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Abstract

This paperdescribesthe experimentalinvestigation and optimization
of various parameters affecting Fused Deposition modelling (FDM)
Techniques, namely orientation angle, layer thickness, and nozzle
diameter, to achieve finest surface texture values on 3D printed
Acrylonitrile Butadiene Styrene (ABS) used to fabricate a connecting
rod bush.The printer utilized here is”Ultimaker 2+,"and the filament
is 2.85 mm in diameter and yellow. A Mitutoyo surface finish meter,
an exceedingly accurate and precise measuring equipment, is used
to determine surface finish. Taguchi’s orthogonal array method
is utilized to develop and conduct the experiments. The process
parameters that affect the surface finish values of FDM printed
models were then researched and optimized using a response table.

Keywords: Additive Manufacturing, Fused Deposition Modelling,

1. Introduction

In the industry, 3D printing is uni-
versally referred to as Additive Layer
Manufacturing (ALM) or naively Additive
Manufacturing (AM). These methods are
typically computer-controlled. They make
3D products by depositing the necessary
materials in the shape of layers that are lay-
ered one on top of the other. 3D-printers
that use Fused Deposition Modelling
technology may manufacture items with
different layer thicknesses. This layer thick-
ness influences print time and surface fin-
ish. The more the thickness, the better the

Process Parameter Optimization, Taguchi, DEAR Algorithm

surface finishes, but the longer the print
time. As the layer thickness increases, the
surface quality decreases, but the printing
speed improves. Friction and surface wear
qualities are intimately connected to sur-
face roughness. Higher Ra surfaces often
have slightly higher friction and wear down
faster. Shape and ripple (amplitude and fre-
quency) must also be taken into account. It
is often stated using the degree of deviation
as well as the direction of the reference sur-
face to the normal vector associated with
the perfect shape. When there are consider-
able variations, surface becomes irregular.
If the variations are minor, the surface is
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even. The roughness of everyday practical
things and their interactions with their sur-
roundings has a significant impact. Based
on tribology, rough surfaces have a large
coefficient of friction and wear quicker
than smooth surfaces. The roughness is
also a useful indicator for the smooth
operation of mechanical parts since surface
defects can act as catalysts for rust and cor-
rosion. Roughness, on the other hand, may
be a reason for encouraging adherence.
Surface fractality, is a cross-scale descrip-
tor which results in more accurate forecasts
of mechanical interactions at surfaces. The
surfaces may be contact in stiffness and
stiction.

Even though high roughness levels are
generally undesired, they might be costly
and difficult to control during the manu-
facturing process. Managing the surface
texture of FDM parts, in particular, will be
difficult and costly.

Surface finish reduction frequently
raises manufacturing costs. This frequently
reduces the components performance in
the application as well as its production
cost. The surface structure is critical for
controlling contact dynamics. When it
comes to machined surfaces, roughness is
regarded detrimental to the performance
of an object. As a result, the majority of
production prints have an upper but not a
lower roughness limit.

ABS, the proposed material for the
connecting rod bush, offers good impact
resistance and structural rigidity. It is also
resistant to high and low temperatures
and has great electrical insulation. Its high
rigidity, chemical resistance, and abrasion
resistance are just a few of the characteris-
tics that make it excellent for various appli-
cations. ABS material is not advised for use
in high-temperature environments due to
its low melting point. Since ABS has low

melting point, it is simple to create using
home 3D printers and injection moulding
procedures.

ABS comes in long filaments wound on
spools for usage in 3D FDM printers. They
are fed into an extrusion head, which melts
and liquefies the ABS. Once it has trans-
formed into a liquid state, whether through
heating or not, the material is utilized to
construct the platform layer by layer.

2. Literature Review

Several investigators have recently studied
the impact of different 3D printing pro-
cess factors on enhancing the quality of
components manufactured using FDM,
shortening the production process, and
improving their mechanical properties. The
main objective of the related investigation
was to evaluate the dimensional precision,
production time, and tensile strength of
ABS components 3D printed using FDM
technology, while incorporating different
printed surfaces and orientation angles.

In their investigation, Zhai et al. [1] dis-
covered the influence of surface configura-
tion on conventional contact stiffness. The
study shows that for a material, the inter-
preter of the power law connection is highly
dependent on fractal size and RMS slope,
whereas the friction coeflicient is heav-
ily influenced by RMS roughness. Dinesh
Yadav et al. [2] used ANFIS to model and
analyze crucial process parameters of an
FDM 3D-printer. They concluded that
as layer thickness grows, the % of errors
reduces.

