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Abstract

Stereo lithography (SLA) three-dimensional (3D) printing process is a type of additive manufacturing techniques that
uses digital models from computer-aided design to automatically produce customized 3D objects. Around 30 years, it has
been widely utilized in the manufacturing, design, engineering, industrial sectors and its applications in dentistry for
manufacturing prosthodontics are very important. The stereo lithography technology is highly regarded because it can
produce items with excellent precision especially when selecting the best process parameters. This review article offers a
useful and scientific summary of SLA three-dimensional printing technology and its brief history. The specific type of
3D printers which is SLA type based on light curing resin and material overview is also presented. Moreover, the survey
was conducted to gain substantial knowledge of the various advantages and disadvantages of SLA 3D printing. According
to this study, a summary has been specified on the accuracy of SLA 3D printers and various factors that affected its
accuracy and dimension measurement namely layer thickness, normal exposure time, bottom or top exposure time, post
processing and room temperature. The majority of works in the literatures conducted till date are on improving the
physical part attributes like dimensional accuracy and surface roughness but the improving of the mechanical properties
have received less attention and need more focusing in the future works.

Keywords: Additive manufacturing, bottom or top exposure time, 3d printing, normal exposure time, resin, stereo
lithography, UV.

1. Introduction Stereo lithography is recognized as the first
commercial rapid prototyping device for what is

Additive manufacturing (AM) technologies are commonly known today as 3D printing. The 1970s
generally called three-dimensional (3D) rapid saw the introduction of the first significant stereo
prototyping  printing processes. Based on lithography (now popularly known as SLA) AM
computer-aided design (CAD) digital model, a work. Swainson [5] offered a patent for a technique
group of techniques that permit the layer by layer that makes use of two intersecting radiation beams
construction of complex 3D shapes out of a variety to photochemically cross-link or degrade polymers
of standardized materials, including solid, liquid, to create 3D structures. Then Herbert [6] presented
and powder [1, 2]. The flexible design of such a a method for layer-by-layer construction of solid
process increases its capacity for manufacturing a things using photosensitive polymers. However,
wide range of functional products [3]. the majority of individuals consider that Charles
Additionally, it can quickly produce one-off and Hull's [7] work marked the beginning of modern
small-batch components, fresh samples, and goods stereo lithography. His theory (Figure 1) proposes
with Compncated ShapeS, mo|d5, and models [4] that phOtOSE‘nSitiVE‘ |IC]U|d materials that ultraviolet
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(UV) light can cure are used to layer by layer create
3D creations [1]. Hull invented a 3D printing
technology and obtained a patent for stereo
lithography (SLA). Hull then formed the company
3D systems, which presented the first 3D printer
(SLA-250) to be sold commercially, in 1988 [4, 8].
Today, over 75% of dental applications for 3D
printing employ light-curing technology, and light-
curing resins are often used as fillers and
restorative materials in dentistry. The global
standard for dental prostheses is moving toward
digital dental medical technology [9]. The use of
SLA 3D printing in dentistry can aid in the
provision of more inexpensive dental equipment.
Since stereo lithography is adaptable enough to
produce several very complex 3D objects with
great precision and a low costs. An increasing
number of materials have been created by SLA for
a wide variety of applications, including soft
robotic actuators, sensors, microfluidics devices
and energy storage components [1, 10]. Medical
implants are the most important applications of
SLA such as dental prostheses [11]. This review
discusses the stereo lithography process including
its technology, material overview, advantages,
disadvantages, SLA printer parameters. The
accuracy of SLA printing process and the factors
affecting will be discussed in detail.
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Fig. 1. Stereo lithography setup [1].

2. Stereo Lithography (SLA) 3D Printing
Technology

Stereo lithography has made significant
progress, and many methodologies for stereo
lithography systems have been developed. Huang
et al. [1] categorized the described technologies
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into four generations, with Hull's work being the
first generation stereo lithography, which creates
3D items by scanning a laser beam over liquid
materials. To overcome the limitations of poor
efficiency, the second generation technique was
used, also known as projection stereo lithography,
uses photo mask technology to cure each layer
concurrently. Tumbleston et al. [12] developed
third generation stereo lithography in 2015. They
developed a continuous liquid interface production
(CLIP) technology that allows for far faster print
speeds than earlier approaches, allowing them to
make components in minutes rather than hours.
Recently, a volumetric stereo lithography
technique was developed, also regarded as the
fourth generation. [1].

An extrudable thermoplastic filament is
substituted by a vat of a liquid UV curable
photopolymer in the somewhat more sophisticated
additive manufacturing technique known as SLA.
At the moment, SLA method is the primary
foundation for big industrial photocuring 3D
printing machines [13]. The SLA three dimension
(3D) printer uses an ultraviolet laser beam to
solidify an acrylic photopolymer at a specific
previously predetermined spot [14]. Figure (2)
shows the stereo lithography apparatus which
consists of the following components: (A) low UV
radiation laser source, (B) when the laser beam
hardens bottom layers to top layers during
manufacturing, an elevator raises the construction
platform (illustrated in G), (C) for the purpose of
treating the liquid photopolymer's surface, lenses
focus an intense laser beam from a UV source, (D)
the beam is redirected by the X-Y scanning mirror
so that it descends vertically into the liquid
photopolymer instead of traveling horizontally (the
deflection of the mirror depends on the desired 3D
model), (E) photosensitive polymers harden when
they come into touch with the laser beam, leaving
untreated polymers liquid, (F) a big container
called a "vat" that holds photosensitive liquid, (G)
build platform is each layer of photosensitive
polymers represents a cross section of the final 3D
object and is created layer-by-layer from bottom to
top, (H) liquid photopolymer, (1) layered part is a
combination of solidified photopolymer layers, (J)
the sweeper is recoats the stacked part's surface
with a liquid photopolymer resin as the build
platform (in G) descends after the solidification of
each layer, (K,L) the sweeper moves to the right
and left (in K) while the construction platform
moves up and down (in L) [15].
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Fig. 2. Stereo lithography apparatus. [15]J

