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CHAPTER I

INTRODUCTION

The purpose of this chapter is to present a basic understanding about the subject of this
thesis. The chapter contains four topics: 1. Provides a problem description of what is to be
presented; 2. Introduces a historic prospective; 3. Discusses research goals; 4. Explains how this

thesis is organized.

1.1  Problem Description

As the market gets more competitive, manufacturing companies are looking into speeding
up processes, decrease costs, and improve product quality in order to increase profit margins. In
recent years, with the advancement of technology, businesses were introduced to a new method
of fabricating parts more efficiently and in a more sustainable manner. Additive Manufacturing
(AM) is the concept that companies have been adopting progressively which consists of
manufacturing parts in a layer by layer process by having them designed in a 3-dimensional
virtual model. The 3D virtual approach stretches boundaries of manufacturing processes,
allowing flexibility in design changes and providing sophisticated visualization capability. As
AM equipment continues to grow, companies have been gradually investing in this technology.
However, due to different factors such as part complexity, production volume, and part use
(described in further chapters), AM processes might not be the best alternative for part

production. Deciding whether to use additive manufacturing or conventional manufacturing is



one of the main challenges companies are facing. This thesis will provide a model which will

help to objectively decide if a product is suitable for additive manufacturing processes.

1.2 Historic Prospective

In the 1950s and 1960s, there were already some Additive Manufacturing activities
arising regarding this new concept. However, it was in the early 1980°s when the development of
technology made considerable progress in terms of computers, controllers, and software, and it

allowed Additive Manufacturing to take off (Kamrani and Nasr, 2006).

“Interestingly, parallel patents were filed in 1984 in Japan, France, and in the United
States. All of these patents described a similar concept of fabricating a 3D object by selectively
adding material layer-by-layer” (Gibson, Rosen, and Brent, 2010). Many other patents appeared
in the following years; some of them failed and are no longer used. On the other hand, processes
technologies such as Fused Deposition Modeling (FDM) and 3D Printing (3DP) were successful
and are still heavily used in present day (Liou, 2008). It is important to mention that the some
technology may have failed not because of poor process but most likely they have failed due to

poor business models or poor timing (Gibson, Rosen, and Brent, 2010).

The development of AM technologies has been happening at a fast pace. Countries such
as Germany, Sweden, Netherlands, France, Japan, Korea, China, India, and Israel have been
focusing into developing software tools and machinery technology to support AM development.
In order to still be able to compete with the AM growth and market, subtractive technologies are
also progressing and becoming stronger. “Typically thought of as ‘old school’, subtractive
technologies are advancing, becoming smaller, more powerful and easier to use, factors that are

making them critical component of design and development processes early in the product



development cycle” (Rapid prototype technology, 2013). Traditional manufacturing processes
have been introducing automation and new features to machines which has been continually
improving efficiency and quality. With that, companies have to analyze several different factors
in order to select the most cost-efficient alternative when deciding to use either of manufacturing

processes, additive or subtractive.

1.3 Research Objectives

The main purpose of this thesis is to develop a decision support system that will measure
product suitability for additive manufacturing processes. In other words, create a model that will
aid product designers in the decision-making processes for product fabrication methods. The
model foundation is based on identifying main factors that affect AM product suitability, and
subsequently, the system is undertaken using an expert systems approach which uses judgment

and opinions of experts in the AM field.

This thesis will explore the AM field in terms of major processes, advantages,
disadvantages, several AM applications followed by the concept of Decision Support Systems
(DSS), goal programming, and fuzzy logic. It will establish a model that will utilize fuzzy
membership functions and provide suitability levels for products to use Additive Manufacturing

for fabrication.

1.4  Organization of Thesis

The overall structure of this thesis takes the form of five chapters, including this
introduction which identifies the problem statement, discusses the historic prospective of AM,
and how subtractive processes are trying to improve technology in order to compete with AM.
Lastly, the introduction identifies the objectives of this thesis.

