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ABSTRACT

Fused Deposition Modelling (FDM) is a process for developing Rapid Prototype (RF)
objects by depositing fused layer of material according the cross-sectional geometry
desipned in the software. Various parameters used in the FDM process significantly

affects the quality of parts produced.

Nowadays the parts or objects produced in 3D printing are produced with hundred percent
infill rate without any patterns which may give more strength. But in some cases, even
with using patterns the objects produced are of more strength and better mechanical
properties than required for the application which causes increase in cost and use of more
material which is unnecessary.

This work aims to study the effect of process parameters such as infill patterns, infill
percentage and printing temperature by keeping other parameters line nozzle diameter.
layer height, top and bottom layer thickness. print bed temperature constant during
preparation of the test specimens on mechanical properties of FDM printed parts.

In the present project, specimen is made with PLA material having different patterns and
different infill percentages which is in turn tested for its mechanical properties like tensile,
compression and impact strength. The results are compared with each other using Taguchi
method of DOE for various combinations. Thus, this project is conducted to get the
average of the strength and mechanical properties. One variable at a time approach has
been adopted to carry out the work.
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EFFECT OF INFILL PERCENTAGE AND STRUCTURE IN 3D PRINTING 2022-2023
T e S e e T e OS]

CHAPTER 1:°

INTRODUCTION

3D printing, is a type of nontraditional Additive Manufacturing (AM) technology. It is a process of
joining materials to make objects from 3D model data, usually layer upon layer. The product is
designed in CAD software, which is then exported to a 3D printer. 3D printing provides a various
customization in product design and can even print parts, which cannot be manufactured by any
traditional manufacturing processes. Complex and intricate components can be manufactured with
substantial reduction in manufacturing time, costs, and material wastage. 3D printing technology
has been around in the past two decades, but in the past couple of years it has ascended into a new
manufacturing revolution. Earlier, known as Rapid Prototyping (RP), the process was mostly
limited to building prototypes and test products. It has evolved over a period into a matured process
for being able to fabricate end-user products in various industries. The concept of AM involves
building a part from the microscale to the macroscale.

AM is representative of a step in human evolution, as we transition from making products by forging
or cutting away to making products by adding material—a method that is closer to natural processes.
The most obvious advantage of AM over traditional manufacturing technologies is its capability to
handle very complex shapes, and particularly internal shapes. Another advantage of AM is its ability
to save material. as no excess material is wasted in AM its use is particularly relevant for precious
materials. The other unique advantages of AM, such as its use of gradient materials and its ability
to combine different materials into a single structure. These characteristics cannot be obtained by
simply replacing the conventional manufacturing process with AM, as this transition is a disruptive
change in ideology and methodology from “subtracting” to “adding.” The piece-by-piece addition
of a material carries many new variables that will actively or passively affect the final product,
including the usage of a single or multiple types of materials, the usage of the same or different
conditions in terms of temperature, pressure, or environmental situation and how many chemical
elements are present. With AM, it becomes realistic to make a component via a single process
involving multiple materials, without the need for any jointing mechanism such as bolts, nuts, and

so forth. It is possible, for example, to build a part with different materials that have different

Department of Mechanical Engineering, SICIT PAGE 1
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EFFECT OF INFILL PERCENTAGE AND STRUCTURE IN 3D PRINTING 322000

m“"““‘f‘“i properties in order to meet different requirements at different locationa within the part.
these differing properties may include strength, frequency, stiffness, High Cycle Fatigue (HCF) or
Low Cycle Fatigue (LCF), corrosion resistance, and creep properties. With AM, it is passible to
design a system directly according to end-user requirements, and it is nat necessary to compromiise
due to manufacturing infeasibility. However, jet engine researchers are not yet ready to take
advantage of AM’s capability to produce multiple-material structures, especially at the microscale.
A structure with a gradient material and/or micro-structure on the subsurface can be even more
complicated than a composite structure it is neither homogeneous nor isotropic. and there is no
distinguished boundary or interface.3D printing develops durable components by stacking layers of
material on each other until the required product is obtained. In the 1990s, 3D printing technologies
were deemed ideal only for practical or sample development and RP became a more fitting concept.
Today. the precision, consistency and wider range of materials have strengthened to the extent that
3D printing is considered an advanced engineering technique with the name of Additive
manufacturing. 3D printed objects can have a complicated structure or shape and are always
managed to make from a digital 3D model or a CAD file. Product development through this
approach provides many advantages over conventional production techniques. 3D printing is
unlikely to replace many of the conventional manufacturing methods, such as turning, milling,
drilling and shaping, which have been around for many years and have helped people create

products. The first commercial rapid prototyping technology invented by CHUCK HULL in 1983.

1.1 TYPES OF AM TECHNIQUES:
Based on the strength, geometrical complexity, application, surface finish etc. Selection of

various AM techniques will be done. Following are the few AM techniques used broadly.

» Stereolithography (SLA)
» Selective laser sintering (SLS)

Fused deposition molding (FDM)

N’

» Digital light process (DLP)

Multi jet fusion (MJF)

Poly jet

Direct metal laser sintering (DMLS)

¥ ¥

Y

Electron beam melting (EBM)

Department of Mechanical Engineering, sJCr PAGE 2
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EFFECT OF INFILL PERCENTAGE AND STRUCTURE, IN 3D PRINTING 1021-1023
1.2. THE GENERIC AM PROCESS:

AM involves several steps that move from the virtual CAD description to the physical resultant
part. Different products will involve AM in different ways and to different degrees. Small, relatively
simple products may only make use of AM for visualization models, while larger. more complex
products with greater engineering content may involve AM during numerous stages and iterations
throughout the development process. Furthermore, early stages of the product development process
may only require rough parts, with AM being used because of the speed at which they can be
fabricated.

At later stages of the process, parts may require careful cleaning and post-processing (including
sanding, surface preparation, and painting) before they are used, with AM being useful here because
of the complexity of form that can be created without having to consider tooling. To summarize.
most AM processes involve, the following six steps along with post processing and application.

Fig.1.1 shows the generic AM process.

]

CAD Miodiel =~ <= -~ —--=~=----------------3D Object

3D Cad STL Slicing Layer Slices & AM 3D
Model File Software Tool Path Process Object

Fig. 1.1 The Generic AM Process

Step 1: CAD Modelling

All AM parts must start from a software model that
most any professional CAD solid modelling software, but the output must bea

nt (¢.2., laser and optical scanning)

fully describes the external geometry. This can

involve the use of al
3D solid or surface representatio

can also be used to create this representation.

PAGE 3
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EFFECT OF INFILL PERCENTAGE AND STRUCTURE IN 3D PRINTING 111013

Step 2: Conversion to Stereolithography (STL)

Nearly every AM machine aceepts the STL file format, which has become a de facto standard, and
nowadays nearly every CAD system can output such a file format, This file describes the external
closed surfaces of the original CAD model and forms the basis for calculation of the slices.

Step 3: Transfer to AM Machine and STL File Manipulation

The STL file describing the part must be transferred to the AM machine. Here, there may be some
general manipulation of the file so that it is the correct size, position, and orientation for building.
Step 4: Machine Setup

The AM machine must be properly set up prior to the build process. Such settings would relate to
the build parameters like the material constraints, energy source, layer thickness, timings, etc.

Step 5: Build

Building the part is mainly an automated process and the machine can largely carry on without
supervision. Only superficial monitoring of the machine needs to take place at this time to ensure
no errors have taken place like running out of material, power or software glitches, etc

Step 6: Removal

Once the AM machine has completed the build, the parts must be removed. This may require
interaction with the machine, which may have safety interlocks to ensure for example that the
operating temperatures are sufficiently low or that there are no actively moving parts.

