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Topic 4.1: Materials and their properties

Essential Idea
Materials are selected for manufacturing based on their properties.

MNature of Design

The rapid pace of scientific discovery and new technologies has had a major impact on material science, giving designers many
more materials from which to choose for their products. These new materials have given scope for “smart” new products or
enhanced classic designs. Choosingthe right material is a complex and difficult task with physical, aesthetic, mechanical and
appropriate properties to consider. Environmental, moral and ethical issues surrounding choice of materials for use in any
product, service or system also need to be considered .

Aim

Materials are often developed by materials engineers to have specific properties. The development of new materials allows
designers to create new products, which solve old problems in new ways. For example, the explosion of plastic materials
following the second world war enabled products to be made without using valuable metals.

Concepts and principles

- Physical properties: mass, weight, volume, density, electrical resistivity, thermal conductivity, thermal expansion and
hardness

- Mechanical properties: tensile and compressive strength, stiffness, toughness, ductility, elasticity, plasticity, Young's
modulus, stress and strain

- Aesthetic characteristics: taste, smell, appearance and texture

Guidance
- Design contexts where physical properties, mechanical properties and/or aesthetic characteristics are important

- Usingstress/strain graphs and material selection charts to identify appropriate materials

4.1 Properties of materials Hardness

Hardness is the ability of a material to withstand scratching,

All Resistant Materials have Physical and Mechanical cutting and abrasion.

properties that make them ideally suited for particular o What types of products might need to be hard?
products. e What materials are they made from?

- Physical properties are those that refer to the actual !
matter that forms the material Cutting tools such as drill bits usually made out

of high speed steel because they are hard and
much more resistant to heat

- Mechanical properties are those that determine how @ ceramic floor tiles are extremely hard and g E;ﬁ
material reacts to external forces =

resistant to scratching. = Al




How to test hardness Thermal conductivity

A hardened steel ballis Uses a diamond pyramid Used for finished products. Te:t o F'";WO cups Wlﬂ:ﬁbculmg szster anfg put a n:etatl spo;)r; m' o::’:e
dropped into the to indent the materiais, Quick test with the hardness ::d :f‘::ghe: zlgaon M. aren VA Tsrona mne enoton e
material’s surface. The Measured using a being shown on 3 screen P '
indentismeasured using  microscope to give the : ' I Thermal conductivity can be described as how easily heat energy
a microscope and used hardness value, .
to calculate the can pass through a material.
hardness number phas Aluminium is an efficient conductor of heat, which makes it a
Brioe®l 1tarines Teu gl B :
i e . popular choice when manufacturing pots and pans.
¥ { q"(} 5 Thermal insulators are " .
Ry materials with low thermal i

.
A $ -

A = conductivity, such as pan V
Rockwell handies and loft insulation, Conductors _

o
Indemssame dhemmere

Brinell Vickers

Insulators
Electrical conductivity Thermal expansion
Test - Simple electrical circuit - trialling a range of materials Is a measure of the degree of increase in dimensions when an
conductors/insulators object is heated.It is important when two dissimilar materials are
Electrical conductivity is how easily electrical energy can pass joined. These may then experience large temperature changes
through a material. while staying joined. Different material expand at different rates.
Gold is an excellent conductor of electricity, and is used in high-
end electrical components. Why is thermal expansion so importantin bridge building?
— In large civil engineering projects such as
/ - bridges allowance has been made for
. - movement caused by seasonal variations of
_S— temperature.

Conductors de—)

Insulators

Mass Weight

Is the amount of matter that a body contains. The gravitational force exerted on a body.

Mass is different to weight and is measured in kg {this can be Mass (kg) and gravitational forces (m2) are used to calculate a
confusing). measurable value, a force.

Mass is a constant. A mass of 1 Kg is equivalent to 9.8 Newton on (some parts of)
Weight varies depending on where it is measured due the earth.

graviton force that is exerted on it. Someone ways less on the Weight is measured (units are) in Newton (kg-m2)

Moon than they do on Earth

Aurmiesium mass - 2560 kg pee m3
Stainkess stoal mass - 7480 kg par m3

(&R Aaminaim weight— 25088K % ‘
o Stainless steel weight - 733048 W = I I Ig ?A
‘ Flywood weight - S5880N P BN > . ‘ ﬁ

Plywood mass - 600 kg per m3 Acrybcweight - 115648

Acrylic miss - 13180 &g per m3 Fine weight. 51548

Pine mass- 530 kg per 03 My WEIOHY  ay MASS Podyprogylons weght - 93108 Ny WELGHT My NASS
v - a 7 WELDHT

Polypropylene mass- 950 kg per 13 omhavem s ligt Copper waight - B7514N :.'_'f.’;' o o e sy Shbef

Copper mass - 85930 kg por m3 SON BEOM m"‘“

Density Match activity

~iseig e . Match each material physical property with the correct definition
Density is a material’s mass per unit volume. and write the definition in your worksheet.
It's importance is in portability in terms of a product’s weight and

Add one example of a material or product that has that property.
size.

