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ABSTRACT: Rapid Prototyping (RP), e.g. Stereolithography — a new concept in manufacturing
can generate 3D models directly from 3D Computer Aided Design model data, making a design
tangible within a short period of time. In the design developing process, RP dramatically
reduces time and cost. Compare with the conventional machining method, the RP technology
has many of advantages such as: no tooling preparation time, no fixture cost, reduce design
iteration time by utilizing the simultaneous engineering, able to build the extremely complex
model which can not be manufactured on CNC machine because of undercut problem, as well

as to apply computer integrated manufacturing concept by helping of computer network at any
place in over the world.

Increasing design standards and shortening product life cycle create new demands to the
product development. Using RP is one optimum option to gain the desired quality and
productivity improvement in product design.

Accuracy, cost, surface finish and material used are different from process to process.
Launched in 1997, RP today is representing already more than 30 different technologies.

This paper was the first step to develop a methodology that helps the practice to select the best
technology for the specific prototyping problem. A plastic injection moulding part was designed
as a test model. Then prototypes were made with several technologies (SLA,SLS) a Silicone
rubber mould and a resin casting part of “an upper half of mobile telephone” were produced.
Evaluation for the whole process was made to analyze the accuracy, time and cost of each
process.

II- INTRODUCTION

With the increasing in demand of new, up to date consumer products, the demand of
speed and quality of product design has increased greatly. The need for environment
friendly products leads to plastic injected moulding part because they are light and cheap. In
the design process prototyping is an important and difficult step.

Easy and fast available prototypes of good quality improve the design process in speed
and quality. The new emerging technologies of RP offer a solution for easy prototyping and
though can have a big impact to the product design. Particularly for the fast growing Asian
market there is a big need for prototyping to develop Asia specific competitive products.

Products are frequently changed and product life becomes shorter. To survive in the
competing in the industry, many companies try to use CAD/CAM/CAE for product design,
mould design and manufacturing. They try to find some feasible ways for the product design
and manufacturing section to reduce the existing problems such as: Long product design
cycle time and manufacturing time; Defects in plastic injection parts by faulty deign; To
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improve the surface and internal quality of injection moulding part; To improve the
production rate to meet demand; Selection problem of dedicated CAD/CAE/CAM software.

III- METHODOLOGY

“In traditional product design, the desirable changes in part design usually become
evident only after major investments in tooling and testing have already been made”. It is
time consuming. To figure out, how RP can improve this process will be done by the
following procedures:

1.Computer aided design taking moulding restriction into consideration

2. Analyze interface to rapid prototyping

3.Build prototype model

4. Analyze the whole process

3.1Computer Aided Design for Plastic Injection Moulding Part

The geometric modeling was dcne on the Unigraphics CAD/CAM software running on
the Hewlett-Packard UNIX platform in Asian Institute of Technology.

The use of CAD/CAM in process strategy will result to the following benefits such as:
Manufacturing flexibility; Improve manufacturing performance and quality; Reduce
repetitive input; Design flexibility; Faster response to market.

3.1.1The Part Design Factors Related to Injection Process

e Wall thickness: thin section is required from the point of view of fast production rate to
reduce cycle time. Thickness of the part should be as uniform as possible. Many of defects
could be happened because of the effect of non-uniform.

e Radii and Fillet: the purpose of use adequate radii is to reduce stress concentration and

results in making a molded product stronger and to minimize the abruptness of transitions
from one flat surface to another.

* Bosses: bosses are used to reinforce holes, to support metal insert, or to mount
subassemblies.

e Draft: in order to eject part from the mold, a taper or draft angle is required all
surfaces normal to the parting plane of the mold.

¢ Tolerance: extreme accuracy of dimensions in molded part is difficult, expensive, and
sometimes impossible to achieve. Tolerances closely related to shrinkage but also to the
nature of the particular plastic.

