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An Automated CAD System of Product with Bending Constraints
and Piercing for Progressive Working

J.C. Choi*, Chul Kim*

ABSTRACT

This paper describes a research work of developing a computer-aided design of product with bending

constraints and piercing for progressive working.  An approach to the CAD system is based on the
knowledge-based rules. Knowledge for the CAD system is formulated from plasticity theories, experimental results
and the empirical knowledge of field experts. The system has been written in AutoLISP on the AutoCAD with a
personal computer and is composcd of four main modules. which are input and shape treatment, flat pattern layout,
production feasibility check, and strip-layout module. Based on knowledge-based rules, the system is designed by
considering several factors. such as radius and angle of bend. material and thickness of product, complexities of
blank geometry and punch profile, bending scquence. and availability of press. Strip layout drawing generated by
piercing with punch profiles divided into automatically for external area is shown into graphic forms, including
bending sequences for the product with piercing and bending constraints. Results obtained using the modules

enable the designer and manufacturer of piercing and bending dies to be more efficient in this field.
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Distance between two internal features

Hole to be pierced

corner and fillet radius
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strip-layout

Decision for divideing a shape of product
Determination of the bending sequence
petermination of minimum bending steps
Create a strip layout drawing

Display of strip-layout ]

Fig. 1 Modular structure of the CAD system
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Fig. 2 Bending sequence according to strip-layout
rules
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Table 1 Constraints on the bending sequence

Constraints on
Wall Walls to be assembled with
bending sequence

B A
(A Q
(AF)
(B D)
(E B)
O
(EF

A

o
m g m T oHo0n @

Table 1o WERd Z13} o] H¥H A B.CF
9} F&o] Hi1, BE DY E, CE D, E= FY 75
Hol g} oleddt FEZHAES ol &35 v
2 WY FEe2E e AL

(BAAOAFHNBDEBMDOEF ()

o47)H NEYXE B A)E B

E
=
3L 5u W ¥ AS 39 AFHE A

(BAYAC)(AR) (BDI(EB (DC){EFY

(BAC)
(BAFC)
(BDAFCQC)

(EBDAFC)

176



&3te) %) A6 A1z

ol9} 3FL-

G I ESR R

VRAS A HEA o Aol d o

gle 2 obhel grok

AP
(3]

(EBDAFC) (2)

m;‘—}')'jg_l} Lo F.?L\'
m{mgL'
£
T
Lok ‘
! lo
4
ol
A
=
Ry
I
m
W Eo

#ol L}EM MD}

1)011 &4 o}‘]
FAlol 7hEol
(FO5 ¢ 34

>

ol

ﬂ: 30,
X, —

ok

o

{r

o2

b A
okl
o
che
o

(EB(AD)(F Q)

BlzE@elA 67lel W
Pabe Lo
Aek 71 Fd e A
H E]’\E'(A D) L= (F C)o
A Ee Feska g

3. AlA"ol 77 ! HlolEHoj&
B 2EE FE4g b 39 W ol AlE
of 918 2 AY Al ERE ook,

. 2EZ.dololeo 3k AET =
o )\/\-]Odﬁ}o]i 27 Hol& A Ay 2 d434A

2os] A A A 4ol FEshe] AuAoln v
of gl Abaol thatel FH} Holelwo) 28 T

Goralth A9 AN G waheE A
Al A ikstet g Ast zl/\}éwﬂ et i
[conditions] THEN [actions]" #eje] A4S A}
gatl o, mxiel guo mpupr] Aapyol 4

wE Akl Aurel e PRE g w20
of Qe gush el wek 4B HolEi: A

s

golahAl o & alrh

2~ E)

V1 LHO] ‘?‘7}'7‘40

pEo
30 EFdHejolotR &

FHD FPAFT EHHEAGojop2
ARel FHE Wrolxal FRRR
& yrz Aikgho},
gealdolo}s-o) Lol of#e]
o ARgrh

Z)
1

Tt #2)

LZZAZ‘+X .

