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Optimization of Cutting Parameters Based on Pareto Genetic Algorithm
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Abstract

Based on the Pareto genetic algorithm, an algorithm was proposed for the cutting parameters
selection and optimization to solve the decision-making problems of the cutting parameters in a computer
aided process planning (CAPP) system. First, a multi-objective model was built by analysis of restraint
with cutting speed and feed as optimization variables and cutting efficiency and the tool life as
optimization objectives. Second, the selection operator was improved. In order to ensure the search
direction, a non-inferior set was set up to save Pareto optimal solutions which were generated by
competition during evolutionary processes. The crowing mechanism based on niche technology was
established to keep population diversity. And then, genes were recombined by means of mixed crossover
operator and step-size mutation operator and an optimal set which distributed uniformly along the Pareto
front was obtained after a few times iteration. Experiments results showed that this algorithm was feasible
and effective.
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Tab.1 Running results of algorithm

IH B 4 UL & J1 Bt

/m+min ! /mm-s ! /min "' B /min
74.28 0.72 1. 14 205. 31
65. 49 0.71 0.99 382.12
84.59 0.73 1.31 100. 17
90. 37 0.76 1.46 65. 96
70. 84 1. 09 1.09 249. 46
97.32 0.74 1.54 47. 69
96. 67 0. 82 1. 68 36.29
69. 16 0.71 1. 05 288.70
64. 42 0.70 0.96 428. 89
65.58 0. 69 0.97 400. 14
86. 70 0.74 1.35 87. 14
66. 44 0.71 1. 00 357.88
79.15 0.72 1.21 144. 88
109. 18 0.78 1.82 23. 87
63.57 0.70 0. 94 463.55

4 HERE

¥4 Pareto L JLAR 008 2 3 1550 0 25 41, 95
T 5 e R 1 S 4, 0 00 7
3540 1 7 WM 3 1 2 R RN A 5 A e s



224

g Ak MO ¥ R 2011 4

Froll o il S ls s, /5 8 TRV AR LR AR T AL S RO R £ AT A IR R A
AR SCI DA I n A 48] 5 Bk, ot e n 5 5 TR, bk = SR B SR AL D, dnfar e
FURHARBRBOMA RS AR BN 0 mRRE T e A R e s 1k, e A 5 T2t —
IS, R, & m U H e A RE HET P

10

11

12

14

2 £ x #

B, A BESOR. B TN S ER AL [T]. R AL T A2 ,2004,15(3) :235 ~237.
Wu Meiping, Zhai Jianjun, Liao Wenhe. Research on NC machining parameter optimization [ J]. China Mechanical
Engineering, 2004 ,15(3) :235 ~237. (in Chinese)
FFUN BT AR TR TR B Bk BT AR AR LT ] HLH AR ,2005,22(1) 240 ~44.
Shu Zhou, Huang Zongnan. Cutting parameters optimization based on variants of canonical genetic algorithms[ J]. Mechanical
& Electrical Engineering Magazine ,2005,22(1) ; 40 ~44. (in Chinese)
PR, B ALl , k. 2 7 N D 2 4% 07 ik i DD T B 2 RE e R 4t [ 7] L R 4R ,2003,37(10) 17 ~ 19.
Chen Jie, Luo Hongbo, Zhao Wu. Intelligence selection system for cutting parameter based on neural networks[ J]. Tool
Engineering, 2003,37(10) :17 ~19. (in Chinese)
AT D bR, SR, SF L B T R Y BP b2 R4 DI S B AL IR B [T ] MUK 5K ,2008, 36(5) ;213 ~215.
Zhao Han, Feng Baolin, Dong Xiaohui, et al. Optimization choice of cutting parameter based on improved BP neural network
[J]. Machine Tool & Hydraulics, 2008, 36(5) :213 ~215. (in Chinese)
TR XUAE . H5 T Bk BRI Bk BB I O S H A [T ] B HLA 2004 (6) 76 ~78.
Zhang Shuangde. Application of improved simulated annealing algorithm in NC machining parameter optimization[ J]. Coal
Mine Machinery, 2004 (6) ;76 ~78. (in Chinese)
Asokan P,Saravanan R, Vijayakuman K. Machining parameters optimization for turning cylindrical stock into a continuous
finished profile using genetic algorithm ( GA) and simulated annealing( SA) [J]. The International Journal of Advanced
Manufacturing Technology, 2003,21(1) :1 ~9.
) ke XU S B TR B R E M T B AT (] LR R 1 & 4, 2006,12(10) 1 1 651 ~
1 656.
Li Jianguang,Yao Yingxue,Liu Changqing, et al. Culting parameters optimization in turning based on genetic algorithm[ J].
Computer Integrated Manufacturing System, 2006,12(10) :1 651 ~1 656. (in Chinese)
BT TR, B DT T B R AL LA P I AR AR BT T ] HUA T 5 BT ST, 2008,24(4) 193 ~97.
Huang Zongnan,He Lanlan,Shu Zhou. Constraints handling in cutting optimization by genetic algorithms[ J]. Machine Design
and Research, 2008,24(4) :93 ~97. (in Chinese)
ViR, AR, M, %6 JE TR i R B S8 RGE )] WA R EEH TR 2 27 42,2007 ,12(5) :39 ~42.
Xu Feng,Zheng Minli,Jiang Bin, et al. High speed milling parameters optimal system based on genetic algorithm[ J]. Journal of
Harbin University of Science & Technology, 2007,12(5) :39 ~42. (in Chinese)
H [ W 2R AR, TR B AR W s A SR LR DI 28T ] L P E AL AR, 1994,5(6) 34 ~35.
Shen Liguo,Han Zhijun,Zhang Kun. Using genetic algorithm to plan cutting parameters[ J]. China Mechanical Engineering,
1994,5(6) :34 ~35. (in Chinese)
XU IL 0 . B TRE TR A 0 A R LU S B AE [T ] [R5 2 24 - BSR4 1, 2008 ,6 (6) :803 ~ 806.
Liu Haijiang, Huang Wei. Computer numerical control machining parameter optimization based on particle swarm optimization
[J]. Journal of Tongji University;Natural & Science, 2008 ,6(6) :803 ~806. (in Chinese)
Zdt e AR R RORE TR R BN AT S E A P R TT[T]. S HURS A S TR ,2005(5) 9 ~ 11
Qin Jianhua,Li Zhi. Application of improved particle swarm algorithm in NC machining parameter optimization [ J]. Modular
Machine Tool & Automatic Manufacturing Technique, 2005(5) :9 ~11. (in Chinese)
AR TS B AL SCHT, % BT RSB R IE RS A9 2 A AR B 5L [T £ 5 e 2 ,2007,22(2) - 164 ~ 168.
Qi Rongbin, Qian Feng,Du Wenli, et al. Multi-objective genetic algorithm based on elitist selection and individual migration
[J]. Control and Decision, 2007 ,22(2) : 164 ~168. (in Chinese)
W MRKE RS 2 BAREAL S AC S TE [T ] THBEHLE 4, 2003,26(8) = 997 ~1 003.
Xie Tao,Chen Huowang,Kang Lishan. Evolutionary algorithms of multi-objective optimization problems [ J]. Chinese Journal
of Computer, 2003,26(8) : 997 ~1003. (in Chinese)
(T#% 234 TT)



