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ABSTRACT – The process of outer particles collision 

with certain dynamic object is always an impact-sliding 

wear process. This study aimed to investigate the impact-

sliding fretting wear performance of some TC4 titanium 

alloys that treated by different laser pulse energies. The 

wear test was performed on a novel impact-sliding wear 

testing rig. Present results showed that the wear 

resistance of treated samples were greatly improved, and 

the higher pulse energy lead to the more obvious effect. 

All results can be attributed to the increase of material’s 

surface hardness and the residual compressive stress 

were also introduced after laser shock peened. 

 

1. INTRODUCTION 

The TC4 titanium alloy has been widely used to 

make aero-engine fan, compressor disk, jet-engine blades 

and other important parts of advanced aircrafts [1]. In 

recent years, researchers have proposed many surface 

treatment technologies to improve some mechanical 

properties of this kind material. Laser shock peening 

(LSP) is a surface treatment method which can improve 

the wear and corrosion properties of materials mainly 

through increasing the residual compress stress and 

refining the crystalline structure [2]. Impact-sliding 

fretting wear always means that the tangential friction 

occurs simultaneously when the mechanical components 

subjected the impact force [3]. At working Aero-engine 

fan blades are always tend to be easier attacked by solid 

particles that suspend in the air, their wear of the blade 

surfaces always increase the blade surface roughness and 

cause a permanent loss of performance [4]. Y. Sato et al. 

[5] found that the wear volume caused by impact-sliding 

wear which was always greater than pure impact or pure 

sliding fretting wear was caused.  
 

2. Methodology 

The impact-sliding fretting wear tests were carried 

out on a homemade impact-sliding fretting wear test rig 

(Figure 1). One test sample was untreated and the other 

two were peened two times by the laser pulse energy of 

5J and 7J respectively, silicon nitride ceramic ball 

(Φ9.52mm) has been used as an impact head. The details 

of the experimental parameters were given in Table 1. In 

this test, both x and z directions were all oscillated with 

a sinusoidal wave, and the phase difference of both 

directions was π/2. Displacement equations of both 

directions in each single impact-sliding cycle were 

shown in Equation (1) and (2). Figure 2 shows the 

movement and force conditions of impact head and test 

sample among each impact-sliding wear cycle. Before 

test, the EBSD technique has been used to study the 

microstructure changes of both treated samples. After test, 

morphologies of all wear scars were observed by 

scanning election microscopy (SEM; JSM6610LV). 

 

 
Figure 1 Schematic diagram of the impact-sliding wear 

test rig. 

 

Table 1 Experimental conditions for the test. 

Properties Data 

Number of cycles 500,1000,1500, 2000,!"00 

Maximum impact force (N) #" 

Amplitude in x-direction (μm) 100 

Amplitude in z-direction (μm) 200 

Frequency (Hz) x:4, z:4 

Temperature ( ) 25 

 

100sin8x tp=                                        (1) 

200sin(8 / 2)z tp p= +                         (2) 

 

 
Figure 2 (a) Independent trajectory of each direction and 

(b) F-S diagram of each cycle. 

 

3. RESULTS AND DISCUSSION 

The recrystallized fraction maps indicate the 

distribution of recrystallized, sub-structured and 
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deformed grains, and fully recrystallized grains are 

marked in blue, deformed grains are in red and sub-

structured grains are in yellow (Figure 3). The statistical 

graph clearly shows that with the increasing pulse energy, 

the fraction of sub-structured and deformed grains 

increase significantly, while the recrystallized grains 

decreased significantly. Generally, more deformed phase 

often exhibits superior strength after treated. 

 

 
Figure 3 Recrystallized fraction maps of (a) 5J, (b) 7J, 

(c) treated samples and recrystallized fraction 

components of both treated samples. 

 

The micrographs of worn scars of these three test 

samples that suffered !"00 wear cycles are shown in 

Figure 4. The test sample peened by 7J pulse energy 

always shows the minimum wear area. This is attributed 

to the increase of surface hardness. Delamination cracks 

caused by fatigue effect can be seen clearly on the wear 

scar morphology of the untreated sample, while the 7J 

pulse energy peened sample hardly occurred 

delamination cracks. This mainly because compressive 

residual stress had been introduced after LSP. 

 

 
Figure 4 Micrographs of worn scars. 

Figure 5 reveals that the maximum wear depth of 

the three test samples’ wear scars under different wear 

cycles. Maximum wear depth of each test sample 

increased with the increasing of wear cycles, and the 

maximum wear depth of the 7J treated sample is always 

the smallest one under the same impact cycles.  

 

 
Figure 5 Maximum wear depth of three test samples. 

 

4. CONCLUSION 

During laser shock peening process, the TC4 

titanium alloy always occurred plastic deformation which 

will lead to further grain refinement. The surface 

hardness and the inner residual compressive stress of the 

TC4 alloy also well improved after treated. The main 

wear mechanisms of this kind alloy were fatigue 

delamination and spalling. 
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