Engineering Sectors

Aerospace engineering is the primary branch of engineering
concerned with the research, design, development,
construction, testing, science and technology of aircraft and
spacecraft. It is divided into two major and overlapping
branches: aeronautical engineering and astronautical
engineering. The former deals with aircraft that operate in
Earth's atmosphere, and the latter with spacecraft that
operate outside it.

Modern automotive engineering, is a branch of vehicle
engineering, the design, manufacture and operation of
) motorcycles, automobiles, buses and trucks and their
respective engineering subsystems.

Communications engineering is an engineering discipline
that brings together electrical engineering with computer
science to enhance telecommunication systems. The work
ranges from basic circuit design to mass developments. A

' telecommunication engineer is responsible for designing and
overseeing the installation of telecommunications equipment
and facilities, such as complex electronic switching systems,
copper wire telephone facilities, and fiber optics.
Telecommunication engineering also overlaps heavily with
broadcast engineering.




Engineering Sectors

Electrical engineering is a field of engineering that generally
deals with the study and application of electricity, electronics,
and electromagnetism.

Biomedical engineering (BME) is the application of
engineering principles and design concepts to medicine and
biology for healthcare purposes. This field seeks to close the
gap between engineering and medicine: It combines the
design and problem solving skills of engineering with medical
and biological sciences to advance healthcare treatment.

ok . Chemical engineering is the branch of engineering that

1 H | applies the physical sciences chemistry and physics and/or
‘ life sciences biology, microbiology and biochemistry together
 with mathematics to convert raw materials or chemicals into

+ . more useful or valuable forms.



Drilling machine

List 2 health and safety issues

List 2 disadvantages

List 2 advantages

List 2 health and safety issues

List 2 disadvantages

List 2 advantages

Turning machine

List 2 health and safety issues

List 2 disadvantages

List 2 advantages




Sand Casting suitable for steel or aluminium
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Welding

Description

Advantage

Uses electricity to generate the
heat required to weld materials.
Metal Inert Gas

*Suitable for large scale
production.

*Varying thickness of
materials can be joined.

l\\,\l\/ilG ding -Reduced cost because the
production of neat and clean
metal deposits on the
workpiece means there is no
need for extra cleaning.
A gas welding process where a
flame is produced using a mixture
of oxygen anfhace‘ryclieni. No *Easy of controlling the low
pressure on The proquct is and high temperatures needed
required - heat is there to control £ ldina brazi d
the welding of the or welding, brazing an
Oxy- sqlder'lng as the gas can be
acetylene mixed manually.
*Relatively inexpensive in
comparison with other welding
processes and commonly found
= in school or college workshops.
A type of electrical resistance
welding generally used to join
sheet material fogether. The basic
principle uses a tfransformer with
2 electrodes. When they trap the | *The process is free from
Spot sheet material they generate fumes or spatter.,
Welding enough heat to fuse the two *Requires little or no

together.

AL
g
S

| maintenance.

*Cost effective.




Casting, Welding and Forging

A process which involves a
metal being heated up and
shaped by plastic
deformation. It is usually
applied by applying some
kind of squeezing force
(compression) such as

hammer blows using a large

power press.

A process which involves
pouring or injecting a liquid
metal into a mould. The mould
contains a cavity that takes the
shape of the desired object
where the metal is allowed to
cool and solidify.

A permanent fabrication
process. Most methods use
intense heat to fuse metal
together using a number of

energy sources (gas or
electric arc, laser or ultra
sound).

Which process is which?

Shearing

A process used to cut straight lines on a range of materials from sheet metal to angle bar

stock.

An upper and a lower blade are forced past each other, usually one of the blades is

stationary.

Materials that are sheared commonly include aluminium, brass, mild steel and stainless

steel.




Electrical/electronic processes

The Surface Mount Technology

(SMT) process

Printed circuit board (PCB)

manufacture 1. Apply solder paste to copper

pads

1. Designing the layout

2. Place components using pick
and place robot

2. Producing the artwork 3. Conveyor belts are used to

transport the boards to the reflow

soldering oven

3. PCB etching

4. The board is heated to a

— temperature that melts the solder
4. Drilling the board

plate
5. Components are soldered to the
5. Populating the board and surface of the board
soldering

6. The finished board is then
inspected for imperfections

Components much

smaller and lighter

Reduced cost of Reduced human

components, labour, intervention-process
protection, overheads highly automated
Advantages of SMT
Complex circuits produced Increased production

on small boards speeds




Scales of production

This production is used when a customer requires a product
specifically for them or when a prototype needs to be made.
There may be one person or a number of people working on
One-off production the production from beginning to end but in each case the
produce is unique. This method of production usually results in
high unit costs because a great deal of time is spent on
producing one item, e.g. a prototype of a new smartphone.

