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Optimization of milling process parameters considering the constraints
of cutting stability and surface quality
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Abstract ;: The dynamic characteristics of the milling process system respond to the variation tool clamping length, which affect the related
milling stability and machined surface quality. In further, they lead to the uncertainty of milling process planning. To address this issue,
the tool overhang length and traditional milling parameters are combined as the inputs. Then, two back propagation neural networks
(BPNNs) are introduced to predict the limiting axial cutting depth and the surface roughness, respectively. Furthermore, two BPNNs
are used to express the constraints of milling stability and machining quality. Then, an optimization model is formulated to decrease the
total cutting time of the rough and finish milling processes, where the tool overhang length and the milling parameters for rough and finish
processes are designed as the optimization variables. The sparrow search algorithm is used to solve the optimization model. A case study
is implemented on a CNC machine tool to milling the fixture cavity. The optimal configuration of tool overhang length and milling
parameters are achieved. The total cutting time is 12. 577 min and the measured surface roughness is 3.01 wm, which verify the
feasibility and effectiveness of the proposed optimization model.
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P2 o IR A (6) F(7) |, BN X A BE I AR e
ARG TR, 36 1 50 H & B U] 3R s U
HIlth %5 7] B &4y 240, 7F MATLAB 545 SSA
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Table 3 Designed orthogonal table of the milling experiment

F5 n/ 1/ F5 n/ 1/ F5 n/ 1/
a,/mm a,/mm a,/mm a,/mm a,/mm a,/mm
(remin”) " T (mmes ) (remin”) " T (mme ) (remin”) " ‘ (mmez™")
1 1 6 3 8 23 8 3 1 6 45 8 1 3 4
2 5 8 5 3 24 4 1 7 1 46 4 3 5 7
3 6 8 7 4 25 4 4 8 2 47 3 3 7 8
4 2 6 1 7 26 8 2 2 5 48 7 1 1 3
5 4 8 4 5 27 7 2 4 6 49 8 5 7 7
6 8 6 6 2 28 3 4 6 1 50 4 7 1 4
7 7 6 8 1 29 1 2 7 3 51 3 7 3 3
8 3 8 2 6 30 5 4 1 8 52 7 5 5 8
9 3 5 1 5 31 6 4 3 7 53 5 7 8 6
10 7 7 7 2 32 2 2 5 4 54 1 5 2 1
11 8 7 5 1 33 7 4 2 4 55 2 5 4 2
12 4 5 3 6 34 3 2 8 7 56 6 7 6 5
13 2 7 2 8 35 4 2 6 8 57 6 6 5 6
14 6 5 8 3 36 8 4 4 3 58 2 8 3 1
15 5 5 6 4 37 6 2 1 1 59 1 8 1 2
16 1 7 4 7 38 2 4 7 6 60 5 6 7 5
17 2 3 6 3 39 1 4 5 5 61 7 8 6 7
18 6 1 4 8 40 5 2 3 2 62 3 6 4 4
19 5 1 2 7 41 5 3 4 1 63 4 6 2 3
20 1 3 8 4 42 1 1 6 6 64 8 8 8 8
21 3 1 5 2 43 2 1 8 5
22 7 3 3 5 44 6 3 2 2

_
=)
b
=3
o

- SEH| _ - TG B
BRI e N 2 S
st 3SpogEMEES 4 |
g g o g Ar il ||
6 30— mat g { V]
E £ g 11|
= A - | |
2 B 2’
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(a) The surface roughness values .(b) Variation tendency of the surface roughness (c) Comparisons of predicted and real values

Pl 6 R B IR LA K OGHE ) BPNN T A A2
Fig. 6 The surface roughness values and the accuracy of the BPNN for R, prediction
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(a) The iteration process for each algorithm
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(b) The cutting force spectrum of the rough milling process

K7 DTEI AL SR T B Be b g
Fig. 7 The convergence process of the total cutting time and

the cutting force frequency spectrum in roughing process

12. 557 min , TR FRPRE AN T2 T RLRE 2 (B 2. 94 pm, [7]
IF, 7 (a) HOR 8 S E AR [ RO R a5 1L Bk
(generic algorithm, GA) . k. T # H ¥E ( particle swarm
optimization, PSO) AL Hh £, 7 & PSO B AR IS4
PR AEEAE T 0 S DT B[R] T, A K, 5 B A R i
PE; GA 48 FRYSDTHIEE] T, 5 SSA 22 54/ (HHZEAR
PR T SSA, PRI, £ SHU0RE B2 S5 iR A TR R
JH SSA KA EEN B BEHIS AR LA A

4 FUHH R SSA SR BRI T RS n TR B Bt
HI T 2240, U Be se il Th = 571 B %54,
F 4 & B BUBE ) 2 B0 U nT A AR DD RS E T
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HI R B B B KA SR 3R 4 ok i oAk 2
S G AT BEE SE I S E, SR Y ) Bl AL TR
P RS SR 5 AR B AL/ n TR B DI I S 5000 1
A HEAT 3 rhJe BRI RO BEHI I T R Kistler 1
JHE B Tl #E b B I 55 18 7 (b) R T
W Be U A1 1 32 S 3R Ry T 1 U0 I A AR e A%
AL [ IS SR FHREL B 2 ASC TN 4t 1% e ¢ S T MR 2 1
3.01 pm, e [FERBIUEAIS IO BE I T 22 S8 & w2
BEEIRR E PR 50 T R S WA SCHR HE A BE ) T
SR RE

Fa4 HWENISEIZSHRUER

Table 4 The optimized process parameters for rough and finish machining processes

e CTVBMEL EHIEEGEBIRIE GEIGE AR Y amms gprs PR min
= 1/mm n/(remin”')  @,/mm a/mm - fi(mmez ) e e min kw B BA

N 3091 1.68 4.16 0.27 17 19 60. 65 4.39 11.61
KL 3229 1.44 8.78 0.11 1 9 60. 02 3.73 0.760

61.20 12. 557
3193 11.46 0.98 0.12 2 1 132.24 4.40 0. 145
3787 7.08 0.98 0.19 1 1 76.21 4.40 0. 042

BPNN A5, 53 il 3380 TAG & AN Tt 295, e 7

4 £ it VUL 0 T D00 ) o F s B9 R T2 S R ik

AR SCER G AR GEBE I 2 JOR JT B8 i A D i A
AR A B AR E MR B S I H R 5N T
245, o3 59 ST A BRI TR B R SR TR BE B9 BP
2 o 25 AERD | B T R R AR T T WA s Y A
R, T BN A e v S B E U B R i it
HIE A
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S A AL A b, 5 AHR R UTD I R R R 3% TR R S

R
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FIM5 555 F 1 RELRE B2 (L, S0 00E B2 3 19 Pt AL 780 ] 35 i L
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FENUKRERE . 2 T B 7] 42 55 X 28 6 B H oo 72 19 5%
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