Can you think of examples of high
‘density materials around you in the :
classroom? vk

B
e —.—.

D -,y —

Expanded polystyrene is used in packaging for protecting
expensive or fragile products, It is chosen due to its low density.




Electrical
conductivity

Thermal
conductivity

Density
Weight
Mass

Thermal
expansion

Hardness

Mechanical properties

Mechanical properties are those that
determine how a material reacts to external

Toughness

Toughness can be described as a material's ability to withstand
impact from a dynamic force.

BEALE TO MEANAE
W Tn O WAL T

Name examples of products
that need to be tough?

forces.

Car bumpers are designed to resist impact.

Children's toys are subjected to wear and

tear, and need to be tough, ‘
How to test toughness How to test toughness

. lzod
Charpy ! i
- -

Houndsfield

L T Sy e—

Test pieces have been standardised for each test,
Explainwhy?

The more the sample plece absorhs the impact the tougher the materials

Elasticity

Elasticity is a measurement of a material’s ability to stretch
under force and return to its original shape without
deformation when the force is removed.

EE::;-
L":fF' '

Why do sportspeople wear fabrics that have elasticity?

Ductility

Ductility is a material’s ability to be drawn or pulled in to a
long length or wire without breaking.

Think about electrical wires, As well as ductility, what other
properties do they need?

Electrical conductivity and corrosion resistance,

PlﬂSthIty Highly Plastic <)
Brittle

Materials which deform permanently when small forces are
applied show plasticity. Metals and thermoplastics are generally
more plastic when heated.

. - - |

s s e A " |

¥ U100 (1N
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L L S s Sarck's Sell « caa! pam

Plasticine and clay gre Soft metals like copper are highly "plastic.’ They are
examples ol materials easy to hammer into a new shape or draw out into a
with good plasticity wire, High-speed steel tools made for cutting have a

very low plasticity, They are brittle.

Stiffness

The resistance of an elastic body to deflection by an applied force.
It is important for maintaining shape is an important performance.

Examples are aircraft wing, diving boards or panels on cars, roof
beams, bicycle frames

BOEING D8 { *
i

-
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SURBNIWI Stiffness- resstance 1o defncton




Strength Tensile strength

Strength is the ability of a material to withstand a constant force

——— -—

) : The ahility of a material to withstand pulling {apart) forces.It is
without breaking. : ; ; :

important in selecting materials to resist stretching. Examples
There are five forces that can act upon a material. ropes (climbing or towing) and cables (in elevators and bridges)

<> Compressive strength & }.:_ET l i ;&
E g T
Tenuen

wopsudeo )

The ability of a material to withstand ‘squashing’ forces. Design
Examples are ceramic floor tiles, concrete and bricks for buildings

P — or anything that requires to bear weight.

a Material Yield strangth Ultimate ten: "
How to test tensile strength ) strongth (MP
Acrylic, clear cast 72 87
A standard test piece is held between to machine sheet (PMMA)
vices. One vice is fixed while the other one moves  Aluminium alloyf 414 483
vertically. Copper 99.9% Cu 69 220
High-density 26-33 7
The test piece is then put under tension at a polyethylene
constant rate until it stretches or breaks. (HDPE)
The distance being stretched is recorded and Polypropyiene 12-43 19.7-80
plotted against the load being applied - which is
sensed by a load transducer fixed to the moving Steel, stainless AIS| 520 860
vice. 302 - cold-rolied
pine (parallel to 40
grain)
Steel, high strength 68390 760
alloy
Carbon fiber (Toray 7000 fibre alone
T1100G ((the
strongest man-
made fibres)

Stress and Strain Material i

strength (MPa)
Stress is a measure of the force being applied per unit area of Porcelain 500
a material and is normally determined by applying a tensile ' P I 60
force to a sample of material, |
x Q= siross € E=stran concrete 20-40
- F= force = @ = axtension b 4
g "/'1' A= cross sectionsl area lo o svetchedleng® | Styrofoam ~1
Bricks ' 80
Strain is the measure of the change in length occuring when = e
: ranite
under stress. After the tensile force is applied to a sample T TS T
material. It is expected there will be some extension of the Glass 62

elongation in the sample.

| [ Proporsonaty bk Mecdmum or How to read a Stress-Strain
graph

Young's modulus i

o

Young’s modulus is a measure of ' - ' 0 The elastic region is generally @
a material’s elasticity. It Is a Stess \C_tower ""i”l straight line until the yield paint
2 z . " "u:c
m“ms'cl pmpenlv oe'(:he ":)a‘e”al 5 = o ' ' L sl - At the limit of proportionality it
as it Is closely related to the i
bonding force between the b3 A = MOGUIUS Of resikence changes to a curved line which is

