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Development & Experimental Evaluation of ABS C Type Hook
Manufacture using FDM Technique

(200045002)
Mr. Niraj P. Makwana
FOET, Department of Mechanical Engineering,
Atmiya University,
Rajkot

ABSTRACT

Fused Deposition Modelling (FDM) is an extrusion-based modern technology that is
becoming increasingly popular because it allows manufacturers to produce difficult
components immediately from computer-aided design (CAD) models. For the industries
like automotive, aerospace, and die & mould, etc., it is necessary to investigate the
mechanical behaviour of 3D printed parts. FDM printed components' a competitor
mechanical characteristics compared to injection moulded ones make functional
application difficult. The complexity of process factors makes it difficult to forecast the
mechanical behaviour of FDM printed components. Here, the issue at discussion is the
mechanical characteristics of 3D- printed components. For modelling, Fusion 360
parametric is utilised, while ANSYS Workbench is used for analysis. The lateral
movement of a C Type Hook is calculated conceptually, and for validation, the practical
results are compared to those from static structural analysis. The research’'s main topic of
investigation is the effect of varied Infill densities in C Type Hooks. Five levels of infill
density (10%, 20%, 30%, 40%, and 100%) honeycomb structure are evaluated
mechanically to acquire tensile abilities when utilising ABS material in real-world
scenarios. Further work was done to investigate different tensile mode characteristics for an
FDM manufactured Infill pattern. Results from both the practical and analytical bases are

compared in this work.

Keywords: Fused Deposition Modelling, Mechanical properties, Infill density, Infill structure
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INTRODUCTION

CHAPTER 1
INTRODUCTION

1.1 Introduction to Additive Manufacturing (3D printing)

|
| Extrusion head

Thermoplastic ] Heating element

" —
filament spool Extru5|01_1, nozzle

3D Object

lBuiId platform

Figure 1.1 Basic Figure of Additive Manufacturing ™

Making an actual thing out of a three-dimensional model is known as additive
manufacturing, sometimes known as 3D printing. Additive manufacturing involves
building up a material in several thin layers over time. By adding layers of material, it
transforms a computer or CAD image into its actual form. The manufacturing process
used by additive manufacturing, often known as 3D printing, is flexible in terms of

design. Innovation- promoting 3D printing that reduces prohibitive costs and lead times.

Using a 3D printer, it is possible to build complicated items with precise geometry at
no additional expense while also reducing assembly requirements. The production
procedure employed as much standard material as possible, potentially reducing the
product's environmental effect during its entire life cycle. Different methods utilised in
additive manufacturing, often known as 3D printing, treat different materials in different
ways. Due tothe method's endurance, Fused Deposition Modelling (FDM) is the most
user-friendly method. It is also referred to as fused filament fabrication (FFF). The FDM

ATMIYA UNIVERSITY Page 1




INTRODUCTION

technique involves melting plastic filament that is applied to a build layer by layer using
a heated extruder or nozzle in accordance with 3D data sent to the printer. As they are
applied, the layers solidify and stick to each others. The FDM techniques are precise and
reliable as well.

1.2 Brief history
Rapid Prototyping (RP) technologies, the first 3D printing predecessors, initially

emerged into public view in the late 1980s. This is due to the fact that the techniques were
first designed as a rapid and more affordable way to produce prototypes for the creation of
products inside industries. A fascinating side aspect is that Dr. Kodama submitted the initial
patent application for Rapid prototyping technology in Japan in May 1980. However, the
whole patent specification was not submitted before the application's one-year deadline,
rendering the patent application insufficient.

Charles Hull was given the first 3D printing patent in 1986 for his stereo lithography
equipment (SLA). He designed the technology in 1983 and later assisted in founding 3D
Systems Corporation, one of the largest and most effective companies in the field of three-
dimensional printing today. !

The first commercial Rapid Prototyping system from 3D Systems became available in 1987.
In the 1980s, there were numerous investigators working on various methods for establishing
additive manufacturing, as with every emerging technology.

1.3 Working Principle

The precise same basic idea behind all 3D Filament
printing operations: a 3D printer takes a digital
model (as input) and transforms it into an actual,
three-dimensional item by combining on material. It
differs significantly from normative production

techniques like injection moulding and CNC

machining, which build the required structure from

a solid block using a wide range of cutting tools.

But utilising 3D printing, items are produced ! Printed material

immediately onto the constructed platform without

the need for machinery to cut. The procedure begins  Figure 1.2 Working Principle of 3D
printing

ATMIYA UNIVERSITY Page 2




INTRODUCTION

with a digital 3D model, which is the object’s foundation. The 3D model is divided into thin
and two-dimensional layers via the programme (unique to the printer). It then converts them
into a set of machine language commands that the printer may use. The printing process can
take several hours to print out, dependent on the printer's parameters and the size of the

object.

1.4 Types of Additive Manufacturing (3D printing)
1.4.1 Stereo lithography
Among the most prevalent and

widely used methods in the industry of

additive Manufacturing is  stereo QLASERSOURCE > \
lithography, sometimes known as SLA 3D

X-Y SCANNING
MIRROR

printing. It functions by employing a strong gRESINIANK B

laser to build the required 3D shape by

UV CURABLE RESIN

@

CURED LAYERS
reservoir. In a word, this technology USeS &  yovasie surn pLatrors
@OVABLE BUIL

hardening liquid resin that is kept in a e

R

low-power laser and photo polymerization
to transform photosensitive liquid into 3D

solid polymer compounds level by level.
Fig. 1.3 Stereo Lithography !

1.4.2 Selective Laser Sintering (SLS)
A powerful light source is used in the

Additive Manufacturing (AM) technique - aser Source

referred to as selective laser sintering to fuse

small particles of polymer powder into a «— Laser Beam

solid part based on a three-dimensional (3D)
 d

Leveling Roller O

model. Researchers and manufacturers have

long preferred SLS 3D printing. The method Powder Bed

is perfect for a variety of applications, Scaffold
caro

including fast prototyping and small-batch,

bridge, or bespoke production because of its 1« ‘l' o

| hiah oroductivity. .. OWder Fabrication

ow cost per component, high productivity, delivery piston “— Piston

and well-established materials. Fig. 1.4 Selective Laser Sintering !
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INTRODUCTION

1.4.3 Fused Deposition Modeling (FDM)

Material Spool

Heater Element

Nozzie
Object/Model

———— Support Material

Build Platform

Figure 1.5 Fused Deposition Modeling !

Extruding thermoplastic material to produce 3D objects is without a doubt the
most well-known and widely-used 3D printing technique. The technique is most
frequently referred to as "Fused Deposition Modelling" (FDM) due to its duration.

FDM technology has been utilised as an industrial-grade 3D printing method. The
vast number of economical 3D printers that have emerged after 2009, however, mostly
utilise a similar technology known as Freeform Fabrication (FFF), although in a more
streamlined manner.

3D data given to the printer, the procedure entails melting plastic filament that is
transferred to a construction platform using a heated extruder, one layer at a time. As
more layers are added, each one grows tougher and is connected to the one before it.
Although the assortment keeps expanding, materials are more limited at the market's
starting level. The most commonly used substances for entry-level FFF 3D printers are
ABS and PLA. For FDM applications, support structures must be present for any
applications with overhanging geometry. Use of breakaway support materials is also a
possibility because these materials may be eliminated by breaking them off the

component.
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INTRODUCTION

1.4.4 Digital Light Process (DLP)

A vat polymerization technique is what
DLP 3D printing is. DLP uses liquid

thermosetting resins to  manufacture

Elevator (Z axis)

Build Platform——

t L

components rather than the thermoplastics

seen in Fused Deposition Modeling. A vat

Sweeper

of this liquid resin has been subjected to
intense light from a projector during the

DLP process, which selectively cures the
Photopolymer Vat

resin to a build platform layer by layer. A

Lens =1 e

3D model's whole layer is projected at .
Digital Micromirror Display (DMD) —-\

once using the DLP  method,

simultaneously healing every spot. Figure 1.6 Digital Light Process

1.4.5 Multi Jet Fusion (MJF)

Multi Jet Fusion (MJF) powder-bed Ink supply
3D printing technique, which uses a method
R R R R R Material EERE
equivalent to binder jetting to bind agent feed hopper |
and powder. MJF strategically dispenses\_/ QR
fusing and finishing materials across a bed ' WA ket head
of powdered form, and layers are fused O

Fusing lamp
Built part

together using infrared light, in contrast to
step-by-step laser-based powder-bed fusion

techniques.

Figure 1.7 Multi Jet Fusion ")
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INTRODUCTION

1.4.6 Direct Metal Laser Sintering (DMLYS)

The computer-aided design (CAD) model is digitally split into paper-thin layers
as part of the DMLS process, and any required backbone structures are built in to help
with the laser sintering procedure. After that, the file is uploaded to one of our DMLS
computers. The construction platform is then covered with a thin coating of the chosen

material. A powerful laser is used to 3 Scenning Misvor

generate the bottom layer of the bath

of sections and any temporarym,,&,m

. . Container - —— Bulld Chamber
reinforcements that are required for

the build while construction gets
underway. The lasing procedure is
repeated after another vary small
coating of metal powder has been
wiped across the components by a Container

rubber brush. . . i .
Figure 1.8 Direct Metal Laser Sintering

1.4.7 Electron Beam Melting (EBM)

A revolutionary method .
Powder

employed in the industry is laser beam feeder Z2,

melting, an additive manufacturing Laser source

process based on powder beds. We can =

Recoater
characterise the flow action and (roller or blade)
Powder

packing behaviours of the granular raw layers

: : L Building plattf
material, which have a big impact on uiicing prattiorm

the building parameters, using our rart

powder analytics.

Figure 1.9 Electron Beam Melting !
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INTRODUCTION

1.4.8 Polyjet
According to the CAD data, the jetting heads move back and forth along the X-axis
and back and forth along the Y-axis to deposit a single layer of the build material into the
build platform. The software meticulously controls the depth of every single layer. The two

ultraviolet (UV) light sources situated on Jetting head

: _— . Xaxi
each sideof the jetting head continue to cure -

and harden the liquid photopolymer ' N

particles as soon as they are released. The

w
. . o W lamp®
build platform descends in the Z direction to light _

make room for the subsequent layer once a gyidplatorm
layer of photo polymer has dried. The

procedure is continued until the item is
2 axis

finished, at which  point  the  next Model material

layer  of photopolymers is expelled from .
theprint heads.
P Figure 1.10 Polyjet
1.5 Introduction to Fused Deposition Modeling
filament .
heated
material spool extrusion
' hozzle

molten material

Plateform

Figure 1.11 Fused Deposition Modeling process

A popular additive manufacturing technique for modelling, prototyping, and
production uses is fused deposition modelling. FDM applies layers of material according

to an "additive" approach. Unwound from a coil, a plastic filament or metal wire feeds
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material to an extrusion nozzle that controls the flow. The nozzle is heated to melt the
material, and a numerically controlled mechanism that is directly managed by a CAM
software programme may move it both horizontally and vertically. The model or
component is made by extruding tiny beads of thermoplastic material to create layers that
solidify as soon as they leave the nozzle. The extrusion head is commonly moved using
stepper or servo motors. fast manufacturing and prototyping are done using FDM, a
popular fast prototyping technique. Iterative testing is made easier by quick prototyping,
and rapid manufacturing can be a more affordable option for extremely small batches. ™!

