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Abstract

This paper presents four process models for machining processes : 1) an
economical mathematical model of machining process, 2} a prediction model
for surface roughness, 3) a decision model for fuzzy cutling conditions, and
4) g judgment model of machinability with automatic selection of cutting
conditions. Each model was developed the economic machining, and these
models were applied to theories widely studied in industrial engineering which
are nonlinear programming, computer simulation, fuzzy theory, and neural
networks. The results of this paper emphasize the human oriented demain
of a nonlinear pregramming problem. From a viewpoint of the decision maker,
fuzzy nonlinear programming modeling seems to be apparently more flexible,
more acceptable, and more reliable for uncertain, ill-defined, and vogue
problem situations.
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Table 2. Machining Process Data
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Table 5. Learning Data for Meuvral-network

uc Cutting S Feed MRR 1
(9) (m?mirll;;eed {mmirev) Depth of Gut {mm) {mm?/min10?) |
1,050 82.01 0.675 0.485 20.301 _
1,100 59.83 0.669 0.485 19.445
1,150 58.83 0.663 0.485 18.917
1,200 58.15 0.654 0.485 18.445
1,250 : 57.06 0.649 0.485 17.960
1,300 55.40 0.640 0.485 17.19%
1,350 53,71 0.636 0.485 16.567
1,400 51.67 0.629 0.485 15.763
1,450 ' 49.81 0.625 0.485 15.089
1,500 48.34 0618 0.485 14.489
1,550 46.01 0.612 0485 13.657
1,600 43.87 0.608 0.485 12,936

Toble 6. Checking Data for Neural-network

uc Cuiting Speed Feed MRR
Depth of mm

{w) {m/min) (mm/rev) spth of Cut (mm) {mm2/min103)
1,080 2.1 0.675 0.485 20.301
1,070 62.01 0.675 0.485 20.301
1,440 49.81 0.625 0.485 15.089
1,460 49.81 0.625 0.485 15.008
1,580 43.87 0.608 0.485 12.836
1,580 43.87 0.608 0.485 12.936
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Table 7. Learning Data Set for Cutting Speed

. input
Object Mode! ; P Output Neuron Learning Conditions
Neuron
Input Neuron = 4
. Output Neuron = 1
Unit
it Cost Sample Pattern = 10
Feed Learning Rate » = 0.2
Cutting Speed Cutting Speed Momentum Rate r = 0.75
Error Bound = 0.001
Depth of
pth of cut Hidden Layer = 2
MRR Meurons in Hidden Layer = 10,10
[ lteration for Learning = 5,400

Toble 8. Neural Network Results for Cutting

Speed
Unit Cost Estimated Percent Error
(w) Vatues(m/min) (%)
1,060 61.9503 3.25
1,070 60.2795 3.04
1,440 49,9213 316
1,450 48.6107 275
1,580 44 9571 0.96
1,590 435797 0.52 !
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Table 9. Neural Network Results for DM Specified Feedrate and Depth of Cut

2 =82 71E A EAE HAY
o2 BFAA AL T4 92 TN
on, NEH|AS Fold RUALS ge
Hated B B 2] Aoz F§
stath #2 vldAE 29 A3 AR

uc DM Specified parameters Estimated Estimated
Feed Cutting Speed MRR
{#) Depth of Cut (mm} (mmiey] (mmin) (mYmin1 69
1,050 0.515 0.750 438.4181 18.7015
1,080 0.380 0.519 49.1201 9.6875
1,130 0.555 0.603 46.5937 15.5933
1,260 0.480 0.690 46,0587 15.2546
1,350 0.685 0.495 50.0889 16.9839
1,460 0.483 0.620 48.1021 14.4047
1,490 0.585 0.462 51.5806 13.8407
1,520 (1.545 0.635 49,9156 17.2745
1,580 0.785 0.612 53.6897 25.7936
! 1,600 0.485 0.761 56.5815 20.8834
65
o0
Cutting 33
speed
{(m/min) 59 {
45
40 s L A 'y . A s L L 'l J
1000 1050 1080 1130 1260 1350 1460 1490 1520 1580 1600 1650
Unit cost (¥)
Fig. 4 Cutting Speed of the Turning Process
e I A7te] BHLZRE o o 84S Fos)

o, 845 2 A 29 mag 9
A BAE 2ot AFH0E 488 & A ¥
Az, 24 B EA0l 3-8 4 ATk
T3 2" HA dHzds A48T 7199
UEFRZ FEF0BHN d&5H0)n AFH2
Z AR ke RS A9t



S BERte 531 2dY wWEe A
AT 2 23 97 gge) 1ad HFe)
BAERDY Be ANASE Y 5 glow,
A A7 R Aol o)lgtral A
HEolE A g HHo= AHoAF 4
AA Hol AgAo] 715& 2k FXA F
X8 Ao g8o] 7bFsstA 2 Aot}
5 97 FAZE Hakee ohel Ygo

718 A% S F 83 AAg 2wl

& Gilslatn, Fre 7)AE E4olu w3

+9 394 Jd¢ ueigosn ] g7

A 2o HeldA A8 & Qe d7g B

BANA ZloFd Alojt

HIgd

[-1 P, olgsl, “AEyold A3 7y
2 g Aele] 387, B
B|A, A3 23, pp.57-67, 1994.

