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INTRODUCTION

Recognise a range of advanced manufacturing processes to cite examples of where they are most
effective.

e Manufacturing Processes:

O Pressing and forming, casting and moulding, joining and soldering, mixing, final assembly,
packaging, material handling, quality control/inspection.
e Advanced Manufacturing Processes:

O Additive manufacturing technology (e.g. replacing forming, moulding, pressing), 3D printing,

impact on rapid prototyping, availability of spares/obsolete parts, gaedical components
available and customised.

O Mass customisation through 3D printing, opening up a self-

O Robotics/human interface and automation, high-precision
aerospace, automotive, electronics assembly.
e Types of Application or Industry:

O Industry examples: aerospace, automotive, heal

Analyse advanced manufacturing technologies to Bi ateness for an application or
process.

e Manufacturing Technologies:
O High precision robotics and auto
automotive, process

o O
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GUIDANCE

This document is prepared to break the unit material down into bite size chunks. You will see the learning
outcomes above treated in their own sections. Therein you will encounter the following structures;

Purpose

Theory

Example

Challenge

Video

g 0 oeh

Explains why you need to study the current section of material. Quite often learners
are put off by material which does not initially seem to be relevant to a topic or
profession. Once you understand the importance of new learning or theory you will
embrace the concepts more readily.

support the treatments
hyperlinks, which may be

Conveys new material to you in a straightforward fashion
in this section you are strongly advised to follow the gj
useful documents or applications on the web.

The examples/worked examples are presented in a order. Make
sure you follow them all through. If you are feeling con u might like to
treat an example as a question, in which go yourself. Many
of the examples given resemble assignme ill come your way, so

Questions should not be avoidet d to learn. Please do take the
time to tackle each of thegi
The order is important, Dwledge and confidence is built upon previous
knowledge and confiden Learner it is important that the answers to
questions are i

nowledge by undertaking the challenges. A challenge
and perform an exercise. An alternative challenge
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1.1 Manufacturing Processes

In order to consider advanced manufacturing, one must consider manufacturing that is not considered as
advanced, that is to say, the common, traditional methods of manufacturing which are still being utilised
today. It is necessary to do this so that one can distinguish the differences between traditional and advanced
manufacturing, as well as to recognise the development of manufacturing throughout time and how
advanced technologies are impacting and building upon on these traditional processes.

1.1.1 Pressing and Forming
Pressing and forming are a group of processes which are commonly used to creatg parts from sheet or bulk
metal or plastic, through means of mechanical deformation.

In the case of bulk material, there are several common forming processe
deformation, there are extremely high forces involved in each and this bul
under hot working conditions, this is usually always the case with plastics.

Where sheet material is concerned, there is a set of several diffée processes whicl¥an be deployed,

depending on the desired final form and shape of the prog
Some of the basic bulk and sheet forming processe

Work Work
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Dig -——

Bending Deep drawing shearing

Figure 1.1: Bulk & Sheet Forming Processes
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There are also numerous types of metal casting commonly in use, as detailed below:

EXPENDABLE MOLD

PERMANENT PATTERN | EXPENDABLE PATTERN
] I I [ I

PERMANENT MOLD| OTHER
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SAMD SAMD SAMD | |AND PIT MOLD FRESSURE
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Figure 1.3: Metal 4

1.1.3 Joining and Soldering
In manufacturing, the joining of materials is an
are produced which require joinin ing on the situation and application, different
joining methods may be used.

udes fastening and/or clamping via nuts, bolts, screws, interlocks and
erial groups, between similar or dissimilar materials and produces good
y, which is particularly useful where periodic maintenance is required.
do have disadvantages because, by their nature, they have to create holes

rivets. It can b
versatility, usa
However, mech
in order to join.

Soldering is a term applied to a process of joining two, usually metal, components together via the use of a
filler material and it is very commonly used in the electronics industry. It is similar to the process of welding,
however, differs in one major way: in welding, the two workpieces to be joined are heated and the edges
are actually melted, whereas in soldering, the workpieces are not heated.

