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Abstract 
 

 The rolling/sliding concentrated contacts are found in many machine elements 

and mechanical systems such as rolling bearings, cams and followers, gear sets and IC 

engines. These contacts function under wide range of operating parameters (load, speed, 

material properties, surface finish, geometrical conformity etc.) and in many cases even 

in harsh environments (i.e. at elevated operating temperature, dusty environments, 

contaminated lubricant and starved/parched lubrication). Thus currently research is 

ongoing to improve the tribological and dynamic performance behaviors of such contacts 

to meet the growing demands in terms of smoother operation, improved energy efficiency 

and longer life. Recently, surface texture has emerged as a viable technology for 

exploring and improving the contact behaviours. Surface textures deal with the well-

defined patterning of nano/micro dimples and grooves on the surfaces of tribo-elements 

to have a tailored surface topography. The beneficial effects of surface textures in 

improving the performance behaviors of conformal contacts (found in mechanical seals, 

automotive piston rings and thrust bearings) appear to be well established. But 

experimental and theoretical researches in case of textured concentrated contacts are still 

at a developing stage. Therefore, the objective of this research endeavor is to 

experimentally and numerically study the tribological and dynamic behaviors of 

rolling/sliding point contacts formed between the bearing steel (AISI 52100) surfaces 

having surface textures under the mixed/boundary lubrication regimes. 

 A femto second pulsed Nd: YAG laser, which is most promising for creating the 

textures on steel surfaces with minimum collateral damage due to its ultra-short pulse 
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duration (of the order of 10
-15 

seconds), has been employed in the present investigation. 

In early stage, experimental investigations were carried out to set the relationship 

between the laser parameters and the required attributes of micro-features i.e. dimples’ 

diameter, depth and density. Thereafter, the investigations on assessing the changes of 

surface properties including oxidation, residual stresses, nanohardness and lubricant’s 

wettability due to the texturing of the material surface have been done. Variation of 

nanohardness at the surface in the vicinity of dimples is measured using the instrumented 

indentation technique to analyze the hardness influence on the contact’s behavior. 

Lubricant’s wettability at textured and lapped surfaces is also measured using a 

goniometer to study the behaviour of the surface before and after the textures.   

 Experimental investigations have been carried out for two motions of point 

contacts namely: (i) slow speed rolling/sliding reciprocating motion, and (ii) high speed 

rolling/sliding unidirectional motion. The operating parameters for point contacts are 

selected for keeping the boundary/mixed lubrication regimes. The tribological 

performance (friction and wear) of the lapped and textured point contacts have been 

measured and analyzed. Moreover, the contact vibrations of lapped and textured 

concentrated contacts are also measured and compared at the contact resonance to 

evaluate the dynamic behavior. Under the unidirectional motion, the contact 

configuration is chosen for simulated the throwing away of the lubricant from the contact 

for deliberate creation of starvation using oil and grease as lubricants. Comparisons of 

performance behaviors of the oil and grease lubricated concentrated contacts have been 

done to understand the retention behaviors of textured and lapped surfaces. The textured 

point contacts lubricated with grease yielded substantial improvement in the tribological 
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and vibration performances as compared to oil lubricated contacts. Moreover, reductions 

in the specific wear rate of the balls and amplitudes of vibrations at normal contact 

resonance frequencies have been observed with the grease lubricated textured point 

contacts. 

  Experimental studies have limitation in creating large number of texture patterns 

and studying the performance behaviors of the contacts due to involvement of 

considerable amount of money and time. Hence, an attempt has been made herein to 

develop the numerical model capable of predicting the contacts performances with wide 

range of texture attributes. In this approach, the textured surfaces have been numerically 

simulated using the fractal characterization concepts. In the virtual texturing method, 

micro-dimples of varying attributes have been created on the surfaces. Thereafter solving 

the governing equations, the dynamic responses of the textured point contacts operating 

under the boundary lubricated regime were evaluated. The contact stiffness at lapped and 

textured point concentrated contacts has been calculated by modelling the contacts using 

a commercial finite element analysis package (ANSYS). The surface features sweeping 

through the contact have been modelled as excitation generators. The vibration responses 

at the concentrated contacts have been presented in the frequency domain. The simulated 

results have been compared with the experimental findings. Based on the investigations 

reported in this thesis, it is observed that careful application of surface textures at the 

concentrated contacts have potential in getting favorable tribological and dynamic 

performances under the mixed/boundary lubrication regimes.  

 

************* 
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