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Determination of Optimal Cutting Conditions Based on the
Relationship between Tool Grade and Workpiece Material

Dong-Won Hahn*, Sung-Lim Ko**, Keon-Woo Lee***

ABSTRACT

In determining optimal cutting condition for face milling operation, tool wear is an important factor. For
the purpose of establishing the relationship between various machining factors and tool wear, cutting tests
have been performed. As a result, hardness and chemical composition of workpiece material, chemical com-
position and grain size of cutting tool and cutting speed have been selected as machining factors. In addi-
tion, relationship between feed rate and workpiece hardness has been observed. Prior to utilizing cutting
conditions recommended by ‘Machining Data Handbook(MDH) as a knowledge base, an analysis for the
validity of the MDH has been provided. Based on this analysis, tool life criteria applied by MDH has been
modified. Finally, using MDH recommended data for neural network trainning, the results from the trained
neural network for optimal cutting condition for some given workpiece and cutting tool can be used as ref-
erence cutting conditions.

Key Words : Optimal Cutting Condition(#2 A427), Machining Factor(7F<1A), Cutting Variable(B484)
Machining Data Handbook (32}22 %), Chemical Composition(3F8t4£), Neural Network(4173 3] 2%)
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Fig. 2 Tool Wear in Various Feed Rate
(V=120m/min, t=0.2mm, workpiece=SCM4)
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HAANA F2 AAARE 71222 FAd AT E7
g Patx V) fEeln

Table 2. Structures of Input Patterns for Neural Network
Training
Carbon Stee!  |Hardness, C, Mn
Alloy Steel  |Handness, C, Mn, Ni, Cr, Mo
Stainless Steel |Hardness, C, Mn, P, §i, Cr, Ni
Cast lron Hardness, Tensile Strength, C, Si, Mn, S, P
Tool Grade |WC, TiC+TaC, Co, Grain Size of WC, CoatedUncoated

Workpiece

7} (family)e] A3 29 &% (hidden layer)<
A2 ste 725 9o, §&39 ==(node)F
t g2 familylelAd 978, 27 (familylIA 1274,
26 A% (family)$ F2 (family)eld 22 1570
Z sigth. ol @ Az F2E ALY 5
e HA2E e T2E APFH o & Ao
o, AAY == Alel9 #A43} F4(activation func-
tion)E Y¥tA 0 2 714 Yol AL4H 3 Y= AlAR|E
34 (sigmoid function)® AH-3tiom, Egude
2 #8} (normalizing) ¥ Y& 0.201A4 0.8A0] & 3t L,
298 A4 (momentum factor)s 0.952 A% stAth.
Fig. 99AE oj@A 749 A3z 728 A
et

Workpiece Chemicat Chemical GrainSze Qor ) for

o L fWCin  Coated
Hardness Compasition. Composition of oa¥”
of Workpiece Took Grade Cabide  Tool

Tool

Fig. 9 Structure of Neural Network
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6.0l & & xf

A9 e FA9) A1733 2%9E 100000epoch ot vt
Bet&EA 39 3 oAAFY #F(Squared-Sum
Error, SSE)2 ol ¢} 22 2oz Add,

Y (target ~ neural output)*
SSE = £

- x100(%) (7)
> target
k

A HdA [targetle A2 2F 488 BEEY,
(neural output)2 41723 E%9 Zgiolt}. SSEE
g47kel A% 0.010786%, #2749 A% 0.01854%.
28 ddA 279 A4 0.013798%, FA A%
0.023189% 2 A @40l vf ¢ ¥5 Al Vet

oM 2 AAHe 7H5A (weight) 9 Hiolo] &~
(bias) &< ©]-&3led HA3E Yshe A} F7of
g dlo]HE sl Awrat d A forward propaga-
tion)& FHIE AP AAETG HY o|$FS AL
& itk & 2173 299 7Md 3 hypothesis space)
o 27le gyl oluiel Y EY W go] g&ae
WA HoldE QAL AXA Hugt® g&r o
RE M A Hojues dolHE d3te A9 2%
o g B3 25 2 B3 Aol Weslt) ol 4
gt 4 OFd T AZH 2t g vle A9
< AAEY Zzte] v-TAZE AAST. 1 tgoes
@9 AFdAN g V-TZAHAAM Yethdes 37 49
808 S vEhll e HAEE(V, g o A A2 A

F e B8 &

HE AAEEV

neural

)& vlages

H E Aol A (Error) & A&¥ + Ut} of 23t
AZRAZT dF) B AFse 2AR o8t

A3 2] A At thFFA e 27 PAZ
% PVDREAF, MAAEE 543 SCM4(HBN
210)9] H&dt= A9 dg3Ae] pvDIHAEY
TiC/AI203/TINZB A F & 353 FC30(HBN
190)e AH&3te 749 vHoHE A3t ¢4 o
5 7 (family)® 3 (family)dl d&) 58
AR 2] dEste g AT PFozA A3
sagoA 2¥E AFAAZANV, 0 fow) T dE
o 22V, a5 A8 58 @2 V-T2 g
2R, V8 FF (T, ) €2 F At

V-TAZE Zsted slojxd 74 379 SAnRF
2 dutdog 33 soo g Foy Y& E9F njuF
€ Agdded, 2AFFE Vb=0.3mm,
TiC/AL,O,/TiNZ® 3 PVDIZEZ T+ Vb=0.15mm,
AdETe Vb=0.1mmE 747 FAnrFez 39t
e oldi dojA V-THEAM V, _ B T3 o2
Vo ® BT 2312 42840 o704 ALsd
Zyzte] V-TASE Fig. 100] Jehifizn, 3 820
A3 E Table. 39 VERRATH

