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Abstract 
 
The sustainability and durability of contacting gears depend on several 

factors for example, pitting and micro-pitting. This work employs the micro-

elastohydrodynamic lubrication regime to investigate the roughness impacts 

on micro-pitting and fatigue damage formation. The numerical models used a 

mixed transient elastohydrodynamic lubrication (micro-EHL) to calculate the 

direct contact pressure which is applied by the contacting surfaces. Also, the 

EHL film thickness for all point in the adopting mesh domain of the 

numerical model has been calculated. A stress field numerical module is used 

to find the stress fields for contacting rough bodies. Then a shear strain 

module was adopted to predict fatigue damage, which is required for the 
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 micro-pitting to appear on the contacting rough surfaces. The single most 

important observation to emerge from the plane strain model is that the 

different micro- elastohydrodynamic models lead to significantly different 

damage formation behavior within the lubricated contact regime. 

 

Keywords: micro-EHL, contact pressure, fatigue damage, micropitting, 

roughness. 

 

1 Introduction 
 

Micropitting can be defined as the mode of surface failure which may be 

associated with surface asperities influences, that typically takes place on the 

contacting gear-teeth rough surfaces. It is usually noticed on the scale of the 

asperity tips in rolling element bearings and steel gears [1]. Such type of 

fatigue generates massive wear, which can happen in the first stage of 

operation during the running-in process.  

The topography of moving rough surfaces plays a remarkable effect 

thickness during heavily loaded rolling/sliding lubricated contacts. Under 

such operating parameters, the situation is called micro-EHL. The numerical 

analysis of mixed lubrication problem needs solvers which can manage the 

situation of transient changes under severe contact situation where the 

applied load is shearing between contacting asperities and fluid films. 

Previous studies have considered micro-pitting as an insignificant wear 

issue and it has conducted more research on pitting phenomenon. This mode 

of failure happens because of rolling contact fatigue in the scale of surface 

roughness. However, “micropitting is increasingly being noticed in hardened 

steel gear boxes and occurring on the scale of the roughness asperities in 

contact problem.” [2]. An example of a shallow cracks, is given in Figure (1).  

The present study focuses on the effect of surface roughness on fatigue 

failure and damage accumulation. Estimating the occurrence of micro pitting 

is an important stage in extending the life of the gears and maintaining their 

durability. 
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Figure -1- Direction of cracks in helical tooth of micropitted gear. Source: Design 

Unit, Newcastle University. 

 

 

 

2 Literature Survey 
 
 

The mode of surface roughness plays a significant role in fatigue failure 

during high stress loads, which leads to micro-pitting and thus causes cracks 

in the gear surface due to the cyclic loading. The shallow cracks of 

Micropitting grow opposite the direction of sliding in the addendum of the 

teeth [3]. Micropitting is generally seen in the root part of the teeth, where it 

causes a matted shape area in comparing to areas without Micropitting. It 

has been claimed by Errichello that the micropitting may be associated with 

crack pressurization phenomena (CP) [4]. The cracks propagation occurs in 

various directions on either side across the pitch plane of gear teeth, where 

the direction of sliding is changing from negative to positive during contact. 

Micropitting is typically considered being far less scale than the general 

pitting. This pitting normally measured in microns and caused a small pit 

because of the local plastic deformation, which resulted from the running-in 

of hardened gears. 

 According to [5] and [6], “small pits are created by pitting and its size is 

considered being a few millimeters in dimension: 10–30 µm in diameter and 

5–10 µm deep.” This can be clearly noticed in the fatigue failure portions of 

the gear subsurface teeth layer in Figures (2) and (3). In the present study, 

most micro pits were found to have shallow forms which are typically 2-10 

µm in depth. These results are consistent with data obtained in Figures (2) 

and (3), where the results of obtained micro-pits measurements, which done 

with stylus profilometer are almost 2-10 µm in depth. 
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   Figure -2- SEM micrograph with crack propagation in subsurface layer, 

[5]. 

