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ABSTRACT

For many practical optimization problems where the system components are stochastic, the objective functions can

not be represented analytically. Furthermore, many of these problems are characterized by the presence of multiple

and conflicting objectives. In this research, we introduce a new algorithm through an interactive cutting plane method

for solving this multi-criteria simulation optimization problem. Then a turning process is evaluated through the

proposed algorithm.
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ANggold RdL Ay AMgE FHow
e HRT A2®e #3Hoz oA o
T2 AA AAdo] EFHYE #T AU o
woll, @2 A% A9 mdy HAxjold 1
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AAHY FA AM HHFHSEL g
AAsA] G FlEe] EAFE APt wok
o] AY HEH2oE nulg, AL TE oY
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L2 Az o] EF L3t 53], =W
71 A 7](surface roughness), &7 =B (tool life),
A A 78 (material removal rate)? 22 £2]%
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H3letz] A% HIHE "RE Jh o= o
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€ SlyoMEs AL 7% oujo
Mg B3E7] g 53] oyt getA, 9
Al ate A3Ee 534 FoM H3eS
ST 2ok gt thrl& 9 AR A Multiple Criteria
Decision Making : MCDM)¥-2 o[&]|3t EAE 3
A= 1 "o o] 7 HT)h

AEso], FF T FAANNE HLE FA9}
BA ZVAAINE FA sted B A A
Agde g BAL ol 7z YA A
de 29 HBHAor P Mg
Wit ol £R7)ELS U (feed), 27 l(depth
of cut), A4} E(cutting speed)$t & AAH 4
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Maol ozt ofF 245 Alole Hitw
2§ BUAUIY BYANH e 2
Z AUl AgHIY HHE AEY FE

H5o], ole¥ AAHIY tr]E HHEA
' ARWsY gE sy &) Aok 9
3 Bt Ao g5, ANa®l £Yo] A
MY ERARI B2 PgAE TAL A&
AEg g3t o] A ZWHAAI Y ojw
TAE ZHAEA 2F F FAHALE FHs)w)
£ A2E FAEE + AY. ol#gr AAH
A 2708 #371E (1 5H AT 189 Aok
A) L Aol B3 FEHo|L FFHHQ I
FE0lx, HFE AE#o|Ho M T8&H
o2 AMd + Qo

2 dFdMe HHE A ok AMxA
< YA UYL o) gt HAYFZL
(decision space)ol| 4] ®¥HEEH-E F4% F, HH
3l FAE 9432 MCODMEAZ FAT. o]
oA i JHE HE3e BE FH4
EE o|Fo T AbEA A ujAe A
3.5 349 (preference function)S U] g}sl= 3 4ko
HAZHE HAHLRE Aderh ol 3 uEH
Ao 72T A%HA  ti%Kcontinuous
alternative)ye AT 2E]3 YA, HA4EH
of AFH AEHH RHEE o83ty HrkEH
(cutting process)®] #EZ 5431 F3 3 & I
2%t EH-& A (surface profile) S WA A H4atg
4o HAH HARZDE #oked AYE wHS
&3t oW HFAEE FUT JEew U
Bl = g7l "o R AE Z= AE# 0
A 24 AR oy AlgdEeld HAHE 7]
HE HEoHA =& Aol

AA 2098 5 opr]E AL Lokol] Wit
Ao B/l FrHch I, FAH it
& A 3slel AAH o|EAY oYF wEe
A8 FATre] HFZ =Gtk Pritsker, A. A. B.[15]

