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Abstract — Fused deposition modeling (FDM) is the most
widely used technique of 3D printing, here in this analysis
the product is manufactured on the concept of additive
manufacturing. In the FDM process the product is
manufactured through layer by layer manufacturing
process. Different parameters where analyzed in order to
obtain the manufacturing process, surface finishing, and
strength of the component. As 3D printed components are
widely used for different purpose, it is very important that
the strength of the printed component should be high so
that it can perform the desirable work. As researchers
have already given that the material deposition orientation
during the manufacturing of the component is important
regarding the strength of the component. So in order to
find out the effect of material deposition on the strength of
the component, here it has considered the five different
orientations that are 070,[30)0,[45)"0,[60)0,[90]0 to
build the specimen of three different materials. Here in
this analysis first it considers the specimen manufactured
with the single orientation. Three different materials that
is PLA, ABS and Nylon materials where used to
manufacture specimen having different orientation, with
these material analysis where performed and the
maximum ultimate tensile strength were find out and
predict which orientation is better for a particular
material in order to increase the strength of the
component. In the second section it has analysis the effect
of different combination of the orientation. Here different
combination of orientation is used to manufacture single
specimen. Here it has considered the three different cases
first is (0,30,90)degree, second is (0,45,90)degree and the
last one is (0,60,90)degree using all these cases it has
manufactured the different specimen for all three
materials. With the help of this analysis it can find the
optimal combination of orientation for different material
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I INTRODUCTION
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 (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 procedure situations play an critical role in enhancing
surface roughness, dimensional accuracy, mechanical homes,
material behavior and construct time. Critical process
parameters that affect the first-rate of processed part had been
discussed. There has been large research on this subject matter
that specialize in experimental consequences and procedure
optimization. Most of the researches on FDM manner
parameters were directed in the route of optimizing system
parameters to enhance the surface finish, dimensional
accuracy and mechanical houses.

11 ADDITIVE MANUFACTURING

Additive Manufacturing refers to a process by which digital
3D design data is used to build up a component in layers by
depositing material. The term "3D printing" is increasingly
used as a synonym for Additive Manufacturing. However, the
latter is more accurate in that it describes a professional
production technique which is clearly distinguished from
conventional methods of material removal. Instead of milling
a workpiece from solid block, for example, Additive
Manufacturing builds up components layer by layer using
materials which are available in fine powder form
(/material-p). A range of different metals, plastics and
composite materials may be used. Different types of 3D
printing additive manufacturing are

STEREO LITHOGRAPHY- Stereo lithography is a 3d
printing method that can be used to implement your projects
that involve 3D printing of objects. Although this method is
the oldest one in history of 3D printing it’s still being used
nowadays. The idea and application of this method are
amazing. Whether you are a mechanical engineer, who needs
to verify if the part can fit to your design, or creative person
who wants to make a plastic prototype of new coming project,
Stereo lithography can help you to turn your models into a real
3D printed object
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DIGITAL LIGHT PROCESSING- Digital Light Processing
is any other three-D Printing system very similar to
stereolithography which is proven in fig.1. The DLP
technology was created in 1987 through Larry Hornbeck of
Texas Instruments and have become very popular in
Projectors manufacturing. It uses digital micro mirrors laid out
on a semiconductor chip. The technology is applicable for
movie projectors, mobile telephones and 3D printing.
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Fig. 2.1: Digital Light Processing (DLP) photo-credit:
videoeffectsprod.com

The results of such printing are robust and have excellent
resolution. Big advantage of DLP over SL is a whole lot less
substances to be wused for element production that
consequences in lower fee and less waste. Examples of DLP
rinses are the Envision Tec Ultra, Mii Craft High Resolution
three-D printer, and Lunavast XG2.