1.6 Material Used in FDM

> Polymer [

ABS and PC are examples of common polymers that may be used in 3D printing. A
range of waxes and epoxy-based resins can also be utilised, in addition to the usual
structural polymers. Many diverse structural and aesthetically pleasing materials may be
made by combining various polymer powders. You can use the following polymers:

1. ABS (Acrylonitrile butadiene styrene)

2. PLA (Poly lactic Acid)
3. Nylon

4. Epoxy resin
5. Wax

> Metal
A variety of metals, including some appropriate for structural and integrated component
components, can be employed;
1. Gold and Silver
2. Aluminium
3. Stainless steel
4. Steel
5. Titanium alloy
6. Cobalt chrome alloy

» Ceramic 4
Ceramic powders can be printed, including:

1. Silica/glass
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1.7 Merits and Demerits
1.7.1  Merits

% Flexible design
More complicated designs may be created and printed with 3D printing than using
conventional manufacturing techniques. Utilising 3D printing has no limitations when it

comes to design processes.

% Rapid prototyping

The prototype process may be accelerated by 3D printing since it produces parts more
quickly than conventional manufacturing methods. This makes it possible for each step
to finish sooner. In comparison to machining prototypes, 3D printing is less expensive
and faster at making parts because the part can be finished more quickly, allowing for

each designmodification to be finished at a much faster rate.

% Print on demand

The 3D design files are kept in a virtual library and may be found and printed whenever
necessary since they are produced using a 3D model as a CAD or.STL file. By altering
individual files rather than wasting money on out-of-date inventory and buying

equipment, redesigns may be accomplished for very little money.

0,

% Strong and light weight parts

Although some metals can also be used, plastic is the primary material for 3D printing.
However, since plastics are lighter than their metal counterparts, they have advantages.
This is crucial in sectors like automotive and aircraft where weight reduction is a concern

and can result in higher fuel economy.

% Fast design and production

Compared to moulded or machined components, 3D printing may produce an object in a
matter of hours, depending on the part's complexity and design. Through the use of 3D
printing, time can be saved not only during the part's production but also during the
design phase.STL or CAD files that are ready for printing.

% Minimizing waste
When compared to other methods, which use large chunks of non-recyclable materials,

the production of parts uses only the materials required for the part itself, with little to no
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waste.

% Cost effective
The use of 3D printing reduces manufacturing costs and time spent on various
machinery. There is also no requirement for operators to be present at all times when

using 3D printers; they may be set up and allowed to complete the task.

% Environmental friendly
This procedure is by nature ecologically benign since it decreases the quantity of material
waste required. When you take into account things like increased fuel economy from

employing lightweight 3D printed parts, the environmental advantages are expanded.

1.7.2 Demerits ™!
% Limited material
Although 3D printing can produce objects from a variety of plastics and metals, the
range of raw materials is not completely diverse. This is because not all metals or

polymers can be heated to a temperature that enables 3D printing.

0,

% Restricted build size

The size of components that may be manufactured is currently limited by the tiny print
chambers of 3D printers. Anything larger will require printing in many pieces that are
assembled after manufacturing. Due to the printer requiring to produce more pieces
before manual work is employed to assemble the parts, this might raise prices and

production time for larger products.

0,

%+ Post process required

To get the desired finish on 3D printed components, cleaning is necessary to remove
support material from the construction and to smooth the surface. Water jetting, sanding,
chemical soak and rinse, air or heat drying, assembling, and other post-processing
techniques are utilised. The size of the generated object, the intended purpose, and the
kind of 3D printing technique employed during manufacturing all affect how much post

processing is necessary.

% Large volume
Unlike more traditional methods like injection moulding, where producing high volumes

may be more cost-effective, 3D printing has a static cost. While 3D printing may have a
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lower initial investment than other manufacturing processes, once it is scaled up to mass-
produce large volumes, the cost per unit does not decline as it would with injection

moulding.

% Reduction in Manufacturing job

Given that printers handle the majority of the production and automation, 3D technology
has the potential to reduce the need for human labour. However, the technology could
jeopardize these manufacturing jobs by eliminating the need for production abroad.

Many third world countries depend on low skill jobs to maintain their economies.

%+ Copyright Issue
It will be nearly hard to distinguish between fake and counterfeit goods since there is a
larger likelihood that they will be produced. This clearly has problems with quality

control and copyright.

1.8 Application

» Education

More schools are adding 3D printing techniques to their curricula every day. By
enablingstudents to make prototypes without the need of costly tooling, 3D printing
for education improves students by better preparing them for the future. Students create
models they can handle to learn about the uses of 3D printing.

Students investigate design, engineering, and architectural concepts as they learn about
various 3D printing applications. To study in the classroom, they can make copies of
museum artifacts like fossils and historical artifacts without risking harm to priceless

assets. They are able to see topographic maps from a fresh, three-dimensional angle.

> Prototyping and Manufacturing ™4

In the manufacturing industry, is best used when a product won't be mass produced
sinceit enables the relatively affordable fabrication of a product in much lower amounts
or on an individual basis. It improved in rapid prototyping (RP) technology have led to
the creation of material and reduced assembly time.

> Construction 4

Extrusion (concrete/cement, wax, foam, and polymers), powder bonding (polymer bond,

reactive bond, and sintering), and additive welding are examples of 3D printing
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applications utilised in the construction industry. The private, commercial, industrial, and
public sectors may all benefit from 3D printing in building. These technologies provide
benefits such as enabling higher complexity and precision, accelerating construction,
paying for less labour, enhancing functional integration, and producing less waste.

> Artand Jewellery

By utilising 3D printing materials like PLA, ABS, gold, or platinum, it is also possible to
create original, one-of-a-kind jewellery pieces or customised items at a significantly

reduced cost utilising 3D printing.

> Apparel
Products such as customize shoes, clothes and eye wears are being manufactured.

> Firearms
AM has also produced weapons of defence such firearms, rifles, and safety gear. A US

military team created a plastic pistol that anyone with a 3D printer could download and make.

1.9 Introduction to ABS material

Acrylonitrile-butadiene-styrene (ABS) moulding and extrusion materials are designated
according to 1SO 2580-1:2002, which can serve as the foundation for specifications. [**!
Acrylonitrile Butadiene Styrene, sometimes known
as ABS plastic, is a thermoplastic that is amorphous,
impact-resistant, and opaque.

ABS plastic is thought to have excellent
structural strength. This makes it the perfect option
for a variety of applications that require a robust,
rigid plastic that can withstand impacts from
outside forces. It is extensively utilised in

applications that need structural stability, such as

protective  housings, camera housings, rigid

packaging, etc. . - .

o ) ) Figure 1.12 ABS material
ABS plastic is a recyclable and biocompatible

substance. It lacks a unique plastic identification number. 100% of ABS may be

recycled. Recycled ABS may be used with virgin material to create items that are higher

quality while being more affordable. ™!
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Due to its characteristics, ABS plastic material finds extensive use across a variety of

industries and is compatible with a number of manufacturing techniques.

1.10 Properties of ABS material

ABS is a robust and long-lasting polymer. It is a resin that resists chemicals.
Polar solvents are quickly affected by it. It offers better impact characteristics and a
slightly higher heat distortion temperature. !

The processing window for Acrylonitrile butadiene styrene is large. On most
types of common equipment, it can be processed. It can be extruded, blow-molded, or
injection- molded. Due to its low melting point, it can be processed for 3D printing on an
FDM machine. !

ABS sits between engineering resins (acrylic, nylon acetal, etc.) and ordinary
resins (PVC, polyethylene, polystyrene, etc.). It frequently satisfies the property
standards for a fair price and cost-effectiveness. It is the perfect material for a variety
of structuralapplications.!®!

1.10.1 Physical properties [*°!

> Excellent weld ability, high stiffness, and insulating qualities
even at low temperatures, good impact resistance

good resilience to abrasion and strain

High dimensional stability

YV V VYV V

Excellent surface quality and high surface brightness

1.10.2 Mechanical properties
Table No. 1.1 Mechanical properties of ABS material !

Sr. No. Property Value
1 Density (g/cm®) 1.05
2 Tensile strength (Mpa) 47
3 Flexural Modulus (Gpa) 2.7
4 Melting Temp. range (°C) 230 - 270
5 Mould Temp. range (°C) 40 -90

1.10.3 Chemical properties ™*°

> Excellent tolerance to weak acids and alkalis
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» Moderate aliphatic hydrocarbon resistance

» Poor resistance to alcohols, halogenated hydrocarbons, and aromatic hydrocarbons

1.11 Introduction to Infill structure:

While keeping your 3D printed parts relatively light, infill adds internal rigidity
and strength. You can acquire the perfect strength-to-weight ratio for your 3D printing
by using the best infill patterns. Your filament material and printing time will be
conserved, lowering the overall cost of your prints. 8 A recommended infill
percentage for ordinary 3D printing that will see some light usage and need some
strength is between 15% and 50%. This rangeof infill density will strengthen the part's
structure and offer a modest amount of strength without significantly increasing print
time or weight. The cost of 3D printing will be less expensive the lower the infill
percentage, as less material will be required.

These types of 3D printing can still carry out their intended function with a lower
infill density (0-15%) and the most basic infill patterns, like lines or a grid. These two
patterns are easy to print and strong enough in only two dimensions. Lines are less
durable than grid, which delivers strength in both directions, although taking less time

to print and using less material.

1.11.1 Different types of Infill structure
» Grid

A N A\

Figure 1.13 Grid Infill structure
The grid infill pattern looks like lines, but each layer has double the amount of
space between its lines and is composed of two-dimensional, rather than one-
dimensional, lines. Even though it only has two dimensions, this design is very strong.
The grid design is produced with a standard quantity of material and in a decent length of

time. [
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» Triangular

,

Figure 1.14 Triangular Infill structure
Triangular infill is the strongest infill design because of the strength of triangles. They
provide the best support structure and are least likely to warp behind the part's walls. This

type of infill prints quite quickly due to the print head’s largely linear movement over the

component. Due to its robustness and speed when combined, triangular infill is one of the
[18]

best solutions for infill in 3D printing.