AFE Agdeldy 34 Zzagy v
< A3t oy JHA A2l o A3
ol Folt & HAHIE AT HW
¥3E.  Clayton, E. R Weber, E. 28| X
Taylor, B. W.[5]= ZHZE $HEHE 2= 52
A #-F Al (goal programmimg problem)Z &t}
SEAYE 7|NeE 3= %48 pattern search
e Fg 9HE e d9dl RE WS
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gk Algdlold HrEAe HEH AU FA
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kA delzl Fxe $Aesst EAdYs
RA-g 7Hd%tcte= Aotk Rees, L9 Clayton, E. R.
28] Taylor, B. W., LI[16)7} A AIgF Al E& o] A
2o oigh A s FHEEEHE o
43 UExeo F257 $hH6 s M3 E
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programming S24& §3l o}tk Fo A<
< FES W F4e9 A, A3 oy
o FA, A2"] WEEAO TA HTE BEE=2
FE Aad 2AEAY nE&/4dolth Boyle, C
R.Z Shin, W. S.[3] ©f®h-g Wi & 2 §A
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HRH o7 fsgic).
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AZd Hzx Hre WGAE FolA sampling
errorg AH8%th

ol ALFUY He HAAYWLE e A
E H8 A=A gy, Al Jid £
A2} o & (relaxation)©] U+ Z o wist 24
o] B&3J o] Atk Teleb, RA. 2 Azadivar,
Fl18]€ thisgr AE&A 3 HFE A Eol4
22y 953 HH3 HE At $A43
HHNE = FHE FAH O4E5H(HR)
complex search & A At 1 YL PYAE ¢
F o%lM FEH HFdo oig 44 53
direct search method$} WAL o= A|<¢fo]
+ complex search'Holl 7|¥F& Frf. o] Hhyel
532 st st ZE FH Ao Ugt gk
SE THEHE ol4HQ HE e HEFINE
ottt ol FHAd A Eo] FGRE
€ oEx EAY HEY 4 Aok agd
complex search’]-> EE FAH o AP AL o}
Ytk Aok o] &EH Y Ho| o2 convex A A
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ojdth= §2]5H A (significance deviation)?] 5 # 7}
ATHH § 2] 4= F(significance level)S 3 83tA] o
o= BHol At

2 dFoA= AEECH HAH3 S Fol
A, BgHTE 7 MR XA e 7F
o] EAst= AFol Ao HAHzIE AR 7]
WE Adst= Aot o] W2 W EHHI
3] 2EASES AT tgrE AEHA
H3et & 4 AUtk o]+ pescrabyH e | YH
4 EA complex WM JHsd FH<
convex & M= T&HQA WHolgt 7
gt

2. %4 wd¥y

2.1 744

B d7olM AHSEE SHHES ohgH gol
4799t

-AEERSE Z4 lEe] dUistd MY =&
vl A%, Hgagheolct

~HEZEWTE concaveold, xepdl HolA
5H]4Y W 74 Ao dE g nEAee
AEu| Rty 2E @ foEpel s
D,28U(y)/&,2D,>0% positive scalar A A 7}
EA gt

- D nonempty, compact subset®] t}.

- f(x)€ continuous, concave©| t}.

2.2 §o1% 9

-R:AA R34 E] (m-dimension)

-x ‘274 FE(n-dimension)

-D={x|g,(x) <0,/ = 1,---,q} * 27 & THknown)

-g,(x) x o TR A4

“fix) xS A RS 4 (unknown)

(=L--,m)

4 A Wy )

-y, 71& jolA %< & (performance level)

ko (y)/! o
Wi g,

-z ix o W23 o FHE px W

[g:(xl,xz)"]?‘f.,g=(1,xl,x2,xl’,xlx2,x:)]

#3534 ¥H-3 9Bl (m-dimension)

: 2 4% H (unknown :  x p)

:random error™ Bl (;; x 1)

x, xS AR

1o AP Ae] AE X 4 (unknown)

- trade-off weight

1 1 ]
I <

I= |&
™~

S

2.3 WEg 3k

A gl AEA = 248 7h(decision space)oll A
k88 ZHresponse space) > 22 mappinge]g &
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R=(f(x),,f.(2)) (1)

YRt o g, AAYGY-E po YHojt)

