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This paper describes the development of computer-aided design  |Introduction
of irregular-shaped sheet metal products and 32LD PLCC lead
frames and semiconductors, requiring very precise piercingThe electronics industry has grown continuously owing to the
operations for progressive working. The approach to the CADinvestment in facilities to produce lead frames efficiently, and
system is based on knowledge-based rules. Knowledge for thieas become important. Lead frames, which are important metal
CAD system is formulated from plasticity theories, experimentaproducts in the IC process and able to communicate as wire
results, and the empirical knowledge of field experts. Thisbonding with accuracies in micrometres are used in products
system has been written in AutoLISP using AutoCAD on drom general computers to electronic products and toys and
personal computer and the I-DEAS drafting programming lang-supports for semiconductor chips. In order to produce these
uage on the I-DEAS master series drafting with an HPproducts, standardisation of die design is necessary because of
9000/715(64) workstation. Transference of data between Autorends in miniaturisation, weight reduction, and time require-
CAD and I-DEAS master series drafting is accomplished usingnents in modern industry. Shear forming, by which parts with
DXF and IGES methods. This system is composed of five mam desired shape are manufactured from sheet metal using a
modules, which are input and shape treatment, productiorpunch and a die, requires this kind of standardisation for the
feasibility check, strip-layout, data-conversion, and die-layoutcompatibility and accuracy of components. However, generally,
modules. Based on knowledge-based rules, the system dmly experience and intuitional decisions have been used for
designed by considering several factors, such as V-notchegroduction feasibility checks, strip-layout, and die-layout for
dimple, pad chamfer, spank, cavity punch, camber, coined aredprming by blanking or piercing. In order to solve this problem,
cross bow, material and thickness of product, complexities ofthe automation of computer-aided process planning for the
blank geometry and punch profile, and availability of pressesdesigned product by formularising the experience of skilled
As forming processes and the die design system using 2Bngineers has been undertaken [1-3]. In 1971, Shaffer
geometry recognition are integrated with the technology ofdeveloped progressive die design using a computer (PDDC)
process planning, die design, and CAE analysis, the standardissystem [4] and Fogg and Jaimson followed him by developing
ation of die parts for lead frames requiring a high precision an improved PDDC [5] by considering other factors which
piercing process is possible. The die-layout drawing generatediave an effect on die design. A weak point of this system is
by the die-layout module is displayed in graphic form. Resultghat it is semi-automated and the processing time is too long.
obtained for each module provide help to the designer andShibata and Kunimoto developed a CAD/CAM system [6] for
the manufacturer of lead frames for semiconductors. which the aim is the screen-output of the blank-layout and the
die-layout. Nakahara and the others introduced a system for a
Keywords: Bending and piercing; Knowledged-base rules; progressive die design [7]. Choi etal. developed a compact

Lead frame and practical CAD system for the blanking or piercing of
irregular-shaped sheet metal products and stator and rotor
parts [8,9].

In this study, a die layout module outputs the parts and the
assembly of a die using the I-DEAS master series drafting
. . software for a 32LD PLCC lead frame strip layout, and
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Input & [~ Material Fig. 1. The functional description of modules of the system is
Number of blanks ; ;
Shape treatment T}‘;‘Z‘k:;s‘; anks presented in detail as follows.
Pro d:ction — Production requirement
- Minimum hole diameter 2.1 Input and Shape Treatment Module
feasibm:y check —— Minimum slot size P P
Strip- layout rmmrflmr::mm The user inputs material type, thickness, width, heat treatment
Tonnage of press condition, and the shape of the product into an AutoCAD
IDiei Bolster dimensions drawing by hand or as an output drawing file on the screen,
selection —— Bed open dimensions and the shape treatment module automatically reads information
—— Shut height of press about the mechanical properties of the material from the data-
— Number of strokes base and converts the shape data into numerical data and stores
[ V-notch it. Numerical data, and internal and external shapes are used
Strip Dimple in each module of the system.
Pad chamfer
development Spank
— Cavit h . -
A Dz“,/:nysilt“;nch 2.2 Production Feasibility Check Module
\ 4 —— Cross bow
Die- layout I__..__ Punch The production feasibility check module is the module that
—— Punch plate checks the production feasibility of the product with the blank
— Punch backing plate information and shows geometric regions which are difficult or
Punch holder impossible to form by piercing. When checking the production
Bfegl‘lt; late feasibility for blanking or piercing of a blank, this module
et P compares holes to be pierced, and corner and fillet radii with
L Tonnage of press criteria stored in the database. Therefore, this module shows
—— Bolster dimensions feasible geometric regions.
— Bed open dimensions