Wang et al’s [3] investigation of the
anisotropic behavior of 3D-printed materi-
als and its effects on their tensile properties
found that (i) anisotropy increases as strain
rate decreases, and (ii) tensile fracture

MS RAMAIAH MANAGEMENT REVIEW

Vol 14(02), DOI: 10.52184/msrmr.v14i02.157, July - December 2023



SV Nithesh, KT Imayan, and B. N. Sreeharan

occurring in vertical plane exhibits a high
significant level of identity than one occur-
ring in a parallel plane. Mohammad Taufik
et al. [4] conducted research on the build
edge shape for surface quality projection
in fused deposition modelling (FDM). The
build edge characteristics for FDM parts
are found to be significantly diverse from
one another for various building orienta-
tion ranges.

Yan et al. [5] presented a review of fast
prototyping methods and systems in this
paper. This was based on the quick and
affordable fabrication of complex-surfaced
patterns and moulds. They concluded by
stating that a decision might be made based
on factors such as the product’s qualities,
the time it takes to print, how effectively
it prints, and rapid prototyping. Griffiths
etal. [6] utilizing the Design of Experiments
(DoE) method to enhance the tensile prop-
erty and notched bending characteristics
of FDM components. They obtained the
outcome for a variety of factors, including
material kind, cost-effectiveness, and layer
height.

Farina et al’s [7] examination of the hard-
ness and bending strength of 3D-printed
composite materials with fractal form led to
the finding that fractal geometry reinforce-
ments increased both the strength of crack
and remaining load. Fracture was prevented
upon the application of force due to the
interlock between the matrix and reinforc-
ing ribs. In terms of material development,
Roberson et al. [8] addressed the increas-
ing application of FDM-type technologies.
They presented a comprehensive review
of the applications of electromagnetic and
electrochemical technologies. Finally, they
demonstrated how 3D printable materials
for future applications are being developed.

In their study, Chohan et al. [9] the
Taguchi orthogonal arrays and genetic

algorithms were employed to optimize
the Fused Deposition Modeling (FDM)
printing process parameters for achieving
improved surface finish, thickness control,
and external dimensions of ABS polymer
specimens. They came to the conclusion
that nozzle speed affects surface finish in
ABS, with lower nozzle speeds producing
superior surface quality. Tran et al. [10]
engaged in a study involving 3D printing
of biomaterials and the quantitative assess-
ment of structural components inspired by
nature, evaluating their performance under
both in-plane and transverse loads. Finally,
when selecting a material, it was discovered
that adhesive and cohesive layers both con-
tribute in absorbing the energy imparted by
a shockwave.

Surface roughness and energy usage were
both taken into consideration by Peng and
Yan [11]. Definable structures were printed
on three separate printers after various
parameters, including infill ratio, essential
process variables, printing speed, and layer
thickness, were changed. According to this
study, the component most responsible for
a superior surface finish is layer thickness.
The performance of the surface finish on
printed products created by an FDM 3D
printer using PLA+ material is specifically
indicated as being affected by direction in
the study of Alsoufi et al. [12]. They have
offered three distinct graphical represen-
tations of the surface texture profile. They
came to the conclusion that for improved
surface quality, the layer height must be
kept as low as possible.

Mishra et al’s [13] research used chemi-
cal misting to provide their experimental
evaluation of FDM-built items. They have
selected several criteria and gone through
the manufacture technique with their
levels. They concluded that surface fin-
ish has the greatest impact on the air gaps
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and the least impact on the other metrics.
According to Pérez et al’s research [14],
critical elements such as material extrusion,
chamber, extruder, and deposition qualities
form the foundation for improved surface
quality in Fused Deposition Modelling
(FDM). They separated it into phases and
ran experiments to achieve the optimal sur-
face smoothness. They concluded that the
performance of printed materials is mostly
determined by the printing settings used,
and they recommended using a lesser value
for layer height.

Kovan et al. [15] explored how print-
ing parameters impact the surface prop-
erties of 3D-printed PLA products. They
came to the conclusion that print time var-
ies according to printer type, component
dimension, and layer thickness. In this case,
the layer thickness is more crucial than
Novakova-Marcincinova
and Novak-Marcincin [16] confirmed and
verified the structural characteristics of the
ABS plastics to be used in the FDM quick
prototyping technique. They prioritized the
optimization of FDM printed samples over
alternative possibilities. The conclusion
explains how to choose criteria depending
on how materials, quantity of goods, qual-

other factors.

ity, and economic considerations interact.
In FDM-generated samples, Luanin et
al’s [17] examined how layer thickness,
deposition angle, and infill density influ-
enced the maximum flexural force. They
concluded that layer thickness had the
greatest impact on flexural force after con-
sidering the features of layer thickness,
deposition angle, and infill. The 3D print-
ing of textile-based architectures using
FDM and various polymer materials is
described by Melnikova et al. in [18]. They
reported their findings after considering
a wide range of conditional criteria. They
got to this conclusion after discovering that

ABS is delicate for component models and
that hard PLA and nylon are used in the
textile industry.