Step 7: Post-processing

once removed from the machine, parts may require an amount of additional cleaning up before they
are ready for use. Parts may be weak at this stage or they may have supporting features that must
be removed. This therefore often requires time and careful, experienced manual manipulation.
Step 8: Application

Parts may now be ready to be used. However, they may also require additional treatment before
they are acceptable for use. For example, they may require priming and painting to give an
acceptable surface texture and finish. Treatments may be laborious and lengthy if the finishing
requirements are very demanding. They may also be required to be assembled together with other

mechanical or electronic components to form a final model or product.

w
Department of Mechanical Engineering, SICIT PAGE 4
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1.4. Polylactic acid Material:

PLA material is one of the eco-friendliest options for 3D printers, polylactic acid is sourced from
natural products like sugar cane and corn starch and is therefore biodegradable. Available in soft
and hard forms, plastics made from polylactic acid are expected to dominate the 3D printing

industry in the coming years. Hard PLA is the stronger and therefore more ideal material for a

broader range of products.

1.5 Slicing of the selected model:

The act of converting a 3D model into a set of instructions for the 3D printers is called Slicing.
Quite literally, it 'slices' the 3D model into thin layers, and further determine how each layer should
be printed (the tool path) to get minimum time, best strength, etc. Several supporting tools for
Slicing of the models are available and are listed below.

Cura .

Simplify Slicer

idea Maker

OctoPrint

Astro print

ChiTuBox

Netfabb

Slic3r

[ceSL

Matter Control

Repetier

Craft Ware Pro

Z-SUITE

MakerBot Print

Self-CAD

3DPrinterOS

KISSlicer

Tinkerine Cloud

YV WV V V ¥V V.V V V¥V ¥V ¥V V¥

v V ¥V ¥ VYV V¥V
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1.6, Cura:

Cura was developed. hosted, and Maintained by 3 printer company |

Htimaker and s fervent

munity of users. Cura slicing AP Ta
oS ; gsoftware is Open source, hence in this project cura slicing software

is used.

1.7. PARAMETERS INVOLVED IN 3D PRINTING:
Properties of 3D printed materials are depending on various print parameters. In this section, a

detailed discussion is done on different parameters

Material quality: Mechanical properties of a material are reflected in a 3D print’s features. There
are no illusions — poor material properties will affect the quality of a 3D printed object. especially
in a field of impact strength and hardness, Moreover, if a low-grade filament is contaminated. the
risk of the extruder jamming is rising. The material quality can be measured by its diameter
deviation. If a filament’s diameter alters rapidly on a small linear distance, we will probably observe
some inconsistencies on a 3D printed wall, such as small bulges and cavities. This can happen
because a 3D printer extrudes more material (feeding filament of larger diameter) in one moment
and deposits less material in another moment, when the filament of a smaller diameter is inserted
into print head. In extreme cases, when the material’s diameter is too big, it may not fit in the
extruder entrance.

Proper temperature: This factor is strictly related to the slicer set up that is — most commonly
easily accessible by user. The temperature of plastic extrusion must be configured differently for
every type of material. To achieve great 3D printing quality using ABS, we need to set high
extrusion temperatures of 240- 250°Celsius, and be sure to pump up your building platform
temperature to around 100 degrees Celsius. Set fan speed to around 10% to avoid extensive thermal
shrinkage and close the build chamber, if your 3D printer has one. To be successful with PLA
plastic, set the nozzle temperature to around 200° Celsius and your fan speed to 100% after initial

layers are deposited. Heat your build plate to around 50-60° Celsius for the PLA to stick better.

Retraction: This feature can be configured in slicing software. Configuration of material retraction
is very important when the extruder needs to travel some distances without actual extrusion. In this
case, the best way to maintain good surface quality is to set a high speed for material retraction.

This will prevent the forming small clods of material on the perimeters, Be prepared to experiment

with retraction parameters for your 3D printer in order to get best resuits,

PAGE 7
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, ity: The infill density defs
Infill densitys density defines the amount of plastic used on the inside of the print. A

righer infill density means i ;
higher infill density means that there is more plastic on the inside of your print, leading to a stronger

ject. An infill density around 20% i ;
object. ¢ Y d20% is used for models with a visual purpose, higher densities can

d-use . Thi .
be used for end-use parts. This can be calculated by the ratio of weight and volume of the body.

Density sometimes depends based the patterns in the 3D printings are done. Fig.1.2 shows the

concept of infill density in percentage of the material and amount of the material used.

Fig. 1.2 Infill density (percentage)

Infill pattern is the structure and shape of the material inside of a part. Ranging from simple lines
to more complex geometric shapes, infill patterns can affect a part’s strength, weight, print time,
and even flexibility. Across different slicer programs, there are many different infill patterns. For
example, Cura (2.2) has a selection of 14 different infill patterns, while Prusa Slicer (2.5) has 17
and Simplify3D has 6. Like infill density, some patterns are better than others for certain functions.
Different infill patterns have different attributes, like complexity, material efficiency, and the
number of planes of connective strength (2D or 3D). For example, the gyroid pattern connects walls
in three dimensions, providing more overall strength. As a result, this pattern takes up more material
in comparison to patterns such as lines.

The different types of patterns are listed below:

Lines; The lines infill pattern contains lines printed in one direction (either along the X- or Y-axis)
every other layer. This infill pattern provides strength in only two dimensions and is gooad for quick

prints, The lines pattern doesn’t use t00 much material and keeps weight pretty light,

Honeycomb: As the name implies, this pattern produces a honeycomb structure, ARG For
appealing visual. This infill pattern is good for semi-fast prints that require moderate strength, and

it should not consume too much material.

PAGE 8
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i‘f—‘lz:i]::::;ET\LG{::;: ;:1;:;:3;11“:;031\' :: liml:s, but ir.1s:cad.of one-directional ‘lincs every
lineé. This pattern provides two-dimensional sty er); a)felr, W:llh twice as much space tn’ between
consumes an average amount of material and t :”gt b.ut Is- Sll”I somewhat strong. The grid pattern
Triangles: The triangles pattern looks like 0 a FS : .mlddl.mg e t-o compjlete: e g
iibions i1 the X ¥-glahs, This tugil ver ap;.)mg triangular lines, with lines going in three
e pattern provides strength only in two dimensions but still
works for prints that need to be strong,
Tri-hexagon: The tri-hexagon infill pattern contains an assortment of lines going in three directions
in the XY-plane, creating hexagonal patterns with triangles in between. This infill pattern provides
strength in two dimensions and is pretty decent for stron g prints.
Cubic: This pattern produces stacked cubes, but because they’re tilted by 45 degrees around both
the X- and Y-axes, they appear more like triangles in any one moment. The pattern provides
excellent strength in three dimensions but takes a little more material and time than others.
Octet: The octet infill pattern is similar to the cubic pattern, but instead of increasing sloped
triangles, the pattern materializes as squares. This infill pattern is a three-dimensional pattern that
not only looks really great but is also useful for parts that require strength.
Gyroid: The gyroid infill pattern may perhaps look the coolest but it’s also arguably the strangest
infill pattern. It includes concaving irregular curvatures that eventually cross paths. It’s meant to
strike an optimal balance between strength, material, and print time.
Concentric: The concentric infill pattern is an internal structure composed of concentric lines that
match a part’s outline (i.e. its perimeters). This pattern is quick to print, good for flexible parts, and
consumes significantly less material than most patterns. Fig. 1.3 shows the different patterns

available in CURA software to create the objects.

Bed temperature: Increasing the temperature above the filament's leads to a reduction of the

surface tension between the printing bed and the printing material and to a larger contact area that
ultimately causes better adhesion between the bed and the filament. These are controlled by the

sensors and heaters inside the 3D printers.
Speed: 3D print speed is simply the rate at which the print head moves along the X and Y axes as

it puts down a layer of material. A fast 3D print speed will reduce overall print time, but prints
printed “fast” can still take a long time — when the part has large dimensions, for instance, or if

using a very low layer height.
PAGE 9
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B ai—s i

RECTILINEAR

R

TRIANGULAR

Fig. 1.3 Different infill patterns

1.8. COMPONENTS OF 3D PRINTING MACHINE:

In this section, different parts of 3D printer are shown in Fig. 1.4 and discussed in detail.