Typically, the liquid resin is scanned by the
laser beam employed by SLA machines, which
causes it to harden. Usually, the laser beam is
visible from the top above the resin tank. When the
platform is lowered into resin, the resin's surface is
covered by a thick layer of the platform's surface.
After the layer of resin has dried and solidified, the
platform falls a certain distance. Layer by layer, the
solidification procedure is performed to produce a
solid 3D part. The laser beam then fills up a two-
dimensional cross section of the model by
following its edges. The fabrication process of
stereo lithography is shown in Figure (3) [1]. The
model is completely cured in a UV oven after
printing in order to completely eliminate resin
residues [14].
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Fig. 3. Fabrication process of stereo lithography [1].
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3. SLA Material Overview

SLA uses a variation of materials with a wide
range of characteristics including soft, transparent,
very stable, and even heat resistant materials [14].
Photosensitive resin is the substance utilized in the
photocuring process for 3D printing. The light
wavelength and the method of printing would
determine the photo curing procedure [13].
Conventional  epoxy, acrylate resins, or
thermoplastic elastomers make up the majority of
the materials utilized in SLA. First monomers were
blends of multipurpose acrylates that resulted in
cross-linked resins. The low viscosity of this
composition helps the liquid spread smoothly. It
also has high photosensitivity, oxygen inhibition,
low critical energy, controlled mechanical
properties, and is relatively insensitive to changes
in temperature and humidity [16]. Polymers make
up the majority of the 3D printing materials used in
dental restorations, which replace lost teeth and
tooth structure. In contrast to ceramics and metals,
the chemical and physical properties of polymers
are characterized by elasticity and tensile strength,
which may offer the high-performance and long-
lasting qualities required for use as a dental
restorative material [11]. The transverse strength
and elastic modulus of the resin were both
significantly impacted by a change in the
polymerization temperature [17]. The environment
to which resin is exposed affects its mechanical
properties, which is why they may degrade in the
oral environment in addition to being affected by
their chemical composition [18]. Three-
dimensional printing technology have created a
variety of dental prosthesis using polymer
materials in orthodontic treatment, including
denture bases, fake teeth, temporary crowns, bridge
and crown facings, and implant caps. Studies have
shown that polymers are used in 3D printing
technology for dental applications, such as the
manufacturing and intervention of implant fixtures,
maxillofacial reconstruction, and metal bridges
[11]. The majority of resin compositions contain
inert dyes, which absorb incoming light and
improve polymerization control. Additional
additives like surfactants and diluents or other
stabilizers may be added, particularly when
employing filled resins. The Photo curable resins
for SLA all have the same essential components
(Figure (4)) and they are summarized as follows
[19]:

1. Precursors: The SLA precursors are liquid
molecules that, when exposed to light, may link
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together (i.e., polymerize) to create a solid
three-dimensional network.

2. Photoinitiators (Pls): it is a resin component
reacts to light. When the appropriate
wavelength of radiation is applied, it gets
activated and prepared to initiate the curing
reaction. A suitable Pl must be chosen
depending on the kind of precursor being
employed. The kind and amount of Pl employed
can have a major influence on the reaction's
kinetics, the amount of light used, conversion,
cross-linking density, and, to a certain degree,
the mechanical properties of the printed
components.

3. Absorbers: A light absorber, which lowers
light's penetration into the resin and restricts the
depth to which the resin can be cured, is another
element that is important to the majority of SLA
processes.

4. Filled resins: SLA has been used to fabricate
metal or ceramic materials by mixing resins
with powder, printing the parts, and then
sintering and debinding the printed specimens.
The organic resin components are dissolved by
pyrolysis during the debinding process, and the
presence of a high filler content prevents defects
like cracks and shrinkage from occurring.

5. Additives: For slurries to have a longer shelf life
and to remain stable throughout longer printing
processes, rheological additives and stabilizers
are required.

Precursors Photoinitiator
- Monomers - Radical
- Oligomers 36

-Cationic

Resin
Components / Asorber
. -Uv

- Visible light

Additives

- Diluents

- Surfactants

Filler

- Ceramic
- Metallic
- Composite

Fig. 4. Materials of Resin in SLA [19]

4. SLA 3D Printing Advantages and
Disadvantages
4.1. SLA 3D Printing Advantages

The followings are typical advantages of SLA
process:

e SLA has a well-developed, reliable printing
process, and a wide range of equipment
providers [13].

e SLA 3D printers can produce complex forms
with fine details at reduced material costs when
utilized in large quantities [10].

e SLA is adaptable to variable material selection,
highest resolution, accuracy, suitable for fine
details and functional prototyping and highly
versatile material selection [14, 20].

o SLA offers great material utilization, significant
cost advantages, the ability to produce specific
goods at scale on demand, and relatively quick
technological advancements [4, 21].

4.2. SLA 3D Printing Disadvantages

The followings are the limitations of SLA
process:

e Resin has a limited shelf life, a short vat life,
can't be heat sterilized, dirty, can cause skin
sensitization, and  requires  expensive
technology [10].

e Since the curing rate depends on how rapidly
the laser beam moves and the size of the model
affects that speed [13].

e SLA is presently the only photo curing three
dimensional printing technique that can print
big scale models, however, it has a low printing
rate [13].

¢ Volume shrinking is a drawback of photocuring
3D printing, and researchers are working to
eliminate it [13].

e The difficulties in handling liquid resin due to
its sensitivity to extensive UV light exposure
and its poor mechanical qualities as a result of
brittle material and curling [14].