Pad chamfer
Fig. 1.Modular structure of the system. 2.3 Strip-Layout Module

The strip-layout module, automatically derives punch profiles
able cost and time saving by improved standardisation, andor the external area of the product and carries out piercing.
can provide a permanent and confidential source of expertislso, this module decides the order of the processes for
Furthermore, such a system can serve as a valuable consultgiogressive working based on factors influencing the strip-
for experts and as a dependable training aid for beginners. layout of the lead frame, or semiconductor. The factors are
as follows:

1. V-notch: prevention of bubbles and moisture.

2. Structure of CAD system 2. Dimple: diffusion of heat through a flaw inside a die
attached pad.

. Pad chamfer: elimination of burr for a die pad.

Spank: compensation of internal and external lead after
piercing.

The CAD system is composed of input and shape treatmer(ljb
production feasibility check, strip-layout, data-conversion, an
die-layout modules. It is accomplished in one operation and"
has the merit of being processed without interruption as each
module holds the rule and database in common. It is easy t§- Cavity punch: prevention of twist of lead.

use, as dialogues are user-friendly with appropriate prompting. Camber: curvature of the lead frame strip edge.

statements for the various data required. 7. Cross bow: transverse bowing of lead frame.

If -a drawing of a lead frame product requiring very preciseg pown set depth: intentional depression of the die attached
piercing operations is loaded in the developed system, the input pad.

module of the system automatically recognises the drawing of

the product and prompts for input data for the product. Results

produced in the shape treatment module are transferred to tig4 Data-Conversion Module

production feasibility check module which checks the distances

between the internal shapes, corner and fillet radii and th@he data-conversion module converts the shape data obtained
minimmum holes required for piercing. Data that is feasiblein the strip-layout module using AutoCAD into recognisable
in the production feasibility area are transferred to the strip-shape data in the die-layout module using the I-DEAS master
layout module for automatically carrying out strip-layout. series drafting with a workstation, HP 9000/715(64). It converts
Results from the strip-layout module are transferred to the diethe shape data of the strip-layout into numerical data for use
layout module to generate parts and the assembly of the dim the die-layout module. The procedures to be converted are
set. The modular structure of the system can be seen ias follows:
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Fig. 2. Die set of lead frame for semiconductor.

Line representation

(Entity,[ViewNum],[LayerNum],[Color],[Weight],[Ltype],
[Intell],{GroupName},[Xs],[Ys],[xf,pYTf])

Arc representation

(Entity,[ViewNum],[LayerNum],[Color],[Weight],[Ltype],
[Intell],{GroupName},[Xc],[Yc],[Rad],[Sa],[la])

2.5 Die-Layout Module

The die-layout module automatically designs the parts and
assembly of the die to satisfy the rule design using the
information on tool possition according to the processes
obtained in the strip-layout module. The pattern of the die set
of a lead frame is shown in Fig. 2.

3. Rule and Database of the System

An automated CAD system organises the rule and databases
as process variables extracted from plasticity theories, relevant
references and the empirical know-how of experts in blanking
industries. Rules which organise empirical know-how and
guide design, are based on decision trees of the form of
“IF(conditions) THEN(actions)”. According to the information

on the condition of a part, the system calculates the action
part and the results of the action part are the input to the next
condition part.

3.1 Rule of Production Feasibility Check

Rule 1. The minimum distance between shapes of internal
features and minimum distance between the edge of
the strip and the edge of the product are decided from
the database according to the thickness of material.

Rule 2. The minimum distancce between the shapes of
internal features should be the criteria suggested

Where, “Entity” is entity number, “[ViewNum]” view-

number(1-63) of entity number, “[LayerNum]’ number of Rule 3.

layer, “[Color]” colour of display, “[Weight]” thiickness of
line, “[Ltype]” type of line, “[Intell]” “yes” or “no” of intellig-
net font, “[GroupName]” name of group, “[Xs]X%-coordinate

of starting point, “[Ys]" y-coordinate of starting point, “[Xf]” Rule 4.

x-coordinate of endpoint, “[Yf]” y-coordinate of endpoint,
“[Xc]” x-coordinate of centre-point, “[Yc]'y-coordinate of

centre-point, “[Rad]” radius of circle, “[Sa]” starting angle, Rule 5.

and “[la]” is incremental angle.