EXTRUDER

FRAME ; “ e COOUNG FAN

POWER
PRINTER BED SUPPLY
MOTHERBOARD
DISPLAY
SCREEN

Fig. 1.4 Different parts of 3D printer

PAGE 10
Department of Mechanical Engineering, SJICIT

(¥ Scanned with OKEN Scanner



FRFECT OF INFILL PERCENT A1

¥

EAND STRI¢ TURE 1IN ap PRINTING

therboard: 1t s sometimes refetred as mainboard which ¢

and any on board storage capacity of ghe

BB E AP IR

ontams the processing onit, memory,

]‘f"“ef 11‘ “\h 1; t“ enact !M (\l‘ﬂi:‘ ri'l'\n‘. fi‘t‘.‘ .;[-.} E-‘-rif!_ff.‘r
a 3D printed object.

: : The primary functi i 2
Printer bed: primary function of a print bed 15 10 provide a flat and smooth surface for the

bottom (first) laver to stick to during the print. For this to happen, the print bed needs to form a
temporary bon

goftware to ultimately produce

d witht
he first layer of extruded filament so the model does not move mid-print and
cause an issue,

Frame: It supports all the mechanical and electrical components that carry out the actual printing
work. It determines the build volume of the 3p printer. It gives the printer its robust look, as well
as its aesthetic appearance.

Extruder: Extruder is considered as one of the important components of a 3D printer. It is the part

of the 3D printer responsible for drawing in, melting, and pushing out the filament.

Programmable controller: Used to program the 3D printer according to the design of specimen to
be produced.

Cooling fan: The job of the layer fan is to cool the plastic once it has been deposited so that the

part solidifies quickly and the molten plastic does not become deformed.

Nozzle: The nozzle is the mechanical part of the 3D printer that extrudes the filament. It conducts
the thermal energy provided by the heating cartridge and block to the filament, melting it.

Power Supply Unit: A power supply unit (PSU) converts mains AC to low-voltage regulated DC
power for the internal components of a printer.

Display screen: A flat panel or area on a printer on which printing related data is displayed.

1.9. ADVANTAGES OF AM:

Rare shape-making ability: Additive manufacturing is very attractive for unusual or complex
component shapes that can be difficult to manufacture using other processes.

Manufacturing + Assembly in 1: An additive manufacturing line can produce multiple
components at a time in the same build box.
No tooling cost: With additive manufacturing, there is no up-front tooling cost like you would see
in traditional PM. This can also be a very atractive

Customization: AM manufacturing offers design innov

benelit to a low-volume production strategy.

ation and creative freedom without the cost

and time constrains of traditional manufacturing.

PAGE 11
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Male waste
Material reduction: AM siaps from scratch adding materi
- adding materi

al to create & component or by
substance Necessary to cre L |

part. By using only the

ate that part, AM ensures minimal waste

Cheap Manufacturing: 3D pring
| : printing helps companies save up to 70 percent of their manufacturia
cost and lesser workforee needed g R

Better Quality: Avoiding mos
‘ . g st of the mass manufacturing faults does not only make better products
but it also extends their life as they wil| break less oft -
en.

Sustainability: Less waste ‘e
compared to traditional manufacturing methods is not only a cost saving

feature of 3D printing but also a possible eco-friendly attribute

1.10. DISADVANTAGES OF AM:
Surface finish: There are two major challenges. One is the overall finish capability and the other is

the layering effect inherent in AM part construction.

Dimensional control: When processed through binder jetting, metal additive manufacturing has
dimensional challenges similar to metal injection molding. Namely, the material shrinks by about
20% during sintering,.

It’s slow and has size limitations: Industrial adaptation to additive manufacturing has been slow,
and it’s still considered a niche process even in 2021. That’s because after all these years, AM is
still not an efficient way of producing a high volume of parts.

Cost of entry: With additive manufacturing, the cost of entry is still prohibitive to many
organizations and, in particular, smaller businesses.

Limited Materials: Currently, 3D printers only manufacture products out of plastic, resin, certain
metals, and ceramics. 3D printing of products in mixed materials and technology, such as circuit
boards, are still under development.

Post processing: Although large parts require post
printed parts need some form of cleaning up (o remov

smooth the surface to achieve the required finish.

-processing, as mentioned above, most 3D

e support material from the build and to
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111, APPLICATIONS OF AM:
Avons of application of 3D printers
»  inmdad rial design

¥ automotive and aviation industries
s  Architecture

3 Food industry

Medical industries

"—'.

»  Jewelry
y  Footwear

Engineering and construction

b

1.12. DESIGN OF EXPERIMENTS (DOE):

It is 2 methodology that can be effective for general problem solving, as well as for improving or
optimizing design and manufacturing process.

It is a systematic, efficient software that enables scientists and engineers to study the relationship
between multiple input variables and key output variables. MINITAB is a data analysis-based
software that is used for data analysis like statistical analysis, regression analysis with the help of
TAGUCHI and ANOVA methods. It is also used in analytics market. It is a structured approach for
collecting data and making discoveries.

Taguchi arrav method: It is a statistical method developed by GENICHI TAGUCHI to improve
the quality of manufactured goods. It is one of the best experimental methodologies used to find the

minimum number of experiments to be performed within the permissible limit of factors and levels.

It is more popular than other methods as it is easy 1o understand and also due to its practicality in

designing high quality systems that provide much reduced variance for experiments with an
optimum setting of process control parameters.

Anova method; ANOVA stands for analysis of variance.

FISHER. 11 is a statistical formula used to compare variances across
is that measure the degree to which levels or groups of

[t was developed in 1918 by RONALD

the means (or average) of

different groups it is a valuable tool in tes
an independent variable differ from each other. There are tWo ypes in it one-way Anova and two-

way Anova,
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LITERATURE REVIEW

The earliest 3D printer originated in 1981, when Dr Hideo Kod
! . €0

: X ama invented T o
prototyping machines that created parts layer by layer, usin AR
s ga

resin that a ized by
UV light. The first patent for SLA was fileq by chuck hull wh could be polymerized by

T f d i 0 is considered “the inventor of 3D
printing” for creating and commercializing both Sp,A and the STL format- the most commonly fil
o ¢ e

type used for 3D printing.
In 1988, Carl Deckard, a student at the University of Texas, licensed selective laser sintering (SLS)

technology — another type of 3D printing that uses a laser to sinter powdered material into solid

structures. Shortly after, in 1989, Scott Crump patented fused deposition modelling (FDM) — also

known as fused filament fabrication (FFF) — and founded Stratasys, one of the main players in the
3D printing industry to this day. That same year, Hull’s company, 3D Systems Corporation, released
the SLA-1 3D printer Fig. 2.1 shows the evaluation of 3D printer.

First 3D printed First SLM machine , _
metal part using commercialized by First EBM machine
laser sintering EOS GmbH launched by Arcam
First CE-certification
l:aten! !:::“::;' EBM technology for acebubuler oo
RO 1o licensed by Arcam
technology manufactured by EBM

Fig.2.1. Evolution of 3D printer
Todd letcher.et.al [1] These two people together researched about the material properties of the

PLA with an entry level 3D printer. From this we came to know that how the specimen is created

aceording to ASTM standards and its grain structure with various mechanical tests.
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chris: at.al 2] They studied the

mechanical properties. From this we came to knoy how the specimen will behaye under 3D printer
process,
Alexey.et.al [4] These two people and with their partners studied and rese

of the PLA components fabricated with FDM using a desktop 3D

of different operational process other than that of standarq

arched about the strength

printer as a function of
geometrical parameters of the process. From thjs Study we came to know about the physical

properties of the PLA material and behavior under certain testing conditions.

