TAP CHi PHAT TRIEN KH&CN, TAP 13, SO K6 - 2010

SYNCHRONIZATION OF PRODUCT DESIGN AND DEVELOPMENT FOR
INCREMENTAL SHEET FORMING TECHNOLOGY (ISF)

Le Van Sy, Nguyen Dieu Nuong, Hoang Thinh Nhan, Le Quoc Phong, Nguyen Trung Khuong

Petro Vietnam University

(Manuscript Received on October 21 " 2010, Manuscript Revised January 21%, 2011)

ABSTRACT: Incremental Sheet Forming Technology (ISF) has been attracted many interests of

researchers in recent years. The researchers have focused on many engineering aspects of ISF and found

out feasible applications for many sectors of industry and domestic fields. However, to be able to apply

more successfully in industry, it is necessary to build a completely digital integration for ISF process from

product design to development stage. In this paper, authors propose an approach to rationalize End-to-End

process for this technology which CAD-CAPP-CAM-CNC is integrated into unique environment (CATIA)

by using a data exchange format (STEP). This integrated system increases the geometric accuracy of data

exchange and reduce significantly the time for product design and development.

Keywords: ISF, incremental sheet forming, ...

1. INTRODUCTION

In small and medium production, die/mold
manufacturing and design has a high rate of total
product cost. Die/mold companies always seek a
solution to decrease the product development
time and cost which can amortize each
production unit. In recent years, Incremental
Sheet Forming (ISF) is an innovative approach to
produce a product from sheet materials without
using die/mold [1]. The die-less nature in ISF
provides a competitive alternative  for
economically and effectively manufacturing low-
medium production patch. The main advantages
of ISF are dieless, short product design and
development cycle and low cost which can
overcome the disadvantages of such conventional
approaches as deep drawing, hydro-forming
stamping, etc... Thus, ISF technology offers

significantly the potential application areas for

aerospace industries, customized products in
biomedical applications and prototyping in the
automotive industry.

In recent years, there are many researches in
this technology with an expectation to carry out
successfully to many sectors of the practical
industrial applications. The researchers focused
on various aspects of ISF technology such as
forming process parameters [2], ISF machine
design [3], tool design [5], deforming mechanics
[6], FEM analyses [4] ... which contributed into
acceleration  of  industrial  applications.
Nowadays, this technology has been applied
successfully into many sectors such as cortical
implant, prototypes in automotive industry, and
domestic applications [1]. However, ISF
approach is still using up the existing
technologies of conventional processes. Most

those applications have not yet synchronized the
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End-to-End process of product design and
development. To reduce the time and cost for
product design and development and to emerge
potential advantages by using ISF technology, is
to need a completely digital integration of End-
to-End process through design, planning and
manufacturing stage.

This paper proposes an integrated process
for ISF technology which can carry out to
practical industrial applications. The integrated
system uses only a data exchange format so-
called STEP (Exchange of Product Model Data).
This exchange format overcame the main
disadvantages of IGES format, nowadays, used
normally in CAD/CAM software. The data
exchange between softwares usually triggers off
geometric inaccuracy which is referenced in
researches [7, 8]. This paper presents
automatically integrating system from design,
planning, FEM analyses, manufacturing and
CNC connection on CATIA software. Visual
Basic Application (VBA) programming language
is used for integrated program which overcame
about inaccuracy in data exchange and
incorrespondency among software and reduce

the time and cost of product design and

development.

2. PRODUCT DESIGN AND
DEVELOPMENT USING ISF
TECHNOLOGY

In comparison with conventional sheet
forming technology, the ISF technology reduces
significantly product design and development
time. The time for conventional process can last

to a month and the quality of product does

depend much on the manufacturing quality of
die/mold. This technology is only to suit to large
production patch which the die/mold cost can be
amortized by the large number of fabricated
product. ISF is dieless approach which allows a
manufacturing company to be able to produces a
product in a day with lowest cost. It is to suite for
prototype and low and medium production patch.

