BEEETEE 20014 F28F R &m 8 pp.735~739 KSPE 0158162

Fuzzy set O|2 2 O|E%F T2 aAlE 729
SHAAHoO| 25 AT

Hz(FAU st FUTIASSR), LA, MY R(FAD 7| A S5

i)
e
ra
jixd

A Study for Process Planning of Progressive Working
by the using of Fuzzy Set Theory

Y. M. Kim, J. H. Kim (Precision Mech. Eng. Dept., PNU Graduate school),
C. Kim, J. C. Choi (Mech. Eng. Dept, ERC/NSDM, PNLI)

‘ ABSTRACT

This paper describes a research work of developing computer-aided design of a product with bending and
piercing for progressive working. An approach to the system for progressive working s based on the
knowledge-based rules. Knowledge for the system is formulated from plasticity theocies, experimenial results and
the empirical knowledge of field experts. The system has been written in AutoLISP on the AutoCAD with a
personal computer and is composed of threc main modules, which are input and shape treatment, flat pattern
layout and sirip layout modules. Strip layout of the system is designed by using fuzzy set theory. Process
planning is determinated by fuzzy value according to several rules. Strip layout drawing gemerated in strip layout
maodule is presenied in 3-D graphic forms, including bending sequences and piercing processes with punch profiles
divided into for external area. Results obtained using the modules enable the manufacturer for progressive working

of glectric producis o be more efficient in this field.

Key Words : Bending sequf:nce(:"fﬂ 7tE4), Die Layout(the] o] o}-%) Flat pattert: layout(2 3 =), Fuzzy set

theory(# A} Al o} &), Knowledge Based Rules(®} 2 o] ~7F3]), Strip Layout(== 3 #o]o}&)
1. M2 w0 daAdo] YTEo B rexty AdE A
AEste AFEHE 0] 88 44 AFFe) A& A7
H FY AFol FRFAMIA 2w 357 7} %1'&35}1 At} [1-6]
delA Aeictists Aggde ue) Zgs F9 9 drolAs Fely @ 73 FHE #Fe A
7hEel S48 o5 TS glow, st g -Tsoﬂ s, 27 A ojZ28 =93y F9 T
TYAES] A=, s}, AF life cycle TS "’“ Oﬂﬁ.cl:o HAE oy 7y dAEL nEEle #
2 s Ty g g g7k @5 938 A AA FEHE AAEEeH, ol Ba gEa 3
I, o) g astel FgL AR 45l Astet # 2 gkg A4ksialct elefd AAGE =7
of FHEAY ZFEs 2454 aTd 54, 2 Z2 AR Ee FAeAE dFsgrh
Zel& vhg Fold ite] B @A AES
Lo ZEadgar AAEE O]‘“ﬂ Zdol s RES 2, AjAHI2l 1M
g o5 a7sta :laiur, Z2 g FHE
9 T4 2 vHEAE Y E 588 e/ A 2 OALEE e 9 YA nE, FYE g
A7 A#E g ofs P Yot ofe] 24 ol nE, 2EH folol EEE 75| U
=8 9 gy 9ES Y AFHE o147 AA 2, shube] @AM sAHY 2 2 EEe] 7T

-735-



HolE #o]2E FH3tA Hel gt

21 ol ¥ HAXRLE

49 2 WA zEL Q97 YA nER
zbzh yRoR e, YERENAE 249 T/, 5
A, ddg 24 52 49, A9 A4
Qdo] B ARZ HolE wol2TRE AFHO
= glo] Stk

F4He] mEe 9 2 Aol TAL 2L A
Lo )@ 349 HANAL 35e] @l oy E
B o7 53 HAE PAo WIAIE B
Eoltl 18]

22 S E md dojotR2s
ZHE Hed Holol L EME 2+ FElel
tale] doly Mol RE A A ue A
o FHeaEd AFE 9de FEUA, B¥
=B 323 59 oAfFS AL 6)
23 2E@ FojofRRE
2EY #olalrEEAME ZRagMe A
o] FEEEE 9A) Al o] A &Fd HY FH
#=AE AAsty, AAWEE AAst 33hd /4

o FREA =L AFHos FE A

231 Ol "M (Mother plane)® T #Ho
(Single plane)®] d 2|

! EIHED-FR-E2ral 65

[ [
=
@8
23

Feeding direction

(=} (&)