234 N AT S ¢ 201 14

6  Pratapkumar Nagaraja, Donggang Yao. Rapid pattern transfer of biomimetic surface structures onto thermoplastic polymers
[J]. Materials Science and Engineering: C, 2007, 27(4) . 794 ~797.

7 KBRS AL BRI, . DiE AR A Y AR I B R i [ C ] /2005 B B AL AR A S S U,
2005:33.

8 Raschi W G, Musick J A. Hydrodynamic aspects of shark scales[ C] // Special report in Applied Marine Science and Ocean
Engineering, 1984, 272, 1 ~10.

9 Springer V. G, Gold J P. Sharks in question; the Smithsonian answer book [ M ]. Washington and London: Smithsonian
Institution Press, 1989.

10 LB, X%, RIL. BULHSFHZ MM LT]. e R% L7, 2007, 15(1): 69 ~75.
Du Liqun, Liu Haijun, Qin Jiang. Study on uniformity of micro-electroformed device[ J]. Optics and Precision Engineering,
2007, 15(1): 69 ~75. (in Chinese)

L SR AR S ISR [M]. dbat: fhze Tl i it , 2007.

12 Bechert D W, Bartenwerfer M, Hoppe G, et al. Drag reduction mechanisms derived from shark skin[ C] // Proceedings of

15th ICAS Congress, New York: AIAA Inc, 1986:1 044 ~1 068.

(L#EE 224 )

15

16
17

19
20

21

Fonseca C M, Fleming P J. Multi-objective optimization and multiple constraint handling with evolutionary algorithms—part
I :a unified formulation [J ] . IEEE Transactions on System,Man & Cybernetics —Part A :Systems and Humans, 1998,
28(1):26 ~37.

BITE, EFR. SR UIHRE S TR M. e Rt e mt TR A sk, 1994.

Horn J, Nafpliotis N. Multi-objective optimization using the Niched Pareto genetic algorithm, IIliGAL Report 93005 [ R ].
Chempaign: University of Illinois at Urbana — Champaign,1993.

ARH e IET Pareto Front 192 F RIS 71 1]. WK% B SR BHE2 42004 26 (1) 5 39 ~41.

Li Lirong,Zheng Jinhua. Multi objective genetic algorithm based on Pareto Front[ J]. Natural Science Journal of Xiangtan
University ,2004,26 (1) : 39 ~41. (in Chinese)

JEI B PR A 35t A% B 1 D B RN I L M) E st B ol s A, 1999.

FICHKTG REE S R TR R AR A BT [T ]. DB R B R 58 ,2007,28 (8) < 1 448 ~
1451.

Wang Wenzhuo,Zhang Qiao, Wu Chunguo,et al. Analysis for the effect of genetic operators on the performance of immune
algorithm[ J]. Journal of Chinese Computer Systems, 2007 ,28(8) :1 448 ~1451. (in Chinese)

3%, W VR DI TTRE R T M . B s AU T oll i A, 1994,