The product design and development
process using ISF technology is presented on
Figure 1. It includes four main stages: design,
planning, manufacturing, and product finishing.
Firstly, customer requirements is modeled by
using normal CAD system such as CATIA, Pro
Engineer, AutoCAD, ..etc. The model designed
with all wall angles are always less than a limited
forming angle of formed material, for example,
less than 67° for DC04. In additional, aspects of
geometric symmetry, filleted and chamfered
angle are also calculated to satisfy manufacturing

conditions in ISF technology.
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Figure 1. Process of product design for ISF

technology
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Secondly, the CAD model is imported into
CAM software to establish manufacturing
planning and generate toolpath. In recent time,
most CAM systems are only available to
generate spiral and zigzag toolpath. These
toolpaths leave the failure trace on product
surface where forming tool goes down with peak
force. A spiral toolpath is converted into a helical
toolpath which trigger off an equal force in three
directions through machining process. In this
stage, dividing into machining layer is necessary
because machining principle of ISF technology is
to deform material layers through step by step. It
depends on experience of planning engineer,
forming material, and tool radius to optimize the
formability.

Next stage, material sheet is clamed firmly
on CNC machine table and uses CNC program
generated in previous stage. The sheet is
positioned and covered a thin layer of lubrication
to decrease the friction between the forming tool
and sheet surface in deforming process. Finally,
product is released a clamped device and cut
needless parts for finishing product.
3.BASIC ELEMENTS OF ISF SYSTEM

The basic elements of ISF system include:
CAD system, CAM system, CAE system, and
CNC controller as shown on Figure 2. CAD
system creates 3D model of product in IGES
format after that is used to generate toolpath and
CNC code in CAM system. CNC data is
transferred to CNC controller through RS 232
serial port. The material sheet is clamped firmly
on CNC machine table and is ready to turn on

CNC program from CNC controller. However,

analyzing deformative behavior or predicting
mechanical failures and fracture occurred the
deformation process by using CAE software is
an important step in ISF system. This step is
usually performed by using analysis model in

FEM software.

e r——
CNC CONTROLER

CNC: Computer numerical controlled
CAD: Computer aided Design

CAM: Computer Aided Manufacture
CAPP: Computer Aided Process Planning

CAE: Computer Aided Engineering

Figure 2. Basic elements of ISF technology

4.INTEGRATED SYSTEM IN CATIA
ENVIRONMENT

The basic elements of ISF technology are
integrated to a completely digital integration for
the process from product design to development
stage and CNC operation. In this study, the
authors proposed two integration models for this
process along with their advantages and

disadvantages (Figure 3).

Trang 59



Science & Technology Development, Vol 13, No.K6- 2010

: TN ﬁ
'
elpireaise al
N machiaig hmalios Ted Dufsliass
- a R — Carpirg Scvems
™ |‘—1W4-—m‘] he—
_ Tl terlats | | Catling Paisste

YR Sergh Macen
i

Pagort Fin

Inlomerkes. of macining
T Taw lelrdise

rpant P e | Ganpng Scwew

g

i
.

b)

Figure 3. Digital integration models of ISF technology

In the model 1 (Figure 3a), elements are
integrated relatively simple by wusing API
function and VB macro to create the connection
between them. This model is chosen in this
research. Its disadvantages are the relatively low
processing speed in selecting current modules;
moreover the Visual Basic language operates
slower than other high-level programming
languages. In design stage, user can builds
directly the product model in CATIA
environment or imports other models from other
CAD softwares under two models such as feature
based model and non-feature based model. The

feature based model can be interpreted directly

by CATIA. However, an interpretive module is
made to convert non-feature based model (or
IGES format files) into feature based model in
STEP format. Those features are recognized by
using one of the approaches: automatic and
manual approach. From here, the list of features
is extracted and presented in html format file to
serve for establishing design documentation and
planning process.

In planning process, a module written in
VBA which can support for user to plan process
steps from information received feature list. This
is very difficult task to make an automatic
module which can performed automatic step in
this stage. It is necessary to verify again by user
because the module can only support partly in
this task. The next task of planning process is to
generate the toolpath and CNC code. This work
is performed by a module which can convert
automatically CL file into CNC code under two
types: STEP AP 238 and G-Code. The new
aspect in this study is able to generate 3D helical
toolpath and simulate the tool movement which
is suit for SPIF process to avoid mechanical
failure in manufacturing stage. This cannot do
with normal commercial CAM system in this
recent time. Those CAM systems are only able to
generate simple toolpaths.