5. SLA 3D Printers Parameters

Although SLA technology has advanced
quickly and attracted a lot of attention lately, it is
still in the early stages of development, where
several academics have discovered answers to
challenging real-world issues. Specificating,
assessing, and managing process factors to produce
precise, high-quality products has been the major
focus of research efforts. Because of the
interrelations between variables and nonlinear
relationships between final outputs and parameters,
determining and optimizing process parameters is
a very difficult procedure [22].
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5.1. Layer Thickness.

Thickness of each slice of the portion that builds
on the preceding layer is known as the layer
thickness [23]. The most suitable layer thickness
setting affects SLA process accuracy and
performance. The building time decreases with the
number of slices (and layer thickness), but
accuracy decreases [24]. It has been shown that
when printing samples with low layer thickness
using SLA technology, the accuracy and strength
of the sample improves [25]. Figure (5) shows the
built layer thickness of a printed part.

scanning
(I) A\ mirror

beam
focusing lens

laser

layer thickness

Fig. 5. Layer thickness in SLA.

5.2. Normal exposure time

The normal exposure time is the precise amount
of time that each layer is exposed to UV. The
bending strength and chemical bonding of the
printed resin were modified by the exposure
duration. When exposed to UV radiation, printed

items' surface roughness is also impacted, leading
to two surface impacts. On the one hand, the
formation of cracks is affected by the UV exposure
time [26]. Also, the shrinkage of the photo curable
resins is affected by exposure time, which
increases with the increasing of curing time leading
to less accuracy [27].

5.3. Bottom or Top exposure time

They are the UV exposure time of the first layer
thickness at the first layer fabrication between the
platform and the bottom or top of the resin
container Figure (6). Bottom or top exposure time
are similar to exposure time, but only applying to
the first few layers of 3D prints. The bottom or top
layers of the print require more focus because they
form the foundation for the whole print. The
bottom or top surfaces of the exposed and curing
layer bond with the previously cured layer during
the manufacturing process of the free surface SLA
technology [28, 29].

5.4. Build Orientation or Angle

The choice of construction angle is crucial since
it influences the amount of support structures
required, which may have an impact on the
precision of the created components. Rotation of
the crown from a 90 degree build angle to a build
angle of 180 degree increases the self-support
surfaces and therefore decrease the number of
support structures [30]. The construction angle
setting has an effect on the biocompatibility,
product accuracy, and material qualities [4]. Figure
(7) shows the orientation of 3d printing of different
building angle of prosthesis.

Vat
Container

(a) Top Exposure
UV Pattern

Blade

‘‘‘‘‘‘‘‘‘ =4

i

A*4 uvpattern ™1
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\ Transparent
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Fig. 6. (a) Top exposure vs. (b) bottom exposure [29]
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Fig. 7. Different 3d printing angles [30]
5.5. Post Processing containing  radiological  imaging,  image

The performance of printed samples can be
improved with proper post-processing, but it will
cost more and take more time. The development of
SLA has been constrained by the shrinkage and
distortion of resin materials. However, the post-
curing procedure gets around this defect [28]. After
curing, the resin item has been subjected to
temperatures above curing temperature for a
considerable amount of time. Enhancing the elastic
modulus and ultimate strength of samples can be
achieved by using UV and microwave post-curing.
The strength of the sample can also increase
concurrently with the expansion in laser power [4,
26].