» Honey comb

Figure 1.15 Honey comb Infill structure
As the name implies, this design produces an aesthetically appealing honeycomb
structure. This infill pattern is appropriate for prints that demand substantial strength but are
only fairly speedy and shouldn't consume a lot of material. This fill type has the highest
strength-to-weight ratio of all the infill patterns since it is composed of tessellating hexagons.
However, of all the infill types, it takes the longest to print because the printhead must

frequently change directions. [
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> Rectilinear

L. 3 L. N L B B J|
Figure 1.16 Rectilinear Infill structure

The only type of infill that may provide a 100% dense component is rectangular infill,

which is made up of a grid of parallel and perpendicular extrusions. Rectangular infill prints

swiftly as well due to the linear motion of the printhead. [*°!

» Concentric

Figure 1.17 Concentric Infill structure
The perimeter shapes of the concentric infill pattern's interior structure are shown by
concentric lines. This design prints rapidly, consumes significantly less material than other

patterns, and works well for flexible components. (2!

> Line

\

Figure 1.18 Line Infill structure

The lines in the infill pattern are printed in one direction on every other layer. This

infill pattern provides strength in only two dimensions and is perfect for quick printing. The

lines pattern's sparse use of material and relatively light weight. ?%
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1.12 Introduction to Honeycomb structure

The strongest infill pattern for FDM 3D printing is honeycomb. The six sides of the
honeycomb construction evenly distribute weight. It results in a solid 3D printed component
with excellent strength in all directions. Printing pieces that need to be light but still have a
good load-bearing capability is appropriate for honeycomb
infill.

Printing pieces that need to be light but still have a good
load-bearing capability is appropriate for honeycomb infill. By
keeping your 3D printed objects relatively light, infill adds

interior stiffness and toughness. You can acquire the perfect

strength-to-weight ratio for your 3D printing by using the best -
infill patterns. Your filament material and printing time will be ~ Figure 1.19 3D printed

. ) Honeycomb structure
conserved, lowering the overall cost of your prints.

1.12.1 Different Density in Honeycomb structure

The amount of plastic used internal structure to print the Infill structure. A 3D printed
model's internal structure is referred to as infill density. The infill percentage, on the reverse
together, controls the density of this structure and can be expressed as a percentage. A 3D
model with zero infill will be produced as an empty shell, whereas one with 100% infill will
have a substantial interior structure. To put it another way, a greater infill percentage will

result in more material being used inside the 3D-printed part. 2%

> Different densities Infill structure specimen

100% density 40% density 30% density 20% density 10% density

Figure 1.20 Different densities in Honeycomb structure
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CHAPTER 2
LITERATURE REVIEW

2.1 Literature Review

Saquib Rouf et al. [22] investigation found that 3D printing may successfully replace
conventional production processes, especially when creating intricate and optimised products.
The current study is structured to concentrate on the many 3D printing procedures utilised for
the creation of industrial goods, the different process parameters involved in each process,
and their impact on the mechanical characteristics of these components, especially fatigue,
tensile, bending strength, and so on. There is a section devoted to the multiple uses for these

3D printed goods, particularly in the fields of medicine, aircraft, and automobiles.

Mohammad Reza Khosravani et al. [23] suggested that it was important to look at the
mechanical strength of these parts. In this experiment, the polylactic acid (PLA) substance
and FDM procedure were used to manufacture the specimen. This study may be used to
create open-holed polymer plates for 3D printing that is stronger mechanically and
structurally. By applying a tensile force to the manufactured plates, the mechanical strengths
of the plates are ascertained. Since the strength of the component is influenced by the ratio of
the specimen width to the hole diameter (w/D), we printed samples with various hole

diameters.

Gaoyuan Ye et al. [24] had suggested that compression testing should be used to determine
which vertically printed X structures with a filling angle perpendicular to the strut length and
along the strut length should be used. Investigated were the effects of strut length, diameter,
and inclination angle on compressive properties. This study's findings show that the strut
slenderness ratio had a significant influence on structural failure modes and that a
densification stage only appeared when the slenderness ratio exceeded 0.175. The strength
and specific strength of the X structures were most heavily influenced by the strut length and

inclination angle.
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A.Sabik et.al [25] had suggested that the project include an experimental and numerical
analysis of the Polylactic Acid (PLA) samples made through fused filament fabrication (FFF)
that fail under tension. In this study, strain and stress distribution are identified by
continuously scanning the deformation of the specimens during the tests with the 3D Aramis

measuring system utilising the digital image correlation method.

Mohammed Hikmat et.al [26] had demonstrated that in three-dimensional (3D) printing
using fused deposition modelling (FDM), the process parameters have a significant influence
on the printed object; the parameters must be carefully adjusted to enhance the characteristics
of the finished output. In light of this, the current study examined how the build orientation,
raster orientation, nozzle diameter, extruder temperature, infill density, shell number, and
extrusion speed of Polylactic acid (PLA) filament affected the tensile strength of the final

product.

A.K. Haldar et.al [27] had research on unique corrugated trapezoidal and triangular core
designs. To determine the effects of core thickness, skins, core height, and the contact area
between the core and skins on the mechanical properties of sandwich panels, a number of
experimental studies were carried out. The compressive strength and energy-absorbing

properties of the sandwich panels tested increase quickly with core thickness.

Qi Feng et.al [28] conducted research on methods for optimising process parameters with
machine learning to reduce the impact of warpage. In this study, a framework was built to
clearly identify the quasi-optimal process parameters in order to reduce residual stress and
minimise the effects of warpage through simulation using the Finite Element Method.

Gurcan Atakok et.al [29] had studied that test parts were examined using the Taguchi
methodology to determine the effects of Fused Deposition Modelling (FDM) production
parameters on tensile strength, three-point bending strength, and impact strength. The results
showed that layer thickness is the most effective factor for increasing tensile strength, three
point bending strength, and impact strength, regardless of occupancy rate or filament types.
The most effective parameter for enhancing mechanical properties was found to be layer
thickness.
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Dhinesh S.K et.al [30] had claimed that ABS and PLA are the two materials used in 3D
printing the most. to assess the tensile and flexural strength of the material. The tensile
characteristics of the sandwich are being improved by the ABS's toughness and might surpass
PLA. The power of the alternative layers exceeds that of the individuals. Sandwiching PLA
between two ABS layers may increase mechanical properties and ultimately act as a

substitute.

C K Basavaraj et.al [31] had looked at the fused deposition modelling (FDM) process
parameters are Layer thickness, orientation angle, and shell thickness are some of the process
variables that were investigated. Dimensional accuracy, manufacturingability, and maximum
tensile strength. Layer thickness is the process variable that has the greatest impact on
response characteristics. because thinner layers provide better axial loading capability and

bonding strength.

Atefeh Rajabi Kafshgara et.al [32] had examined that Several input design parameters,
including infill density; extrusion temperature; raster angle; and layer thickness are taken into
consideration as variables in order to investigate the impact of process variables on the tensile
properties of 3D printed Polylactic Acid (PLA) material. The Taguchi and ANOVA
procedure is used to examine the link between mechanical properties (such as ultimate tensile
stress, yield strength, modulus of elasticity, toughness, and elongation at break) and process

factors.

Nicolas G. Morales et.al [33] had suggested that this research on the interlayer cooling
affects the mechanical properties of Acrylonitrile Butadiene Styrene (ABS) structures that are
3D printed using fusion-based material extrusion. The purpose of one sample is to evaluate
the compressive strength of the structural material. Printer features can help to mitigate

interlayer cooling's effects.

Yu Zhao et.al [34] had evaluated that the tensile strength and Young's modulus of FDM
additive manufacturing PLA material with varied printing orientations and layer thicknesses,
two original theoretical models had been constructed. In the study, the impact of layer
thickness and printing angle on the tensile strength and Young's modulus of FDM PLA

materials was examined.
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Philippe Lesage et.al [35] had proposed that study describes the dynamical characterization
of mechanical structures manufactured using the Selective Laser Melting (SLM) process at
different orientations. A subtractive specimen created from an AISiMg10 ingot was compared
to an AM specimen made in three orientations (Flat, Upright, and Rotate) and angles.

Aboma Wagari Gebisa et.al [36] had looked on process variables affected the tensile
properties of FDM components. In this paper evaluated that the impact of process parameters
on the material's tensile qualities, high performance ULTEM 9085 polymetric material and a
full factorial design of experiment. The inquiry evaluates the following five variables:

counter number, counter width, raster angle, and airgap.

M. Ajay Kumar et.al [37] had suggested that because to its better formability, toughness,
and strength, carbon fibre reinforced poly lactic acid (PLA), a thermoplastic polymer, is
frequently used in structural applications such the manufacturing of frames and tools. By
adjusting various machine settings in accordance with the suggestions made by Taguchi for
experimental design and optimisation, the study seeks to produce PLA thermoplastics
reinforced with carbon fibre that have the desired tensile strength. Infill density and print
speed have a substantial impact on the tensile strength of PLA specimens produced by 3D

printing.

Kyle Raney et.al [38] had investigated that the ability to produce useful goods with aesthetic
appeal. This article's goal is to explain how specimen mesostructure affects the monotonic

tensile behaviour of components made using FDM ABS.

Nagamani Bankupalli et.al [39] had proposed that butadiene content and build orientation
might affect how ABS components made using fused filament fabrication (FFF) behave in
terms of tribology. The ABS material's butadiene concentration and construction orientation
have a significant effect on the wear rate and coefficient of friction. As the load is changed
while maintaining a constant speed and track radius, the volumetric wear rate rises. As the

load increases, the coefficient of friction gradually decreases from higher to lower values.

K.G. Jaya Christiyana et.al [40] had reviewed that the maximum tensile and flexural

strength values for the ABS + hydrous magnesium silicate composite to be employed as the
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study's starting material, are presented. Other samples with a layer thickness and maximum
printing speed experienced a slight decrease in strength values. Higher bonding between the
prior layer and the layer printed at a low printing speed leads to higher tensile and flexural
strength.

Junior Nomani et.al [41] had researched had that the deposition layer thickness affected the
mechanical properties of printed ABS material when using fused filament fabrication (FFF).
On samples printed with layer thicknesses ranging from 0.2mm to 0.8mm, tensile and
compression tests were carried out in accordance with standards. The number of deposited
layers increased the interlayer bonding strength, and the extrusion process caused the material

to harden during shear.