Jonathan torres.et.al [S] These people studied the behaviour of the 3D printed specimen produced

using FDM process and tabulated its values using ANOVA method. From this study we came to

know about the test specimen design and specifications that are used in torsional testing of the 3D

printed specimen.

Adi Pandzic.et.al [6] have studied for experiment specimens in 13 different infil patterns are
printed, and for every pattern the infill density varied from 10 % to 100 % in the step of 10%.

Mechanical properties were evaluated for various infill shape viz. Grid, Lines, Triangles, Tri-
Hexagon, Cubic, Cubic subdivision, Octet, Quarter Cubic, Concentric, Zig-Zag, Cross, Cross 3D,
and Gyroid. Printing time for all the specimen were also recorded and found that lowest mass was
observed for 10% infill density whereas, highest mass was observed for 100% infill density for all
the specimen. Comparing to all the test specimen, cubic subdivision and concentric infill type gave
lowest infill mass of 6 gm for 10% infill density. Meanwhile for 100% infill density, all the infill
type gave the same mass of 12 gm. Also, for each infill pattern and density, the time of 3D print.ing
and the amount of material consumed per specimen are presented. Concentri(i has talfen Iowc.r umf.:
of 45 min at 10% of infill density and Rest all the infill shapes at 100% of infill density as taken 93

Min of duration,

ing all infill patterns have
B conducting this experiment, they resulted and concluded that by telling all infill p

, & in the figure.
MaxXimum ultimate tensile strength and yield strength for 90% of infill shown
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Strength, 1f ultimate gor
s infill are compared with 100, infil),

ereal by ¢ 49
engthand 36.40 MPa of yield e

b MPa ar

Il Wrengtly Fap 4l inf Wy
abg LA

Bltimare tane il
Hite and g

dfﬂ'etenacc 1

Pty
nsite qrength and yield strength have «¢ oncentric™

‘ I’N‘! ;ﬂ{“ hf‘_}"\p

S5 nltimg aty
il Pattern with o

v of infill
axir

Num tensije Properties, it hus 1o be 313 printed
i, € time ang amount of 31p printed m
jecrease infill density from 100% to 90%, produey o
l{'\’ }

. “oncluded by saying that if produgy need m
LA

% infill. Also. if modeler wap
with 100% inf L 1o sgv

aterial, and

PLA material w
: il have reduced uis e
le strength and yield strength for 4004, " reciced uitimee
ens

Also, results are showing that “Concentric” inf; Il pattern giy

s the highest ultimate tensile strength

centric”

and vield strength. Comparing with 100% infill, with « ‘Con nfill pattern of 9094 ultimate
rensile strength is reduced for only 15% ang yield strength for 200

/o, and printing time is reduced
for 30%.

Mohammadreza Lalegani Dezaki.et.al [7) study investigates the effects

of combined infill patterns
in 3D printed products. Five patterns viz. solid, honeycomb, wiggle,

grid, and rectilinear were
combined in samples to analyses their effects on mechanical properties

for tensile strength analysis.
PLA samples were printed in different build orientations through two directions: flat and on-edge.

The limitation was that the software and machine could not combine the infill patterns. Thus, the
patterns were modeled and assembled in CAD software. FEA was used to determine the patterns’
features and results showed honeycomb and grid have the highest strength while their weights were
lighter compared to solid. This means by using grid and honeycomb patterns, printing strong
product is achievable while the weight is minimized. It should be noted, honeycomb had a lower
weight with 1.39 gm than grid pattern with 1.68 gm.

The rectilinear pattern had the largest value in stress—strain value while the solid sample showed
the highest durability and lowest value of stress. Force-displacement diagrams were am’}l%ci l'lo
identify the displacements of patterns under tensile loads. The rectilinear pa‘nern has lhc. h:. ‘ci
displacement at 1000 N while the lowest one is for solid. The displacement of honcycom%w{an. tg:u
sample were almost the same around 3 mm while honeycomb was lighter compared .n;g'r: i‘::gﬂ;
In brief, by comparing patterns, it was found out grid and honeycomb had the highes

g toreover, U= bdi‘liplch n
T ~ement, and weight. N
“ompared to other patterns based on stress, displaceme

]a a”ll R N ity. In contrast,
Al [ hc hchl qllﬂlit}‘

: . i d l o} Slrﬂngcm |ti}'cl' udht..\l(\n mld i : e

{I]l-edg(a. (l]!EClI(}n ha the - i e

: - esion and were
Perpendicy|ar samples like 60° and 75¢ showed poor adhesic
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g and on-edge, respectively. An issye w 1073

, as happe
e quality of part was like other perpendicylar samp

ting process the machine could not adhere the I
nting ay

qh fla
t-"‘ﬂh ned wi i
"h ?‘ ad (}n&nrar

€ 50t R sample in flaf parts
-ain peoblem wag ar the end of the

€rs properly
ding Was not good at all, therefore, perly and the material dropped or the

. this angle was

happen because of poor printing speed. In brief {

Mi,:maiion.
(,r;cmalion with a solid infill of 100%.

emoved e b
’ due to this limitation, which might
1S study sav : p
- Y says that by ncreasing the build
es w i
Ples were printed by FDM machine for cach

In perpendi
ic
ular samples, the machine used support structure

Atefeh Rajabi Kafshgar.et.al [8] has done a paper on Optimization of properties for 3D pri
or 3D printed

PLA material using Taguchi, ANOVA, and multi-objective methodologies. This research work
. esearch wor

sims to provide insights on the influence of process '
of printed parts using DoE methods. In orderpto inve:izzett:? e{’:‘lf PP i
" ' ect of process parameters on the
ensile characteristics of 3D printed PLA material, some input model parameters including infill
density from the range of 20 to 40%, extrusion temperature 200 - 220° C, raster angle fror:a 0/90
and -45/45, and layer thickness 0.1 and 0.2 mm were considered as variable. Using the Taguchi
optimization methodology and ANOVA the dependency of mechanical properties (such as ultimate
ensile stress, yield strength, modulus of elasticity, toughness, and elongation at break) on the
process parameters is studied. After conducting the experiment, it can be seen that “Infill Density™
has a significant effect on all outputs. Raster angle and layer thickness have less effect on the UTS

value. Moreover, the results show that besides infill density, layer thickness has a significant effect

on elongation at break and toughness values as well. It is achievable from the results that increasing

the infill density, extrusion temperature, and raster angle and decreasing layer thickness improves

and yield strength of the PLA 3D printed tensile test sample.

the UTS, modulus of elasticity,
ticity, and yield strength is infill

Thus, the best treatment combination for the UTS, modulus of elas

C, and raster angle of'90°, and layer thickness of 0.1

density of 60%, extrusion temperature of 220°
mm. On the other side, the best treatment combination for elongation at break

Obtained with an infill density of 60%, extrusion temperature of 200° C, raster
layer thickness of 0,2 mm. The result describes that 60% infill density 15 the best leve

desiny parameter but there is no unique printing configt”

