A Design Brief is the statement of how you will solve the Design Problem

It will often include:
» Constraints/ limitations
» What the product is
» Materials/processes
= Any key information you know

A Design Spedfication s a list of requirements your product has to meet in order to be successful

It is also useful for evaluation. IF your prl:flgu;t hasn't met the Spec then it gives you a starting point

Aesthetics

Customer

Environment
Safety

Size
Function

Materials

Manufacture

improvements.

What the product looks like? Style? Colour Scheme? Design
Movement?

Whio would buy it? (Age, gender, socio-economic, personality)
How does the design appeal to them?

How mudh will it cost? (min-max) Why?
Where will it be used? Why? How will you make it suitable?
How is it safe? How will it be checked? Why must it be safe?

What is the maximum or minimum size? Why?

What does the product do? What features make it do that
function well? How is it unigue from similar products?

What is it made from? Why?

How might it be made? Why? What scale of production? Why?

Technigue

Description/ notes

= Includes "Front”, "Plan™ and "End"” 2D
Views, and often an Isometric 3D

Orthographic View
";‘:j:::“f - Standardised method for scale,
o inggs dimensions and line types |1-|:|:|
= Great for manufacturing — s
» Common 30 sketching method
= Can be drawn free-hand or using
Isometric isomefric paper and ruler
+ Angles are at 30 degrees
» Great for seeing most of the producs
* A 3D drawing method )
1-Paint = Often used h'y'air:ﬁe_rinr designers and |yt .-‘| I
Persy ve = Gives drawings depth L
+ Only uses 1 vanishing point
= Used for 3D designs 5
2-Point + Exaggerates the 3D effect
P -roin » Objects can be drawn above of below
rspactive the horizon line but must go to the 2
vanishing points
» Quick and easy way of getting ideas .
Annotated down Ll &
Drawings/ Free + Range of ideas can be seen i
and Sketches = Annotation helps explain designs ]
further -
» Helps see a final design of a product
Exploded Vi and all it's parts -

= (an see where all the parts fit
= Great for manufacturers

Madelling and development are key to testing and improving products
This can be done physically using materials like; card, foam, clay, man-made boards or

virtually in CAD

Modelling helps the designer get feedback from the customer, check aesthetics, function,
sizes and even materials and production methods and change them if needed




Design Strategies

Design Strategies are used to solve Design Fixation, and help develop creative design
ideas.

Iterative Design

+ A Proposal is made
+ It is then planned and developed to
meet the brief
+ It is analysed and refined
= Itis then tested and modelled

EON

+ Then evaluated against the brief — many versions fail but that then informs
development to make the idea better
» The cycle then repeats and if the product is successful it is then made and
sold on the market

Systems Approach
» Usually used for electronic products
+ Oiften uses diagrams to show systems in a visual way
* Planning the layout for the comrect sequences e.g. inputs, outputs, timings, etc
= [Electronics and mecdhanical systems need an ordered and logical approach

Iterative Design

Advantages Disadvantages

Advantages Disadvantages

+ (Consistent testing helps solve
problems earlier
» Constant feedback
= Easy evidence of progress

+ Designers can boose sight of “the big

picture
+ Time comswming

* Does not need spedalist knowledge
= [Easy to communicate stages
= Easy to find emrors

* Sometimes over-simplifies stages
= (an lead to unnecessary stages

User-Centred Design

+ This is when designs are based on fulfilling the needs and wants of the Users/
Clients at every stage of the design process

» Questioning and testing is ongoing and s often found through interviews,
questionnaires, surveys, etc

Collaborative Approach

= Working with others to share data and solving problems and coming up with
design proposals can help with creativity

*  Numerous companies work in teams, and has been shown to improve the
range and quality of ideas produced

Collaborative Approach

Advantages Disadvantages

Advantages Disadvantages

= Requires extra time to get customer
feedback
= If focused on just one person it can
limit appeal to others

= User feels listened to
* Makes sure the product meets their
needs

» Gets multiple opinicns and a rmange of * Can be difficult to design ideas with

views Opposing views
« Working in groups can produce more + (Can be difficult to find time to
ideas communicate with multiple people




Energy Generation and Storage

Non-Renewable
Energy Sources

This is when certain sources of energy will
run out eventually

Fossil Fuels

«  Coal, Qil and Gas
= Burned to create steam, turned in
turbines to create electricity.
*  Burning creates C02 which adds to
Global Warming

MNuclear Power

= Muclear Fission confrols the reactor (that
creates the electricity). This requires
Uranium which is non-renewable
= Accidents and waste can severely
damage the environment and cause
radiation poisoning
» Radiation poisoning can be fatal and
cause physical deformations
» Nuclear waste has to be disposed of
properly and is hazardous for thousands

of years.

