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Abstract

paper describes efforts to apply virtual manufacturing techniques to produce machine
parts Solid Freeform Fabrication (SFF). In particular, the work was done to develop a
Virtual Laboratory for the Selective Area Laser Deposition (S~D) and Selective Area Las~r
Deposition Vapor Infl1tration (SALDVI) for the manufacture of machine parts and research on theIr
characteristics, as well as for research on development of SAW and SALDVI technologies. It
was the goal of the authors to supply the user with a tool to design a part, develop its three
dimensional model, render it and observe its shape and dimensions. Except for research,
laboratory is intended to be used for teaching principles of design and manufacturing of machine
parts, as well as for delnonstrating SAW and SALVI processes to visitors. The Virtual Laboratory
was developed on Silicon Graphics workstations. The Virtual Laboratory can create a multi-media,
stereoscopic presentations of the SAW and SALVI processes in the Solid Freeform Fabrication
Laboratory at the Institute of Material Science (IMS) at the University of Connecticut. The
presentations can also be distributed through the Internet.

Introduction

Since 1983, when Myron Krueger conducted research at the University Connecticut and
introduced his concept of "artificial reality" [1], a considerable number of further investigations
have been done. The term "artificial reality" is now seldom used and has given way to the term
"virtual reality", though both describe projects in which potential, but as yet unrealized systems
are developed. O11e of the first such projects was a virtual engine model created by Pratt and
Whitney at the CAD&CAM and ES (Computer-Aided Design & Computer-Aided Modeling and
Expert Systems) Laboratory of the University of Connecticut by Krueger and Bowley in the
middle of 1980s.
Real-time virtual models, machines, and systems which visualize manufacturing processes present
a promising low-cost, highly effective method for improving the quality efficiency of
manufactured durable goods. The computer models numerically and visually demonstrate the
physical phenomena of a process, and allow for study and observation of the process and its
behavior [2], Manufacturing researchers and designers studying the dynamic simulation of the
process are able to make modifications to the model and its parameters and observe, using the
visual output devices, the impact of these modifications on any aspect of the process.

Virtual models, machines, systems, and processes are becoming useful tools manufacturing
and design research, and in the development of products. They provide the ability to investigate the
properties of the part prior to building a physical model or prototype. These technologies are used
in the design of machining and production processes, and in the design of finished goods. They
consist of a group of recently developed techniques and approaches that allow the construction of
c~mputer-mo~els of parts ~ong wi~h s,imulati.on of fabrication processes. What makes this group
of manufactunng technolOgIes SpeCIal IS that It allows one to check production parameters before
actual prototypes are manufactured.
The use of these virtual manufacturing techniques could in great savings of both time and
money. In general, virtual modeling promises shorter design cycles with more design iterations,
leading to a an optitnal design and better use of resources. The end goal of any virtual
manufacturing is to produce a virtual model of a part, set of parts or machine that will "virtually"
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Virtual Laboratory

Manufacturing processes, especially closed-chamber prc.ce:sses,
study and run for the sole purpose of design and research .,;>"' ..........11. ....0.

Virtual Laboratory is especially useful. It simulates the actual Dr()ldue~t1c.n ell1VllrOnJmelnt
functions, i.e. designing a part, creating STL (STereo Ut:nOi!!t'aDfl'v)
Modeling Language) files, slicing them, converting into laser
rendering parameters. This paper reports on the development of
application to actual research, teaching and the demonstration of problems

For the purpose of .II.""'u............II..II.,l.JljOO,

using a cnti"uT'01l"A paC:Ka~~e

Aided ............~''' ...Tn'..'''' ........... IIr,,,.""""

geometries.
A special procedure is used.for £'1I"A!:1lNt'1IClr

converting that model into an
Fabrication (SFF). A VRML format was also AVIJ'1I"tr1l1i1I1lAI"I

some advantages in useful in sending files Int4emlet
is described, the parts are displayed on the screen

1.
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Inventor Stereoview



mode
users.



support.

SALDVI rendering
with the powder feeding.

View on World Wide Web.

laboratory can visited on where the user can operate it
WWW. to the IMS lab page, a greeting screen

appears ( re 11). The remote mode is enabl and the user can en·0 his! her visit
to the laboratory (Figures 3 virtual laboratory is accessible by the Wide
Web where projects can be It used successfully teaching, design, and
technology presentations.
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Possible Future Development

At this· time, the Virtual Laboratory can be only to examine designs and processes
previously created. In future developments, we anticipate adding the ability to create a part virtually
in real time, the ability to examine the part, and the ability to render the part using the SAI..J)VI
process. Also, more investigation is being done to study the C++ programming language aspects,
so that all objects the project will tit together into a single flowing presentation. C++ will
also help to make animation better and add more realism to the process. Future work is
suggested to improve the part design and fabrication animation. More features may also be added
to the presentation capabilities.

Figure pieces of silicon - carbide
tube SALD joining process.

Figure 8. Two pieces of silicon - carbide tube
joined by SALD. View on WWW.

a) b) c)

...............n .... 11'111" tcUletner c) pieces are joined.



Figure Two pieces of silicon - carbide
Tube joined by SALD.

Figure 11. A welcome screen
on Internet

Conclnding Remarks

This work is still in progress, and at this stage, the user can only study the rendering of the
parts that have already been programmed. It is extremely useful for case studies and for
presentations to the research team, students and visitors. The virtual laboratory is also accessible
by the World Wide Web where its products can be examined and contributions to the general
knowledge of SAW and SAWVI processes can be found. It has been used successfully in
teaching, design, and technology presentations.
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