted in Fig. 3 is by 
measuring the Stribeck diagrams for the 
triboconditioned and the original surfaces. 
Unfortunately, this cannot be done in practice as the 
contact pressure is unknown.  
A simple workaround is to record diagrams of friction 
vs sliding velocity while using symmetric up and down 
velocity ramps as explained in Fig. 6. In the mixed 

lubrication regime, the measured coefficient of friction 
decreases with increasing sliding velocity and, if there 
is no wear, it returns back to the initial value at the end 
of the experiment. If there is wear, the final coefficient 
of friction will be lower than the initial coefficient of 
friction. The slope of the line joining the start-point (A) 
and the end point (B) can, therefore, be considered as a 
measure of wear: high slope - significant wear, small 
slope - little wear. 
This methodology has been implemented in this study 
for tribological characterization of rocker arm shafts. 
The corresponding friction curves and wear patterns for 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6 / Velocity ramp profile used in friction 
measurements for rocker arm shafts. 

Figure 5 / Effect of triboconditioning on camshafts. Three pair of lobes were triboconditioned  and two were left intact to serve 
as reference. 
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the original and triboconditioned parts are shown in 
Fig. 7. As a result of triboconditioning, the coefficient 
of friction (rocker arm shaft vs bearing steel) was 
reduced by 10 to 30% and wear was reduced by 10 to 
20 times. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7 / Friction and wear measurements for original and 
triboconditioned rocker arm shafts. Friction and 
countersurface wear (shown in the insert) are both 
significantly reduced. 

 
3.3 Surface chemistry behind triboconditioning  
 
There are several different mechanisms that can affect 
the chemical reactivity of various components in a 
tribocontact. Friction heat can increase local 
temperature to levels sufficient for activation of 
chemical reactions that normally would not occur in 
the system. By rubbing away passivating surface layers 
of metal oxides and adsorbed compounds, friction 
exposes the underlying material, and thereby, loosens 
diffusion barriers for reagent transport. Deformation 
can also induce defects and dislocations in the material, 
increasing the chemical reactivity and opening new 
diffusion pathways for the reagents.  
The ANS triboconditioning method uses a process 
fluid carrying a tungsten source and a sulfur source 
which can be surmised to undergo the following 
transformations in the tribocontact between the tool 
and the workpiece: 
 
RSnR’ + Fe → FeS + RR’ 
WO3 + Fe → FeWO3 
FeWO3 + FeS → WS2 + FeO 
 
The above three reactions can be combined into 
 
RSnR’+ Fe + WO3 → WS2 + FeO + RR’ 

In one or another way, the ANS triboconditioning 
results in the formation of a non-stoichiometric 
tribofilm, of 10 to 100 nm thickness, composed of 
tungsten, iron, oxygen, sulfur and carbon, as has been 
been confirmed by EDX and XPS analyses (Table 2). 
 
 
Table 2 / Elemental composition of triboconditioned liner 
surfaces by EDX and XPS. 
 

Element  Abundance (%At) 

  EDX, 
plateaus 

EDX, 
valleys 

XPS 

C
O 
W 
S 
Fe 

17  
28
14
2

39 

5 
44 
29 
3 

19 

11
39
30
1

19 
 
 
Due to the transitional nature of tribofilms exhibiting 
normal gradients in atomic concentrations near the 
surface, it does not appear to be possible to translate 
the above data into relative concentrations of specific 
stoichiomertric compounds, such as metal oxides, 
sulfides, sulfates, carbides, adsorbed organosulfur 
compounds, etc., all of which are almost certainly 
present. 
The information depth at the higher end of the used 
acceleration voltage range (3 to 20 keV) proved to be 
much larger than the thickness of the tribofilms. This 
means that a large part of the detected EDX signal 
originates from the substrate. In order to estimate the 
thickness of the tribofilm, Monte-Carlo  simulations of 
electron flight  were used for a bulk iron substrate 
covered by a thin film of WS2 and WO3, the thickness 
of which was varied to fit the observed element peak 
distribution. The back scatter coefficient for each 
element was calculated according to [11]. At least 
10,000 trajectories were used in the simulations to 
obtain enough statistical significance (see Fig. 8). 
These simulations suggest that triboconditioning 
creates a tribofilm of 10 to 100 nm thickness 
containing WS2 in its composition. 
WS2 has a lamellae structure, analogous to graphite 
and MoS2, and is an efficient solid lubricant. In 
general, WS2 tolerates higher flash temperatures and is 
less sensitive to humidity than MoS2. Unlike graphite, 
which provides the highest friction-reducing effect in a 
moist atmosphere, WS2 works best in dry conditions. It 
has been reported that WS2 can oxidize to WO3 in a 
rolling-sliding Amsler test and that the decomposition 
temperature is lower under the tribotest conditions than 
in thermal decomposition. Elemental sulfur and 
sulfates have been detected among the decomposition 
products. However, under normal conditions in 
lubricated contacts, the oxidation has a minor influence 
on the lubricity [12].  
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Even if WS2 may be affected by certain chemistries 
(oxygen, peroxides, alkaline buffer) and may gradually 
be etched away from the surface, it is believed that 
triboconditioning provides a long-lasting positive 
effect owing to improved surface finish and surface 
integrity, and reduced fatigue accumulation during the 
finishing and early exploitation stages.  
 