Applying Taguchi method with desir-
ability approach, Camposeco-Negrete [19]
presented a research aimed at optimizing
FDM parameters to enhance component
durability, efficiency, and the sustainability
of the process. They considered variables
such as printing plane, orientation angle,
filling pattern, and layer thickness. When
using the Taguchi approach, four of the
six variables gave a better result, result-
ing in a conclusion. Samykano et al. [20]
investigated the mechanical and physical
properties of FDM-produced ABS: impact
of printing parameters. Based on variables
like infill%, raster angle, and layer thick-
ness, they offered information on the tensile
qualities and implications for the mechani-
cal properties of FDM specimens.

In their research on the mathematical
analysis of surface quality for vapor treat-
ment of ABS parts produced using FDM,
Chohan et al. [21] published their find-
ings. Regarding vapour smoothing and
3D-printed items, they utilized Taguchi
and ANOVA. Six parameters were investi-
gated, and it was discovered that the sur-
face polish improves after numerous vapor
smoothing cycles. Due to its inexpensive
cost and characteristics that allow metal
implants to maintain the environment
over time, such as raster angle and air gaps,
nickel was selected as a coating material in
Khan et al’s [22] study. They came to the
conclusion that this process improved each
element’s surface polish.

Umaras et al. [23] provided information
on additive manufacturing based on geo-
metric correctness and affecting factors. It
highlighted how additive manufacturing
makes geometrical correctness difficult to
obtain. Tekinalp et al. [24] used additive
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manufacturing to perform research on
highly orientated carbon fiber polymer
composites based on their parameter selec-
tion. The FDM technology later proved to
be capable of printing highly aligned car-
bon fibers. In their work, Yeshwanth et al.
[25] employed a wide range of materials
for manufacturing purposes. He also took
into account the weight and cost in order to
lower the respective metrics. He employed
the DEAR algorithm to identify an appro-
priate material for the welding fixture.

3. Methodology

A total of nine samples were 3D printed
and analyzed to investigate the impact of
process variables such as nozzle diameter,
orientation angle, and layer thickness on
surface quality values. The three factors
chosen for further investigation determine
the surface finish value of ABS in the FDM
process. The Taguchi L9 orthogonal array
technique was used to organize and carry
out the trials. The values of the param-
eters utilized to conduct the experiments
are listed in Table 1. Table 2 shows the L9
orthogonal experimental design with pro-
cess parameters.

TABLE 1. Values of process parameters.
Parameters Types 1 2 3
Layer thickness A 0.1 02 03
(mm)

Orientation B 0 15 30
angle (degree)
Nozzle C 04 06 05

Diameter (mm)

TABLE 2. Randomly chosen run table.
Actual

A B C  Originalrun run
0.1 0 04 1 1
0.1 15 0.6 2 3
0.1 30 0.8 3 8
0.2 0 0.6 4 2
0.2 15 08 5 6
0.2 30 04 6 7
0.3 0 0.8 7 4
0.3 15 04 8 5
0.3 30 0.6 9 9

The printer used for 3D printing is an
Ultimaker 2+, and the material is 2.85 mm
diameter yellow ABS filament. The filament
is strong and durable, with high dimen-
sional stability and impact resistance and
the capacity to withstand temperatures of
up to 85 °C. The SolidWorks 3D model in
Figure 1 was exported to STL format before
being loaded into the Ultimaker Cura soft-
ware and sliced to the desired layer thick-
ness before being delivered to the printer

via SD card.

FIGURE 1. Connecting rod bush.

The printing speed is kept constant at 40
mm/s, which is considered the minimum
speed for a good finish; the infill pattern
is line type with a density of 60%; and the
support structure is auto-selected by the
software. Figure 2 depicts the entire set of
3D-printed connecting bushes.
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FIGURE 2. 3D Printed parts.