Mohammad Reza Khosravani et.al [42] had experienced that designing, manufacturing,
and characterising sandwich-structured 3Dprinted components that were put through a variety
of loadings and environmental conditions. The specimens made of ASA with honeycomb
cores demonstrated the highest stability under bending force during thermal ageing. This
experiment examined the stability and failure of ABS cores that were 3D printed using FDM
in various shapes, including honeycomb and triangles. Compared to the triangular lattice, the

hexagonal construction showed larger load bearing capacity.

Antonella Sola et.al [43] had reviewed that the standardisation needs in AM with a focus on
mechanical testing. Due to their widespread use, mechanical properties are frequently used to
describe tensile qualities. This might be important as polymer additive manufacturing grows
in popularity for producing load-bearing structures, lightweight components, and
topologically optimal constructs with designs that are not at all similar to a standard

rectangle.

Juraj Beniak et.al [44] had provided researched on operational traits that affect additive
manufacturing production processes and the quality of components produced using fused
deposition modelling (FDM) technology. In terms of analysing the measured strength
characteristics of produced components, including quality metrics like roughness and

correctness, the study provides the whole experimental assessment of input parameters for

ATMIYA UNIVERSITY Page 22




LITERATURE REVIEW

digital model pre-processing. In terms of elongation during tensile testing and compressive

strength, annealing affects the material properties of produced specimens.

Stefan TABACU et.al [45] had proposed that to produce a selection of lattice, honeycomb,
and rectangle-patterned 3D structures. First, a straightforward, one-element model was used
to estimate and calibrate the parameters required to define the damage, and then sample
traction and compression models are used. The input data for materials using tension and
compression curves is more labor-intensive, the results are more precise than those obtained

using simple tensile test results.

Rahul Roy et.al [46] had suggested using ABS and PLA thermoplastics to build the samples
for exploratory study work in a 3D printer. The material deposition layer thickness, infill
angle, infill pattern, and deposition orientation are the important printing factors. Hardness,
tensile and torsion strength, among other topics, are possible extensions of the research. The
majority of AM materials are sensitive to environmental factors including temperature,

humidity, and noise, which might reduce the accuracy of the FDM-produced object.

Daniel Foltut et.al [47] had suggested that the tensile mechanical properties of Acrylonitrile
Butadiene Styrene (ABS), a thermoplastic amorphous polymer produced via FDM printing
and injection moulding, are examined and material's behaviour switches from brittle to
ductile as the temperature rises. Injection-molded ABS samples have a higher tensile strength
than FDM-printed ABS samples.

Mahendra N. Vhatkar et.al [48] had hypothesised that the strength of 3-D printed
components is discovered to be significantly influenced by the infill density, print quality,
and layer thickness. The paper looks at research and advises utilising ANSYS Workbench for
the initial design and analysis of the plain component as well as for manufacturing these plain

components using different combinations of infill density, layer thickness, and print quality.

M. Manoj Prabhakar et.al [49] had investigated the input parameters such as filament
diameter, extruder temperature, feed rate, and raster angle, working material characteristic,

nozzle angle, and separation between parallel faces affected output characteristics. FDM has

ATMIYA UNIVERSITY Page 23




LITERATURE REVIEW

become into the most popular and affordable 3D technique. The practise of emptiness

development is seen during coating sediment and FDM extrusion due to heating and heating.

Manav Doshi et.al [50] had suggested that analysis of the printing variables that affect the
mechanical properties of FDM components, including tensile strength, stress, and Young's
modulus. This article examined the most crucial printing variables that affect mechanical
properties, such as layer thickness, infill density and pattern, printing speed, build orientation,

and raster angle.

Chamil Abeykoon et.al [51] had suggested the mechanical, thermal, and morphological
characteristics of 3D-printed specimens under varying processing conditions, including

printing materials, infill pattern, infill density, and infill speed.

Rishi Kumar et.al [52] had researched that 3D printed object use, manufacture, and
recycling of commonly used filament materials (PLA, ABS, and PETG) on the environment.
By contrasting the environmental effects of various materials and choosing the most

ecologically friendly choice, the research aids stakeholders in decision-making.

Carla M. Ferreira et.al [53] had indicated that the high cycle fatigue behaviour of solid
cylinder specimens made of acrylic butadiene styrene for fused filament production under
both static and cyclic torsional loads. changing the infill pattern from concentric to zigzag
and the number of outside walls from one to two to three. The zigzag infill pattern was shown
to have superior mechanical properties under torsion stress in monotonic testing compared to

the concentric design.

Junior Nomani et.al [54] had investigated how the thickness of the deposition layer affected
the mechanical properties of printed ABS material while using fused filament fabrication
(FFF). On samples printed with layer thicknesses ranging from 0.2mm to 0.8mm, ASTM

standards-compliant tensile and compression tests were performed.

F. Saenz et.al [55] had proposed that the mechanical properties of ABS produced by additive
manufacturing at 77 K and related them to 3D printing settings. In that study, the Young's

modulus, yield strength, and ultimate strength of ABS manufactured additively are examined
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at room temperature (RT) and 77 K while varying the 3D printing parameters of layer

thickness, raster pattern, and infill.

Leipeng Yang et.al [56] had researched that focuses on optimised the settings to create
greater tensile strength and lower surface roughness with shorter build times during the FDM
process, as had been recommended based on a central composite design for the tensile
specimen creation process. Investigated are the effects of five extrusion factors on three
outputs: tensile strength (TS), surface roughness (SR), and build time (BT). These parameters
include nozzle diameter, liquefier temperature, extrusion velocity, filling velocity, and layer
thickness. The findings show that the approach described in this study is effective for

improving mechanical properties, surface quality, and FDM process efficiency.

David E. Fly et.al [57] had proposed that 3D printed plastic parts were composite structures
with separate layers of predetermined porosity and density. A 3D printed item with an
internal channel has a different internal construction pattern than a part with the same form
but no internal channel. That studied looked at how an internal channel and the direction of
the structure affected tensile strength. Although the ultimate tensile strength was significantly

impacted, the modulus of elasticity was unaffected by the presence of an internal channel.

Harshit K. Dave et.al [58] had suggested that the tensile behaviour of FDM printed objects
with multiple layer stacking configurations, multi-infill patterns, and different infill densities
for different raster orientations. Two thermoplastic materials, PLA and ABS, are used to print
combined patterned pieces that are then mechanically tested to evaluate their tensile qualities.
The printing process includes six possible stacking sequences, three various degrees of infill

density, and two alternative raster layouts.

Gabriel A. Johnson etal [59] had summerised that the Samples produced by two
commercially available 3D printers underwent tensile testing. The materials looked at
included PLA, ABS, PETG, various nylons, Polycarbonate/ABS, and ASA filaments. On
samples printed with varying levels of infill, tensile properties were evaluated. At full infill,
Nylon had the highest tensile strength while PLA had the lowest. As the infill percentage
decreased, the range of tensile strengths for all materials drew closer together, proving that

the infill percentage had a significant impact on tensile strength.
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2.2 Literature Summary

The following inference may be made from an examination of available material on

mathematical analysis of mechanical characteristics verified by experimental data:

>

The application of 3D printing to product usage defines the mechanical characteristics of
the component parts.

Analytical approach is useful for product pre-examination data.

To improve technique by making 3D printed parts lighter and using less expensive
materials.

The application of 3D printing to product usage defines the mechanical characteristics of
the pieces.

Pre-examination data on 3D printed products benefit from analytical methods.
Optimisation process that reduces the weight and cost of the materials used to make the
3D printed object.

One of the key mechanical characteristics of a structure is its strength, which is affected
by the internal structural density of a 3D-printed object.

Mechanical characteristics are significantly impacted by residual stresses.

Using varying layer thicknesses and analysing the compressive and tensile strengths of

components leads to less waste and greater material utilisation in their application.

2.3 Research Gap

>

There is some research gap from available research paper:
According to our research, ABS is the ideal material for constructing prototypes,

production facilities, casings bodies, the automobile sector, and toys.

In our study, we discovered that the mechanical characteristics, such as tensile strength,
compressive strength, and bending strength, are primarily impacted by the infill structure,

infill density, layer thickness, and nozzle temperature.

Grid, rectilinear, and triangle structures are the most typical infill structures. Few
honeycomb structures are used in research papers to determine their tensile, compressive,

and bending strength.
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2.4 Problem Definition

>
>

We conducted an experiment utilising ABS material

In experiments, the fused deposition modelling approach is employed in additive
manufacturing (3D printing)

To develop a 3D model in CAD software and convert it to a 3D model utilising additive
manufacturing

Filament size and Infill density are parameters dependent on geometry

Nozzle speed and Nozzle temperature are process-based factors

Layer thickness is a characteristic depending on structure

2.5 Objectives

>

YV V V V

To determine the mechanical characteristics currently present in the 3D-printed
components and to identify appropriate features as well as process-related variables

To identify mechanical components using an organised literature review and 3D CAD
model

To determine the process parameters related to the FDM (Fused Deposition Modelling)
To selected the 3D printing component using FDM

To examine honeycomb patterns by varying densities of Selected Component

Validate the experiment results with software analysis

ATMIYA UNIVERSITY Page 27




METHODOLOGY

CHAPTER 3
METHODOLOGY

Identify the material

Identify the process

Selection of process range

Analysis of C type Hook
in Ansys and Fusion 360

Validate Experiment and
Analytical Results
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CHAPTER 4
MODELLING AND ANALYSIS OF C TYPE HOOK

4.1 Introduction to Modelling and Analysis

Modelling are used in design to assess and changes on already-existing design or to
develop new design. These models may be used to evaluate design elements and explain
them to another. The use of a logical model of a given system to create data and assist decide

decisions or make predictions about the system is known as Analysis.

4.2 Introduction to C type Hook
A C type Hook is used to grip and lift loads using a hoist or crane. Lifting hooks may
be divided into many categories, such as single hook, double hook, and C type hook. Its great

load carrying capacity, simple to assemble, good operating life and tough in construction.

4.2.1 2D sketch of C type Hook

1 | 2 | 3 | £ | s | 5 | 7 | s

All Dimensions are in mm.
m| (T [T 1 [ ] | | gl Ea e T -
| Niraj Makwana

Cocimart v Documat metn

. C type hook hollow -

1 | 2 [ 3

I s |
Figure 4.1 2D sketch of

H 3 | 7 |

I
C type Hook
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4.2.2 Modelling Procedure of C type Hook
e Select front plane and create 2D drawing on it.
e Select extrude feature to create 3D model of 2D drawing.
e To select 3D model face and sketch circle and select extrude cut to create 3D hole.
e Select Chamfer feature to remove sharp edges of 3D model.
e Select the material for the 3D component.

e Save the 3D model.