= 360
MR-of Zo]
wdFe 2o
-1 A
T
o AEFA
A EﬂO]HBﬂ j~2 5 TLULC}
FHEL 17t A}S’J‘i e E
o g o)%31 7} 5 ojAtolA F¢§
= AFTFAY FFoz Pt
7k 02018 wo] v.galol A #F3
o] dojiz ofgfe] Aoz gt}
x=0.5t
17k 02018t w9 U-FPolAl 85
o] Zol= ofefe] o Fhr}
x=(0.45~0.5)t
HNe FPzoa F@se =
Fia=

2x( v+ Af)

_Jd

o474, A

|

- D
EI!

it 43)

H J[N‘

T4
1+ #s)

9

It ;316) 5]
Hof

=

R

32 Zt37tsHEA A F
FH AE ﬁé*“}“l &1%%
A 1} 0] o
A ol H Hﬂ o]~
tﬂ)xl A}o]
01*01]*1 2 A
]
]

9 %ol 4 e
AAle) S0l wheh
RS
A2 dlole )
Brhe Aoparh
o] Alztafolit 4%

\_6__‘}8_

L

=
A 2) o]
g+ gk
dof] Fge} FA
o] o] e 7LFeA R4 ,
A, &4 Ao olFE3slo dolE wWolx9)

Tt 43)



Ak Al sk Avl e ab e 2] eyl die
RN P e 4 gl wjdstar B4 Aol uho)
el Lnom o] ~oll Eqata] vk 4 o] s chol B A A8 5 W tho] e
WA L S 2 Ay i) '«M Fold wxo] el w @Az
ot ghel, ko 3 WAl v}z wjdsta 7%
it 4s) Agel ay AP WA 050w} d A 922 ol Eeteh o)g) 7o
Aok g}, P ALHog Syt F s
Wley walAlh Ul AbAbel o x| Al Holobg- & o g}
the 27 8 HE e ofgh, THAR) tho)EHwol atgah: Wke olejao
< g 7 AR}
o 7] AY, g FAAMY WY-FH Aol o] #H 2] a] p _ Fq
¢ EE e face L ghear < t X BLR
o] 714, BLR: &A Aol e vzl Aol
33 AEd ool F& Hl(mm)
A1) ‘}% A7} QX E(nseryyo] 51, ¥ B Fg: 598t 2057
b &R ESlonold. (AB)9] ) " Lgews Aol 57
z zdA9 W29) tholZwo| AgatE wWeto] AY 5 9l
F22) FES AE FEe FAHEA grEE = HoldA 2 otdfel How A
thes g aME AR, o}
7} Feol F45M BRES 2/)8A700 d di
Godde) T Fasel A wH qnes ' \/ @PW\E(@PWB ){1
=2 Fyo AEA glaEd e ma, mo,
= 4714, m: 1<m<1.155
o @9el T& gase] AneAEg &4 oy Fele E AR
7 Aelstel v d4FE swshd d; : thelul A
Fgo] THLA Az 97T} #FA10) Aol gw g ojZo g FaW #
#A3) F30 Aa TR PAEE A4 oﬂo} WAy 4oz duuol A
71 Aste], @9 FAEA] HAE o 9]Zo) MR}
247t nferar s A 249 Ee4 TH11) V-Z}Tm?“ 7EEHE ofFe] oz A
g A9t @A F AN Fof (n-1) A gk},
Ao} Mraarg g o W, sh - Bx 0,
o) Muel e Ho] gav) b AR P=Cix—F
grEe] 5l 947 HEE gic . mE
44y ;i’e')oﬂ] o] Ljo?ﬂ a&.‘:‘.-tl Shsl A P ER7EEE
HarE FolM Fqo P4 #ls Cp BAAF
Q= Mue~eg Aolste) Fao] 3 (Flolemlol =22y T3
L FEA gaEg ARt B: wgd Aol
Fa5) FHe 2§ 2 Foy AFEe A v A
g-alolol e 2]l oA 3oy v} , AR AWAE
& A i (loleluo) 22 g T3
TFH6) AT Beo] gl YR Aol At o
A 7%‘5‘—“0] 7bEshd A HA 3ol A 4. A|ABlo] M 9 &
7} gt}
TH7) A A cele A Yed A=) b B AT E Fig. 39 2E TEE 2E B9

