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Surface Integrity and Anti-fatigue Performance of TC4 Titanium Alloy by Mass Finishing
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Abstract: The finishing experiments of TC4 titanium alloy specimens based on an orthogonal experimental method were
carried out using a horizontal centrifugal mass finishing process. The influence of main process parameters on surface
roughness, micro-hardness and residual stress were studied, and the optimal process parameters were determined. The
mechanism of fatigue resistance improvement was revealed by fatigue test, SEM and XRD diffraction. Results show that the
diameter of the media is the most important factor affecting the surface roughness and residual stress. For the one-sided, the
surface roughness values, Ra and Rz, decrease maximally by 0.389 pm and 2.353 um, respectively. The micro-hardness
increases from 314 HVo.5 to 367 HV¢.5, and the maximum residual compressive stress increases to 308 MPa. While for the
double-sided, the maximum decrease of Ra and Rz is 0.356 um and 2.151 pm, respectively. The micro-hardness increases to
346 HVo.5, and the maximum residual compressive stress increases to 352 MPa. By mass finishing, the fatigue performance
can be obviously improved for inhibiting nucleation and expansion of fatigue crack. The fatigue limit of the specimens
increases from 389 MPa to 450 MPa with an increase ratio of 15.7% for one-sided, which increases to 578 MPa with an
increase ratio of 48.5% for the double-sided.
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Table I Main parameters of BJG-L60 experimental equipment

Parameter Value
Power/kW 3.55
Revolution, n/(r'min™") 180
Volume of drum/L 15x4
Transmission ratio, n/N -1
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Fig.2 Prepared size of specimen with TC4 material
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Fig.3 Designed fixture for surface processing of parts
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Table 2 Main process parameters selected for experiment

Parameter Value

Material of media Spherical alumina

Diameter of media/mm 3,5,7,10
Compound LC-10
Loading volume/% 50, 60, 70, 80
Finishing time/min 15, 30, 45, 60

4 BB SRR

Fig.4 Mass finishing media with spherical alumina
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Table 3 Design for orthogonal experiment of three factors and
four levels

Process parameters

No- Diameter/mm  Loading volume/%  Finishing time/min
1 10 50 15
2 10 60 30
3 10 70 45
4 10 80 60
5 3 50 30
6 3 60 15
7 3 70 60
8 3 80 45
9 5 50 45

10 5 60 60
11 5 70 15
12 5 80 30
13 7 50 60
14 7 60 45
15 7 70 30
16 7 80 15
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Fig.11 Fracture morphologies of the specimens before and after finishing
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Fig.12 3D surface profile of the specimens before and after

finishing
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Fig.13 Microstructure of the specimens before and after finishing
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Fig.14 XRD patterns of the specimens before and after finishing
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