 

 
 

Figure -3- optical micrograph of typical micropitting, 

[6]. 

To get a much clearer understanding of the mechanisms of micro-pitting 

initiation and propagation, it is crucial to evaluate the gear tooth loading 

regarding normal contact pressure, tangential shear loading, and asperity 

subsurface stress distribution considering Micro-Elastohydrodynamic 

lubrication (EHL) conditions. The film thickness in EHL application is of 

the order of one µm or less. It is commonly supposed the EHL mode occurs  

in spur-gears as a result of the rough surface that move with different relative 

velocities causes direct contact of the surface asperities, which leads to 

fatigue failure at the asperities level. 
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Modelling of micro-EHL line contact problems have the following 

characteristics: very small lambda ratio, Λ ratios (the fraction of the 

predicted oil EHL film to the composite surface) which is usually less than 

one, the time-dependent phase which is caused by moving rough profiles 

over the nominal contact zone. 

Previously, many studies have done to determine the micro-EHL line 

contact solution. They based these studies on different novel strategies 

instead of conventional techniques. [7] and [8], presented a model for 

transient moving roughness effects, which incorporates an asperity contact 

using sinusoidal roughness under a transient micro-EHL model and non-

Newtonian lubricant conditions. In addition, the surface roughness effect 

under mixed lubrication conditions has been studied by Yan et al. [9] and 

Wang et al. [10] they investigated the problem of micro-EHL. In their work 

study, Patir and Cheng’s model was adopted to estimates the asperity contact 

pressure distribution. Almuramady et al. [11], studied the damage 

accumulation in micro-gears where the surface of gears has been coated by 

using monomolecular carbon. 

Ai and Cheng [12]  presented a model for line contact analysis that 

incorporates real (or measured) roughness and transient hydrodynamic 

behavior. Masjedi and Khonsari [13] successfully modelled a point-contact 

EHL problem, which includes a simultaneous solution to the modified 

Reynolds and surface deformation equations with the consideration of real 

roughness data in transient treatments. Bergstedt and Olofsson [14] set up a 

series of experiments that were performed on an FZG back-to-back test rig. 

They used profilometer to measure tooth profiles, then calculating roughness 

parameters. Tao et al. [15] and Elcoate et al. [16] improved a new technique 

to solve the hydrodynamic and elastic deflection equations simultaneously 

as a coupled pair in the less computationally demanding line contact 

configuration, incorporating a moving roughness feature. Tao et al. [15] 

performed a successful modelling of gear lubricant conditions where the 

features of the rough surface where much larger than the lubricant thickness 

of the smooth body. Such a lubricant environment is termed by researchers a 

micro-EHL regime. Dry friction between rough surfaces problem of gear 

silicon which is functionalized have been studied by Almuramady [17]. 

In most recent researches the investigation of micro EHL has been 

developed by Holmes et al. [18] and [19] who used successively an 

approach for the problem of point-contacts heavy load and mixed lubrication 

behaviour to solve transient problems with real 3D roughness. Various 

methods have proposed for solving the problem of EHL, a work was 

performed by Moallem et al. [20] to investigate the coefficient of friction, 

the subsurface stresses and the pitting life. In this study, Zaretsky equation  

was employed to predict micro-pitting life by using the load-sharing theory. 

Further investigations were conducted on predicting the initiation and 

propagation of micro-pitting of gears. For example, Xu et al. [21] found that 

the crack was growing rapidly during the initial stage of micro-pitting, thus 

the crack density was found to be large. 
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Similar related research to the study of micropitting initiation with involving 

real roughness affects has been done by Al-Mayali et al. [22]. In their 

research, the differential deflection approach was used to determine the 

transient EHL solutions.  

Previous significant analysis using real rough surfaces done by 

researchers from Cardiff university has employed a novel coupled approach 

using a transient analysis technique in tackling the micro-EHL problem 

Holmes et al. [23]. This was followed by Evans et al. [24] and Clarke et al. 