4.2.3 CAD model of C type Hook

Figure 4.2 CAD model of C type Hook
4.2.4 3D printed model C type Hook

Figure 4.3 3D printed C type Hook model
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4.3 Introduction to Saddle Clamp
Saddle clamps, also known as pipe saddles allow for the addition of branch lines to
existing piping systems to fixing temporary or permanent installations. Saddle clamp is

widely used in applications of automobile, plumbing, piping industries, fittings & electrical.

4.3.1 2D sketch of Saddle clamp part |
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Figure 4.4 2D sketch of Saddle clamp part |
4.3.2 2D sketch of Saddle clamp part 11
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Figure 4.5 2D sketch of Saddle clamp part Il
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4.3.3 Modelling Procedure of Saddle clamp

e Select front plane and create 2D drawing on it.

e Select extrude feature to create 3D model of 2D drawing.

e To select 3D model face and create 2D Rectangular shape and select extrude
command end convert into 3D.

e To select 3D model face and create 2D circle and select extrude cut to create 3D hole.

e Select the material for the 3D component.

e Save the 3D model.

e To open the model and insert the other component of clamp and to select the
assembly option.

e To select the 3D CAD model surface and to apply slide option into the model and also
apply boundary condition to slide in fixes range.

e To save the Assembly of CAD model.

4.3.4 CAD model of Saddle clamp

Figure 4.6 CAD model of Saddle clamp
part |

Figure 4.7 CAD model of Saddle clamp
part 11
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4.3.5 Assembly of CAD model Saddle clamp

Figure 4.8 Assembly of CAD model Saddle clamp
4.3.6 3D printed model of Saddle clamp

3

Figure 4.9 3D printed Saddle clamp model

4.4 Introduction to Brake Lever
Brake levers are made from plastic or metal levers installed on your handlebars that,
when pushed, engage the cycles or bikes to stop you from moving by drawing a cable.
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4.4.1 2D sketch of brake lever

1 | 2 | 3 | 2 | B s | 7 | 8

7.09
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All dimensions are in mm.
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Figure 4.10 2D sketch of brake lever

4.4.2 Modelling procedure of Brake lever

e Select front plane and create 2D drawing on it.
e Select extrude feature to create 3D model of 2D drawing.
e To select top plane and create 2D triangular shape and select extrude cut command and cut
3D model.
e To select 3D model face and create 2D circle and select extrude cut to create 3D hole.
e Select Fillet command and convert sharp edges into smooth edges.
e Select the material for the 3D component.
e Save the 3D model.
4.4.3 CAD model of Brake lever

a
»

Figure 4.11 CAD model of Brake lever
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4.4.4 3D printed model of Brake lever

Figure 4.12 3D printed brake lever model

4.5 3D printing procedure to manufacture components

e To select the 3D model and then open in slicing software and then convert into .STL
file.

.STL file open into Slicing software and check the material parameters Like Nozzle

dia., Layer thickness, infill structure & density, Bed temp. & Nozzle temp., Print
Speed of nozzle, etc.

e Convert into G code and save the data in pen drive. To insert the pen drive in 3D
printer and click the start button to run the 3D printer.

e After few minutes 3D model is ready to remove on the plate form.

e After removing the model it required finishing process to remove some extra layers.

e Our 3D printed model is ready.

4.6 CAD model with Different Density in 30x30x30mm Specimen

Figure 4.13 10% density in Specimen Figure 4.14 20% density in Specimen
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Figure 4.15 30% density Specimen Figure 4.16 40% density in Specimen

Figure 4.17 100% density in Specimen

» Dimensions of all Specimen

1

.

\/L/
N

L~ N
16
Figure 4.18 10% density Specimen Figure 4.19 20% density in Specimen
dimension dimension

30

5
Figure 4.20 30% density Specimen Figure 4.21 40% density in Specimen

dimension dimension

' 30 )

Figure 4.22 100% density in Specimen dimension
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4.7 Static Structural Analysis of C type Hook Using FEA
4.7.1 Introduction to FEA
It is numeric tool to get approximate solution of physical system. The object is
modeled using discrete building blocks called elements. Each element has exact equations
that describe how it responds to a certain load. The "sum" of the response of all elements in
the model gives the total response of the design. The elements have finite number of
unknowns, hence the name finite elements. FEA has become a solution to the task of
predicting failure due to unknown stresses by showing problem areas in a material and
allowing designers to see all of the theoretical stresses within.
» Why FEA is needed?
e To reduce the amount of prototype testing.
e Computer simulation allows multiple “what-if” scenarios to be tested quickly and
effectively.
e To simulate designs that are not suitable for prototype testing.
e Cost savings.

e Time savings and reduce time to market.

» Objectives of Static Structural Analysis
The objectives of static structural analysis are to predict behavior of columns under

loading condition and check change in deformation and stress introduced into it.

4.7.2 Methodology Adopted for Static Structural Analysis
a) Build Geometry

Construct the 3D model of object is the first step of static structural analysis. 3D
modelling software like Fusion 360 is require to develop 3D model of object.
b) Define Material Properties

Second step is to define some necessary material properties that compose the object
being modeled.
c¢) Generate Mesh

Mesh tool provide various options to mesh the 3D model. The mesh can be 2D or 3D
depending upon the requirement. Selected volumes or areas can be meshed using mesh

option.
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d) Apply Loads

Once the system is fully designed, the next task is to provide constraints, such as
boundary conditions, physical loadings.
e) Obtain Solution

This is actually a step, because ANSYS needs to understand within what state (steady
state, transient etc.) the problem must be solved.
f) Obtain the Results

After the solution has been obtained, there are many ways to present ANSY'S results,

which can be choose from many options such as tables, graphs, and contour plots.

4.7.3 Steps for Static Structural Analysis of C type Hook
e Build Geometry

A 3D model of cold aggregate feeder unit is developed using Fusion 360 as shown in

Q)
)

Figure 4.23 C type Hook CAD Geometry

e Define Material Properties
For static structural analysis, 3D model created using Fusion 360 is imported in
ANSYS Workbench 2023. Then after material of C type Hook and its mechanical properties
are defined in ANSYS as given in Table No.3.1
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Table No. 4.1 Mechanical properties are available in Ansys workbench

Sr. No. Properties Values
] Acrylonitrile Butadiene Styrene
1 Material o o _
(High-impact, Injection Molding)
2 Density 1030 kg/m3
3 Tensile Ultimate Strength 36.26 mpa
4 Tensile Yield Strength 27.44 mpa

e Mesh Generation
Figure 3.14 shows that finite element mesh is adopted in all the analysis. Total

number of nodes and elements generated are 5169 and 2653 respectively.

0.00 45.00 90.00(mrn)

250 67.50

Figure 4.24 Mesh generated Finite Element Model of C type Hook
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e Boundary condition
Here as shown in Figure 3.15, fixed support is applied at the upper Hole.

0.00 R 70.00 ()

17.50 52,50

Figure 4.25 C type Hook fixed portion

e Load applied

0.00 B0 70.00(mm)

17.50 52,50
Figure 4.26 Load applied in rectangular area
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e Results

A. Equivalent (Von-Mises) Stress generated in C type Hook

B: Copy of Copy of Copy of Copy of Copy of Static Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress

Unit; MPa

Time: 15

11/05/2023 12:41

127.63 Max
11345

9920

‘ 85.00

70909

36,728

42,547

28,366

14185
0.0044936 Min

2250 67,50

Figure 4.27 An Equivalent (Von-Mises) Stress in C type Hook

B. Total deformation generated in C type Hook

B: Capy of Copy of Copy of Copy of Copy of Static Structural
Total Defarmation

Type: Total Deformation

Unit; mm

Tirne: 15

11/05/2003 12:41

13.677 Max
12157
10638
ana
75984
6.0767
43591
3,034
15197
0 Min

050 67.50

Figure 4.28 Total deformation in C type Hook
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C. Factor of safety generated in C type Hook

0.21499 Min
0

0.00 45.00 90.00(rmrm)
I J

250 67,50

Figure 4.29 Factor of safety in C type Hook

4.8 FEA analysis of 10% density in C type Hook

Figure 4.30 10% Infill density in C type Hook
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Figure 4.33 Min. Value of Deformation in 10%

density C type Hook
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Figure 4.32 Max. Value of Stress in 10%

density C type Hook

50 2000

Figure 4.34 Max. Value of Deformation in

10% density C type Hook

4.8.1 Result obtained in Ansys Workbench software
Table No. 4.2 Max. And Min. Values of 10% density C type Hook

Sr. No. Infill density of Load Stress Deformation
Material (N) (mpa) (mm)
(%)
Min. Max. Min. Max. Min. Max.
1 10 100 650 14.27 92.76 1.40 9.58
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4.9 FEA analysis of 20% density in C type Hook
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Figure 4.35 20% Infill density in C type Hook

» Min. and Max. value of C type Hook

Figure 4.36 Min. Value of Stress in 20% density C
type Hook

B Copy of Stafic Structural
 Deformation

Figure 4.38 Min. Value of Deformation in 20%
density C type Hook

Figure 4.37 Max. Value of Stress in 20%
density C type Hook

Figure 4.39 Max. Value of Deformation in
20% density C type Hook
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4.9.1 Result obtained in Ansys Workbench software
Table No. 4.3 Max. And Min. Values of 20% density C type Hook

Sr.No. | Infill density of Load Stress Deformation
Material (N) (mpa) (mm)
(%)
Min. Max. Min. Max. Min. Max.
1 20 100 750 13.48 | 101.12 1.38 11.46

4.10 FEA analysis of 30% density in C type Hook

IS

Figure 4.40 30% Infill density in C type Hook

» Min. and Max. value of C type Hook
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Figure 4.41 Min. Value of Stress in 30% density C Figure 4.42 Max. Value of Stress in 30%
type Hook density C type Hook
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TotalDefomaton Total Deformation
Type: Tota! Deformation Type:ToalDefommation
Uniz e Unit: e
i Frs
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0 M im
Qe — i
L) 1306
e 1
Figure 4.43 Min. Value of Deformation in 30% Figure 4.44 Max. Value of Deformation in
density C type Hook 30% density C type Hook

4.10.1 Result obtained in Ansys Workbench software
Table No. 4.4 Max. And Min. Values of 30% density C type Hook

Sr. No. Infill density of Load Stress Deformation
Material (N) (mpa) (mm)
(%)
Min. Max. Min. Max. Min. Max.
1 30 100 1200 11.89 | 142.73 1.27 15.24