3



Chapter 1l provides a summary of Additive Manufacturing literature research topics:
overview, advantages and disadvantages, major processes, and applications. Moreover, this
chapter presents basic knowledge about Decision Support Systems. It also presents the concepts
of expert systems, fuzzy sets, linguistic descriptors, index numbers, and goal programming as a
regression tool. It is important to fully understand these topics since the development of the

model will be based on their application.

Chapter 11l explains the model development of this research. The cause-and-effect
diagram is illustrated in the chapter as well as its application in this study. It is an important tool
used and it is considered to be the foundation of the model. In addition, descriptive logic is
demonstrated and details how the experiment was conducted are described. In the last section of

chapter 111, the value assessment is indicated leading to the next chapter.

The following chapter provides the result analysis of the experiments that were conducted
and set up in chapter Ill. Chapter IV presents graphs and regression analysis for the model as

well as suitability indexes.

Lastly, chapter V provides the conclusions of this study and proposes future studies to be

performed involving Additive Manufacturing suitability.



CHAPTER II

LITERATURE REVIEW

In order to understand the basis of this thesis, an Additive Manufacturing (AM)
overview, its advantages and disadvantages, the major AM processes, and their application will
be discussed in this chapter. In addition, the fundamentals of Decision Support System and their
major benefits will be reviewed followed by an introduction of expert systems, fuzzy sets, and
linguistic descriptors. A detailed explanation of the index numbers will be discussed and an

introduction to goal programming will be also provided in this section.

2.1  Additive Manufacturing Overview

Additive Manufacturing is the principle of creating a solid object by adding material
layer by layer generated from a 3D Computer Aided Design (CAD) model. The term Additive
Manufacturing originated after Rapid Prototyping (RP), but with the development of new raw
materials, machinery technology, and quality improvement of the RP output, these final products
were no longer used only as a prototype. RP users realized that RP outputs were very close
dimensionally, structurally, and in performance to end-use parts, and as a result, a technical
committee was formed and the American Society of Testing and Materials International agreed
in adopting the new terminology of Additive Manufacturing (Gibson, Rosen, and Brent, 2010).
As Additive Manufacturing has developed, it received significant public attention. Specialists

have been considering AM as the manufacturing technology of the near future and they have



been calling its wide spread use a Third Industrial Revolution (Berman, 2012). Additive
Manufacturing processes and materials have become more widely adopted by industries, and
they are now more affordable. It is possible that AM will not only have an impact on the

manufacturing industry, but also in society as a whole.

2.2  Advantages and Disadvantages of Additive Manufacturing

An advantage of Additive Manufacturing is that “AM needs only some basic dimensional
details and a small amount of understanding of how AM machine works and how the materials
are used” while traditional manufacturing processes involve some planning and a close
examination of part geometry to “determine things like the order in which different features can
be fabricated, what tools and processes must be used, and what additional fixtures may be
required to complete the part” (Gibson, Rosen, and Brent, 2010). Differently from conventional
manufacturing processes such as drilling, forging, stamping, Additive Manufacturing allows
users to produce solid parts, independent of its geometry or complexity, with minimal to no
waste of raw material since fabrication is made layer upon layer. Geometric limitations are no
longer an issue when producing a part with the AM process; users are able to fabricate products
with complex shapes and focus on design for part functionality and performance instead of
design for aesthetic and tolerances which it results in time and cost reduction from the design
phase to manufacturing, speeding up the product to market (Atzeni, luliano, Minetola, and Salmi,
2010). In addition, AM has several other different advantages such as: being resource efficient in
terms of not requiring tooling (jigs, molds, fixtures, cutting tools), which lowers costs and
shortens lead time; part flexibility: the ability to create an object by using a CAD data file allows
users to make rapid design changes and it helps to reduce part development steps; production

flexibility: it allows production of small batches, customized parts, short set up time, and quick
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