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3D PRINTING CONCEPTS
UNIT-1

Introduction

Manufacturing is a process in which raw materials are

t
-

ransformed into finished goods.
Technology that can make anything.
Eliminates many constraints imposed by conventional
manufacturing
[Leads to more market opportunities.
Increased applications such as 3D faxing sender scans a
3D object in cross sections and sends out the digital
image in layers, and then the recipient receives the
layered image and uses an AM machine to fabricate the
3D object.

Additive Manufacturing?

» The process of joining materials to make objects from three-
dimensional (3D) model data, usually layer by layer

» Commonly known as “3D printing”

» Manufacturing components with virtually no geometric limitations or
tools.

> AM uses an additive process

» Design for manufacturing to manufacturing for design

» Distinguished from traditional subtractive machining techniques

Desired Shape Actual Shape from Additive
Manufacturing Machine 3

ADVANTAGES

» Freedom of design

» Complexity for free

» Potential elimination of tooling
» Lightweight design

» Elimination of production steps

DISADVANTAGES

s Slow build rates

% High production costs

+»+» Considerable effort required for application design
% Discontinuous production process

++» Limited component size.



Applications
AM has been used across a diverse array of
industries, including:

|

|

Rapid Prototyping:

AM Procegses
I

v~ Automotive

v~ Aerospace

v~ Biomedical

v"Consumer goods and many others

Classification of Additive Manufacturing:
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» Rapid prototyping is the fast fabrication of a physical part, model or

assembly using 3D computer aided design (CAD).

» The creation of the part, model or assembly is usually completed using
additive manufacturing, or more commonly known as 3D printing.

RP Applications
= Applications of rapid prototyping can be
classified into three categories:

Design

Engineering analysis and planning

Tooling and manufacturing



https://www.twi-global.com/technical-knowledge/faqs/what-is-additive-manufacturing
https://www.twi-global.com/technical-knowledge/faqs/what-is-additive-manufacturing
https://www.twi-global.com/technical-knowledge/faqs/what-is-3d-printing

RAPID TOOLING

= Rapid Tooling refers to mould cavities that are
either directly or indirectly fabricated using
Rapid Prototyping techniques.
These are primarily used to create multiple
prototypes. Rapid prototyping techniques are
not economical when more than one prototype
needs to built for the same component.

Rapid Tooling Methods

Indirect RTM Method

Pattern is created by RP and the pattern is used to
fabricate the tool
= Examples:
Patterns for sand casting and investment casting
Electrodes for EDM
Direct RTM Method

RP i1s used to make the tool itself

Importance of Rapid Tooling

= Tooling time is much shorter than for a
conventional tool.
Tooling cost 1s much less than for a
conventional tool.
Tool life is considerably more than for a
conventional tool.

Tolerances are wider than for a conventional
tool.

Rapid Manufacturing:

» Rapid manufacturing is the use of software automation and connected
manufacturing equipment to rapidly accelerate the manufacturing process.

» Read how one provider breaks down some of the considerations when
applied to 3D printing



» The term rapid manufacturing is used to summarize different methods and
manufacturing processes that serve the fast and flexible production of
prototypes and series parts.

» The most common rapid manufacturing services include CNC machining,

parts finishing, plastic injection molding, metal casting, and sheet metal
fabrication.



The Generic AM Process

1 CAD

2 STL convert

3 File transfer o machine
4 Machine setup

5 Build

6 Remove

7 Post-process
8 Application

Generic process of CAD to part, showing all 8 stages

Step 1: CAD
All AM parts must start from a software model that fully describes the



external geometry. This can involve the use of almost any professional CAD solid
modeling software, but the output must be a 3D solid or surface representation.
Reverse engineering equipment (e.g., laser and optical scanning) can also be used to
create this representation.

Step 2: Conversion to STL

Nearly every AM machine accepts 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.