4.11 FEA analysis of 40% density in C type Hook
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Figure 4.45 40% Infill density in C type Hook
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» Min. and Max. value of C type Hook

0661515 Min
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Figure 4.47 Max. Value of Stress in 40%
density C type Hook

Figure 4.46 Min. Value of Stress in 40% density C
type Hook
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Figure 4.49 Max. Value of Deformation in
40% density C type Hook

Figure 4.48 Min. Value of Deformation in 40%
density C type Hook

4.11.1 Result obtained in Ansys Workbench software
Table No. 4.5 Max. And Min. Values of 40% density C type Hook

Sr. No. Infill density of Load Stress Deformation
Material (N) (mpa) (mm)
(%)
Min. Max. Min. Max. Min Max.
1 40 100 1100 11.77 | 129.47 1.23 13.53
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4.12 FEA analysis of 100% density in C type Hook
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Figure 4.50 100% Infill density in C type Hook

> Min. and Max. value of C type Hook

Figure 4.51 Min. Value of Stress in 100% density C
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Figure 4.53 Min. Value of Deformation in 100%
density C type Hook
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Figure 4.52 Max. Value of Stress in 100%
density C type Hook

Figure 4.54 Max. Value of Deformation in
100% density C type Hook
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4.12.1 Result obtained in Ansys Workbench software
Table No. 4.6 Max. And Min. Values of 100% density C type Hook

Sr.No. | Infill density of Load Stress Deformation
Material (N) (mpa) (mm)
(%)
Min. Max. Min. Max. Min. Max.
1 100 100 1950 6.54 127.63 0.79 10.66

4.13 Validation of results for different density in C type Hook

Comparison of minimum and maximum Values of Analysis results of C type Hook is
shown in Table No. 4.7

Table No. 4.7 Comparison between minimum and maximum Values for different

densities in C type Hook

Different Load Stress Deformation
Infill N mpa mm
St No. ! (N) (mpa) (mm)
Density Min. Max. Min. Max. Min. Max.
(%)
1 10 100 650 14.27 92.76 1.40 9.58
2 20 100 750 13.48 101.12 1.38 11.46
3 30 100 1200 11.89 142.73 1.27 15.24
4 40 100 1100 11.77 129.47 1.23 13.53
5 100 100 1950 6.54 127.63 0.79 10.66
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CHAPTER S

MANUFACTURE AND EXPERIMENTAL RESULTS OF C
TYPE HOOK

5.1 Specification of 3D Printer

Table No. 5.1 3D printer specification

Sr. No. Name Value
1 Build VVolume (mm) 220x220x250
2 Nozzle Dia. (mm) 0.6
3 Print Speed (mm/sec) 45
4 Layer thickness (mm) 0.2
5 Bed Temp. (°C) 90

5.2 Process of manufacture C type Hook using 3D printer

3D Object

ATMIYA UNIVERSITY

STL File

Figure 5.1 3D printer

Slicing
Software

Layer
Slicess &
Tool Path
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» Steps for manufacture C type Hook
1. 3D CAD model

Figure 5.2 CAD modei- C type Hook

To develop 3D CAD model of C type Hook using Fusion 360 software

2. .STL file
Convert the 3D model File into .STL file for open into 3D printer software

3. Slicing Software
In the Slicing software to add the parameters like Nozzle Dia. And it’s Temp. , Layer
thickness, Bed Temp. , Infill density and Structure, Print Speed etc. and it convert into G
code

4. Layer Slice & tool path

» Manufacture with Different Density in Specimen Using 3D Printer

After completed the process parameter CAD model divided into 2D slices

Figure 5.3 Manufacture Specimen
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5. 3D printer

3D printer make a layer one by one and convert it into 3D model

pe Hook

41{

Figure 5.4 Manufacture 30% density in C t

5.3 Post Process after manufacture C type Hook using 3D Printing
» There are some post processes:

e Remove the C type Hook after manufactured:

Figure 5.5 Remove C type Hook after manufactured
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After completion of C type Hook, Using Sharp knife with a thin, flexible metal blade that
will allow you to get in between the plastic and the printer's platform.

e Rough Cleaning

Remove the excess layer on the C type Hook using a sharp knife.

—————

Figure 5.6 Remove extra material on the C type Hook
e Working in small details

Fill extra material into the C type Hook with the aid of additional material.

Figure 5.7 Fill extra material in C type Hook
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e Apply Heat Gun

Figure 5.8 After apply Heat Gun on C type Hook

After removing some additional layer from the C type Hook, using a Heat Gun to

smoothen the surface and shine the C type Hook.

5.4 Weight of All C type Hook and specimen

Table No. 5.2 Weight of all C type Hook and specimen

Sr. Infill Density Weight
No. (%) (9)
C type Hook
1 10 25.200
2 20 29.120
3 30 33.410
4 40 36.850
5 100 56.380
Specimen
1 10 2.700
2 20 3.400
3 30 4.000
4 40 4.600
5 100 7.300
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5.5 Introduction to Universal Testing Machine (UTM)

Figure 5.9 Universal Testing Machine |
A universal testing machine (UTM), also known as a universal tester, materials testing

machine, or materials test frame, is a machine that measures the tensile and compressive
strength of materials. The specimen is put between the grips of the machine, and an
extensometer, if necessary, can automatically record the change in gauge length during the
test. C types Hook are tested in UTM and it gave some interesting data regarding different
Infill density. Results are given below with Figure.
» There are some parts of Universal Testing Machine(UTM):

e Upper cross Head

e Fixing Jaw

e Movable crosshead

e Table
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e Load Indicator

e Speed Control

5.6 Experimental result for 10% density in C type Hook

Figure 5.10 10% density before Experiment

Figure 5.11 10% density after Experiment

Table No. 5.3 Maximum Load, strength and deformation in 10% density C type Hook

Infill dens_lty of L oad Strength Deformation
Sr. No. Material (N) (mpa) (mm)
(%) ’
1 10 650 0.590 10.27
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5.7 Experimental result for 20% density in C type Hook

Figure 5.13 20% density after Experiment

Table No. 5.4 Maximum Load, strength and deformation in 10% density C type Hook

Infill density of

Sr. No. Material L(‘:\Ia)d ang;h Def(()rrnn;]a)tlon
(%) P
1 20 750 0.681 1252
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5.8 Experimental result for 30% density in C type Hook

Figure 5.14 30% density before Experiment

Figure 5.15 30% density after Experiment

Table No. 5.5 Maximum Load, strength and deformation in 10% density C type Hook

Infill dens_lty of Load Strength Deformation
Sr. No. Material (N) (mpa) (mm)
(%) P
1 30 1200 0.935 13.95
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5.9 Experimental result for 40% density in C type Hook

Figure 5.17 40% density after Experiment

Table No. 5.6 Maximum Load, strength and deformation in 40% density C type Hook

Infil dens_lty of Load Strength Deformation
Sr. No. Material (N) (mpa) (mm)
(%) P
1 40 1100 0.857 12.53
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5.10 Experimental result for 100% density in C type Hook

Figure 5.18 100% density before Experiment

Figure 5.19 100% density after Experiment

Table No. 5.7 Maximum Load, strength and deformation in 100% density C type Hook

Infill density of

Sr. No. Material L((l)\la)d ang;h Def(()r:]nr;a)non
(%0) P
1 100 1950 151 11.69
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5.11 Comparison of Experiment and Software results for C type Hook

Table No. 5.8 Comparison of Experiment and Software results for C type Hook

Different Experimental Result Software Result
Infill Max. Max. -
Pattern Max. load Deformation Max. load Deformation 7o vartation
(%) (N) (mm) ) (mm)
10 650 10.27 650 9.58 6.95
20 750 12.52 750 11.46 8.84
30 1200 13.95 1200 15.24 9.24
40 1100 12.53 1100 13.53 7.98
100 1950 11.69 1950 10.66 9.21
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CHAPTER 6
CONCLUSION AND FUTURE SCOPE

6.1 Conclusion
The evaluation of C type Hook following outcomes:
» Deformation obtained by practical procedure in different density is 10.27, 12.52,
13.95, 12.53 and 11.69 mm, while deflection obtained by software analysis is 9.58,
11.46, 15.24, 13.23 and 10.66 mm

> Five different Infill densities 10, 20, 30, 40 and 100% taken from the major

parameters for this research work

» Strength obtained by practical procedure is 0.950, 0.681, 0.935, 0.857, 1.51 mpa
while stress obtained by software analysis is 92.76, 101.12, 142.73, 129.47, 127.63

mpa

> Results obtained by Analyze of the Deformation of the C type Hook considerable load
of 1200 N and the optimum value of deflection is observed at 30% Infill density

» Overall, this study has provided useful information and some insight in respect of
reducing material wastage and to reduce the weight 56.380gram to 33.410gram of the

C type Hook

6.2 Future Scope

Based on the research results and analysis presented in this paper, improve the
mechanical properties of these 3D printed items. The method may be improved to offer the
best tensile, compressive bending, and tribological properties. Different qualities and
densities have an impact on how the component behaves. To overcome challenges like the
problem of infill density and density, extensive research is needed to get a better knowledge
of the process and theories behind these sections. The crucial process variables are nozzle
diameter, printing speed, infill pattern, and layer thickness. The characteristics of the
construction part and production effectiveness are significantly influenced by a number of

process variables.
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TP {Wtestor e . oot o i ol o 1 b L0 o T B S 1 £ 5 i T B B | 14

