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Research on the prediction and optimization of machine
tool cutting stability in generalized manufacturing space based on support
vector regression machine and genetic algorithm
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Abstract: Aiming at the problem that the uncertainty of part processing position and feed direction of machine tool causes the change of
the tool tip frequency response function ( FRF), which leads to the uncertainty of cutting stability lobe diagram and chatter-free
processing parameter prediction, a cutting stability prediction and optimization method is proposed combining the support vector
regression (SVR) machine and genetic algorithm ( GA). This method adopts the hammer impact modal test and spatial coordinate
transformation to obtain the tool tip FRFs of different machining positions and feed directions in sample space; then combining the
traditional cutting stability prediction method, a SVR prediction model of the limiting cutting depth is established, which takes the
displacements of machine tool moving parts, the feed angle, spindle rotation speed, cutting width and the feed rate per tooth as the
inputs; the SVR model is taken as the cutting stability constraint to establish the optimization model for the material removal rate
(MRR) ; with the genetic algorithm ( GA), the optimal configuration of the displacements of the moving axes, feed angle and cutting
parameters is solved. A case study was performed on a certain machining center, and the experiment result shows that the obtained
optimal configuration can achieve stable cutting, which verifies the effectiveness and feasibility of the proposed method.
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Fig.1 2DOF vibration system of milling machining
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Table 1 The factors and levels of the orthogonal experiment
. K
FSES X[ 3 [
1 2 3 4 5 6 7 8

x [6) 3 B x/mm 0~550 70 140 210 280 350 420 490 550

y A% & y/mm 0~400 50 100 150 200 250 300 350 400

z [0 B 2/ mm 0~400 50 100 150 200 250 300 350 400
PGS 0/(°) 0~360 45 90 135 180 225 270 315 360

FHlEEH 0/ (remin~') 0~15 000 2 000 4000 6 000 8 000 10 000 12 000 14 000 15 000

VIS8 a,/mm 2~25 3 6 9 12 15 18 21 24
RS £/ (mm-2z"")  0.02~0.2 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2
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Table 2 The orthogonal experiment scheme

F5 x 0y oz 0 n o oa. fo Mm|JF5 o2 0y oz 0 noa [, G |FT x 0y oz 0 noa, fo Gling,
1 7 4 6 3 8 5 1 4.02 23 5 4 8 7 1 3 2 1.29 45 36 8 2 3 4 5 49
2 3 6 4 1 2 7 10.57 24 8§ 6 3 7 5 2 1 8.53 46 1 4 4 4 4 4 4 451
3 7 1 7 2 5 8 4 16.82 25 5 2 6 5 3 1 4 3.24 47 7 6 4 5 2 3 7 267
4 6 5 2 4 3 7 1 0.24 26 7 7 1 8 3 2 6 10.44| 48 8 4 5 1 3 8 7 1.38
5 33 1 7 6 5 4 10.42 27 4 5 8 3 7 2 4 9.75 49 5 1 5 6 4 2 3 223
6 4 4 1 6 2 7 5 1.23 28 2 6 5 8 1 7 4 0.36 50 4 7 6 1 5 4 2 8.13
7 s 7 3 4 6 8 5 17.20 29 8§ 8 1 5 7 4 3 3.8 51 2 5 6 7 2 8 3 0.78
8 5 3 7 8 2 4 1 050 30 6 2 5 7 8 4 6 289 52 7 3 5 4 7 6 2 3.78
9 4 3 2 5 1 8 6 287 31 5 6 2 1 7 5 8 1.52 53 32 4 6 7 8 1 175
0w 2 7 8 5 4 6 1 2.39 32 1 1 1 1 1 1 1 1.54 54 6 3 8 6 5 1 7 15.85
11 4 6 7 4 8 1 3 10.63 33 12 2 2 2 2 2 1.57 55 6 7 4 2 1 5 3 1.5
12 2 2 1 4 5 3 8 6.30 34 5 1 2 8 6 7 1.18 56 7 2 8 1 6 7 3 240
3 4 1 4 7 3 6 8 1.07 35 3 4 2 8 5 6 3 7. 68 57 1 5 5 5 5 5 5 10.93
4 6 6 1 3 4 8 2 221 36 8 2 7 3 1 6 5 0.91 58 5 8 4 3 5 7 6 12.52
15 8 7 2 6 8 3 4 7.39 37 6 1 6 8 7 3 5 851 59 1 8 8 8 8 8 8 0.9
6 3 1 3 5 8 7 2 445 38 2 8 7 6 3 5 2 1.33 60 2 1 2 3 6 4 7 513
7 8 5 4 8 6 1 2 17.56 39 4 8 5 2 6 3 1 1.30 61 6 8 3 1 2 6 4 1.38
18 4 2 3 8 4 5 7 392 40 1 3 3 3 3 3 3 1. 65 62 37 5 3 2 1 8 6.25
9 7 5 3 6 1 4 8 2.85 41 1 6 6 6 6 6 ©6 1.72 63 1T 7 7 7 7 7 7 1.19
20 3 5 7 1 4 3 6 1703 42 2 3 4 1 8 2 5 9.26 64 7 8 2 7 4 1 5 12.9
21 6 4 7 5 6 2 8 5.83 43 8§ 3 6 2 4 7 8 1.05
2 2 4 3 2 7 1 6 1738 44 8 1 8 4 2 5 6 491
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Table 3 The range analysis and variance analysis results of the orthogonal experiment
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R W% R FMF Pk H i 275 il E FAE Pa
x [ & &/ mm 31. 82 4 %7 7 104. 997 15. 000 3.70 0.018
y [ {37 & y/mm 22.38 5 ¥3 7 58.761 8.394 2.07 0.117
z [ & z/mm 15. 14 7 2z 7 18.356 2.622 0.65 0.711
LG 0/(°) 15.49 6 A 7 21. 858 3.123 0.77 0. 621
F %45 n/ (1/min) 67. 47 1 ns 7 399. 395 57. 056 14.08 0. 000
YIHI i a,/mm 45.32 2 a., 7 216. 841 30. 977 7.65 0.001
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Fig.5 The structure of the support vector regression machine
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Table 4 The tested and SVR model prediction values of the cutting stability in non-sample space

V% WERVIBIARE @, /mm
iz x/mm y/mm z/mm 6/(°)  n/(r-min’'") @/mm ) 1 =
(mm-z70)  SER{E T B/ %
1 450 400 150 45 15 000 6 0.15 6.15 6.08 1.07
2 550 310 150 315 2 500 18 0.175 2.82 2.69 4.84
3 400 350 150 180 13 000 15 0.1 6.70 6. 60 1.42
4 330 200 400 315 15 000 3 0.15 10.95 10.77 1.70
5 270 300 350 180 7 000 3 0.175 6.96 6. 68 4.19
6 500 150 400 90 8 000 24 0.15 5.26 5.49 4.10
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(a) The limiting cutting depth when x position
changes(y and z are fixed)
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(b) The limiting cutting depth when y position
changes(x and z are fixed)
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changes(x and y are fixed)

Fig.7 The cutting stability lobe diagrams for different machining positions and feed directions
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Fig.8 The fitness curve of the optimization process and the cutting experiment analysis based on the optimization results
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