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ABSTRACT – The main purpose of the work was to 

capture the moment of initiation of the fretting scar. 

Based on the fretting scar profile, it resulted that minimal 

fretting wear does not occur at the minimum surface 

roughness value. Surprisingly, it has been noticed that the 

minimum friction coefficient does not coincide with the 

minimum fretting wear of the Ti-6Al-4V alloy surface. 

 

1. INTRODUCTION 

Fretting can be classified into two categories: 

fretting fatigue and fretting wear. Also, corrosion, 

mentioned in several studies as the third manifestation of 

the fretting [1,2], was accepted in the whole area of 

fretting damage and incorporates the two manifestations 

of fretting fatigue and fretting wear. 

 

2. METHODOLOGY 

The fretting tests were performed on a universal 

servo-hydraulic testing machine, MTS Bionix. The 

testing machine allowed application of a 600 kN load 

under static conditions and 500 kN for fatigue loading. 

The maximum cyclic loading frequency of the machine 

is 50 Hz.  

The equipment operates at ambient temperature in 

the laboratory environment, but can also be used at low 

and high temperatures and with other environments. To 

perform fretting fatigue tests, on the machine was a 

special fretting device that has two load cells that allow 

(prior to testing) application of normal and tangential 

contact loads (during the test) and their recording/ 

measurement. A 1000 N loading cell is used to set and 

measure the pre-tangential/ tangential load and a 2500 N 

loading cell to set/ measure the normal load.  

The load is applied by two pads, which are pressed 

perpendicularly on the flat faces of the sample by a pair 

of compression springs, which are loaded with adjustable 

screws. Also, two vertical compression springs, which 

action on the pad, are used to apply the pre-tangential 

load (to avoid the pad’s movement). The tests mainly 

followed the evolution of fretting scar according to the 

normal load applied under different roughness conditions 

of the surface and normal loading, but at constant 

tangential loading.  

The fretting fatigue experiments were performed 

using the geometries of sample and pad, which are shown 

in Figure 1. 
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Figure 1 Geometry of the specimen (a), sample (b) and 

fretting test pad (c). 

 

3. EXPERIMENTAL EVALUATION  

3.1 Evolution of the contact surface state in fretting 

conditions 

The experimental evaluation vas performed on a 

MTS Bionix servo-hydraulic dynamic testing machine. 

The duration of the tests was 5 minutes, in order to 

capture the moment of initiation of the fretting scar. The 

cross-sections of fretting wear scars (Figure 2) were 

recorded and measured under the different experimental 

conditions used, at different surface roughness of the 

sample and pad.  
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Figure 2 Central transversal profile and image of 

fretting wear scar Ra = 0.045 μm, t = 5 min. 

 

The evolution of fretting wear depending on time 

for different roughnesses is presented in the double-

logarithmic diagram in Figure 3. 
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Figure 3 Evolution of wear versus time, for different 

roughness Ra. 

 

3.2  Influence of the initial roughness on the fretting 

wear and friction coefficient 

The minimum value of the surface wear must 

coincide with the minimum value of the surface 

roughness. A large number of wear measurements were 

performed with four roughnesses: Ra = 0.015 μm; Ra = 

0.045 μm; Ra = 0.075 μm and Ra = 0.19 μm. The average 

values of the volume of fretting worn material for the four 

roughnesses are: 

Ra = 0.015 μm → Vu = 7.0 ×10-5 mm3 → μ = 0.038; 

Ra = 0.045 μm → Vu = 7.0 ×10-6 mm3 → μ = 0.050; 

Ra = 0.075 μm → Vu = 3.7 ×10-5 mm3 → μ = 0.038; 

Ra = 0.190 μm → Vu = 1.0 ×10-3 mm3 → μ = 0.078. 

 

Simultaneously with the production of fretting wear 

scars on the surface of the Ti-6Al-4V alloy samples, the 

coefficient of friction was also measured. The effect of 

the running-in on the fretting wear behavior of the surface 

was also analyzed. This was done by using the same pad 

for several successive tests. The existence of an optimal 

roughness can be explained either by an effect on the 

lubricant film or by a change in the mechanical properties 

of the surface. In this case, at the optimum roughness, the 

reduction of the h/σ ratio is compensated by increasing 

the wear resistance of the surfaces.  

 

4. RESULTS AND DISCUSSION 

The influence of the sample and pad roughnesses on 

the initiation and evolution of the fretting wear scar was 

studied. The geometry of the test configuration allowed 

the investigation of finished surfaces at roughnesses Ra = 

0.015 μm, Ra = 0.045 μm, Ra = 0.075 μm and Ra = 0.19 

μm. From the determinations of fretting wear evolution 

in time under the experimental conditions used (short 

testing time), it was found that in the case of the shortest 

experiment (5 minutes) the fretting wear scar is visible. 

The profiles and microphotographs of the initial surfaces 

topography studied and of those resulted after short 

fretting contact periods were recorded and analyzed. 

Simultaneously the friction coefficient was measured. 

The recording of fretting scars allowed calculation of the 

volume of worn material by fretting and correlation with 

the value of the friction coefficient recorded during each 

test. 

It has been found that there is a minimum of the 

wear curve resulted for roughness Ra = 0.045 μm. 

After 3 seconds, in the case of surfaces with Ra = 

0.015 μm, Ra = 0.075 μm and Ra = 0.19 μm (t = 3 s), the 

fretting wear is of adhesive type (metallic shape with 

pronounced scratches). In the case of surfaces with Ra = 

0.045 μm, the type of fretting wear is predominantly 

oxidative. During the running-in, the fretting wear 

velocity is reduced as a result of the surface 

conformation, and surfaces with Ra = 0.075 μm and Ra = 

0.19 μm are undergoing in oxidative wear regime. It has 

been observed that by increasing the operating time from 

5 minutes to 30 minutes, the wear increases only with 

about 10%. It is worth noting the rapid reduction of the 

wear velocity over time, excepting the surface with 

roughness Ra = 0.045 μm, where in the first 3 seconds, 

between 25% and 50% of the wear occurs in 30 minutes. 

At surfaces with roughness Ra = 0.045 μm, a significant 

influence of the running-in was observed. After the first 

5 minutes of operation, the entire contact surface is 

covered with oxide. The scar obtained after another 5 

minutes, with the same buffer, has a special shape, the 

oxidative wear area being limited to half of the loaded 

surface. 

 

5. CONCLUSION 

Under the experimental conditions used, the 

initiation of the fretting scar occurs within the first 5 

minutes of the couple operation. A double-logarithmic 

evolution of fretting wear function of time was 

determined for different roughnesses analyzed. The used 

roughnesses caused not only a difference in the value of 

the scratch scar removal volume but also the appearance 

of wear scar (type of wear). Used roughnesses have 

caused not only a difference between the values of the 

worn volume of the fretting scar, but also of the wear scar 

appearance (type of wear). In the experimental conditions 

Ra = 0.015 μm, t = 5 min and Ra = 0.19 μm, t = 30 min it 

is clearly observed the start of the fretting scars 

elongation in the sliding direction, as well as the typical 

W-shape of the transversal profile of the scar.  
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