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Optimization of high—speed machining process using constrained

R-T characteristic curve

Y.C. Choi*, D.W. Kim*, Y.S. Chang’, M.W. Cho™, Y.M. Hea"

lr Abstract

l
F

With the recent development of machining technology, high speed machining process is widely used for the mold and difficult-to
-cut-materials machining since it allows achieving high productivity and surface quality. However, during the high speed machining
process, high cutting speed and feed rate can cause abrupt tool life decrease due to rapid rising of the cutting tool temperature. Such
situation may cause increase of machining cost. Thus, in this study, developed optimization algorithm is applied to determine optimal
machining variables for multiple high speed machining. The R-T characteristic curve for machining economics problems with a
linear-lorarithmic tool life model is determined by applying sensitivity analysis. Finally, a series of high speed machining experiments

are performed to determine the desired optimal machining variables, and the results are analyzed.
Key Words : High Speed machining : %718, R-T characteristic curve : BAg-5755 SA4FA,

Machining economic problem : 773 A &A)|
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Fig.1 The Wear mechanisms on the coated tool
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Fig. 2.Experimental set up for measuring cutting force
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Fig. 3 Cutter orientation

Table 1 Experimental condition

Machining parameter

SKD 61
work piece
HRC 49 ~ 53
operation Down milling
fpm (ft/min) 577 660 742
feed(ipm) 110 151 198
depth (in) 0.027 0.024 0.02
Cutting Environment wet.




(a) V=577,F=110, D=0.027

(b) V=660, F=151, D=0.024

V=742, F=298, D=0.02

Fig.4 Potographs of the tool wear of the end mill in relation to the Experimental condition
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Fig. 5 Cutting force according to Cutting Speed
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Table 2 Optimal Simplex Table

W1 w2 w3 w4 W5 w6 w7 sol
zZ 0 0 2.56 0 0.29 | 94.69 [0.6498
w2 0 1 0 [ -1 0 0 101

w1 4.31 0 0.23 0 0 -0.23 0 0.23

W4 3.23 0 -0.75 1 0 0.75 -1 0.26

6. ZHH SE Y HAZH d2 H3

Simplex Table ol&3h) AjEAe) ARaj2 7}
wiwwit g, HRaE 984 o 74 27
(15), (16), (17)& B43}A &3} R-TEA 34
28] sla) A3 7bs 28 AAehE TAE Heol st
d, o] T AR 2 24| Aok dhelshel
war 8] ke Fato] A ks J4E 7e.

¢ ol 4> e

W2 1 0 0 1-0.1469wn
w|=[0 0232 0]|x}1-1.3582w:
Wi 0 -0749 1 1-1.5574we (26)

Wa, o]gle] THE MASE BE o] Al Yol & sl
k] 3¢ FhAA HEE Arks 948 7 41 g
Asrbsqedo] Wake T ohe s} 2.

177 0 < we < 0.642
277} 1 we =0.642

377 0.6425 <wn<0.736
477} . we=0.736

597F: 0.736 < we <1

A 718 374 Cor/Cozt= 0.022 3 & o] A7 A
g FA sk AR 8748 V=577, F=198, D=0.027
7}

Table3 Change of Machining Objectives and Constrain

Dual Primal
Regin Wa Col/Co2

max | min max | min

Force, Max speed,
1 0 ] 0.642] Wi, W2, W4 | 0.025

Max feed
2 0.642 Wi, W: | 0.89 |0.025| Force, Max feed
3 |0642{0.736] Wi,Wi | 29 | 089 Forcs, " min feed,
Max speed
4 0.736 Wi, Wi | 35 | 089 Max speed, min fee
5 0.736| 1 Wi, W1 35 Max speed, min fee
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Fig. 7 R-T Curve of Change of Machining Objectives
and Constant
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