Ao R wkgdteE ¢4 9, 2 kW
4 7 A ol= random error’} B} olebA],
RSME& AF§3to] HE-EJL4E ZAbst= YnkA <l
this APudd 4 (2)o o3 ,elre) ¥HE
45 FAJCL

f(x)=y=Bz+¢ (2)

2} random error|Bl= multivariate normali*
N, 2y 588Ul M E YA £+
& tHcovariance) ¥ 8 (mx m unknown) & e}
ot mEtA, WEA ), & multivariate normal®
N(Bz,2)2 % HE 53 ZRolt}

e ol o

.4 A3x 3
AZE e WY (f(x),, £ x)E T
e Rer JAAAHALE Al HiTE F

st Ao A3 & ARSI f6 A

2.5 ¢34 29

7lE Aol HH3 HHE 4
d3eE e Aol wehA, tiider s
TAE T 4 (3) 2 Pt

max  U(f,(x), -, [, (x)) (3)
5.t xeD

X, Sx5x,
3. ALY

R EUYL Y WEAE 2= AEHA
el ™7k H3te] olg@t webM, AE
#lo] o]  Uniform Precision and Orthogonal
Rotatable Central Composite Design[13]2] 4 &2 A
2& Yol olvch. ¥y, 1 wrEAEe] 5¢
T 71Ee] ofUThd thigAE AEHA ¥
5ol WHEEWUHE Hgsteul o] HAt
AV EARY. A 9 5354 (§ESA]) of
PYAEA gy HEEY JIHE Y HEY +
At

234, AA AACAN BT T oAbl
BEAE HE HHE FAERAM mdzd
sk Ao el 5ol sHsdl Y93
S84 AstelA, BE o N A5}
e FHAE Jhed sy dFse Test
€ AE ZH37) wEelth. o5 HIWE 37
A WERE EFE ¢ Aok

ARA FPL oAdHate] Hzzo] uwt
AT AT ARGSHA = Aoltk o] £
< FET A =) HAHH, F oJd 3
E o AES JmA A gt WY F
HATZ M + U AEE S5HAE Ao

o

_o;
rlr >

o Y% == 2E SEAE A W]
2AHA e A oA HE FolA Adete
Aolth. FHA WS SEAYUI o, o
AAAA) HEE F2F 2He YA 7

<ot -44@7517‘}-4 GRS S il R |

A2A A= 7] woltk.  AHA
A AL HE T uigh ARE HEF,
VYo7 At @folrh o] HIW-e it
AAZEE Folzl HHol HHQA AHA um
Tl tizl4] w8 (interactive method)©}@t FHch.
ARIH 22 o] FHPo FAl= U™ HEA
£ Foh oAAA A= AR F8El9 dAH
2 8 MIx Fol sz 7 gkEey
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Ao dz o] oigh A FRE BATc)h
a2 o] FRE o Rkl iyt REAE
A gt

4. Wizk4] Y

4.1 Trade-Off Weight

GeoggeionZ} Dyer 18] Feinberg[7]= & 49
AEAE  AAQsZ] 8 AP dAmME
(marginal rates of substitution)®] M@ AF&3}o
GDFAzLE Mt ol 7 A ' e p7t 3o
A AE, i8R 71EoAM dHsEE BEele |
HA 71EAA  SHAEY  HIgozH
y=y = (A& fu@ A ARE B, 9
A= A ()2 M98 trade-off weight 37
< 2 7jh

W, ==
(y)!

GDFAAE ol FHANES AA HAuiges
ALg8te] HAALY shss WEE AAE
st shte)l REAE AU 2 o 9
AR A7E o] 1A F44E ol line searchE
FHHOE Y3 Aol

4.2 Trade-Off Cut

Musselman, K. £} Talavage, J.[12]7} W3 MT
Hake dfd Zo]l +yak 4 epd B,
544 F7hAM P8 7wk y'oll @t o]

WH-2 trade-off cutS AT EHA) g7y
ofd Ads y= ®Hst= Aor APss] 9

M vu)(p-yHz0E AT A (@)E
trade-off weightol] #afed 2H 4] (5) 2 7}

Sw (3, =Y 20y = (), i =1em (5)

