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An integrated process planning, die design and working system

for blanking and bending of sheet metal product

J.H. Kim, J.C. Choi, C. Kim

Abstract

This paper describes a research work of developing a computer-aided design and manufacturing
(CAD/CAM) of irregular shaped sheet metal product for blanking or piercing and bending operation. An
approach to the system is based on the knowledge-based rules. Knowledge for the system is formulated
from plasticity theories, experimental results and the empirical knowledge of field experts. This system has
been written in AutoLISP on the AutoCAD and in customer tool kit on the SmartCAM with a personal
computer and is composed of nine modules. the system is designed by considering several factors, such as
material and thickness of product, complexities of blank geometry and punch profile, diameter and material of
a wire, and availability of press. This system is capable of unfolding a formed sheet metal to give flat
pattern and automatically account for the adjustment of bending allowances to match tooling requirements by
checking dimensions and generating NC data automatically according to drawings of die-layout module.
Results carried out in each module will provide efficiencies to the designer and the manufacturer of blanking

or piercing and bending die in this field.

Key Words : CAD/CAM., Blanking, Piercing, Bending, Flat pattern, NC data

i Ade] 2¥3 AY% R wsstel Aol n
e Q39 tolg ol gstel wARYEY dske WY
o 2EE Adat: Av ¥ FUNBANE $E2
£84 2 AUEe $¥ WA 2F FFAAY
#zasl @Asl 8 Aok ey, de o

o

U A%l Ry A8 e 3Yn
Apd meo] o8 FUSoiR oldd TAYE

fdsl7] st @Y rlexty AEE HAsEY
HAFEE o] 43 MA AEstel e AUt I
i okt 2 19719 Shaffer''7t Progressive Die
Design by ComputertPDDC) system& Zdloer
gol Fogg® Jaimson®& tho]-glojobgo| &g
R g 7HA LAES nAY FEF o AMHE
PDDC systeme 7@ 2y, o] Alade) ¢y
e whabgolxm 71 FAHAZl A8 FuhE Hojrh
Shibata % Kunitomo"'¥: B8 2-#otel23} thol-#
olopg-2] W EHFAMS B oy 3 CAD/CAM A

298 Y39 il, Nakahara¥ & ZZa#An
thol-zholot 28 A% AW LAY £33 F

2ol F A DA g2 Ay g g8
2 8¢ 34 2 ¥ AAd YoM HFE A
3o A& Halz AAANDG ¢E28 58 AN ¢
Aol 235 o], CAD HolHE #8£3ld 38 2E9
NEE FUT £ UdE CAMA 2" 7fge) AF3F)
g4=a

kM, B AP AE CADHAIAN de 9 39
713 oalM TtEo A e waAF o, & TR

-155-

o "Wag MANSFE neiste ZAYe] Un 4
FRAA 7i5Eeg EHEHH-Holol2EE, 7}
Trhe AR E, Eda-dolotrEE, ~2EY-Hol
OFREEE MESAT, FEE FHEA =t da @
FEFEES HA8d =ho2 FEAFE tol-del
obXREES ML T. %, CADEANAN TEoizl
FEEHES dolHdsEdeE CAMAxdoz
dgsct. olwf AEEHE CAMAI£YLE SmartCAM
LZES ooy, CAMAZE #7322 CADH o]
BHE H@Ade dolg-vfrs Wy dHoyHz
AN FHEHY £33 4L mdygs: 24y
g, 2dgd 33 gy b NC 7tgdol8 &
AEeR FEANIE E2E-XZHNARES LY
=3

2. N2 T4

B Axde 8 9 PAHefrE, FHEHE-
olol xR E, 7tE/SA HARE, BRI-Hojolxr
®, 2EY-dolo} 2B E, tol-#ojolxE, dolE
-ANRE RdYEs ¥ ¥AE-ZZNARER T
A=l Utk 28, Ala2de s g3 S8
Ho 7z} REEL 72 dolE ulel2E FHIE
2 FYPF ANLYE FUEHA @A EE S F
B+ A= Aol sl £ AlAde] AP
Ade] gAdE fste s g o] &3 AT AN2H
o] AAHQ MNF=E Fig. 19] JeldAt

2 Aadge 7t REe 7% 433 go.
21 938 % #Ax 2 2 E(input & shape treatment



module)