When a customer requires a certain quantity of identical
products they are usually produced through this production.
There is flexibility in this production process; large quantities
Batch production can be produced but it is also relatively easy to change the
production line to suite another type of product. Examples
include specific sizes and quantities of flat bar aluminium or
alloy wheels.

This production method is used to produce products in very
large quantities. It usually involves dedicated machines and
assembly lines that will repeat the manufacture of the same
Mass production product over and over again. There may be a number of stages
along the production line with workers repeatedly performing
their tasks to assemble the finished product. Examples include
the production of cars and televisions.

*As the name suggests this method involves the continuous
production of products over a period of time. This method
usually means that the product is relatively inexpensive to
purchase as thousands of identical products will be produced.
Examples include machine screws, paper clips and plastic sheet
material.

Continuous production

| oneoFF | BATCH | MASs | CONTINUOUS
Unit Cost High Medium Low Low
- ) Specialised and Specialised and

Tools & equipment KEHWEEL Specialised dedicated dedicated
Initial investments JXei'Y Medium High High
Production

. Low Medium/high High Very high
efficiency

. . . Semi- .

Labour type Skilled Skilled/semi skilled Unskilled

skilled/unskilled

Labour costs High Medium Low Low



Robots

Although you may think of a robot as something resembling a human being, robots can come in all shapes
and sizes, and are already very much a part of the manufacturing industry around the world. So what
exactly are they? Robots are usually mechanical devices that can move in evry direction using sophisticated
electronics to control that movement. ‘Robot’ is a Czech word that simply means ‘worker’. They were first
used in the 1960s to carry out hazardous operations, including handling radioactive and toxic materials.
Many organisations rely on robots to produce their products cheaply, accurately and consistently over long
periods of time. This is possible if there are processes in place to monitor the performance of each and
every robot. Examples of the functions that robots perform in today’s world include the following;
Exploration

Space exploration and the search for ships at the bottom of the ocean have been made possible through the
use of remote operated vehicles (ROVs)> fitted with cameras and sensory devices, they allow personnel to
control the vehicle well away from any danger at the site of exploration.

Assembly

Manufacturing systems use robotic arms to perform dangerous tasks such as welding the frame of a car and
spray painting parts without endangering the life of the workmen.

Computer numerically controlled (CNC) machinery.

A CNC machine uses programming information to automatically execute a series of machining operations.
For example, a CNC milling machine has the same basic functions as a traditional milling machine but it also
has a computer that controls the spindle and the movement of the table, allowing for a range of shapes and
forms to be cut accurately. Most CNC machines also have a facility that will monitor and detect any wear in
the cutting tool as a result of continuous use and adjust or change the tool automatically without stopping
production.

Today CNC machining is often referred to as computer aided manufacturing (CAM). This is essentially the
same type of machine but CAM usually relies on the use of computer aided design (CAD) programs to create
drawings of products that can be directly converted to the Cam machines for manufacture. This impacts on
the speed of production and the accuracy and consistency of the finished engineered products. These
benefits come at a cost as the software and machines, together with the necessary maintenance and
training, are very expensive. But organisations striving to improve their product and production quality

should see this as a good investment for the future.

Applications Advantages Disadvantages

CNC Computer
Numerically Controlled
machinery.




Modern Composite Material

A material that is made from two or more constituents for added
strength and toughness

»Carbon fibre
> Kevlar

» Glass reinforced plastic (GRP)

Match the description to the modern
material:

High tensile strength to low
weight ratio. High chemical
resistance, extremely tough
and stable. Non flammable.

Amazing strength to weight
ratio and is easily
moulded/shaped. Resistant
to corrosion, rigid/stiff and
guite expensive.

Good strength to weight

ratio. Easily moulded/shaped

and is resistant to corrosion.

Durable and relatively
inexpensive.

Carbon fibre

BULLET/STAB
PROOF VESTS

Kevlar

GRP




Modern high performance Materials

W e

Tungsten
Titanium

Superalloys (nickel based. Cobalt based)
Ceramics (boron carbide, cubic coron nitride, zirconia

After

Tungsten

Practically indestructible

High cost

Cannot be cut or shaped

Very high melting point (3420°)
Resistant to corrosion

Titanium

Low density, high strength,
resistant to corrosion. Low

thermal conductivity.