There are many different types of welding, commonly in use today, see the welding processes chart below:
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Welding Processes

metals together however it does ha

1.1.4 Mixing

The process of mixing in eng
composition. A common exa
mixing the water to maintain

frequently utilis
a gas.

Gas Arc Resistance Solid State Thermo-chemical Radiant- Energy
Welding Welding Welding Welding Welding Welding
Ai‘r‘— o Carbon Arc Spot Cold Thermit Weldig Electron Beam
Acetylene \ = - : Welding

o SMAW Seam Explosive
Xy~ aser Be:
Acetylene | [ SAW Projection | | Friction e o
Oxy- GTAW Flash Butt Roll
Hydrogen MIG Resistance Diffusion
Pressure Electroslag Burt Forge
as 1 e
£ Plasma Arc ngh Freg.
Resistance
Percussion

Figure 1.4: Industrial Mixing Representation

Bhiod of joining can be used to bond dissimilar
o the joints peeling apart.
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1.2 Advanced Manufacturing Processes

1.2.1 Additive Manufacturing

Traditional manufacturing processes tend to rely on forming through mechanical deformation and removal
of material, whereas additive manufacturing processes takes a strikingly different approach. It offers several
advantages, improved performance, complex geometry and simple fabrication and, contrary to some
opinions, has actually been in use for many years.

The main idea of additive manufacturing is that it ‘grows’ 3D objects layer by layer, with each of these layers
being bonded to the previous, with both being partially melted. There are sevgkal categories of additive
manufacturing, and it is useful to know some of the key differences.

Material Extrusion: This well-known method is often though of as ‘3D i ever the term also
applies to several other process as well. Usually a polymer is stored on a s
heated nozzle, depositing melted material onto a bed. The nozzle is mount hich moves in
either 2 or 3 axes and the bed may also move or indeed be hea

Directed Energy ition: is a similar method to material extrusion, however normally it can be used
with a wider selection,of ials, such as ceramics and metals. Additionally, the stock material is melted
by an electron beam

Sheet Lamination: There are two common sheet lamination methods, ultrasonic additive manufacturing
(UAM) and laminated object manufacturing (LOM). With UAM, thin metal sheets are bonded using ultrasonic
welding, whereas with LOM, layers of paper and adhesive are alternated. There are advantages to each
method, LOM is very quick and relatively inexpensive, ideal for aesthetic modelling and UAM itself is actually
relatively low temperature and can be used with several different metals.

Vat Polymerisation (Stereolithography): This method uses a vat of liquid resin to create a 3D object, each
resin layer is cured using ultraviolet light directed via mirrors, which causes a process called polymerisation
to occur, resulting in precisely controlled cured microfine layers.
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Powder Bed Fusion (Sintering): There are some subcategories of the powder bed fusion technique, each one

uses either thermal, electron beam or laser print heads to either partially or fully melt material in a 3D space,
one very fine layer at a time.

ace finish properties of products produced via
ey are becoming more common processes for end-

be applied and their flexibility. Howe
additive manufacturing are improving,

Additive manufacturing neg r moulds, forming, pressing and other labour-intensive
processes, commo iti nufacturing techniques. As the technology is improving, its range of
application wid late that we may even be able to print human tissue one day.

1.2.2 3D Pr

At this moment |
3D printing in gener
positive and negative:

eople is not quite a reality, however there are many useful applications for
re many effects that 3D printing is having on manufacturing currently, both

Advantages:

When making a prototype part manually, there are associated risks that come with this, consider the PPE
that must be worn when machining a block of material, bending a tube. With 3D printing, the human element
of manufacture is severely reduced, meaning that their chances of injury are also severely reduced.