-

Pneumatics: This is the production of energy using compressed gas
or air. E.g. Pistons in an engine

Hydraulics: Like a Pneumatic system, but uses water or oil under
pressure. E.g. Wheelchair lifts

Kinetic: Energy that is generated by movement. This is stored by
items like springs in a "clickable” pen or balloons,

Batteries: Electrical power can be stored in batteries. Rechargeable
batteries are becoming increasingly popular.

Storing Energy

N

J

Renewable Energy
Sources

This is when certain sources of energy will
not run out.

Solar

= Solar panels are used to collect light
and conwvert it into electricity
= There is no waste and a consistent
supply
* Howewver, the panels are not effective
at night or in countries where there
isn't a lot of sunlight

Wind

»  Turbines harness wind energy
= Mot effective on non-windy days
= Some people don't like turbines as
they are noisy, and not attractive to
look at

Hydro-Electrical

= This harnesses energy from water
held behind a dam
= Has to be created by flooding land -
damaging wildlife habitats
» Tidal energy comes from using
energy from waves

-

= This is fuel from natural sources e.g.

crops, scrap woods and animal waste
= Growing biomass crops produces
oxygen and uses up C02
However, is a very expensive method




dtil‘l‘:{émr Energy Generation

What you need to know:

. Tounderstand how power is generated from renewable and non-renewable sources and be aware of the arguments for and against.

Energy generation

There are many ways to convert ensrgy the two main categories are:
*  Fassil fuels {finite)

*  Renewables [non-finite)

Turbines & generators
Maost forms of electricity production involve a rotating turbine which turns a
generator. Fossil fuels are burned, this heats the water resulting in steam
which turns the turbine which is linked to a generator to create electricity.

Renewable energy the energy is harnessad from the wind [wind turbines),

Mon-Renewable Resources

Traditionally designers have made
products from raw materials that come
from non-renewable (finite) resources
that are in limited supply. Examples of
thesz include oil, ores and minerals.
They are natural materials but they will
eventually run out.

Renewable Resources

Renewable means we can create more as
long as they are regrown or replaced this
includes materials like paper & wood.
Energy that comes from the non-finite
resources are considered renewable. This
includes wind, wave, solar, geothermal,
tidal and biomass.

Solar Ene rgy

The photovoltaic effect involves the conversion of solar energy into
electrical energy. The solar panel capture the sun's rays and converts them
into electrical energy.

Nuclear power

wave (tidal) or falling water (hydroelectric) is converted into machanical
energy which rotates the turbine. A generator converts the mechanical energy
into electricity.

The controversial method of energy, it is considerad clean & efficient. The
process takes place in the reactor vessel, control reds in and out of the
reactors core to regulate the power generated. The reaction genarates
wast amounts of heat like other methods and generates power to the and
generator. The downside to nuclear power is that the waste product
produced from the reaction is radioactive and very dangerous to all forms

Fossil Fuels Biofuel

Fossil fuels (coal, oil & gas) are
considerad finite as they can
not be replaced. 55% of
Britain's electricity is generated

Biofual is a way of producing energy for
transportation & heating. Oli and starch proeducing
crops are grown, harvested and refined into a
number of products such as biodiesel. This process

years.

oflife. It must be contained and stored correctly so the radiation doesn't
leak. Thisis usually underground and this waste will be radioactive far

is known as biomass enargy production. .

TR ,-"

form coal and gas.
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Environment

The 6Rs Meaning
Reuse To use a product again either for the same purpose or a different
ong

Red To have less of material/packaging/pollution when making products
Hce by making them more efficient

Recycle Breaking down and forming the material into another product

Ref Customers not buying or supporting products that make an

environmental impact

Rethink Designers and customer rethinking their decisions when making and

in buying products.
Fixing a product rather than throwing it away. Extending its life
rather than using more resources to make another
Repair Often products are Designed for Maintenance so can easily be

repaired. E.g. Using screws so even non-specialists can take a
product apart, or using components that can easily be replaced like
fuses or batteries

Repairing products rather than
throwing them away

Reducing Product Miles buy

making the product im the

country it is sold in Planting more
trees to
reduce

deforestation

What can we do to
reduce environmental
impact or products
and manufacture?