Super alloys

Excellent strength at high
temperatures, very expensive.
Resistant to corrosion and
hardwearing.

Ceramics

Very hard but brittle, good wear
resistance. Corrosion resistant,
very stable and chemically inert.




Smart Material

A material that can have one or more of its properties changed in a
controlled manner by an external stimulus.

Return to their original shape after
heating and deformation. They are
quite expensive and are lightweight.

»Shape memory alloys /
(SMAs)

»Shape memory polymers /
» Electrochromic

\

> Piezoelectric actuators and

Return to their original shape after
heating and deformation. They are
lightweight and resistant to
corrosion.

transducers
N\,

Reliable and durable but have slow
response.

High cost even though there is a
narrow colour selection.

Have an ability to generate electric
charge when squeezed or pressed.




Metallic foams

What you need to know:
Applications, characteristics and advantages/disadvantages of metallic foams as
used in the automotive, biomedical and aerospace sectors.

T

Advantages

Metallic foams have properties that make them very useful for most engineering sectors,
particularly the automotive and aerospace sectors, including:

« A high strength-to-weight ratio, particularly when aluminium is used
*  The ability to absorb large amounts of energy when crushed

e  Being non-flammable in most cases

*  Allowing the transfer of heat energy very easily.

*  Metal foams are easily recyclable back into the original metal, making them more
reusable than polymer foams.

Disadvantages

These advantages outweigh the main disadvantages, which are:

«  Their high cost means they are only used with advanced technology

*  Once crushed they do not spring back to shape like polymer foams, therefore they can

only be used once.
Applications

Typical uses of metallic foams include:

e Sound dampening in cars or aircraft to reduce noise for the driver or passengers

* Energy absorption to improve safety so passengers of a car are less likely to be
injured during a collision

e Taking heat from sensitive electronic components to reduce risk of product failure.




Powder metallurgy process

Highly evolved method
of producing
consistently shaped
components by blending
elements or pre-alloyed
elements together.

The powders are then
compacted in a die and
heated in a controlled
furnace atmosphere to
bond the particles.

Advantages/Disadvantages

High production of powder

Potential workforce health problems from
atmospheric contamination

The tools and equipment required are very
expensive

It’s difficult to produce large and complex
shaped parts with powder metallurgy.

The parts produce by powder metallurgy
have low ductility and strength.

It requires relatively low processing
temperatures.

Final products require little finishing.
There is no waste.

Complex parts can be produced with
precision and close tolerances.

It can be applied to all classes of materials.

The process of powder
metallurgy includes:

blending

mixing

pressing

sintering




Surface nanotechnologies

These are chemical systems that
provide coatings to a range of
surfaces.

1 |
||| This win ow'i-asnt mr e thi. |
1

| been cleaned
‘ for 6 months.

28"

Introducing the first glasstodcmlbdiaomlmoudy

Hydrogen Fuel Cells

For example -

Ceramics - produce hygienic surfaces
Metals - resistance to corrosion

Glass - cleaning process much easier
Plastics - easier surface cleaning

Textiles - surfaces become water and dirt
repellent

Minerals - longer lasting materials

Hydrogen is a versatile energy
carrier that can be used to power
most device. The key to making this
happen is the hydrogen fuel cell - a
energy conversion device that
captures and uses the power of

hydrogen efficiently.
> e
hydrogen __—— u . Oxygen
(trom fuell ——— — (ain
Elactrolyte | » ‘
S A P
DU water
Cathode

Fuel cells are used for the following reasons
«They directly convert the chemical energy
in the hydrogen to electricity with pure
water and useful heat as the only waste
materials.

«They operate very quietly and are very

Hefficient - typically 2-3 times the efficiency

of traditional energy generation methods.

-Fewer moving parts mean very simple
construction and so mass production costs
are low.

ng/ca/ f/bres

They bring two main advantages over
using the original copper wiring -

Optical fibres are used in a variety of

industries, although their greatest
success has come in the
communications sector.

Originally considered to be too
expensive for practical

applications, optical fibres have since

revolutionised the

infrastructure of telephone networks.