VAT Photopolymerization

VAT Photo polymerization is an AM process in which liquid photopolymer resin is cured
(solidified) using a light source (UV laser or projector) layer by layer.



Working Principle:

e Avat is filled with liquid resin.

e UV light selectively cures specific areas based on the CAD model.
e The build platform moves up/down after each layer.

o The process repeats until the part is completed.

Examples:

o Stereolithography (SLA)
« Digital Light Processing (DLP)

STEREOLITHOGRAPHY:
It is one of the Rapid Prototyping processes in which liquid polymer is used as material for
layer by layer 3-D part building with the help of Laser for solidification of liquid resin.
Working principle:
In the Stereolithography process, as per the action of the laser beam, a layer of liquid resin
gets solidified on the platform. This solidification of the liquid layer is used to build the part.

KX

Y

Laser source |
Loser\
|
I

Part /[ Workpiece — = m

Liquid resin—&,

Container—

Platform

Stereolithography-process

Construction:

Stereo-Lithography Machine consists of the following components:-

1) Laser Source: - Laser source is used to supply a laser to solidify liquid resin to build the part in
layers.

2) Container: - Container is filled with the liquid resin, when the laser falls on the liquid resin, the
liquid resin gets solidified.

3) Platform: - Platform helps in the part building. Platform can move in an upward and downward
direction. Therefore during part building, the Platform moves downwards so new layers of liquid



resin get solidified on the old solidified layer.
Stereolithography working process:

When the laser source gets on, the Laser falls on the liquid resin above the platform. Hence
due to the laser, the Liquid resin layer above the platform gets solidified.

Therefore Platform moves downwards and a new solidified layer of liquids forms on the old
solidified layer. In such a way, the platform moves downwards, and the Product build son the platform
in layers.

Resins used in stereolithography:
There are three widely used resin types: polyester, vinyl ester, and epoxy.

Epoxy resinsare the most commonly used material group in stereolithography. This
synthetic resin with good electrical-insulation properties and high heat-resistance is also known as
reaction resin.

Materials used in stereolithography:

Modern stereolithography machines offer a range of thermoplastic like materials.
Polypropylene, ABS and polycarbonate.

> Polypropylene, a synthetic resin built up by the polymerization of propylene. One of the
important family of polyolefin resins, polypropylene is molded or extruded into
many plastic products in which toughness, flexibility, light weight, and heat resistance are
required.

» ABS (Acrylonitrile butadiene styrene) is a common thermoplastic polymer typically used
for injection molding applications. This engineering plastic is popular due to its low
production cost and the ease with which the material is machined by plastic manufacturers.
Better yet, its natural benefits of affordability and machinability do not hinder the ABS
material’s desired properties:

e Impact Resistance
Structural Strength and Stiffness
Chemical Resistance
Excellent High and Low Temperature Performance
Great Electrical Insulation Properties
» Polycarbonate is a tough, transparent plastic material with outstanding strength, stiffness,
and impact resistance.
Advantages of Stereolithography:
» Round the clock operation. The SLA can be used continuously and nattended round

the clock.
Good user support. The computerized process serves as a good ser support.
Build volumes. Thedifferent SLA machines have build volumes ranging from small to
large to suit the needs of different users.
Good accuracy. The SLA has good accuracy and can thus be used or many application
areas.
Surface finish. The SLA can obtain one of the best surface finishes amongst RP
technologies.

» Wide range of materials. There is a wide range of materials, from general-purpose

materials to specialty materialsfor specific applications.

Disadvantages of Stereolithography:

» Requires support structures. Structures that have overhangs and undercuts must
have supports that are designed and fabricated together with the main structure.

» Requires post-processing. Post-processing includes removal of supports and other
unwanted materials, which is tedious, time consuming and can damage the model.

