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Effect of Surface Integrity of Milling TA1S Titanium Alloy on Fatigue Life
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(1. Beijing Xinghang Electro-Mechanical Equipment Co., Ltd., Beijing 100074, China;
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Information Technology of Northwestern Polytechnical University, Xi’an 710072, China)

[ABSTRACT] In order to optimize the milling parameters in milling of TA1S5 titanium alloy using carbide end cutter,
and to control the surface integrity and improve the fatigue life of components, the effects of machined surface integrity
on the fatigue life of TA15 titanium alloy were investigated through milling experiments, surface integrity tests, and
fatigue tests. The results show that the surface roughness R, of TA1S5 titanium alloy is 0.148—0.245 pm after milling, the
maximum residual compressive stress is detected on the surface, the depth of the residual compressive stress affected
layer is approximately 30 um, and the depth of the hardened layer is approximately 70 um. The fatigue life increases with
the decrease of surface roughness and the increase of residual compressive stress. The optimal combination of milling
parameters: milling speed 40 m/min, feed per tooth 0.03 mm/z, and the maximum fatigue life is 4.044 x 10’ times. The
tensile fracture of the machined TA15 titanium alloy is ductile fracture with deep dimples.
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Table 1 Chemical composition of TA15 titanium alloy

(mass fraction)"” %
Al Zr Mo vV Ti Fe
5.5~7.0 1.5~2.5 0.5~2.0 0.8~2.5 R <0.25
Si C N H 0] Fipls

<0.15 <0.10 =<0.05 =<0.015 <0.15 =<0.30

R2 TAI5S KA S EBYIE N s 1

Table 2 Physical and mechanical properties of TA1S titanium alloy

at room temperature[lGI

BrhrRpE | JEARRER | R FEARRE BT R
o,/MPa 0,,/MPa E/GPa 05/% Y%
1019 972 123 14.7 453
¥
I I i ]
440.05
410,051 i
72.5+0.1
? 30+0.2
D R71.51
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S = Ly
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Fig.1 Geometric shape and dimension of axial loaded fatigue

specimen (mm)
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Table 3 End milling scheme and test results of TA15 titanium alloy fatigue specimen

Fre BEHIRE | BEHITERE %’Eﬁ'ﬂiﬁf?l %ﬂ\?iﬁifi\?

a,/mm a,/mm v/(m+min') | f/(mm-z")
1# 1 8 20 0.03
24 1 8 30 0.03
3# 1 8 30 0.05
4# 1 8 30 0.07
S# 1 8 40 0.03
6# 1 8 40 0.07
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RIEHREE | REGARN | RERMEEE | PR A

R/um 0,/MPa (HV,,) Nyy/ % 10°
0.245 —481.75 357.40 1.936
0.194 —532.06 357.33 3.205
0.215 ~517.84 362.20 2.813
0.231 —511.46 359.80 2.587
0.148 —566.88 361.57 4.044
0.182 —549.49 355.97 3.969
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Fig.2 Milling and fatigue test site
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Fig.3 Effect of feed rate per tooth and milling speed on surface
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Fig.4 Three dimensional surface topography under different milling
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Fig.8 Microstructure of surface layer under different milling parameters
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