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ABSTRACT

The optimal selection of rapid prototyping (RP) process parameters is a great
concern to RP designers. When dealing with this problem, different build objectives have
to be taken into consideration. Using virtual rapid prototyping (VRP) systems as a
visualization tool to verify the optimally selected process parameters will assist designers
in taking critical decisions regarding modeling of prototypes. This will lead to substantial
improvements in part accuracy using minimal number of iterations, and no physical
fabrication until confident enough to do so. The purpose of this thesis is to demonstrate
that virtual validation of optimally selected process parameters can significantly reduce

time and effort spent on traditional RP experimentation.

To achieve the goal of this thesis, a multi-objective optimization technique is
proposed and a model is generated taking into consideration different build objectives,
which are surface roughness, support structure volume, build time and dimensional
accuracy. The multiQObjective method used is the weighted sum method, where a single
utility function has been formulated, which combines all the objective functions together.
The orders of magnitudes have been normalized, and finally weights have been assigned

for each objective function in order to create the general formulation.

A mixed GA code was then programmed and a toolbox was developed using
MATLAB software for selecting near optimal values for the most crucial RP process
parameters, namely: layer thickness, build orientation and road width. A case study of a
geometric model was built using I-DEAS CAD/CAM package to examine the developed
code. The results of the optimal selection of process parameters are then visualized and

validated using commercial virtual rapid prototyping software (VisCAM RP).

The proposed research work will provide the RP process designers with a parameter
selection tool that is time and cost effective as opposed to the traditional experimentation

methods.
iii
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IGES Initial Graphics Exchange Specification, an international standard that
defines a neutral file format for representation of geometric data.

STEP The Standard for the Exchange of Product Model Data, a comprehensive
ISO standard that describes how to represent and exchange digital product
information.

PVC Polyvinylchloride

ABS Acrylonirile butadiene styrene

IVECS Interactive Virtual Environment for Correction of Stereo lithography
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CHAPTER 1

INTRODUCTION

This chapter gives a brief review of the current rapid prototyping practice, the
motivations behind the presented research, the objective, the thesis, the approach

followed during the research, and the thesis organization.

1.1 Review of Rapid Prototyping

Rapid Prototyping (RP) or Layered Manufacturing (LM) is a technology, emerged in
the late 80’s, that produces models and prototype parts directly from 3D computer-aided
design (CAD) model data. Unlike conventional machining technologies, which are
subtractive in nature, RP systems join together liquid, powder, and sheet material to form

parts.

Layer by Layer, RP machines fabricate plastic, wood, ceramic and even metal
objects using thin horizontal cross sections directly from a computer generated model
without any tooling, fixtures or skilled craftsman. This is usually achieved without the

need for any, or with the need for very little, machine set-up [Wohlers, 1996].

Product manufacturing industry is facing three important challenging tasks: (1)
substantial reduction of product development time; (2) improvement on flexibility for
manufacturing small batch size products; and (3) manufacturing products with minimum
allowable defects. Computer-aided design and manufacturing (CAD and CAM) have
significantly improved the traditional production design and manufacturing. However,
there are a number of obstacles in true integration of CAD with CAM for rapid
development of new products. Although substantial research has been done in the past for
CAD and CAM integration, such as feature recognition, CNC programming and process

planning, the gap between CAD and CAM remains unfilled in the following aspects:
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(1) Rapid creation of 3D models and prototypes.
(2) Cost-effective production of patterns and moulds with complex surfaces.
(3) High accuracy products with minimal human intervention.

To shorten the time for developing patterns, moulds and prototypes, some
manufacturing enterprises have started to use rapid prototyping methods for complex
patterns making and component prototyping. Over the past few years, a variety of new
rapid manufacturing technologies, generally called Rapid Prototyping and Manufacturing
(RP&M), shown in Figure 1.1, have emerged; the technologies developed include Sterec
Lithography Apparatus (SLA), Selective Laser Sintering (SLS), Fused Deposition
Modeling (FDM), Laminated Object Manufacturing (LOM), Ballistic Particle
Manufacturing (BPM), and Three Dimensional Printing (3D Printing). These
technologies are capable of directly generating physical objects from CAD databases.
They have a common important feature; the prototype part is produced by adding
materials rather than removing material. This simplifies the 3D part producing processes
to 2D layer adding processes such that a part can be produced directly from its computer
model [Yan, 1996].

moving
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inrse powder
5 solid roller s;:jrea ds
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downwards

. poveder

(a) () ©

Figure (1.1) Rapid Prototyping technologies (a) Stereo Lithography Analysis, (b)
Fused Deposition Modeling, (c) Selective Laser Sintering

To build a part using rapid prototyping, as will be discussed in detail in chapter 2,
process parameters need to be selected and fed to the RP machine. This requires a
detailed understanding of the effect of the control parameters on a specific process. The

influence of the control parameters vary from one process to another. The selection of the
2
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parameters will affect the functional build objectives of an RP manufacturing process.
Optimal RP parameter selection can be done by either using experimentation methods or
optimization techniques. Optimization of rapid prototyping process parameters has been a
great concern for designers in the early stages of product development, since it will lead
to a great deal of time and material consumption, as well as product accuracy and cost
efficiency. However, research work has so far focused on the optimization of a single
parameter. In general, these techniques lack the flexibility to incorporate multiple
requirements or parameters according to the desired quality. Furthermore, they only
provide numerical results. Given the geometric complexity of a part, it is often difficult to
interpret the numerical data for the corresponding topological changes on the part.
Visualization of the part prior to physical fabrication will definitely enhance the
designer’s understanding of the part. The effect of multiple process parameters on the
part quality, along with the visual representation of the final part, can be realized by

applying virtual prototyping (VP) to the RP process [Choi, 2001].

Therefore, we could base the development of a product using rapid prototyping
technologies on the following stages: (1) identification of the designer’s requirements or
build objectives; (2) identification of the key process parameters using optimization; and
(3) verification of the influence of the chosen parameters on the build objectives using
visualization. [Choi, 2002]

1.2 Motivation

The available literature in rapid prototyping parameter optimization covered either
single build objectives or multi-objectives for one process parameter. A couple dealt with
multi objectives and more than one parameter, but mainly focused on SLA process,
raising the need to address multi-objective optimization problem with respect to FDM
processes. When selecting mathematical models for the optimization problems, some
build objective models developed in previous researches needed enhancement. On the

other hand, no research has used visualization for validation of optimization results.
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All this raised a need to focus on FDM process parameters optimization. An
optimization tool is needed for a multi-objective problem that optimizes the most
influential and controllable parameters. Finally, there is a need for a virtual rapid

prototyping (VRP) system to validate the optimization results through visualization.

1.3 Objective, Thesis and Approach

The objective of the research reported in this thesis is to generate a multi-objective
model and build a tool for selecting near optimal values for the most crucial RP process
parameters and utilize VRP to validate the outcomes of this tool. This goal is achieved in

this thesis using the following approach:

1. Develop a model for different build objectives as a function of most crucial
process control parameters.

2. Develop a multi-objective utility function to evaluate different possibilities of
build objectives.

3. Develop a mixed GA code and use it as a global optimization method for
selection of process parameters.

4. Build a case study on I-DEAS package in order to test the developed code.

5. Use VRP to visualize and validate outcome results.

The purpose of this thesis is to prove that:
“Visualization and virtual validation of optimally selected process parameters using
a virtual rapid prototyping system can be considered a powerful tool that will

significantly assist designers with an advantage over traditional RP experimentation.”

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.4 Contributions

The reported research makes