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Abstract : In manufacturing industry, machining technology for metal cutting processes has been considered tradi-
tional and economic dimensions such as production cost, production time and quality of a final product. However,
owing to governmental regulations and the change of owner's cognizance, the safety of the workers becomes im-
portant in those fields. In this paper, the operation planning system developed as a key component of CAPP(Computer-
Alded Process Planning) system is introduced for milling operations. The main issue in the system is to determine
the cutting conditions in achieving a balanced consideration of productivity and worker's safety. For this reason, the
system performs the modification process of standard cutting conditions to satisfy those requirements. Related to
machining safety in metal cutting, representative and habitual mistakes that operators perform without considering
carefully the characteristic of machine or work piece are described and then the detailed algorithm and functions of
the developed system is introduced and discussed.

Key Words : worker's safety, process planning, operation planning, cutting condition, CAPP, information system

.M EZ Aol WimiaiA|a git.

A2 AF 2 FAA A, 23 7195

AR 71 AR Fue 2AlY 27 4 wsle A% dRAl A9 g
€ FHAI) Aste] gFstn 2 FA AF Mg 233 Aol 84 =i 9lon ol
& AVt qFAs] 98 AL Ve S = 3 AL Al 913 st A7s A
Holl FEstl ot AL ols} 22 7HE BA 91 gtk o9} BBl AZ ZBA 2o FJRE
Aee AT AAPHOE g op|HE BF gol nEQY s AL 2 AZPLA
A A e EAO disixe AL 9 Az FAHE ol)a} AIALA]ZTHA| o A EE]

2 &Fe] HFHA & Jo] ARdeltk ol3f@ A slzayies 2 AA FHEDS] BAL AEA
T2 TheIAeA Bk A, £33 A U H23 5o AAt HAQAE SA)o) mes)
# To= A% AP At FAGAre] Aol = A7t £gEon'?, 53], Ax okHe o
g A4RZo2 Qg AdPA ] T Fo= & o AA7)SL A L TF H7)Ze] A, oA

54 A A A EF AT H RS ¥ &
" To whom correspondence should be addressed. ﬁj’,}- 0]]1:12] 3—;‘.7-@‘ y 7 Fg_'% 6‘0}'.)2}- 5 Z'ﬂ}—%_7 ]’ Zé_%} 5
bigteach@jinduk.ac.kr

74 -



YRl AYHTLE AR AYMAH AR

o] FAR W 23 s Aguigolt =4
o A 2 A Aba @A) o S FA
o Az gk

A7 E ZAPG2 AdHE e Avle
e gfto g Ay Habkg AL Udow F
HAYE sk 33 A E A 2-(CAPP ; Computer-
Aided Process Plarming)2] &4 RE<Q 2HF4 A
2~&)(Operation planning system)g 7H23tdch o
giRoz IPAYL IR FRY £AME 24
e FARAA 71T d E FAAA Zadh AR
g E dAske APAA 715z FRE &
AP AHEE T F F, AR, o]
FEE, HAEE F)E o] AYPAAAN2RAN A
A3k 59] QAN AH s Az
& THEAITY] 2ot Hatekel Sdisle) B A
Aol % 2] Alanet AF B, 12a §
2 EAE Aol WAste] nFFY Fahe i
317] 918 4 sfepnjelott & AT olg
& AgAAN2EE A et 71E Q7
oAA At AFe A Hazxn 44 gud
5 A& st A kHg nF AAHY
Alzgle] F#Eo] TR ES STk

2 HAILBH StAtel obH

Ee AN E HF AR FuTo] B
5o} WE Aghe] B AEL Bareelol sjei
o2 Qsto] Ba7|AMachine)e] H=T 3R
A FTE VPR APt P4E Bk §
Ak AP wFHAL A2 AT A}
A7 BT BEA B AR §
40 2y 99¢ gese et 2k

- BapIA S A, FY EE BV WE, A
R 716 ol Aol B Al S 99 W

- BEG FPHAF) A% T $2 PAo
2 A% AR AN,

- BAA AF o PE AR} s
A% A& AAN) A3 2R A4 AR B
T EE A5 FEFOR 9% Audd.