FUSED DEPOSITION MODELLING (FDM)- Fused
deposition modelling (FDM) technology was developed and
implemented at first time by Scott Crump, Stratasys Ltd.
founder, in 1980s. Other 3D printing companies have adopted
similar technologies but under different names. A well-known
nowadays company MakerBot coined a nearly identical
technology known as Fused Filament Fabrication (FFF). With
help of FDM you

Can print no longer best functional prototypes, however
additionally idea fashions and very last stop-use products.
What is ideal approximately this generation that each one
components revealed with FDM can pass in excessive-overall
performance and engineering-grade thermoplastic, which may
be very useful for mechanic engineers and manufactures,
FDM proven in fig.2 is the only three-D printing generation
that builds parts with production-grade thermoplastics, so
things printed are of splendid mechanical, thermal and
chemical qualities
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Fig. 2.2: Fused deposition modelling

SELECTIVE LASER SINTERING (SLS)- Selective Laser
Sintering (SLS) is a technique that makes use of laser as
electricity source to form solid 3-d gadgets as proven in fig..
This technique became developed with the aid of Carl
Deckard, a scholar of Texas University, and his professor Joe
Beaman in Nineteen Eighties. Later on they took part in
foundation of Desk Top Manufacturing (DTM) Corp., that
changed into offered to its massive competitor three-D
Systems in 2001. As became stated formerly, three-D
structures Inc. Developed stereo lithography, which in some
manner is very similar to Selective Laser Sintering. The
primary distinction among SLS and SLA is that it uses
powdered cloth in the vat as opposed to liquid resin as stereo
lithography does
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Fig. 2.3: Selective laser sintering
SELECTIVE LASER MELTING (SLM)- Selective laser
melting (SLM) as shown in fig.Four is a technique that still
makes use of 3-D CAD information as a supply and
bureaucracy 3-D item by using a high-electricity laser beam
that fuses and melts metallic powders collectively. In many
sources SLM is considered to be a subcategory of selective
laser sintering (SLS). But this isn't always so real as SLM
manner absolutely melts the steel cloth into stable 3-D-
dimentional part in contrast to selective laser sintering. The
records of SLM started out with German research mission held
via organization of Fraunhofer Institute ILT in 1995
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IV LITERATURE REVIEW

Boschetto and Bottini et. al [1] presented a benchmark to
investigate the dimensional accuracy and surface finish of AM
parts and used the SEM microscope to observe the part surface
to verify their works. In this paper, 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 profilometer analysis in order to
study macrogeometrical and microgeometrical aspects. Finally

Casavola et. al [2] The Fused Deposition Modelling (FDM)
has grow to be one of the maximum used strategies to 3-d
In this system, the model is
constructed as a layer-via-layer deposition of a feedstock wire.

' | In recent years, the FDM developed from fast prototyping
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Fig. 2.4: Selective laser melting

111 OPTIMIZATION TECHNIQUE

Almost any problem in the design, operation, and analysis of
manufacturing plants, and any associated problem can be
reduced in the final analysis to the problem of determining the
largest and smallest value of a function. So, optimization is the
act of obtaining the best result under given circumstances. In
most engineering design activities the design objective could
be simply to minimize cost of production or to maximize the
efficiency of production. For example, optimization required
in designing of aircraft and aerospace structures for minimum
weight, finding the optimal trajectory of space wvehicles,
designing of civil engineering structures such as frames,
foundations, bridges etc. The origin of conventional
optimization method can be traced to the days of Newton and
Lagrange and Cauchy. In engineering application following
conventional optimization method offer more accurate results
while satisfying all the constraints. These methods can be used
for both single as well as multi-objective optimization
problem. It includes These are basically divided into two
groups

Traditional methods:

» Taguchi robust design method

» Analysis of Variance (ANOVA)

» Response Surface Methodology

» Regression Analysis

» Grey Relational Analysis
Non-traditional methods:

Genetic algorithm (GA)

Gravitational search algorithm (GSA)
Fuzzy logic (FL)

Artificial neural network (ANN)
Simulated Annealing

VVVVYY

#X technique  closer

to a rapid manufacturing approach,
converting the primary purpose in generating completed
components ready for use. Thus, the prediction of the
mechanical houses of this new era has an increasingly
important function. Previous papers have highlighted the
orthotropic mechanical behaviour of FDM parts displaying
that the stacking series controls the mechanical houses of
FDM components. The intention of this paintings is to explain
the mechanical behaviour of FDM components through the
classical laminate theory (CLT).

Anitha et. Al [3] Tried to assess the have an effect on of
diverse method parameters on the element floor pleasant using
Taguchi technique and they located that there may be a more
potent inverse courting among layer thickness and surface
roughness through the correlation evaluation.