Fig. 1 Sample Part: (2) flat pattern
(b) product structure

Bl

“Mother plane”2 % 7}% 9] ojn|2 A ojgt),

e 29 34604 4T1EY 9= ngHl 7]
Fol A& WPL ou)avl, 7|30l A Fulo| F

HAE oet FAss FHE “Children plane”o] g}
g e shis 59 FHE £ o 2 &~
EH AN dgeta g gd, & 2E FyH
o diste] FHAEA ¥ nHH] = HEHoewn
AR o] Helalz FA0] 2nz AHejgd), o
2%k Mother planes A dh= Wil 2 e
2 ZE49 g9 )AFe Fodel Fodd HH 3w
Heol 714 & F9 Fo| 3k

“Single plane™2 JH2| 9|5 FHEMoR A4
g Hae A4t st gg AsE A
Fig. 1-@1 M= #9 "P1"5 “Pe”% Sing planeo]z}

~736-

gk
232 SHHA =

FE hEe FRAAA A e TR S
FE M (Bending line)e 7|08 e o $4% F
3 FH9) =42 AT uels, e 49g
THAEL 7t FE4% 5948 ez IHH=
HA(Children plane}e] 73§ 2o REEsH=s]of
w2} s %} gh(Fuzzy relationship grade)2: ol g},
E, 4 7AEe AAGe| L FY FA) F&
AFARY A4 F3dc 2 F29 HA3 52
718t d e 2 Fig. 2of YERATE

L0

10

Numbaer of bende
regarding a pisne

(&)

Number of plabes bstwean 1
mother plans and & bend

()

ia 10

Bor Grnding mogls [ wr
Anglc bwlwwep, m bepd
and molher plane
() (a)
1.0 10
Farding Parpendleul
Fawsding
a o
2
Nursber aof parallel bends Oirez.lon of teading

(=) (£)

Fig. 2 Fuzzy membership funclion

1) 0l H™Mother plane)@ H2| 7

w8 FHE Mother planecl A #z7F A FHAEE
dA sascl &, Afe Ry FYRE 49
FAo] £HET} Mother plane® A& ANaHs=
Y& FE T Mother planerlo]o} Fol 2 Hwe] 7
FE A4tetel. AE Fof, Fiz 1l “p3te]
Mother plane ®f, “BI"E < A5 “P2msgo] d
urt glom g g selx, “BS FE A% “ps, P4,
P3"Hde] 24582 A Al olzg whios
T Mother planerlol2] ol 7 FHY M55 7
Aeke] A1 & Aol =), $A e 12 8, v
uA] A=) #HA g2 vg Ao FolAT]. Mother
planed] ¥o] gl F§a] HAG-L oo] P} o] 7t
Ao #F HAFFE Fig 2@l eEhg

2) Single plane T2

AE] g SRR e 78 F
of 7lgedor AgE AA FA , Single
plane?] = FIUL T2 F9 TA BAS %A



2717 gedd HA g 98 29, Fi
1-(h)oil 4] Single plane< "P1, P6"0]xL o] & & %t
Falz FE2 Bl Bs"olvh utebA], o] jralo] 3
g “B1, B5” 2949 #H=A olx ] #3749

S| ghe 0olek o FH] P WA B4 Fg
2(byel hEhigTh

UL 3F
% TR 394, 5 nAHASG AAPA 4}
olg] ¥4 2=} 900 oY o), of ¥y FHL &
T4 Ev 2 oo FAHLE rols g
29} 92 Fig. 1) 4] P4, PS, P63} o] o] L3k
JEe 74 %7} 90 olsielar 7FA A BY,
59 ST AL @il F9E = gk ek, F
T ZErt 900 By H9 FAALE 000 oA §E
FARD BA sl o] FHeAE 90° o]
T3 A5y o #=ghe] 10ja 90° widke w3
Az = #HAgie] oo™, HAFges Fig 2-c)

o Jehgglicl,

4 HYE H

Mother planeol~ & wHeFe] <
T EUHE Y AL, A FY
2] 2717} Mother planc32] &<l :L?J 34"57]'
&7 E 7geAE A T“ﬂ‘% AE 7HA
o # @} Fie. 1«a)dll4 4 P3& Moiher plane?]
gk g w¥= Mother plane?] LEZ] ¥97 59
F7& B3, B4, B571 A, o] of, §8FA BSE 7]