Properties,
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appeoach and the results of this paper can help in undersanding the influence of the proesss
paramaters on five imponant mechanical properties of the FDM printed parts cvadis of PLA meatesial.
Jisishaeral 9] has done a paper on the optimiztion of process parmmerr for amproving
smechanical strength of PLA plastics using taguchs method. The present study focuses of (Re PROISS
parameter effects for the rigidity of FDM part. Hence, two parameters such as infill dematy @
printing patiern and three levels (80, 90, 100 and Tine, hexogen, trian
experimental model, 1.9 orthogonal array has boen used for this project. I'he Puiy Lactic Acid (FL4%)
material is used as filament in FDM process. The specimens are fabricated using FDM techookngy

s per D638 sandards, Using UTM machine. To maximize the tensile strength of FDM printad PLA
parts MINITAB software is used concerned with optimization.
The range analysis indicated that the optimal combination of tenst
pattern and {illing rate of 100%. From the above set of combination, the optimum terestle stremgth
is pbmined as 28872 N/mm2. Comparing with normal varying filling rate ensile specimen, the
100% filting ratio and hexagonal printing pattsrs tensile specimen has more pensite steamgh, Fhe
printing patern is the most influencing parameiet affecting the temile amemgth of FDM specimens.
Mobumened.ot.al [10] has done the Investigation of tensile property s Taguoh Muthod of PLA
panss fabricaned by FOM 3D printing technology. They hase wed 7 pussmeter W cheek tptiniler
W, viz Buil orientation, Raster oA, Sozthe st Foatrudiy e peralies. fstill
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EFFECT OF INFILL PERCENTAGE
1. PERCENTAGE AND STRUCTURE IN 3D PRINTING 2012-2013

10-18, in these runs, th .
- s, the 3D | ,
printer creates the specimen in on-edge build orientation, so tensile

strength is greatly affected ¢ : :
by build orientation and its best level is on-edge orientation.
The results show that the optimum par ilt otientati
. : parameters are built orientation (on-edge), raster orientation
(30/-60°), nozzle diameter (0.5 mm), extruder ; .
, er temperature (220° C), infill density (100%), shell
number (3). and extruding speed (20 mm’s), with : G .
proaifie s I , with a maximum contribution of 44.68% for build
orie a minim ibuti . .
o l ’ : um contribution 0.46% for raster orientation. According to the ANOVA
able, only three param : N
il p eters namely build orientation, nozzle diameter, and infill density were
statistically significant. i o
: :j g The optimal combination of the process parameters leads to a tensile
strength of 58.05 ‘o1 3 E
; gt MPa only 80% of material is used and the remaining 20% of the material and time
is saved, so they is no need of using 100% of infill density. As a future work other tests such as
il
flexural and impact, and morphology of the tested parts are recommended to highlight the properties
of the fabricated parts by 3D printing technology, and this is part of our ongoing research.
Raja.et.al.[11] has done Optimization of 3D printing process parameters of polylactic acid filament
based on the mechanical test. In this study, the research was made to optimize the printing
parameters that can be used in the FDM production method to obtain the lowest production time
and best printing parameter of PLA filament with the tensile test. The printing parameter that can
be used in FDM machines such as extruder temperature, bed temperature, layer height, printing
speed, travel speed, infill, and shell count is considered for optimization. In addition, the tensile
specimens from American Society for Testing and Materials (ASTM) D638 standard were
manufactured by PLA filament with the above-modified printing parameters. The best printing

parameters for PLA products were found by the time recorded during production and tensile test

results after production.

In this study they have printed the specimens (1, I, 111, IV) with different parameters such as,

extruder tempcrature(200° C, 210°C, 215° G217 C, 21970, bed temperature(50° C, 60° C, 70°

C, 80° C, 90° C), layer height (

mm/s, Travel speed (80,60, 90,80,70) mm/s,
D infill, triangle 55°), shell count (2,3,2,3,3), time taken for

0.18,0,12,0.20,0.20,0.23) in mm, printing speed (60, 30, 70, 75, 55)
infill density (15,15,30,20,35) in %,infill pattern

(hexagonal, line, triangle 35°, 3
fabrication(12, 18, 10, 8,9) in minutes.
Specimen 1 can withstand weighs up t0 750 N and shows the extension up to 13.56%, Specimen 11
can withstand weighs up to 650 N, an
withstand weighs up to 650 N and shows

d it shows an extension up t0 10.909%, Specimen I1I can
the extension up to 13.850%, Specimen [V can withstand
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weighs up to SSON - :
ia and shows the extension up 1o 10.974% and specimen V can withstand weighs

up to 650 N and shows the extension up to 10.311% ]
Specimen IV has the shorest t :

. . shortest time (8 minutes), and next. the specimen V can be produced in 9
minutes, Then, speci - ;
. pecimen 111 takes 10 minutes. Specimen [ produced in 12 minutes and specimen 1
in 18 minutes. So, the ; Z

that concludes the specimen | withstands 13.573% longer extension and

withstands the weighs 750 N than specimen 111, specimen IV, and specimen V.

2.1 SUMMARY OF THE LITERATURE SURVEY:

The literature review surveyed on various printing parameters like Printing speed. infill density,
Printing pattern, printing orientation, Bed temperature, nozzle Temperature, layer height, layer
thickness, diameter of the nozzle, materials. The PLA was found to have more advantages than
ABS. and PETG. It was found that the PLA temperature can be varied from 180-240 but 180 was
eliminated due to its poor flow ability and 240 was eliminated because the filament melted into

liquid. Hence, the perfect temperature was found between 190-230 and speed to be considered

between 60-160 mm/s. The speed, Infill pattern, nozzle temperature, [nfill density, Print orientation

was found to be more influencing that other parameters. Hence, printing temperature, percentage of

infill and shape of infill are the three different parameters considered during printing.
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weighs up t0 550 N and shows the exqe

nsior -
H P 1010.974% and specimen V can withstand weighs
Pto 10.311%,

shortest tj i
hortest time (8 minutes), and next the s

minutes. Then, specimen 111 takes 10 minutes Specimen | d
* produ

up to 650 N and shows the eXtension y

gpecimen 1V has the
pecimen V can be produced in 9

ced in 12 minutes and specimen If

concludes t : .
‘ , he specimen | withstands 13.573% longer extension and
withstands the weighs 750 N than specimen |1 specimen 1V, and specimen V

! » and specimen V.,

2.1 SUMMARY OF THE LITERATURE SURVEY.

The literature review surveyed on various printing parameters like Printing speed, infill density.
Printing pattern, printing orientation, Bed temperature, nozzle Temperature, layer height, layer
thickness, diameter of the nozzle, materials, The PLA was found to have more advantages than
ABS, and PETG. It was found that the PLA temperature can be varied from 180-240 but 180 was
eliminated due to its poor flow ability and 240 was eliminated because the filament melted into
liquid. Hence, the perfect temperature was found between 190-230 and speed to be considered
between 60-160 mm/s. The speed, Infill pattern, nozzle temperature, Infill density, Print orientation
was found to be more influencing that other parameters. Hence, printing temperature, percentage of

infill and shape of infill are the three different parameters considered during printing.
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CHAPTER-3:

OBJECTIVES AND STATEMENT OF PROBLEM

Based on:the litcrature survey, following objectives are selected

o To prepare 2D and 3D drawings of various test specimens using solid works softw

are
ASTM standards sl

o Selection of process parameters during FDM process.

o Use of L9 Orthogonal array to select the combination to print.

o Fabricate the Tensile and Compression test specimen using FDM process.
o Testing the prepared specimens and tabulating the results,

o Concluding the best combination based on obtained results.

m
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CHAPTER-4:
;\‘IRTH()IKH OGY

Rased on the selected objectives, the step inve

Vi IR Catire g
in Fig 4.1 Wved in Ccaning out the present profect is rapresentid

' s

——

Sclcetion of material '_E\

ntering the obhtaineqd = -y
. results in Minitah _—— Tabulating and |
—vare [T comparing the resatts |
r - e with each other |
Listing and selection : —
of process parameters Testing the specimen
5 ‘ for its mechanical 53 -
% __ Properties, L Conclusion, j
Obtaining the ) :
orthogonal array Manual observation |
using Taguchi of the specimen of
4 method. 1 __ any defects/faults.
. 4

Selection of the | Fabricating the test

ASTM standard for speciman based on
specimen based on ASTM standards and
| type of testing j orthogonal array .

Fig. 4.1 Steps involved in present work.