AR 2ge 2ANFTH ditFRHAZ A T
o] Hojglenz 27 PAF 9 SCM4ZtEH 27
KAZl 93 FC309) 71l thg A3 24 o 24
T S S5 ol gt o s A% sy
AdoM & 58 A58 $£P%E 4 5 Aot

v 38 oM e F 45% WY, A AFAME
%F -20%9] A7} AT 2R 5] 4Fo| BojAe
AL & U ole PYDRYAEH TiC/ALO,/TiN

Table. 3 Comparison of Experiment Result and Neural Network Qutput

Workpiece SCMA4 (HBN210 FC30 (HBNISO)
iTALOF TN
Tool Grade Cabide P | PVD Coated Cermet Catide K | O Co:ﬁf’
7=0.56818 0722 1043863 0202590 7037491
iment yr'=C
E"l';:l’l’l’f" n, Cat C=191761 C=329185 C=1600.74 C41125 0=839.50
Vry-g0 (m/min) 159.021 149218 238863 169256 162377
Newsl | Vo (m/min) 148,548 237718 190338 169289 W75
Network | fy.u (mmvivoth) 02265 02559 00443 02167 0.1663
Output Toesl (miN) 90.191 50,585 132.539 9924 21819
Error= ng;‘—;{r:ﬂ x100(%)| 658 43261 20315 0019 48,589
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Fig. 10 V-T Curves for the Comparisons of Experiment
Results and Neural Network Outputs
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€ 7 359 38T gl o Axolx, FF
of #& R 2AFT A% FasEdR e GE
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(2) F4RA g FFAF et AEE &
£ A3 AAzA 38 dol8E 471 Y8t Machin-
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AL B3l AR FFFHe] F49 30-60E 02 HH
F80Foz ARG, AANEE WE FropEdd
g B8] AALE-FIFHAEE A1, o & o &3}
o AR Az 23S 98 F=Fo)A st e
TPl U BF & FPsU.

(3) AFE A2 JAAES 8o 2sta MDH
o F3 AAzA dolHE EXEYo 2 e A4
g A4S Bl FEAT. AR ANz FLS o
v A4S Aole WS F dEAey 2HFT
g AHE FoME o Feart Fid

Fngd

1. A. M. Abuelnaga, M. A. El-Dardiry, “Opti-
mization Methods for Metal Cutting,” Int. J.
Mach. Des. Res., Vol. 24, No. 1, pp. 11-18,
1984,

2. Chen Zhou, Richard A. Wysk, “An Integrat-
ed System for Selecting optimum Cutting
Speeds and Tool Replacement Times,” Int.
J. Mach. Manufact., Vol. 32, No. 5, pp.
695-707, 1992.

3. M. Tolouei-Rad, I. M. Bidhendi, “On the



B34 a3 A A5E A6

(1998364 )

Optimization of Machining Parameters for
Milling Operations,” Int. J. Mach. Tools
Manufact., Vol. 37, No. 1, pp. 1-16, 1997.
S. Takata, M. D. Tsai, M. Inui, T. Sata, “A
Cutting Simulation System for Machinabili-
ty Evaluation Using a Workpiece Model,”
Annals of the CIRP, Vol. 38, pp. 417-420,
1989.

. T. Matsumura, T. Thara, T. Shirakashi, E.

Usui, “On the Developement of Expert Sys-
tem for Selecting the Optimum Cuting Con-
ditions (1st Report),” JSPE, Vol. 56, No. 7,
pp. 108-113, 1990.

T. Matsumura, T. Obikawa, T. Shirakashi,
E. Usui, "Autonomous Operation Plamming
of Machining Process ~ An Adaptive Predic-
tion with Metal Cutting Teory and Neural
Network -," JSPE, Vol. 59, No. 10, pp. 94-
100, 1993.

. ARF, AGA R FAA Al2Fe AR () -

A7 2o olg A AN AAAFY AR @
71Ats =&3, Aled, ATE, pp. 1223-
1233, 1992.

. H. Sekiguchi, H. Komoriya, T. Deguchi,

“Reasoning of the Machinability and Cutting
Condition Based on the Chemical Composi-
tion of Material {1st Report),” JSPE, Vol.
62, No. 7, pp. 1004-1009, 1996.

1R, A, A, Herdldd FHALn

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

L ol 4T AATEY AR (1), ¥332
383]4], Vol. 13, No. 11, pp. 73-81, 1996.
e, Aol g tF L HAG A
o - A3 Al2d FEIA, A1, A3Z, pp.
52-61, 1995.

Zbigniew Michalewicz, “Genetic Algo-
rithms+Data Structures=Evolution Pro-
grams,” Springer-Verlag

A, 1992, A% ol 4 (1), 3ol
AAH, 1996.

D. E. Rumelhart, G. E. Hinton, R. J.
Williams, ‘Learning Internal Representation
by Error Propagation : In Parallel Distrib-
uted Processing,” The MIT Press, Vol. 1,
1986.

Machinability Data Center, “Machining
Data Handbook - 3rd Edition.” Vol. 1,
Machinability Data Center, 1980.

N. H. Cook, “Tool Wear and Tool Life,’
Journal of Engineering for Industry, Trans.
of ASME, pp. 931-938, 1973.

&9g WAL E” B89, 1992.

59, 24d, ARG FFATA 2AS A
AzAel HAs (1), F=x39ees 9Id=
FA &R 3=24, pp. 1038-1043, 1997.
Taylor J., Int. J. of Mach. Tool Des. and
Res., 2, pp. 119, 1962.

Taylor J., Int. Res. in Prod. Engng. NY.
ASME, pp. 130, 1963.



