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I. INTRODUCTION

A characteristic of the modem·day world is a continuous need ever changing designs of
high quality products. This characteristic, along>with lower cost of comp\.iting,has led to the
development of novel methods for reducing the cycle time of product development order for
companies to gameracompetitiveedge.I>esk top. manufacturing or rapid prototyping such
fieldoftechl1()logywhich ••• enablesco.mpaniesto rapidlyproduee.a three· dimension<model from a
computer data base. An overview of this rapidly expanding field is given in IS Among the more
common of these modem processes arestereolithography (SLI) [2,3], the DTM process [6], powder
metallurgyprototyping [4], and metal spraying of stereolithography pam [8].

An overview ofthe stereolithographyprocess has been presented in [3].
process characteristics and a generalprojection of toleraneevalues of finished
been identified in [1,7]. However, the relationship between the two has the
available literature. This research focuses on· developing a more quantitative understanding of
important process parameters and dimensions of finished pam that are using
stereolithography.

EXPERIMENTAL DESIGN

A Taguchi system [10] of experimental design is used in this to establish the
relationship between process. characteristics· and product dimensions. system is
designed around the premise that the objectives of an experiment are to on the
contribution that experimentaFparameters have on the yield or response of such as
productdimensions. The experiments are designed such that the parameters mutually
interaction are identified. This·enables the·contribution of individual parameters on response to
be more clearly correlated. Ina conventional system of experimentation where one· parameter is kept
constant and others varied sequentially, interaction between parameters cannotbe precisely identified.
Furthermore, variability in the responses cannot be attributed to the contributing parameters, whereas
in a Taguchi system, variability of responses may be more accurately related to contributing
parameters.

Since stereolithography is anew process, there is little information about process
characteristics. Henee the approach. •used is to identify the experimental based on
preliminary experiments andiavailable expertise. This has led to seven major operating parameters
ofthestereolithography process being identified for investigation. These parameters include support
design,layertmckness,crosshatch spacing, wait time of leveling, cure depthof boundary and cross
hatch, cure depth of skin fills,and Post Cure Apparatus [PCA] exposure time. The levels of each
par~meter .are.shown in.Table ·1. With the·.primary objective of identifying tbe contribution of main
factors and existence of interaction, the Taguchi system makes use of an LiNR orthogonal array,
where.x., refers to "i" experimental runs, "N" corresponds to the number of levels of each parameter
and "R." refers to the number of parameters in· the experiment. For 2 depicts the
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main experiment,which is a Ls27 orthogonal array that uses eight experimental runs for investigating
the contribution ofseven parameters, each ofwhich has. two levels [11]. The corresponding respqnses
Yi (for example, product length) are obtained for each run.

In order to corr<>oorate the orthogonality of the various parameters in each experimental run,
the parameter magnitudes at levels 1 and 2 in Table 2 are replaced by dummy integers -1 and +1
respectively [11]. The following relationship must then be satisfied in the new array that is created
from Table 2:

I

I: ( A, Bi ) =0
i-I

(1)

where A.and B represent any two parameters of the chosen seven, in any order, and i represents the
experimental runs 1 to 8. Once a condition.of orthogonality is established, the average effect of a
parameter at level j on the response, Ej , 0=1,2), is obtained •as:

(Yj) I 4 (2)

where y. are responses obtained for each experimental run where the particular parameter is set at
level j. In order to obtained the effect of changing a parameter level from level 1 to level 2, the
measure D for any parameter is identified where:

(3)

Since the main experiment in this research uses a Ls27 orthogonal array, there is an inherent
two parameter confounding built in the design. This.meanstharthecontributio.n of main parameters
and two factor interactions cannot be segregated. Hence iris negessaryto conduct a set of
experiment·lmown •. asfoldoverexperiments in order to· segregflte main effectsiand interactioll.effects
that various parameters have on the response. These foldover. experiments however, form the next
phase of this research.

m. EXPERIMENTAL PROCEDURE

The main equipment used in this research is a Stereolithography Machine (SLA..250). The
first step is. to createaCJ\Dsolid model for the part that is to be made (Fig.la). This CAD model
is sliced by slice software into very thincrosssectionswhicharetl1enJo~ded onto a control computer.
A HeliumC8dmium(HeCd) laser is then focused on the surface ofliquidphotopolymer(CIBA
TOOL - XBSOS1) and moved by a computer-.eontroUedopticalscanning system in a path that
replicates a particular cross .section (Fig. 1b).. Upon conta.ct the Jaser pOlymerizes the liquid
photopolymer into. a .solid.•• A verticalelevatQrsystell1ilowers.theinewlyJorm~di.laYfer,\whHe .a

section.. SUCCCS$ivecrosssections, ·.eachone.ofwhichislasercured<intotheonebelow, are built on
top of each other .in. orderto\ formthepart.Th.e entirfepartis •• thuscreatedstartitlg from the
bottommost cross section. MterthelastJayeriscreated,thepartis removed from the SLA, cleaned,
and flooded with .• high intensityultraviolef light in the Post Cure Apparatus to complete the
polymerization process. The part dimensions are then obtained by using a Mitutoyo Dial indicator
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on a surface plate. The probe has a tip.diameter of 3mm. Resolu.tion of this InC1l1ca.tor is 1
precision is less than 1 p.m. Calibration was performed using standard
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Table 1
Experim~ntal parameters with their corresponding levels

S.NO.

1

2

3

4

5

6

7

PARAMETERS

SUPPORT DESIGN (S)

LAYTER TIUCKNESS (LT)

CROSSIiATCH SPACING (C)

WAIT TIME OF LEVELING (WI)

CURE DEPTH BOUNDARY
AND·.CROSSHATCH

CURE DEPTH OF SKIN FILLS (CS)

PCA EXPOSURE TIME (PCA)

LEVEL-1

STANDARD I

0.005" (.127 mm)

0.05" (1.27 mm)

30 SECONDS

0.001" (.025 mm)

0.008" (.203 mm)

120 SECONDS

LEVEL-2

CU";-;:OM

0.01" (.254 mm)

0.025" (.635 mm)

60 SECONDS

0.009" (.228 mm)

0.016" (.406 mm)

30 SECONDS

Table 2
Experimental parameters used and their corresponding levels for main experiment

Runs Experimental Parameters Levels

STRN S LT C wr CB CS PCA

1 1 1 2 2 2 1

2 1 1 2 2 1 1 2

3 1 2 1 1 2 1 2

4 1 2 2 1 1 2 1

5 2 1 1 1 1 2 2

6 2 1 2 1 2 1 1

7 2 2 1 2 1 1

8 2 2 2 2 2 2
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Table 3
Dimensional deviations of width and breadth using reference 1 and reference 2 as resting surfaces
for measurement

Table 4
Maxmiul1ligeometricdeviationsusingl'¢ference 1 as the resting surface for measurement

Side

Reference 2

Side 1

Side 2

Maximum Deviation

0.23mm

-0.28 mm

-O.28··mm
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