- WA R B BN xBEoE
RECL]

- &gl FAZ =EPoE AR ALY,

- A FAZ =FHOE AT AR 28
A A% HAE.

SFEQIHSIBIR, X2 MéZ, 20071

A "axAe 7iAVE 2R AsE 13
=g At AN SHA 37 VA
9 & 9 e A viRR st ARt
Aol AstA He A IH EAE ddde
P EHe] FAI ZEEo] A HAE o
°f 3tk & A7elME =g FTHAFY T
T Fed 2o s A% AdA A
&%, AF T AU fste dazn AN
2R} wdh-9] F&3 o}&e BT Al A
AR o455 I ¢ = 42 Filtering
dhs ¢uEFE Mgl AEsk%ch

3. BYMAN A MA

3.1. ZdMdA e 712 oAU S

SRAY EREE 71 w35 AASEt &
o 588 o AMAGE A= YUt A
Aol Zzke] Aol Al glol e A
E 71U = 9la BE A AR o] Au wgo)
AEo2 olfold Ht A A A"ME A
ARZ HE 71F FEE A Y T4
YA 2go A =3 g}

TZAG 2 THY T/ £ME 2AsE A
AA 7155 A F3NAM e selvjeE 3
Fate FAdAA Vs ez FEE $ ok gk
A A AEUE, olE % T 2 Eu, A
Azlo] A F o4& W HAEE o ARES 2
AEA Azl FAATh Aarky gL &
Aol wpel S AY 71-EE(Rotational part)#} 2433
7}&E(Prismatic par)E tPd=E =%, Axbs Ant
o] g3 7lEEn A= Ay, =y, g Al
52 AAIg AEd o) 7hEgk

MAFHEL 7|25 o2 3 7R WAYZ(Me-
chanism}© 2 FHE 4= 1, ojxtyd Hatoz ot
T8 o] WY HEFE T L FUYALA
£ 9% v A8 AlAwo] sl gy,
9, 2 A7) did 3R 28 WAYS
< HEF 7o) Aol FAL T3 FF
7} gkl SN HQ dmEEe 9F Ala"g
sl ool gtk 2322 HArixe] 2
g 4 A% A8 AQAAA =AM E 7}
F dlolE] =X (Machining data handbook) Sl A
A&3he daxg ol4dte ¥F dAdEA
ojFHo| A5 FE3 F FA, AA T Wt 3
A3t slo} alek*.

75



UMT, diHE, HHE,

T ARE ArzA HH3 =
=AY 25 dazAg Adate) okAe
o] 417 3] 2 (Neural network) B2 ©}-83}o 7]

Ao set @ BT HeREAL WASHT A
A Hus) 98 olSSES AASES AY

B4R AR ANSE 715 AT B

32. dlo|EHo]A MHA
AQAAA 2] LS AT slojEHlo]AE o
&3 & 248 193Y FEIAC:

- d)o]E]9] #A|(Relation)S ETLHOE T

- HAAZ 9@A| AAEnpo]Ae) JE7 FE

- Wzt gk W o3-S st #¥ dolH
9] olo]AE(Agent)Bl7} 71 d FERZ WS

ZAzte] kAol RAHUM FAld BALE @
AT T de 48 b AgEANLEE
37] AsiAe o e daxd 33 dolHe
FRo] W Fadit)h B AtiAe e 22
dlolelg 3ol vlo[EjHlo]23} d3{E

- ZHgdelHA=RY M ATE gEITE
- B AZAKSANDVIK, th&tEA, gh=tobd, %
29, Sumitomo F)oA AlFse 7 HE
- 1003 BAFA FA FHAG AFEolE
- ddol) FAleR= 2dAe] 7FE ) 2(Knowledge)

