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End of Fiscal Year Letter - ONR Grant N00014-99-1-0849
Solid Freeform Fabrication Symposium -1999
David L. Bourell, PI

A. Description of the Technical Research or Development Goals: This grant helped to
underwrite the publication expenses associated with the Ninth Solid Freeform Fabrication (SFF)
Symposium. The symposium took place on August 9-11, 1999 in Austin, Texas at the
University of Texas. :

It included papers on computer interfaces with SFF, materials processing and properties
associated with SFF and machine design and requirements for SFF.

B. Significant Research or Development Results During the Past Year: The Ninth Solid
Freeform Fabrication Symposium, held at The University of Texas in Austin on August 9-11,

1999, was attended by over 150 national and international researchers. Papers addressed SFF
issues in computer software, machine design, materials synthesis and processing, and integrated
manufacturing. * A total of 117 presentations were made, 83 oral presentations and 34 poster
presentations. This represents the most presentations ever given at the SFF Symposium and
reflects 15 percent growth in the oral presentations compared to last year, indicative of our
attempt to provide “stand-up” opportunities for as many research presenters as possible. The
diverse domestic and foreign attendees represented industrial users, SFF machine manufacturers, '
universities, and government. The excitement generated at the Symposium reflects the 7
participants' total involvement in SFF and the future technical health of this growing technology.
The Symposium organizers look forward to its being a continuing forum for technical exchange
among the expanding body of researchers involved in SFF. ‘

The Symposium was again organized in a manner to allow the multi-disciplinary nature
of the SFF research to be presented coherently, with various sessions emphasizing computer
issues, machine topics, and the variety of materials aspects of SFF. This year, the three-day
event was completely composed of individual oral presentations (no panel
discussions/presentations) to accommodate the demand for this dissemination format. Once
again, the afternoon parallel sessions were increased to three sessions. We believe that
documenting the constantly changing state of SFF art as represented by these Proceedings will
serve both the people presently involved in this fruitful technical area as well as the large flux of
new researchers and users entering the field.

We are pleased to report that the SFF Symposium attracted a large number of young
scientists this year. We had 66 students attend this year, approximately 37% of the entire
meeting. Participants represented 51 universities (19 international universities), 26 industries (5
international) and 8 national labs and government agencies. The Organizing Committee has
always valued the role of technical meetings as a venue for graduate students in research. We
strive to make the conference affordable and therefore accessible to students. The 1999 meeting
registration cost of $100 for students reflected this. Non-student cost was $350.

Information on the SEF Symposium was made available through the worldwide web at
http://Iff.me.utexas.edu/. On-line registration forms, hotel information, general information
brochure, proceedings order forms, maps, and previous years’ talk titles are all available. The
symposium email address is sffsymp @uts.cc.utexas.edu.

C. Plans for Next Year’s Research or Development: Plans are currently underway for
organization of the Eleventh Solid Freeform Fabrication Symposium. The dates are August 7-9,
2000. The Call for Papers has gone out. We currently have received over 75 abstracts for the
2000 SFF Symposium, representing authors from 15 countries, 44 universities (21 international)
and 17 industries/national labs. ‘
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PREFACE

The Tenth Solid Freeform Fabrication (SFF) Symposium, held at The University of Texas
in Austin on August 9-11, 1999, was attended by over 170 national and international researchers.
Papers addressed SFF issues in computer software, machine design, materials synthesis and
processing, and integrated manufacturing. New sessions on ceramic materials and multiple
materials SFF were added to this year’s program. The diverse domestic and foreign attendees
included industrial users, SFF machine manufacturers, university researchers and representatives
from the government. We are pleased once again with the strong showing of university students.
The excitement generated at the Symposium reflects the participants’ total involvement in SFF and
the future technical health of this growing technology. The Symposium organizers look forward to
its being a continuing forum for technical exchange among the expanding body of researchers
involved in SFF.

The Symposium was again organized in a manner to allow the multi-disciplinary nature of
the SFF research to be presented coherently, with various sessions emphasizing computer issues,
machine topics, and the variety of materials aspects of SFF. We believe that documenting the
changing state of SFF art as represented by these Proceedings will serve both the people presently
involved in this fruitful technical area as well as new researchers and users entering the field.

The editors would like to extend a warm “Thank You” to Rosalie Foster for her detailed
handling of the logistics of the meeting and the Proceedings, as well as her excellent performance as
registrar and problem solver during the meeting. We would like to thank the Organizing
Committee, the session chairmen, the attendees for their enthusiastic contributions, and the speakers
both for their significant contribution to the meeting and for the relatively prompt delivery of the
manuscripts comprising this volume. We look forward to the continued close cooperation of the
SFF community in organizing the Symposium. We also want to thank the Office of Naval
Research and the National Science Foundation for supporting this meeting financially. The meeting
was co-organized by the University of Connecticut at Storrs, and the Mechanical Engineering
Department, Laboratory for Freeform Fabrication and the Texas Materials Institute at The
University of Texas at Austin.

The editors.
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Abstract

The paper describes the development of a computer system for simulation and optimization of
rapid prototyping (RP) processes. The system provides a test-bed for virtual prototyping by
integrating product design and RP with simulation and realistic visualization techniques. It
enhances the dimensional accuracy and reduces the build-time of product prototypes. The
virtually fabricated parts may be exported in VRML format over the Internet for effective
communication between the manufacturer and the customer. The designer may use the system
to design-build-break as many parts as required at a relatively low cost and in a short period
of time. Therefore, virtual simulation of RP processes facilitates tuning of the control
parameters according to the requirements, and hence reduces the number of physical
prototypes needed to produce a part.

1.0 Introduction

Innovative products and shorter time-to-market cycles are essential for the success of
every company. A typical product development cycle (concept->design->evalutaion-
>redesign) consists of several sub-processes, such as prototyping, simulation and
optimization. An important way to reduce the product development cycle time is to accelerate
the prototyping processes. This is often achieved by using rapid prototyping (RP) techniques.
A typical RP process, as shown in Fig. 1, includes pre-processing, physical processing and
post processing stages. The pre-processing stage involves creation of 3D CAD models and
process planning. The process planning stage generates appropriate laser path signals based
on the control parameters specified by the designer. The physical processing stage drives the
laser to build the part in layers. The method of achieving this differs amongst various
processes. The post-processing comprises a few operations, which include removal of support
structure, and curing and cleaning and of the part, as needed for the RP process.

The process planning stage is almost identical to all the RP processes. However, it
significantly influences the quality of the part, which can be measured by the accuracy, build-
time, efficiency and strength. It involves part orientation, slicing of the CAD model and laser
path generation. For liquid-based processes, support structures are required. All these steps
affect the part quality. The orientation of an RP part affects its accuracy, build-time and
strength. For example, orienting the part with minimum z-height possible will result in fewer
slices, and hence a reduction in build-time. Layer thickness affects the accuracy and build-
time. The accuracy may be improved when the part is built with a smaller thickness, but the
build-time will increase inversely. Hatch spacing refers to the distance between the laser
paths. It affects the build-time and strength. Typically, the user has to determine these process
planning parame