MTEY8]E2 4 (5% 2 linear tangential

approximation®| 2J3F pul A4 EE uHI] 9
3 ools Ao mssdH WA p(n9
concavity®?} g (x)® convexityE AHg¥ch 1 o
o °lE 4¥3 8 IR E F HLAE Hu
ekl g8 ek o] HIAYEAE line
search7} 4] (5) ¢} Hd-H2 Mder puy A
Al Eol ¥ FAHAHEE AN sls) S8
€ WEE APt oz oaAdAaE
3t step sized] Qo] oW LB YPAY ujxx
E3te AL #3437 98 trade-off weight A 2.
E Ao EH Usd AL e 7{H o] ©
A 2L gAAA A o] gizlg g3
gk A Y step size’t MEEY 3ol
M2 RHES Adsty, Az 4 5)E A4
317] 918 trade-off AR E ThA] 3=t} 7 Hz}
© MAssE ZrolAlA]l & wizhA] WE L)
GDFAEZoll tidt MTHPH ) 271A] 7124 Q) WA
<, MY Foz @4YTFE HAI] sy
4] (5)§ AH§3%, pairwise indifference trade-offs
g WEoM JHEA 4 ()& AT RE &7
kig=d
ol ¢2l= Hol AAF WHE 712E o
37kA19) 54E& Ze dreEE Awstazx ¢
t}.
o FFAo] tigh 37t b NHE A o] g5
L2 line search& R 731# o=t}
® B8 Z REEAM faFolmR, 9
FHol dig ojelsg I8 £+ Utk
® poll tiE 93 34 HAE 2 73HA
St
wetA, QAR AE 4] (4) & AFsh Z+ W
BollA F&EA 4] (5)& A&k
ARG AR EE] 2TH 4 (W) E 47 93t
o, ¥ HE9 &AH vz (A= BRY A3 @
th 2 Ao AL gt AEHNES A
¥t ARt 4 S22l Dyer[6]:= 9AHE
d AF7t
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R A AT AR R

9}
B=ly + 8,500 =8y va)

He] £MH HAZIEE B+ usk] Axs A
Atk woF AAAH AL AR BE A3t
W, oatE SR 094 gow, oA
27} indifferent™d WiZFA] 2 dEdh I 7FEA
wie Ay S Ayt o ulERA AR

o)A 7 Aol 23l A8 trade-off % K oA

A& Aoz L #7t k=
Oppenheimer[14]17F A H3¥  AAMH, 434

(consistency)S A dH= T7MA WYL A
REEOAM F44] 13 i 749 trade-off ratio w'!E
524 13 219 trade-off ratio wish g A N
ol tiet 544 j 2 i 749 trade-off ratio w* 9]
'\—‘5‘°‘q'(=wf=w;w;. Saaty[17}= H|4¥4 A
St F83% W AW o], EE
mm-1)/28 5HFT] s E oA
(U 318,190 e trade-off
ratio w;% Fe Aol R, mxmBEY
trade-off ratio® AJ/detct. o 1 HRIF A
detE, o] PP 24E WHEE AlFse
(-3 scalingFoll) UHE RUR A )
(eigenvector)$} A met 55T single nonzero
eigenvalues Ztd. I19A 4 B9, FHi9
A4 (modulus)& ZH= I &l(eigenvalue)oll 3G
Bte LFHEE A Agste] HA3® ¢ Ao
2 At fEle AL Aol I P-Yol
positive®] 2L irreducible®] 22 42| 4l4(real and
positive) Y 0] g3tk

2 dFddMEe AEEHeld 2dz FE vy
EWHSE o]83ted £¥L F7 thg  trade-off
weight®} trade-off cuts ©|-83t] 7psdl J9L

a8 Y7k i34 34 Dinteractive cutting-
plane) 2.2 A, ol YrjE Aol AEH o]
A 2dR P A4 AFAE Fihe giE
Folth