3.2Analyze Interface to RP

3.2.1CAD System Data Representation

Data transfer between the CAD systems and RP processes is mainly based on data
exchange formats capable of representing faceted models.

The start of all RP process begins with the initial part geometry contained in the CAD
model. Usually, the CAD file must be pre-processed by running a CAD to STL trai>.lation
program, to generate an STL file. This- can be carried out in most solid modeling CAD
system.

The STL file basically consists of the X,Y and Z co-ordinates of the three vertices of
each surface triangle, as well as an index that describes the orientation of the surface
normal. The later feature is necessary to ensure that a clear distinction is made between
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inner and outer surfaces. The STL has become the defacto standard of the RP&M field, and
is now supported by over 40 CAD system suppliers.

To process the selected surfaces, the system must determine surface adjacencies,
triangulate each surface making sure all edge vertices match, and determine normal to the
triangles with point toward the outside of the surfaced model.

To process the selected solids, the system directly triangulates the solids. The
system finally outputs the triangles and normal to the output file for use with the exterior
rapid prototyping program.

CAD Model

v
Translator
v

Supports

v

Slice

v
Merge

v

Select Paramerers

;

Build the part

!

Post Processing:- Post curing
- Part removal
- Part cleaning
- Surface

Figure 3.2 Basic RP Operation

3.2.2CAD Parameters

The triangulation tolerance determines how smooth the approximation of the
surface/solid will be (i.e. how close the triangles approximate the surface and how close the
sides of the triangles which lie along the edges are to the edges of the surface).

The adjacency tolerance determines when two surfaces meet along an edge. The
adjacency tolerance has no affect on the processing of solid.

Scaling the part geometry to account for shrinkage can be accomplished in the RP
software.

The part geometry must reside in the positive X, Y, Z octant, meaning all CAD values
are positive numbers. Keeping the parts close to the x and y origin minimizes the extent of
the part and allows the use of a maximum slice resolution factor.
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3.2.3Part Orientation

Many factors contribute to the definition of the orientation of build. Some of these
factors included: surface finish, build time, support structures, shrinkage, curling, distortion,
roundness/flatness, part tolerance, resin flow, material cost and trapped volume.

Part orientation within the building chamber will have an impact on build time, part
resolution, and surface finish. Obviously, minimizing the height of the geometry will reduce
the number of layers required, thereby decreasing build time.

3.2.4Drain Holes

Totally enclosed volumes must have drain holes to allow the uncured resin to escape.

3.2.5Support and Base

Support and base are used for the following reasons:

1.To ensure that the recoater blade will not strike the platform upon which the part is
being built.

2.To ensure that any small distortions of the platform will not lead to problems during
part building.

3.To provide a simple means of removing the part from the platform upon its
completion. '

4.To prevent bending, curling due to shrinkage.

5.To support the built-feature wherever necessary.

Design of the support structure need to take into consideration the orientation of the
part, overhang features, ensuring safe part removal, etc. Support can be generated
automatically or manually on the available software in some RP systems.

3.2.6Slicing

Both the part and support must be sliced. During this step, the layer thickness, the
intended building style, the cure depths, the desired hatch spacing, the line width
compensation value, and the shrinkage compensation factor are selected.

The user can adjust the slice thickness. Thin slices create a smoother and more accurate
surface, but require more time to process, both at the slice computer and during the SLA
building process.

Sloping surfaces that proceed along the axis will be layered and have a distinct ‘stair-

step’ appearance. The height of each step is the layer thickness used in that portion of the
part.

3.2.7Merge

In this step, the supports, the part as well as any additional supports and parts have their
computer representations merged.

3.2.8Scaling to Compensate the shrinkage

Scaling adjustment in rapid prototyping equipment affords the advantage of being able
to dynamically adjust the boundary locations to account for shrinkage that occurs during the
build process. The goal is to scale the shape so that final part is correct.