FoT )‘EZJO]-U-] —r—i]S:] 1—2—1 B4= -—T-L'Dt]ﬂz-] BJ:_Q]._J
21' wyde e gL fEo] 10]BmE A
o gdvin B 4 glow, §¥5d B3E §835A
B59he] 2} gl e aE S H Y glF o] golEE
kA g

E 3BT BSE 9T Bavt 28 kel
A5 sz HW P4S st wlelHw
(Viriual mother plane)¢]2ta? 7 2]&ta] Mather plane
thelel F9FF B S Add 23 4=
A4kt

Mother plane B+ Virtual mother plane®} -4t
¢ Y =g FEE HH2 Fig 37 Zo] Ay
FEAo] Fo8 AL, F¥FH BST BS. B4, B3,
B2, B1¢] F¥7e] Fghel FHvjgelrh mhebA,
Mother plane®}-2] ol H 9l FHZHE Fah= 42 o
=i gk

fcm=ABS 26,) (1

] 7]4, k : Mother plane 3= Virmal mother

plane?] H[2 gke] Fg4d

Gem ¢ 1 B FH2] Mother plane
e el IR
o2 gt Yo 2 '3l Mather plane¥}2] Abv] 2
Rl F8Z2 00 ~ 9° A ule HAgE 1, %00 Y

e HAgE 02 Yo Zhee) o Fig 2-(d)
o go] HAFE A5Hez Fo)

s )
s -~
Viriaal 4 r
Mok plang / ,
[ | "
\
\
s

.l_[.

(a) ()

Fig. 3 Determine of virtual mother plane

5) Al 7t 14
Y FAAN B LN UG =

FREL ZEIHAE FHY Adserup) s
594 Anz, 299 20 1A 98 3
T+ A e Y8 e o we A, Bdd

FP Mo wakw ez} 27 ol e 7Y FEL A
A FHgEr} Fig - E F39EF B1, B2 B3
st #HYEA B4, BS= T w e @y gaEH
7t Bl Afovt. $d9 A o9 gk
B7F 27 o4 9l FEFAL AR 102, ¢
£ A% "AAge) oot o AHd g #HA §
“FE Fig. 2-e)ol JERI R

6y o A&

Z2aHAR FHdE 48 AL 48
F, AFE AT RS F A why
429 22 Zeo|E 8% e tho] ZyolE
A EdAst gadu, o madde 59
Aol a, F% Az &Y 24T 2AANAHF
2R 7t & nEE o, “‘W £ Hi= ok ?SP
ot =Aee] 9Fs HAR 8] HaM s =
Aee) Ao A 87HE FY FHEL UFd
A dop Fhot wbA, A7 ahghe] Szl H92
He g dAate FERG A BEe
7;}0 == :z}l:l El—tsc]:o]] J‘—;dql :—'-ﬁl AL =T Hl—
b dAes F9 FHEG 94 S Fe
1-{ayll = w953 BI, B2, Bix= 5 wheke] 3
9l AR HAFRE 10l FEETF B4, Bi= A
”“’J"C'] FEE =HALLE Délt’r ol #&o g #A
gz Fig. 2Dl vERRoTh

233 HA| Mg 0| Z5F A Atk



AFA e BE 78 T30 dstq & 4%
Hgste] HAGE Asdd. o W, &4 Ao @
FLES veple AFAE gt dgess 4
8 I dig A HAAHE A, |
Ao g Add HFAA HAGL ToA AF wL
#2 71 BUSATH 94 sYEn

1) X ¥ E(fuzzy matrix)

