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Prediction Model for Milling Force and Amplitude of Metal Materials
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Abstract:In order to predict the dynamic changes in milling force during the machining process,a prediction model for
milling force and amplitude of metal materials was constructed. Firstly, the milling force characteristics of different
materials under different spindle speeds and axial cutting depths were investigated by combining simulation and
experiment. On the basis of confirming the accuracy of the simulation model, the orthogonal simulation of the milling
force was carried out, and the prediction model of the average milling force and amplitude was constructed by using the
regression analysis method. The results show that the average milling force of different materials is affected differently by
spindle speed and axial cutting depth, but the amplitude of milling force is positively correlated with spindle speed and
axial cutting depth. The proposed milling force and amplitude prediction model can provide reference for the reasonable
selection of milling parameters.
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Table 2 Mechanical properties of 6061 aluminum

alloy,45 steel and 304 stainless steel

W/ WMERL PibR AR AL
Gk (kg-m™3) H/GPa  J¥/MPa s v
6061 44 2700 69 287 40 0.33
4544 7 850 206 600 241 0.30
304 P 7 900 195 615 187 0.28
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Figure 1  Milling equipment
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Figure 2 Milling finite element model
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Table 3 Johnson-Cook constitutive model parameters of

6061 aluminum alloy, 45 steel and 304 stainless steel

IR B RR i BEARR R

s ) ) )
A/MPa B/MPa 85 h BEC AEm
6061 5854 266 126 0.2583 0.082 72 1.250
4545 553 600 0.2340 0.013 40 1.030
304 NN 240 695 0.7950 0.014 10 0.945
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Figure 3 Processed surface morphology
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Figure 4  Test chips
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Figure 6 Effect of spindle speeds and axial

cutting depths on maximum temperature
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Figure 7 Comparisons of simulated and

experimental milling forces for three materials
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Figure 8 Relationship between average

milling force and spindle speed
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Figure 9 Relationship between milling force

amplitude and spindle speed
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Influence of axial cutting milling

depth on average milling force
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Figure 11  Influence of axial cutting depth on
milling force amplitude Y16
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Table 4  Orthogonal simulation table and simulation results
g EAEEE R SERBERI /N BH g s/ N
445 n/(r-min~') a,/mm 6061 154 F o, ASH Fys 304 REFEM Fogge 6061 FRE4 AF,,  45#8 AFgs 304 NEEN AF g0,
1 500 0.5 52.455 0 59.122 0 402.626 2 65.529 0 106.551 3 163.119 1
2 500 1.0 119.514 5 98.227 9 531.356 6 88.298 3 125.117 5 235.912 8
3 500 1.5 132.935 7 123.999 8 654.374 0 98.466 6 158.012 9 265.228 1
4 500 2.0 158.104 7 184.363 5 816.251 0 102.483 4 169.170 6 282.204 7
5 1 000 0.5 58.510 0 84.295 3 259.777 4 74.449 9 133.377 0 182.594 7
6 1 000 1.0 100.587 1 213.831 7 440.041 2 117.306 1 157.783 0 257.868 4
7 1 000 1.5 167.437 3 237.039 2 502.188 0 146.373 7 173.288 9 274.814 3
8 1 000 2.0 202.936 6 332.728 6 695.064 7 141.917 4 172.232°5 297.666 0
9 1 500 0.5 66.823 9 117.9359 224.5222 100. 139 4 146.546 6 235.454 2
10 1 500 1.0 107.768 1 237.962 2 459.503 1 128.332 2 181.358 6 308.003 7
11 1 500 1.5 164.956 8 359.253 4 514.480 6 143.122 1 216.606 1 343.437 0
12 1 500 2.0 212.350 8 497.020 3 683.411 4 184.568 8 243.491 3 396.822 6
13 2 000 0.5 70.682 8 134.573 6 191.806 8 138.613 9 191.644 6 310.500 3
14 2 000 1.0 114.741 6 239.115 4 412.229 3 157.708 1 251.919 5 373.521 7
15 2 000 1.5 189.125 7 307.147 7 496.040 2 179.621 4 262.594 2 401.537 9
16 2 000 2.0 221.453 3 440.399 9 670.436 0 209.590 8 290.879 7 442.414 6
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