The purpose of this paper is to discuss the process parameters
of FDM Prodigy Plus (Stratasys, Inc., Eden Prairie, MN,
USA). Various selected parameters were tested and the
optimum condition was proposed. The quality of the parts
produced was accessed in terms of dimensional accuracy and
surface finish The optimum parameters obtained were then
applied in the fabrication of the master pattern prior to silicone
rubber moulding (SRM).

Pandey et. al [4] proposed an adaptive slicing strategy for
FDM based on real time edge profile of deposited layers.
Variable layer thickness was adopted in their work to limit the
surface roughness under a specified threshold value.

Galantucci et. al [5] conducted an experimental study to
investigate the influence of FDM machining parameters on
ABS parts surface finish and they concluded that the slicing
thickness and the raster width were two significant factors
while the tip size had little impact. This study proposed an
original image measurement method for examining profile
error through a series of standard cylinders laid on the contour
of the part. Also, images captured can be used to identify non-
filled regions on part appearance to calculate aperture area on
the surface layer. Besides, this study investigated the effects of
extruding parameters, including contour width, contour depth,
part raster width, and raster angle, on quality characteristics by
Taguchi’s method.
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Dimitrov et al. [6] Investigate workable dimensional accuracy
of the 3-d printing process. Their research provided popular
international tolerance grades of the 3D printing system for
elements published the use of one-of-a-kind powders.

Chang et. al [7] pointed out that profile error and extruding
apertures were two substantial quality characteristics that
should be considered in FDM process and they proposed an
original image measurement method to evaluate profile error
through a series of standard cylinders laid on the contour of
the part. This study proposed an original image measurement
method for examining profile error through a series of
standard cylinders laid on the contour of the part. Also, images
captured can be used to identify non-filled regions on part
appearance to calculate aperture area on the surface layer.
Besides, this study investigated the effects of extruding
parameters, including contour width, contour depth, part raster
width, and raster angle, on quality characteristics by Taguchi’s
method

Compbell et al. [8] Described a technique which turned into
implemented with software program to provide a laptop
images based visualization of AM model floor roughness. This
would allow the designing manner tons direct and express.

Chang et. al. [9] also considered part orientation as a factor
influencing part quality. Built time and surface roughness (Ra)
are simultaneously minimized using a genetic algorithm to
solve the optimization problem. Mechanical properties of the
part have also been considered as quality indicators. The
deviations depended strongly on the position in the building
area of the printer. In dependence of the position and
orientation, different deviations in the three dimensions of the
printer coordinate system resulted. By a calibration of the
printer parameters for a reduced part of the processed area, the
print accuracy could be strongly increased. Afterward, the
calibration the deviations could be reduced from 0.4mm
70.2mm to under 0.04mm ~0.03 mm.

Brajlih et al. [10] Have advanced a well-known approach for
goal evaluation of speed and accuracy amongst extraordinary
AM machines. They have designed an artefact with 3 pairs of
spherical segment cavities. Research has validated that the
gadget’s yield had a foremost influence at the plausible
manufacturing speed of all the examined machine’s In
addition the end result have proven different tiers of workable
production speeds for in my view examined gadget’s..

Brajlih et al. [11] have developed a universal method for
objective comparison of speed and accuracy among different
AM machines. They have designed an artefact with three pairs
of spherical segment cavities. Research has proven that the
machine’s yield had a predominant influence on the
achievable manufacturing speed of all the tested machine’s In
addition the result have shown different ranges of achievable
manufacturing speeds for individually tested machine’s. The
part’s measurement result have shown comparable achievable
accuracies for all tested machines.

Masood et al. [12] established the best build orientation for
different geometries, choosing the minimization of the
volumetric error as the quality goal. Volumetric error is here
defined as the difference between the volume of material used
in building the part and the CAD model theoretical volume. .
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A proprietary software, Quickslice, processes the STL file to
create the slices and roads and commands the FDM machine
to generate layers of specified thickness and road width from
the nozzle of a liquefier head. In general, the outer perimeter
of the layer is laid down first, after which fill roads are created
to fill the solid areas inside each layer. The types of fill
patterns available are the raster, the contour or a combination
of both. The layers are deposited continuously at any part
build orientation to build the part bottom up.