AERAF S AutoCADAR AR gAY =ustd
sele 23 Aol Uetol 29 FF, 5, F,
dxe =4 s, 4T EANE A4Y
A A B HRE delH “ﬂc’li— HEH 2
Edoz glo] Zolm FAHREA: AFA ¥

geolelE Aol gol@ FAdolER tﬂ_wm A
yoo Ags FAdolEe WHEA, AvYY
Y EYMel e FAYSERN, A28 4 2E

sol A dlelg R ARG E T

2.0 ZHE A -ol
module)

zhede-dojolRTEL FPITHE HE EIF
ARy AEXETHL Y¥Y FINA, 4=, oA
o A P A, WREA AP L S o
3 £AIYAER FYAFFE AL FEHAA
By EUL 2P FHE Aaddd A
ik o] REolA BYLEe Avor INHI W
NEe 2PN I FUAHA AT}

23 7t #7H5 A A AP E(production feasibility check
module)

Ebe A AARES ZYEHE-olol2 wE
Gtg Begce] 135*-5?-*1, *11%94 7EtEdE A
xolry, Zaze Zay Y dojie ¥
AAE AS, HRER ’\}019] Ag, deojd
o) %74, fogl EAEICURE- B ) R L=
of A A S wastm, TR F3
2o 7MENFAS AT Aels SR WP
A aleldl AYE FAX G U]ﬂﬁ}&? 7} 7
7158t F9g AA g

ol ¥ % (flat pattern-layout

4 2 =- g o) o} EE(blank-layout module)
- 10}r53~ ~EQ Aol st

o r30 wte) el el FUHEE EAClE
Neow Fud 4 oAy 99e FA0l WEANE
FUkE el AFS ANA ARFe a0l

& ¥ Alzel o]&&S Hulz 37 At vAAE
& ~EYY wAstE Egelth BIrAFL AF
e wrdule #w ope FRAME R ¥R
el WANE FPFEATIGAM An ol &
zg oz stx BYA-dolobrewd FEAZ

T
% k.

s

25 ~EY-gol O}Ti-é(%tnp layout module)
rEg-Holol ¢ RELS FHHENEEGAM A

o) AEolgge 7HAE BYA-Yolotke S

~Eg-golotge] AEoE FHHEZ, AT 4
nodod HBAHAL AFoz EFAA &
Zagit}, £ o] REME BEE SAae) 74 ¥

ez colads A9 A colgdas v
9 e BALAY AN FUEAC EHoE
Apoz bee FAEAE A48 FYIA ol

Hoop 22

A&t

26 T}o]-a o]ot$- B E (die-layout module)
tho]-gojolL B EL ZEZ-HojolxREAN

@ 2EY- FYrhFol olFold F2)

HE2M A

& Aol W TulolEgde FywA YEE o
sl AFHE HEehE FYTF2Y HEEE AE

Hog AAg)

-156-

2.7 d)o]E}-w $ 2 5 (data-conversion module)

HolE WHREL A2 CADRESR! thol-¥
010}15’_-@0“*1 wrelEql tho] Baiae) ¥4 dold
2 SmartCAM A ZEg o #@7ddAM Q4 7153 &
EHPJ A delHz ¥IANG FHH A2ge
CADS} CAMZHY dojel #H4& DXF(data ex-
change file)o] 1% BH4& A =3k}

2.8 2938 ¥ E(modelling module)

zrdhdRHEdAE NC 718 deleE 4487 9
sta] dlolE-BMBREEL Fotd Wsolyd thol-
olo}g el 7 Bz FA dolHE o8& 3

A maae sy FAAEE A A

29 ¥AE-XZ A AR H(post-processor module)

FIAE-ZZHARELS RAYRFEINAN A2
EE o|&3td, AH8¥ v 4 h¥27 9 AME
Q4 AA, CNCHE 2 ﬁgzh} & =y & Q=
NC 7+% dHolelg A% = o) ZEAAME 4
A" NC 7tE dolgE #AFHY stedaay 28
Aoaag AFs DNCRY A2g §olsteg 3
et