» Requires post-curing. Post-curing may be neededtocure

tho nhiort ronmnlatalv and anciire tha intanritv af thae ctriictiira

YV V VYV

Applications of SLA:
The SLA technology provide methods for reducing time to market, lowering product



https://www.merriam-webster.com/dictionary/synthetic
https://www.britannica.com/science/resin
https://www.britannica.com/science/polymerization
https://www.britannica.com/science/propylene
https://www.britannica.com/science/polyolefin
https://www.britannica.com/science/plastic

development costs, gaining greater control of their design process and improving
product design.
» Models for conceptualization (an elaborated concept), packaging and
presentation.
Prototypes for design, analysis, verify functional testing.
Parts for prototype tooling and low volume production tooling.
Investment casting, sand casting and molding.
Tools for fixture and tooling design, and production tooling.

YV VY

Extrusion-Based AM Processes
In this process, material is heated and extruded through a nozzle layer by layer.
Working Principle:

e Thermoplastic filament is fed into a heated nozzle.
o Material melts and is deposited on the build platform.
o Layers fuse together upon cooling.

Example:
e Fused Deposition Modeling (FDM)

Fused deposition modeling (FDM):

It is an additive manufacturing technology that creates 3D components using a continuous
thermoplastic or composite material thread in filament form. An extruder feeds the plastic filament
through an extruding nozzle, which is melted and then selectively deposited layer by layer onto the
build platform in a predetermined automated path.

FDM, also known as Fused Filament Fabrication (FFF), is a Material
extrusion technology, one of the seven main types of additive manufacturing technologies. FDM is the
most widely used 3D printing technique, with the most 3D printer users globally, and is typically the
first 3D printing technology to which people are exposed.

Heater e G”

Extruder

- o o e o o o ol

PLA
filament

1

Filament spool

PN
I
.

Printing platform



Working process of FDM:

3D printers that run on FDM Technology build parts layer-by-layer from the bottom up by
Heating and Extruding thermoplastic filament.
The process is simple:
Pre-processing: Build-preparation software slices and positions a 3D CAD file and calculates a
path to extrude thermoplastic and any necessary support material.
Production: The 3D printer heats the thermoplastic to a semi-liquid state and deposits it in ultra-fine
beads along the extrusion path. Where support or buffering is needed, the 3D printer deposits a
removable material that acts as scaffolding.
Post-processing: The user breaks away support material away or dissolves it in detergent and water,
and the part is ready to use.

Materials used in FDM:
The two most common materials in FDM printing are ABS (acrylonitrile butadiene
styrene) and PIA (polylactic acid). Both are inexpensire and available in a variety of colors.

» ABS, a common household plastic, offers good strength and thermal characteristics, but
requires good ventilation as it emits strong odors.It requires a heated build platform to avoid
warpings

» PLA offers great surface quality, is one of the easiest materials to print and is also
biodegradable but lacks impact strength.

Advantages of FDM 3D Printers:
1. A wide range of FDM printers are available in the market today.
2. The raw material is inexpensive.
3. Durable and maintains dimensional integrity.
4. Wide choice of raw material.
5. Affordable
Disadvantages of FDM 3D Printers:
1. FDM printers do not offer the high quality, dimensional accuracy or reliable operation
that some are other 3D printers offer.
2. Reliability can be an issue with failed parts or clogs in flowing plastic.
3. FDM is not the best choice for printing parts that need to be "close to perfection."

Application of FDM 3D Printers:

Creating prototypes for Fit, Form and Function testing rapid tooling patterns and mould
inserts creating and testing any parts that work under thermal loads production of precise and complex
end-use parts

e.g. jigs & fixtures.

Sectors that use FDM 3D Printers include:
Automotive
Aerospace
Manufacturing
Industrial
Medical
Architecture
Consumer Goods
Education & Research

VVVVVVYVYY



Powder Bed Fusion (PBF) AM Processes
In PBF, thermal energy (laser/electron beam) selectively fuses powdered material.
Working Principle:

e Athin layer of powder is spread.
o Laser or electron beam fuses selected areas.
o Platform lowers and next layer is spread.

