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An Automated Nesting and Process Planning System of Irregularly
Shaped-Sheet Metal Product With Bending and Piercing Operation
for Progressive Working

J.C. Choi*, B.M. Kim*, Chul Kim*

ABSTRACT

This paper describes a research work of developing a computer-aided design of irregularly shaped-sheet
metal product with bending and piercing operation for progressive working. An approach to the CAD sys-
tem 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 composed of five main modules, which are
input and shape treatment, flat pattern-layout, production feasibility check, blank-layout, 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, and availability of press. This system is capable of unfolding a formed sheet metal part to give flat
pattern and automatically account for the adjustment of bend allowances to match tooling requirements by
checking dimensions and the best utilization ratio of blank-layout within bending production feasibility
area which is beyond *+30°degrees intersecting angle between grain flow and bending edge line and which
is suitable to progressive bending operation. Also the strip-layout drawing generated by a bending and a
piercing operation according to punch profiles divided into automatically for external area of irregularly
shaped-sheet metal product is displayed in graphic forms.

Key Words :Bending & Piercing(#13/50]4), Knowledge Based Rules(214 #o]~4 7#3), Shape Treatment
(8/4A2]), Flat Pattern-Layout(E) EfE-go]o}-%), Production Feasibility Check(7F&7Fs 47},
Bending Production Feasibility Area(33 7187159 %), Blank-Layout(E#32-glo]o}%), Strip-
Layout(2~EY-g|o]o}-%)
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Table 1 Input data of input angle shape treatment moudule
for a sample blank

* Material Selection *

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

4. Non-exist Metal

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

= HEAT TREATMENT CONDITIONS =

A=ANNEALED, C=COLD-ROLLED or
A=SOFTMat 1, C=HARD Mat‘}

Input heat treatment condition <C/A>: C

*  RORKPIECE THICKNESS *
Vorkplece Thickness (mm) l

<0.001... 10.0>

m Input the Thickness : 0.5

* Input bend_angle and bend_radius %

Input bend_angle(1) ( degree ) ! : 90
Input bend_radius{1) ( sm ) ? : 2.0
Input bend_angle(2) ( degree ) ! : 90
Input bend_radius(2) ( =m ) ! : 2.0
Input bend_angle{3) ( degree ) t : 90
Input bend_radius(3) ( em ) t = 2.0
Input bend_angle(4) ( degree ) ! : 90
Input bend_radius(4) ( ma ) ! : 2.0

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

Table 2 Numerical data list carried out in shape treatment
module for a sample blank

TNumerical list of internal shape :
((38.0 116.064 0.0) (380 130.064 0.0))
((38.0 130.064 0.0} (44.0 130.054 0.00)
((44.0 130.054 0.0) (44.0 116054 0.00)
{(44.0 116,054 0.0) (380 116,054 0.00)

{595 125064 0.0) (5.09902))
({215 125064 0.0) (412010

Numerical list of external shape :
((~145107 107.064 0.0) (548927 147.054 D.ON
((5.48927 147.054 0.0) (765107 147.054 0.0))
(76,5107 147.054 0.0) (96.5107 107.054 0.0

(985107 107054 0.0 (57.0 107.054 0.09

(570 107.054 0.0} (57.0 -1.05384 0.0

(570 -1.05384 0.0} (250 -1.05384 0.0)

(250 -105384 00} (250 107.054 001

{(25.0 107.054 0.0) (~145107 107.054 0.0)

Numerical list of bend line @
({25.0 18.4979 0.0) (57.0 36.9731 0.00}
((25.0 465617 00) (57.0 650269 0.0))

({11,2447 107.054 0.0) (11.2447 147.064 0.0)
((70.7554 107.054 0.0) (70.7554 147.054 0.0))
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Table 3 Calculated results of minimum dimensions of holes,

distance between bend line and internal feature, and
distance between internal features for a sample blank

Min. Diameter of Circle G.T. Criteria
Min. Diameter @ 8.25mm
Limit Diameter : 0.6mm

Min. Rectangular Distance G.T. Criteria
Min. Rectangular Distance : 11.80mm
Limit Distance : 0.55mm

Min. Distance between bend line and interal feature L.T. Criteria
Min. Distance between bend line and internal feature : 2.88mm
Limit Distance : 3.0mm

Fig. 3 Drawing of a sample blank

Production infeasibility!

.
O
-
O

"Infeasible Area"

-
e

Fig.4 Flat pattern drawing carried out flat pattern-layout Fig. 5 The infeasible area carried out production feasibility
module check module for a sample blank
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Table 4 Range of angle for bending production feasibility
area satisfied bend strength for progressive working

Range of Angle for bending production
feasibility area

0 - 247
56° - 60°
204" - 240°
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SLITTING WIDTH = 157.793
PITCH = 105.326
UTILIZATION RATIO =

0.4272
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g 12 15 18 21 24
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Fig. 7-1 Blank-layout with the best utilization within angle of
bending production feasibility area, 0° ~ 24°
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Fig. 7-2 Blank-layout with the best utilization within angle of
bending production feasibility area, 56° ~ 60°
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Fig. 7-3 Blank-layout with the best utilization within angle of
bending production feasibility area, 204° ~ 240°
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Fig.8 Automatic strip-layout for a sample blank with
bending and piercing operation
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