The surface finish values of 3D printed
objects were measured using a Mitutoyo
digital surface finish tester, and the results
were fairly precise. The nine 3D printed
samples were held rigid in a V-fixture. The
machine ensures the rigidity of the mea-
suring platform. The surface finish tes-
ter is then held parallel to the fixture, the
machine’s skid is kept in contact with the
sample, and the surface finish is measured.
Each product was tested three times to
ensure a good and precise measurement,
and an average value was used. The surface
finish is determined using a Mitutoyo sur-
face finish meter, which is extremely exact
and precise, as shown in Figure 3 concern-
ing surface finish measurement.

FIGURE 3.
process.

Surface roughness testing

TABLE 3. Surface finish values measured.
Parameters Surface finish
Exp.no A B C (RMS)
1 0.1 0 0.4 263.2
2 0.1 15 0.6 252
3 0.1 30 0.8 281.2
4 0.2 0 0.6 3332
5 0.2 15 0.8 301.2
6 0.2 30 04 320.8
7 0.3 0 0.8 331.6
8 0.3 15 0.4 334.8
9 0.3 30 0.6 278.8

Table 3 represents the calculated surface
finish values.

3.1. Coordinate Measuring
Machine (CMM) Report

Dimensions of the specimen given as input
which the outer diameter is 20 mm and
inner diameter is 14 mm.

The CMM is used to determine the
deviation created during printing by mea-
suring the outer and inner diameters of the
specimen. Table 4 shows the value of devia-
tion obtained by subtracting the measured
outer and inner diameter values from the
designed outer and inner diameter values.

3.2. Ranking Method based on
Data Envelopment Analysis

Weight fractions are not necessary when
applying Data Envelopment Analysis-
based Ranking (DEAR) method as devel-
oped by Charnes et al. in 1978. This
method involved creating a ratio known
as the Multi-Response Performance Index
(MRPI) by mapping the initial set of
responses. In order to identify the option
that would be most useful given the options
supplied, MRPI values were used. The fol-
lowing are the sequence of steps in per-
forming DEAR algorithm:
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TABLE 4. Deviation in diameter values.

Measured Measured
outer inner Deviation in
Surface finish diameter Deviation in outer diameter inner diameter
S.No. (RMS) (mm) diameter (mm) (mm) (mm)
1 263.2 20.412 0.412 13.858 0.142
2 252 20.390 0.390 13.896 0.104
3 281.2 20.401 0.401 13.861 0.139
4 333.2 20.387 0.387 13.913 0.087
5 301.2 20.488 0.4880 13.764 0.236
6 320.8 20.483 0.483 13.737 0.263
7 331.6 20.511 0.511 13.633 0.367
8 334.8 20.500 0.500 13.661 0.339
9 278.8 20.357 0.357 13.762 0.238

(1) Formation of alternate and objective
matrix

(2) Computation of normalized value

(3) Calculation of Weighted Response

(4) Determination of the MRPI

(5)Ranking and determining the best
alternative.

3.2.1. Formation of Alternate and
Objective Matrix

This is the first stage in the DEAR method,

and the matrix consists of “i” and “j;” with
[{$3})

“i” denoting the number of choices and j
representing the quantity of objectives. The
Oij matrix is formed as a result, with i tak-
ing the values (i = 0,1,2,3,...,ni) and j taking

the values (j = 0,1,2,3,...,nj).

3.2.2. Computation of Normalized
Value

The method of normalising the maxi-
mization and minimization criteria of
the parameters chosen follows. To maxi-
mize, divide the particular value by the
sum of their objective values to obtain the
Normalized value (Nij), as shown in equa-
tion (1). To minimize, reduce the recipro-
cal of the specific value by its reciprocated

objective value to obtain the Normalized
value (Nij), as shown in equation (2).

Nij = — 0
> 0j
w0,

Nij - /Yy )

3.2.3. Calculation of Weighted
Response

The multiplication of the respective objec-
tive matrix and the normalized matrix gives
the value of the weight response, which is
given in equation (3).

Aij = 0ij * Nij 3)

3.2.4. Determination of the MRPI

The ratio of the summation of the maxi-
mized objective (Wmxi) to that of the mini-
mized objective (Wmmi) gives the value of
MRPI, which is given in equation (6).

max
Wmxi =ZAij
j=1

(4)
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Wmmi =" Aij (5)
j=1
mei
MRPI(R,)= " (6)

mmi

3.2.5. Ranking and Determining
the Best Alternative

The MRPI scores were computed and
ranked. The analysis was performed using
the given MRPI values to obtain the out-
come of the best-optimized specimen.

were documented and
included in the calculation using the meth-
ods outlined above. To begin, the Oij and
its inverse values were tabulated and sub-
stituted in order to obtain the normalized
matrix. Because the specimen’s surface fin-
ish value should be high, it is substituted
in the maximization formula, whereas the
deviation in the inner and outer diameters
of the specimen should be minimal, so
it is substituted in the minimization for-
mula, and separate normalized values are

The values

obtained.