ATMIYA UNIVERSITY Page 76




APPENDIX D Standards

ST, 11006 P

Cremrview of raferiahs for Gopleedrie Butssdens Sheerm (SHS], Woded

Elorgation at 140-10% 1.40- 110 % Avemge vakee 28.7 % Grade Count£72
Bireai
Elorgation at 1.70- 400 % 1.70 - 40.0 % Avemge vakee 341 % Grade Count:183
Wieid
Modulus o 07re-Z1.2GPa 113 - 3080 ksl fAyerage vake I35 GFa Grade Count352
Ekxstcity
Flesural Yiekd 0379 - BEE MPa 55.0 - 9500 psl Average value: TOLE MPa Grade Count:598
Sirengi
Flexural Modulus 0.02£1 - 559 GPa 3.50- 1000 ksl Awerage vakee- I 32 GFa Grade Counb&53
n 1.50 - 400 GPa 218 - 580 ksl Ayemage vakees 2.88 GFa Grade Count2
B Terreeraburs B0.0 - 8000 °C B Temperabors WO - 15477
Polssons Ratic 030 -10.380 0.360 - 0280 Aversge value: 0,384 Grede Counts
lzod Impact, 0.100 - 7.85 Mcm 0187 - 14.7 f-Hin Aperage value: 240 Mom Grade Count£T3
Mokched
HII 0.350 - 2.00 Mcm 0.BSE - 5,62 f-Hb¥in Aperage value: 0.983 Mom Grade Count:21
B Termeernihrs 5000 - 0000 °C B Tempeesiues -S20 - 2077
HII 0.290 - Z.35 Mcm 0.543 - 4,40 N1-bin Aperage value: 0.983 Mom Grade Count:30
B Termeernhrs -0 0 - 0000 "0 B Tempeesiues: 400 - T2077
0,250 - Z.35 Mcm 0.543 - 4.40 fi-Hbin Aperage value: 0.983 Mcm Grade Count:30
T Eickress 317 - 12T mm BT hickness 0122 - 50 in
lzod Impact, 1.50 Jiom - ME 2.1 #-bin - NB Ayemage value: 8.81 Mom Grade Count2E
Unmaciched
iﬂ 0.600 - 547233 Mcm 1.12 - 12.125£ f1-bdn Ayperzpe value: 1.2£ Jem Grade Counts
B Termpernhrs -0 0- 012570 & ey 220 - T332 T
iﬂ 0.392286 - 45051 Mcm 0.734875 - 5.0015 f-bin Ayperage value: 1.22 Mom Grsds Count:34
B Temperwiurs -30.0 - 3000 "0 & Tempsea s 2230 - 4007
0.392286 - 45051 Mcm 0.734875 - 5.0015 f-bin Ayperage value: 1.22 Mom Grsds Count:34
i T Sickress 3370 - 840 mm BT hickness 0132 - 0252 in
lzod Impact, 1.00 - 45.0 kA= 0476 - 21.4 ®=-k'In° Awerage value: 18.7 kLim® Grede Count:182
Mokched (120)
i £.00 - 22.0 kb 2.86 - 10.5 ®=-kin? Awerage vales 2012 kLm* Grsde Count:s1
B Temperwiurs <400 - 30000 B Tempsrsiues: 400 - 4007
i .00 - 9.00 kdv 2.86 - 4.28 &-kin? Aoerage vakee- 212 kAP Grede Sount:2
B Temperwiurs <400 - 30000 B Tempsrsiues: 400 - 4007
.00 - 9.00 kv 2.86 - 4,28 ®-kin? Aoerage vakee- 212 kAP Grede Sount:2
T ke 400 - 4 X mm BT hicness 0157 - 05T in
lzod Impact, 39.2 kJim? - B 18.7 f-Hbiln* - NBE Awerage vales T2 kAm* Grede Sount:I7
Unmaiched (F20)
i 0.0 - TOLD kb 286 - 333 &-k'in° Aoverage vakees 2.0 kLm* Grede CountS
B Temperwiurs 500 - 30000 & Tempsebes 2230 - 2207
i ME - B NE - NB Aerage vakees 2.0 kLm* Grede Count:i
B Temperwiurs 2.0 - -3000 0 & Tempsrs s -4 0 - 4007
ME - B NE - NB Aerage vakees 2.0 kLm* Grede Count:i
i [ ik 400 - 4 .00 mm BT hicnees 0157 - 05T in
Charpy Impaect 1.00 Ncm? - MB 476 THbn® - NE Aperzpe value: 113 Jiom® Grede Count:143
Unraiched
i 0.300 Mcm? - MB 1.43 f-biln* - NE Awerage vales T.42 Jicm® Grsde Count:35
B Temperwiurs <400 - 30000 B Tempsrsiues: 400 - 4007
Charpy Impaect, L9100 - 14.0 Jiom® 0476 - 855 &-b'In° Awerage value: 1.90 Jiom® Grede Count:283
Mobched
i 0200 - 2.40 Jioe© 0252 - 11.4 ®-b'in? Axerage value: 0LETT Jicm® Grade Count: 103
B Temperwirs 40 0 --2000°C & Tempseyiues 400 - 40071
Gandner Impact 180-2254J 1.33 - 1.7 &b Awerage vakee: 16.7 J Grade Counts
Cart Drop, Totl 2IT-453 1.75-34.1 %D Awerage vakee: I20 J Grade CountS
Enengy
n 328-328J 282-24 2 %0 Awerage vakees 352 J Grade Count:1
B Temperwiurs -18.0 --5120°C §Temeersturs 0401 - 08007
n ITI-ITE 7 E-ITS D Awerage vakees 352 J Grade Count:1
B Temperwiurs -18.0 --5120°C §Temeersturs 0401 - 08007
IF3-3732J IT5-ITS5Hb Ayerage vakee: 358 J Grade Count: 1
i T Sickress 330 - 3.0 mm BT hicness 01232 - 0133 in
Failirg Doart 282-3T8d 2.08-I7.7T4b Ayerage vakee: 53 J Grade Count:3
Impait
Instrumenisd S&0-5404 3598 - 355 8b Axerage vakie 355 J Grads 61
Impaict Total
Enengy
i e =, ok mmp e T L Dl PSP T L Rl PSR S =] L
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Tensile Creep
Modulus, 1 Raour
Tenslke Creep
Modulus, 1000
hiurs

Elsntrioal

Elexcirical
Resishvity
Surtace
Resistance
Static Decay
DCielexciric
Constant
DCieleciric
Strengh
Cizsipation
Factor

Arc Resisnce
Comparathe
Tracking index
Hof 'Wire: [gniticn,
HIM1
High A Arc
Igniticn, HAJ
High Wollage Anc-
Tracking Rate,
HVTH

Tharmal
Properiisc
CTE, linear
CTE, linear,
Transverse o
Flow

Spediic Heat
Capacity
Treermal
Conductivity

i

Maximum 3ervice
Tempeabure, Alr
Hot Ball Pressure
Tesi

Cesection
Temperatur= at
0,48 MPa (55 psi)
Cefsection
Tempeabare a
1.8 MPa (254 psl]
Wicat Softening
Pain

Heai Disioridon
Temperbre
Glass TransEon
Temp, Tg

UL AT, Becirical
UL ATI,
Mecharnical with
Impact

UL RTI,
Mecharnical
without Impact

APPENDIX D Standards

Dverview o meterishs for Soplonirie Hutsdene Sheerm (GHE], Noides

2200 - 2500 MPa

1250 - 1500 MPa

Matric
1500 - 1.00=+=18 ohm-<m
1000 - Z 00e=1T ahm

0.250- 3.00 sax
Z.Ta-3.50

15.7 - 530 ENYmm
0.00400 - 0.0900

0.000 - 180 =
SZO-e00Y

T7.00 - 120 s=x
30.0- 200 arcs

CLOD0 - 150 mrrmin

Matrio

7.90 - 139 pmive-"C

1.0 - 100 pmie-"C

1.60- 2.13 Mg-"C

312000 - 353000 prsl

151000 - 27TE000 psl

Englieh

1500 - 1.00e+18 ofwmrocm

Average value: 2370 MFa Grade Count:3

Aierage value: 1840 MFa Grades Countd

Commisnts

Averape value: 1.88e+18 ohmrom Grade
Count: 126

1000 - 2.00e+17 oiim  Average vakse & 548+ ghm Grade Count:1.20

0.250 - 3.00 sec
2.70-3.50

400 - 1350 kNn
0.00<£00 - 00200

0.000 - 150 sec
52.0-800V

7.00 - 120 sec
30.0-200 arcs

0000 - 5.51 inimin

Englieh

Apmrags valus: 1,45 sec Grads CountT
Agmrage valus: 287 Grads Count53

Anerage vabue 320 EvVimm Grads Count: T8
Aerage value: 0.00544 Grade Count:51

Apmrage walus: TEE sar Grads Sount28
Aarage valus: S50V Grade Sount:a2

Ayerape value: 26.9 s=r Grade Count:33
Awerage vakee: 123 arcs Gryde Count:33

Awarage value: 34 4 medmin Grade Count: 31

Commaets.

4.39-TT.2 pnin-"F  Average value: B4.2 pmie-"C Grsde Count: 175
450~ S55 pnin-'F  Average value: 51.4 pmim-"C Grsde Count:15

0.382 - OL.509 ETUM-"F

0128 - 10,187 Wim-K 0555 - 1.30 BTUHR hr-2-"F

0.250 - 0250 Win-K

=

S0.O - 109 °C
TED-105"C

EED-120"C
63.9-220"C

450 -135"C
TE4-ETE"C

i0s - 109 "C
E0.0 -120"C

SO0 - 105 "G

E0O0-120"C
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1.74 - 1.74 BT hr-8="F

3 Termemiure

122-228"F
167 - 221 "F

133 -248°F
147 - 428 °F

113-275"F
170~ 180 "F
221-238"F
122 - 2458 "F

122-221"F

122-245"F

Awerage value: 1.59 Jig-"C Grade CountT
Awerage value: 0.163 Wim-K Grade Count: 17
Arrerape walue: 0,250 Wim-R Gredes Count: 1
Average walue: T4.9 "C Grade Count:24
Average walue: BB.0 "C Grade Count27

Axerage value: 951 "C Grade Count 237

Axerage value: B9.2 "C Grade CounheE5

Averaps walue: 95.4 "C Grxds Count:538
Average value: B4.2 "C Grade Counts
Aueraps value: 107 "C Grads CountS
Average walue: T3.4 "C Grade Count:3d

