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ABSTRACT – A series of experiment is performed to 

make clear the frictional properties of dimple-type 

textured surfaces. Three dimples with the same area 

density are tested: circular and rectangular dimples 

(longitudinal and transverse). The textured surfaces 

provide low frictional force and high load carrying 

capacity compared with plane surfaces.  

 

1. INTRODUCTION 

Textured surfaces have been investigated by many 

researchers to improve the hydrodynamic lubrication 

properties of parallel sliding surfaces [1]. As it is well 

known, hydrodynamic lubrication properties of textured 

surfaces are strongly affected by many parameters such 

as dimple depth, dimple area density, dimple shape, 

lubricant properties.  

Therefore, many theoretical works have also been 

carried out to clarify the load carrying capacity and 

frictional properties. However, their results are 

sometimes controversial and there is some step to reach 

optimal design. It is valuable to experimentally study 

the tribological behaviour of textured surfaces. 

In this study, three dimples with the same area 

density are tested: circular and rectangular dimples 

(longitudinal and transverse). The fluid film force and 

frictional properties were measured under a constant 

film thickness.  

 

2. MATERIALS AND METHOD 

2.1  Experimental apparatus 

Figure 1 shows the test rig used in this study. The 

sliding surfaces are formed between a rotating specimen 

and a stationary specimen with dimples. The rotating 

specimen is made of glass and the textured specimen is 

made of brass. Inner and outer diameters of the 

lubricating surface are 24mm and 42mm, respectively. 

The rotating specimen is supported by an air bearing via 

a shaft. The gap between the two surfaces is controlled 

by the capacitance type gap sensors. In addition, it is 

possible to measure the torque and normal force 

generated in the lubrication film. The textured specimen 

is set in an oil cup. The oil cup is fixed on a Peltier 

device, keeping the temperature constant during an 

experiment.  

In this study, as shown in Figure 2, three different 

dimples with the same area density (30 %) are tested: 

circular and rectangular dimples (longitudinal and 

transverse). The plane specimen is also used for 

comparison. The effect of dimple depth is also 

examined.  

Each dimple is etched every 36 degrees. Table 1 

shows the parameters of dimples tested in this 

experiment. 

 

 
Figure 1 Experimental apparatus. 

 

 
Figure 2 Shape of texture tested. 

 

Table 1 Parameter of dimples tested. 

Shape Depth [μm] Number 
Area 

density [%] 

Plane - - - 

Circular 

34.6 

50.5 

64.0 

10 30 

Longitudinal 32.3 10 30 

Transverse 32.9 10 30 

 

2.2 Experimental procedure 

The gap between the two surfaces is kept constant, 

and the film force (normal force) generated in the fluid 
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film is measured. At the same time, the friction torque is 

measured. The cavitation occurred in the dimples is also 

observed. SAE 30 (0.16 Pa s at 298 K) is used in this 

experiment. 

 

3. RESULTS AND DISCUSSION 

3.1! Effect of shape of dimples 

Figures 3 and 4 show the measurement result of 

the film force and the frictional torque, respectively. The 

film thickness was h=20 μm whereas the depth of the 

dimple was about δ=30 μm. It could be found that 

increasing the film force and reducing the frictional 

torque could be realized simultaneously by applying the 

dimples to the sliding surface. Also, in the circular 

dimple, cavitation did not occur until 300 min-1, and the 

load carrying capacity was almost zero. 

Figures 5 and 6 show the effects of film thickness 

on the film force and frictional torque, respectively. The 

film force and the frictional torque decreased as the film 

thickness increased. In the circular dimple, cavitation 

disappeared more than 40 μm of the film thickness, and 

thus the film force went to almost zero. In this 

experiment, the longitudinal dimple had the largest film 

torque and the lowest frictional torque. 

 

 
Figure 3 Effect of rotational speed on film force. 

 

 
Figure 4 Effect of rotational speed on frictional torque. 

 

3.2 Effect of dimple depth 

Figures 7 and 8 show the film force and frictional 

torque for the circular dimple with different depth, 

respectively. The specimens with δ=50.5 and 64.0 μm of 

the groove depth had larger film force than that with 

δ=34.6 μm. However, the frictional torque was the 

lowest when δ=34.6 μm.  

 

 

 
Figure 5 Effect of film thickness on film force. 

 

 
Figure 6 Effect of film thickness on frictional torque. 

 

 
Figure 7 Effect of film thickness on film force. 

 

 
Figure 8 Effect of film thickness on frictional torque. 

 

4. CONCLUSION 

In this study, three dimples with the same area 

density were tested: circular and rectangular dimples 

(longitudinal and transverse). The longitudinal dimple 

induced the largest film force and the lowest frictional 

torque. 
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