Based on the detailed literature review and cost of materials, in the present project PLA material is

selected and testing of mechanical properties is carried out for PLA printed with ditferent printing
parameters obtained from DoE.

4.1. SELECTION OF PRINTING PARAMETERS:

Various printing parameters are available in CURA slicing software like layer height, base top and
wall thickness, printing and bed temperature, Infill percentage and infill shapes, angle of peing ect,
Among all the printing variables based on the literature survey, in the present project printing
Parameters are printing temperature in degree coleus, infill shape and percentage is selected. All the
three parameters are Printing wrnbt':rmurc is varied from 190 1o 2107 C in the step of 10° C. three

different infil) shape of Tri- Hexagon (Hexagon), Square (Grid) and Triangle.
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Parameter ___TL—
1 2 3
Infill pattern Hexagon | Square Triangle
Infill Percentage (%) 25 35 45
Printing temperature (°C) 190 200 210

Table 4.1. Parameters and levels used in DoE.

In this study, a Taguchi L9 DoE is used. Table 3.2 shows an orthogonal matrix with a specific

combination of parameters used. The influence of these separately as well as their interaction will
be studied.

N° | Infill pattern | Infill Percentage (%) | Printing temperature(°C)
] Hexagon 25 190
2 Hexagon 35 200 |
3 Hexagon 45 210 |
200
4 Square 25 |
35 210 |
5 Square - .
b l 1
6 Square 45 —
7 Triangle 25__#_ | “"”W;tiiiﬂw ................ FJI
8 | Triangle 35 < """"WT"""'""_"y‘?ti'_lmvmmj
sy riang : 45 Lo . : -
L‘} Triangle s e Ty
f Taguchi L
Table. 4.2. Orthogonal matrix ¢ ag
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44 PRINTING MATERIAL:
The material used in the manufacture of the specimens is as discussed below. Properties af PLA
materials used in 3D printing process is mentioned in Table 3.3

Mechanical ProycrtyE Value
Yield strength | 60 Mia !
Elongaionatbresk | 6% |
Tensile modulus | 3600 MPa
Flexural strength 83 MPy
Frevumal modales | 3800 MPs. |

i

Table.4.3. shows the properties of FLA Material

The parmmeton sedeciod Tor this projest \ie prisding spoed, fozzle WmpErI, kil density,
Ly _ 9 copbisations. Table. 34 shows printing Hitwe and
gaitierts will be changiag actonding W U

amanan of srterial uped for printing cach Lo s
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Table. 3.4. Materia used and printing time.

E AN @60 we
ND STRI¢ TURE 1IN 3p PRINTING

ISR o 1012-1013
Ne | Infill pattern | Infiy) Percentage | Pri B i e G
b L O lemee ng | PLAmaterial | Printing |
| Hexagon | 85 5 ---'-----"”?‘.:‘.('r'?,_‘ﬂ(:] | Consumed (gms) | time (min)
sl b bt e T , ! " L . A
2 Hexagon | T B SR ; 9 56 :
PR [P IS e S 200 B T i s P
3 | Hexagon ‘I{_E““““mﬁm-%m _____ h_w_ﬂ___hl_”_ RNy “ s
S Square 35 ”‘“-———mj-i-ﬁ—-hh_ﬁ._ﬁ._ ’ l w_ﬂ___ -
10 5 5
6 Square 45 ““——1—9—{)———_% 3 ;i —
7 | Triangle _____2_5‘_“‘—‘*“-——*3!—0—___*__ };} = |
: 49 |
8 Triangle 35 ™ 5 %
9 Triangle ___ZT_“““—‘—-—EO—(}-—— = %

4.5 PRINTING OF TEST SPECIMEN:

Once the arrangement of specimen’s and entering of the input values is completed in the U

cura. File is

percentage of infill and printing temperature is varied as per the objectives. Other parameters se

in cura is shown in Table. 3.5.

saved with appropriate name after providing print variables. In this study infi

ltimaker
Il shape,

lected

SL No | Profile Draft
1. Layer height 0.2 mm
2. Wall thickness 0.8 mm
3 Wall line count 2
4, Horizontal expansion 0
3. Top thickness 0.8 mm
6. Bottom thickness 0.8 mm
£ 6 Top layer 4
8. Bottom layer 4
9. Build plate temperature | 60°C
10. Fan speed 100%
11, Build adhesion type SKirt

Table. 4.5, Various print parameters in Cura software,

Department of Mechanical Engineering, SICIT
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ihe file is saved, it will automatically

s - - ‘(]C, Se!pct ‘h-, fi 4
e machine through the me ri st this file and transfer it to
the printing 8 heans of SD carg, Then SD card is ine : j
pachine. and the test specimen is printed, 0 18 Installed into 3D printing
! :

v ol ] ave LSt a .
[n this project We have used the INVIS20 s used for printing the specimen. It i
e a . en. 15

o o . 1 s . Lt
s the FDM process to print the specimens, The ¥iks A2 i fi D printer which
. & 32 ows tha 1

e K glf it y 1
16, shows the specifications of INVIS20 printer. ) priiter and Table.

Fig.4.2 INVIS20 Printer

Printing of test specimens are carried out the Invihub Pvt. Ltd, Rajajinagar, Bangalore. Fig. 3.3

shows the images of tensile and compression test specimens.
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"SI, No . Particulars E R ) smm_mmmm.m.\..__w_mm;__ o g
11 Model name ;-deﬂwwmii ]
oo Build size J;No e
3. | Printing resolution JIIIIJlﬂ_mmﬂff
4. | Printing speed J!rll!!lfw@usﬂlnlg _
Recommended (can be 80mm.s) #
5. | Nozzle diameter 0.4mm Recommended i
(can be 0.2 to 0.6mm)

6. Bed temperature <100°C
s Mode SD card
o8 File format STL, .obj
9. Software CURA, Simplify3d, Slicer

10. Material 1.75mm (PLA, ABS, PETG, TPU, Wood and PLA)

11. Net weight 8.7kg

12 Machine size 470*390*350mm

it

Table. 4.6. Specification of printer used to print the specimens in this study.

Fig.4.3 a) Tensile test specimen:
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4.6 TESTING FOR MECHANICAL PROPERTIES:
men with different printing parameters is taken for testing

Once the printing is done, the printed speci
the Mechanical Properties of Tensile and Compression.

carried out at S.J.C Institute of technology, Chickbaltapur College
hs, and yield and failure strain are

Tensile and Compression tests have been

Tensile properties, including modulus, yield and tensile strengt

widely characterized for purposes such as comparison of alloys, quality control, and component

model Fig, 3.4 represents the Kalpak instruments and contt
re carried out. Table.

.ol’s universal testing machine, in which

. ; o _Portray the ~ificati
both the tensile and compression properties we 3.7. Portray the specifications

of testing machine,

D ' PAGE 29
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Ball Screw wit
Free Standing

Load Resolution 0.01%

Load Accuracy +1-0,5% of Reading over 2% 1o 58

For Croschead

(il

Length Resolu

Length Accuracy

Cross head Speed  Up to 10

up to 0.01mm

Speed Resolution

(ross head Travel 5007800/ 1060/ 1300

Min. Distance i
between Grips A
Side Clearance At least 400 mm

Front to back
clearance

Actuator Urive

PC Conflgurat

Grips b Fieturey

AtCessolies

\Infts
270 Vac,

Power Supply

¥ G50 W) G

————

1504

Size

the Kalpak Universal testing machine.

Fig. 4.4, Testing of specimen.

Table. 4.7 m__nn__._ﬁ.:c__ of
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when the compression esting is 1o be done in this machine, only the jaws need to be replaced. Both
ihe input and output of the machine is controlied by computer and each data will be loaded inside it to
werate the results of the test carried out in it. Fig. 3.5 and 3.6 shows the tensile and comprassion test

gef
pecimens after completion of tests,

G Scanned with OKEN Scanner

Fig. 4.5 Broken specimen of Tensile.

npression.