[25], who modified the EHL numerical solver to find a solution to the micro 

EHL governing equations and assess contact fatigue and damage 

performance. In addition, the numerical method which developed by Holmes 

et al. [23] has been employed by Maasi et al. [26] to examine the effects of 

residual stress concerning the cumulative damage and fatigue life. 

In the present study, the application of these novel simulation methods 

has been successfully adopted to analyse the problem of micro-EHL in twin 

disk test rig applications, which are used as part of a study of running-in and 

micro-pitting fatigue. Rolling / sliding transient micro-EHL analyses were 

performed and their results regarding transient surface pressure, lubricant 

film thickness and surface traction have been further processed to get the 

distribution of subsurface contact elastic-stress and strain fields at the scale 

of surface asperity features. This simulation results have been subsequently 

used for finding the fatigue cycles and the damage accumulation in the 

moving material of representative volumes of the two disks. 

 
3. Micro-EHL Line Contact Model 
 

In this study, the numerical outputs of the transient EHL solutions are 

used to model the fatigue problem in terms of contact stress and strain fields 

at the asperities level. Thus, transient EHL simulations were performed using 

novel modelling techniques that were discussed by the authors in detail 

elsewhere [23]. Basically, the two essential equations used in the EHL 

modelling were fully coupled in the numerical analysis procedures. These 

equations are Reynolds equation that relates the lubricant-film with pressure, 

and elastic deformation of the bodies under the action of an extreme-pressure 

lubricants. The introduction of the differential deflection technique into the 

coupled solution method gained huge reductions in computing time, making 

it possible to consider the transient effect in Reynolds equation. 

The results reported in this paper use three experimental profiles sections 

of run-in surfaces measured by using a stylus profilometer. The six run-in 

profiles sections that were used in simulating the two rough profiles for each 

case study are shown in Figure (4), Figure (5) and Figure (6) (metal below 

the profiles). These profiles are offset for clarity. The profiles, traces (A), 

(B), (C) and (D) in Figure (4) and Figure (5) respectively, are profiles 

sections extracted from a pair of gears used in an experiment done by the 

Design Unit at the Newcastle University. 
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Roughness profiles, traces A and B have a relatively large roughness 

amplitude while, traces C and D have a relatively low roughness amplitude. 

The lower traces, traces (E) and (F) in figure (6), are profiles getting 

from a well run-in transverse ground steel disk used in a study of the onset of 

micropitting in real roughness by Al-Mayali et al.[22]. Knowing that the 

variables x and z are defined as the distance that was measured in a parallel 

and normal to the surface, respectively. 

 

 

 
Figure -4- Roughness profile for a) Wheel (Ra= 0.308138 um) and b) Pinion (Ra= 

0.362264 um). a is the Hertzian semidimension for line contact = 1mm. Profiles are 

large roughness amplitude. 

 

 
 

Figure- 5- Roughness profile for a) Wheel (Ra= 0.151060  um) and b) Pinion (Ra= 

0.203548 um).  a is the Hertzian semidimension for line contact = 1mm. Profiles are 

low roughness amplitude. 
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Figure -6- Roughness profile for a) fast disk (Ra= 0.260245 um) and b) slow disk 

(Ra= 0.351088 um ). a is the Hertzian semidimension for line contact = 1mm. 

 

To study the surface roughness effects on the micro-EHL analysis and 

fatigue damage, numerical simulations have been done by using 

representative profile sections of length 2a for fast and slow disks ( traces E 

and F ) and for a pair of gears (traces A, B, C and D). These sections of 

profiles were repeated (head to tail) and extended by creating longer 

multiprofiles. The valley features are connected at the deep tips of these 

valleys to be ensured that the long profiles do not produce any artificially 

new asperity features. This procedure of making multi-profiles is to simulate 

all interactions of the asperity for rough surfaces in the EHL numerical 

simulation. The initial condition which was adopted in transient analysis is 

starting from the smooth surface steady state condition where the pressure 

contact distribution and the lubricant film were determined. The boundary 

condition for the EHL transient solution starts when the steady state 

condition finished.  