Recycling products and

Reducing Pollution by using maberiak

less plastics, efficent
manufacture, less waste and
using renewable energy (like
solar and wind)

Using bess finite
resources

Life Cycle Assessment

This is when a designer looks at the
| environmental impact a product

makes over its life time and how it
could be reduced. Including:

= Impact of materials

@ ﬁ +  Impact of processes

*  Product Miles (how far a product
has to travel to get from factory
to consumer)

M +  Impact while in use
*  Impact when disposed of (6Rs)

Sustainability is maintaining our planet and its resources and making a minimal

negative impact
R, | con e e o et war
Plastics Paper
Metals Boards
Polymers (Textiles) MNatural Timbers
Cotton
Leather

This is where products “die” after a certain amount of time. E.g.
Disposable cups, Phones, Lightbulbs, Printer Ink, etc
This can have a big environmental impact as customers are
throwing away lots of products, and resources are being used to
Create new ones.

Flanned Obsolescence




Finishes

Finishes are used to improve the aesthetics and durability of products

Accuracy and Process Orders

Tolerances

= The total amount a specific dimension or property is

tolerance

permitted to vary

This can apply to hole depth, length, angle, thickness, weight and elastidty
A gauge can be inserted into a gap or hole to check if the sizes fall within

If parts do not fit within the specified tolerances they are discarded or recycled

= QCis product oriented

Metals and Alloys

Galvanzing

Electroplating .

Material Type Finishes Used
* Paints » Plastic coating
Papers and Boards + Varnishes » Wax coating
+ Laminating
+ Paints = Siaining
Timbers and Boards + Varnishes = il
+ Wax and Polish
Painting = Polishing
Lacquering = Plastic Coating

Powder Coating

= (QAis process oriented

Polishing
+ Painting

+ Decals (stickers)

been done correctly and consistenthy

each other than the results are invalid

Standard components are parts or components manufactured in the 1000s+
They are readily available, dont require specialist knowledge or tools to replace them and

Standard Components

are universally recognised

= Below are examples of Quality Assurance symbols:

e ¥ o

European Confarmity BS1 Kitemark Lian Mark

Quality Control and Quality Assurance

Quality control is where products are regularly tested {during and after
manufacture) to ensure they meet the defined set of quality criteria

Quality assurance is ensuring that the processes used to test the product have

You can test a product all you like, but if the tests are wrong/ inconsistent with

Registration Mark

Material Type Components used
Process Orders
+ Staples
Papers and Boards * Clips '/'"—"‘\I "\1
+ Split pins An Input is A Process is process
Nail Panel P information/ of transforming
. . ils * Panel Pins o i T
Timbers and Boards - stimuli that enters information into an
« Screws * Hinges aPC ‘ Output
Meta * MNuts and bolts - Rivet An example would An example would
s and Alloys + Screw + Washer bea PC

be keyboard,

= Pastic hinges

\. Y,

SENSOr, MoUse, Btc

r An Output is a
response to the
stimuli

‘ An example would

be speakers, text an

a screem, alarm,
|\- lights, etc

J




Industry and Enterprise

Automation

4 )

This is when machines and robotics help make products or make
them for you.
Often this is done by CAD (Computer Aided Design) and CAM
(Computer Aided Manufacture)

This helps products be made quicker, with more accuracy. Reducing
errors humans make to products.

However, these machines are expensive to buy, need specialist

/ Enterprise \

This is when an idea is developed into a business and produces a
viable product.

Often, one of the biggest enterprises in in apps for smartphones

To make sure ideas are protected from being copied, a Patent can be

training to use and need constant maintenance to keep them working
\ properly

/_ Virtual Marketing \

This is when websites, social media and email are used to promote
and sell products. This has become very popular in recent years, with
big social media apps being funded by advertisers

Companies can also pay search engines to push their company further
to the top of the results page, so customers are more likely to click it.

o _/
[ Cooperatives \

A Cooperative is an Enterprise that is run by members that are part
of the workforce or customers.

This means the organisation is democratic and often supports the
local community. They are set-up to protect the rights of their
members and ensure the same rules apply to everyone

\. J

applied for. This legally protects your idea on invention from being

\_ stolen.

( Crowdfunding h

This is where ideas are funded by large groups of ordinary people.

www.Kickstarter.com is a good example of this.

L9 7

/_ Fair Trade \

This is an organisation that promotes fair pay, working conditions
and better trade with farmers in developing countries

You can tell when something is Fairtrade
as it will often have the symbel on the

product or packaging. Common Fairtrade \
items include; bananas, cotton and chocolate.

