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Abstract—In the present work, different optimization
techniques used for 3D printing or fused deposition
modeling processes are studied and after effects of various
input parameters on some performance parameters of 3D
printed component like surface finish have been reviewed.
The aim of this work is to investigate the effect of input
parameters like filament diameter, extruder temperature,
feed rate, raster angle, characteristic of working material,
nozzle angle, distance between parallel faces on output
parameters like surface finishing, moving speed or
movement of nozzle head, material volumetric
concentration, cooling of print, strength, number of shells
and deposition rate in 3D printing through different
optimization techniques. Considerable amount of work has
been reported by the researchers on 3D printing and
optimization of various input parameters. Several
approaches are proposed in the literature to optimize these
parameters hence it is felt that a review of the various
approaches developed would help to compare their main
features and their relative advantages and limitations to
allow choose the most suitable approach for a particular
application. In view of above, this paper presents a review
of development done in the area of optimization of process
parameter of 3D printed components
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. INTRODUCTION
Technologies developed for rapid prototyping in the early
1990s have recently emerged as viable alternatives for
manufacturing of finished parts. Additive manufacturing (AM)
or direct digital manufacturing (DDM) technologies enable
three-dimensional (3D) physical parts to be created directly
from computer-aided design (CAD) or other data without the
need for creation of part-specific tooling. AM encompasses a
wide range of technologies , including, among others,
stereolithography, direct write technologies, layered object
manufacturing and direct laser sintering processes, and the
subject of this review, extrusion-based processes such as fused
deposition modeling® (FDM®). The FDM process currently
holds the largest market share of polymer AM processes
(Wohlers, 2011). The terms “fused deposition modeling” and
“FDM” are trademarked by Stratasys, Inc., the company which
first patented the technology (Crump, 1992) and remains the
leading manufacturer of extrusion AM systems (Wohlers,
2011). Because of this trademark, competing manufacturers
and makers of open-source systems have referred to this
general process as “fused filament fabrication” or FFF (Jones
et al., 2011). A similar extrusion process developed in China
has been referred to as melt extrusion manufacturing or MEM

(Wohlers, 2011). This manuscript reviews extrusion AM
processes with a focus on evaluation of dimensional accuracy
and surface roughness, as well as the impact of process
parameters on these important measures of part quality.

Additive manufacturing technology is an advanced
manufacturing technology used for fabricating parts layer by
layer directly from a computer aided design (CAD) data file.
The process builds objects by adding material in a layer by
layer fashion to create a three-dimensional (3D) part, offering
the benefit to produce any complex parts with shorter cycle
time and lower cost compared to traditional manufacturing
process. There are many commercial additive manufacturing
systems available in the market such as fused deposition
modeling (FDM), direct metal deposition (DMD), 3D printing,
selective laser sintering (SLS), inkjet modeling (IJM) and
stereo lithography (SLA). These systems differ in the manner
of building layers and in the types of materials that can be
fabricated by these processes safely. This paper presents a
comprehensive review of 3D printing or FDM process
parameter optimization involving different method of
optimization and identifies several research gaps where further
research and development work can be directed to make this
technology deliver products with higher accuracy, better
quality and desired properties.

FDM process conditions play an important role in improving
surface roughness, dimensional accuracy, mechanical
properties, material behavior and build time. Critical process
parameters that affect the quality of processed part have been
discussed. There has been extensive research on this topic
focusing on experimental results and process optimization.
Most of the researches on FDM process parameters have been
directed toward optimizing process parameters to improve the
surface finish, dimensional accuracy and mechanical
properties.

Il. APPLICATIONS

Historically, the primary applications of AM parts in general,
and extrusion AM parts specifically have been as visual aids,
presentation models and rapidly produced prototypes. These
categories remain the largest applications of parts produced by
FDM and similar processes, accounting for nearly 40 per cent
of all produced parts. Requirements for such applications
primarily relate to dimensional accuracy, surface roughness
and general appearance. Rapid prototyping technologies are
generally most attractive when there is a need for: a fast
turnaround from design to finished part, customization of parts,
only a small production run or extremely unusual shapes that
are not feasible to manufacture with traditional methods.
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I1l. VARIOUS TECHNIQUES FOR OPTIMIZATION OF
3D PRINTING OR FDM PROCESS PARAMETERS
The studies use several optimization techniques they may be
classical or numerical based and have lead to evolved
techniques used in modern technical scenario. After going
through the literature the major optimization techniques and
tools utilized by the researchers are as follows: Taguchi, S/N,
ANOVA, Full factorial design, Genetic algorithm approach,

DOE (design of experiment).