6. Effect of SLA 3D Printers parameters on
Accuracy, surface integrity and strength

Several researchers have attempted to enhance
the dimensional accuracy and surface integrity of
SLA printing. One of the primary sources of
inaccuracy in the SL process is the significant
amount of shrinkage experienced during the post-
curing phase [27]. As a result, the extended light
exposure might result in a local temperature rise or
local polymerization, which could lead to local
stress or defects. Also, according to a research by
Kavin Kowsari et al. [31] solidified layers' breadth
and height rose less linearly as exposure duration
increased. Dimensional accuracy in 3D printing is
complex and is influenced by a number of
variables, including printing technology, post
processing techniques, the use of support material,
and part orientation [32]. However, one of the main
reasons why the prototype was not accurate enough
was the resin's volume shrinkage during
photopolymerization [28]. Also, the model is
forced to change as a result of the peeling process,
which involves removing the resin from the vat's
bottom. Additionally, the total number of errors
made at each stage of the manufacturing process,
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segmentation, the STL file generation, the STL
post processing, STL file slicing for the printer
control file, 3D printing, and post-processing,
affects the accuracy of a functional 3D model. All
these steps are strongly reliant on machine,
software, ultimately and user [14]. Additionally, as
the stereo lithography apparatus (SLA) printer's
build platform descended into the resin tank to
create a fresh layer, the cup could trap air and resin,
resulting in structural flaws that jeopardize
dimensional accuracy [33]. The SLA technique's
accuracy is sufficient to print items with
complicated structures and small sizes [13].
However, the selection of the SLA process
variables to accomplish the desired results
established by users is still a challenging work. The
selection of the process parameters is also known
as the establishment of the building strategies or
building setups. The qualities of the parts produced
by the SLA printing machine, such as the
dimensional accuracy, the surface finish, the
tensile strength and the build time are often
impacted by these process parameters [34]. The
development of SLA's accuracy has always been a
fascinating case for researchers. Different
strategies and techniques have been employed to
discover a successful solution to advance SLA
dimensional accuracy. Jayanthi et al. [35] explored
the impact of SLA process parameters, as well as
two alternative writing techniques (the hatch and
the weave), on the curl distortion of produced
components. A twin-cantilever test piece was also
proposed. They came to the conclusion that the
four key factors are the layer thickness, the hatch
spacing, the fill cure depth, and the hatch over cure.
Additionally, they discovered that the weave style
distortion is significantly larger than hatch type.
Diane A Schaub et al. [36] listed the numerous
stereo lithography process controls and determined
that the four following factors are the most
important ones that affect the end part's
dimensional accuracy namely layer thickness, spot
overlap, boundary over cure, and part orientation.
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Additionally, they examined their impact and
relative importance on dimensional accuracy and
came to the conclusion that layer thickness and
component orientation play a substantial role in
dimensional error. Onuh and Hon [37] tried to
adjust build settings for better stereo lithography
surface finish. In their experiments, the following
construct characteristics were taken into account,
namely, layer thickness, hatch spacing, hatch style,
hatch over cure, and fill cure depth. In order to
identify key process factors (Layer thickness,
Hatch spacing, Overcure, Blade gap, Position on
the build plane), Zhou et al. [23] managed an
experiment  utilizing  specially  designed
components produced by SLA 250. in SLA
dimensional accuracy. The results suggest medium
layer thickness for good reduction of the
dimensional error. Lee et al. [38] created 140 of
samples using various setup settings (layer
thickness, hatch overcure, and hatch spacing),
produced customized H-shaped pieces using SLA
250, and measured 5 points. Also, they suggested
combining input parameters and  output
measurement data to train a neural network to
forecast the dimensional accuracy of SLA
components. The trained network can predict the
dimensional errors with a respectable level of
accuracy, according to test findings on its
performance. K. Chockalingam et. al. [39] Studies
on the stereo lithography process that are listed
focus on identifying the variables, namely the layer
thickness, the hatch spacing, the hatch style, the
hatch over cure and the fill cure depth that might
influence the shrinkage rate. K. Chockalingam et
al. [40] made an effort to discover the process
variables such as layer thickness, post-curing, and
orientation that affect the strength of components
created using the SL method, optimizing the
parameter values, and developing an empirical
regression equation between the tensile strength
and their influencing parameters. The findings
showed that orientation, post-curing time, and
layer thickness have a significant impact on the
part strength. The process parameter like
orientation has the biggest impact on the part's
strength. Additionally, layer thickness of 0.1 mm,
post curing time of 60 min, and vertical orientation
are the optimum combinations of process
parameters. Campanelli et al. [41] tried to find the
factors namely, layer thickness, hatch overcure,
hatch spacing, border overcure, fill spacing and fill
cure depth that lead to the best accuracy of the
printed parts in the SLA process and found that best
accuracy was gain with low value of layer
thickness. Chockalingam et al. [42] studied the
effect of layer thickness, orientation, and post
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curing time on strength of part parts made by SLA.
They showed that layer thickness has the major
contributing factor on strength. The ideal layer
thickness was 100 pm under the conditions of 60
min of post curing time and vertical construction.
Lee et al. for a SLA 5000 type machine, layer
thickness and component quality were examined
by Raju et al. [43]. They concluded that small layer
thickness gave good mechanical qualities, high
accuracy and good surface finish. Guangshen Xu et
al. [44] carried out an experimental analysis to
identify the Taguchi method's ideal construction
parameters like the shrinkage compensation factor
of resin, the liquid surface waiting time, the
exposure time and the light intensity for an
integrated stereo lithography (SLA) system. It was
discovered that the dimensions accuracy was
strongly impacted by the build settings, including
the resin's shrinkage correction factor, waiting time
for liquid surfaces, exposure time, and light
intensity. Khorasani and Baseri [45] showed that
layer thickness is one of the stereo lithography
(SLA) process factors (Layer thickness, hatch
overcure and hatch spacing) that has been offered
as a model for optimization in order to achieve the
least amount of the shrinkage and the distortion of
H-shaped products. To link the input parameters to
the dimensional inaccuracy of the SLA-produced
parts, a neural network was created. Results
showed less layer thickness led to minimum
shrinkage with good accuracy. S. Rahmati and F.
Ghadami [46] suggested a neural network model to
identify and improve important parameters like the
layer thickness, the hatch overcure, the hatch
spacing, the border, the overcure, fill spacing and
the fill cure depth, in order to increase accuracy and
predict dimensional accuracy using different
parameter values. According to the results of the
study, layer thickness was the most essential factor
for dimensional accuracy. Multiple quality aspects
of SLA fast prototyping machines had been
improved by Raju et al. [47] by utilizing the
process variables that affect the strength aspect of
SLA and the Taguchi method-based Grey
relational analysis. According to the results, the
layer thickness and orientation parameters have a
significant impact on the component strength of
SLA parts other than hatch space. The optimal
combinations of process parameters are 0.125 mm
Layer thickness and 90 orientation for tensile
strength of SLA parts by single quality
characteristics. Loflin et al. [48] evaluated the
effect of SLA print layer thickness on the clinical
acceptability of 3D printed models. The outcomes
showed that layer thickness of 100 pm was the best
option. Munproma and Limtasiri [49] investigated
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the process parameters namely, exposure
resolution, layer thickness, exposure time, post-
cure time, up speed lift and post-cure temperature
that affect part qualities namely flexural stress,
hardness and part dimension. The exposure
resolution had a substantial impact on the flexural
strength and hardness of the 3D-printed items,
whereas the post cure temperature had a large
impact on the width error. Ahmet Cekic et al. [50]
investigated the process variables like layer
thickness and temperature, in Stereo lithography
(SLA) in order to produce a smooth surface
product with minimize dimensional deviations
relative to the CAD model. Experimental studies
have shown smaller layer thickness gave lower the
surface roughness with good accuracy. Khodaii
and Rahimi [51] examined how the SLA process's
surface roughness is affected by surface angle,
hatch spacing, and postcuring time. The findings
demonstrated that surface roughness increased as
surface angles increased, while post-curing time
had no impact. Katheng et al. [52] examined the
grade of polymerization of a transparent
photopolymer resin specimen produced by SLA for
various post-polymerization times and
temperatures and dimensional correctness was
analyzed using an ANOVA. Lower temperatures
result in enhanced accuracy and tissue surface
accuracy, according to the study, which found that
the polymerizing temperature had a bigger impact