Table 12 & A4 APHAA2EE 93}
AAG dlolElwlo] 2o F2E FHS Aolth

HolgHo] 28 FF3}17] st FTAZA
A AFse 7, 0, EF A4zd bHely o
ga A7 =395 £ ANxAFTE o %
3t 5579 7|4 d2vhE DB - 7, I2tA, &
T &d, 3 2 ¥F "akxA - 9 7HF X4 DB
£ ORACLE RDBMSE o] 83to] &3ttt

B X z2gore 984 Al g el o
3 2 =}o] KnowledgeE 3t} QhdAlo] B3k
2 7F3EAzd dolgrt AdAAelger #e
&0 g ZAGad R o P A R
o2 FES AYLAA A HF ANEAE vF
g} wheba] AR AgEGe] HEg FAE A}
ZAS ANG F Ja wme, IAGAA A A F

76

s, AT

Table 1, Database design

HolEg9 FF golE olF
STATUS MGT
PRODUCT
out g AN PART
DRAWING
DIVIDED_DRAWING
2 AR RAW_MATERIAL
TA7NA AR MC
NFD
FEAT_VOLUME
5 F
SA9E AR | precen Tree
FEATURE_SET
FEATURE_SET_TEMP
B33 3R GEO_TO_TOL
32 BB TOLERANCE
PROCESS
MILLING OPER
AR MA A |
SCER SR ALONE_MILLING_OPER
TURNING_OPER
s INSPE
A AR AK INEPEg_I%IIEGSTT
2] A olFAY R STANDARD_TOOL

FAEZ o] 83t Al THFEAA fFE8 HR
2R &84 F drh =3+ Neural network®} Fil-
tering o8 7|AIRSE g Makze) A4y
< F7te ¢ JUEE DBE AT

33. AlIAR HA

Ao 2 AT EFFYHEE ol 8dt T4
AA ZEAAM 40 S/ oA, 71A 5ol 2A
= G P AN 2" AR FE A E-2

245 A% A gl B BT, 7RG, A
A(aARo), AAE), ANRARAIEE, o154
& AT Fe $E02 29T 4 Y= 715E AT
sholo} ek AYAA N2dY THS AT B
Nedge) paE Tt 2ok

37 ¢ 39 24
T A% F9RET 7T 94 %

3 E6E 239

rr
of
-

A4y 44
248 AUE 2 37, TUE nelstl A4

Z3} WAzl AR AT

Az AN
AR AdHE 2 T FO, AAEFE ol&

Journal of the KOSOS, Vol. 22, No. 6, 2007



A

slo] g% Aazde AAe

Azd 4 3 9HY

ANE BF datzzo] 71419 §%E WHEEHA
2 A9, dgzdqd ke &% 2719 DBE
o] R ZHInterpolation)dt & M7Z3| 2] Ak
o ARgETh = YAty AP S o]§ HAE
Lo} ol$EEE AL AARY ZdE o
g3t &S Tk o8 B AT Hazd
& FAs, 3 FAzde] I A
71A1e £%E BHITE 4 AFHE o83t
o BAs FAshs e (Filtering) 2HA& 8
L=

34. ZIAMAHA| AR O] ofjo|FMES}

AR ZAERNME F7U 6 B, 714
o) BEAZ B3 2L A £33 A3 FoF
Z70) g EF A8 FAshed 1o g
Z70) thak datzo] glolgujo] 2o ExjHA]
%s AL HAH AARAL AAEA B B
A7y wAE). el FRH0R JPHE 7]EL]
=2 M| 2(Process)E 7438t 33e] wistl] o
F AEE A2dE A dart ok

°ol& gl B dFelAME 7|&9 BAEAE
ARG HA dHAEE HE4E F IS
ZA| 28t A2 F2E AASAE. Fig 12 A
Z27& AA37] A% do|HEEY] VT FHY
FE0|a, Fig 2= A2z 24 ZEY JojdE

3h2 A% SY2(Class) AA W0l

o

AT

DB_input
(Feature info ¢
oper_info, m/c info) oper_info)