With any new technology and process, comes the demand for qualified workers to design, use, maintain and
repair the associated machines. Other demands for product and engineering designers will also increase, as
the demand for 3D-printed products increases, as well as associated services.
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Some examples of automation in industry can be seen below:

https://www.youtube.com/watch?v=cLVCGEmkJsO

https://www.youtube.com/watch?v=0tE6CnFUXDA

https://www.youtube.com/watch?v=vw1mFAMzOPE

The following video gives an excellent overview of the current wave of auto
industry, focusing specifically on China in this example:

n currently occurring in

https://www.youtube.com/watch?v=HX6M4QunVmA

1.2.4 Types of Application & Industry
There are many areas of industry which use advanced ma
manufacturing and its usage by industry can be seen below:

cturing proces y utilise additive

gnsumer Electronics
dustrial

Architectural
M Other

Figure 2.6: Revenue Split of A.M. Equipment Customers.

(Source: Wohlers Report, 2013).

Some typical examples of advanced manufacturing will be examined below:
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Aerospace: Within this industry there are several advanced manufacturing technologies usually employed.
Firstly, additive manufacturing (A.M.) is a very useful technique because of the complicated and unusual
geometries that can be produced, as well as the advanced materials which can be used.

In aerospace, weight is an incredibly important issue and therefore additive manufacturing can offer another
advantage by producing lattice-type structures which maintain strength and reduce weight compared to
traditional processes.

Additionally, A.M. is capable of producing only one part whereby other methods may need to produce more
than one in order to suit the application. This reduction in the number of parts helps to simplify assembly
and means that the potential number of failure points is reduced.

Aerospace also tends to use advanced composi i ause of their superior strength-to-weight
properties compared to traditional ials. Rob Qi
a variety of tasks, including lifting an i
and welding. Whilst, laser welding and m
alternative to other labour-i

tion, drilling, dispensing, sealing, fastening, painting
deployed robotically as an efficient and low waste

Figure 2.8: Laser-Beam Welding
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Automotive: As in the aerospace industry, automotive companies are beginning to use additive
manufacturing to offer complicated geometries, light-weight components and faster development cycles.
There are many real-life examples of 3D printed metal parts, one can be found on the 2020 Ford Shelby

Mustang GT500, this car actually includes two 3D printed brake components as standard. The BMW i8
Roadster also uses 3D printing to produce a window guide rail, which is used on its current vehicles.
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e and Mercedes-Benz have used
3D printing to produce some obscure replace
Many of the large automotive companies are cu eavily in additive manufacturing, and some
have actually been using the technol but¥ave not disclosed any details. BMW, Ford,
Honda, Volkswagen, Porsche, Toyot all been focusing on developing their in-house
A.M. operations. Car production plant

welding and assembly. As dj sed throu

nit, there are many advantages of using robotics in
place or as well as human wa ﬁil nd capacity being the main factors.

Figure 3.1: Spot-Welding in Car-Assembly
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Healthcare: Within this industry, there are some very well documented cases of additive manufacturing
being utilised, advantages are similar to within other industries however there are additional factors to be
considered. Artificial limbs are being produced using 3D printing, the most common types being hand and
arms, whilst legs and even facial portions are possible.

: 3D R@inte @ sthetic Leg

These prosthetics are essentially passivVeg@apps pwever, it is possible through the use of advanced
robotics to produce bionic [ d body which can be controlled through electrical brain impulses.
(See the video below).

https://www.

h?V=sk1INkWI W2Y

ufacturing is a popular area of development in this industry too. It is actually
onic circuit boards through the use of a particular substrate which contains

Electronics: Again, additi
possible to 3D print
conductive ink.

One of the other key advances in technology in electronics, as well as other industries, is Graphene, this two-
dimensional substance is an allotrope of carbon, which is approximately 200 times stronger than steel, very
thin, flexible, lightweight, as well as being an excellent heat, light and electrical conductor. There are several
other new materials and substances which are under development in the electronics industry, such as smart-
glass, biochips, carbon nanotubes, silicon carbide, quantum dots and flexible batteries.

Fashion: Within the fashion and textiles industry, there are several advances in manufacturing and
technology which have led to new and innovative approaches. Wearable technology is a growing sector,
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