The converged solution for the film thickness and contact pressure has 

occurred for each time step of the numerical results of a transient EHL 

solution. The output from previous time step simulations were used to 

determine the pressure and film thickness for the next time-steps. An 

evaluation of sub stresses distribution which are generated at asperity level is 

then calculated. These elastic stresses are then used to determine the 

cumulative damage for each material point considered in the EHL analysis. 

This behaviour happens in micro-EHL contact analysis where composite 

features of valley increasing in volume with time because of the contacting 

pressure. The parameters which were adopted in the micro-EHL line contact 

analysis is shown in Table (1). 
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velocity of the fast profile ( m/s) 
(3.99) 

velocity of slow profile ( m/s) 
(2.39) 

Hertzian pressure’s (GPa) 
(1.2) 

viscosity of lubricant ((Pas)) 
(0.0257) 

Eyring-shearing stress (MPa) 
(10.0) 

The modulus of elasticity (GPa) 
(207) 

Poisson’s ratio 
(0.3) 

Dimension of Hertzian line contact, ( a 
(mm)) (0.401) 

Slow and Fast steel body Radius (mm) 
(38.1) 

                
Table -1- Operating conditions used for micro EHL calculations 

 

 

The results which obtained using numerical simulation under EHL 

conditions provide the surface pressure and lubricant film thickness over the 

whole EHL contact zone. The computing domain which is used in the EHL 

calculations is -2.5a≤x≤1.5a with 201 nodes in each Hertzian dimension. The 

mesh spacing adopted was Δx = a/200, Δy = a/50 with step of time 

considered is Δt=  ∆x/(2u_max )  , it selected so that the fast profile travelling 

a certain distance of ∆x /2 for every time step during its movement. The fast 

profile is delayed to make both surfaces meet at the exit and become fully 

rough.  

        The result of (micro-EHL) simulation is shown in Figure (7). This plot 

is for the smooth case numerical output which demonstrates the lubricant 

film distribution, contact pressure distribution, and deflection of  surface at 

an instant. The major finding is the constriction and pressure spike which can 

be seen near to the end of the contact area approximately at  x/a= 1. This 

result is in good agreement with [27]. Also, this plot shown the two profile in 

contact condition (green lines). 
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Figure -7-Smooth surface solution at a particular time step: Contact Pressure ((red 

line)), Lubricant film ((blue line)), cavitation of contact ((black line)) and 

deformation surfaces ((green line)). a is the Hertzian semidimension for line contact 

= 1mm. 

 

Figure (8) demonstrations the lubricant pressure, film dimension, 

cavitation mode ((black line)) and deformed rough profiles for both surfaces 

which are taken at a specific time-step (9430) for the numerical solution of 

two blocks of material. It was clearly shown that there is a massive reduction 

in lubricant compared to the smooth effect.  Thus, the pressure spikes are 

aggressive and have values of 4, 5 and 3.5 (GPa ) occurring at three locations 

x/a  = - 1, - 0.125 and 0.375. The profiles are shafted in y direction for in 

order to be clearer concerning the surface magnitude of the roughness 

asperities and the film of oil. Moreover, there are 4 positions of aggressive 

asperity interactions at positions of  x/a  = -1, x/a = - 0.75 and x/a  = 0.25 and 

x/a  = 1. What is interesting about the data in this plot is that the pressure 

values are quite significant at asperities level compared with the valleys 

zone. These findings enhance our understanding of the pressurised valley 

features which carrying the load of the overall EHL film. 

  The significant discovering to arise from this simulation is that when 

operating under the transient micro-EHL condition, the possibility of 

micropitting initiation due to direct contact and localized high-pressure 

distribution is significantly increased   at the asperity level. 
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Figure -8-Lubricant Pressure (red line), cavitation mode (black line) film thickness 

(blue line) at a specific time step. Also shown the two surfaces in contact (green 

lines). a is the Hertzian semidimension for line contact = 1mm. 

