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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 inwvestigate the effect of input parameters like
filament diameter, extruder temperature, feed rate, raster angle,
distance

characteristic of working material, nozzle angle,

between parallel faces on output parameters like surface
finishing, moving speed or movement of nozzle head, material
wolumetric 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 deweloped 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 abowe, this paper presents a
review of dewvelopment done in the area of optimization of
process parameter of 3D printed components

Keywords—3D  Printing, Process parameters, Performance
parameters, Optimization techniques, surface finish, Deposition
rate

I INTRODUCTION

Additive manufacturing technology s 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 (1JM)
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
finish,

properties.

surface dimensional accuracy and mechanical

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).

VARIOUS PROCESS AND PERFORMANCE
PARAMETERS
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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.
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.
EXISTING RESEARCH EFFORTS

Yifan Jin et.al Fused deposition modeling has become one of
the most diffused rapid prototyping techniques, which is
widely used to fabricate prototypes. On the other hand, further
application of this technology is rigorously affected by poor
surface roughness mainly due to staircase effect. It is
necessary to adopt post-treatment operations to improve
surface quality. Chemical finishing is typically employed to
finish parts in fused deposition modeling. The main purpose
of this paper is to make available a universal finishing method
or solution for FDM parts made up of PLA, and to signify the
evolution of surface topography between adjacent layers
during the chemical finishing operation by constructing a
geometrical model of the deposited filament. Case study was
used to validate the proposed model by an experimental
observation using a 3D laser scanning microscope. An
experimental campaign is conducted to determine the changes
in tensile properties of PLA parts building in different

orientations.

Szykiedans etal A new development of the 3-D printers,
which has made them freely existing to the public at low
costs. In order to make 3-D printed parts to be more useful for
engineering applications the mechanical properties of the
printed parts to be known must. This paper enumerates the

elementary tensile strength and the elastic modulus of printed

components produced with application of FDM and SLA
printers. The measurements showed a strong anisotropy of 3-
D printed samples and the need to verify the data provided by
the manufacturers. Acquired data verify that the parts printed
by low cost 3-D printers can be considered mechanically
functional in a extensive scope of applications. Mechanical
properties including tensile test are to be tested further for
different parameters of prints especially print orientation and
infill ratio that determines amount of material inside printed

part.

Casavola et.al The Fused Deposition Modelling (FDM) has
become one of the most used techniques to 3D object rapid
prototyping. In this process, the model is built as a layer-by-
layer deposition of a feedstock wire. In the current years, the
FDM grown from rapid prototyping technique to a rapid
manufacturing method, varying the main purpose in producing
finished components which is ready for use. Hence, the
prediction of the mechanical properties of this new technology
has an increasingly important role. In this paper, the
mechanical behaviour of FDM parts has been defined by
utilizing the classical laminate theory (CLT). In view of this
aim, some mechanical parameters employed in CLT has been
experimentally determined. The values of the Young's
modulus in the longitudinal and transverse directions to the
fiore (E1, E2) has been carried out by single layer tests
conducted on specimens with 0° and 90° raster angles. The
shear modulus (G12) has been determined according to the
ASTM D3518. The Poisson’s moduli have been dignified on
five layers 0° specimens obtaining the longitudinal and
transverse deformation by strain gauges.

Jerez-Mesa et.al The aim of this paper is to analyse the
performance of a RepRap 3D printer liquefier by studying its
thermal behaviour, concentrating on the convective heat
dissipation developed beside the liquefier body all through the
3D printing process of a workpiece. More specifically, this
work tackles with the influence of the airflow generated by a
fan coupled to the extruder, on the heat transfer mechanisms
during the printing process. The airflow is thus taken as the
variable of study. The temperature at the top of the liquefier

body, where a low temperature is desirable for the correct
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preservation of the 3D printer components, is analysed to
assess the results for the different printing conditions. For the
progress of this study, a finite elements model was used to
conclude the theoretical temperature profile of the liquefier in
a steady state working system. This mathematical model was
then validated with experimental data registered with four

thermocouples fixed on the tested extruder.