' plastic region until the fracture
atoms. i ey ik

. ————— L

The atoms of a material with high
young's modulus are therefore
more difficult to separate
resulting in greater stiffness and oo

i

) Every material will perform differently under the
application of stress and strain and therefore each
matenal's graph will be different

- Prase YOUNE'S MORDULES (BPa)
]
s -
——

om LA} ' L) 108

higher melting point, - Oheay 05T (£%) Expevnme —o
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stress

brittle o =force/original ares

A Zvewm o rot

o | Cotam Harm instursnd puryemar (OF V) e o~ Nt
gield] N X ductile »
point 0 Ot ttve wdracant sty ves KFAP R
o = force/true ares
p— . "-a
teldl T el ] RO v
gomt 4 = =} A
1
| “moderately ductile Adeyte viue) PN e e
: Yimbu Pttt e 175 040) rmees 000 N
: 1 1 .“—; 1 4 . ) v 12 4 " " » §7, i ) M » >
o f s 10 15 ias
permanent recoverable
deformation
strain ¢ (as percent shortening)
©1994 Enoychpaedia Britansics, Ino
Aesthetics characteristics 2018 exam
What purpose do the gaps

What determines aesthetic appeal Is when a product Is attractive to look at or pleasingto
experience, It is through our senses.

o Smell: the ability to percelve odours such as sweet, acrid or fragrant
o Taste: Sour, sweet, spicy.

0

o

Texture: it i how something feels or looks, it can be rough or smooth
Appearance: must be aesthetically pleasing to attract a customer

0o

0  Shape: geometric or organic.

Although these properties activate people’s senses, responses to them vary from one
Individual to another, and they are difflcult to quantify sclentifically, unlike the other

properties.

Sound: related to pitches but alxo the sound of a crisp bag - making a crinkling sound,

Colour: can be warm or cool, can have psychologlcal affects {e.g. greens are calming)

14. The joints along railway tracks
have noticeable gaps. This is nota
design flaw as these gaps serve a

purpose,

Figure 5: The gaps along railway tracks

alongrailway tracks serve?

A. Easy access for
maintenance

B. Allow for thermal
expansion

C. Ease of transportation
D. To adjust the distance
between the wooden
sleepers

2017 exam

14.The glass face of a watch shown in What best describes a
Figure 6 needs to be hard-wearing and : :
A material with such
scratch resistant. 5
properties?

A. Low stiffness

B. High hardness

C. Low tensile strength
D. High compressive
strength

Figure 6: Awatch with a glass face

2016 exam

Figure 5 shows a
comparative stress-strain
diagram for four
materials: A, B, C and D.

Which of the
materials shown in

Figure 5 is the
most ductile?

Stress (ksi)

Stran (%)

fSource © Imamaetona Raccamrests Organassen 2016]

Figure 5: A comparative stress-strain
diagram for four materials: A B, C and D




2017 exam

(b) Explain how the concept of stress

7. Figure 11 shows a Butterfly Stool is relevant to the design
made of tW° ideptical pieces Of_ development of the metallic
plywood, joined in the centre with a bar connecting the two pieces of

single metal rod and connected under  plywood in Figure 11. [3]
the seat by just two screws.

r

Figure 11: Butterfly Stool

Stretch and Challenge Questions

Think on the propertiesyou have justtested and try to answer the questions below

The photograph below showsa sink. Explain in detail why stainless steel is suitable forthe

e h

The photographs show a toy for children aged 4 years and older.
Explainin detail why plasticis suitable for this toy.

Z!
Use notes to critically evaluate the safety aspects of the kettle shown. )
.~
L 1=

10




Topic 4.2: Metals and Metallic Alloys

Essential idea: Materiais are ciassified into six basic groups based on their different properties.

Concepts and principles
Extracting metal from ore - An overview of the metal extraction process is sufficient metal extraction

e Grain size - Basic principle
¢  Modifying physical properties by alloying,, work hardening and tempering
e Design criteria for superalloys - superalloy design criteria include creep and oxidation resistance
e Recovery and disposal of metals and metallic alloys
Guidance

e An overview of the metal extraction process is sufficient
e  Super alloy design criteria include creep and oxidation resistance
e Contexts where different metals and metallic alloys are used

Aim:
Design for disassembly is an important aspect of sustainable design. Valuable metals such as gold and copper, are being
recovered from millions of mobile phones that have gone out of use following the end of product life. Some laptops and
mobile phones can he disassembled very quickly without tools to allow materials to be recovered easily.

Nature of design:
Typically hard and shiny with good electrical and thermal conductivity, metals are a very useful resource for the
manufacturing industry. Most pure metals are either too soft, brittle or chemically reactive for practical use and so
understanding how to manipulate these materials is vital to the success of any application.

Theory of knowledge:
How does classification and categorization help and hinder the pursuit of knowledge?