Lee et al. [13] Combines Taguchi methods with evaluation of
variance that allows you to gain an greatest elastic
performance of an ABS component. Using this approach, the
proper values for factors like layer thickness or raster
perspective are obtained, in order that the element fabricated
underneath these conditions affords first-class overall
performance results. Through this look at now not handiest
can the surest technique parameters for FDM method be
obtained , but also the main system parameters that affect

Kumar et al. [14] Determine the value for the dimensional
deviation between a loose-shape version and the ensuing FDM
element. They later modify the unique geometry by using
sincerely adding the same old deviation, as calculated for the
part measured with a CMM.

Sood at el. [16] have developed a huge effort on improving the
quality of FDM parts. Several quality objectives have been
considered  separately, including surface roughness,
mechanical strength, sliding wear, and dimensional accuracy.
The thesis deals with various part quality measures such as
improvement in dimensional accuracy, minimization of
surface roughness, and improvement in mechanical properties
measured in terms of tensile, compressive, flexural, impact
strength and sliding wear. The understanding generated in this
work not only explain the complex build mechanism but also
present in detail the influence of processing parameters such
as layer thickness, orientation, raster angle, raster width and
air gap on studied responses with the help of statistically
validated models, microphotographs and non-traditional
optimization methods.

V MODELING AND ANALYSIS

5.1 The procedure for solving the problem is
e Modeling of the geometry.
e Meshing of the domain.
e Defining the input parameters.
e Simulation of domain.

Finite Element - Analysis of 3D Printed Specimen
Analysis Type - Structural analysis

Preprocessing: Preprocessing include CAD model, meshing
and defining boundary conditions
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Figure No.: 3.2 CAD Model of 3D Printed Specimen
Processing: Finite element analysis

1. Forming element materials

2. Assembling element materials
3. Applying boundary conditions
4, Finding the unknowns

Postprocessing:

For viewing and interpretation of results of on top of solved
downside. The result will be viewed in numerous formats
graph, value, animation etc.
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Figure No.: 3.5 Showing the Contour nodal solution Data of
3D Printed Specimen

VI RESULT AND DISCUSSION

The mechanical properties of the 3D printed component are
the main consideration factors during the use of the printed
component, because in order to use that component it must
have the sustainable load bearing capacity. So in order to have
good mechanical property in terms of ultimate longitudinally
tensile stress different materials were used to build the
component through fused deposition modeling. Here in this
analysis it uses the three different material that is PLA (poly-

© 2017 IJRTI | Volume 2, Issue 7 | ISSN: 2456-3315

lactic-acid), ABS (Acrylonitrile Butadiene Styrene) and Nylon
in order to test ultimate tensile stress and Strain at the same
tensile load. The strength of the 3D printed component also
depends on the orientation of the material deposition
[Casvola?]. So in order to predict the change of component
strength after changing the material deposition orientation,
here it takes the five different orientation of the material
deposition that is 070, [30)"0,[(45)"0,[60)"0 and [90)™0 . In
order to improve the strength of the component first, it
analyzed the specimen build with the single orientation during
the complete manufacturing of the component. All the three
material can be tested having different orientation at different
specimen. Whereas single specimen having different
orientation during its manufacturing is also used in order to
analyzed the effect of different orientation in a single
specimen. So in order to study this here it take the three
different cases, in first case (0"0,[45)"0,[90)"0) combination
were used in order to build the specimen, in second case
(0"0,[(30)10,[(907"0) were used and in the third case
(0"0,[(60)0,[(90]"0) were used.

Fig.6.1Showing the geometry of the specimen [casavola2]
After applying all necessary condition to the specimen, it is
then go for the solution of the problem. After running the
solution, it enables to show the result in terms of longitudinal
stress and strain. So the value of the stress obtained from the
Ansys (APDL) for PLA specimen having 0°? degree
orientation is show in fig.

Fig.6.2 showing the value of stress for PLA specimen having
0% degree orientation
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Fig.6.3 showing the value of strain

From the above analysis it is conclude that PLA specimen
having 0% orientation has ultimately tensile stress value is
50.12 MPa. And the value of the strain in this case is 0.014
(mm/mm)

Specimen having 302 orientation

Here in this section the load applied on the specimen during
the analysis is same as applied in the previous analysis that is
1000 N. the rest of the condition applied on the specimen is
same as that of previous one section. The value of the Stress
and strain for this case is shown in the fig.