3. A2de 3 R delEuo]

2 oAsye dun 239 34 2 F

g0l

guAs 3

Wihgel g AEINEANE 2YATE, FHH
A7 R BRARIE AEH AN FEHe]

dwrdoeln meol gl Al didte) FE T} Hol

Hulol A8 TaaiAch £, 38H AN LA
waheE AASSD AFHAAL e SN2 A

o] 712% “IF [conditions] THEN l[actions]” #Hel&
Argstgon, 2ARY Ao webx FAN GH
Z AdEy ZeRe 4 Ay 0§ 23549

o OARALT
2 Arvt frh w8 gz volEe Aoy e

#mi‘t

7449 748 golstA ¥ & ok
4 Nz 4g 2 aY

B AL e w4 FUAEE A0 B
4 9 YA HERtEs Asde 2HIE
Adolesh SHAED Ae R FYTHL 2= ¥
FAYA RAE HEAA 2 AHEE DF}T
3 g,
41 2¥ 2ol§ ZdolEe 2Elg) B

1) gRz-golel e n g 18
Fig. 29) 2dloleisl 28E ¥y % o Wz &

B7AL T W EFE A2 %J%Mﬁ = aﬂol
ol mEANA FH=oA FHAMNE 27 Fig. 3%
Fig. 49 vehilich, ~ejolelel 8 E od iR
2272 & ol CASE 2% Q" unéoﬂ*i UR®)
Zko] 0830224 Hurt Hojdg o & Ath

2) thol-gololL R E HE&

Fig. 19 #& 2uolEg 28AFE tfe]-dololx
mEo| ALAZ W, o] REANA FY=o 2¥E

3 nES 2eM B AERE AB 7Y PEC
2 vielmes ddse Fig 59 27 Cehisit

3) Hole-ARRE ¥ Rl wgo] 448

thol-gojolx B EN M FEH o tolEde =3
g 7HEs7) s, dolE-HBREAME olF
vy CADHHE Agd A299 CAMFE2
2 A4$ANAM Smart CAM 2ZES o] FAA <



Fsd Feel delels H@gAg gxn 7Y
ZgoME NC 715 diolelg& A7l Astd 9
¥orttelEee A iy vlolHE o] &3ty
te 228 E Y5 FIFHFEE AAQsH o

Fig. 69} Yehidch

4) TAE-ZZAAREY HE

F2E-ZZNARFEANE EWYPTEAAAM YAL
tholgde] B diste CNC7HFl Bag &7
4 7tFzATN 38 Aol FE uiolElE YPAA,
eyl 2AC2 CNC7IEE & + U&= NC 7%
ol RFHoE AT thelEHe CNCr/IEE
3% AHAAFE Fig. 7o YRR, TAE-Z 24
22 gEAM F£3=o] AHHE NC 7H¥E dvlo]HE Fig.

mi.x 'jj rﬁ o i

8o eI
42 ¢ ¢ F¥9FHE 2 ETAHEY dHAFe
A

) ZHEA - olo} 2R H HE

Fig. 9% #<& #9974 2mm, F¥2% 90 , 4
05mm¢! 48 & ~E(Silicon steeD)? EFHHA A
& ZSHEAY-HololrmE HE&AL o, Y
! ﬁk&i TYARFFE ALeta YR EY &
33@4 de FAYXLEE o839 & EYEY
B - Eﬂ"]"h:" Fig. 109 YeEldc} 4719 53 A
e FHEdAM 3929 F0AHA HAsn, 5
"’o*'i?% %”%5]01{1 ZHEAND-Hojolx=HY #ZF
F +Wgo g olefE g -whgo R 3o AAEHAL

2) NFE s PAIRE H S

Fig. 9% 22 05mme F7& 714 EEHE-2 o]
ol HE J1E7bEA PWAIEEN HEAH o, M
A, de 5, Ak 9 Aelel hETksE wRdAe)
HarAeg L FYPLH KRIHY Aleld HarARE

Axetel He 2 *wfw A% AEtse 99
& vehueh e o) Aol W g Aol
HaAsh g LnTa’ug-e— 7}—;?7}%—-@ o)

ot Whde] FRM RFY Alole HaAge
etse 9 YR Yonz sErSE gdo
2 AEAE 884 ° & Fig. 11 vehidoh

3) ~EY-Holol xR Eol H&

Fig. 99} 22 Act 9 H98& ZE Ed84 AF
% i‘E €¥l°1°}x9—€°ﬂ Al o, o] REA
Hol 89 AF4E Fig. 129 YeR AL