Metals Principles and concepts

Typically hard and shiny with good electrical and thermal conductivity, metals are a Extracting metal from ore

very useful resource or the manufacturing industry. Most pure metals are either too Grain size

soft, ‘brmle ar chemically reacm{e for practical use and so unqerstandmg how to Modifying physical properties by alloying, work hardening and tempering
manipulate these materials is vital to the success of any application IBO 2012

Design criterla for superalloys
Recovery and disposal of metals and metallicalloys

the smnller the grainsi fhe stronges the

~jypes of metal — more common metals shown below
Common metals
Ferrous metals Non-ferrous metals Alloys
Castirons Steely Aluminium Ferrous alloys Non-ferrous alloys
Copper I
Lead
Mild steel Tin ! Stainless steel Brass
Medium carbon steel Zinc : High speed steel ¢ Beonze
High carbon steel Die {tool) steel ! Duralurmins)
Theory of Knowledge

How does classification and categorization help and hinder the pursuit of knowledge?

11




FERROUS ALLOYS - the group composed mamly of fernte or iron wah small addibions of other subatances (8,9, mid steel, cast iron
tooi steel), Almast o are magnedc

NON-FERROUS - the group of metals that contain no
iron (e.g. copper, aluminium, lead)

Mild Steel: Fersoun Mol ron 28 8% « Carbon 0.2% ;'T}“‘
- Geno enginoering- structural stesl gieders - b ) o
o Car body pamels AL Aluminium: Noa - Ferrous, Pure

e Mol screws, UM and bols d o Metal
o Window framos
Cast on: ::vuu Mot:u ran + 2.5 4 % earton n \’ e  Soft drink cans
o Car besien drusres O diacs b Kitchan fod
o Vicws of machios part . ¢ Engine components
e Castings

Stainless Stoet: Famous Metm Aoy 15% Creomiem, 8% Nuckel, 2% Magnesiom "
. Cutlary
: :;‘::::;‘:’ A/ - ! | i Copper: Non - Ferrous, Pure Metal
o Sunycal retmens ' e Hot water cylinders

e  Printed circuts
Toot Szeel: Forrous Maotal. iron +0.70.1 40% Camon

e Chaels -
. Handsaws
e Plne ades =i

High Speed Stewl: Farmun Metal Aoy Mmcdum Cartion stesl *Sanguten, chemmiam and vanaduem , Tin: Non Ferrous Metal, Pure Metal
e DOrin - Salder s
o Litw Cutting sook e TinCans
o Mg Comary @
Load: Non Forrous Metal, Pure Matal o,
. —
~

Zinc Non - Ferrous, Pure Metal
e Galvanising - a protective covering
for raidings
e Negalive batlery lerminal Battenes
. Die casting

Availability of metal ores

25 per cent of the Earth’s crust is made up of metal ores.

Sources of metals

Aluminium is the most common ore, followed by iron.

.MOS( metals are mined straight out of the ground in the form of X In general, the more rare the material, the more expensive it is
Ore is any part of the Earth's crust, often a mixture of rocks, loose soil |[However, some of the more common ores, c.g. aluminium, can be
and other earthly materials, from which a valuable material can be expensive to process. |
extracted. All metals with the exception of gold are found chemically KRS Ao ;
combined with other elements in the form of oxides and sulphates. Extraction takes place locally with added

‘ — value often occurring in another country,

Metal Ore - -,:‘ Australia has an abundance of Iron ore
o Mognetite, hasmatite — . which is mined and then shipped to China
Copper Chalcogyrite o) b | e and Japan where [ It made into steel, iron
Alurraniem Batite ) & ore is 93 USD per tonne and Stee! 642 per
Lowdt Calona W= &/ =3 _ tonnein 2018
Tin Caasitente l -
Zine Zinc blonde

. Extractin ure metals out of ores
Extractlng pure metals out of ores &P
One common method of extraction is , where

refiners heat the ore to extremely high temperatures with the
use of powerful furnaces. This makes it easier to get the pure
metals out.

One common method of extraction is , where

refiners heat the ore to extremely high temperatures with the
use of powerful furnaces. This makes it easier to get the pure
metals out.

Types of steel

Table 7 Tyyw of stew

Short Video

Base material Additioral Type of steel Ductilivy Hardness Teughnesa
wlermant, carbon

Yon «QIN Low cabon steed (midd
el
VR
03-06% Mediam carbon steel
O6-10% Vagh carben steel
5% Cast reny Bl

Full video

To make steel, the carbon content of the

oo { Table 8 Tyl wnes for croali and caut o
pig iron is reduced from over 3% to less - P
N LETITION Uk
than 1.5% and often below 0.25% for
mild steel Mid steel Nats, Boits, washers, Cir bodiet, panels for coshers aad other white goads

Other impurities are removed and small Medism corbon viwel _Springs, gonersd gy boow

High cacton steel =and ol & Jot pun , Chisad e
amounts of other elements are added. P T et Sters, O pnches. O pl el

Cmt iron Hachimn party, Srake docy, argne



How aluminium is produced

Aluminium ore, most commonly bauxite, is Full video
plentiful and occurs mainly in tropical and
sub-tropical areas, Bauxite is refined into

aluminium oxide trihydrate {alumina) and
then electrolytically reduced into metallic

aluminium,

To process aluminium, you spend 5 more :
times electrical energy than needed to

produce steel.