Kousiatza et.al The present work investigates the integration
of fibre Bragg grating (FBG) sensors for continuous in-situ
and in real-time monitoring of strain fields build up as well as
of developed temperature profiles during the fabrication
procedure of structures built via the Fused Deposition
Modeling (FDM) technology. A methodology is presented for
synchronized monitoring of strain and temperature profiles
from the verified spectrum of an embedded optical sensor
when the deposited material remains close by to its glass
transition temperature. The used FBG sensors were embedded
either longitudinally or transversely to the test samples' long
axis and within different layers of the structures. The
experimental results indicate that the magnitude of the
induced residual strains, measured at a specific layer location
within  the specimen, is significant during material

consolidation of deposited layers.

Weng et.al Organically modified nano fillers, including nano
Si02, montmorillonite and attapulgite were loaded to
stereolithography resin (SLR). The surface of nanofillersm
were  modified using organic  modifier of = 3-
(trimethoxysilyl)propyl methacrylate (y-MPS) and (1-
hexadecyl)dimethyl alkyl ammonium chloride (C16-
DMAAC), and were characterized by FTIR and small angle
XRD analysis. The morphology of Nano composites were
observed by TEM. Viscosity and curing speed of SLR Nano
composites at increasing nanofillers loading were also studied.
The mechanical properties of printed samples fabricated by a
home-made stereolithography apparatus (SLA) 3D printer
were tested. The influence of nanoparticles on the accuracy
was measured and discussed. Nano SiO2, ATP and OMMT
were added into SLR to form nano composites. The

morphology of nanoparticles in SLR matrix, rheology of SLR,

curing kinetic and mechanical properties were studied.
Rheology analysis showed that when nanofiller loading
increased to 10% wi/w, the viscosity of SLR increased rapidly
and are not suitable for current SLA 3D printer. It was found
that the addition of nano SiO2 increased the curing speed of
SLR, while the addition of OMMT and ATP decreased the

curing speed.

Islam et.al has done an experimental investigation on the
dimensional error produced in the parts manufactured from
powder binder three dimensional printing. Initially ten
replicates of a specific purpose specimen were produced using
the method of powder binding. A general purpose coordinate
machine was used to study the minute details of internal as
well as external details of all the parts so produced. The
results were than plotted on a common platform to compare
the results with practical parts. Significant deviations were
noticed regarding the bases of the replicates, instead of being
flat in nature they were concave in nature and hence
producing a flatness error. Most important thing to notice in
the three dimensional printing printing is the curvature is
usually convex in nature, which was in contrast with the

results so produced in the paper.

Galantucci et.al in this paper has done an analytical
dimensional evaluation and comparison using two different
types of 3D printer using FDM technique. Optimum process
parameters were taken to evaluate the results and improve the
dimensional accuracy of the specimen. The paper is based on
the experimental parameters to improve the accuracy and
surface finish of the specimen based n fused deposition
modelling technique. The key parameters were emphasized to
balance the economy and dimensional tolerances of the

produced parts

Eitzlmayr et.al Due to the complex geometry of the rotating
screws and, typically, free surface flows in partially filled
screw sections, first principles simulations of the flow in co-
rotating intermeshing twin screw extruders using the well-
established, mesh-based CFD computational fluid dynamics

methods are so much puzzling. These problems can be
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determined via the smoothed particle hydrodynamics (SPH)
method thanks to its mesh less nature and the integral
capability to simulate free surface flows. In our earlier work,
we developed a novel technique for modeling the boundary
conditions through complex wall geometries, under which
SPH could be efficiently applied to complex surfaces of
typical screw geometries of extruders. In this work, we
employed SPH and our boundary method to study the flow in

a conveying element in detail.

Dawei Li et.al Physical modeling is a novel theory for 3D
printing; this approach involves the use of a single material to
control physical properties, such as centre of mass, total mass,
and moment of inertia. In this work, we place a density of
variable shape modeling method to encounter the required
strength of 3D objects. We estimate an incessant density
distribution that satisfies the noticed local stress distribution of
3D objects based on the cross-sectional stress analysis. We
propose a physical modeling methodology to improve the
structurally weak areas of 3D printed objects. The proposed
method consists of two steps. Density distribution is first
estimated to satisfy the detected stress of 3D objects. An
internal cellular structure is then generated with a pure
mathematical 3D implicit function to represent the density
distribution. With this method, we optimize the structure of
the model for 3D printing to increase its strength and
minimize the use of materials. Finally, we demonstrate the
effectiveness of our modeling method with numerous results.