HA g4 424 FETRE e s 9
F7324 725 Jehde dde] AR e
go] EHHTL

= {bli=1,2,...., n} : hyE 7Y
R={r);=1,2,3,4,56 : o & 34473

Uy = f(b;', rj) (2)

H4 BAS
ek

FREAol 7t 49 2AL dAsA GF 1>:g
Aol HAG g 19 RS FHAm, A VI
7x B AL WA 09 e Ao

H= PAV]E TS Table 1o

2) FVM(Final value matrix)e] ZH
FyMAEL 4t Y342 AA@E 5o
Astale Fe ¢AE ARz ook 4
A 024 H&3br] flake AMAE 7 FEHE FH
9 &#Alg ARG e Faxst Ax t2r, &4
E’r%J—} %‘3]- D vl FHd A 73 2) Single
ne 774 3) = 73 4 FW A& 5) FATE
31 6) A 3] ol olE@ FHREL Fax
mel 7R AR, bR 5 ol s
ol Aoldr,
WIR] = {r/1.2, /1.0, 1,/0.8,
7"4;"0.6, ?’5;{0.4, 7’51'0.2}
FVM@@_%! HAA YAV 75 FEAWRIY F
oz 7§94Qt‘1,! AL e 7
o

3

3. AlAEe Mg 3 aE

n&*
3

AFo| M Fig 49 T2 w5 F

S HA A o8 AF FI FHAA,
Eil°1°¥x REd A4AA dd 20E oF
A gk,

31 ~E8 dololr 2Ed HEZ2

{a) ()

Fig. 4 A sample of electric produci

Fig. 4-() #%-2 21 =3a ¥ FPEL 24 99
2 Fig. 4{byel WEhAla, Z e J8549 F
g FyMe] S Fig 59 VERgRIT

7 F74 B2, BIE #AFES FHLAD o, F
7 FA BrY F¥HE FEFA By FHHL
e o] W F o] gel 10]2E Mother planed] Hl2
D 2= gls #AE Mother planec]2t ™ 713 5l
AdHg RS Tl

Fig. 59 Jebd 33 Zo] 3354 BS, Bl32
E737 B8, BleETh HH A o5 FL£ A
ghol AH AR, FA|7FF Ao 28k FAld
FEFAo YA &, 53154 B173 2] AH
uhgkel F4 FHEY F9%Fd piw 22 A9l
)‘-210] H]—b’J:G] -r'-?ls:]iz]g]_q Tﬂyq _,_ay%t} o‘fa{tﬂ—
A vE 3o HYIng f48de AS
vlebdc =, =A P 5833 Bl B4, Be< A
L) @M EEH B, B4, Bl £082 FYFAL
a2y, $Y8FY BIE FAE o, 39
7 B6Y REFd Q= Hiel del|rt doj FY
9 b el Gl wEtA, F8e el HAAE

I - = s
FVM(B) = [V] x W{R) @ 7 ¥%E FE9FA B4, Bl B6 £LE v THE
FVMiby} iv(] 301,20 elL, B u(L,4) #(1,5) u(1,6) 1] Ba) S
FVM(bp)| | If2.1 v12,2) v(2.0) 0(2.4) 2(2.5) (2.6 | | WUEy) o|#g o g ZaA AEF felol: =L
oo e Fig. 69 WFERILE
FvMa| vin, 1) vin, &) v(n, 3 oln, 4 vin, 5 win, 60| Wb, Fig. 5904 Ueld E4aAE n@debd, oL
Table 1 A fufzy matrix [V]
e 1( ;) mle 2( 19} rule 3( rg) rule 40 r4) rule 5( rg) tole 6( Tg)
by ' van(by, 7)) vgpl by, 72) 24l 7a) vep(ly, 7y v, 0By, 75) vra (1, 74)
by vy, #1) vgp( by, 72) vaglbs, ¥a) Vap{ b, #y) g, ( By, 75 vy (by. 7g)
by ) typ(hy. 71) vsp( by, 73) 24, ( By, 70) vps(By, 74 Vs, ( By, 75) Vgl B, 75)