178



ANz 0 - @A

=

=837 e Az

sosfopa Wi ke CAD Al sloll A s AjA,
+ e Bkl disket

sl e
N

P
S T ESRRI

Fig. 3 Drawing of a sample
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Table 2 Input data of input and shape treatment
module for a sample blank

A ok ok A R R Kk R ok Kk Kk kK

* Material Selection *

AR R A AR R R AR A AR AR R AR KA

1. Steel

2. Al

3. Zinc, Cu, Brass, Tin,
Bronze, Lead, Nickel
Si

4. Non-exist Metal

Select the Number @ 3
Select the material (Ex: Cu): Si

Sef U Y e R R kR R KR R RN K

»  HEAT TREATMENT CONDITIONS =+

P i LR R LT RS

A=ANNEALED, C=COLD-ROLLED or
A=SOFTMat’ |, C=HARD Mat’ |

179

input heat treatment condition (C/A). C

€3S T Ve St e v

*  WORKPIECE THICKNESS *

Workpiece Thickness (mm)

<6.001... 10.0>
® (nput the Thickness @ 1.0
SR R R R R R TR

« |nput bend_angle and bend_radius =

R T T L e T e I

Input bend_angle(1) ( degree } ! : 90
Input bend_radius(l) ( om ) ! : 1.5
Input bend_angle(2) { degree )} ! @ 90
Input bend_radius(2) ( mm ) ! : 1.5
Input bend_angle(3) { degree )} ! : 90
Input bend_radius(3) ( mm ) ! : 1.5
Input bend_angle(4) ( degree } ! : 90
Input bend_radius(4) ( mm ) ! : 1.5
Input bend_angle(5) ( degree ) ! @ 90
Input bend_radius{5) { mm ) ! : 1.5
Input bend_angle(6) ( degree ) ! : 90
Input bend_radius(6) { mm ) ¢ @ 1.5

- After press return key to continue,wait for a minute!

Fig. 4 Flat pattern layout drawing generated in flat
pattern-layout module for the sample blank
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Table 3 Numerical date list carried out in flat

pattern-layout module for the sample blank

Numerical list of internal shape °

4 00);
0.0) (46775 534 0.0) (rev)) (4677

4 8.0) (17.975 534 0.0) ¥

100 {) frovn

3h 0.0) (4757 B3h

((48.075 53.1 0.0) (47,975 510 0.0) (7575 531 0.0) (rov))
(47,975 53.0 0.0) (46.775 53.0 0.0
(46015 530 0.0) (6,675 53.1 0.0) (46.775 53.1 0.0} (rev))
Numerical list of external shape :
675 $4.0 00 e
) s a0 00

.0) (70.0 335 000 (0.

o

& 688913 88 B8 N2 88 LY

5 0.0) (705 33.0 0.0) (V0.5 335 0.00

744 329 00; (rev))
/ 6 322 0.0
(1565522 0.0)

(75245 32.2 0.0) (7545 32.9 000 (/5.5 32.9 0.0) (75.85 33.0 0.0} (/5.85 329 0.0) {rev))

({1585 33.0 0.0) (805 33.0 0.0)) {(80.5 33.0 0.0) (8L.0 335 0.0) (80.5 3.5 0.00)

((81.0 33.5 0.0) (81.0 795 0.0)) ((R1.0 795 0.0) (RO5 80.0 0.0) (80.5 795 0.0))