Anitha et.al. 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, raster 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. 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. performed experimental investigation on
optimization of rapid prototyping parameters for production of
flexible ABS object. They carried out Taguchi method and
ANOVA technigue 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. revealed that the mechanical properties and
porosity of ABS manufactured parts are mostly influenced by
process conditions such as air gap, raster width, build
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, mu ltip le regression models are
used to check the significant improvement of mechanical

properties and porosity

Wang et.al. 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
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minimumas 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. 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. 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. 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.

Saaidah et.al. performed investigations into the process
parameters of FDM Prodigy Plus (Stratasys, Inc., Eden
Prairie, MN, USA) printer/machine. Various selected
parameters are tested and the optimum condition is proposed.
The quality of the parts produced is accessed in terms of
dimensional accuracy and surface finish. The optimum
parameters obtained are then applied in the fabrication of the
master pattern prior to silicone rubber moulding (SRM). The
dimensional accuracy and surface roughness are analyzed
using coordinate measuring machine (CMM) and surface

roughness tester, respectively.

Mohammad et.al. studied the effects of two parameters i.e.
layer thickness and binder saturation level on mechanical
strength, integrity, surface quality, and dimensional accuracy

in the 3D printing process. Various specimens include tensile

and flexural test specimens and individual network structure
specimens are made by the 3D printing process under
different layer thicknesses and binder saturation by use of

ZCorp.'s ZP102 powder and Zb56 binder.

Nancharaiah etal. studied the influences of process
parameters such as layer thickness, raster width, raster angle
and air gap on the surface finish of FDM processed ABS part
through Taguchi method and ANOVA technique. It is seen
that surface roughness could be improved by using lower
value of layer thickness and air gap because it reduced the
voids between layers. The weakness of this approach lies in
only determining the best combination of process parameters.
It cannot be used to determine the final optimum process

conditions particularly in cases of multi-quality optimization.

Masood et.al. experimentally investigated the effects of the
FDM process parameters such as build style, raster width, and
raster angle on the tensile properties of PC FDM. They
concluded that the highest tensile strength could be obtained
when build style is solid normal, raster width is 0.6064 mm
and raster angle is 45. It is also concluded that the tensile
strength of PC prototype greatly depended upon build style
because the solid normal build style filled the part completely

with fully dense raster tool paths.

Arivazhagan et.al investigated the effects of the FDM
process parameters such as build style, raster width, and raster
angle on the dynamic mechanical properties of PC processed
part. Frequency sweep from 10 Hz to 100 Hz is used at three
different isothermal temperatures. It is concluded that solid
normal build style with raster angle of 45, and the raster width
of 0.454 mm led to the best dynamic properties than other

build styles (double dense and sparse).

Zhang et.al. established empirical relations between process
parameters (wire-width compensation, extrusion velocity,
filling velocity, and layer thickness) and dimensional error and
deformation of FDM fabricated ABS part using Taguchi
method combined with fuzzy comprehensive evaluation. They
reported that the optimal process parameter values for

dimensional error are: wire-width compensation 0.17 mm,
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extrusion velocity 20 mmv/s, filling velocity 30 mmv/s and layer

thickness 0.15 mm.

Nannan et.al. Reviewed the main processes, materials and
applications of the current AM technology and presents future
research needs for this technology. To gain further acceptance
from industry, research and development is needed in terms of
designs, materials, novel processes and machines, process
modeling and control, biomedical applications, and energy
and sustainability applications in order to broaden the
applications of AM technology and elevate it to a mainstream

technology.

Ismail et.al. this paper is to describe how parts manufactured
by fused deposition modeling (FDM), with different part
orientations and raster angles, are examined experimentally
and evaluated to achieve the desired properties of the parts
while shortening the manufacturing times due to maintenance
costs. Results suggest that the orientation has a more
significant influence than the raster angle on the surface
roughness and mechanical behavior of the resulting fused

deposition part.

Sahu et.al. applied Taguchi method to study the main and
interaction effects of process variables such as layer thickness,
orientation, raster angle, raster width and air gap on part
accuracy. In this study, prediction model, based on fuzzy logic
and Mamdani method is developed to optimize dimensional
accuracy. It is concluded that the value of average percentage
error of less than 4.5% is obtained from the laboratory

experiment which agreed well with the predicted response.