Feature Info
QOperation Info

Store(Feature
Info.Cutter_info)

info)

BeTs

Material Info
Cutter_info

Fig. 2. Class design for the operation planning system,

srorRials|x|, M2 M6E, 200744

Store(Cutter, holder, insert, DC, WC

Store(Feature Info
Dec_Tooltype St
Store (Feature Info. Cutter_infog
%
Store (Cutter_info
@Hulder )
Store(Cutter i@

Dec_Insert Ja

\Dec_CC

AN AHel T

83/20
ER e nklle
(HOUS  [znggo
[B-1o2- 1N P
c2E2EE AFO1
< JNFE F
» Operationat DB
e AE T
L riz-1-
« Operational DB
« AL X}
ALl
AM UD2E
4
BAMZH  |-@&ZA
as BAE
AFod 3 2028
. ODeratI)nat D8 ‘x A
$ 3
M é:;a BHEH .
e BaXH
1
fAFO“ Fiitering Rule
« Neural Netwark
(34
Fiong > 4%
x
AF042 aaza

« Opetational D3
Fig. 1. Information flow of the operation planning system.

Fig. 32 olo]MEE &#8% Hazd 24 344
BojEth 2 A7E T8k e AdAAN
32 A8 e AN FHEY
7Igte 2 CAD 3tdg AFoz sty 37
T oA, 714 T A%skd FE AR
AUE, T, S0, A AHxAS AT ®

2 A4 5 ok el s 2ol

o
o

o
0y

fo o | o
¥

z

)

off
o

N e S

f:;l.
S o8 ool dEE ool ABMIE T
=

Call_Cut(Cutter_ID)
"; Cutter Info
Res(Tool info)

Call_Hold (Cutter_ID)
} Holder Info
Res(Holder_info)
= Insert Info

Call_ins (Cutter_ID)

Res{Insert_info)

Call(Material Info/Cutter_Id) Cut_condition Info
e

Res{CC_info)

77



AMZL, uiEE), Hieis, wsd, AMRY

Feature recognition @&
¥

|
Setup BT E
up @3 J—
|
|

god &’%ﬂﬂg’éﬁ
NI
-
g;ag‘&rnas
37 N8Y

Yes

! ﬁar%; 23
| FAEN FF

N

R

= Satisfy ?

Yes
I BINE F |
Fig. 3. Overall information flow of the process planning sys—
tem applied the agent,

4. FAMANAH ] 78

41. A2AH Tl

B AFeA st AN g Ad oF 7
d 5t 2709 gl AREAQATLNN FEAA
AzPAE a2 Solid Edge, ACIS, MS Visual
Basic/C++, ORACLE RDBMS =& o]&3}e] 7wt
& THAGA =" & REot)

SRAGA 2" CAD 5t Heje] A re)
A, BF 2 AF digh dut Al 4Es
A ARE gt 7 gl SAEALS
o2 Qs F&3th o= o FALEA &
AA, &2 EAYGA disto e FAL A
st 1§Pstn T FAHNA AR JAE
AR Fig. 47 B 7oA A3t A AL
28] s BE FAE A% Rojuk

o2 £ AFolA MLd A A0S
Fol Yol thste] CADEHE A5 22 ¢lojE
1 F T2, Au] D F AR Tl thate] AR
ZAANES 2AT £, g 4 FgulEol st
AAET, FT &, RS AAstn daxd
£ AN F 7149 K3l F AazAe] BA EAE
3 dst7] Hstd 3 € "ejgdich

53], /dE A2y dagT, 3 0, dat
#F 9 AAZRAE 2 T2 5o AR & 9
oy, AAd BF xS AAEY mdS
olg3sle] Hrt B&Ho2 $£AY & Qe 75E
A3-3)

pan

78

FAgA
F o9
{Fotm 7-1)
a3
> FE AN
{Form 7-1-1)
-OEEEE Insert @3
1 Form 7-1-2) [ (Form 7-1-2-1)
3780 W38
> (Form 7-1-3)
Rt 8- F-
(Form 7-1-4)
e F BAXU 23
{Form 7-1-8) ["T™| (Form 7-1-5-1)
gaxe
L ey
(Form 7-1-5-2) .
sadsonedl | namaa nan 38 2
(Form 7-1-6) {Form 7-1-6-1) {Form 7-1-6-1-1}
i I&T &2
{Form 7-1-6-1-2)
Jaz3 P B Insert 242}
™ (Form 7-1-6-2) ] (Form 7-1-6-2~1)