Table. 1,
Summary of related literature

than the polymerizing duration, 15 minutes and 40
°C are the suggested SLA polymerization
parameters. N. Dhanunjayarao Borra [53] adjusted
the printing parameters of the Masked Stereo
lithography equipment by employing the Taguchi
approach to ensure the dimensional accuracy of the
3D printed components. Layer thickness,
orientation, and exposure time were the printing
parameters that were chosen. According to the
ANOVA results, exposure duration had a
significant impact on accuracy. Dhanunjayarao et
al. [54] examined the experimental findings
regarding the dimensional accuracy of resin SLA
3D printed post cured objects. The study's goal was
to use design of experiments to show the
inaccuracies related to dimensional accuracy as
well as the interactions between the process
parameters of layer thickness, exposure duration,
and x-orientation. It was found that the part's
variations in size and form are what cause the
dimensional inaccuracies. The investigation found
that layer thickness of 0.06 mm and exposure times
of 3and 5 sec with 0° and 150° x-orientation always
correspond to minimal deviation. The summary of
related works on effect of SLA 3D printers’
parameters on Accuracy, surface integrity and
strength is given at Table (1).

Year and Authors Parameters

Main Findings

Jayanthi et al. [35]
hatch

The four key factors are

They discovered that the weave style

Diane A Schaub et al.

[36]

Onuh and Hon [37]

Zhou et al. [23]

Lee et al. [38]

K. Chockalingam et. al.

[39]

spacing,
thickness, fill cure depth,
and hatch overcure.

Layer  thickness,  spot
overlap, boundary over
cure, and part orientation.

Layer thickness, hatch
spacing, hatch over, cure
hatch style, and fill cure
depth.

Layer thickness, hatch
spacing, overcure, blade
gap, position on the build
plane.

Layer thickness, hatch
overcure, and hatch spacing.

layer

Layer thickness, hatch style,
hatch spacing, hatch over
cure and fill cure depth.

89

distortion was significantly higher than hatch
type.

Layer thickness and component orientation
played a substantial role in dimensional error.

The optimum build parameters proposed in
this study would build parts faster, cheaper
and better

The results suggested medium layer thickness
for good accuracy.

Neural network could predict the dimensional
errors with a respectable level of accuracy,
according to test findings on its performance

Proposed a genetic algorithm (GA) to find the
best process parameters and to predict process
parameters for better dimensional accuracy in
SLA process.



Tiba Raed Mhmood

Al-Khwarizmi Engineering Journal, Vol. 19, No. 2, P.P. 92- 104 (2023)

K. Chockalingam et al.
[40]

Campanelli et al. [41]

Chockalingam et al. [42]

Raju et al. [43]

Guangshen Xu et al. [44]

Khorasani and Baseri

[45]
S. Rahmati and F.
Ghadami [46]

Raju et al. [47]

Loflin et al. [48]

Munproma and Limtasiri
[49]

Ahmet Cekic et al. [50]

Khodaii and Rahimi [51]

Katheng et al. [52]

N. Dhanunjayarao Borra
[53]

Dhanunjayarao et al. [54]

Layer thickness,  post-
curing, and orientation.

The Layer thickness, the
hatch spacing, the hatch
overcure, the border
overcure, the fill spacing
and the fill cure depth.

The Layer thickness, the
orientation, the post curing
time.

Effect of the layer thickness
on the part quality.

The Shrinkage
compensation  factor  of
resin, the liquid surface
waiting time, the exposure
time and light intensity.

Layer thickness, hatch
overcure and hatch spacing.

Layer thickness, hatch
overcure, hatch spacing,
border, overcure, fill
spacing and fill cure depth.

Layer thickness, orientation
and hatch space.

Layer thickness.

The layer thickness, the
exposure resolution, the
exposure time, the post cure
time, the up speed lift and
the post-cure temperature.

Layer thickness, printing
temperature and print speed.

Surface angle, hatch
spacing, and postcuring
time.

Postpolymerizing times and
temperatures.

Layer thickness, orientation,
and exposure time.

Layer thickness, exposure
duration, and x-orientation

Orientation had the biggest impact on the
part's strength. Additionally, layer thickness of
0.1 mm, post curing time of 60 min, and
vertical orientation are the optimum
combinations of process parameters.

Found that best accuracy was gain with low
value of layer thickness.

The Layer thickness had the significant
contributing factor on strength.

They concluded that low layer thickness
equivalent to 0.1 mm is optimal at which the
mechanical properties and accuracy are high.

It was discovered that the dimensions
accuracy was strongly impacted by the build
settings, including the resin's resin shrinkage
correction factor, waiting time for liquid
surfaces, exposure time, and light intensity.

Results showed less layer thickness led to
minimum shrinkage with good accuracy.

According to the results of the study, the layer
thickness was the most essential factor for
dimensional accuracy.

The layer thickness and orientation parameters
had a significant impact on the component
strength of SLA parts other than hatch space.

Low value of layer thickness of 100 um was
the best option.

The exposure resolution had a substantial
impact on the flexural strength and hardness
of the 3D-printed items, whereas the post cure
temperature had a large impact on the
dimentional error.

Smaller layer thickness gave lower the surface
roughness with good accuracy.

