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ABSTRACT – Hydraulic components are widely used 

in fields such as the construction equipment and general 

industries. For parts where sliding wear is expected to 

occur, it is necessary to improve wear resistance of 

sliding surfaces due to the market needs for high 

durability in a severe field environment. In this research, 

we applied a laser surface texturing technique to 

enhance wear property of sliding parts for hydraulic 

piston motor unit through an accelerated evaluation 

method. Furthermore, we assess the effects of surface 

texturing by measuring the motor efficiency at the 

product level and conducting a lubrication analysis of 

the sliding condition. The results of this research are 

expected to contribute to improvement of tribological 

properties of the hydraulic components. 

 

1. INTRODUCTION 

In general, hydraulic components are indispensable 

in construction equipment or general industrial fields. 

The advantages of hydraulic systems are a high force 

density, easy controllability and flexible construction 

[1]. Despite these advantages, there are many durability 

problems due to the sliding motions of key parts such as 

valve plate/cylinder block, piston/piston shoe, cylinder 

block/piston and piston/swash plate in hydraulic 

systems as shown in Figure 1. These parts are 

structurally vulnerable to contamination of the hydraulic 

oil that occurs at the severe field environment. So it is 

necessary to improve the durability of these parts. 

Surface texturing is to grave micro dimple pattern 

on a mechanical component for enhancing tribological 

properties of the component. This technology generally 

functions to act as micro-hydrodynamic bearing, to 

provide micro-reservoirs to enhance lubricant retention 

and to provide micro-traps to capture wear debris [2-3]. 

Methods to achieve controlled texturing of surfaces can 

be divided into mechanical, lithographic, energy beam 

and coating techniques. Among them, laser ablation, or 

laser-texturing is fairly new energy beam technique for 

achieving controlled surface texturing [4]. 

In this study, surface texturing was used for the 

swash plate surface to improve durability of the sliding 

part of hydraulic piston motor unit. The effects of 

surface texturing were evaluated by accelerated wear 

test to control contamination level of hydraulic oil in 

real time. The accelerated wear tester developed to 

reproduce field wear phenomena. And then the 

performance test was carried out in order to confirm the 

efficiency of product. Finally, the results of test was 

analysed through the prediction of lubrication 

conditions in this system. 

 
Figure 1 Tribological systems in a piston motor unit. 

 

2. EXPERIMENTAL METHODS 

Surface texturing pattern was fabricated on the 

surface of chromium molybdenum steel by Nd: YAG 

type laser surface texturing equipment. Figure 2 shows 

optical images of textured surface. In this case, counter 

material is generally copper ally due to surface seizure. 

The accelerated wear test was conducted by a custom-

built experimental apparatus to evaluate wear resistance 

for the part level. The test apparatus can accelerate the 

wear of surface using contaminated hydraulic oil. And 

field wear phenomena were reproduced to generate 

sliding motion between piston shoe and swash plate. A 

scanning electron microscope was used to observe the 

damaged surface and the average wear depth was 

evaluated by surface profilometer. For validation at the 

product level, the evaluation of motor efficiency was 

carried out by hydraulic motor performance test. The 

value of motor efficiency was measured 3 times on the 

same conditions.  

 

Figure 2 Optical image of surface texturing on the 

swash plate. 

 

3. RESULTS AND DISCUSSION 

Figure 3 shows the results of an average wear 

depth of non-textured and three different textured 

specimens that can be fabricated by the laser texturing 

equipment and approved by commercial lubrication 

analysis program (TED/CPA; Tribology Engineering 

Dynamic/Contact Problem Analyzer). The area ratio of 
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dimple means the ratio of textured surface area to non-

textured surface area. The specimens with surface 

texturing have relatively higher wear resistance than 

non-textured surface. It indicates that Surface texturing 

affects to trap wear debris in severe oil contamination 

condition. Thus it reduces abrasion in the sliding 

surface. Also, the depth of dimple has optimal value of 

30 micro-meters in this test condition. 

 

 
Figure 3 Average wear depth of sliding parts with 

different depths of dimple by the accelerated wear test 

under all the same area ratio (5%). 

 

Motor efficiency was optimized by the several 

different area ratios of surface texturing with same 

dimple depth that can be evaluated by the accelerated 

wear test. Figure 4 presents the result of the motor 

efficiency for 3% and 5% of an area ratio of the surface 

texturing according to the rotating speed. It indicates all 

textured samples have a lower motor efficiency than 

non-textured surface for all rotating speeds. And this 

phenomenon becomes significant with increasing 

rotating speed in the textured surface with the area ratio 

of 5%. It means that the motor efficiency is strongly 

influenced by the area ratio of dimple. Because of this 

interaction, the area ratio of dimple is closely related oil 

film thickness between piston shoe and swash plate and 

friction in the hydrodynamic lubrication regime.  

In general, oil leakage occurs from the high oil 

film thickness. It means low motor efficiency due to 

increase of actual flow according to the equation below. 

 is equation of motor efficiency of typical hydraulic 

motor system [5]. T is actual torque to drive (N m), N is 

rotating speed of motor (rad/s), P is pressure differential 

(Pa) , Q is actual flow rate output (m3/s). 
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We simulate that the prediction on the 

hydrodynamic lubrication regime in case of the shoe 

plate applied surface texturing was in progress by 

commercial lubrication analysis program. From the 

results, leakage oil flow and friction force was 

determined by changing of oil film thickness.  

 

  
Figure 4 Result of Motor efficiency as a function of 

rotating speed under all the same depth of dimple. 

 

4. CONCLUSIONS 

The effect of surface texturing on the tribological 

properties of the sliding parts of hydraulic device was 

experimentally investigated. The surface texturing was 

important in reducing wear of surface in oil 

contamination environment. The function of micro-trap 

for wear debris is the main mechanisms responsible for 

reducing the wear of sliding surfaces. The change in the 

area ratio of dimple could be significant to affect the 

motor efficiency due to the change of lubrication 

condition. The results of the lubrication analysis of the 

sliding condition are shown to be closely correlated with 

the experimental results. 
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