Fig. 6.4 showing the value of the stress for 307 orientation

© 2017 IJRTI | Volume 2, Issue 7 | ISSN: 2456-3315

Fig.6.5 showing the value of the Strain

From the above analysis the value of stress and strain for the
PLA specimen having 307 orientation is shown. The value of
the ultimate tensile stress is 71.73 MPa, whereas the value of
the strain is 0.02 mm/mm.

For specimen having 60° orientation

Here in this analysis the PLA material get deposited at 60
degree with the direction of the longitudinal axis of specimen.
The orientation of the material deposition is shown in the fig.
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Fig.6.7 showing the value of the strain

Here in this case the value of the stress is 65. 12 MPa, whereas
the value of the strain is 0.012

4.1.2  For Specimen having 452 orientation

Here in this section the material is deposited at an angle of 45
degree with the longitudinal axis of the specimen.

Fig.6.8 showing the value of stress

© 2017 IJRTI | Volume 2, Issue 7 | ISSN: 2456-3315

The PLA specimen
orientation are used in order to predict the ultimate tensile
strength of the material. Therefore the values of tensile
strength of different specimen at different element are shown
in the table.

Table 6.1 values of tensile strength of different specimen

Fig.6.9 Value of the strain

manufactured with

the different

S.N | Material Maximum tensile | Strain (mm/mm)

deposition | Strength (MPA)
orientation

1 0 50.12 0.014

2 30 71.73 0.021

3 45 116.96 0.45

4 60 49.96 0.025

5 90 63.45 0.023

Analysis for ABS (Acrylonitrile Butadiene Styrene)-
Table 6.2 values of ABS material for different orientations

Orientation Maximum value of Strain
the stress (MPa) (mm/mm)
0 50.12 0.019
30 53.45 0.017
45 43.56 0.02
60 51.22 0.0179
90 38.98 0.014

Analysis for Nylon

Table 6.3 value of the stress and strain for different specimen

IJRTI1707018

S.N orientation Max value | Strain

of the stress

(MPA)
1 0 83.54 0.0094
2 30 80.55 0.0035
3 60 73.56 0.083
4 45 74.55 0.085
5 90 86.48 0.0092
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Here we analyzed the effect of material deposition orientation
for different material. After getting the value of stress for
different specimen for three materials we can predict that
during the manufacturing of component through fused
deposition modeling which material deposition orientation is
best for which material.

. After analyzing the PLA section it is found that the, if
we are manufacturing component with PLA material, the

maximum strength is obtained at 45° orientation of material

deposition. The value of the ultimate stress is 116.96 MPa at
45 degree.
o During the analysis of the ABS material it is found
that the value of the maximum stress is 53.45 MPa at 30
degree.so whenever ABS material is used 30 degree
orientation is the best one in order to enhance the component
strength.
. Whereas the value of maximum tensile stress during
the analysis of nylon is 86.48 MPa at 90 degree orientation, so
it is conclude that if component is manufactured with the
nylon material then 90 degree orientation is the best one in
order to get good strength of the components.
4.4 Part 11- Specimen manufactured having different
orientation at different layer
In the first part we have analyzed the effect of single
orientation in a specimen in terms of their strength. In that
section we have analyzed the three different material at
different orientation. Here in this part the specimen is
manufactured with different orientation in a single specimen.
In this system the first layer of specimen is deposited with
some orientation angle and the next layer of same specimen is
deposited with different orientation.
In order to analyze the effect of different orientation in a
single specimen, here we have considered the three
different cases.
Case 1 — here in this case the first layer is manufactured

with 0° orientation and the second layer is manufactured

with 45 and the third layer is manufactured with 90"

orientation
Case 2 - here in this case the first layer is manufactured with
0% orientation and the second layer is manufactured with
307 and the third layer is manufactured with 90 orientation
Case 3- here in this case the first layer is manufactured with
0% orientation and the second layer is manufactured with
60 and the third layer is manufactured with 90 orientation

Here in this part we consider all the three cases for all the
three materials that is PLA, ABS and Nylon

Table-6.4 showing the values of stress and strain for different
case of PLA material

© 2017 IJRTI | Volume 2, Issue 7 | ISSN: 2456-3315

ABS material
Table- 6.5 showing the values of stress and strain for
different case of ABS material