Fig. 4.6 Broken specimen of cor
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once the testing is completed, results are obt

obtained from the universal machine - 8 and Table. 3.9. Shows the

_.mm:__m fide .
compression test respectively,

for tensile g

T Tnfil Infill | Printing | pearr T—s————
pattern | Percentage | temperature el \a. Break | UTS Youngs
_ (%) (°C) (N) ongation | Load | (N/mm?) | Modulus
|1 LT (N) (N/mm?)
—7 | Hexagon 25 190 128400 410 e
17 u 10 277 | 817 | 19962 |
7 [Hexagon | 35 200 (53700 g6 w
. . 34735 | 1543 | 42158 |
3 | Hexagon 45 210 !
3 _ 585.00 3.68 34735 16.81 | 457.15 |
4 | Square 25 200 501.00|  5.52 1.83 | 1439 | 260.76 ”
5 | Square 35 210 54200 | 445 355 | 1557 | 34981 |
6 | Square 45 190 313.00 | 499 | 1815 | 000 | 18030
7 | Triangle 25 210 566.00 | 440 [44377| 1626 | 369.80
§ | Triangle 35 190 51500 | 373 [49597| 1480 | 396.59
9 | Triangle 45 200 43000 | 3.05 | 23.06 | 1234 | 405.06

Table. 4.8 Result of Tensile test.

Compressive testing shows how the material will react when it is being compressed. Compression
testing can determine the material's behavior or response under crushing loads and to measure the
plastic flow behavior and ductile fracture limits of a material. For the compression properties, Table.

3.9. represents the numeric values of Peak load in N, % of elongation, Break load in N and

compressive strength in N/mm?.

PAGE 32
Departmen; of Mechanical Engineering, SICIT

(3 scanned with OKEN Scanner



it

or .m?..a&n.h PERCENTAGE ANy ¢y RUCTENE 1y

Hypar ,
R ﬂw‘w L2 £ WYEE- N

e A RS i L

wmi il Infill Printing | Peak | < e
e . nmpressive

q_iﬂﬁ; 1%332. temperature load  Compression = Lond strumgth
~, i i i ) R oy i
_. { %) | *Cy Ny !

,is; g A g PRCRRERe [N b Ny N/mm'y
_ga 25 1 %0 Tamoe | mas Tme T Tiw
b :&H&Wﬁz | 18 . 200 f,u,w{o.ﬁ@:b . T _4..”..,.;_ oo ¢ g
_#ﬁwwﬁ: 45 210 a 3wglﬂif._.mﬂ& ...... T 4508 | 784 |
| Eﬂ% HM Hg M OWNAE __ “Hm.m. ..... ..,|| ._I...»-PW..... — |4\ ln. el
| Square 33 210 | 64300 | 3213 | ;o2 | 07 |
' 6 | Squarc 45 190 1191900 1900 | 2702 | 1544
771 Triangle 25 210 685.00 2826 | 135 | 541
8 | Triangle 35 190 883.00 3200 | 135 | 697 |
79 Trangle | 45 200 [1173.00] 2056 | 068 | 936

Table. 4.9 Result of compression test.

All these results were noted down for the further results. Once the results of Table 8 and 9 were
obtained. these readings are again fed to the Mini Tab software to get the final results i.e. which
combination has the higher results and which parameters contributes more compared to other

combinations. Afier putting these values into the software, we got the results as explained in the

Results and discussion chapter.
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RESULTS

Process Optimization

; s CSINY ot B i
The signal to noise (S/N) ratio is used to denote the changes in goal value in response to diverse

noise conditions. A higher value for the S/N ratio represents better settines of the cont

rol variables
that diminish the influence of the noise v

ariables. The minimization of influence of noise variables
on the experiments can be achieved by maximizing the S/N. Since the objective of this study is the

maximization of the mechanical properties, an equation with the-greater-the-better feature was

adopted for the analysis. The variation in the tensile strength of the printed PLA parts due to various

factors was assessed in accordance with the Taguchi method.
5.1. RESULT OF TENSILE TEST:

Stress m [Nimm?] (Y-Axis)
100 f

30 |
8.0 i
70 |
60 |
50 |
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3o
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00

ﬂfﬁin[‘d‘rm’]l‘f-hn}
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- ; o7
e |

| 04

| o
¥

| (1] 1]
» 1
= I: {11 14
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" ‘l | 0%
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|
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Length in mm (%-Axig) =->
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51, 5.2 5.3 and 5.4 shows the main effect plots for the 3D-printed tensit
i enstie te

st parts for peak

Fig
toad, % elongation, break load and UTS respectively. Table 5.1. 5.9 5.3 and 5.4 shows the ord
<, J. <4 shows the order of

rank that influence the result most respectively. All the results are related to tensile specim
cCimens.

Table. 5.1. Response Table for Signal to

)}
*Partment of Mechanical Engineering: S

Infill Infill Printing
Level | pattern |Percentage |temperature
1 57.66 56.39 59.07
2 60.56 58.50 60.55
3 59.01 62.33 5761 |
Delta | 2.89 5.93 294 |
Rank 3 1 2

s .

Main Effects Plot for SN ratios
Dala Means

; h.ll;ﬂ“ L

JCIT

R WA infill Percentage

Noise Ratios for Peak load (larger is better)

T Printing temperatind
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it

L R e Printing |

Lival pattern b | e iy
lercentage - temperat |

1 - - ._ ure |
21, 2786 | 27.81 '

27 30.90 2851 |

s 28.48 25.08 T

, 52|
Delta 0.96 582 [ o9
Rank 3 ! ___—17_‘__—1

Table. 5.2 Response Table for Signal to NOM% elongation (larger is better)

B

Main Effects Plot for SN ratios
Data Means

f
| Eeilno 1 1 e e i s
o =ik _____.__,Tf__Erjmingimpﬂam_,‘_“ I

30
29

1 RS R

Mean aof SN ratios

27

26

25

1 e
A

Hexagon Square Triangle 25 35 45 190 200 %

Signal-to-noise: Larger is better

Fig. 5.2 Mean effective plot for SN ratio for % elongation

Infill Infill Printing

Level pattern Percentage | temperature

1 29.6703 19.3106 19.6828 &

2 28.2614 19.7904 17.4326

:
3 06212 19.4520 21.4374
4.0048
Delta 29,0491 0.4798 4
] 2
1 e WAy T

e 08 f;?_i)reak load (larger 18 better)

Table, 5,3 Response Table for Signal t0 Noise Rati
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Mean of SN ratios
n

3

o

w
O P - —— S—

Infill pattern

!
/

e e oyl

Hexagon Square

Main Effecty Plot ¢

Triangle 25

Signal-to-notse: Larger (s better

Data Meane

.-

0l Percantage

_..__._’_____‘_“__

Fig. 5.3 Mean effective plot for SN ratio for break load

Frine TG terrpar turs
- ol
LTS
-
s LB
- :
0 200 210

mams

Infill Infill Printing
Level pattern | Percentage | temperature
1 15.60 14.33 17.01
2 18.50 16.44 18.49
3 16.95 20.27 15.55
Delta 2.90 5.94 2.94
Rank 3 1 2
Table. 5.4 Response Table for Signal to Noise Ratios for UTS (larger is better)
e O
Main Effects Plot for SN ratios
Data Means gt cauforr e
——infilpattem_____ ] jrfﬁﬂfmﬁgzl_.:,f'___E_Tir.!t_*ng_t_t_mps@tuw.._.__...}
N Tt S e
20 [
H
é 18 ; |
S . 'E
€ g7i- ',
» |
15 > .. i
= 3100 W
e Viio.
Signal-to-noise; Larger is bertes

Fig. 5;4 Mean effective |
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5.2 RESULTS OF COMPRESS 10N

iy this section, results of compre

CS Area

Peak Load

TEST:

SSi(‘In test are

ILL PERCENTAGE AN
TAGE AND STRUCTURE: 1% D PRI
» NV NTING

shown,

121013

%Elongation B
i

{mm?) {N) eak Load () Comprons -

Strength Modutus
} 1
126.73 418.00 ——-:—4-—-—-—-_.... (M/men2) (N/mm2)
.25
Al 1y .