N STEC B
{Form 7-1-6~3)

A=A @l
™| (Form 7-1-6-4)
[NEEE T PR
L CIOE &2 BIOIE 24
(Form 7-1-6-5) (Form 7-1-6-5-1)
Ol &5 &
GioIE A4
{Form 7~1-6-5-2)

Fig. 4. Structure of the operation planning system,

BeY ZEoAE $AE Aakzdo] MUY ¥
1A Aol wE A Azse] 2 Al i),
BT $E% B £ WG] AR FAHE
R 5 Yom A g Aol 717
o 452 3elS e 7 g8 $4Y 5 3

EF stk

Fig. 5. Main screen and too!l selection module of the opera—
tion planning system,

Journal of the KOSOS, Vol. 22, No. é, 2007



42, HAMAA AR £ BE

Fig. 5= AQdAAN 289 F sz} 37 44
g Bof Eoh dEd ¥3AEe 33*&@1 thst
o AR AQUE, I, Wz 5L Ik

T AT AgiEo] 2AHE 7 gl
delod tE ¥ gust Fye =7l e BT
AF, 183 PR A ANES Akshz A% 37
A 2 3o ololx] tgoz, Hag ¥
J e 27 g4, 2 #(Chuck), ©] YE|(Adapter),
Z5(Colle)ell e Hd Hu s AY ARE A
#}. Fig 62 37 0% 443k g nol
#ut.

7 % gz 2999 Fig 7oA mi mist
o] Aat Z gl Zojoh 2 MR Aut 2bE L.
2 A Akdd. dasitd feo A
g £ 2tk

F A8l diste] X E7k4) AR A,
T T S0 R A ARE o]fde g o

e
ISR ERRR TR, ™ [0 YR N |

T8 Net Bowr FUBTSUC,
an r‘snwmcsr*- -r‘sr #R 2 CHETR 2@ n (VTR
e e o s .E.,ﬂ [  — [ —

en £ e T e [T e

__,l-ﬁ_!

L ENHE T

, S -,,,,..,J ,;:'-J
Fig. 7. Determination of depth and width of cut,

SIONBISIX], H22H H6E, 200713

Fig. 8. Determination oi cumng condmon

AGA £ dzde AT dgor, A
H EE 4xde dA 7ke 8749 gAY ¢
A& nste] 14829 Bdg ol g £
o FEE AAERE AR dAs v)AY &
FE VEIEE Y APAS o4t B
ti 93k Beld Hd g AU, Fig 82 B
THNEAY A o)g FAsE ot

& X—r‘%;l**ﬂlﬂl*ﬁ*'ow aac e R L D E
o= 7k ¥ dlolE, 2zt kg A4 o
Yzt A4 EAN 20N AFE Al g, 37 R
0 AR, B4z R 283 At 4
oA AL Bale] doixE AF Wbz
A= TP Fig. 9 ol2l# ElojELt |4 @
gat7] @ A2 2o Fd, ol F Tt fA4+
& sgolt Y zr?jg Sl s [ A &
A Aol g lolH ¥ Ao dazde o
#9 AFE 4 vk

[0

=

Fig. 9. Management of database and knowledge—base,

79



5. &

A kAol gk AR A A b
o dig 872 et B A @M E HE
o ZARE o2t HALE 1 AidrIEd)
g 2o do] tiFH U