The findings demonstrated that surface
roughness increased as surface angles
increased.

The polymerizing temperature had a bigger
impact than the polymerizing duration, 15
minutes and 40 °C are the suggested SLA
polymerization parameters.

Exposure duration had a significant impact on
accuracy.

The investigation found that layer thickness of
0.06 mm and exposure times of 3 and 5 sec
with 0° and 150° x-orientation always
correspond to minimal deviation for all output
metrics.
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7. Conclusion

This paper's objective was to review the current
state of stereolithography 3D printing process and
the effect of it parameters on part quality. The
following conclusions can be reached from
literature review:

1. SLA is a 3D printing for rapid prototyping
flexible process and it is a form of additive
manufacturing.

2. This process is a layer by layer method of
producing objects from  photosensitive
polymers exposed to UV light.

3. The volume of the photosensitive materials is
shrink and then distorted causing a change in
dimensions leading to printed objects with less
accuracy.

4. Conventional epoxy, acrylate resins, or
thermoplastic elastomers make up the majority
of the materials utilized in SLA.

5. The effect of UV light on surface changes the
surface  roughness.  Although  previous
researches on stereo lithography provides
information that explains how process
parameter affect part quality (dimensional
accuracy and surface integrity).

6. Dimensional accuracy in 3D SLA printing is
complex and is influenced by a number of
variables, including the printing technology, the
post processing techniques, the use of support
material, and part orientation.

7. None suggested any specific results regarding
optimization efforts for the parameters that
combine exposure time, bottom exposure time,
and bottom layers. Additionally, the SLA user’s
systematic information on how to choose the
process parameters to increase accuracy have
not given in the prior studies.

8. Based on the researches that was presented in
current study, the number of studies that dealt
with the issue of exposure duration of UV
radiation is generally rather limited.

9. Improvements to physical part attributes, such
as the dimensional accuracy and the surface
quality, have received the majority of attention
in the literatures done to date but mechanical
property improvements have received less
attention.

91

8. References

[1]Huang, J., Qin, Q., & Wang, J. (2020). A review
of stereolithography: Processes and systems.
Processes, 8(9), 1138.

[2] Shaw, M. 3D Printing Technology: Its
Applications and Scope in Fashion Industry.
Man-Made Textiles in India, 7-10.

[3] Nulty, A. B. (2021). 3D Printing Part 1: A
History and Literature Review Of 3D Printing
Technologies Used in Dentistry. Dentistry
journal, 1-17.

[4] Tian, Y., Chen, C., Xu, X., Wang, J., Hou, X.,
Li, K., & Jiang, H. B. (2021). A review of 3D
printing in dentistry: Technologies, affecting
factors, and applications. Scanning.

[5] Swainson, W.K. Method, Medium and
Apparatus for Producing Three-Dimensional
Figure Product. U.S. Patent 4,041,476, 9
August 1977.

[6] Herbert, A.J. Solid object generation. J. Appl.
Photogr. Eng. 1982, 8, 185-188.

[7] Hull, CW. Apparatus for Production of
Three-Dimensional Objects by
Stereolithography. U.S. Patent Appl. 638,905,
1984.

[8] Jawahar, A., & Maragathavalli, G. (2019).
Applications of 3D printing in dentistry-a
review. Journal of Pharmaceutical Sciences
and Research, 11(5), 1670-1675.

[9] Chen, S. G, Yang, J., Jia, Y. G, Lu, B,, &
Ren, L. (2019). TiO2 and PEEK reinforced
3D printing PMMA composite resin for dental
denture base
applications. Nanomaterials, 9(7), 1049.

[10] Dawood, A., Marti, B. M., Sauret-Jackson, V.,
& Darwood, A. (2015). 3D printing in
dentistry. British  dental journal, 219(11),
521-529.

[11] Nulty, A. B. (2021). 3D Printing Part 1-A
History and Literature Review of 3D Printing
in Dentistry.

[12] Tumbleston,  J.R.;  Shirvanyants, D.;
Ermoshkin, N.; Janusziewicz, R.; Johnson,
AR.; Kelly, D.; Chen, K.; Pinschmidt, R;
Rolland, J.P.; Ermoshkin, A.; et al. (2015).
Continuous liquid interface production of 3D
objects. Science, 347, 1349.

[13] Quan, H., Zhang, T., Xu, H., Luo, S., Nie, J.,
& Zhu, X. (2020). Photo-curing 3D printing
technique and its challenges. Bioactive
materials, 5(1), 110-115.

[14] Msallem, B., Sharma, N., Cao, S., Halbeisen,
F. S., Zeilhofer, H. F., & Thieringer, F. M.
(2020). Evaluation of the dimensional



Tiba Raed Mhmood

Al-Khwarizmi Engineering Journal, Vol. 19, No. 2, P.P. 82- 94 (2023)

accuracy  of  3D-printed  anatomical
mandibular models using FFF, SLA, SLS, MJ,
and BJ printing technology. Journal of clinical
medicine, 9(3), 817.

[15] Kassem, T., Sarkar, T., Nguyen, T., Saha, D.,
& Ahsan, F. (2022). 3D Printing in Solid
Dosage Forms and  Organ-on-Chip
Applications. Biosensors, 12(4), 186.

[16] Corbel, S., Dufaud, O. and Roques-Carmes,
T., 2011. Materials for stereolithography.
Stereolithography: Materials, processes and
applications, pp.141-159.

[17] Ismail, 1. J. (2015). An Evaluation of Some
Mechanical Properties of Autopolymerizing
Acrylic Resin with the Modified One after
Changing the Curing Environment:(In vitro
Study). Journal of Baghdad College of
Dentistry, 27(4), 62-71.