AE ol A wHE YHEA =7 5y
2L FEFELE Ao Fo Alol=A® 2F ol
T oA ol & Fig. 6—3)01] VERY o). Fig. 6-b)
M= Fig 6-0) WHFAS A5 sl AP
He 259 oy, & w3AFAL sHdsgrnh

5 foom o oan
LN

Fig. 5 Final fuzzy value of a sample

=RRA L FFE AFY A4 vl A4
A3 AL oty 2AAG S FE Sl
Ao FAF2e Hod FHL sHgm o2
Fig. 6-c)9l HERNTh Fig. 6-dyoll A= Fig. 6-0yell 4]
FHd 598 A9 =39 =¥ T AFY
W& T s Y9 Fig 649

Y F3 % F3t Fig. 609 FRFH0] T35
Ak Hg g X S Uy gkl
2 F7 FAEC] 2EYe sled £R3 o=
g2 BEoA FAo) FElHelAa o] Fig 6
vehy sl

N gk a9 FY FAL AEe FUy
& 71T 4 AR FAAHS ok F4 4A
& wel o]& H¥ FHELE $33lo Fp 6x)

4} Fig. o-hyell Z}zh e ¢l
4 dE

2 AFNAE §Y 2 Hold FAE 2E A7)
AE lete] R A ols Healal 3 B
& AR LEgAE AT AT 229 Ho]

b FHYE 4 At A2EE A
AEE Aage) FEE ohEst P

1L #2334 diste] 2 F21& H2 A 9
AR TAEY, ol BAEA ok T4
=AE AYsa, AEY ool Exg
2E 5 vk

2 JEgEAE 2 SYE A8 REdME
B3 e =g AFsn, dA A
e golshies FAdelE S A g ol
Z HgAA 3344 9459 g2EE by
A4 Al & Ak

3. 8% 2 Fod 3AL 2 Ar] AEH
giste] 229 #Hololf AL 33191 4
o 299 JH= AFHez 2840 £
lek.

~739-

:Eiiuﬁb — — — W} Dondinay B0

&';"-‘_rrdzcr'ﬂ\'z — — — a) Bending(- uir}
EQLTE'] =] © 1) Eepdingi R0t
@' syl - &) Hebrang
U'ﬂ ﬁm R L A5 i s SN,
) Vendingl -3¢0, - ¥uy

ml,ﬂm

D . b} hictohing

‘ % ir_n A "]]:l &) Brdc cutting

P U 1
-l : =
©) bending d) bemcing e o ]
£ bending
b) Beadmng &) bending s reme——
P

A

Fig. 6 The sirip layoul drawings generated in the
strip layout module

Asge] Rz Qlate] BabolME Had 71&

% 39E AFFatn 2AEAS FAHRANHe=H
AAXH Y BFEHE oS 5 Qlrh

[]z-i_

g

L Y Shibata and Y. Kunimole, "Sheel melxl CATHCAM sysiem,” Bull Jpn Soc
Prec, eng, Vol 15, pp 219224, 1981

(=)

JC Che, BM Kim, HY Cha, Chul Kim, “A compact and pratical CAD
system for blanking ar piercing ol irregular-shaped sheet meml producls and
siator and rolor parts,” [ntermatronal Journal of machine tools  manufaciure,

Vol 1B, pp 931-963, 1994

[y

J ¢ Chei, CKim, ¥ Choi, TH K, JHPark, "An [ntegraied Design and CAPP
System for Deep Lirawing or Blanking Products”, The Internanional Joumal of

Advanced Manufaciuring Technolagy, Vol 16, pp 803-813, 2000

Eal

TCChey, CKim, THYoon, "An Autometed CAD Syslem for FProgressive
Working of Jmegular Shaped Metal Products and Lead Frame for
Semiconduciors”, Intemational Jeumal of Advanced Manufactuning Technology,

Vol 16, pp 624-634, 2000,

w

JCCho, € Kim, JH Kim, "An integraled CAD/CAM syslem for manufacruring
lead frame far semiconductors”, (in press)

6 HAAE, A, HA2 “ANAFY ZrGAL AFE T FEEA A

FE AR g E A g, A1, AEE, pp 198306, 2000