In order to use these data in the die-layout module, theryle 6.

data-conversion module organises closed loops for the entities
composed of lines and arcs. The representation, which is a 1D
array, is as follows:

(Xs(1),Ys(1),Xf(1), Yf(1),Xc(1),yc(1),Rad(1),Sa(l),la(1))

from the database.

If the hole for piercing is a circle, the limit value
depending on the properties, shape, and thickness of
a product should be satisfied with the criteria
obtained from the database.

If the material does not exist in the database, the
diameter or slitting width should be greater than the
thickness, 1t.

The corner or fillet of the radius should be greater
than 0.5t.

When through blanking of an irregular shaped metal
product is feasible for the shape of internal features,
but infeasible for the external area, the production
feasibility check module selects preferentially for the
external infeasible area.

(Xs(n),Ys(n),Xf(n),Yf(n),Xc(n),yc(n),Rad(n),Sa(n),l1a(n)) 3.2 Rule of Strip-Layout

Where, “(n)” is the number of entities, the initial value is gyle 1.

zero in the case of a line. The concept of a symbol is

introduced to ease the generation of the parts of the die. Th%ule 2

procedures are as follows:

Representation of die part Rule 3.

((Partnameg Sh_num, view_pt; layer, pt,_x pt;_y)
(Partname Sh_num, view_pt, layer, pt.—X pt,_y))

Where, “(Parthamg)” is the name of thenth part,

“(Sb_num,)” number of symbol, “(viewpt,)” number of view Rule 5.

point, “(layer)” number of layer, “(pt_x)” x-coordinate of the
part, and “(pt_y)” is the y-coordinate of the part.

Rule 4.

Generally in the case of existing notches, they are
pierced at the first step of the process.

If a V-notch, dimple, and pad chamfer exist, they

are pierced at the first process.

When pilot pin holes, epoxy holes, and moulding

holes exist, if possible they are pierced at the first

process.

If pilot pin hole exists, the size of hole should be

greater than 3 times the thickness of product.

If holes to be pierced are close to each other, or are
not related to the function, holes are distributed over

many processes.
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the die blank which is capable of enduring normal
pressure produced by the thrust force.

Each of the succeeding die blanks is first pierced
on its specified pitch according to the working
order, and shifts to the next pitch if it overlaps.
The ratio of thrust force to blanking force is obtained
from the database.

The normal pressure exerted by the thrust force is
decided as follows.

Fq

Pace=
face I—shear>< txBLR

Prace = NOrmal pressure (kg mrf)
Lshear= SUMmMation or shear length (mm)
BLR = ratio of thickness of material to burnishing length

rust force (kg)

Outer diameter endured normal pressure by thrust
force is decided as follows

1= e

\3Prac

) )

y

\/Bpface
rmy

D, = inner diameter of die blank (mm)

D; = outer diameter of die blank (mm)

Fig. 4. Production feasibility check of a corner and a fillet radius for
32LD PLCC lead time with thickness 0.254 mm.

M = constant depending on yield criterion=lm =< 1.15

o, = yield strength of die (mm)

Rule 15.

Rule 17.

Rule 18.

BRI

Fig. 5. Production feasibility check of holes for 32LD PLCC lead Ryle 19.
frame with thickness 0.254 mm.

Rule 6. As internal features which are related exist, theRule 20.
system being able to set punch equipment, they are
pierced preferentially.

Rule 7. If a pilot pin hole, epoxy hole, moulding hole, V- Rule 21.
notch, dimple, pad chamfer, internal lead cannot be
pierced at the same time, the process order is aRule 22.
follows: dimple, V-notch, pad chamfer, pilot pin hole,
epoxy hole, moulding hole and then internal lead.

Rule 8.

shape of the blank is divided automatically into
simple shapes.

After calculating the perimeter for each blank, first
of all, the strip-layout module decides the working
order according to the size of the perimeter. Rule 2.

In each shape that is divided from the shape of the
blank, the strip-layout module decides the size of

Rule 1.
Rule 9.

Rule 10.