Examples:

o Selective Laser Sintering (SLS)
o Selective Laser Melting (SLM)
o Electron Beam Melting (EBM)

SELECTIVE LASER SINTERING (SLS):

It is a powder-based 3D printing technology that uses a laser to fuse material layers into a
final part. The laser traces the pattern of each cross section of a 3D design onto a bed of powder. After
one layer is built, the build platform lowers and another layer is built on top of the previous layer. This
process continues until every layer is built and the part is complete.

SL.S Process

Download
CAD Model

! l

Convert to STL Deposit material

Lower Platform

! l

Slice STL Model Create a laver

Simple post process

Working of SLS:

It is an additive RP techniques.

Layer of powder is first deposited on part build cylinders.

The laser (C02) traces a two-dimensional cross section of the part.

During laser exposure, the powder temperature rises above the glass transition point after which
adjacent particles flow together. This process is called sintering.

Platform descends down by an amount equal to the thickness.

The roller pushes the material on the built platform and the process is repeated again and again.

VV VVYVVYVY



SCANNER

Laser Scanner
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Powder
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Components of SLS:

» Laser: This is a powerful laser which is used to melt the particles to fuse them together

» Scanning System: This system perfectly directs the laser to the desired location and then traces
the geometry for each layer.

» Build Chamber: This chamber houses the powdered material

» Powder Delivery System: The powder delivery system is responsible for carrying and
delivering the powder for each layer of printing.

» Powdered Material: This is the actual material in its powdered form. Most common material is
Nylon PA12

> Roller or Leveller: This transfers new layer of material from the powder delivery system and
spreads it evenly on top of the previously printed layer in the build chamber for next printing
cycle.

Material used in SLS: Applications of SLS:

» Plastic powders
(Polyamides (PA), polystyrenes (PS),
thermoplastic elastomers (TPE),
and polyaryletherketones (PAEK))
Metal powders (direct metal laser sintering),
Ceramic powders

» Glass powders
Advantages of SLS:

» Fully Automatic

» Good Accuracy

» Work with Varieties of Material

» Simple Finishing Operation
Disadvantages of SLS:

» Rough Surface

» Shrinkage & Distortion

» Temperature Control is Critical

Aerospace industry
Medical and Health care
Casting Patterns
Automotive
Manufacturing
Industrial ...., Etc....,

VVVYYY
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SELECTIVE LASER MELTING:
> Selective laser melting is an additive manufacturing process used to build 3D metal objects
using high-power laser beams.
» Athin layer of powder is applied to the build platform in the first construction process step with
a squeegee (or a combination of several squeegees).
> A laser melts the metal powder with temperatures of up to 1,250 °C in the laser focus at the
>

coordinates specified by a CAD file.
The construction chamber is filled with an inert gas to prevent oxidation of the metal throughout
the construction phase.

laser beam

laser beam
beam diameter ot scan direction
_—
‘@ction rl
" me
v i powder layer
Ejienes /, soldified layer 20 2

frack distance |

Material used in SLM:
The types of materials that can be processed:

Stainless steel alloys,

Nickel-based alloys,

Tool steel alloys,

Titanium alloys,

cobalt chrome, and

Aluminium alloys.

VVVVYVYY

Applications of SLM:
Complex geometries & structures in
Bio — Medical
Automotive
Building Modeling
Food Industry
Electrical

Aerospace. Etc ....,

YV VVVVY



Advantages of SLM:
» Dense functional parts made of various metallic materials such as tool steel, stainless steel,
aluminum, copper, and titanium
High mechanical load capacity
Good suitability for injection molds
Conformal cooling / tempering
Long durability of the material
Production of components made of copper with high electrical conductivity
Good finishing possibilities (such as heat treatment / hardening)
Disadvantages of SLM:
» Quality
1. Surface quality
2. Accuracy / distortion
3. Finish by machining necessary reproducibility
4. Process control / close loop control necessary
» Productivity
1. Build up rate
2. Partsize
3. Non productive time

YVVVVYYV

Direct Energy Deposition (DED) AM Processes
DED uses focused thermal energy to melt material (wire or powder) as it is deposited.
Working Principle:

o Material is fed through a nozzle.

e Laser/electron beam melts material.

o Deposited onto existing surface.