;z/ﬁ)&‘) 80.09 oog y é $15&5 80.1 00; (rev))
7

7575 80.1 0. ]5/58080 15715 808 0.0 {7t 7565 80.8 0.0))
7565 80.9 0.0, 14680900) ‘146 80.9 0.0) (745 80.8 0.0) (746 80.8 0.0))

(745 80.8 0.0) (74.5 80.1 0.0)) (745 80.F 0.0) (74.4 80.0 0.0) (74.4 80.1 0.0) {rev))

ggms 80.0 0.0) (75.85 BO.0 00}

{58 ME08 FB3 RO (B3 1R08D B8 R3 8B BB B3 8 e

((69.9 785 0.0) {68.0 78.5 0.0) ((68.0 185 0.0) (675 19.0 0.0} (68.0 /9.0 0.0) {rev))
{615 19,0 0.0) (675 80.9 0.01) (675 809 0.0) (676 81.0 0.0) {676 809 0.0) (rev))
({676 81.0 0.0} (73.4764 81.0 0.0))

134184 81.0 0.0

2,38 73 ")21];8].0]06 0.0} (734764 K11 0.0))

) (73]
0 E %600 0.7
¢ 5 §u> (/45736 814 0.0) (rev))

0) (/5 7264 81.4 0.0} (rev))
06 0.0))

{(76.7289 81.0106 0.0) (76.7/36 81.0 0.0} (76.7736 81.1 0.01)

{(76.7736 81.0 0.0) (914 81.0 0.0)) ({911 BL.O 0.0) (31.5 809 0.0) (914 80.9 0.0} (rev))
{915 809 0.0) (915 785 0.0)) (915 78.5 0.0) (93.0 770 0.0) (93.0 /85 0.0))
{(93.0 77.0 0.0} (34 770 00)) {954 710 0.0) (955 /6.9 0.0) (954 16.9 0.0) (rev))
{(955 76.9 0.0} (355 36.1 0.0)) ({955 36.1 0.0} (354 36.0 0.0) (954 36.1 0.0) (rev))
{(95.4 36.0 0.0} (93.0 36.0 0.0)) ((93.0 36.0 0.0) (91.5 345 0.0) (93.0 34.5 0.0)
{(915 345 0.0} (31.5 321 0.0)) (915 32.1 0.0) (91.4 320 00) (31.4 321 0.0) (rev))
{(91.4 32.0 0.0) (¥6.7136 320 0.0))

1289 31.9894 0.0) (167136 31.9 0.0)
315106 0
0.0) 751264 31.6 0.0) trev))
09, (415236 31.6 0.0) (rew)

{(3.5211 31.9894 0.0) (734764 32.0 0.0) (734764 319 0.0)
((73.4764 32.0 0.0) {676 32.0 0.0)
((67.6 32.0 0.0) (675 321 0.0} (67.6 32.1 0.0) (rev))

Numerical list of bend line :
((94.0 33.25 0.0)(94.0 3725 0.0)(94.25 335

Fig. 5 The feasible area carried out production
feasibility check module for the sample
blank

Table 4 Calculated results of minimum dimensions of
holes, distance between internal features for
the sample blank

Min. Diameter of Circle G.T. Criteria

Min. Diamcter © 4.0mm
Limit Diameter : 1.0mm

Min. Rectangular Distance G.T. Criteria

Min. Rectangular Distance : 1.00499mm
Limit Distance : 1.0mm
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Fig. 6 Bending sequence flow chart according to

a) Wall E bending
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b) Piercing punch creation
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©} Blank creation arrangeinent

d4) layout mtch

e} Arrangment

)} inference check

&) Repetition of ¢l {1 from this point on

]

h)

(3}

=]
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p) 90° Bending

o

q) 90° Bending

w

r} 90° Bending

hei

s) 00° Bending

t) Strip layout creation

T T TR R T

Fig. 7 Automatic strip layout for a sample blank with

bending constraints and piercing
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