[18] Kadhim, A. A. J. (2016). Effect of Mouth
Rinses on Surface Roughness of Two
Methacrylate-Based and Siloraine-Based
Composite Resins. Journal of Baghdad
College of Dentistry, 325(3765), 1-7.

[19] Schmidleithner, C., & Kalaskar, D. M. (2018).
Stereolithography. IntechOpen.

[20] Pillai, S., Upadhyay, A., Khayambashi, P.,
Farooq, ., Sabri, H., Tarar, M., ... & Tran, S.
D. (2021). Dental 3D-printing: transferring art
from the laboratories to the clinics. Polymers,
13(1), 157.

[21] da Costa, L. P. G., Zamalloa, S. I. D., Alves,
F. A. M., Spigolon, R., Mano, L. Y., Costa, C.,
& Mazzo, A. (2021). 3D printers in dentistry:
a review of additive manufacturing techniques
and materials. Clinical and Laboratorial
Research in Dentistry.

[22] Sharma, S., Chauhan, A., & Narasimhulu, A.
(2019). A Review of Recent Developments on
Stereolithography. Int. J. Eng. Res. Technol,
8, 180-185.

[23] Zhou, J. G., Herscovici, D., & Chen, C. C.
(2000). Parametric process optimization to
improve the accuracy of rapid prototyped
stereolithography parts. International Journal
of Machine Tools and Manufacture, 40(3),
363-379.

[24] Cheng, W., Fuh, J. Y. H., Nee, A. Y. C,,
Wong, Y. S., Loh, H. T., & Miyazawa, T.
(1995). Multi-objective optimization of part-
building orientation in
stereolithography. Rapid Prototyping
Journal, 1(4), 12-23.

[25] Chockalingam, K., Jawahar, N., &
Chandrasekhar, U. (2006). Influence of layer
thickness on mechanical properties in

92

stereolithography. Rapid Prototyping
Journal. vol. 12, no. 2, pp. 106-113, 2006.

[26] Garcia-Garcia, D., Crespo-Amorés, J. E.,
Parres, F., & Samper, M. D. (2020). Influence
of Ultraviolet Radiation Exposure Time on
Styrene-Ethylene-Butadiene-Styrene (SEBS)
Copolymer. Polymers, 12(4), 862.185-193.

[27] Wang WL, Cheah CM, Fuh JYH, Lu L.
(1996). Influence of process parameters on
stereolithography part shrinkage. Materials &
Design, 17, 205-13.

[28] Huang, Y. M., & Lan, H. Y. (2006).
Compensation of distortion in the bottom
exposure of stereolithography process. The
International ~ Journal of  Advanced
Manufacturing Technology, 27(11), 1101-
1112.

[29] Emami, M. M., Barazandeh, F., & Yaghmaie,
F. (2014). Scanning-projection  based
stereolithography: Method and structure.
Sensors and Actuators A: Physical, 218, 116-
124.

[30] [30] Park, G. S., Kim, S. K., Heo, S. J., Koak,
J. Y., & Seo, D. G. (2019). Effects of printing
parameters on the fit of implant-supported 3D
printing resin prosthetics. Materials, 12(16),
2533.

[31] Kowsari, K., Akbari, S., Wang, D., Fang, N.
X., & Ge, Q. (2018). High-efficiency high-
resolution multimaterial fabrication for digital
light processing-based three-dimensional
printing. 3D Printing and  Additive
Manufacturing, 5(3),

[32] Sharma, N., Cao, S., Msallem, B., Kunz, C.,
Brantner, P., Honigmann, P., & Thieringer, F.
M. (2020). Effects of steam sterilization on 3D
printed biocompatible resin materials for
surgical guides—An accuracy assessment
study. Journal of clinical medicine, 9(5),
1506.

[33] McCarty, M. C., Chen, S. J,, English, J. D., &
Kasper, F. (2020). Effect of print orientation
and duration of ultraviolet curing on the
dimensional accuracy of a 3-dimensionally
printed orthodontic clear aligner design.
American Journal of Orthodontics and
Dentofacial Orthopedics, 158(6), 889-897.

[34] [34] Khorasani, E. R., & Baseri, H. (2013).
Determination of optimum SLA process
parameters of H-shaped parts. Journal of
Mechanical Science and Technology, 27(3),
857-863.

[35] Jayanthi, S., Keefe, M., & Gargiulo, E. P.
(1994).  Studies in  stereolithography:
influence of process parameters on curl
distortion in photopolymer models. In 1994



Tiba Raed Mhmood

Al-Khwarizmi Engineering Journal, Vol. 19, No. 2, P.P. 82- 94 (2023)

International Solid Freeform Fabrication
Symposium.

[36] Schaub, D. A., Chu, K. R., & Montgomery, D.
C. (1997). Optimizing stereolithography
throughput.  Journal of  Manufacturing
Systems, 16(4), 290-303.

[37] S.0.0Onuh and K.K.B.Hon, "Optimising build
parameters for improved surface finish in
stereolithography” Internatioanal Journal of
Mach. Tools Manufact., Vol 38, No.4, pp 329-
342, 1998.

[38] Lee, S. H., Park, W. S., Cho, H. S., Zhang, W.
L. M. C., & Leu, M. C. (2001). A neural
network approach to the modelling and
analysis of stereolithography processes.
Proceedings of the Institution of Mechanical
Engineers, Part B: Journal of Engineering
Manufacture, 215(12), 1719-1733.

[39] Chockalingam, K., Jawahar, N., & Vijaybabu,
E. R. (2003, October). Optimization of
process parameters in stereolithography using
genetic algorithm. In Smart Materials,
Structures, and Systems (Vol. 5062, pp. 417-
424). SPIE.

