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Process parameters optimization of multi-pass CNC milling
considering uncertain machining position
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Abstract ; Limiting cutting depth for evaluating the milling stability is dependent on the machining position. The consequence is that
the stability constraint of the process parameters optimization model has uncertain. To solve this problem, the tool tip frequency
response functions at different machining positions are combined with the milling stability theory. Firstly, a general regression
neural network ( GRNN) is formulated for predicting the position-dependent limiting cutting depth, which can be used to determine
the milling stability constraint. Then, a process parameters optimization model of multi-passes milling for minimizing cutting time is
established. Displacements of the machine tool moving parts and cutting parameters for rough and finish milling processes are taken
as variables. The particle swarm optimization algorithm ( PSO) is utilized to solve this optimization model. A case study is
implemented on a vertical machining center. The optimal combination of machining position and cutting parameters can be
obtained, including the spindle speed, cutting depth, cutting width and feed rate per tooth. The total cutting time of the rough and
finish processes decreases 22.47% after the optimization. There is no chatter during the milling process, which verifies the
feasibility of the proposed optimization model.
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Fig.3 The machine tool and workpiece to be machined
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Table 1 Displacement factors of moving parts

in all directions

mm
K-
Ji T
1 2 3 4 5 6 7 8
x 70 180 260 350 440 520 600 680
y 50 100 150 200 250 300 350 400
2 50 100 150 200 250 300 350 400

BEWI 28 0.a, a, f. B)EATEFI5E 500 1000 ~
6 000 r/min,0.2~12 mm,0.2~20 mm,0.01~0.2 mm/z,
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Table 2 Orthogonal table of machining space modal experiment
B o y : || BT o« y : || T o« y : || T« y : || FT o« y z

1 7 4 6 14 6 6 1 27 4
2 3 8 6 15 8 7 2 28 2
3 7 1 7 16 3 1 3 29 8
4 6 5 2 17 8 5 4 30 6
5 3 3 1 18 4 2 3 31 5
6 4 4 1 19 7 5 3 32 1
7 5 7 3 20 3 5 7 33 1
8 5 3 7 21 4 7 34 5
9 4 3 2 22 4 3 35 3
10 2 7 8 23 5 4 8 36 8
11 4 6 7 24 8 6 3 37 6

12 2 2 1 25 5 2 6 38 2

13 4 1 4 26 7 7 1 39 4

5 8 40 1 3 3 53 3 2 4
6 5 41 1 6 6

8 1 42 2 3 4 55
2 5 43 8 3 6 56 7 2 8
6 2 44 8 1 8 57 1 5 5

1 1 45 3 6 8 58 5 8 4
2 2 46 1 4 4 59 1 8 8
5 1 47 7 6 4 60 2 1 2
4 2 48 8 4 5 61 6 8 3

2 7 49 5 1 5 62 3 7 5
1 6 50 4 7 6 63 1 7 7
8 7 51 2 5 6 64 7 8 2

8 5 52 7 3 5
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Fig.4 Prediction accuracy of GRNN and machining position-dependent limiting axial cutting depth
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Table 3 Optimization results of process parameters in rough and finish machining process

- AL/ mm MT R WS WIMISEE AR i i s/ YIEIE]/min
x y 2 WiF @/ (remin™')  a/mm a/mm o (mmet) EE T kW LR sy |
1 1693 2.99 11.30 0.12 20 3 5.86 5.906
2 3168 0.20 16. 95 0.05 1 2 0.63 0.253
EElna 95 279 298 7. 696
3 1 856 2.34 6. 10 0.19 25 1 4.32 1.418
4 1 685 1. 50 6. 10 0. 10 1 1 1. 64 0.119
1 2 500 4. 60 3.50 0.15 13 11 5.39 7.627
W R 300 200 150 2 2 000 0. 20 3.50 0.15 1 11 0. 10 1. 100 9.927
3 2 000 5.00 1.50 0.10 12 1 1.74 1. 200
2001 AR SCRERL/RS I T Ry A, LLAILIR 4532 8h 3 44 0r
TI& NI B 5 4 TR Be Ul 2 800 A28 1, LIORL/AKS fin T3]
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Fig.5 Spectrum of measured cutting force signal
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