Short vide«
From g
mins
Graphic
view of
pru(‘(‘w

-

I varns vootibe oo Awateh Daziflead Busisd

Grain size

In metal production, when metal solidifies, - the atoms rearrange into a
regular pattern known as metallic structure. They can have 3 forms:
1. Close packed hexagonal - weak, poor strength to weight ratio - such as
zinc and magnesium
2. Face centred cubic - very ductile and good electrical conductors - such
as aluminium, silver, copper, gold and lead
3. Body centred cubic- hard and tough such as chromium and tungsten

Grain size

Once a metal is produce when it solidifies - the atoms rearrange into a
regular pattern known as metalllc structure. They can have 3 forms:

1. Close packed hexagonal - weak. poor strength to weight ratio - such as
zinc and magnesium

Grain size

Once a metal is produce when it solidifies - the atoms rearrange into a
regular pattern known as metallic structure, They can have 3 forms:

2. Face centred cubic - very ductile and good electrical conductors -

Grain size

Once a metal is produce when it solidifies - the atoms rearrange into a
regular pattern known as metallic structure, They can have 3 forms:

3. Body centred cubic- hard and tough such as chromium and tungsten

Grain size

Metals are crystalline structures comprised of individual grains.

The grain size can vary and be determined by heat treatment, particularly how
quickly a metalis cooled.

sick cooling results in small grains, slow cooling results in large grains.

**+**Grain size in metals can affect the material properties such as****
the smaller the grain size, the stronger the material

= Density

- tensile strength
Ductility
Malleability
Toughness

of which one is at least a metal - e,
Carbon and lron = Steel.
Copperand Zinc (two metals) = Brass

Adding in different (matenials to) metals
to ultimately create a harder and strong
metal

Alloys contain atoms of different
sizes, which changes regular
arrangements of atoms. This makes it
more difficult for the layers to shide over
each other- so alloys are harder than pure
metals.

L .

Advantages of alloying

.Changes the melting point

.Changes the colour

.lncreases strength, hardness and ductility
.Enhances resistance to corrosion and oxidation
.Changes electrical/thermal properties

.lmproves flow properties, producing better castings

Tobbe Y1 The mifar 21 4f wifirymveg 11mwts with orfves whmm

ALy ateel Alloywd with Comman uses

Chacsctacintion

Srasslens cimel Clovmittamn b bal v i Satha, CLithary, Aaitary wies

TUongetimn, (TUaiMbun, vanddius -t owd  CuTiing Teoly, st w il

il the—cmada Orvniius. mganass




Alloying steel

t is produced by joining chromium,
nickel and magnesium.
It has at room
temperature - normally achieved by the

(a minimum of 13% up to 26% is
used for harsh environments).

There are over 150 grades of stainless steel, of
which fifteen are most commonly used. Stainless

steel is a hard and strong substance, it is not a NI A e Gt ATV M

good conductor of heat and electricity, it is
ductile, magnetic, retains Its strength and cutting
edge regardless of temperature,

Modifying mechanical properties by work hardening

Work hardening or cold working, is the strengthening of a metal by plastic
deformation. As the name suggests the metal becomes harder after the
process. The metal is not heated at all. The process involves the metal passing
through a set of rollers to reduce its thickness, it causes a permanent
distortion of the crystal structure, It can be done with metals such as iron,
copper and aluminium.

detyerrang avel
educing e
g size

Codd rwlirng womn gt winv CoM 1e8ng adn “ah wun

Modifying mechanical properties by tempering

Tempering is the process of reducing brittleness

Oubds abuss b 1asinn vy wnel

after quenching

Tempering is a process of heat treating,
which is used to increase the foUghness
of metals containing iron. Tempering is
usually performed after hardening, to
reduce some of the excess hardness

and is done by heating the metal for a
certain period of time, then allowed to
cool in still air.

rechnntgy smadear Lk
10 ey (s ey ity abers cowvigny | e [ b

Design criteria for super alloys

Superalloy are metallic allgs which can be used at temperatures, close
- - e 3% G

NG

to the melting point. Créep and oxi are the prime design
criteria. Superalloys can be based on iron, cobalt or nickel and are suitable for
aeroengine applications.
Properties
- Excellent mechanical strength and creep resistance at high temperatures
- Corrosion and oxidation resistant

Superalloys - creep resistance

Creep is the gradual extension of a material
under constant force.