5. dUlE ANEYolA A3 diueF

4 oA AT 712 MEE ol g3t AUt
dieFY Mges 29 13 22, ol uiwt
AR AP vgat A

Simulation Model
tuming process

| Best Compromise Solution

[step 6]

(B4 ol Y9z AG=PLE UEs= AFAH
(starting point) (x,x;,--,x"

concave 4 A& Z= HIE F+E Fogih
(G4 1JAFHE FHez 4 4 A¥
(central composite design)& FI WAL
(responses)©ll o3 Z}z} dhte] WS AHY (fir)
AR}

[GA 2]dits % H3IT ¥+E HdFste
Ot dzxd dh & =
A Mcurrent alternative) 4= (yF .-,y )2 T
o}
(24 3] @At (o, x*)oUA, k = 1018
B}3l,  trade-off weight w*$}  trade-off cut
zslilw:(y, —yf)g_‘ Ay g gt

[SA 4] ol M chFo] HHs} EAE #F

—702—



o},
max z

s.t zs‘ilwf(y,-—yf),
_Jg't eD

(z',x)E ¥ SAdIA HHst L o]A

(24 5]z =¢oleld, [T 6.1]F 7Hu).

z <o°olgtd, [9A 6.2l 2 7t

" >o0°]=Hd, &, )_/M) =(x, X.)E}‘
¥, (G4 312 7hd
(24 6]1) HA HAFde oL,
ytelth
2) 4o AFsxe ol AFHIEL Yol
1= ‘

HA g2

6. 49371

A guzEe e SALHEA FH 89
2 o5 I 582 F7Iskrl S8l PCSCPH[3]
+ A8 Ao nZed

6.1 +AAH

min U(f,(x), /,(£))

st Tx +x,24
3x,4+x,23
0sx <10
0<x,<10
£~ N(0,0.11)

7t f(x)=-x,+& fi(x)=-x,+6°13L, HZ
E ®FE U,y =-y -yE BT 3B
A PCSCP ¥HE& AHEF Ade= E 134 g
MEE dxelEE B ARH  (2.000000,
3.000000)° 4 ¢+ A3k E 29} Zoh
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X 1. PCSCP Method
yyrp 43 cur

W | FAH

1 (5.0,5.0) 50 -l.78+0.06x‘ +0.03 xS 0

(2.00,2.00)

2 (1.4,1.4) 4 (139,058 | "067002x +0.07x <0

3 (1.2,0.49) 1 *097,0.17) | 1060085 +0.19x <0

4 (1.0,0.1) 0.49

(a} A2 = | maximum radius from center|! Jdecl.rian variable rumber

* Best Compromise Solution

3 2. Proposed Method

LR z (x: . x; )
1 2.125502 (0.999670, 0.001045)
2 0.000126 0.999984, 0.000049)
3 0.000052 {1.000004,-0.000012)
4 0.000047 *_(1.000000, 0.000000)
5 - 0.065049
* Best Compromise Solution

3% 2= F 7HA wEAe dudel dig v
25 el AdE w2 RiEo] 313
AA dBYS F&3] FA%ch ¥, pCsCpy
M2 g 27l HHd F43] HIEd
Stejgts WHEo] AHEUM JArAY L] A
A& B B33 AT @A g JEY
t}.