 

Figure (9) shows the pressure distribution at one particular step in micro-

EHL transient analysis. The profiles which were adopted in this simulation 

are (C) and (D). The single most striking observation to emerge from this 

figure is that the contact pressure which developed at asperities are relatively 

not higher and found to rise to the value of 2-3 GPa. However, the profile 

traces (A) and (B) have a tendency to produce significant maximum 

pressures of the order of 4 GPa which shown in Figure (10). Such a high 

pressure leads to occurrence of high stresses on the surface, which 

subsequently generates the micropitting of the surface that lead to failure. 
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Figure -9-The pressure distribution in the line contact zone at one particular time-

step for traces (C ) and (D). a is the Hertzian semidimension for line contact = 1mm. 

 

 

 

Figure -10- The pressure distribution in the line contact zone at one 

particular time-step for traces (A) and (B). a is the Hertzian semidimension 

for line contact = 1mm. 
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4 Contacting body stress cycling and damage 

The micro-EHL simulation output are used to calculate the sub-surface 

elastic strain- stress fields for EHL section profile of material. These stresses 

are created due to shear stress loading and contact pressure for each timestep 

by using convolution integrals [28], using equations of the form below: 
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The sub-surface stress components considered for fatigue damage is 

partition into a series of effective cycles using the method of rainflow as 

presented in detail by Amzallag et al.[29]. The block dimensions considered 

in EHL modelling is  2𝑎 as displayed in Figure (11), where a is the 

dimension of Hertzian contact. The approach used for field stresses 

estimation supposes that the stress components stay elastic. 

 

                                  
Figure-11- the micro EHL pressure showing block of material which adopted for 

calculating the cumulative damage. 

 

 

Using run-in surfaces into EHL models may be increasing the local 

substresses to degrees that are larger than the maximum contact pressure. 

This can be observed in the results of substress which shown in Figures 

bellows.  
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Figures (12) shows pressure distribution (P), stress distributions S12 and 

S11 for traces C and D. This plot describes the distributions which have high 

stress concentrations under slid-rolling conditions. The subsurface levels 

were considered over areas 0 

semidimension for line contact = 1mm. The single most striking observation 

to emerge from the contact pressure curve is that the maximum normal 

pressure is up to 3-4 GPa and it is 2 times of the Hertzian semi-elllipse 

contact pressure. The normal sub-surface stress s11   mainly distribute in a 

shallow depth at level z/a < 0.05 which is induced directly by the surface 

roughness. 

 

 
 

Figure -12- Contours of stress fields for the slower moving block. (A) contact 

pressure, (B) contours of stress field (s12) and (C) contours of stress field ( s11  ). 

Wheel (Ra= 0.151060  um) and Pinion (Ra= 0.203548 um). a is the Hertzian 

semidimension for line contact = 1mm 

Figures (13) shows pressure distribution (P), stress distributions S12 and 

S11 for traces E and F, these contours of stress fields are for the slower 

moving block. The most important characteristic of these plots is the 

concentration of stress near the asp

0.1 and those stresses cause high loads close to the surface of the asperity 

peaks. The shear stress S12 results is notable at the (z/a < 0.1) level. The 

maximum subsurface field of stress is going to be 0.4 GPa. Interestingly, all 

subsurface stresses were observed to have negative values and that is because 

of the rough contacting bodies are under compression condition. 
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Figure -13- Contours of stress fields for the slower moving block. (A) contact 

pressure, (B) contours of stress field (s12) and (C ) contours of stress field ( s11  ). 

Wheel (Ra= 0.260245 um) and b) slow disk (Ra= 0.351088 um ). a is the Hertzian 

semidimension for line contact = 1mm. 