4.  Conclusions 
 
The tribological properties of camshafts, cylinder 
liners, and rocker arm shafts gained significant 
improvements due to ANS triboconditioning. Extreme-
pressure mechanical treatment of the component 
surface in combination with a tribochemical deposition 
of a low-friction antiwear film based on tungsten 
disulfide allows one to produce, in a single finishing 
operation, a smoother surface with a significantly 
reduced coefficient of boundary friction and improved 
wear-resistance and load-carrying capacity. The 
treatment proved to be especially efficient for reducing 
friction and wear in lubricated contacts under high 
tribological stress. 
 
References 
 
1. Plasma Surface Engineering Research and its Practical 

Applications, Ronghua Wei (Ed.), Research Signpost, 
Trivandrum, 2008. 

2. M. Kano, “DLC coating technology applied to sliding 
parts of automotive engine”, New Diamond and Fron‐
tier Carbon Technology 16, 2006, pp. 201‐210. 

3. M.R. Dorfman, “Thermal spray coatings” in Handbook 
of Environmental Degradation of Materials, M. Kutz 
(Ed.), William Andrew Publ, 2005; pp. 405‐422. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. M. Reyes, A. Neville, “The effect of anti‐wear additives, 
detergents and friction modifiers in boundary lubrica‐
tion of traditional Fe‐base materials”, Tribology and In‐
terface Engineering 41, 2003, pp. 57‐65. 

5. M. Ratoi, V. Anghel, C. Bovington, H. A. Spikes, “Mech‐
anisms of oiliness additives”, Tribology International 33, 
2000, pp. 241‐247. 

6. M. Priest, C. M. Taylor, “Automobile engine tribology — 
approaching the surface”, Wear 241, 2000, pp. 193‐
203. 

7. H. Kaleli, Y. Berthier, “The mechanism of layer for‐
mation and the function of additives used in fully for‐
mulated engine crankcase oils”, Tribology Series 40, 
2002, pp. 189‐197. 

8. B. Zhmud, “Fuel economy in focus: advances in devel‐
opment of energy‐efficient lubricants and low‐friction 
coatings for automotive applications”, Tribology and 
Lubrication Technology 67(9), 2011, pp. 42‐49. 

9. P.J. Blau, “On the nature of running‐in”, Tribology Inter‐
national 38, 2005‐2006, pp. 1007‐1012. 

10. B.J. Roylance, C.H. Bovington, G. Wang, A. Hubbard, 
“Running‐in wear behaviour of valve‐train systems”, 
Tribology Series 18, 1991, pp. 143‐147. 

11. J. Goldstein, D.E. Newbury, D.C. Joy, C. Lyman, P. Echlin, 
E. Lifshin, L. Sawyer, and J. Michael. Scanning Electron 
Microscopy and X‐Ray Microanalysis. Springer, New 
York, 2003. 

12. K.C. Wong, X. Lu, J. Cotter, D.T. Eadie, P.C. Wong, and 
K.A.R. Mitchell. “Surface and friction characterization of 
MoS2 and WS2 third body thin films under simulated 
wheel/rail rolling–sliding contact”, Wear 264, 2008, pp. 
526–534. 

Figure 8 / Principle of tribofilm thickness evaluation based on Monte-Carlo simulation of electron trajectories. The top shaded 
area designates the tribofim. Higher electron acceleration voltage leads to deeper electron penetration increasing EDX signal 
intensity for the elements present in the substrate. 

6 