Regrinding of die and punch is required after pierc-

ing from 600000 to 700000 strokes.

For a lead frame with over 16 pins, a spank process

is required.

A punch with a cavity is divided and if possible, the

cavity punch and cutting bar are operated together.
Note that in the case of working together, the
process of the cutting bar precedes that of the
cavity punch.

In order to compensate for the distance between the
leads and crossbow, an equalising process is
required.

Feed error is withind, mm and location error

195 MM,

All dimensions of the lead frame are measured from
the dambar.

So as not to use a punch of an intricate shape, thg3 Rule of Die-Layout

If the overall cutting dimensions of the blank are
less than 300 mm, the complete blank profile is
produced in one stage.

If any interrelated features exist within pilot holes,
they are also processed in the first stage, provided
that their punch mounting permits it.
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Rule 3. 'Ift the Inf“nitmum dciisffﬁncedbetwfe?hn tdh'e t?ldgi _oflthe Dyi2 = diameter of the most outer shape of product (mm)
internal feature and the edge of the die block is les — ;
than twice the die block thickness, idle station isSD bioo = diameter of die block (mm)
required for preventing die block, stripper plate and Rule 8. The centre of pressure in a progressive die is calcu-
punch holder from being broken. lated as follows.
Rule 4. The die-layout module also designs the strip in such oEx
a way that it enables the component and its scrap to X= SE
be ejected without interference. '
Rule 5. The die-layout module decides the type of die to be :@
designed to produce the given component by con- 3E
sidering the complexity of the blank profile, pro- Where
duction requirements, accuracy of the blank, and '

other related parameters. E; = shear length of each entity (mm)
Rule 6. The force for blanking or piercing in a progressive X, = centroid ofx-coordinates for each entity (mm)
die is as follows. y; = centroid ofy-coordinates for each entity (mm)
P=Lehearx t Xs Rule 9. If the minimum distance between succeeding pro-

cesses is greater than twice the thickness of the die
block, partition of the die is required.
Rule 10. Punch length is smaller than the criteria suggested

Where, P = force of blanking or piercing (kémn?)
Rule 7. The thickness of die block verifies as the following

expression. . - )
in the following expression.
2.5p Doia
Habiock = . (1 - m) = \/[(ZwZEI/CP)]
Where, Where,
Habiock = thickness of die block (mm) L = punch length (mm)
o, = allowable bending stress of die block (kg rmin E = elastic modulus (kg mm)

« %
_'I_. - je '\1? £
-h— a ~ JP" i @

i

Fig. 6. An automatic strip-layout drawing for the 32LD PLCC lead frame semiconductor.
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Fig. 8. A drawing of the die plane of the 32LD PLCC generated in the die-layout module.

| = second moment of area (kg mth
CP = safety factor

Rule 11. Amount of preliminary compression of spring is
from 3 mm to 6 mm.

IWorkcom = Ipunch + Istripper

>

%4

€

629

Rule 14. Spring is calculated from the following expression.

Rule 12. On the press working, the amount of compressioﬁNhere'

of spring is as follows.

IWorkcom =t+ Ipunch+ Istripper

Where,

lworkcom
Ipunch

Istripper

Rule 13.

press (mm)

die (mm)

die (mm)

compression length of spring on working of

amount of penetration of punch on closing of

Fspring = SPring force (kg)
Kspring = CONstant of spring

Fspring: Kspring x Itotcom

l1orcom = total compression length of spring (mm)

and ultimate strength.

expression.

amount of penetration of punch on opening of

Fstrip =Px(l1~ 1-2pstrip

Total amount of compression of spring is as follows.Where,

Rule 15. Clearance between die and punch is decided from
the database considering the thickness of material

Rule 16. The stripping force is calculated by the following
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Fig. 9.A drawing of the die holder of the 32LD PLCC generated in the die-layout module.
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Fig. 10.A drawing of the guide plate of the 32LD PLCC generated in the die-layout module.
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Fig. 12.A drawing of the stripper holder of the 32LD PLCC generated in the die-layout module.
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Fig. 13.A drawing of the die backing plate of the 32LD PLCC generated in the die-layout module.
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Fig. 14.A drawing of the punch backing plate of the 32LD PLCC generated in the die-layout module.
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Fig. 15.A drawing of the punch holder of the 32LD PLCC generated in the die-layout module.