(mm?) ™ Break Load (N) Compressive Yoot
Strength Modutug
(N/mm2) (N:imm?)

Break Load (N)

8.28

Strength Modutus
(N/mm?) (Nimm?)
o 14.78 45.04 7.84 °
Break Load (N) e
Strength Modulus
(N/mm?) (N/mm?*)
126.73 982.00 22.01 21.76 7.75 0
N e VI P
=
CS Area Peak Load %Elongation | Break Load (N) Compressive Youngs
(mm2) (N) Strength Moduhus
(N/mm?) {N/mm?)
126.73 643.00 3213 2.0 5.07 0

Compressive
Strength
(N/mm?)
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prFEcT b VAGE AND STRUCTU RS 1
. TN 0 PRI T
: . \ Five, i dats

" iy
% Ares Posk Lasd LT
() n Beaat e () - -
LT
Reagrn Medytien
AR ™ ) pr—"
%0 Y 00 wnn W’“ ey
#m__.__ :
97 M
s e Peck Load % Elonoat;
{mm?) (N) Break Load ™) Comprogna 1:
Strength Modfishsn
e ‘":IM’} (N =)
126.73 1.171.00 20.56
B v e .. .28 1

' 5.5, 5.6 5.7 and 5.8 sh i
Fig. 3 ows the main effect plots for the 3D-printed compression test for peak

9% compression, br g
load. % comp eak load and Compression strength respectively. Table 5.5, 5.6. 5.7 and 5.8

shows the order of rank that influence the result most respectively, All the results are related to

compression specimens.

Infill Infill Printing
Level pattern | Percentage |temperature
1 57.66 56.39 59.07
2 60.56 58.50 60.55
3 59.01 62.33 57.61
Delta 2.89 5.93 2.94
Rank 3 1 2

Table. 5.5 Response Table for Signal to Noise Ratios for peak load (larger is better)

Main Effects Plot for SN ratios
Data Means
T Infill pattern “__"'"1"' ~infill Percentage | Printing temperatuse

.4

-
N
62 l ! | |
| :
i
i : | f AN
;! ! ¢ \
i : St !
!
!
1 !
i
1
1

Mean of SN ratios
¢ 8

-
-~

L1 2 S

Hessgon  Sguare Trignge as 113

Signal-ta-neise: Lorger is belier

¢ SN ratio for Peak load

[— | F lg 55 Menn effective plot fo
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Infil | fnfinl

fill i '

s Printin !

s I‘CI Pt;llern __Percentage lempemtire |

-27.83 2988 | :ﬁﬁ@_“;

. |

2 -21.52 -30.90 -28.51 4'*

|

3 -28.48 -25.08 <27.52 J
Delta 0.96 5.82 0.99

Rank 3 1 .2

INIENLy

Table. 5.6 Response Table for Signal to Noise Ratios for % compression (larger is better)

Department of Mechanical Engineering,

-26

Mean of SN ratlos

-29

-30

-257

-27 1

P

-314

Main Effects Plot for SN ratios
Data Means

[ Infill pattem

e

Triangle

S

Hexagon  Square

Signal-to-nicise: Smaller is better

Delta
13 e

Rank

"]

Infill
L PaUem o
29.6703

e e
28.2614
D
0.6212
ase-
29.0491

| ]
1

Infill Percentage -

Fig. 5.6 Mean effective plot for SN ratio for

Infill
Percentage
19.3106

L i
-19.7904
KBS s
19.4520

0.4798
| SR

" Printing temperature___

% compression

e ——

Printing
temperature
19.6828

17.4326
21.4374
40048

e )
2

3

Table. 5.7 Response T

SJCIT
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Main Effects Plot for SN ratios
Data Means
—tofillpattem._____1___ Infill Percentage Printing temparature
0

l |
| | .
251 : |
1 | |
g !
2 il o - | .
E R M .k“-\_\ ~ ;
& | g !
5 157 |
g |
P '
s I
= © i
|

51
o > :
Hexagon  Square Triangle 25 35 4'5 £ — ;o;__ 2 ;0_
$ignal-to-noise: Larger is better
e

Fig. 5.7 Mean effective plot for SN ratio for peak load

Infill Infill Printing
Level pattern | Percentage | temperature
1 15.60 14.33 17.01
2 18.50 16.44 18.49
3 16.95 20.27 15.55
Delta | 2.90 5.94 2.94
Rank 3 1 2
Table. 5.8 Response Table for Signal to Noise Ratios for Compressive strength (larger is better)
#—
Main Effects Plot for SN ratios
Data Means S T
———fiipaEE | TnAN Percentage ] Prntind tempesatuce
i) T infill pattern__
20
é "
z 1] o
A 4 |
=
%
s 1'
i Al =
M L e e e e wo 200 e
Henagon Square Triangle
Signat-to-noise: Larger s better -
essive strength

L - Fi-g- 5-8. Mcan efféctivc plot for SN ratio for compr
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CONCLUSION

. 1 N h ) i [ ]le Il Nnc f

inting of PLA t i i
3D printing © est specimen, employing the Taguchi approach. The followi
usions obtained from the experimental results: ‘ sy e

the
concl

among the variables in this analysis, the infill pattern is found to be the most important
ant parameter

offecting the tensile strength of the PLA printed specimens, while the infill density is the key
param
The He
highest
density

leads lar

eters affecting the compressive strength.

xagon pattern with a printing temperature of 210°C and infill density of 45% shows the
peak load of 5 85N, whereas hexagon pattern with printing temperature of 190°C and a infill
of 25% shows the lowest peak load of 284N. This is may be attributed to least infill density
ge gap between the infills and tends to reduced bonding. As the percentage of infill

ad carrying capacity also increase. Shape of infill for both highest and lowest peak load

increases, 1o
e of printing

in hexagon which tends to remains same. This result reveals that, there is much influenc

d infill density on peak load carrying capacity of the specimen.

temperature an
d as 4.99 and lowest is

In the case of % of elongation, highest percentage of elongation is observe

with infill percentage of 45% having print temperature of 190°C

for 3.05 for square infill pattern,
0°C respectively, this may be attributed

and triangular infill with 45% by printing temperature at 20

vides more ponding than triangular pattern.

ed in break load, UTS and Young’s modules.
astic on the inside of the print, and

due to square pattern pro
Similar trends were observ
Higher fill density indicates a

as a result a stronger printed object.

higher degree of compactness of pl
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SCOPE FOR FUTURE WORK

'fbﬁ same “;xvr;mcm can b'C carned out for VAROLUS parameters such as laver hcighl, bed

(emperature, prnt orientation, wall thickness etc. Where we have kept that constant in this study.

' . = ' !
yarying these parameiers may lead 1o better results for the same chosen material ie, PLA. The

o.mhéﬂiﬂi Strength can be better with varving these parameters also,
we can aiso wie Higher Oxthogonal Array rather than L9 like 116 and 132 which leads to more

ponsible combinations. These results obained from higher onthogonal array may provide more

i’f{tﬂi

fiy reinforcang dif¥oront soatorials ingo PLA instead of PLA alone like Cathon Fiber, Bamboo, wood,

Lo gl BkCEase Fewits
ARS, PETG fe thie mond tenested analyeis shore one cant woek on. These may fead to the higher

aechassical strongth than obtamad for PLA slore. Other mechanical propertics and thermal like

gt awead, torsson bemdbig amd comdactivity cm b gvalmated
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