[40] Chockalingam, K., Jawahar, N., Ramanathan,
K. N., & Banerjee, P. S. (2006). Optimization
of stereolithography process parameters for
part strength using design of experiments. The
International ~ Journal of  Advanced
Manufacturing Technology, 29(1), 79-88.

[41] Campanelli, S. L., Cardano, G., Giannoccaro,
R., Ludovico, A. D., & Bohez, E. L. (2007).
Statistical analysis of the stereolithographic
process to improve the accuracy. Computer-
Aided Design, 39(1), 80-86.

[42] Chockalingam, K., Jawabhar, N.,
Chandrasekar, U., & Ramanathan, K. N.
(2008). Establishment of process model for
part strength in stereolithography. Journal of
Materials Processing Technology, 208(1-3),
348-365.

[43] B. S. Raju, U. Chandrashekar, D. N.
Drakshayani and K.  Chockalingam,
Determining the influence of layer thickness
for rapid prototyping with stereolithography
(SLA) process, International Journal of
Engineering Science and Technology, 2 (7)
(2010) 3199-3205.

[44] Xu, G. S., Yang, G., & Gong, J. (2012).
Optimizing Build Parameters for Integral
Stereolithography System. In Advanced
Materials Research (Vol. 424, pp. 52-55).
Trans Tech Publications Ltd.

[45] Khorasani, E. R., & Baseri, H. (2013).
Determination of optimum SLA process
parameters of H-shaped parts. Journal of

93

Mechanical Science and Technology, 27(3),
857-863.

[46] Rahmati, S., & Ghadami, F. (2014). Process
Parameters  optimization to  improve
dimensional accuracy of stereolithography
parts. Int J Advanced Design and
Manufacturing Technology, 7(1), 59-65.

[47] Raju, B. S., Sekhar, U. C., & Drakshayani, D.
N. (2014). Optimizing multiple quality
characteristics of stereolithography process
via Taguchi method-based grey analysis for
SL5530 epoxy resin material to enhance part
quality. Procedia materials science, 5, 2532-
2541.

[48] Loflin, W. A., English, J. D., Borders, C.,
Harris, L. M., Moon, A., Holland, J. N., &
Kasper, F. K. (2019). Effect of print layer
height on the assessment of 3D-printed
models. American Journal of Orthodontics
and Dentofacial Orthopedics, 156(2), 283-
289.

[49] Munprom, R., & Limtasiri, S. (2019).
Optimization of stereolithographic 3D
printing parameters using Taguchi method for
improvement in mechanical properties.
Materials Today: Proceedings, 17, 1768-1773.

[50] Cekic, A., Begic-Hajdarevic, D., Cohodar,
M., Muhamedagic, K., & Osmanlic, M.
(2019). Optimization of stereolithography and
fused  deposition  modeling  process
parameters. Annals of DAAAM &
Proceedings, 30.

[51] Khodaii, J., & Rahimi, A. (2020). Improving
the surface roughness in stereolithography by
controlling surface angle, hatch spaces, and
postcuring time. Engineering Reports, 2(6),
e12193.

[52] Katheng, A., Kanazawa, M., Iwaki, M., &

Minakuchi, S. (2021). Evaluation of
dimensional accuracy and degree of
polymerization of stereolithography

photopolymer  resin  under  different
postpolymerization conditions: an in vitro
study. The Journal of Prosthetic Dentistry,
125(4), 695-702.

[53] Borra, N. D., & Neigapula, V. S. N. (2022).
Parametric optimization for dimensional
correctness of 3D printed part using masked
stereolithography: Taguchi method. Rapid
Prototyping Journal, (ahead-of-print).

[54] Dhanunjayarao, B. N., & Naidu, N. S. (2022).
Assessment of dimensional accuracy of 3D
printed part wusing resin 3D printing
technique. Materials Today: Proceedings, 59,
1608-1614.



(2023) 94-82 4ada  tel) 19 el Lucuntigl o ol ol ALne Jpana Ll ) Lok

Lo sl Ao il piall il s Laadid) (598 AndL sla¥) A5G Aol Alant A2 ya

3 A ) Gl daaa (uid ) 30 *) gana il Al
Vi dals [ o j ol o) Lsdigl) LS| Ciadpal) puviail] Luiis aud % o *
Tiba.Abd2204m@kechu.uobaghdad.edu.ig :5s 5 a ll*
nazarkais@kechu.uobaghdad.edu.ig : s S x all**

dadal)

CLuYu}»\AlbumeM "UA‘\:LASJCA\AJ?M""GJUQALAMMM “1@@0‘\&}4@@“ |é}54mybah4y)@x&;hﬂ\m:
o8 Lkt 5 de il clelladll 5 il cosanail cinail) 8 gl s i e Leiuli 5 3 cale 30 M sa i LAl Sy ) &850 darada oLl
piin o )l s Apmadiall (§ 58 AL L ¥) 45005 deLidal) 480 Uale 5 10a adle 38 daal yall dllie o385 fan dage Cilicay saill ayinatl 1 ) Gl
sle 350le Ll (3 kil 23 Liag) aadiual) salall e dale 3 k05 o gually et ) dallas e atiual) 5 2l 45508 lagldall o g3l e 2l g 53l Leie
:\ﬁﬂuaﬂ,«&g&eﬁ‘aa;\ﬂ\a;m dﬂ;wabu‘ﬂ\:\:\.\%i:hﬂ\wajﬂ\\.\h gﬁ;b\}dﬁaﬁﬂwg@i&&%&\;\ﬁﬁ\eﬁuﬂlh
Al 550 ym a3 g daaSU) dalladlly L)

94


mailto:Tiba.Abd2204m@kecbu.uobaghdad.edu.iq*البريد
mailto:nazarkais@kecbu.uobaghdad.edu.iq