Fsuip = stripping force (kg) Rule 21. From the database, its die-layout module seleccts
C.uip = coefficient of stripping other standard parts in accordance with the dimen-
sions of parts calculated in earlier stages.
ule 22. In order to produc®l holes whose diameter ig,

and centre-point isx(, y;), the minimum effective
Fatrip = 300 x d? x size of plate, Act)min X (Bett)min 1S as follows.

Where, Xmin = MIN[(x — 1.5d}), i=1,N]
Ymin = MIN[(y; — 1.5d)), i=1,N]
Xmax: MAX[(Xl + l-mi)a i= l! N]
Ymax = MAX[y; + L.5d)), i=1,N]
Rule 18. Positions of the knock pins and springs are arrangega_q).... = Xnax = Xmin
around the punch contour at equal pitch. Bar)min = Yorex = Yo
Rule 19. Screws and dowels are located around the perimeeter
of the die block in a straight line at equal pitch. Where,
Rule 20. If any error at an equal pitch occurs, it is adjusted(Aemmin = Minimum effective length of plate (mm)
at the central position. (Beft)min = Minimum effective width of plate (mm)

Rule 17. The number of fasteners is calculated by the follow-R
ing expression.

d; = diameter of fastener (mm)
n: = number of fastener (mm)
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S22

Fig. 16.A drawing of the upper die (punch parts) of the 32LD PLCC generated in the die-layout module.
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Fig. 17.A drawing of the lower die (die parts) of the 32LD PLCC generated in the die-layout module.

4. Application and Results of the System 4.1 Application to Input and Shape Treatment
Module

When a lead frame for a semiconductor requiring a verywhen a user inputs items demanded for the lead frame product
precise piercing operation for progressive working is designecis shown in Fig. 3, the shape treatment module, being the
on the automated CAD system, the results obtained in eackecognised drawing of input shape, converts the numerical list
module are given in the following sections. into a list of closed loops to design each module. These lists
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are used to run the program in each module using the ruléayout” based on the length and width of the strip-layout
and database in common. drawing. After calculating these data of the die plate, the
dimensions of the die set are standardised to those of the
die set stored in the database. Also, based on the dimensions
of the standardised die set, the thickness of the die plate
and stripper plate, the minimum distances from the edge of

) . die plate to the dowel pin and to the bolt, are obtained from
When the internal lead of the lead frame, 32LD PLCC, iSthe gatabase. The diameters of the dowel pin and the fast-

applied to the production feasibility check module, the reSU"Sener, and the diameters of the sub-guide and the main-guide
of checking the corner radius of the product, the holes t0 be,nsts are obtained from the database. It checks success or
pierced, and the distance between the shapes of internal featurgg) ;re by buckling of a punch. In the internal lead of the
are shown in Figs_4_ and 5._From these results, this systery,q frame, the dimensions to be pierced are the same as
knows that the minimum distance between the shapes qhoge of the punch and the dimensions to be blanked, as
internal features and the holes to be pierced are within the,ose of the die. After all the die blanks are arrayed,
feasible area. This module, therefore, prevents errors whicll,oments are calculated from the position and centre of
would occur in the actual workshop. gravity of each shape in order to determine the balance
force point. Matching this point to the centre of the die set
produces a balanced pressing pressure and reduces the wear
of the die and punch. By quantifying the techniques and

When the 32LD PLCC lead frame product is applied to the€XPerience in this workshop, this module can generate the
strip-layout module, the results which are output by this module?€St die-layout drawing preventing plastic deformation and
are shown in Fig. 6 [10]. The strip-layout module, by checking defects.

the interference of the outer diameter of the die blank and the

thrust force, can carry out an automated strip-layout to prevent

the die from being broken. In the case of punches working orb. Conclusion

the external part of the product, the pilot pin hole, epoxy hole,

external lead, moulding hole, and cutting bar, and shape ofhe study developed an automated CAD system for process
the product is the same as that of the punch, but in the caselanning and die design for lead frame products, for semicond-
of complicated punches, the die pad, and internal lead, antctors, with very precise piercing operations.

punch profiles are divided automatically. When piercing internal The automated CAD system has the following features.
leads, this module carries out progressive working considerin
the minimum distance so as not to interfere according to the”
size of the shear length. Plastic deformation occurring at the
end part of the internal lead is required for designing the
cavity punch to prevent such a deformation. This module
extracts the list of cavity punches from the numerical data of?-

4.2 Application to Production Feasibility Check
Module

4.3 Application to Strip-Layout Module

Input and shape treatment modules, by recognising the shape
of the product input, convert a numerical random list of
shape data into a numerical list of closed loops to use
easily in each module.