3.3Build Prototype Model

Some process build the part under certain temperature environment. So it may need
cool down time after processing before removal. Postprocessing are part cleaning, drying,

posturing and surface finishing, etc.
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IV- CLASSIFICATION OF RAPID PROTOTYPING TECHNOLOGIES

Nowadays, more than 30 different processes (not all commercialized) with high
accuracy and a large choice of materials exist. These processes are classified in different
ways: by material used, by energy used, by lighting of photopolymers, or by typical
application range. All RP systems can be easily categorized into

(1) Liquid-based systems: 3D system’s stereolithography Apparatus (SLA); Cubital’s
solid ground curing (SGC); Sony’s solid creation system (SCS); EOS’s stereos systems

(2) Solid-based systems: Helisys’s Laminated Object Manufacturing (LOM); Stratasys’
Fused Deposition Modeling (FDM); KIRA’s Selective Adhesive and Hot Press (SAHP); 3D
System’s Multi-Jet-Modeling System (MJM); Sander Prototype Inc’s Model Maker MM-6B

(3) Powder-based systems: DTM’s Selective Laser Sintering (SLS); Soligen’s Direct
Shell Production Casting (DSPC); EOS’s EOSINT Systems; BPM Technology’s Ballistic
Particle Manufacturing (BPM); MIT’s 3-Dimensional Printing (3DP)

In our paper we only mention three recently essential technologies that are SLA, SCS and
SLS technology.

4.13D systems’ stereolithography Apparatus (SLA)

STL file can be exported from the available CAD systems after the design is finished.
The SLA format is transferred to and analyzed by the SLA systems computer which
generally divides the computer-generated model into horizontal slices with a thickness
depending upon the degree of resolution required. An elevator platform is precisely
positioned below the liquid resin surface at a distance equal to the desired thickness of the
slice to be formed. Then starting with the lowest slice of the object on the surface of the
liquid resin. The slice adheres to the elevator platform and the elevator is then lowered
slightly to submerge the cured layer in liquid resin and then raised precisely so that a thin
layer of resin covers the cured surface. The next slice of the object is created on the liquid
surface by another exposure to the laser beam. The second slice adheres to the top of the
first slice and the process is then repeated with the third and successive layers of the object.
In this manner the entire solid object is built on the elevator, slice by slice. (see figure 4.1)

55



Tap chi Phdt trién Khoa hoc & Céng nghé, Tap 2, S6' 4+5-1999

Table 4.13D Systems’ product and its specifications

Model SLA-190 SLA-250 SLA-350 SLA-500
Laser HeCd HeCd Solid Argon Ion
State
ND: YVO,
Laser Power (mW) 1.5 16 160 132-264
Spot size (mm) 0.2-0.29 0.2-0.29 | 0.25+0.025 0.2-0.25
XY Scan Speed (m/s) 0.762 0.762 5 5
Evelator vertical 0.0025 0.0025 0.0018 0.0018
Resolution
Vat capacity (litre) - 29.5 99.3 253.6
Work Volume XYZ 190x190x250 |250x250x250 | 350x350x400 [508x508x584
(mmxmmxmm)
Minimum Layer thixkness 0.1 0.1 0.05 0.1
(mm)
Size of Unit, XYZ 0.7x102x106 | 0.7x1.2x1.6 1x1x2 1.8x1.2x2
(mmxmmxmm)
Approximate Price 70,0008 | 100,000- 380,0008% | 490,000%
i 170,000%

4.2Sony Solid Creation System, SCS
The system utilizes the stereolithography process and create a 3D solid model by UV
laser curing polymer layer by layer subsequently. Slicing process in SCS software using 3D
data from the CAD system. Slicing can be done both ON or OFF line. The SCS software
consists of two parts: the slice data generator, which uses inputs from various CAD systems

and creates slices and the editing software for slice data which includes the automatic

support generation software. (see Figure 4.2)
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Table 4.2Solid Creation Systems Specification (Source: Sony Corporation

