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1. Introduction
In elastohydrodynamic lubrication (EHL) two surfaces
come into contact in a concentrated area with a lubri-
cant in between. The lubricant film pressure becomes
very high, in the GPa range, and surfaces are elastically
deformed. The lubricant film, separating the surfaces,
is normally very thin, less than one micrometre. Sur-
faces are, however, not smooth. The roughness height
is very often in the same order of magnitude as the lub-
ricant film or bigger. In the classical regime mapping,
it is claimed that the lubricant film thickness should be
at least three times bigger than the composite R.M.S.
surface roughness height of the two surfaces. It is,
however, well known that this requirement is too con-
servative [1].
The amplitude reduction theory (ART) [2] has been
used to explain the mechanisms of rough surface lubri-
cation and to make better predictions of lubrication
quality. It has been shown that the roughness amplitude
is heavily deformed when it passes through the high
pressure contact region. The true, “in-contact”, rough-
ness amplitude is much lower than its measured value
outside the contact. In the ART, it can be shown that
sufficiently short roughness features are not deformed
at all. This means that surface roughness features
should be as long as possible. ART is mainly valid for
rolling motion and one-sided roughness. In rolling mo-
tion the two surfaces’ roughness can be added to a
composite roughness profile. But in a rolling, partly
sliding, contact the composite roughness will vary con-
tinuously. If the surface features are small enough they
will collide inside the contact region and this may
cause phenomena that are not accounted for in the
ART.
In recent experiments [3] we have shown that running-
in of surfaces have a very significant effect on the lift-
off speed, i.e. the transition to full film lubrication.
Even if the composite roughness is reduced by only 10
percent, the lift-off speed may be reduced 10 times.
This clearly shows that the film parameter theory [4] is
insufficient, even with the use of ART. In this investi-
gation we will briefly discuss the effect of two-sided
roughness.

2. Theory and methodology
The time dependent EHL line contact problem is
solved. The solution methodology is similar to our pre-
vious study [5]. No thermal and non-Newtonian effects
are included.
Two cases were considered to start with. The first case
mimics a case with new surfaces and the other case

mimics a case with run-in surfaces. In all cases the op-
erating conditions and lubricant conditions were as 
shown in Table 1.  

Table 1. EHL parameters 
Load 106 N/m 
Roller radius (flat counter-surface) 10 mm 
Viscosity at atmospheric pressure 50 mPas 
Viscosity-pressure model Vogel type 
Effective elastic modulus 226 GPa 
Entrainment speed 1 m/s 
Slide-to-roll ratio -0.5
Hertz pressure 1.9 GPa 
Total contact length (2b) 0.67 mm 

The smooth surface, minimum film thickness was com-
puted to 0.18 µm. Non-dimensional Hmin was 0.016. 
The first case implied two-sided roughness. On one 
side there was sinusoidal roughness with amplitude 
0.05 µm and wavelength 0.035 mm. On the other side 
there was sinusoidal roughness with amplitude 0.5 µm 
and wavelength 0.17 mm. On top of that roughness the 
same sinusoidal roughness as on the first side was su-
perimposed. The second case implied single-sided 
roughness. The rough side had sinusoidal roughness 
with amplitude 0.5 µm and wavelength 0.17 mm. Fig-
ure 1 shows schematically the two cases. 

Figure 1. Two cases with slightly different surface 
roughness. 

The composite R.M.S. surface roughness can be com-
puted as: 

𝑅𝑅𝑞𝑞𝑞𝑞 = �𝑅𝑅𝑞𝑞12 + 𝑅𝑅𝑞𝑞22  

and was computed to 0.321 µm for case 1 and 0.318 
µm for case 2, i.e. more or less the same in both cases 
but slightly higher for the “new” surface in Case 1.  

3. Results and discussion
Results are presented in non-dimensional form here.
The slide-to-roll ratio is -0.5 meaning that the smoother
surface moves faster. Figure 2 shows snapshots of pres-
sure and film thickness for Case1, at two consecutive
times. The small wavelength roughness gives rise to



large pressure fluctuations in space and time. The pres-
sure peaks become severe when small wavelength 
peaks collide when they are on the peaks of the large 
wavelength roughness. Figure 3 shows one snapshot of 
pressure and film thickness for Case 2. Now when the 
small wavelength roughness is removed the fluctua-
tions are smaller and follows the rough surface. It is 
reasonable to assume that the high pressure peaks in 
Case 1 would lead to plastic deformation of the small 
wavelength roughness. The surfaces in this case may 
also be much more prone to micro-pitting.  

Figure 2. Pressure and film thickness at two different 
dimensionless times, 4.75 (top) and 5 (bottom), high-

lighting the variations within the contact due to the two 
sided sliding roughness (Case 1). 

Figure 3. Pressure and film thickness at one dimension-
less time step (5), where the pressure and film thick-

ness perturbations moves steadily throughout the con-
tact (Case 2). 

In both cases the film parameter is around 0.6, i.e. 
boundary lubrication according to textbooks [4]. ART 
may be applied to take in-contact roughness defor-
mation into account. Then the film parameter increases 
to around 1.2 in both cases. The difference is thus not 
very big between the two cases. But the minimum film 
thickness at every time step is significantly different 

for the two cases, as seen in Figure 4. The film thick-
ness is 30-40% lower for the “new” surface and that 
may explain the experimental findings [3]. 
A third case was then investigated. In this case one-
sided roughness similar to the case 1 roughest surface. 
Accordingly, there were no collisions between asperi-
ties and the pressure distribution followed the motion 
of the rough surface. The minimum film thickness was 
greater than the two sided roughness case average film 
but clearly smaller than for Case 2. This implies that 
two-sided roughness effects as well as wavelength ef-
fects play important roles in determining the lubrica-
tion quality.  

Figure 4. Non-dimensional minimum film thickness vs. 
time. Note that it takes 2 dimensionless time units for 
the steady state solution to pass through the contact. 

4. Conclusions
It is concluded that two-sided roughness creates a
much more complex behaviour than one-sided rough-
ness. The film parameter theory as well as the ampli-
tude reduction theory fails to distinguish between the
two cases. Two-sided roughness analysis is thus re-
quired in order to predict lubrication quality with better
accuracy.
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