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ABSTRACT: The work aims to improve the fatigue behavior of titanium alloy, enrich the basic theory of fatigue failure of
typical aviation difficult-to-cut materials and provide references for anti-fatigue manufacturing of aerospace structural parts.
TC4 titanium alloy was used as the research object to conduct single factor experiments. Side milling and fatigue tests were
carried out to compare the influence of machining parameters (milling linear speed v., feed engagement f, and radial cutting
depth a.) on TC4 titanium alloy specimens’ surface integrity and the influence of surface integrity indexes (mainly including

surface roughness, surface microhardness and surface residual compressive stress) on fatigue behavior. From the measurement
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result of surface integrity, the surface roughness increased as f, and a. increased, respectively, but did not change obviously with

v.. The surface microhardness increased with the increase of f,, but decreased with the increase of v, and a., respectively.

Residual compressive stress could be detected on all machined surfaces, which presented a linear decrease with the increase of

v,, increased first and then decreased with the increase of a., and had no obviously change with the variation of f,. From the

fatigue performance results of specimens, microhardness had the most significant effect on the fatigue behavior of TC4

specimens. With the increase of microhardness, the fatigue behavior increases notably. Under the machining parameters of

v:=20 m/min, ;=0.08 mm/z and a.=0.1 mm, TC4 specimens have the best fatigue behavior.

KEY WORDS: TC4 titanium alloy; fatigue behavior; surface integrity; microhardness; surface roughness
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Tab.1 Mechanical properties of TC4 titanium
alloy at room temperature
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Fig.1 Experimental setup and schematic diagram of side milling process
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Tab.2 Side milling parameters of TC4 titanium alloy

Experiment no.  vJ/(mmin™")  f/(mm-z") a./mm
1 20 0.08 0.2
2 40 0.08 0.2
3 80 0.08 0.2
4 20 0.1 0.2
5 20 0.15 0.2
6 20 0.08 0.1
7 20 0.08 0.5
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Tab.3 Important indexes of fatigue test machine
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Fig.2 Fatigue test machine and specimens after fracture
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2

L/mm
a v~=20 m/min, £,=0.08 mm/z, a.=0.2 mm

L/mm
¢ v~=20 m/min, £,=0.15 mm/z, a.=0.2 mm

&l 4

L/mm
b v=80 m/min, f,=0.08 mm/z, a,~0.2 mm

1.8 2.6 3.0

L/mm
d v~=20 m/min, £;=0.08 mm/z, a.=0.1 mm

1.0 1.4 2.2

TR SR 7 11 119 3 T HLAS 12 fth 2

Fig.4 Curves of surface roughness along feed direction
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Tab.4 Results of surface integrity measurements and fatigue tests

Surface micro- Surface residual

Cycles to failure

Experiment no.  Ra/pm R,/um R,//um Rj/um hardness(HV) stress/MPa Ni/(x10°)
1 0.49 2.26 1.91 0.35 288.0 -227.3 3.07
2 0.59 2.66 2.34 0.32 285.6 —194.3 1.90
3 0.53 2.52 2.11 0.41 260.2 —61.6 0.34
4 0.73 3.20 2.81 0.39 287.6 -218.3 3.59
5 0.82 3.34 2.91 0.43 308.5 -205.5 4.54
6 0.47 2.15 1.82 0.33 322.4 —105.8 4.71
7 0.57 3.13 2.67 0.46 266.1 -99.9 1.22
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Fig.6 Influence of machining parameters on surface microhardness
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Fig.7 Influence of machining parameters on surface residual stress
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