\L FAIRTRADE /
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Modern Materials are materials that have been developed recently

Papers and Boards come from trees.
The Stock forms for papers are: rolls, sheets, A4, A3, etz

Material Key info Examples
These are plant-based polymers that )

::_“d; are a replacement for plastics that are Hahitt:ut h&t}:;s,
e biodegradable but cannot be t;l i
ymers recycled. containers,

Made in the same way as normal MDF Modern
Flexible but with grooves cut into the surface fumiture,
MDF 50 it is flexible. Flexiply is the same interior walls
but for Plywood. These can easily be and room
shaped into curves dividers
High strength to weight ratio. Doesn't Prosthetes,
Titanium carrode or rust. Suitable for medical MG
its i . applications,
use as its hypo-allergneic sports cars, etc
A woven polymer with a high strength Bullet-proof
Kevlar to weight ratio vests, tyres,
‘ helmets, etc

Material Key info Uses/ Examples
Cartridge Thick white paper, completely opaque and Sketching. i )
Paper more expensive than photooopy paper hing, ink drawings
Light, semi-translucent, good for blending inks Sketching, drawing and
Layout Paper and artist markers s0Mme tracing
Corrugated Strong but light. Rigid triangles of card QOuter packaging, food
Cardboard sandwiched between a top and bottom layer. packaging
) _ ) ! Cheap packaging. If waxy
Duplex Board Light card mm_whlr:t;iu&s‘;%igvers. Waxy coating is applied, can be
coating used for food
Foil-lined ‘White card coated with a thin aluminium layer. Takea ntai
Board Foil is great for insulation and water resistance akEaway containers
Solid White High-guality white card with a smooth finish. Greetings cards,
Board Stiff and holds colours well packaging and advertising

Smart Materials are materials that change and react to the stimuli

Material Key info Examples
The mic wo Change colour in reaction to Kettles, baby
Pigneents heat bottles, etc
Photochromi Change colour in reaction to Colour :r@ngirug
; - glasses, windows,
c Pigments light atr
Returns to its original shape, in
Memory reaction to heat Braces and glasses
Alloy
Granules that once exposed to
Pol h hot water, become a modelling Modelling and
ymorp material (like a dough or clay) repairs

Primary Processing of Papers and Boards

Finished paper

SueEzing Dirying Cabender
rollers rollers rollers

444

Mesh belt

44

Paper is made by first making pulp. Pulp is a mix of tree fibres and water. This is

cooked and bleached white, and adding any other additives.

The pulp is then drained and goes through Calendering where the pulp is drained

and goes through rollers to convert it to its stock forms
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What you need to know:

Materials and their properties- Smart & Modern Materials

« Tobe able to identify a range of smart & modern materials.

= Understand what they do, their properties and the functions they provide.

Whatis a MODERN material?

=  Modem materials are techrical materials which have been manufoctured for function.

& good designer will utilisa and expleit these materials where appropriate and keep up-to-date with the latest technological

developments.

What is a SMART material?

= A ‘smart material” can be defined as a material whose physical properties change in response to an input e.4.
making them simpler or safer to uss.

= A smart material regcts to external stimulus / changes in the environment without human intervention.

Designers and manufacturers are utilising SMART materials in a whole range of mass consumer products which
often makes them simpler or safer to use.

Modern Material

Property

Graphene = stronger than steel, flexible, conducts heat and elactricity
Titanium 5 strong compared to its weight and is anti-cormosive
metal foams Are strong, lightweight, electrically & thermally conductive

Manomaterials

Manomaterials are between 1and 100 nanometras.

Fibre Oiptics

& hair like strands of pure glass designad to transmit signals

If it was not for the

SMART Material

corn Starch Polymers

Compostable plastics which are biodegradable

inmovative technology of the
fibre optical cabling the

internet would not be

Hydrochromic Ink

Changas colour with water

Thermochromic Pigment/ Paint

Changes colour with heat

Photochromic Material/ Dye

Changes colour with light

SMA - Shape Memaory Alloy

Changas shape with heat

Phosphorescent Material

Glows in the dark

aTC — Quantum Tunnelling Com posite

soft Electrical Switch

Polymorph

& thermoplastic use for prototyping which can reheated and reused

Hydrochromic paint is
sdded to the charger
socket of the Apple iPhone
=0 apple knows when there
has been water damage
which voids the warranty.

Phosphorescent Materisls
absorb day light, stone it
and relezce it during
periods of darkness. This
has been extensively used
for safety lighting, signage,
watch faces and those glow
in the dark stars kids have
on their bedroom ceilings.

=

Shape Memory Alloys change shape
easily but always return to their original
shape when they are heated. There are
many applications such as dentzl braces

and unbreakable spectacies.

Titanium is & very versatile metl. Itis
usually alloyed with other metals to
enhance the properties.

Pure titanium does not react to the
human body and is used extensively in
medical procedures such as artificial

joints and dental implants. Itis strong
compared to its weight and is anti-
cOrrosive.

i’

possible. If your parents
subscribe to Virgin this is
what connects your
broadband router or Tivo:
box to virgin. Without this
cable we would not be able
to download our music from
iTunes or hawve a Skype
conversation with family in
Australiz.