Examples:

o Laser Metal Deposition
e LENS (Laser Engineered Net Shaping)



LASER ENGINEERED NET SHAPING(LENS) :

» Additive manufacturing method in which the product is built up layer by layer by
continuously feeding of metal powder or metal wire melted in to a laser beam.
A laser beam created by a laser generator is focused through a lens onto the workpiece.
Metal powder, or metal wire, is introduced at the focus of the laser beam, where the metal
powder and workpiece melt and thus building on the surface.
An inert gasis supplied to protect both the laser and the melt from contamination during the
welding process.
The cross section of the detail is thus built up step by step until the complete detail is created.
The method can also be used to repair damaged or worn surfaces and is then often described
as laser welding with powder.

YV ¥V VYV
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Working Principle :
» Laser engineered net shaping (LENS) uses computer-controlled lasers that, in hours, weld
air-blown streams of metallic powders into custom parts and manufacturing molds.
» The technique produces shapes close enough to the final product to eliminate the need for
rough machining.

Advantages:
> Ability to build fully dense shapes.
» Closed loop control of process for accurate part fabrication.
> Ability to tailored deposition parameters to feature size for speed, accuracy, and property
control.
» Composite and functionally graded material deposition.
Disadvantages:
» Less accurate than others.
» Although the process negates the need to hog out large amounts of hard-to-cut material,
finish machining is still usually necessary.



https://www.manufacturingguide.com/en/ordlista/laser
https://www.manufacturingguide.com/en/laser-welding

Applications of LENS:

Complex geometries & structures in

YVVVVYY

Bio — Medical
Automotive
Building Modeling
Food Industry
Electrical
Aerospace. Etc ....,

Post Processing of AM Parts:

Post processing techniques used to overcome AM limitations

>

>
>
>
>
>
>
>

Support material removal

Surface texture improvements

Accuracy improvements

Aesthetic improvements

Preparation for use of pattern

Property enhancement using thermal and non-thermal techniques
Inspection and testing

Defects and their causes.

Post processing of AM parts

Support Material Removal

Support material can be broadly classified into two categories:

* Material which surrounds the part as a naturally-occurring by-product of the

build process (natural supports)

* Rigid structures which are designed and built to support, restrain or attach

the part being built to a build platform (synthetic supports).



PRODUCT QUALITY

Post processing of AM parts

Support Material Removal

Flat FOM-produced cerospece part. White buld materidl i
ABS plastic ond black material is the water-sokble spport

material, (Courtesy of Shapeways. Design by Nethan Yo Han
Wheatley.)

Post processing of AM parts

Accuracy Improvements

* There is a wide range of accuracy capabilities in AM.
+ Some processes are capable of sub-micron folerances, whereas others have

accuracies around 1 mm.

* Typically, the larger the build volume and the faster the build speed the
worse the

accuracy for a particular process.



Post processing of AM parts

Aesthetic Improvements

* A difference in surface texture between
one region and another may be desired
(this is often the case in jewelry).

* Finishing of selected surfaces only is
required.

* In cases, where the color of the AM part
is not of sufficient quality, several
methods can be used to improve the part
aesthetics.

+ Another aesthetic enhancement (which
also strengthens the part and improves

wear resistance) is chrome plating. SUA et i) ol ol ) s e e,
(Courtesy of Artcraft Plating)
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Post processing of AM
parts Preparation for use as a Pattern Often

*+ The parts made using AM are intended as patferns for investment casting,
sand casting, room temperature vulcanization (RTV) molding, spray metal
deposition or other pattern replication processes.

* The accuracy and surface finish of an AM pattern will directly influence the
final part accuracy and surface finish.

