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Grain-workpiece interaction
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Fig. 1. Chip generation mechanism illustration: (a) ultrasonic grinding
diagram; (b) workpiece grids; (c) UCT and width



Workpiece surface modeling

VIR R Processing (b) %
A E— ucr
| Wheel 'g’ b Probability density curve
= ns=2000 r/min
| dgE N(ﬂ, 02) > Vi=1200 mm/min
o€ Ufc,d) S 2,=20 pm
— e = g 10 A=4 um
fr =35 kHz
ey step
HKey st
0
0 5 10
UCT (um)
(@) 300
- 1
; ot paramtrs -
(7]
g 200 0.996
E 0.994
§ |— . ] 0.992
g 100 | UCT distribution | <}: s
u‘: | 0.988
0 | Surface roughness ‘ 0986
006 008 01 012 0.14 e ———— ‘ 0.984
Grain protrusion height (mm) 0 0.5 1 0.982

Fig. 2. Flowchart of workpiece surface topography and
UCT distribution generation algorithm



Numerical simulation result

Fig. 4. Relationship between h, .., and R,
Fig. 3. UCT distribution histograms under

different machining parameters
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The Pearson correlation coefficient is 0.95256. In
statistics, the Pearson correlation coefficient is used to
evaluate the correlation between two variables. A value
between 0.8 and 1.0 is regarded as indicating a strong
correlation.




Experimental verification

Ultrasonic
holder

Workpiece

N

Fig. 5. Diagram of the ultrasonic grinding experimental platform (a)
and platform details (b)
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Fig. 6. Surface morphology under different ultrasonic amplitudes: (a—c) measured morphology with A=0 pm
(@), A=2 pym (b), and A=4 pm (c); (d—e) simulated morphology with A=0 pm (d), A=2 pm (e), and A=4 pm (f).



Experimental verification
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Fig. 7. Surface texture under different wheel speeds: (a—c) measured texture
with ng=1000 r/min (a), ng=2000 r/min (b), and n,;=3000 r/min (c); (d—e) simulated
texture with n,=1000 r/min (d), ng;=2000 r/min (e), and n,=3000 r/min (f).



Conclusions

1. Based on the grain moving trajectory during ultrasonic vibration grinding, a
symbolic difference method was proposed to calculate UCT and width to raise

the simulation efficiency.

2. The UCT distribution in the ultrasonic vibration grinding process follows
an exponential distribution. The characteristic parameters of UCT distribution
were extracted. The application of ultrasonic waves can change UCT and width,

enhance the repeated interference effect, and reduce the surface roughness.

3. The influence rules of grinding parameters on the UCT distribution
characteristics were analyzed. A linear relationship is found between R, and
Nean- The experimental results show the same variation tendency as the
simulated values, with a maximum deviation of 14.3%.

4. High grinding wheel speed, low workpiece speed, small grinding depth,
and an appropriate ultrasonic amplitude are conducive to obtaining lower UCT,

forming a smoother workpiece surface.