Thermaochromic paints can
be added to any surface
ike thess mugs or s
textiles or card based
product to resct to heat.

e

L

-

Polymaorph iz 2 clever
thermoplastic which we can
use for prototyping and is
especially useful when it
comes to modelling
ergonomic grips. As it is
thermoplastic you can
reheat and reuse this
materizl as many times as
you wish.

Thermochromic

pigments are added
to plastics and react
to specific

temperatures. One
use is enhancing the
safety of a babies
beowl.

QTC {Ouantum Tunnelling

jacket right =

current to flow when compressed.
We can use itin children's toys or in
many textiles products such as the

Compaosite) is 3 simple soft switch
materizl that allows an electrical

Compostable plastics
are bicdegradable
which are
compostable & come
from renewable raw
materizls like starch
[e.g. comn, potato or
tapinca). Polylactic
acid [PLA) is made
from farmented
sugars, found in
starch.

Nanomateriols are between land 100

nanometres (A nanometre one
thousand-millionth of 2 metre).
Nanomaterials include carben

nianotubes, fullerene and quantum
dots. Manomaterizls are used in car
manufacturing to create cars that are
faster, safer and more fuel efficient.
They can slso be used to produce more

efficient insulation and lighting

systems. They are also used as thin
films or surface coatings. on computer

chips.

Photochromic
pigments react to
changes in light. One
example is reaction
enses whene they
darken with sunlight.

recyclable.

Metal fosms are porous metzl structures made from
aluminium and titanium. They are strong, lightweight,
electrically & thermally conductive and absorb sound well.
They are made by injecting gas into the liquid metal but still
retain many properties of the original metal indueding being

5
-

R = -y
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Graphene iz a Z0) material 3
honeycomb lattice carbon structure
only one atom thick [a million times
finer than a human hair) Itis 200
times stronger than steel, very
flexible. conducts heat and
electricity. and is almost
transparent. Itis impermeabls to

all known substances. Electronics
and energy storsze could be
revolutionised




Materials and their Properties: Timbers & Manufactured Boards

HARDWOODS

They are decidvous frees which means fhat in winter, they lose their

leaves.

These Irees are broodleaved, buthy and skow growing.

Crverall ey 1end 1o be hardar Ta wark will and mons

Expesrdive han albher hypes ol irmbears,

They are e porows and derder ol Sinecluns which
makes therm horder weoring ond ke prone o reffing.

SOFTWOODS

They are conierous rees which means thal they keep their leaves in

winber = evergreen.

Tt fress gre loll ond "Chisimas res’ res shapsd,

Creasicall ey lend 1o b acdier 1o work wilth and kess
expesrsive Ihor alber by of rmbears.

Thery cxre mone porous [holes) and if urprobscbed will ral.
Theery hrorve comes for lecves and grow quickly.

TypEs:

MANUFACTURED BOARDS

They are sheels of processed natural imber and adhesives - 5o

they are human mode boards

These care ussally mode ram weste wood, low-groce and

recyclad Fmber,

Can be covered by thin sices of high qualily wood known as

wanser ko make it ook assthelicaly pleaging.

Cheaaper than noturd fimber, They coms in boards and have ne grain,

TyYpES:

Hame Charocteristics Uses Hame Characterstics Uses Name Characterisfics ses
Agih / Rexible, fough and | 3pedts equipment and Larch Duraibbe, lough and Exleriar cladding. BADF Rigict aand stable, goed Flof pock fumibure, oy
shock resistant, tesasl wcarciliess. g werler Neering, rmachine volue with & srooth sty exrvel Kitehvery Linils.
laminotes well, Paks redgishance. Mochines rrouldlings and o ten ity Surfoe s
o Bifdrwy CrSsarm. wedl. Burrifure.
Baach e Firie firish, foug and Chilcken s lays, Firie Ligghibevicgil, sy e elenior condlnuction Sanle in ol directions o | Furniture, shelving, toys,
?‘H ] - “ | durable. Derse clowe | medek and omitune. - wank Bul con sl | cheaper furniture and altemeling kyers. Fesibde inferier and exleriar
f ... n arain with an 'l. dhesking. waninng availobbs, eondnetion.
o
Meshageany Ecuity worked, durable | High @nd furmibure SErLCE Eosy bo work, high | Conshrucfion, Turriture Chipboand Good compressive Rexering, low end kilchen
anvdd finishes well, Rich o jainery. -/ shiffreass b weight crvd FriLsical drength, nob wolerresistant | Lnils and warkdons.
recidigh Brown in {'{ ratia. irsfrumeasli and prons ha chipping an
u edges.
Cak Taugh, hard and Fooring, furnifure, Redwood Easy 1o work and Ol door Turmibore 056 TR R Rigid and even strangth, Conglruction in inferior
D il
durabhe, high quolily | and ralbwoy sheepears, mcchines wall, soeme beams, podls and | % k | good waler resilance. o exieior house
finish posible. Light ol resisioncs. chescking. | L buicing.
t ith voricbl
s :Illu::lh"u = Block board = | Stoiblke, lough and hedawy. | Furniture, doors, shelving
: ‘ Firtishus sl and indoar corsruchion.
Baka Wery sall, and Pralotyping and Ceader Easy lo work, can O door furmibure i
ghibeaighl bul can | modsling - edpacial Bl locls, finidhas fencas and daddin —
= = . s ) b L e Hardbaand | | Flexible, aven shiength and Furnilure and phodo
snop. Pole cream) N modks] aircrof. wadl and noturaly Ter bauilcdinggs. A ity ocl b : ] .
J easily dame waler, rerne bocking.
i while in calour, resighant o rol. ey H " 2
e Urisualhy fost growing -

oo ENVIRONMENTAL IMPACT

and the logs are stored
until they are fransported
to o sawmill.

SOURCE/ ORIGIN

Timizer comes from frees - this i known as the
source or ongin of the material. This i how we
change into timiber.

‘Wood is considered o sustalnable resource as new frees can be grown to replace
thiose felled. Here are some lnwes and poaltives surounding the impact that wood is
having on the environment:

/

1. When treas are cut
dorwn, this is known

- To make sure you are buying
sstainable timber, you need fo
make swre it s approved by the
Farest Stewardship Council or

- In marny ploces, wood i being used at a
greater rate which means it s
unsustainoble.

3. whan at the sawmil,

miachines such as band . : ’ o
o felling. This conbe sows and chcular saws - llegal feling b keading to deforastation as the Emel cremmeun
through machine or people aren't replanting frees. of st
chain saws, just like are usad to cracls Ceriification.

boords/planks. - Deforestation helps with global warming.

the imoge.

FSC



Materials and their Properties: Metals & Alloys

FERROUS

Thiz growp of metals all conbain iron.

Kesl af thess medak ore magnehic and will s if
Fly care esxpodad io moishore wilhowd a probecfve

firih.

Iroon i whal causes the mealals 1o rust guicker.
They band to have a higher meling poin.

TyYpES:

55,045

Horme

Charoceristics

Uses

Levw Carbwcn Sfesal
[l Shesed]

&

Tough and duclile,
oy rachined,
lermiesd, Bicimasd o

walded,

Cormtuction, noik,
serews, s and bolls.
My £or Badiad

High Corbon Slas)
e

o
Z

Lt etk carved

Faarcder thcan mild sdael.

Viary hard wearing
and keaps and edge
wesl

Gorden o wokshop
ook, blades, scian,
wood and melal
cutling fool

Cenl Fen

Hord Bul Brithe. Eckily
il e compkax
shopes bul sorme are
hard te rcchin .

Eitchen pok ond
Do, Maching Hoadss
and bodies, drain
covern and vices

SOURCE/ ORIGIN

wetals come from fhe groundfroeks typically the Borth's crust - this

Thiz growp of mefals do NOT contain iron.

naast of Fwese mebak ore nod magnetic and do ned

sl

Theeme can Oxidise. React with cxpgen thal couses

the surfoce 1o change cakour.

26
Fe

Iron

55045

They include precise melal such as gold, silver and plalinum and
edhas such o kead and mercury which ane poisenous,

TYpES:

ALLoys

This group of medals is a mixkure of of least one pure metal and ancther element.

The reasen meaiol ane alleyed i 5o thol ihe odded semeni makes the meaial
Beter - il mproves il in sorme wany.

These ae mone dficull 1o recycle o the mela has been mixed with sormething

Characleristics

Characteristics

11

Adurninium

Ligghvhaighil, high

shrenglh 1o weaight

rafian, ductike and
difficull o weld,

Fols ard pans, spors
cor bady parnsls, bike
freariess, dirinks Sand,

fioil o fakeowory bray.

A Py allay ol B0 and
copper thof is maleable

gy o el and moachine.,

Musical ifshruments,
Bushes and plumbing
fikanmenits

hgl_l
k>

C

Deuctile, rhalieable

ard a good dectical
conduchor.

Plumbing supplies
and eksciical cables.