+The ability to transmit data at higher
speeds

«The ability to do this with lower rates of
transmission errors

Traer .3ins5 tore

lasar | 3"
path cleddieg of

denzer 31:;5




Bionics

This is the science of applying
electronic principles and devices such as
computers and miniaturised circuits to
solve medical problems.

An example is the development of artificial
pacemakers to correct abnormal heart
rhythms or the development of prosthetic
limbs using a Bluetooth connection and
specially enabled software to control the
limb movement.

Blended wing bodies
This hybrid design uses the wings of a

As rising fuel costs and pressure to cut |qnventional aircraft smoothly blended
emissions drive most of the aerospace |into a wide tailless body. With the

industry fo seek even small =~ airframe as smooth as possible, this
improvements in aircraft efficiency, the |.oquces turbulent airflow, reducing
development of blended wing bodies has drag. Combined with the use of

seen fuel consumption reduced by as lightweight composite materials, this
much as a third. improves the fuel efficiency of the
aircraft.

Telematics is a combination of telecommunications and
information communications technology (ICT). This
technology has improved the efficiency of many
organisations but has had the most impact when used in
vehicles. It provides an opportunity to monitor the location
or movement of vehicles across the world using the Global
Positioning Systems (GPS) technology.
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PRACTICAL ACTION

Lifecycle analysis (LCA) is used to work out the
environmental impact of a product throughout its whole
life (from extraction of materials through to final

disposal).

*» Look at the two products above - what might be the
first stage in the product’s lifecycle?

PRACTICAL ACTION

» Companies are increasingly being asked to account for
the impact their products and businesses have on the
environment.

* They have to calculate environmental impact at each
stage of the product lifecycle. This includes:

- extracting materials

- processing

- transporting

- using

- and finally disposing of the product.
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Useful questions to help with the LCA.

Materials: What materials were used to make it? (E.g. plastic,
metals. What impact did that have on the land and how were they
processed?).

Production: How and where was it made? (Was it made overseas?
What energy was involved in its manufacture?).

Distribution: How was it distributed? (Throughout its lifecycle from
sourcing to final disposal).

Sales: How was it sold and marketed? (E.g. internet, flyers, shops)

Use: How is it used? (Does it need more energy/batteries throughout
its use?).

Disposal: How can it be disposed of? (E.g. charity shop, landfill site,
recycling?).

Some examples

.

PRODUCT /

Distribution

'

PRACTICAL Al

- Could you choose different and less materials?
- Could you ensure the miners/farmers get a fair

wage?

- How could you reduce energy used to transport the

product?

- How can you ensure good working conditions for

factory workers?

- How could it be disposed differently?



Reducing materials and energy.

Probably the most important of the four R’s: preventing waste in the first place means there
is less to dispose of in the end. Organisations need to consider reducing the amount of
materials and energy used to manufacture their products. Examples could include making
products such as mobile phones smaller or exploring different formats sudboaks

Reuse materials and products where applicable.

The next most important consideration because if you can reuse waste material then it will

no longer be considered as waste. This will reduce costs of disposal and materials/products

can be put to further good use. Examples include giving unwanted clothes to charity shc
or stripping an old bicycle down and reusing its parts for another bicycle.

Recover energy from waste

Sometimes waste has to be disposed of, but finding ways to use this material to produce
energy is what recovery is all about. Modern technology allows us to treat waste using
thermal and non thermal processes to produce heat, gas, oil or electricity.

Recycle materials and products or use recyclable materials

Sometimes products cant be reused. Recycling keeps raw material in the system and slows
down the depletion of the earth’s resources such as fossil fuels and trees. If we can keep
recycling products then we will cut the amount of materials going to landfill, while also
reducing the need to extract gas, coal and oil.



Lean manufacturing Eliminating waste

Getting more from less. Guaranteeing quality
Maximising efficiency

Just-In-Time (JIT) — below are some examples of JIT production

Nissan

On Tuesdays the company assembles the car chassis, and the workers put the
windshield in on Thursdays. Nissan have parts delivered exactly one day before they
need them; the chassis would be delivered on Monday and the windshield on

Wednesday.

Tesco

Tesco receive a daily delivery of fresh food. They could for example order 100 fresh
baguettes to sell that day in the shop. At the end of the day almost all baguettes
will be sold (minimising waste) and a new order to be delivered the following

day will be processed.

Amazon.co.uk “—

Amazon are an online company who rely on an order from the customer to pull stock
through. No stock is stored by the company.

