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Process and mechanism of chip formation in
cutting hydrogenated Ti-6Al-4V alloys
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Abstract: The microstructure and phase composition of hydrogenated Ti-6Al-4V alloys and the morphology of chip were
observed optical microscopy, X-ray diffractometry and scanning electron microscopy. The split Hopkinson bar was
employed to test the dynamic mechanical property. The morphology and mechanism of chip formation in cutting
Ti-6Al-4V alloys were investigated. The results show: compared with unhydrogenated chip, the chip compression ratio of
hydrogenated Ti-6Al-4V alloys is greater, the dimension of lamellac and saw-tooth are less significantly. The
thermo-plastic instability is the mechanism of saw-tooth chips formation due to the large plastic deformation when the
addition o hydrogen is less than 0.4% (mass fraction). In contrast, the crack initiation mechanism is responsible for the
saw-tooth chip with more hydrogen content.
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Fig.1 Optical microstructures of hydrogenated Ti-6Al-4V alloys: (a) Without H; (b) 0.08%H,; (c) 0.12%H; (d) 0.30%H; (e) 0.39%H;
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Fig.2 XRD patterns of hydrogenated Ti-6Al-4V alloys: (a)
Without H; (b) 0.08% H; (c) 0.20%H; (d) 0.30%H; (e) 0.39%H;
() 0.51%H
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Fig.3 o—e¢ curves of hydrogenated Ti-6A1-4V alloy at strain
rate of 5 000 s 'z (a) 300 °C; (b) 500 °C; (c) 700 C
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Fig.4 Relationship between flow stress and hydrogen content
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Fig.5 Macrographs of chips of hydrogenated Ti-6Al-4V
alloy: (a) Without H; (b) 0.1%H; (c) 0.2%H; (d) 0.3%H; (e)
0.4%H; (f) 0.5%H
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Fig.6 Micrographs of cross-section of chip formed from hydrogenated Ti-6A1-4V alloy: (a) Without H; (b) 0.1%H; (c) 0.2%H; (d)

0.3%H; (e) 0.4%H; (f) 0.5%H
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Fig.7 SEM images of chips formed from hydrogenated Ti-6Al-4V alloy: (a) Without H; (b) 0.224%H; (c) 0.372%H; (d) 0.652%H
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