Shoirikess Sles|

<
ﬁi —

Hiard vary amaalh Bul
dilficul! 1o weald. A e
el allcpsdl wilfy
chremium, nickel and
MArer e

Culblery, kilchen and
edical Sguiprisnl.

5

Tin "'-r -

Soft, malaable cand
dhuctile, a good
eleckical conducior.

Ui 1o produce cans
and plating surfoces
ter rcake Thésen lad.

Tinc

Fair eslacirical
conduclivily,
mcallEcabilly and

dueiiity: however
beiber when aloysed.

Mainly uiad fo
pahvemnite dleal fa
prevent rushing.

Higgh Spead Sles

2“51!

Able o withstand e high
lermperalunes craaled
when rmachining of high
spaad, baaps cutling
agiggay well

Cutling ook such o diill
bits, rrdl cuber, faps and
clies,

Duralurnin

Allay el aurmfium, Copoer,

mdgrediun and
mangoness. Credales
greofer hordnes and

lerdile s,

Arerall componeanits
spats cor whesk and
cosings.

Is known as the source or ongin of the material.

fren oim, soke
arsd lime ghons

This is how we extraet (remove) metak from the ground
and create iren ore.

Hol wde g

| Eizel |Iresd with
|*~ hesalesistant bricks

Ih. - c 1

Bl ak Blaat — < Hisl alr bkt

| :\I 1 1
Tap helader iran flifl_, =M IIT-MMkm"H
S E—

Blast Fumace

1. The material is mined wsing machines - the main two
types ore sriace mining and underground mining.

2 Thesa rocks are then transpored fo o factory o be
seporated from waste materiol

3. To create the iron ore. the
rocks ore placed through the
top of the furnace and it
reated.

As it heats, it starts to become
a liquid and this sinks to the
boktom.

As it becomes a liquid it is
camed away from the botiom
to e refined further info
metals.

The waste material leaves in
the other direction and is
known as the skag. Waste
matericl ako leoves as goses.

ENVIRONMENTAL IMPACT

metal is considerad a finlle resource - this means that it will run out
eventually as we anly have a limited amount. These are some of the
impacts that metal has on the environment:

X

avantually.

- Couwses air pollution from the
goes that are releasad.

- Finite resource so it will on out

- Can be recycled ower and

over again. The gualty wil

- Caouses visval pallution from the

mines that ore created to get the

raw materiol

- Takes a lof of enangy to produce.

ahways e the same as the
criginal so the moberal won't
wiaakan over fima.

- Lasts a long time and so it

won't need o ba reploced.

- Most metak cam be recyclad.



Mechanical Systems

Forces Motion
C
° Ten sion
m
P -
Linear
r ,ﬂﬂt‘%
e s |\
s /]
s She r\/ J
i f
o L.
n ar a‘b‘&
Oscilt
Levers Gears and Pulleys
m * Gears have teeth that
t’:’t_l mesh together with
each other (like teeth
A [ ettort | A E on a zip)
They mainly focus on
m 2nd Class Lever: m rotary motion on tools
Load in the centre . and machinery e.q.
" E.g. wheelbarrow 3rd Class Lever: A Pulley is a grooved wheel, car steering and pillar
1% Class Lever: Force in the centre that has a belt running drills
Fulcrum in the centre E.q. Lifting a dumbbel through it
E.g. Scissors :

E23 This uses rotary mation and
is often used to help with
A heavy loads, and transfer

force from a motor to a tool
m in machines like drills, etc




Production Processes

P Diagram Material Products Made Key infio
Screen printing places paint on top of a screen. The screen has a stencil
Screen- . Posters, signs and | embedded in it, so when the paint is passed across it the desired shape is printed
printing Papers and Texiles t-shirts underneath.
Good process in one-off and batch production as often done by hand
Offset Past Rollers containing the colours and water go onto the plate cylinder. The water
L P?Eﬁlr_.s f]';iiﬁéd rs,rs stops the colours sticking to certain places, creating the shape. The shape is
Rhograp i “w;fpape T transferred between rollers and onto the material,
hy plastics) plastics bags Can be wsed at batch and mass production
BPRLE S SIDE VIEW
.I'—"' -_ . Chair leas Material is placed between the tail stock and the headstock and spun at high
Lathe | & ! "‘T Wood and metal I bal:nga;s speed. The material is then cut using specialist tools (either by hand or my
Turning . | W oylindrical items) automated machinery) to the desired shape.
. I~ % oy Can be used in one-off and batch production
. Molten metal is poured into a chamber and a plunger forces the metal through the
c DII-I Metal Car parts, f:g:;f nozzle into the mould. Unlike sand casting, the mould is reusable.
ng Components, Good process for both one-of and batch production
— — Plastic granules are poured into the hopper and onto the screw. The screw moves
Injecti e e e the material towards the heater where it turns into a liquid. The liguid is then
Mouldi J_ Plastics Chairs, toys, etc forced into the mould, cooled and released.
ng e = || |_ Great process for mass production as it makes 100s+ of products at once, to a
e identical standard.
Frbrmsion Blra bladdag ol ey vioed
A Plastic parison is heated and put into the mould. The parison is then filled with
Blow . . air (like blowing up a balloon) and is forced to fit the mould shape. It is then
Moulding Plesstics Plastic hoities cooled and then released.