Anerape walue: T1.1 "G Grade CountB5

Anerape walue: 73,2 "G Grade - =
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Er3arn, 1100 P Cremrview of muterishs for Sopkenivie Busslens Shreerm [AHS], Wodes
Flammabiity, HE - 5% HB - WA Eryde CountATR
UL
OxFgen Index 19.0-3200% 19.0-30.0 % Ayemge vwakloe: 21.6 % Grades Counlt:s
Show e Test &00 -39&0 "C 1110 - 1760 "F Mrerape walue: 673 "G Grade Count28
Cpbioal Matri Endgillsh Comments
Propertiec
Haze= 2.00-4100% 200 -4.00 % Apsrage walse: 2.83 % Grade Counts
Ghoss 30.0-2=20% 300 -598.0% Apsrage vabhse: 8B40 % Grade Count57
Yeliow Index -1 A0-24 3% -1.40-24.3 % Apsrage wakse: 14.2 % Grade Count:S
Transmisskon, 0.000 - 500 % 0000 - 50.0 % Aypsrage valse: 68.5 % Grade Count:50
WVishbie
Prooassing Matri Endgillsh Comments
Propertiec
Processing 170 - 270 "C 338-518°F Awerage walue: 213 "C Grade CoUntEs
Tempsmabare
Hozzle B0 - 310 "C 356 - 550 "F Arerape walue: 238 "C Grade Count: 172
Temperabore
Adapher 200 - 300 °C 392-572°F Awerage walue: 377 "C Grade Count:31
Tempsmabare
Cie Tempserature 200 - 235 "C 382 -563"F Aerape walue: 26T "G Grade Count:31
Meit Temperatune E.00-323"C 21 0-613"F Arerape walue: 234 "C Grade Count:303
koid 0D - 120 "C 50.0-248"F Averape walue: 62.4 "C Grade Count:342
Temperabore
Injection WYelocky 200 - 240 immtsaec T.B7 - 2,45 In'sec Average value: 232 mmissc Grads Count:30
Rodl Temperature e0.0 - 150 "C 120 -302"F Morerape walue: 127 "G Grade Sount-29
DCrying e0.0 - 120 "C 120 -248"F Averape walue: 84.2 "C Grade Count:345
Tempsmabare
HMoishure Conbenk 0.0100 - 0300 % 00100 - 0.300 % Axerage vablse- 00712 % Grade Count: 103
Dew Foint -29.0--17.8"C =302 - 0.00a "F Anerage valse -19.6 "G Grade Counts
Injection 414 - 130 MPa 6500 - 18500 psl Aaerage value: S6.6 MFa Grade Count:34
Prazsune
Yent Depth OOOZ25£ - 0.0510 cm 0.00100 -i0.0201 in Anerage vale: 00123 cm Grade Sount:-10

Soms o e seiuss dieplerysc] atove My T Fe bean comverisd o Seir oogirel onie andor roundsd In crder o displey e inforreicn in s cormisieet berwt

Lssm squrng mom preces dets by soentlc o sngnesing ceibuiions mn cdick on (e propedy vl o e e odgrel vl o sl 5 ww oomvermions o
souivelsnt unfs. e sdviss Tl youw oy ues He oigral el oo ors ol B e e i o o mimmies rzending & Tor e sl sk et you
L1 ] \-Mlm '\-ln;-':l"o;ruﬂ‘:rr-br.mh waw ml tha s o Bam ey w2 rpirelly snisred nic Blat\sh
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APPENDIX D Experimental Results

APPENDIX D

Experimental Results

Date : 04-05-2023 , 11:36 AM

TEST CERTIFICATE

sample Identification
Part description

Atmiya
RAJKOT
To / Dept. : Civil
Address : Atmiya Rajkot

: ABS PLASTIC

Width : 107 mm

Part Number ~
Machine : Universal Testing Machine SERVO 1000 kN
Input Data File Name : NM30, Record No.: 1

Sample Type : Rectangular Bar

Gauge Length : 24 mm
Final Area : 1100 mm ?
Testing with Load Rate : 0.10 kN/min

Area : 1,284.000 mm #
Thickness : 12 mm
Final Gauge Length: 26 mm

Results of Tension Test

Maximum Force (Fm) : 1.200 kN
Disp. at Fm :7.82 mm
Max. Disp.
Reduction in Area (Z) :
Tensile strength (Rm)

14.330 %

:13.950 mm

: 0.935 MPa

Elongation :8.333 %

Graph

: Load Vs Displacement

2.000

1.800 I

1.600 I

1.400 r

1.200

1.000

0.800

Load

0.600

0.400

0.200 B

1 L 1 1 L 1 1 1

Y0=0.000
X0=0.000

2.00

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
--—-> Displacement mm

20.00

TESTED BY

INSPECTED BY WITNESSED BY
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APPENDIX D Experimental Results

TEST CERTIFICATE
Date : 04-05-2023 , 11:43 AM
Atmiya
RAJKOT
To / Dept. : Civil
Address : Atmiya Rajkot

sample Identification : ABS PLASTIC
Part description

Part Number :
Machine : Universal Testing Machine SERVO 1000 kN
Input Data  File Name : NM40 , Record No. : 1

Sample Type : Rectangular Bar Area : 1,284.000 mm 2
Width : 107 mm Thickness : 12 mm
Gauge Length : 24 mm Final Gauge Length: 26 mm

Final Area : 1100 mm 2
Testing with Load Rate : 0.1 kN/min

Disp. at Fm
Max. Disp.
Reduction in

Results of Tension Test
Maximum Force (Fm) : 1.100 kN Elongation :8.333 %

Tensile strength (Rm) : 0.857 MPa

:5.18 mm
:12.530 mm
Area (Z) : 14.330 %

Graph

Load
kN

: Load Vs Displacement

2.000

1.800

1600 |

1.200

1.000

0.800

0.600

0.400

1 1 1 1 1 1 1 1 1
Y0=0.000 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
X0=0.000 = e > Displacement mm

TESTED BY INSPECTED BY WITNESSED BY
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TEST CERTIFICATE

Date : 04-05-2023 , 11:46 AM
Atmiya

RAJKOT

To / Dept. : Civil
Address : Atmiya Rajkot
sample Identification : ABS PLASTIC
Part description
Part Number
Machine : Universal Testing Machine SERVO 1000 kN
Input Data  File Name : NM100, Record No. : 2

Area : 1,284.000 mm ?
Thickness : 12 mm
Final Gauge Length: 26 mm

Sample Type : Rectangular Bar
Width : 107 mm

Gauge Length : 24 mm

Final Area : 1100 mm ?

Testing with Load Rate : 0.1 kN/min

Results of Tension Test

Maximum Force (Fm) : 1.950 kN Elongation :8.333 %
Disp. at Fm :7.70 mm Yield Load :1.050 kN
Max. Disp. 1 11.960 mm Yield Strength (Re) :0.818 MPa
Reduction in Area (Z) : 14.330 % Stress Ratio Re/Rm : 0.538
Tensile strength (Rm) : 1.519 MPa
* Note : Yield Calculated From Graph
Graph : Load Vs Displacement
2.000
1.800
1.600
1.400
1.200
1.000
e 0.800
kN
0.600
0.400
0.200
L L L 1 L L L 1 1
Y0=0.000 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
X0=0.000 -—-> Displacement mm
TESTED BY INSPECTED BY WITNESSED BY
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Entire Document

Xl DEVELOPMENT & EXPERIMENTALLY EVALUATION OF ABS C TYPE HOOK MANUFACTURE USING FDM TECHNIQUE
(200045002) Niraj Makwana Atmiya University, Rajkot nirajmakwanal999@gmail.com Abstract Fused Deposition Modelling (FDM) is
an extrusion-based modern technology that is becoming increasingly popular because it allows manufacturers to produce difficult
components immediately from computer-aided design (CAD) models. For the industries like automotive, aerospace, and die &
mould, etc,, it is necessary to investigate the mechanical behaviour of 3D printed parts. FDM printed components’ a competitor
mechanical characteristics compared to injection moulded ones make functional application difficult. The complexity of process
factors makes it difficult to forecast the mechanical behaviour of FDM printed components. Here, the issue at discussion is the
mechanical characteristics of 3D- printed components. For modelling, Fusion 360 parametric is utilised, while ANSYS Workbench is
used for analysis The lateral movement of a C Type Hook is calculated conceptually, and for validation, the practical results are
compared to those from static structural analysis. The research's main topic of investigation is the effect of varied Infill densities in C
Type Hooks. Five levels of infill density (10%, 20%, 30%, 40%, and 100%) honeycomb structure are evaluated mechanically to acquire
tensile abilities when utilising ABS material in real-world scenarios. Further work was done to investigate different tensile mode
characteristics for an FDM manufactured Infill pattern. Results from both the practical and analytical bases are compared in this
work. Keyword: Fused Deposition Modelling, Mechanical properties, Infill density, Infill structure

Introduction Page 1 CHAPTER 1 Introduction 1 1 Introduction to Additive Manufacturing (3D printing) Fig. 1.1 Basic Figure of Additive
Manufacturing [1] Making an actual thing out of a three-dimensional model is known as additive manufacturing, sometimes known
as 3D printing. Additive manufacturing involves building up a material in several thin layers over time. By adding layers of material, it
transforms a computer or CAD image into its actual form. The manufacturing process used by additive manufacturing, often known
as 3D printing, is flexible in terms of design. Innovation- promoting 3D printing that reduces prohibitive costs and lead times. Using a
3D printer, it is possible to build complicated items with precise geometry at no additional expense while also reducing assembly
requirements. The production procedure employed as much standard material as possible, potentially reducing the product's
environmental effect during its entire life cycle Different methods utilised in additive manufacturing, often known as 3D printing,
treat different materials in different ways Due to the method's endurance, Fused Deposition Modelling (FDM) is the most user-
friendly

Introduction Page 2 method. It is also referred to as fused filament fabrication (FFF). The FDM technique involves melting plastic
filament that is applied to a build layer by layer

m MATCHING BLOCK 1/34 SA basheer_thesis part 2 pdf (D142825798)

using a heated extruder or nozzle in accordance with 3D data sent to the printer.

As they are applied, the layers solidify and stick to each others. The FDM techniques are precise and reliable as well. 1.2 Brief History
[2] Rapid Prototyping (RP) technologies, the first 3D printing predecessors, initially emerged into public view in the late 1980s. This is
due to the fact that the techniques were first designed as a rapid and more affordable way to produce prototypes for the creation of
products inside industries. A fascinating side aspect is that Dr. Kodama submitted the initial patent application for Rapid prototyping
technology in Japan in May 1980. However, the whole patent specification was not submitted before the application's one-year
deadline, rendering the patent application insufficient Charles Hull was given the first 3D printing patent in 1986 for his stereo
lithography equipment (SLA). He designed the technology in 1983 and later assisted in founding 3D Systems Corporation, one of the
largest and most effective companies in the field of three- dimensional printing today. The first commercial Rapid Prototyping
system from 3D Systems became available in 1987. In the 1980s, there were numerous investigators working on various methods for
establishing additive manufacturing, as with every emerging technology. 1.3 Working Principle The precise same basic idea behind all
3D printing operations:
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structural applications. This is because of its several physical
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A universal testing machine (UTM), also known as a universal A universal testing machine (UTM), also known as a universal
tester, materials testing machine, or materials test frame, is a tester,[1] materials testing machine or materials test frame, is
machine that measures the tensile and compressive strength of  used to test the tensile strength and compressive strength of
materials materials
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The specimen is put between the grips of the machine, and an The specimen is placed in the machine between the grips and
extensometer, if necessary, can automatically record the an extensometer if required can automatically record the
change in gauge length during the test change in gauge length during the test.
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