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Cutting force test for ultra-precision flycutting optical crystal
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Abstract: To reduce the impact phenomenon in flycutting machining of an optical crystal and to im-
prove the surface quality of the optical crystal , a prediction model was set up experimentally for the
relationship between cutting force and machining parameters. Based on the processing principle of fly-
cutting machining, the prediction model for cutting force was built by response surface methodology
(RSM). Then, a cutting force experiment for the optical crystal was conducted under the parameters
designed by Taguchi method. After that, the prediction model was achieved by using the experimental
data, and the accuracy of the model was analyzed by analysis of variance(ANOVA), R? value and re-
sidual analysis. In addition, the influences of machining parameters on the cutting force were ana-
lyzed. Finally, validation tests were conducted to verify the model. Experimental results demonstrate

that the model is adequate at 95% confidence level, and its accuracy is better than 2. 5%. Futher-
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more, the cutting force decreases with the increases of spindle speed, while increases with the increase

of feed rate and cutting depth. Moreover, the cutting depth and spindle speed are the main factors on

cutting force, whereas the feed rate has the smallest influence. In the finish machining of optical crys-

tal, the spindle speed should be as large as possible, while the cutting depth should be decreased, and

the feed rate can be adjusted by processing efficiency under 180 pm/s.
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Fig. 1 processing principle of flycutting machining
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Fig. 3 Test method of cutting force

Tab.1 Experimental parameters

7K
W= 1 2 3
T n/rpm 120 240 360
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Tab. 2 Experimental groups and results

e F bk b 2 o Y1 Je b e ik b 25 TR CIREIRAS VIl
A n/rpm S /(umes ) d /pm n/rpm f/Cume s d /pm F,/N

1 1 1 1 120 60 10 0.637 6

2 1 1 2 120 60 30 1.739 2

3 1 1 3 120 60 50 1.930 7

4 1 2 1 120 120 10 0.978 5

5 1 2 2 120 120 30 1.975 3

6 1 2 3 120 120 50 2. 694

7 1 3 1 120 180 10 1.178 7

8 1 3 2 120 180 30 2.752 7

9 1 3 3 120 180 50 3,449 2

10 2 1 1 240 60 10 0.318 4

11 2 1 2 240 60 30 0.992 2

12 2 1 3 240 60 50 1.134

13 2 2 1 240 120 10 0.494 7

14 2 2 2 240 120 30 1.131 5

15 2 2 3 240 120 50 1.804 2

16 2 3 1 240 180 10 0.608 5

17 2 3 2 240 180 30 1.601 3

18 2 3 3 240 180 50 2.258 8

19 3 1 1 360 60 10 0.155 6

20 3 1 2 360 60 30 0.680 2

21 3 1 3 360 60 50 0.809 8

22 3 2 1 360 120 10 0.216

23 3 2 2 360 120 30 0.699 8

24 3 2 3 360 120 50 1. 405

25 3 3 1 360 180 10 0.284 8

26 3 3 2 360 180 30 0.992 7

27 3 3 3 360 180 50 1.726 7
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Fig.4 Residual map of model
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Tab. 4 Randomly selected conditions for verification tests
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