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Fig.10 Time-domain signals and frequency spectrum of cutting forces under TUVAM
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Table 7 Experimental scheme of the effect of ultrasonic amplitude on system stability
! ! ] ] [ |

FE | M (wmin) | WEmm AWM AR (nme) | BRI
1 | 40 | 5 | 0.5 | 0.02 | 0/4/12/20
2 | 80 | 5 | 0.5 | 0.02 | 0/4/12/20
3 | 120 | 5 | 0.5 | 0.02 | 0/4/12/20
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Experimental Study on Torsional Ultrasonic Vibration-Assisted Milling of
Titanium Alloys

ZHANG Yuemin', XIA Zaixiang', HAO Xiaoru', TANG Jun’, YIN Yue'
(1. Henan Polytechnic University, Jiaozuo 454000, China;

2. School of Mechanical and Automotive Engineering, Hainan College of Economics and Business,
Haikou 571127, China)

[ABSTRACT] To address the challenges in machining titanium alloys, a technique employing torsional ultrasonic
vibration-assisted milling (TUVAM) is proposed. Tool-tip trajectory equations for TUVAM were established. Simulations
generated the trajectory curves for both separated and non-separated tool-tip motion types. A chip thickness determination
function was formulated using the coordinate method, enabling the development of the system's dynamic model. The
dynamic model was solved using the full-discretization method and the linearization theory of nonlinear functions, yielding
the stability prediction laws for the TUVAM system. Building on this foundation, the influence of machining parameters
on milling stability was investigated, and chatter experiments were conducted for validation. Experimental verification
reveals that TUVAM significantly extends the chatter-free operational domain, elevates stability lobe boundaries relative
and improves the surface quality of machined workpieces to conventional milling when operating at identical machining
parameters. Increases in feed per tooth and radial immersion ratio lead to a decrease in the system’s stability lobe curves.
Variations in feed per tooth have a minor impact on the system’s limiting axial depth of cut. In contrast, an increase in the
radial immersion ratio causes a more significant reduction in the limiting axial depth of cut, with a maximum decrease
of 28.37%. The envelope area of the stability lobe diagram exhibits an inverse scaling relationship with both increased
ultrasonic vibration amplitude and reduced number of cutter teeth. Experiments validated the effectiveness of the simulated
stability curves, providing data support for shop-floor machining.

Keywords: Torsional ultrasonic vibration; Titanium alloy; Stability; Vibration; Dynamic model
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