Weighted response (Aij) values are cal-
culated using equation (3) and tabulated.
Now, the total of the Aij values of surface
finish yields the value of maximum objec-
tive summation (Wmxi), and the sum of the
Aij values of both inner and outer diame-
ters yields the value of minimum objective
summation (Wmmi). Based on which the
MRPI value is determined.

TABLE 5. MRPIvalues.

Specimen W, . Wiin MRPI
no (mm) (mm) (mm)

1 25.6876  0.06652  386.19
2 23.5479 0.06652  354.022
3 29.3212  0.06652  440.819
4 41.1681  0.06652 618.927
5 33.6404  0.06652 505.754

6 38.161 0.06652  573.717
7 40.7737  0.06652  612.997
8 41.5645  0.06652  624.885
9 28.8228  0.06652  433.326

Table 5 shows the values of maximized
and minimized objectives using the equa-
tions (4) and (5). MRPI value is calculated
with the obtained values using equation (6).

3. Results and
Discussions

The layer height should not be larger than
80% of the nozzle diameter, according to
the associated standard. The maximum
layer height with a standard 0.4 mm nozzle
is roughly 0.32 mm. Layer heights of up to
0.48 mm can be reached using a 0.6 mm
nozzle. The parameters are independent
with all of these constraints. Individually
adjusting the settings may have a differ-
ent result. As a result, the nozzle diameter
may be considered to be responsible for
the overall quality of the product; that is,
the smaller the nozzle size, the better the
finish. Because the layer height represents
the level of details on the printed objects
(both flat and inclined surfaces), it can be
claimed that the layer height is important
for achieving a good surface finish.

TABLE 6. Rank values.

Specimen

no MRPI (mm) Rank
1 386.19 8
2 354.022 9
3 440.819 6
4 618.927 2
5 505.754 5
6 573.717 4
7 612.997 3
8 624.885 1
9 433.326 7
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The rank of the MRPI values is obtained
by using the DEAR algorithm, to deter-
mine the optimized specimen. Here, Table
6 shows that specimen no. 8 holds the 1st
rank, so it was considered the optimized
specimen.

TABLE 7. Optimized process parameters.

Layer Orientation Nozzle
Parameters thickness angle diameter
Result 0.1 30 0.6

Validation experiments were conducted
using the above process parameters to
ascertain them. The results of the process
parameters used to obtain the best speci-
men are tabulated in Table 7.

TABLE 8. Validation results.

Nozzle RMS

diameter Value

Layer Orientation

Parameters thickness angle

Result 0.1 30 0.6 334.8

The surface finish value for the speci-
men with the resulting process parameter is
finalized in Table 8.

TABLE 9. Optimized result.

Outer Inner

diameter diameter
Parameters RMS deviation deviation
Result 334.8 0.5 0.339

Based on the result obtained using the
DEAR algorithm, the values of deviation
obtained using CMM are listed in Table 9.

4. Conclusions

Additive manufacturing is one of the most
extensively used 3D printing processes,
and diverse parts are made on a regular

basis utilising FDM technology. This study
was conducted to determine the most effi-
cient method of creating FDM parts. The
main advantage of this technology is that
the parts can be easily produced using a
wide range of inexpensive, non-toxic ingre-
dients and equipment. Using the Taguchi
L9 Orthogonal array, this paper studied
the relevance of layer thickness, orienta-
tion angle, and nozzle diameter on the sur-
face finish attributes of FDM-printed ABS
samples, as well as the individual paramet-
ric effects on process features. Layer height
should not be larger than 80% of the nozzle
diameter to get a better surface finish value,
which is the primary goal of this research
work. The level of detail on the printed
objects is represented by the layer height.
That is, as the nozzle height decreases, the
deviations and surface roughness decrease,
resulting in a better surface quality. It is
necessary to optimize the nozzle diameter
to minimize the deviations caused in the
product. Based on the findings, it is feasi-
ble to conclude that surface roughness gets
affected by the layer thickness in 3D print-
ing. The surface finish of FDM-printed
ABS samples is only slightly affected by the
orientation angle and nozzle thickness. To
summarize, because FDM is a parameter-
dependent process, surface properties are
heavily influenced by parameter selection,
which is in turn influenced by the individ-
ual applications.
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