SCS-1000HD JSC-2000 JSC-3000
Laser He- Ar Laser
Cd/Argon

Modulating device High Speed Modulator

Deflector device Galvanometer system (focus by sweep)
Object Drawing range 300x300x300 500x500x500 1000x800x500
(mm)

Spot size (mm) 0.05-3.0 0.15 or less 0.3 or less
Vertical position indicator 0.001 mm
Tank Capacity (liters) 60 L. 2 | 420
Temperature Control Up to 50°C

Data Control Unit SONY NEWS

Workstation
Dimension of main unit 0.38x0.35x1.55 1.65x1.4x1.8 1.9x1.55x2.5

(m)

Power Supply AC 100V-10A , AC 200V (3 phases)

Approximate Price 40 million $ 40million$ | 80 million $

43DTM’s Selective Laser Sintering Process (SLS)

4.3.1Principle

The University of Texas at Austin developed a method for sintering powder materials.
Instead of a liquid polymer, powders of different materials are spread over a platform by a
roller. A laser sinters selected areas causing the particles to melt and then solidify. There is
only one phase transition, in sintering there are two: from solid to fluid, back to solid again.
The materials being used or investigated include plastics, wax, metals and coated ceramics.
(see Figure 4.3)

Briefly, the SLS process creates three-dimensional objects, layer by layer, from
powdered materials with heat generated by a CO; laser within the Sinterstation 2000
System. First, your three-dimensional CAD data must be in the industry standard *.STL
format. Then process is follow:

e As the SLS process begins, a thin layer of the heat-fusible power is deposited onto the
part-building cylinder within a process chamber.

e An initial cross section of the object under fabrication is selectively “drawn” on the
layer of powder by a heat generating CO, laser. The intensity of the laser beam is
modulated to meit the powder only in areas defined by object’s design geometry.

e An additional layer of powder is deposited via a roller mechanism on top of the
previously scanned layer.

o The process is repeated, with each layer fusing to the layer below it. Successive layers
of powder are deposited and the process is repeated until the part is complete. After
processing, the part is removed from the build chamber and the loose powder falls away.
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SLS parts may then required some post-processing, such as sanding, depending upon your
application. Compared to other process, however, this post-processing is minimal.

4.3.2Material used and its applications
e Wax: a standard investment casting wax used by foundries world wide.

e Polycarbonate: a standard engineering thermoplastic used to create concept and
functional models and prototypes, durable investment casting patterns for metal prototypes

and cast tooling (with the Rapid Casting (TM) process), masters for duplication processes
and sand casting patterns.

e Nylon: it is a standard engineering thermoplastic. It is used to create models and
prototypes that can withstand and perform in demanding environments.

e Fine nylon: it is a standard engineering thermoplastic. It is used to create fine-featured
parts for working prototypes

e Metal: It is steel/copper matrix material with a thermoplastic binder. It is used with
DTM’s RapidTool (TM) process on the standard Sinterstation 2000 System platform; used
to create mould cavity and score inserts for prototype tooling. It's characteristics exhibits

material properties that exceed those of 7075 aluminum; when used for RapidTool moulds,
it can produce more than 50,000 parts.

VIMPLEMENTATION
S5.1CAD process

We apply to implement the CAD model in form of Solid model. Because a Solid model
can be defined as a geometric representation of bounded volume. This volume is
represented graphically, via curves and surfaces, as well as nongraphically through a
topological tree structure which provides a logical relationship that is inherent only with
solid models’.

To verify the design with RP the existing surface model of an upper half of telephone
was selected and it was modified to be a solid model using the available CAD software in
AIT (Asian Institute of Technology) with version Unigraphics 11.0. The model was a plastic
moulding part and composed of freeform surfaces. (see Figure 5.1, Figure 5.2)

Existing Model Specification

Number of sheet body : 28

Part overall size, XYZ : 170mm x 57mm x 13.6mm
CAD software : Unigraphics Version 11.0 in AIT
Existing model part file size : 3035186 Bytes
5.2To make the STL file
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The STL file format interface specification was defined by 3D systems. It has become
the defacto standard file format for the RP&M industry. The STL file is consists of STL
Binary and ASCII format file.