* As a result, special care must be taken to ensure the pattern has the accuracy
and surface finish desired in the final part.

* In addition, the pattern must be scaled to compensate for any shrinkage that
takes place in the pattern replication steps.



Post processing of AM parts

Property Enhancements using Non-thermal Techniques

* Powder-based and extrusion-based processes often create porous
structures.

+ The porosity can be infiltrated by a higher-strength material, such as
cyanoacrylate (Super Glue). Newer, proprietary methods and materials have

also been developed to strengthen various AM parts.

One of the best known is the RP Tempering process (PAR3 Technology,
USA).

RP Tempering is a collection of materials and treatment operations used to
increase the strength, ductility, heat deflection, flammability resistance,
EMI shielding or other properties of AM parts

* using nano-composite reinforcements.

Post processing of AM
parts Property Enhancements using Thermal
Techniques

Many parts are thermally processed to enhance their properties.
* In beam deposition and PBF techniques for metals, this thermal processing

is primarily heat treatment to form the desired microstructures and/or to
relieve residual stresses.
Traditional heat treatment developed for the specific metal alloy being
employed are commonly used.

* In some cases, special heat treatment methods have been developed to
retain the fine-grained microstructure within the AM part while still

providing some stress relief and ductility enhancement.

Inspection is normally used to examine a component of a product in relation to the design
standards specified for it.

For a mechanical component, this would probably be concerned with the dimensions of the part.
These might be checked with several go/no go gages or they might be measured with a micro
meter and other instruments.

Testing, on the other hand, is normally associated with the functional aspects of the item, and it
is often directed at the final product rather than its components. In this usage, testing consists Of
the observation of the final product during operation under actual or simulated conditions.



Applications of Additive Manufacturing

1. Aerospace

Lightweight parts, complex internal channels
2. Automotive

Prototyping and custom components

3. Medical

Customized implants and prosthetics

4. Construction

3D printed building components

5. Tooling

Jigs, fixtures, molds

Here are six ways that additive manufacturing is used in aerospace applications.

1. Build Parts with Complex Geometries

From helicopter parts to turbine engines, aerospace components require highly complex
geometric structures in sometimes very tight spaces.

Using additive manufacturing, it’s possible to create intricate parts with less lead time and
energy from a wide variety of materials, including metal and carbon fiber.

2. More Efficient Prototyping

Manufacturing standards by creating consistent parts - every part must be the same as the part
produced before it.

Printing at a larger scale, since 3D printing is a newer technology.

3. Cost-Effective Production

Additive manufacturing can not only reduce the time to create prototypes, but it can also reduce
the cost.

4. Increase Parts’ Internal Strength

Every time smaller parts are combined to make a larger object, it reduces the structural integrity
of the whole. With additive manufacturing, design engineers can create entire parts, including
hollow centers and interior components, without weak, vulnerable joints.



AM In Automobiles

1. Interior and seating - Using polymers and the methods of
selective laser sintering and stereo-lithography dashboards and
seat frames should be manufactured.

2. Tires, wheels and suspension - Aluminium alloys and polymers
an be manipulate with the resource of selective laser sintering,

3. Electronics - Selective Iaser slntering can used on polymers to
produce vary of reﬁnggfelements together with components whic
be embedded example single part manipulate panel sand

Benefits of AM in electronics:
> Proper and optimized design.
» Print on non-flat surfaces.
> Light weight and lesser material wastage.

Application of 3D food printers

* Chocolate industry

* Sugar based products.
* Space food

* Ready to make foods.



3D food printing in space

» Refrigaration & freezing requies lot of energy in space station hence it
is usually absent on space flights.

* For this reason food get easily spoiled & astronauts have to consume
food within 10 days of flight.

» But 3D food printing can change this scenario by printing food in
space station at normal gravity with improved shelf life.

* For deep mars mission this 3D food printing will play important role
as it will give proper nutritionally balanced food.

3D printed products
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