Creep and its effect becomes more
important at high temperatures.

Resistance to creep is vital when
components are subjected to high
temperatures for long periods of times -
such as turbine blades,

Superalloys - oxidation and corrosion resistance

Nearly all metals and alloys react with oxygen in the air to form oxides - that is
to corrode,

Corroslon I a serious problem at high temperatures and in the presence of
combustion products such as carbon dioxide and water vapor that exist in
turbine engines.

Superalloys have chromium in their composition to ensure a tight oxide film

is formed on the surface - this restricts access of oxygen to the metal surface
so that the rate of oxidation is heavily reduced.

Recovery and disposal

Worldwide over 400 millions tonnes of
metal is recycled every year, This Is
precious, as it protects the environment
and saves energy. Using recycled metal
means less use of natural resources
(metal ores), savings in energy and
reduced CO2 emissions.

N WD MA LR

Energy saving in metal recycling

Fﬁnnlbq Scorecard | New melals made using | Energy saving
recycled metals

ARNTUnium 38% 5%

Copoer 2% 85%

Lead 4% 50%

Steof 42% 62-74%

2me 20% 80%

14




Processing metals

Processing matals . .
) Shaping techniques
Wasting processus Addition Redistribution
Canerally all those processes Processes where matenals e Processes wheee materials ave reshapod
whare matenial is cut sway fnad toget! e without loss of rraterad
| | |
Sowing and ng 1 Bolts and soews Chasting forging Forrming Sintering
|
} Deillirgg o rrvilieng b Weldang, bramng srsd soldering ] Sond onoing P a— | Press fonming
Grinsting and sanding Adtvestves ] v cntng Mot borpng Embossing and coming
Blardcieyg orvd peerr it ‘
i - { Grivity die costing +— Dwop forging
\5 Low pressure die casting | Hot pressing
L

High pressure die casting

Wasting processes Addition Redistribution

Generally all those processes Processes where materials are Processes where materials are reshaped
where material is cut away joined together without loss of material

1, How is the structure of metals best described? X
4. What is one result of the plastic deformation of metal?

A. Fibres Revision o

" t_ A, Increased grain size
B. Crystalline

s q uestions B, The metal is work hardened
C. Chains
C. The metal becames more malleable
O MLamorplicUs mass D. The metal becomes an alloy
1 mark’ .
L ) (Total 1 mark)
2. Which metal would be appropriate to use for a superalloy required to resist
high temperatures? 5, What is an alloy composed of?
A. lron
A. Only metals

B. Nicke!
C. Cobalt B. Atleast one metal
D. Silver C. Two or more substances

(Total 1 mark)

D. Only ceramics
(Total 1 mark)
Describe how the rate of cooling of a metal controls grain size. 2]

3. Shopping trolleys, were originally designed in Oklahoma by store owner, Sylvan N
Goldman, They were developed to encourage shoppers to purchase more in his
store, The trolleys are effectively large stainless steel wire baskets mounted on a
chassis. Shopping trolleys have now become a global product.

{i) List two benefits of using stainless
steel wire to make the baskets for the
shopping trolleys. {2)

{fl) Outline one reason why ductility is
an important property of the material
for the manufacture of the basket for
the shopping troliey. (2)

Figure 1: Shopping trolleys

6. Describe how the tensile strength of 2 metal is increased by alloying. (2)
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7.1a) Describe a superalloy.
(2)

{b)  Outiine one reason why nickel-based superalloys are appropriate materials
for application in aircraft engines.
(2)

8. The figure below shows the Towelclip, a heated towel rail produced by the
Eskimo Design company. The Towelclip is sold for approximately £350 {$700).
It is manufactured from extruded polished tubular steel metal.

(0] Outline the importance of thermal conductivity to the function of the
Toweldip. (2)

(i) Outline one benefit of ductility to the production of the Towelclip. (2)

Figure 3 shows a safety pin made of steel wire. The safety pin was invented by Walter Hunt while
wondering how to pay back a fifteen-dollar debt to a friend. In 1849, Hunt patented his invention
and sold it to a manufacturing company for mass production. Steel wire is manufactured from pig
iron in a number of steps of treatment in order to achieve the desired properties.

Safety pins may be made from steels with different percentages of carbon depending on the
intended user. Hospitals would require safety pins with relatively high carbon content, whereas
those purchased from stationery shops have a relatively low carbon content.

Figure 3: Safety pin

. —
(e) (i) Outline how grain size of the steel material affects the properties of the safety pin.  [2]

..........................................................................

..........................................................................