1V. VARIOUS PROCESS AND PERFORMANCE
PARAMETERS

The parameters which play important role in 3D printing or
FDM are as follows: Slice thickness, build deposition
orientation, Air gap, raster angle, raster width, build laydown
pattern, wire-width compensation, extrusion velocity, filling
velocity, Porosity, compressive yield strength, compressive
modulus, Tensile strength, dimension accuracy and surface
roughness, Liquefier temperature, envelope temperature,
convective condition.

V. VARIOUS 3D PRINTER USED
Various 3D printer utilized by the researchers are as follows:
Stratasy’s FDM 2000, Fab@home,Stratasy’s FDM-3000,
Statasy’s Dimension BS1768, Zcorporation-Z450, Makerbot
replicator-2, Prusai3.

VI. EXISTING RESEARCH EFFORTS

Anitha etal. [1] investigated the effects of some important
FDM process parameters on surface roughness of ABS
prototype. The Taguchi’s design matrix, signal to noise ratio
(S/N) and analysis of variance (ANOVA) are used in this
study. Three process parameters including layer thickness, road
width and speed of deposition are considered. This study
revealed that the factor having the most important influence on
the surface roughness is the layer thickness compared to road
width and speed. It has also revealed that there is inverse
relation between layer thickness and surface roughness.

Thrimurthulu et.al. [2] used real coded genetic algorithm (GA)
to develop an analytical model to predict the optimum part
orientation for surface roughness. The prediction of the
developed model is validated and it is in good agreement with
the result published earlier. This study concluded that the
developed model could be used to predict the optimum part
orientation for any complex freeform surfaces. However, this
developed model has the limitation that it can only predict
build orientation but other critical process parameters cannot be
predicted by this model.

Lee etal. [3] performed experimental investigation on
optimization of rapid prototyping parameters for production of
flexible ABS object. They carried out Taguchi method and
ANOVA technique optimizations considering air gap, raster
angle, raster width and layer thickness as parameters. The
study concluded that layer thickness, raster angle and air gap
are the critical factors in determining the elastic performance of
the part. The optimum parameters determined and the results
obtained are in a good agreement with the laboratory
experiments with percentage error of 0.18%.

Ang etal. [4] revealed that the mechanical properties and
porosity of ABS manufactured parts are mostly influenced by
process conditions such as air gap, raster width, build
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orientation, build laydown pattern and build layer. They used
25 fractional factorial design to understand the influence of
each process variable. They reported that air gap has the largest
effect on the porosity and mechanical properties of the
scaffolds. Based on their study, multiple regression models are
used to check the significant improvement of mechanical
properties and porosity

Wang et.al. [5] found that tensile strength of FDM part is
significantly higher when testing samples are put in the
deposition orientation—2Z direction. They demonstrated that
the worst tensile strength is observed when testing samples are
in the direction perpendicular to the layer. The developed
model is verified experimentally and the predicted results
agreed well with laboratory experiments. However, they
obtained the three independent optimum solutions, for the
minimum dimensional deviation, the minimum surface
roughness, and the maximum tensile strength, respectively. If
the dimensional deviation and surface roughness should be as
minimum as possible, and at the same time the tensile strength
should be maximized, the research effort could not provide a
conclusive solution to the problem.

Sebastian et.al. [6] verified a new method for accurate part
manufacturing using a 3D printer. In particular, the direction
and position dependence of the printed results are to be verified
within the building area. Test cubes with a defined edge length
are printed and measured afterwards. The work shows the
position and direction dependency of the 3D-printer
manufacturing accuracy. Furthermore, a calibration procedure
for bleed compensation calibration is presented. The results
from experiment 1 Show that the printer accuracy is as
expected in terms of direction dependence. However, the
position dependency has a greater influence on the result.

Sun et. al. [7] investigated the mechanisms controlling the
bond formation among extruded polymer filaments in the fused
deposition  modeling (FDM) process. The bonding
phenomenon is thermally driven and ultimately determines the
integrity and mechanical properties of the resultant prototypes.
Results suggest that better control of the cooling conditions
may have strong repercussions on the mechanical properties
and accuracy of the final part fabricated using the FDM
process.

VI. CONCLUSION

This article presents a review of research work carried out in
the determination and optimization of the process parameters
for 3D printing or FDM. A review of research work on various
optimization techniques indicated that there are successful
industrial applications of Taguchi method, RSM, GA and
ANN. These are robust optimization techniques to make
experimental design insensitive to uncontrollable factors

such as environmental parameters to predict responses and
optimize the FDM process conditions in accuracy level. The
literature review shows that process parameters including air
gap, layer thickness, raster angle, raster width and build
orientations are the critical factors and these must be studied
and analyzed in future research.
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