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Effect of Hydrogenation on Deformation and Cutting Mechanism of TA1S5 Titanium Alloy

CHEN Zheming', SUN Jianfei', ZHU Weidong’, LIANG Peixin’
(1. School of Mechanical Engineering & Automation, Beihang University, Beijing 100191, China;
2. Beijing Research Institute of Mechanical & Electrical Technology, Beijing 100083, China)

[ABSTRACT] To study the influence of hydrogenation on deformation and cutting mechanism of TA15 alloy, tensile test
and cutting experiment with different hydrogen content are performed to obtain the mechanical properties, cutting force and
the differences in microstructure characteristics of serrated chip. The results show that the yield strength ratio decreases,
the plasticity enhances with high hydrogen content and its working hardening is serious. Hydrogen promotes the thermal
softening effect, and the higher hydrogen content, the lower critical cutting speed which causes the decrease of cutting
force. The difference of plastic deformation characteristics in different regions can be observed in the serrated chip of the
as-received and low-hydrogenated groups, the uniform plastic deformation exists in the serrated unit, and the local severe
plastic deformation exists in the shear band, which verifies the occurrence of adiabatic shear. However, the microstructure
with high hydrogen content has high consistency without local severe plastic deformation. The serrated chip morphology
shows the feature of decreasing serration, so it can be inferred that the hydrogen improves the plasticity of the alloy and
inhibits the local severe plastic deformation, which significantly improves the cutting performance of TA15 alloy.
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Fig.1 Microstructure of TA15 alloy matrix
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Table1 Main chemical composition of TA1S alloy (mass fraction) o,

& vy o
Al 5.5~7.0
Zr 1.5~2.5
GaITE Mo 0.5~2.0
\Y% 0.8~2.5
Ti Ak
Fe <0.25
Si <0.15
AR5 <0.10
<0.015
0 <0.15
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Table 2 Main mechanical properties of TA15 alloy

LB Ik EiT HfH
JE AR o, ,/MPa 855~959
W p/ (g em”) 4.45
MGHEK (W -m' - C™") 8
AL E/GPa 123
PR E 0/MPa 1040

®3 BESLEIZSH
Table 3 Process parameters of THP

RS | RE/C | ZUNE/MPa | FETR (BURSED /%
0# 800 0.2 0
1# 800 0.2 0.130
24 800 0.4 0.219
34 800 04 0.283
4 850 04 0.510
St 850 04 0.627
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Fig.2 Experimental setup
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Fig.3 Stress—strain curve on quasi—static tension test
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Table 4 Main mechanical properties of hydrogen TA1S5 alloy under
quasi-static tension
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