106 [—e—Proposed Method —— PCSCP Method]
104 N
102 \\
100
M 98 \\
® 9 \\/A ——t-
94
92
90
88 +
1 2 3 4 5
WS

2% 2 dBgol Ui 2HE 11

6.2 %3 7}

PCSCPH ol tigh 7/dd WhHe) &8¢& vz
7] fdll sAAEA g 4avHA Fople e
AH8-3H A ot



@ A3 5*(Number of Experiments : NEXPE) :
AR 37A Y Aol AY ¢

@ ] 3}3] 5> (Number of Interactions : NINTE):
oJALA g 2keto] ulg) 34

® 2] 7k3)o] }o|(DIF : %):
ABEolder 2 A9 o]EH
Hezke] Azmatelct. o] 4] (6) 3 7
t}.

|UGn) -V )
Ultim) |

Xy - BHHA 99 0|24 HAY

A EHol AR 22 MY H3E g

DIF =

@ 7 2|(DISTANCE):
Algdol e T 73 Y o]EHQA 3
Aol o] A g7l A1) e

| a7kA FI1EE FUstd e Aol
e E 3otk o] NS whol AY I4
€ 893 ALY Hie) HFHE AT
B2 AR AEF oA HHHAL
@ & Qo aed e o oAby atglel
Wz Bes e ¢+ Yok

i 3. Computational Experiment

R b Proposed Method | PCSCP Method B 2
NEXPE 11 56 -44
NINTE 5 4 +1
DIF(%) 0 0.2485 -0.2485
DISRANCE 0 0.1726 -0.1726

1. 2 &AM

B AT AN A4EAD B
&

Was gYEdol AUt Aol mx
e He FPANH FL EVE A= suom
AW A=z AFA

7.1 F+AAY

2z FAutt}t ol o4 F(feed groove)
YA AR FAEY U Ay
A FFHS ] o FARAEY £ we RE
2 FEsHe 43& HAAIE HAFY AE
dlojd mdloe] ojgdtt. 1Y 1: mWaFe
A= 7 T3 Yool motion)d} FFAHG
(tool tip) X E EHTF HFHE(block diagram)©]

o}.

Kol
=
&
L

Stochastic
Nominal U5 ToolWork
- ]Contact : Work and
Inputs E:;g Area gg:::g Force \] Machine Tool
¥ Model Structuir:l
x(t)
Tool Tip
Geometry
Surface Profile
Generation

IH2 EU Y Edo Ut BEHE

o] RHlojA AigHl uigt AEolHe
H8 Hxk 2 hcutting dynamics)] T3}
Edo] A8 dT. ¥ 38 Ay, AZY, Ay
7l L2 FA4E 9Y ARE 2dg Jehy
ot

feed
direction

I3 A3 v By ¥

olo] 7z Aadel Y &% WHAL 4
(1) 2 2k,
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me(t) +cx () + ke (1) = F (1) : (7)

AZNA mk,e, F ()t B, 7 (stiffness), 73
(damping) A5 2 WA (radial force)o] th-

A ARG REHOF chip load® 373
H  ZFd¥(interference  force)oll  WiFr  Frtol)
(Montgomery and Altintas,1991 and Endres,1992). %
d 584 139 ZA/E M ool Zolx ¢
< o] A%5E = A Fol AAA A T
TEE F7HAA Aot ¥A 9 34 WHed
chip loado] e} AFE-2 4] (8) 3} Zo] x¥E
t}.

F.(t) =K, f[d, - x(¢) +x(t - D) (8)
x(t) : XIZr toll A APA 9 (radial displacement)
x(t—1) A3 = 2ol A HAPA S

v FAE0] 13 %H=d agh Azt

d, A4 Y2 Z2FHnominal) B4t 7o
£iBEE 1FHAA FF A AAE ol$

K, A4l o chip load®} VAE A4

A @) elA, A Fnt &7t o3
gEgoltt. zmwel gEALS
load(fd )% &4E A9
distribution& WEAl7]= dE FFE ZHA
77 ok olEe BAH 54L& A=
A e A k § Azl Uig FEW
T K,0EM Be Aotk o AFdAM k()
< AHEETC ATk 282§ AoA
e vaH o] Mg .
m=2kg, ¢=1000Ns/m; f =1mm: d, =2mm,
k=10MN/m, K, =L15GN/m (K (1)%8d),

nominal chip
uneven hardnesss

7=0.2s-

1.1 9471 NEdHeold s 29
A4z oigt HAEF 49 drlEe] o
o HHEE GE9Y ¢ Aok 5, o 8§ AE

ol BHAME 2 ANE (RS FHAD
R obE 3Pt FHES FS BUEHL
TS g4 Aok gAY 3
o] H4d REe ZUEAE 4
of BT 3 UY24E
TE0l, I¥ 49 B2 gy 3FEL 1Y)
Mapk OdeA WFd RE 2