¢ STL model

In Unigraphics II CAD software, it is available to export STL file both text and binary
formats. The Unigraphics geometry must reside in positive coordinate space in the current
WCS (Word Coordinate System) before using this interface. The coordinate or the output
triangle vertices as found in the operating system output file are relative to the WCS.

e Properties of STL model

STL model can be viewed visually on Magics View software and checked the
properties as shown in Table 5.2. It depends on the accuracy of the required model that we
select the triangulation tolerance of the model. The binary STL model with 0.05mm
triangulation tolerance here was chose to build the 3D physical model using RP machines.

‘Table 5.2Properties of STL model

Triangulation | Format | File No. of X Y Z Gaps | Volume
‘Tolerance size Triangle | (mm?)
(mm) (bytes)
0.05 ASCII 39844 169.9999 |57.000 | 13.909 1 | 23211
0.05 BINARY 39836 169.9999 [57.000 | 13.909 0 | 23212
VIPART BUILDING

The Binary STL file was used to build RP models. In this study we select The
Stereolithography Model and the Selective Laser Sintering (SLS) Model were chosen to
build the RP models. ‘

6.1Stereolithography Model

Stereolithography model was built using SONY Solid Creator JSC-2000 System in
National University of Singapore and that machine can fabricate models up to 500x500mm

in size.
: SLA part building process includes as following steps: 1- Check STL file on Solid
Creation System (SCS) software; 2- STL file transfer to the machine computer; 3- Support
structure preparation and slicing; 4- Part fabrication on the machine layer by layer; 5- Part
removal; 6- Part cleaning and washing in alcohol; 7- Post curing in the UV oven; 8- Surface
finishing.

In this study the STL file was sent directly from Unigraphics software in Asian Institute
of Technology, Bangkok-Thailand to the SONY Solid Creator JSC-2000 System in National
University of Singapore.

" The results of implementation were shown in figure 6.1.1 to figure 6.1.5 respectively.
6.2Selective Laser Sintering (SLS) Model

Selective laser sintering model was built using Sinterstation 2000 available in German-
Singapore Institute.
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The process includes as following steps: 1- Design the model on the CAD system,
create STL file, and transfer it to the Sinterstation 2000 system computer; 2- Prepare the
STL files and a build packet using the Sinterstation 2000 software; 3- Preheating the build
chamber; 4- Build parts in the process chamber; 5- Cool down the building chamber; 6- Part
removal and cleaning; 7- Dipping in the water base polymer; 8- Drying; 9- Surface
finishing.

The results of implementation were shown in figure 6.2 respectively.

VIIRESULTS, CONCLUSIONS AND RECOMMENDATIONS

7.1Results of Implementation

SLA Model:  SLS Model:

Estimated time total: 17hours Estimated time total : 32hours

Weight of the Model: 30.45gam Weight of the Model: 34.14gam

Price of resin : US$1333.3/kg Price of resin : US$958/15kg

Material Cost : US$4.06 Material Cost : US$2.18

7.2Conclusions -

The accuracy of the prototypes resulted as the expected value within 0.1 to 0.2mm after
comparing the sizes between the CAD model and the real part model on CMM (Coordinate
Measurement Machine) in AIT. From this study, the following conclusions can be made:

1.CAD software is a key in the Rapid Prototyping Process to creates good STL file of
the model. Since the input data to the RP machine is generally STL model.

2.STL model’s properties depend on its tolerances in the transforming from CAD file in
Unigraphics (*.prt format file). The gaps, file sizes, number of triangles, dimensions and
volume of the STL model depend on its tolerances.

3.For very complex part that the conventional machining method is not able to produce,
RP technology is a better one.