(i) Explain the benefits of using hardening and tempering techniques in the 16
manufacture of the safety pin. [3]

%



Topic 4.9a: Manufacturing processes for metals

Topic 4

4.4 Manufacturing Processes

Essential Idea: Different manufacturing processes have been developed to innovate existing products and create

new products

Concepts and Principles:
e Additive techniques: paper-based rapid prototyping, laminated object manufacture (LOM), stereolithography
e Wasting/subtractive techniques: cutting, machining, turning and abrading
e Shaping techniques: moulding, thermoforming, laminating, casting, knitting, weaving
e Joining techniques: permanent and temporary, fastening, adhering, fusing

Guidance:
e Selecling appropriate manufacturing techniques based on material characteristics (form, melting/softening
point), cost, capability, scale of production, desired properties
e Advantages and disadvantages of different techniques
e Design contexts where different manufacturing processes are used

Aims:
Advancements in 3D printing have resulted in the ability to have a 3D printer at home. Consumers can
download plans for products from the internet and print these products themselves.

Nature of Design:
Designers sometimes engineer products in such a way that they are easy to manufacture. Design for
manufacture (DfM) exists in almost all engineering disciplines, but differs greatly depending on the
manufacturing technologies used. This practice not only focuses on the design of a product's components,
but also on quality control and assurance,

Processing metals

Processing metals

1 Shaping techniques
) ] 1
Wasting processes Addition Redistribution
Generally all those processes  Processes where materials are Processes where materials are reshaped
where material is cut away Joined together without loss of material
1
I | T i
Sawing and filing — Bolts and screws Casting Forging Forming Sintering
—  Driiling and milling — Welding, brazing and soldering i\ Sand casting L Cold forging lA Press forming
Grinding and sanding Adhesives Die casting Haot forging — Embaossing and coining
Blanking and plercing P e t Drop forgs
Low pressure die casting Hot pressing
High pressure die casting
1 J |
Wasting processes Addition Redistribution
Generally all those processes  Processes where materials are Processes where materials are reshaped
where material is cut away joined together without loss of material
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Shaping techniques -
casting

Casting is the melting of a material
Into its liquid state and pouring it
inside a mould until it sets. This is
one of the oldest methods of
manufacturing used. The type of
casting used depends on

= the material used ( you can
cast metals, polymers, glass,
ceramic and concrete)

= the desired shape

= the quality of the surface
finish

= the quantity needed

Die Casting

Die casting ts a versatile process for producing
matal parts by

or into
reusable steel dies (moulds).

and are the

materisls predominantly used in die-casting. Their
fow melting temperature makes them particularly
usefud for large scale praduction.

Table 18 Metals aved indie casting
Metal used ‘M;N‘»ll\'
temperature
Aluminium 060"(
Magnesnim ‘;;o °?
Zinc a50"C

Gravity die casting

Is a simple casting process which utilises reusable
dies made of alloy steel under the force of ;
The process is primarily used for ipeswith
some basic coring possible,

The two halves of the mould are sprayed with a
coating and then put together using locating pins
to align the two halves and clamped. The mould
18 heated using gas bumers prior to pouring the
molten metal,

Once poured the mould is allowed to cool before
being opened to release the casting. Further
machining will be necessary to remove any
excess material and heat treatment may be
required dependent on component use,

GRAVITY DIE CASTING

Bty wrwew prutide. comwah

A TR L

oW

. T W R

Gravity die casting

—car wheels, components and engine parts

w )ja.b

N

It is mostly suited to
casting light alloys but
can also be used for steel
and cast irons.

Gravity die casting

18




High pressure die casting

High-pressure die casting is a process in
which molten metal is forced under
pressure into a securely locked metal die
cavity, where it is held by a powerful press
until the metal solidifies.

After solidification of the metal, the die is
unlocked, opened, and the casting
ejected. After removal of the casting, the
die is closed and locked again for the next
cycle.

High pressure die casting

Applications----------------- (uses)

Are usually small detailed components
used for automotive, aerospace and
appliance manufacturing

Parting line

The parting line is created where the two
halves of the die meet. Gates, overflows, and
vents will connect to the casting at the parting
line.

Also, flash will form at the parting line when
the pressure from the injected metal tries to
force the die halves apart. During the trimming
process the gates, overflows, vents, and flash
will need to be removed by the trim dle. A well
designed parting line will ease the trimming
process,

¢ Paay Froal Pan

Processing metals

Pk baibeg et

Shaping techniques

Procecues whsre raatedals are reshaped

without loss of matestal
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Sand casting

Sand is used to make the moulds.

The sand is prepared with oils that act as binder that help the mould hold its

shape while the poured metal is being cast into it,

b soefwantrhTvr KROYRSGANA

e /e o

Sand casting — stages of the process

1. Apatternis made ( can be made from a range of materials like woods —
pine, metals- aluminium or pelymers — polypropylene). Patterns can de
made of more complex shapes,

2. Each half of the pattern is placed on a baseboard. A mould box is placed

over.
Fatvmew Cread) T
g
Locosira Aarsr
s -

3. Sand Is "tamped” around the pattern forcing it into contact with the
pattern. This is followed by backing sand {usually recycled sand).