[2} @53, olgsl, "SR 4 nE AA
AR e Bl B9 37, §= £
AREBEAEE A, A21E 135, pp.47-65,
1995,

[3] B8%, “H&Ale] A o] Al 2e) At
@°, WAEIA, A6A 75 pp.
1223-1233, 1992.

[4] Armarego, E. I. A, et al., “Computer-Aided
Constrained Optimization Analyses and
Strategies for Multipass Helical Tooth
Milling Operations”, Annals of the CIRP,
Yol 43, pp.437-442, 1994,

[5] Chanas, S., “The Use of Parametric
Programming in Fuzzy Linear Program-
ming”, Fuzzy Sets and Systems, Vol11, pp

AlEHoldat HANAFAY B A PL 0|89 AAAY B4FY vy 53

243-251, 19383,

[6] Christos, P, K, “Simultancous Determina-
tion of Optimal Machining Conditions and
Tool Replacement Policies in Constrained
Machining Economics Problems by Geome-
tric Programming”, 7xt.J.Prod Res., Vol.29,
No.12, pp.2407-2421, 1991.

(7] Davis, R. P, R. A. Wysk and M. H. Agee,
“Characteristics of Machine Parameter Op-
timization Models”, Applied Math. Model-
ling, Vol.2, pp.275-279, 1978.

[8} Ermer, D. S., “Optimization of the Con-
strained Machining Economics Problem by
Geometric Programming”, J. of Eng. for
Ind., Trans. ASME, November, pp.1067-1072,
1971.

[9] Gupta, R., I. L. Baira and G. K. Lal, “Profit
Rate Maximization in Multipass Tuming
with Constraints : a Geometric Program-
ming Approach”, Int. J. Prod. Res., Vol.
32, No.7, pp.1557-1569, 1994,

[10] Hamacher, H., H. Leberling, and H. I.
Zimmerman, “Sensitivity Analysis ir Fuz-
zy Linear Programming”, Fuzzy Sets and

Systems, pp.269-281, 1973,

[11] Hitomi, P. E. “Analysis of Optimal
Machining Speeds for Automatic Manufac-
turing”, Int. J. Prod. Res., Vol. 27, No.
12, pp.1685-1697, 1989.

(t2] Kusiak, A., Intelligent Manufacturing
Systems, Prentice Hall Inc., New Jersey,
1990.

[13] Lee, Y. H., B. H. Yang, and K. §. Moon,
“Optimization of Machining Process Us-



54 olagal - Py - B

ing Simulation Model”, Proc. of the Ist
Int. Symp. on Advances in Intelligent
Computer Integrated Manuf. System,
Seoul National Univ., pp.242-247, 1994.

[14] Machinability Data Center, Machining
Data Handbook, Vol.Il, 3rd edition, Insti-
tute of Advanced Manufacturing Sciences,
Inc., 1980,

[15] Montgomery, D. and Y. Altintas, “Mechan-
ism of Cutting Force and Surface Genera-
tion in Dynamic End Milling”, J. of Eng.
for Ind., Trans. ASME, Vol.113, 1991.

[16] Moon, K. S. and J. W, Sutherland, “The
Origin and Interpretation of Spatial Fre-
‘quencies in a Turned Surface Profile”, J.
of Eng. for Ind., Trans, ASME, Vol.116,
No.3, 1994,

"17] Okushima, K. and K. Hitomi, “A Study
of Economic Machining : an Analysis of
the Maximum-profit Cutting Speed”, Int.
J. Prod. Res., Vol.3, pp.73-78, 1964.

(18] Pao Y. H., Adapiive Pattern Recognition

and Neuwral Networks, Addison-Weslet,
1989,

r19] Shin, Y. C. and Y. S. Joo, “Optimization
of Machining Conditions with Practical
Constraints”, Int. J. Prod. Res., Vol.30,
pp.2907-2919, 1992

[20] Sakawa, M., Fuzzy Sets and Interactive
Multi-objective
Press, New York and London, 1993

[21] Wu, S. M., and D. S. Ermer, “Maximum
Profit as the Criterion in the Determina-

Optimization,  Plenum

tion of the Optimum Cutting Conditions”,
J. of Eng. for Ind, Trans. ASME,
November, pp.435-442, 1966.

[22] Zhang, G. M. and S. G. Kapoor,
“Dynamic Generation of Machined Sur-
faces”, J. of Engr. for Ind., Trans. ASME,
Vol.113, 1991,

951 128 &% F=, 96dd 108 HE +F



