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ABSTRACT: Two-dimensional ultrasonic vibration turning can effectively reduce cutting temperature, retard tool wear and

improve surface quality of machined workpiece. At the same time, due to its special tool tip movement track, the machined
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surface presents special micro-texture, which improves the wear resistance of the surface. 6061 aluminium alloy cylinder is
characterized by large plasticity and easy deformation, but is difficult to guarantee the surface quality and accuracy after
machining by ordinary turning. The experiment was carried out with a single-excitation two-dimensional ultrasonic vibration
turning tool. The work aims to analyze the effects of cutting parameters and acoustic parameters on the surface roughness of
6061 aluminum alloy cylinders in two-dimensional ultrasonic vibration turning machining. Four-factor four-level orthogonal
experiments were designed and four groups of experiments were selected for comparison between two-dimensional ultrasonic
vibration turning and conventional turning. Before the test, the amplitude of the turning tool was measured with the laser
displacement sensor LK-G10 and the required amplitude parameters were obtained. In order to eliminate the effects of the
factors of the workpiece itself and the swing of the workpiece on the research results, self-made parts blocks were inserted at
both ends of the workpiece to prevent the cylinder from being crushed and deformed during clamping, and the tail of the
workpiece was held with an ejector pin to prevent the workpiece from swinging. Firstly, the clamped 6061 aluminium alloy
cylinder was roughly machined on the lathe and then the workpiece was machined according to the experimental parameters.
The cutting length of each group was 15 mm. The machined workpiece surface was cleaned with an ultrasonic cleaner.
Then the surface morphology of the cleaned workpiece was observed by VHX-2000, and the cleaned workpiece surface was
measured by BRUKER GTK white light interferometer. Significance level «=0.01 was selected to carry out ANOVA and
significance analysis on orthogonal test results. Through analysis, it can be seen that the effect of cutting depth on surface
roughness was not obvious, and the effect of ultrasonic amplitude on surface roughness was the largest. The degree of effect of
ultrasonic amplitude, speed and feed on surface roughness was 84.35%, 11.36% and 4.29% respectively. The comparison
experiments between ultrasonic machining and conventional machining showed that the two-dimensional ultrasonic vibration
turning can significantly reduce the roughness of the turning surface compared with conventional turning, with a maximum
decrease rate of 47.65% and a minimum decrease rate of 11.27%. Compared with conventional turning, the surface machined by
two-dimensional ultrasonic vibration turning had uniformly distributed fish scale-like micro-texture. The significant influence of
machining parameters on surface roughness from high to low is ultrasonic amplitude>speed>feed>depth of cut, and the
optimum machining parameters are obtained as follows: £;=0.15 mm/r, »=400 r/min, 4=2 pm, a,=0.2 mm. By means of
two-dimensional ultrasonic vibration turning, the roughness value of 6061 aluminium alloy cylinder surface can be significantly
reduced, and the machined surface has fish-scale microstructure with uniform distribution.
KEY WORDS: two-dimensional ultrasonic vibration turning; 6061 aluminum alloy cylinder; single-excitation elliptical vibration

turning tool; surface roughness; microstructure
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Tab.1 Simulation results of Ra

Number f/(mm™") n/(rmin’') A/pm a,/mm Ra/pm

A-1 0.05 300 1 0.05 0.432
A-2 0.05 400 2 0.1 0.523
A-3 0.05 500 3 0.15 0.123
A-4 0.05 600 4 0.2 0.531
C-1 0.05 300 0 0.05  0.568
C-2 0.05 400 0 0.1 0.609
C-3 0.05 500 0 0.15  0.234
C-4 0.05 600 0 0.2 0.671
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Tab.2 Cutting tool parameters

Material Cemented carbide
Anterior horn/(°) 0
Posterior angle/(°) 7
Tip radius/mm 0.4
Knife tip angle/(°) 55
Principal deflection angle/(°) 62.5
Blade inclination/(°) 0
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Tab.3 Orthogonal test factors level
Speed/ Feed rate/ Cutting  Amplitude/
Levels . )

(rmin") (mm )  depth/mm pm
1 300 0.05 0.05 1
2 400 0.10 0.10 2
3 500 0.15 0.15 3
4 600 0.20 0.20 4
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Tab.4 Orthogonal test results

Number f/(mm-1™")  n/(rmin™) A/pm ay/mm Ra/um

T-1 0.05 300 1 0.05  0.197
T-2 0.05 400 2 0.1 0.553
T-3 0.05 500 3 0.15  0.465
T-4 0.05 600 4 0.2 0.514
T-5 0.1 300 2 0.15 03
T-6 0.1 400 1 0.2 0.197
T-7 0.1 500 4 0.05  0.552
T-8 0.1 600 3 0.1 0.485
T-9 0.15 300 3 0.2 0.307
T-10 0.15 400 4 0.15  0.536
T-11 0.15 500 1 0.1 0.134
T-12 0.15 600 2 0.05 041
T-13 0.2 300 4 0.1 0.441
T-14 0.2 400 3 0.05  0.487
T-15 0.2 500 2 0.2 0.511
T-16 0.2 600 1 0.15 0.112
®k5 RaFZEHMH

Tab.5 Variance analysis of Ra

f/(mm-1") a/(rmin”") Alpm aymm  Error

K1 0.43225 0.44325 0.4435 0.41143 0.43225
K2 0.38344 031125 0.16 0.403 25 0.380 94
K3 0.34675 0.41544 0.436 0.35325 0.378 25
K4 0.38775 0.38025 0.510 69 0.38225 0.35875

R 0.0855 0.132 0.350 687 5 0.058 18 0.073 5
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Tab.6 Significance analysis of Ra

Factor TSS Freedom MSE F ratio Contribution rate/% Significance

fe 0.014 72 3 0.004 91 1.477 95 4.29 *

n 0.039 02 3 0.013 01 3.918 19 11.36 *

0.289 68 3 0.096 56 29.087 5 84.35

a, 0.008 09 3 0.002 70 * * *
Error 1 0.011 83 3 0.003 94 * *
Error 2 0.019 92 6 0.003 32 * *
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