Villalpando et.al. studied that the incorporation of
reconfigurable parametric internal matrix structures based
on primitive elements balance the mechanical properties,
the material usage and the build time. Parametric internal
structures are designed and compressive test components built
and tested both experimentally. Compressive characteristics

are also depicted using simu lation tools.

Galantucci et.al. In this paper an analytical dimensional
performance evaluation and comparison is illustrated through

two different 3D FDM printers: an industrial system, and an

open-source one (a modified Fab@Home Model 1 printer).
Using a factorial analysis design of experiment (DOE),
optimum process parameters are found to improve
dimensional accuracy on rectangular test specimens,
minimizing changes in length, width and height. Fab@Home
printer demonstrated to be a good platform, simple, flexible

and inexpensive.

Boschetto et.al. a geometrical model of the filament,
dependent upon the deposition angle and layer thickness, has
been developed in order to predict the obtainable part
dimensions. The model has been validated by an experimental
campaign. The specimens have been investigated by means of
profileometer analysis in order to study macro geometrical

and micro geometrical aspects.

Yang Yang etal. This article presents a novel method of
shape memory polymer (SMP) processing for additive
manufacturing, in particular, fused-deposition modeling
(FDM).Critical extrusion process parameters have been
experimented to determine an appropriate set of parameter
values so that good-quality SMP filament could be made for
FDM. The quality evaluation is performed based on part
density, dimensional accuracy, and surface roughness. Lastly,
samples of 3D SMP parts have been built to demonstrate

potential applications of printed SMP parts.

Islam et.al. performed experimental investigation into the
dimensional error of the rapid prototyping additive process of
powder-binder three dimensional printing. Ten replicates of a
purpose-designed part are produced using a 3D printer, and
measurements of the internal and external features of all
surfaces are made using a general purpose coordinate
measuring machine. The results reveal that the bases of all
replicates (nominally flat) have a concave curvature,

producing a flatness error of the primary datum.

Garrett  etal. evaluated the material properties and
dimensional accuracy of a MakerBot Replicator 2 desktop 3D
printer. A design of experiments (DOE) test protocol is
applied to determine the effect of the following variables on

the material properties of 3D printed part: layer height, per
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cent infill and print orientation using a MakerBot Replicator 2
printer. Classical laminate plate theory is used to compare
results from the DOE experiments with theoretically predicted

elastic moduli for the tensile sample.

Carneiro etal. This paper addresses the potential of
polypropylene (PP) as a candidate for fused deposition
modeling (FDM)-based 3D printing technique. The entire
filament production chain is evaluated, starting with the PP
pellets, filament production by extrusion and test samples
printing. Printed samples are mechanically characterized and
the influence of filament orientation, layer thickness, infill
degree and material is assessed. Regarding the latter, two
grades of PP are evaluated: a glass-fiber reinforced and a neat,
non-reinforced, one. It is concluded that there is still scope of
further improvement in the performance of the printed
samples, making this process competitive when compared to
the conventional ones, for the production of small series of

parts/components.

Dawei et.al. proposed a density variable shape modeling
method to meet the required strength of 3D objects. A
continuous density distribution is estimated that satisfies the
detected local stress distribution of 3D objects based on cross-
sectional stress analysis. After that a pure mathematical 3D
implicit function is utilizd to generate a porous structure with

a gradational interior to represent this density distribution

Ksawery et.al. This paper quantifies the basic tensile strength
and elastic modulus of printed components produced with
application of FDM and SLA printers. Tests have been
conducted using ABS, fiberglass reinforced polyethylene
terephthalate glycol (Z-Glass) and a Nobel printer photo
resistive resin. The collected data show some distinctions
between tensile modulus of 3-D prints and its base materials,
i.e. Z-ABS prints Young modulus have mean value of 1.12
GPa and the encyclopedic value is between 1.7 up to 2.1 GPa.
For other tested materials tensile modulus is appointed as 1.43
GPa for Z-Glass and 246 MPa for a Nobel printer

photopolymer resin.

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 parameter for good surface
finishing and 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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