 

Figures (14) shows pressure distribution (P), stress distributions S12 and 

S11 for traces A and B along sliding-rolling direction. It may be seen that the 

contact pressure severe stress concentration induced directly by the surface 

asperity at level of z/a < 0.05 where the maximum normal pressure is up to 3-

4 GPa. The normal sub-surface stress S11 mainly distribute in a shallow 

depth at level z/a < 0.05 which is induced directly by the surface roughness.  

This result is in good agreement with Li and Kahraman [30]. 
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Figure 14 Contours of stress fields for the slower moving block. (A) contact 

pressure, (B) contours of stress field (s12  ) and (C ) contours of stress field  ( 

s11). Wheel (Ra= 0.308138 um) and b) Pinion (Ra= 0.362264 um). a is the 

Hertzian semidimension for line contact = 1mm. 

The subsurface stress and strain fields are then used to evaluate 

accumulative damage in terms of surface and subsurface micro-pitting for 

every effective loading cyclic. The multi-axial fatigue evaluation in terms of 

stress components is used for determining   fatigue life and damage by using 

the cumulative damage model, as will be seen in the next section. 

  

5  Fatigue and Damage Theory 

The effective loading cycles which lead to fatigue damage are summed by 

using the accumulated damage model as well as the corresponding sub-stress 

field for each loading cycle. Various approaches are applicable for 

calculating the fatigue damage at every cycle. In addition, many of the 

researchers who used these fatigue criteria are showing that there is no 

significant difference in their damage predictions. 
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For this paper, the cycle counting technique is used, which depends on 

the rainflow technique [29]. This method is adopted for evaluating and 

specifying the stress-strain response. 

Fatemi and Socie [31] model has been applied to examine the damage 

attributable for every loading-cycle. This method estimates the required 

number of applied cycles to failure N_f. the Fatemi and Socie strain-life 

model is 
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is the amplitude of shear strain, and σ_n^max the ultimate tensile 

stress. The material parameters assumed for two blocks used in fatigue 

calculation are given in Table (2 ) and the material is SAE4340 

(BS970:EN24), as given in as given by Zahavi and Torbilo [32-33]. 

The fatigue damage produced by a specific loading cycle is   
   . The 

sum of the total damage experienced by the material for a sequence of 

loading cycles is found by using the Palmgren-Miner damage equation as 

 

   ∑   
  

              
              

 

 

Fatigue failure is considered to occur at  value of D equal to unity. The 

parameter of D is considered to be the total  meshing cycles to estimate 

fatigue damage in the material blocks being investigated. In the current work 

will focus on slow disk during result presentation because the slower block 

of material having a higher number of meshing cycles through EHL contact 

investigates comparing to the fast blocks of material. 

 

Table -2 - Material parameters of SAE4340 steel 

 

(Fatigue strength 

exponent), (b) 

(-0.091) Young's modulus 

E1,E2 

(200) 

GPa 

(Fatigue ductility 

exponent), ( a  ) 

(-0.6) Poisson's ratio v1,v2 (0.3) 

(Material constant), (k) (1.00) fatigue ductility 

coefficient 

(0.48) 

(Yield strength), (   
  )    

MPa       

(827)   shear fatigue strength 

coefficient 

(2 )GPa 
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6 Fatigue Damage Results 

The real surface roughness effects on the accumulation of damage can be 

examined by using different rough profiles with different aggressive 

asperities features. The accumulation damage value fluctuated over the block 

of material whose dimension 2 a used in EHL model simulation and its 

modeling results can be shown as a contour plot for stress fields for the 

slower and faster blocks, as presented in Figures (15-18).   

Four models of contact conditions were adopted by combinations of 

different EHL sections of rough profiles. These conditions for rough surface 

EHL modelling are as follows: 

(1) A-C, A-B. That is, the trace (A) is considered as the Faster rough material 

and the opposing materials are, respectively, traces (C) and (B).   

(2) D-E and D-A. That is, the trace (D) is considered as the slower rough 

material and the opposing materials are, respectively, traces (E) and(A). 

(3) B-C and B-A. That is, the trace (B) is considered as the slower rough 

material and the opposing materials are, respectively, traces (C) and(A). 