2 YAQURES 7 RES FAn gle
& #9497 95tel, =9 P4 A%
o

5 - ﬂ°l°h: 2 7FE7HE A AAL ZE oA
Ak ‘i FYUETHE e BEAAEY AFA o
9 =HE FEAA AFY 7tEvtE
4 At

O}TEEC’HH% Hje] ABolEES
—Ei]OIO}% o) disle ~E-do)

ok St r
o
1
e
= o
>£

*Jlo oL &
ey

4. thol-go] }ngow 2Eg-dolo} e

€ 7Y 5% Eug A%es FFAY 4 o

5, XXE-ZSAARFNME Tho|-#olojXRE]

FRdn A& Y £ ES9 JFE Y3k, d

olEl-¥¥ ¥ ¥AYREL File NC 71F dlold
g a5eoz B4E 4+ Uk

Fa g4

1. G. Schaffer, "Computer design of progressive dies”, Am. Mach,
Vol. 22, pp. 73-75, 1971

2. B. Fogg and Jaimeson, "The influencing factors in optimizing
press tool die layouts and a solution using computer aids”. CIRP
Annals, Vol. 24, pp. 429-434, 1975.

3. Y. Shibata and Y. Kunimoto, "Sheet metal CAD/CAM system”,
Bull. Jpn. Soc. Prec. eng., Vol. 15, pp. 219-224, 1981

4., S. Nakahara, T. Kojima, S. Tamura, A. Funimo, S. Choichiro and
T. Mukumuru, "Computer progressive die design”, Proceedings of
19th MTDR conference, pp. 171-176, 1978.

5 AR, 249, Y A, olen, "2eloly W zEje] LA Y
FHEA L SYEA AL, FFHAY TR A, AW, A8, pp.
40-51, 1996.

6 HAF, dww A A AAE, Aoy o 28 ¥ BFAY g
AEFe] gAY FYF FHAA AAg, FIXYY TG, A13A, A
93, pp. 46-53, 1996.

7. RAF, g, .{31]% 4 A, "-’iEﬂ°ll‘—1 2 2Eje] 47 % 31
of el Tk AEstE FYHA A L AU T A, A4,
5%, pp. 22-33, 1997.

& HAR, AAW, D A AAE, FEW AP g4 Aol
g Bz R o g THAA ANLAQI), ITHYITEAA, Al
149, Al73., pp. 39-48, 1997.

9. HA, A, 4 ¥, Az "EFNYY GBAE) UL W
28 AAg gAY g, ﬂllﬁ‘i, A1, pp. 171-173, 1997,

10. HA, 29w, A A, A&, EFAYLe] duAE @@ &
P R Aoy e FHA CAD Al2¢g, ¢34 U T, #1574, A2
%, pp. 124-133, 1998.

1L #3394 A, "SYTHE 3 87y waAEe B
B R o4 g FHAA A2 YU T LA, A5, A3,
pp. 18-23, 1998

12. YKD.V. Prasad and S. Samasundaram, "CADDS : Apn automated
die design system for sheet-metal blanking”, Computing & control
engineering journing, pp. 185-191, 1992,

13, K. Shirai and H. Murakami, "A compact and practical CAD/CAM
system for progressive dies”, Bull. Jpn. Soc. of Prec. Eng., Vol 23,
No. 1, pp. 25-30, 1983.

14. F. Strasser, "Tthe secret of successful press tool design”,
Tooling, Feburary, 1976.

15. D.F. Eary, E.A. Reed, "Technique of pressworking sheel metal”,
Prentice-hall, Inc., 1974.

16. F.W. Wilson, P. H. Harvey, "die design handbook”, Mcgraw-hill
company, 1963.

17. K. Lange, "Handbook of metal forming”, Mcgraw-IIill book
company, pp. 24.1-26.,1970.

f

=z Ciwck & fomsiifity of production =

e

e el Find the best utilization retlo

[ Dactaion of dividing a shape of product
Daciaion of
lanking o piercing

= 3 R
T Ganecating » drwwing of e yeus
el necerting to & Meip laymat

Fig. 1 Configuration of the integrated system



Fig. 6 Modelling under CAM system for the die
generated in die-layout module
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Fig. 9 Drawing of a sample blank with piercing and
bending processes

Fig. 11 Redesigned drawing satisfied with bending
production feasibility area
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