2 doixe 28 Ak 34E o=
ZAzte] okdzt 37 BAE 123 A dazd
< 2R3 At A A3 (Experience-oriented)
9 S Hg3to] AAUAN 2D A,
24249 748 15k (Knowhow)t A4S 71 (Rule)
3 A7s 2 mdg o]gste] Pt Tl
o) Aol T 59 B4 Al wAste 2
2 3o AL YA A% oo HES A
<ol z*%swu} =3 42t FA4e T
st 3" "zl dstoq 74 Rt §
7?461 fﬂﬁia‘ ?f 1§ &4, 833

B ]-01 ;(.]]o}-g] }\]/\E-ﬂo /\l;q] ci»:]
el 1—1%6}71 Ho}ai AEER o A 2749
Z71A AzAbe] FAAA—DA AX5t A RS
Zoll drk MEE A2 AA FHAY HEZ
o] AdH x3h-¢, 2 3T AXAL] stEED
St o &3td APHAE v ?JE]@OlL 4
o] &ol=E ZAt -"44@*401] s
Uz A =3 FHAY A2/ Té‘—fa
AollA 23 ZGAe] ol ?j-r Aol =

)||U
.\2

to N,

oH rek

&5 rPE -!)

L, = |

= EAPS R
e O, AAEE S8 AR =k 7k
¥ 52 Aoz 99T  dE 5 58
7k2 Ffstelor @nin Azt

o e

X

1) S. Nadkarni, “Health and safety requirements in
electric arc welding and cutting”, Chemical engi-
neering world, Vol. 21, No. 8, pp. 77~78, 1986.

2) Y. Samant, et al,, “Profile of machine safety in
small metal fabrication businesses”, American journal
of industrial medicine, Vol. 49, No. 5, pp. 352~
359, 2006.

80

2. way, A

3)

4

5)

6)

7

8)

9)

10)

1)

12

~

H. Zang, L. A. Alting, “Introduction to an Intelligent
Process Planning System for Rotational Parts”, Ad-
vances in Manufacturing System Engineering, ASME,
Vol. 31, pp. 15~26, 1988.

B. T. Park, M. W. Park, S. K. Kim, “Generation
and Evolutionary Learning of Cutting Conditions for
Milling Operations”, International Journal of Ad-
vanced Manufacturing Technology, Vol. 17, No.
12, pp. 870~880, 2001.

P, “dP oA ThE S e vt
T AR, d=bsts] A, A1y, Al6s,
pp- 116~121, 2006.

H. B. Marri, A. Gunasekaran, R. J. Grieve, “Com-
puter-Aided Process Planning: A State of Art”,
International Journal of Advanced Manufacturing
Technology, Vol. 14, No. 4, pp. 261 ~268, 1998.
W. Zhiyong, “Selection of Tool and Cutting Para-
meter in Heavy Lathe Machining”, Tool Engineer-
ing, Vol. 37, No. 10, pp. 39~47, 2003.

M. Nalbant, H. Gokkaya, G. Sur, “Application of
Taguchi Method in the Optimization of Cutting
Parameters for Surface Roughness in Turning”, Ma-
terials & Design, Vol. 28, No. 4, pp. 1379 ~1385,
2007.

R. Q. Sardinas, M. R. Santana, E. A. Brindis,
“Genetic Algorithm-Based Multi-Objective Optimiza-
tion of Cutting Parameters in Turning Processes”,
Engineering Applications of Attificial Intelligence,
Vol. 19, No. 2, pp. 127~133, 2006.

M. Srinivasan and P. Sheng, “Feature based pro-
cess planning in environmentally conscious machin-
ing - Part 1: macroplanning”, Robotics and Com-
puter Integrated Manufacturing, Vol. 15, pp. 271~
281, 1999.

F. M. Van Houten, A. H. Vant Erve, “PART: A
CAPP System with a Flexible Architecture”, Pro-
ceedings of CIRP International Work Shop on CAPP,
pp. 57~69, 1989.

Machinability Data Center, Machining Data Hand-
book, Metcut Research Associates Inc., 1986.

Joumnal of the KOSOS, Vol. 22, No. 6, 2007