12113

This is a great process for mass producing bottles.




Production Technigues and Systems

CAD Computer Aided Design

Examples; 2D Design, Autodesk Inventor, Fusion 360, Photoshop, etc
Disadvantages

Advantages

= Easy to change designs

= Designs are easily saved and

sent

+ Can be worked on by multiple

people simultaneously

» Can be used for virtual testing

* Can produce high-quality
designs

» Complex and time-consuming to
learn
» Expensive to buy
* PCs can crash or be hacked -
causing work to be lost
= Takes up PC memory

CAM Computer Aided Manufacture

Examples; 3D Printing, Laser Cutting, CNC Router, Automated Machines
and Robotics, etc

Advantages Disadvantages

« Faster and more accurate than | Expensive to bi{cme equipment,
traditional tools - Training takes cost and time
= Repetitive accuracy/ consistent 9= -
+ Need specialists to maintain and
outcomes repair the machines
» Machines can run 24/7 - Dependence on CAM can cause
unemployment

Flexible Manufacturing Systems

This is where automated machines are adaptable and can produce
different products if needed.

If a manufacture is making a product with machines that are just
dedicated to specific tasks they have to be reprogrammed and re-tooled
before changing to a new task. This is time consuming and expensive.

Examples include; CNC Machines, 3D Printers, Laser Cutters, Robotic
arms, etc

Just-in-Time (JIT) Manufacture

Lean Manufacturing

This is where waste and energy is kept to a minimum.

This helps manufacturers save money and resources in production, as
well as helping minimise the environmental impact of producing

products.

This is where manufacturers only order materials, parts, etc when
needed. The customer’s order triggers the production process and the
resources needed for that order are the only ones bought.

This can be used in any scale of production but is particularly useful
for one-off production.

Advantages Disadvantages

All production stops if a part/
material is missing
MNeeds to have a fast, reliable
and good quality supply chain
to work properly
Can be time-consuming

= Saves on warehouse and
storage costs
Money is not tied-up in stock
+  Little/minimal waste
Customer often pays in
advance so money is secure
before production




Scales of Production

Name/ Type How many it makes Key Info Examples of Products
= Also known as Bespoke or Prototype manufacture
= Custom-made products *  Towers [ Bridges
One-off Production 1 = Spedalist workers) skills =  One-off Houses
= Specialist machines and materials *  Custom made clothes
= High Quality but expensive
*  Uses a mix of workers and machinery * Baked foods

A *  Uses jigs, moulds and templates to help make identical products = Limited edition car

h 105-1000s +  Stations of workers e.g. cutting station, painting station, etc = Socks

L] Can have some variation e.g. colour, finish, flavouwr = Chairs

. Big assembly lines {and sub-assembly lines) = [(ars
000 *  Heawily automated * Bottles
Mass 10 % - 100,0005 = Standard and identical products = Microchips
= Little worker input * PFlain shirts

«  24/7 production * Energy

i L] Heavily automated = ‘Water

Continuons 100,00< + *  Standard and identical products * Paper

*  Little worker input = Plastic

One-off Production Batch Production
Advantages Disadvantages Advantages Disadvantages

= Custom made
= High Quality Materials

= Time consuming

= Specialist training for workers

= Lower cost than one-off
= ligs, moulds and templates help products

= High storage costs
= Jugs, moulds and templates have to be

. . checked
look identical .
* High Quality Craftsmanship + Expensive to buy « Can have some varicty = Workers can become bored on their
station
Mass Production Continuous Production
Advantages Disadvantages Advantages Disadvantages

= Large amounts made at once
= All products are identical and to same
standard
= Using automation reduced human error

Initial starting costs are high
= |f production line stops, the product can't

be made

= ‘Workers become bored monitoring -
machines and repetitive tazks

= Large amounts made at once
= Al products are identical and to same
standard
Using automation reduced human error

* Initial starting costs are high
* [f production line stops, the product can’t
be made
* ‘Workers become bored monitoring
machines and repetitive tasks
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