The production feasibility check module can check pro-

the lead frame and designs the cavity punches automatically.
It shows the shapes of the cavity punches automatically gener-
ated in Fig. 7 [10].

duction feasibility for a lead frame product requiring very
precise piercing operations.

3. Taking account of the outer diameter of the die blank under

normal pressure for each shape of product, in the production
feasibility check module, the shapes of the punch profiles
were divided automatically for the external area.

The strip-layout also checks the idle station between suc-
ceeding processes to prevent the die from being broken and
generates the strip-layout drawing automatically.

8. The die-layout module can carry out automated die-layout
and generate parts and assembly drawings of the die set in
graphic form.

4.4 Application to Die-Layout Module

The data-conversion module converts the shape data of thAé'
strip-layout drawing for the lead frame into recognisable
shape data in order to use the I-DEAS master series draftin
program. When the lead frame, 32LD PLCC, is applied to
the die-layout module, the parts and assembly of the die set
are generated and can be seen in Figs 8-17. The module
reads standard parts from the database according to dataThis system quantifies techniques and experience needed in
obtained from the strip-layout module, and for non-standarddesigning die sets and standardises design rules for formulating
parts not stored in the database, and carries out the desigprocedures for design. It has the advantage that it can be used
Therefore it generates the die-layout drawing. Calculatingoy a novice who may not have any knowledge of tool design.
the outer diameter under normal pressure of the die, an®@y realising an automated CAD system on AutoCAD for
the clearance of geometric shape between die and punclprocess planning and on I-DEAS for complicated die design,
the centre of pressure for the balance of forces, the numbeahe system, linked with other CAM software, can automatically
and arrangement of screws, and the number and arrangemegenerate NC data so a CAD/CAM system for lead frame for
of dowel pins, and the size of the die block is decided bysemiconductors requiring very precise piercing operations may
the following procedures. It calculates the “area of die-soon be developed.



634

Acknowledgements

The authors wish to thank for ERC for Net Shape and Die 6. Y. Shibata and Y. Kunimoto, “Sheet metal CAD/CAM system”,

J. C. Choi etal.

5.

Manufacturing at Pusan National University, Pusan, Korea.

References

1.

. Zone-Ching Lin and Yuang-Chuan Chang,

Zone-Ching Lin and Ho Chang, “Application of fuzzy set theory 8.
and back-propagation neural networks in progressive die design”,
Journal of Manufacturing Systems, 15(4), 1996.

. F. Wang and L. Chang, “Determination of the bending sequence

in progressive die design”, Proceedings Institution of Mechanical -
Engineers, 209, pp. 67-73, 1995.

“Sash sheet
metal development and the application of a back-propagation
neural network in the calculation of the developed length”,
Journal of Materials Processing Technology, 69, pp. 95-105,10.
1997.

. G. Schaffer, “Computer design of progressive dies”, American

Machinist, 22, pp. 73-75, 1971.

B. Fogg and G. A. Jaimeson, “The influencing factors in
optimising press tool die layouts and a solution using computer
aids”, Annals CIRP, 24, pp. 429-434, 1975.

Bulletin Japan Society of Precision Engineering, 15, pp. 219-
224, 1981.

. 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.

J. C. Choi, B. M. Kim, H. Y. Cho, C. Kim, “An Automated Die
Design System for Blanking and Piercing of Stator and Rotor
Parts”, Journal of the Korean Society of Precision Engineering,
Vol 14, pp. 23-33, 1997.

9. J. C. Choi, B. Y. Kim, H. Y. Cho and Chul Kim, “A compact

and practical CAD system for blanking or piercing of irregular-
shaped sheet metal products and stator and rotor parts”, Inter-
national Journal of Machine Tools and Manufacture, pp. 931-
963, 1998.

J. C. Choi, Chul Kim, B. M. Kim, J. H. Kim and J. H. Park,
“CADDS: An integrated design CAPP system for deep drawing
or blanking products”, International Journal of Advanced Manufac-
turing Technology (to be published).