4.The advantages of the Rapid -‘Prototyping Technology are: No tooling preparation
time, no fixture cost, reduce design iteration time by utilizing the simultaneous engineering,
able to build the extremely complex model.

5.In the design iteration stage, SLS process is an excellent one.

6.For the optimized model with high accuracy, complexity and detail model then SLA
process is one to be selected.

7.3Recommendations for further Study

Even though RP technology can produce the model within the short period of time in
compare with the conventional method, there are some limitations on the accuracy,
materials used and work volume and the machine price is relatively high to invest for the
application area. The following works should be done:

1.Development of new RP materials: model cost, accuracy, toxicity, curing time and
mechanical properties depend on the material used.
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2.Development of laser device: the machine price on some processes depends on the
laser technology.

3.Development of producing Rapid EDM (Electrode Discharge Machine) electrodes:
using RP technology, useful complex electrodes that can not be produced by traditional
method may be produced using advanced materials.

4.The comparison with RP and high speed milling machine for the particular
application. '

KY THUAT TAO MAU NHANH - MQT KHAINIEM MGI TRONG CHE TAO MAY
Biii Tri S§ — Banh Tién Long — L.J. Bohez

TOGM TAT : Ky thuit tao m&u nhanh hay cdn goi 12 ky thuat d6 hoa in hinh ngi khuén mfu 1A
mdt khdi niém mdi mé trong lanh vuc ch€ tao mdy hién nay ma né cé thé tao ra vat thé that
khdng gian 3 chidu tryc tip tir dif lidu khong gian 3 chi€u clia md hinh CAD véi thdi gian ngin.
Trong qu4 trinh thi€l k€ cd khi, Ky thudt ndy g6p phén ti€t kiém ddng ké thoi gian va chi phi
thi&t k&. So sdnh vdi phuong phdp gia cong cd khi cd dién cong nghé ndy c6 nhiéu wu diém nhu
khong cdn chuin bj dung cu cit got, khong t6n ti€n dd g4, gidm thdi gian sita d8i thi&t k€ lai chi
(i&t, c6 thd thiét k& nhiing chi tiét c6 hinh ddng phifc tap ma khi gia cOng trén mdy diéu khién
chuong trinh s6 dé bi ph& phidm do lem dao, cling nhu c6 thé 4p dung khdi niém phdi hgp ché
tao ding may tinh biing viéc sif dung mang mdy tinh tai bét k¥ ndi ndo trén th& gidi hién nay.
Ning cao cic tiéu chudn thiét k& va rit ngdn chu ky tdi tho cla sin phdm tao nén nhimg yéu
cdu méi ciia sy phat trién sin phdm méi. Viéc sit dung K thut tao m4u nhanh 13 su lva chon t8i
wu d& dat dudc chat lugng mong mudn v2 ning cao ndng sudt trong vige thiét k€ sin phdm.

D6 chinh xdc, gid thanh, bé mit sin ph&m cudi ciing va vit ligu si dung thi khdc biét gita qud
trinh ndy v6i qué trinh khdc. Ra ddi vao nim 1997, Ky thudt tao mé&u nhanh dang tdn tai hon 30
cong nghé khdc nhau.

Bai bdo nay 12 bude khdi thily trong vige phét trién mot phuong phép ding trg gidp trong thyc t&€
chon lva cdng nghé t6i wu nhat cho van dé tao méu dic bigt. Mot khudn miu ding trong may ép
nhya duge thi&t k& ding 1am md hinh cho kiém ching. Sau d6 khudn miu nay s& dugc ché tao
biing nhidu cong nghé tao m&u khéc nhau nhw SLA, SLS , mot khudn m4u bing Silicon va nhya
théng ciia mot nifa trén chi (i€t dign thoai cim tay dugc ch& tao. Sau ciing viéc ddnh gid toan bd
qué trinh thyc hién bing viéc phén tich d§ chinh xdc, thdi gian gia cong va gid thanh sin phim
cla tirng cong nghé tao mau nhanh.
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