Cases Material Stress Strain
(MPa) | (mm/mm)
1 ABS 50.12 0.019
2 ABS 46.52 0.020
3 ABS 52.55 0.012

From the above table it is analyzed that the value of the stress
for ABS specimen is maximum in case 3, so it is the best
combination of orientation during the manufacturing in order
to get desire ultimate tensile strength. So whenever we build
the component with combination of orientation we preferred
the Case 3 combination is recommended. The maximum value
of stress for ABS is 52.55 MPa.
FOR NYLON
Table-6.6 showing the values of stress and strain for different
case of Nylon material

Cases Material Stress Strain
(MPa) (mm/mm)
1 Nylon 51.32 0.0096
2 Nylon 48.63 0.0053
3 Nylon 56.75 0.0053

From the above table it is analyzed that the value of the stress
for Nylon specimen is maximum in case 3, so it is the best
combination of orientation during the manufacturing in order
to get desire ultimate tensile strength. So whenever we build
the component with combination of orientation we preferred
the Case 3 combination is recommended. The maximum value
of stress for Nylon is 56.75 MPa.

After analyzing the all three material for all three cases it is
found that the case 3 combinations that is 0°, 60°, 907 is the
best combination in order to increase the strength of the
component. So whenever we preferred the combination of the
different orientation in order to build the component we must
preferred the third combination.

VII CONCLUSION

Here in this analysis two type of analysis is conducted, first is
the specimen manufactured with the same material deposition
orientation throughout the complete specimen. Where as in
another analysis the specimen is manufactured with the
combination of orientations to build the specimen. Here first it
finds out the best orientation during the single orientation
specimen analysis for all three materials and find out the best
possible orientation for each material.

Table 7.1 PLA material with single orientation

Cases Material Stress Strain
(MPa) (mm/mm)

1 PLA 16.7 0.004

2 PLA 33.41 0.009

3 PLA 4455 0.012

From the above table it is analyzed that the value of the stress
for PLA specimen is maximum in case 3, so it is the best
combination of orientation during the manufacturing in order
to get desire ultimate tensile strength. So whenever we build
the component with combination of orientation we preferred
the Case 3 combination is recommended.

S.N | Material Maximum tensile | Strain (mm/mm)
deposition | Strength (MPA)
orientation

1 0 50.12 0.014

2 30 71.73 0.021

3 45 116.96 0.45

4 60 49.96 0.025

5 90 63.45 0.023

So for PLA material 452 is the best orientation, because it is
having the highest value of stress.
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Table 7.2 ABS material with single orientation

Orientation Maximum value of | Strain
the stress (MPa) (mm/mm)

0 50.12 0.019

30 53.45 0.017

45 43.56 0.02

60 51.22 0.0179

90 38.98 0.014

So for PLA material 302 is the best orientation, because it is
having the highest value of stress.

Table 7.3 Nylon material with single orientation

S.N orientation Maximum Strain
value of the
stress (MPA)
1 0 83.54 0.0094
2 30 80.55 0.0035
3 60 73.56 0.083
4 45 74.55 0.085
5 90 86.48 0.0092

So for PLA material 907 is the best orientation, because it is
having the highest value of stress.

Now if the component is manufactured with the combination
of orientation for all three material then PLA material with
orientation combinations

Table-7.4 showing the values of stress and strain for different
case of PLA material

Cases Material Stress Strain
(MPa) (mm/mm)

1 PLA 16.7 0.004

2 PLA 33.41 0.009

3 PLA 4455 0.012

ABS material with orientation combinations

Table-7.5 showing the values of stress and strain for different
case of ABS material

Cases Material Stress (MPa) Strain
(mm/mm)

1 ABS 50.12 0.019

2 ABS 46.52 0.020

3 ABS 52.55 0.012

Nylon material with orientation combinations

Table- 7.6 showing the values of stress and strain for different
case of Nylon material

Cases Material Stress (MPa) Strain
(mm/mm)

1 Nylon 51.32 0.0096

2 Nylon 48.63 0.0053

3 Nylon 56.75 0.0053

After analyzing the all three material for all three cases it is
found that the case 3 combinations that is 0%, 60%, 907 is the

best combination in order to increase the strength of the
component.
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