(4) F-C and F-A. That is, the trace (F) is considered as the slower rough 

material and the opposing materials are, respectively, traces (C) and(A). 

Figure (15) shows the accumulated damage for the trace (A) as well as 

the profile section, which is seen in the upper part. The quantity fatigue 

damage is shown as blue range of contour plots where z/a between 0 and 

0.05. The value of this contour of damage is between D < 10-9 which is 

considered as the lowest value and D>10-5 which is considered as the 

highest value of damage maps. Closer inspection of the plot shows that the 

areas of high fatigue damage >〖10〗^(-5)  are located near to the surface of  

the material within range z/a= 0 to 0.03. This result is significant at the 

prominent asperity features. The most significant conclusion to emerge from 

the simulation data is that damage in contour plot (a) is larger than (b) that 

because the trace (B) tend to have the most aggressive asperity features than 

trace (C). 
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Figure -15- Fatigue damage for the trace (A) which is considered as the Faster rough 

material and the opposing materials are, respectively, traces (C) and (B).  (a) 

corresponding to model ( A-B) and (b) corresponding to model ( A-C). a is the 

Hertzian semidimension for line contact = 1mm. 

Figure (16) shows the accumulated damage values vary over the rough 

surfaces for the trace (D). The upper plot is for the roughness profile. Making 

comparison of results for the fatigue damage in each model, it is clear that 

the damage for model (D-E) has less damage than model (D-A) in the near 

sub-surface layers. This occurs because the effect of aggressive asperities is 

quite remarkable in model (D-A). 
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Figure -16- Fatigue damage for the trace (D) which is considered as the slower 

rough material and the opposing materials are, respectively, traces (E) and (A).  (a) 

corresponding to model ( D-E) and (b) corresponding to model ( D-A). a is the 

Hertzian semidimension for line contact = 1mm. 

Figure (17) shows fatigue damage distribution for the trace (B). By 

analysing the results, it can be seen that the damage for model (B-C) has less 

damage compared to the (B-A) model. This occurs because the effect of 

aggressive asperities is quite remarkable in model (B-A). 
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Figure -17- Fatigue damage for the trace (B) which is considered as the slower 

rough material and the opposing materials are, respectively, traces (C) and (A).  (a) 

corresponding to model ( B-C) and (b) corresponding to model ( B-A). a is the 

Hertzian semidimension for line contact = 1mm. 

 

Figure (18) present Fatigue damage for the trace (F) which is considered 

as the slower rough material and the opposing materials are, respectively, 

traces (C) and (A). What is interesting about the plot is that the model (F-C) 

sustains calculated fatigue levels which are clearly much higher comparing to 

those which seen in the (F-A) model. 
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Figure -18- Fatigue damage for the trace (F) which is considered as the 

slower rough material and the opposing materials are, respectively, traces (C) 

and (A).  (a) corresponding to model ( F-C) and (b) corresponding to model ( 

F-A). a is the Hertzian semidimension for line contact = 1mm. 
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Figure (19) present the distributions of cumulative Weibull function for 

damage accumulation which names as (1-F). This plot concerning the slow 

and fast profile at a depth z/a = 0.05 level. The damage is taken for a one 

pass during the contact area. For example, the plot for model (A-B), indicates 

the distribution that about 30 % of moving block points at that level having 

damage value of D≥〖10〗^(-6) . 

 

 

Figure -19- Cumulative damage distribution for different models. D is the damage 

accumulation and (1-F) is Weibull distributions function. 

7. Conclusions 

1- In this study, the effect of roughness on fatigue damage has been studied. 

2- The asperities for the slower moving surface in contact condition        

normally have more intense stress cycles than are those of the faster moving 

block of material. 

3- The more aggressive asperities feature that the more fatigue damage. 

4-    The contact pressures at asperity within EHL analysis are much higher 

than Hertzian pressure. 

5-    The surface roughness measured at the end of the tests shows    

reasonable agreement with the predictions 
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