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Influence of Feed on Surface Quality in Titanium Alloy Cutting
Process Based on Dynamic Mechanical Model Analysis

WANG Chen-yu, LI Jin-quan
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ABSTRACT: The work aims to establish the dynamic model of single-degree-of-freedom in workpiece-tool vibration system so
as to quantitatively study the influence of feed on cutting force and vibration acceleration of titanium alloy Ti-6Al-4V. The sin-
gle factor test of changing the feed rate was adopted. Ti-6Al-4V titanium alloy was turned by coated hard alloy tool. The cutting
vibration and cutting force in the cutting process were tested by DYTRAN acceleration sensor and YDCB-II105

three-dimensional piezoelectric force measuring system. The collected vibration acceleration and cutting force signals were
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processed and analyzed by MATLAB and Origin software. The surface roughness was measured by 120 mm Talysurf PGI840

roughness tester. When the feed rates was 0.1, 0.15, 0.2, 0.24 and 0.3 mm/r, respectively, the mean square roots of the vibration

acceleration were 0.2413g, 0.3299g, 0.39459, 0.4468g and 0.5737g, respectively, the average arithmetic heights of Ra was
0.538, 0.9391, 1.4778, 1.984 and 3.0117 um, respectively and the average valley depth Rz was 3.1846, 4.64445, 6.3059, 8.338

and 11.6506 pm, respectively. With the increase of the feed, all of the cutting force, vibration acceleration and the surface

roughness increased. The contact area between the tool and the workpiece increases with the increase of feed rate, which leads to

the increase of the friction force and the steady-state component of the cutting force. From the dynamic model of the work-

piece-tool vibration system, the vibration acceleration increases with the increase of the steady-state component of the cutting

force, thus causing bigger tip displacement and resulting in that the surface roughness increases with increase of the feed rate.

KEY WORDS: feed rate; surface quality; cutting force; cutting vibration; dynamical model
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Tab.1 Chemical composition of Ti-6Al1-4V

wt. %
Material Ti Al A\ Fe C N H O
Ti-6Al-4V Bal. 5.5~6.8 3.5~4.5 0.3 0.08 0.05 0.015 0.20
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Tab.2 Cutting parameters, mean square root of vibration acceleration and roughness value
Numbered Cutting speed Feed rate Cutting depth Vibration Arithmetic mean Mean profile valley
list (V)/(m'min ") (F)/(mm-r ") (a,)/mm acceleration/g deviation/pm depth/um
1 97 0.10 0.2 0.2413 0.5383 3.1846
2 97 0.15 0.2 0.3299 0.9391 4.6445
3 97 0.20 0.2 0.3945 1.4781 6.3059
4 97 0.24 0.2 0.4468 1.9849 8.3383
5 97 0.30 0.2 0.5737 3.0117 11.6506
®3 MHEKETHHREVIEAZE ( /=97 m/min, 4=0.2 mm )
Tab.3 Stable cutting force F; with different feed rates (V=97 m/min, a,=0.2 mm)
Feed rate f/(mm-r ") 0.1 0.15 0.2 0.24 0.3
F¢/N 78.217 86.568 90.829 109.739 119.326
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Fig.1 Surface roughness waveform of Ti-6Al-4V at different feed rates
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Fig.2 Spectrum of vibration acceleration
of Ti-6Al1-4V with feed
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Fig.3 Variation of RMS of Ti-6A1-4V vibration
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Fig.5 Dynamics model of workpiece-tool vibration system
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