4
L
2
A
rE
o
}, 1,
N

MEElol ofsl) A A s olof & o]t
L 100mm —

50mm

150mm

I}

=
=1

I™ 4. ¥3FE AL

ol HAEAHE TeEd Bk WA )4
438 s 43t £A47F MCODMEANE 3439
o 2709 XA e HHA (PN =
HAYT Y H43) e ¥z, HAZo| (=&
b ) 9k 22 AR Ao BY Foln)

xe AN2® dFPHs xl,---,xngl nx e
PRt ol W4 wE, Aol #g
ety (x)2 tool positioning time S A2 374
2 B AKsec), y (x)E BEEAYIY 2HHE
root mean squaremm)E ZtZ} e
D={x|g,(x)<b,,j=1-+,q,xeR}E Bd A
ok4] AR pE IEIA I Al 4 (99
Zol @A

min  y,(x) = E[£,(x)] (9)
st y,@=Ef,(0]<d
xeD

T SN RdeA #EE 2AAZ

g
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(@) ABEOA BN 248 EWAA)

2
JH-g 4

4 @A 27bd FEEE 540 Utk A
WA, BRUS y e BAHozE A Xt
W AFE Agolde Fal BriHolop vk,
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min  U(y,(x).y,(x)) (10)
s.t 0.1<x <9

0.1sx, <5

y,su

o

| 240l AgE gzelEe H8ss] i,
He mE gl He FRETu v
A o] Aol HgHE AL oh

ZA 5ol HFH ABHoHE Fl ol AL,
7 BEZXEo] BEHAE U FEoRE oF
ojAnR, A4 M ASA o7A= de
ot = HIERT U@,y =-y - -y)
g A3t

ol2|t AaHlA At druElES A&
A3 E 48 Zo] dojrh o] AEE Fl
EQAAIZE ZaTel o2t FHANTL S
S & 4 ok W Aol FEANIY
AAZ Ao FFE vAA Gy GA H=
o] Wiglute] L ALY U5E & + Ao

X 4. Best Compromise Solution

e A4g ol BAANT EWAA7

(mm) (mm) (sec) (mm)
0.200000 1.875 800.438599 0.0970
0.150000 1.875 1188.98975 0.0750
0.099999 1.875 1664.92871 0.0499
0.050000 1.875 3784.54395 0.0250

olZ A A njzsr] 8 = 59k &
2 27AE ZM= Monarch 4i4HE €3lo] m=7}
0.2 mmo] X 4471017} 1.875 mm% A&elA b
ole]E Aot &, MR AieFol o7t 3|
o vlEZ37] A& FHALL 800 secE HEF
At

¥ 5. Condition For The Turning Experiment

Work Material 4140 steel
Original Work Diameter 50 mm
Final Work Diameter 20 mm
Original Work Length 150 mm
Length To Be Cut 100 mm

Carbide Insert Type SPG 422-C5
Nose Radius 0.80 mm
Spindle Speed 300 RPM

Lead Angle 5

a2 Az, EBEAAYIE 0.097 mm B ¢S 4]
A28 2E E 67 Zo] AYA ZARNE &
+ Q. webM dd dielFel HAe H
2E AFoy dEANE + Aok

E 6. AHA g g AT v

ne Aol BN ERAA|

(mm) (mm) (sec) (mm)
AEA 0.200 1.875 800 0.07681~1.0263
HAH 0.200 1.875 800.438599 0.097

B A7E oat WA daEsdl YolA
QY 2748 gosiuies, ABdold AY
$8 A Z2AATH FA JAE AR
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