The last stage, CNC code is transferred to
CNC controller through a module which can
interpret both STEP AP 238 and G-Code. It is
connected together by RS-323B serial port which
allow the technician be able to monitor the
machining process from control room. This

module is upgraded almost drivers of recently
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commercial CNC system. All of four stages (i.e.
Design, Planning, Manufacturing and CNC
control) are interlinked internally and controlled
by VB script macro.

Another approach shown in the model 2
(Figure 3b), basic systems are not directly
connected each to other, but using a temporary
data file. This model is quicker in operating than
the first one however its use is too complicated,
as the result this option is not chosen.

Using synchronous data for all systems is
the most important factor in integrating process.
STEP is largely used as a data exchange format
in CAD/CAM systems to increase geometric
accuracy and high compatibility. Figure 4
illustrates a complete process of data exchange,
in which STEP AP 203 is used for definition of
geometric objects. The program decodes
geometric data entered into systems that can
recognize geometric features by two following
ways: manual and automatic approach. The
geometric features will be stored in the planning
stage, in which format STEP AP 224 is used for
data storage. The final step is to transfer data to
CNC controller through RS 232B serial port, in
this period format STEP AP 328 is used.
Nowadays, STEP AP 328 can be read by most of
CNC controller, but some older controllers using
G-code format can lead to the difficulty in use of
these systems. Authors have built a suitable data
format converter from STEP AP 328 into G-code

for the certain integration.

Figure 4. Data exchange scheme of integrated system
5.MAIN WINDOW DEVELOPMENT AND
CONCLUSION
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Figure 5. Main interface of integrated system in
CATIA V5

All modules are integrated into unique
environment CATIA by using Visual Basic
language; user can order functions of the
integrated systems from a button on the CATIA
menu. Main table appears on the left of the
window that consists all important functions for
modeling, process planning, generating toolpath
and connecting with CNC controller.

This is a completely digital integration for
ISF process from product design to development
stage. This integrated system allows limiting
geometric errors and increasing the compatibility

in data exchange, thus reducing significantly the
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time for product design and development. highly economic and industrial effect, especially
Engineers could have sufficiency of tools for for making prototype, testing production and
product design and development in a unique manufacture.

environment. As the result, this system can bring

PONG BO HOA QUA TRINH THIET KE VA PHAT TRIEN SAN PHAM CHO
PHUONG PHAP TAO HiNH SAN PHAM KHONG DUNG KHUON (ISF)

Lé Vin S§, Nguyén Diéu Nwong, Hoang Thinh Nhén, Lé Qudc Phong, Nguyén Trung Khwong
Dai hoc Dau khi Viét Nam

TOM TAT: Ky thudt gia céng gia tiang khéng ding khudn cho vt liéu tam (ISF) dd thu hit nhiéu
sw quan tdm ciia cde nha nghién ciu trong vdi nam gan ddy. Cac nghién ciru dd tdp trung hdu hét cdc
khia canh ky thudt ciia ISF va dwoc dp dung thanh céng trong nhiéu linh vie ciia cong nghiép va doi
song. Tuy nhién, dé xdy dung mét cong nghé hoan hdo cho phwong phdp nay thi doi héi mét hé thong
tich hop toan bg qud trinh tiv thiét ké san phdam dén hoan thién san phdm. Trong bai bdo ndy, cdc tac
gid dwa ra mét phuong dn tich hop mét hé thong ddy di cho viéc thiét ké va phdt trién san pham bdng
phirong phép ISF. Hé thong tich hop giai doan thiét ké CAD, 1p quy trinh céng nghé, ldp quy trinh gia
céng va diéu khién may CNC trong mét chudn dir liéu duy nhat (STEP) va trén méi truong CATIA. Hé
théng tich hop ndy cho phép giam sai sé hinh hoc trong qud trinh chuyén déi dir liéu va rit ngdn ddng
ké thoi gian phdt trién san pham.

Tir khoa: ISF, incremental sheet forming, ...
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