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Research on Cutting Force Model of Beryllium Turning Based on Mechanical Analysis
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[ABSTRACT] As a typical difficult-to-machine material, beryllium material is mainly processed by turning, but
beryllium material is harder and more brittle, which often has local fractures and sharp edge chipping defects; Cutting
force is an important factor that affects tool wear and processing quality, predicting the cutting force of turning beryllium
materials is of great significance to the selection of cutting parameters. Based on the semi-empirical prediction formula
of mechanical analysis, this paper establishes a thermal-mechanical coupling-based cutting force prediction model for
beryllium turning, and conducted experimental verification. The result shows that the predicted value of the model fits well
with the experimental value, and the overall error is 10.79%, the error range is 2.96%—20.53%. The change mechanism
of tool wear and surface roughness under different cutting parameters is analyzed, which provides a certain theoretical
reference for beryllium turning processing.
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Fig.1 Cutting force model during right-angle cutting"
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Fig.2 Turning cutting layer parameters
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Fig.3 Two-dimensional right-angle cutting model
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Table 1 Simulation parameters for beryllium cutting

TIAESH BE
JIRIFISR-A% /mm 0.8
JIEHf/ () 0
JIEE /() 10
TAERS /mm 1x3
YIHI R/ (m « min") 25/50/100
g/ (mm - ') 0.1/0.2
VI EE /mm 0.2/0.5
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Table 2 J-C constitutive model parameters of beryllium
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Fig.4 Test processing site
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Table 3 Cutting parameters used in the test

WS | ol | amerd | mm
1 25 0.1 0.2
2 25 0.2 0.2
3 25 0.1 0.5
4 25 0.2 0.5
5 50 0.1 0.2
6 50 0.2 0.2
7 50 0.1 0.5
8 50 0.2 0.5
9 100 0.1 0.2
10 100 0.2 0.2
11 100 0.1 0.5
12 100 0.2 0.5
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Table 4 Comparison of the model predicted value and the test
values of the main cutting force F,

F57

e Q) g/(°) | IRERMEN BN R2E/%
1 10.1 34.9 62 73.0 17.7
2 16.0 29.0 90 84.1 6.56
3 36.4 8.6 200 228.37 14.19
4 37.9 7.1 250 270.85 8.34
5 23.4 21.6 109 105.77 2.96
6 36.7 8.3 208 235.64 13.29
7 31.8 13.2 150 157.91 527
8 375 75 240 257.87 7.45
9 5.2 39.8 76 66.01 13.03
10 29.0 16.0 123 135.0 9.76
11 223 22.7 128 101.72 20.53
12 39.1 59 290 320.30 10.45
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Table 5 Comparison of model predicted values and experimental
values of the back-to-knife force F,

TS | p(C) ¢/(°) | RIRME/N | FIEN | BR2E%
1 10.1 349 24 9.07 55.30
2 16.0 29.0 25 13.37 46.52
3 36.4 8.6 52 25.46 51.04
4 37.9 7.1 66 26.26 60.21
5 234 21.6 47 18.12 68.76
6 36.7 8.3 60 25.62 57.3
7 31.8 13.2 58 22.96 60.41
8 375 7.5 70 26.05 62.78
9 52 39.8 40 5.00 87.5
10 29.0 16.0 52.5 21.39 59.82
11 223 22.7 55 17.45 68.27
12 39.1 59 78 26.90 65.5
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Fig.5 Tool wear morphology under different cutting parameters
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Fig.6 Changes of VB value of tool rake face wear under different cutting parameters
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Fig.7 Chip adhesion on the rake face of the tool at different cutting speeds
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Fig.8 Measuring surface roughness with TR240 portable roughness meter
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Fig.9 Surface roughness of conventional turning
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