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Abstract A component can be manufactured in several ways. Rapid Prototyping technique is one among the material
adding manufacturing process, building up its unique potential in the present scenario. This technique helps manufacture a
product from the basic design of the component, thus optimizing the iterative product development process time and creating
geometrically complex parts to precise dimensions. In the Rapid Prototyping process, surface finish is critical as it can affect
the part accuracy, reduce the post-processing costs and improve the functionality of the parts. This paper presents an ex-
perimental design technique for determining the optimal surface finish of a part built by varying Build Orientation, Layer
Thickness and keeping other parameters constant using the Fused Deposition Modeling (FDM) process. The design inves-
tigates the effect of these parameters on the surface finish. Experiments were conducted using a fractional factorial design
with two levels for Layer Thickness and three levels for Build Orientation factor. The results are statistically analyzed to
determine the significant factors and their interactions. The significant factors, their interactions and the optimum settings are

proposed.
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1. Introduction

There are several ways to manufacture a component.
Manufacturing is turning raw materials to finished products
to be used for various purposes. The demand of a product
depends on its performance by way of desirable exotic
properties like resistance to high temperature, higher oper-
ating speeds, extra loads, economics and the surface finish.
To be viable in the modern environment, a product has to be
competitively priced besides having the functional and aes-
thetic appeal. This requirement shows the necessity for the
engineer to give a proper thought to various aspects of
manufacturing. Manufacturing processes can be classified
into three types: material adding process-RP comes under
this category, material subtracting process-which include
turning, drilling, and shaping e.t.c., neither adding nor sub-
tracting material-which include processes like forging, ex-
trusion, coining, wire drawing, other sheet metal opera-
tions.In product development, time pressure has been a ma-
jor factor in determining the direction of the development
and success of new methodologies and technologies for
enhancing its performance. These also have a direct impact
on the age-old practice of prototyping in the product devel-
opment process. One such development is Rapid Prototyping
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(RP).

2. Types of Prototypes

The general definition of prototype deals with three as-
pects of interests

* The implementation of the prototype from the entire
product itself to its subassemblies and components.

* The form of the prototype from a virtual to a physical
prototype.

* The degree of the approximation of the prototype from
a rough representation to an exact replication of the product.

3. Historical Development

The development of rapid prototyping is closely tied in
with the development of applications of computers in the
industry. The declining cost of computers, especially of
personal and mini computers has changed the way of factory
works. The increase in the use of computers has spurred the
advancement in many computer-related areas including
Computer-Aided Design (CAD), Computer- AIDED Manu-
facturing (CAM) and Computer Numerical Control (CNC)
machine tools. In particular, the emergence of RP systems in
existence today, can be easily deduced that other then CAD,
many other technologies advancements in fields such as
manufacturing systems and materials have also been crucial
in the development of RP systems. Table given below traces
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the historical development of relevant technologies related to
RP from the date of inspection.

Table 1. Historical developments of Rapid prototyping and related tech-
nologies
Year of Inception Technology
1770 Mechanization
1946 First Computer
1952 First Numerical Control Machine Tool
1960 First Commercial Laser
1961 First commercial Robot
1963 First interactive Graphics System
1988 First Commercial Rapid Prototyping System
4. Design
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5. Experimentation

5.1. Surface Finish

Whatever may be the manufacturing process, an abso-
lutely smooth and flat surface cannot be obtained. The ma-
chine elements or parts retain the surface irregularities left
after manufacturing the surface of a part is its exterior
boundary and the surface irregularities consist of numerous
small wedges and valleys that deviate from a hypothetical
nominal surface. These irregularities are responsible to a
great extent for the appearance of a surface and its suitability
for an intended application of the component is usually un-
derstood in terms of surface finish, surface roughness, and
surface quality. Heat exchanger tubes transfers’ heat better
when their surfaces are slightly rough rather than highly
finished. However if a film of lubrication must be maintained
between two moving parts, the surface irregularities must be
small enough so that they do not penetrate the il film under
the most severe operating conditions. Examples are bearings,
journals, piston rings, helical and worm gears, cylindrical
bores etc.

Factors Affecting the Surface Finish:

* Vibrations.

* Material of the work piece.

* Type of machining.

* Rigidity of the system consisting of machine tool, fix-

ture, cutting tool and work.
* Type, form, material and sharpness of the cutting tool.
* Cutting conditions i.e. feed, speed and depth of cut.
* Type of coolant used.

5.2. Analysis

The procedure for the analysis of the surface roughness
response variable was performed as follows.

* The response variable was chosen.

* The effects were calculated.

* Significant effects were chosen from the graph.

* The model graphs were analyzed.

Adding more parameters including material properties and
other process parameters like hatch patterns, envelope tem-
perature would result in an accurate and useful model to
predict surface finish. A model with increased number of
levels and a random effects model can be used to provide
more insight on the sensitivity of surface finish to process
parameter variation. Future advances in surface finish could
include better post-processing techniques and improvements
in the FDM hardware and the control system. For analyzing
the surfaces we use the OPTICAL PROFILE PROJECTOR.
This is an instrument used for measuring angles, pitches, and
other related linear and angular measurements. It basically
works on the principle of Optics.

6. Results and Discussion

Surface Roughness (Rz) of a tabulated data with parame-
ters Sample Length (X) and Heights of peaks and valleys (Y)
is calculated and Surface Profile is drawn by taking various
combinations of Layer Thickness and Build Orientation.

Also the variation of Surface Roughness with both Layer
Thickness and Build Orientation keeping one of the last two
constant, the values are tabulated and plotted.

7. Results
Surface Profile for layer thickness .303 mmand orientation 70
Deg.
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Figure 2. The variation of datum over the sample length with layer
thickness 0.303
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Surface Profile for layer thickness 0.254 mm and
orientation 70 Deg.
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Figure 3. The variation of datum over the sample length with layer
thickness 0.2547 = 2.12pm.36pum

Surface Profile for layer thickness. 303mm and orientation 20
Deg
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Figure 4. The variation of datum over the sample length with layer
thickness 0.254 with 20° orientation
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Figure 5. Variation of Surface Roughness with Build orientation for
0.254mm Layer Thickness
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Figure 6. Variation of Surface Roughness with Layer Thickness for 20
Deg Build Orientation
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Figure 7. Variation of Surface Roughness with Layer Thickness for 45
Deg Build Orientation
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Figure 8. Variation of Surface Roughness with Layer Thickness for 70
Deg Build Orientations

8. Discussion

* From the graph 5 we can observe that at this layer
thickness the roughness value Rz increased slightly and
then started reducing accordingly with the increase in
orientation.

* From the graph 6 we can observe that as the layer
thickness is increased, the roughness value also increased.

* From the graph 7 we can observe that as the layer
thickness is increased, the roughness value also increased.

* From the graph 8 we can observe that as the layer
thickness is increased the roughness value decreased.
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