Poka-Yoke

This is a technique for avoiding simplistic human error in the workplace also known as
‘mistake proofing’ and ‘fail-safe work methods’. The idea is to take over all the
repetitive processes/tasks performed by humans that rely on memory or vigilance
and replace them with a simple system to improve productivity and quality.

. . ( (& -—»x )

Advantages of this system include: _g G

*Eliminating set up errors, therefore improving quality — ‘/ R
| l( = — ;:.=;l ‘

*Decreasing set up time and improving production output
*Increased safety as workers do not get injured through lack of concentration

*Reduced costs through improved production efficiencies and reducing the need for
skilled labour

*Improved motivation of workers, as tasks are not so mundane




Kaizen

Also known as ‘continuous improvement’, this is a policy of constantly introducing
small changes to improve quality and efficiency. This technique puts the workers at
the heart of the decision making as they are the best people to suggest
improvements.

Advantages of this system include the following:

*Improvements are based on small changes rather than large changes as a result of
research and development.

*As the ideas come from the workers they are less likely to be much different than
existing processes and are therefore easier to implement.

*Small changes generally do not cost a great deal of money when compared with any
major process/production changes.

*It encourages workers to take ownership of their work and reinforces team working
leading to improved worker motivation. . —

KAIZEN

Gaod Change with Smcll Sl.p: o
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/? >
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A school has 3 floors. Each floor has it’s own cleaner. The cleaner’s cupboard which all
cleaners need access to is on the first floor.

What changes could be made to minimise waste?

You need to understand the advantages and disadvantages of each of
the 3 lean manufacturing techniques. Their main characteristics include
the need to maximise manufacturing efficiencies and improve quality
control.



Renewable sources of energy

There is an increasing demand for energy in our fast developing world. Alternative forms of
energy can slow down the depletion of the earth’s natural resources and safeguard energy
supplies for many generations to come.

Wind energy

Wind is a natural and clean source of renewable
energy that produces no air or water pollution.

Most wind energy is harnessed through the use of
wind turbines.

The largest wind turbines generate enough
electricity to power small towns and villages.

Wind farms sometimes contain hundreds of
turbines and are usually positioned in windy areas.
Sometimes they are positioned off shore.

Many governments offer incentives for companies
to use wind turbines however some people think
they are ugly and spoil the landscape. The
constant spinning also causes noise pollution, this
changes depending on the amount of wind
however, and when there is no wind there is also
no electricity produced.

Solar energy

Most solar energy is produced through a series of
panels that contain photovoltaic cells. These cells
convert the heat produced from the rays of sun into
electricity. There has recently been an increase in the
use of photovoltaic cells on people’s roofs. The
electricity produced can be used to power a home and
even heat water directly.

Solar panels initially cost thousands of pounds to
install, but they can significantly reduce electricity bills.
In fact the government pays the householder for any
extra energy produced that is fed into the national grid.

Disadvantages are their high cost to install and some
people think they are ugly.

Today, a lot of products use solar cells or panels to
power everyday products, such as torches, mobile
phones, and outdoor lights. This is because panels can
store the electricity produced to use at night time.
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Hydro energy Heeno

Hydroelectricity is the use of running water-this could be a small stream, a large river or
ocean waves-to generate electricity.

Streams and rivers flow downhill and as water flows down it generates potential energy.
Hydropower systems convert this potential energy into kinetic energy using a turbine.

Simply, as water passes through the turbine, it spins the propeller blades. The turbine is
connected to a generator, which produces electricity.

The faster the water flow, the more energy is produced.

This system usually comes in the form of a hydro dam where turbines are built at the base
of the dam and water is released at a controlled rate to generate sufficient power. This
works 24 hours a day and produces electricity in abundance with no air or water pollution.

Disadvantages include the high initial cost of producing the facilities to harness the natural
resources power and in dry periods general water usage will need to be controlled around
the country to ensure there is enough water to keep producing electricity.

Geothermal energy

This system uses heat from rocks in the earth’s
inner core that turns water into steam.

Engineers drill down into the hot regions and the
qenerating sation | ) purified steam rises to drive turbines that

. produce electricity. Where there is no natural
ground water, cold water can be pumped down
to create steam.

v oo This form of energy does not produce any
l pollution so does not contribute to the
greenhouse effect.

There is no fuel required to run a geothermal
power station and once built, the running costs
are very low-just the energy needed to run a

pump for the cold water, but even that can be
taken from the energy being generated.