4. The pattern is removed. The runner and the riser gates are then cut In
the top half of the sand mould.

ot Md (cope)

Casting
1 ) '
” :"_ ) . "‘:dﬁi Cut
1) ..‘_-J,---——‘ i1
et

Ona ball of the pattem s placed onto a
moulding bosd. The drag Is placed
upside down over it

The patiern is <t
heough the centre
aod fitted with
focation dowels

Fill the laverted drag with send
and ram wp

Tutr I disg over. Fit on cope
Insert 100 halt of paltern and speue
pine. Dust with parting powds
Ram up with sand

7 Pour motsl

Vil nser

Pars hokes, CUt GAtes, reeaOve Dattem

|

Appearance of casnng Afser
reveval from moudd

Section through compleled moatd

O mmasal i sinbil sibos nnnd sunese we boeh dull

5. The mould halves are fitted together with locating pins to ensure correct
alignment.

6. The molten metal is poured into the running gate. The riser is used to indicate
when the mould is full.

7. Once the metal has solidified the sand mould is broken open, leaving the
runner and riser gates attached.

b P = |
Frow= rrmecid s
Al s
pre

Sand casting

Advantages

* Suitable for one-off or small production runs
* Complex 3D-Shapes can be produced

* Cores can be used to produce hollow sections
» Suitable for a variety of metals

Disadvantages

* Poor surface finish, some machining will be necessary

» Not accurate as die or investment casting

* Low rate of output therefore is suitable for small production runs
* Automated processes are needed for longer productions runs
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Investment casting - process

Investment casting
) . i ) 1. A Wax pattern is produced to a high degree of accuracy.
This manufacturing technique is also known as the lost wax process 2. This is then coated in a high temperature ceramic material.
et alnisray ca.st'mg.. Investment cast|‘ng wa; devgloped °Ye' 55,00 3. Once dry it can be fired in a kiln, The wax pattern will melt leaving the cavity
years ago and it's still used for materials with a high melting point. to be cast Into.

Parts manufactured in industry by this process include dental
fixtures, gears, cams, ratchets, jewellery, turbine blades, machinery
components and other parts of complex geometry.

ﬁ“U g‘

L et e ettt """‘"“"m'

r—t il GAY - e
Dprmisnoh by mlimay,  Norvd and —rvn e
A hs i

Investment casting - process

4. When the ceramic mould cooled down the molten metal is poured in, usually
using gravity to help fill the mould.

5. When the cast is cooled the ceramic mould Is broken open.

= - - ‘
v
ﬁ;“ g
& Heek ~trent e
e TRebern frekol S. After caoldmn e deaired
porared e Ll e oy »«,\¢r{ [T PRty S~
appears ak che mtriomre et o Pro e -
e e M\'ﬁe. Q \ -

sereous e |

Investment casting
\dvantages
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Revision questions

7.  Figure 12 shows the Tandem Sling Chair. It was originally designed by husband and wife design
team Charles and Ray Eames for airports in Washington and Chicago. It is now widely used
in airports and other public buildings around the world. The brief was to develop a multiple-
seating system which facilitated security checks, looked good (aesthetics) and was casy to
maintain (see Figure 13). The aluminium frame 15 produced by high-pressure die casting.

Figure 12: Tandem Sling Chair Figure 13: The chair is widely used in airports
and other public access areas

www bermansmuller co uk. Used with permissica www hermanmutler co uk. Used with permission

(a) (1) Describe the process of high-pressure die casting, [2]

(11) Outline omne advantage of using high-pressure diec casting to produce the
metal frame. [2]

Figure 9 shows the Juicy Salif Citrus Squeezer designed by Philippe Starck and
made from casting aluminum which is then polished.

(d) Explain three reasons why casting would be used to produce the Juicy Salif
Citrus Squeezer in Figure 9. [9 mark]
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Processing metals Wasting/subtractive techniques

CEm— Shaping techniques
Parcmias Adsen At e
el | ety ST LM Are manufacturing technigues that cut away material in order to create a
NPT ‘ N e o e e product or component,
Catleg wel 1oy |- Wy Tomey el ety | SR y— [aenT— C—
b v i e Sl S Usually done by cutting (abrasive water jet cutting, oxy-acetylene cutting,
R v—— Comtyibosorivy - S by plasma cutting , machining ( CNC router or milling), turning (metal lathe)
M Yekivoee or abrading (sanding, filling, grinding).
N o il caing
Wasting procwssas Addition Redistribution
Cenorally all those processes Processes whore rrsterials are Processes whene matensals ae reshaped

where material is cus away ined togethar without loss of mentenal

Mild steel — piercing and blanking (wastin
Mild steel — piercing and blanking (wasting P € 4 &

processes)
processes)
A process whereby a particular shape is punched out of a sheet of metal,
A guillotine is usually used to cut sheet metal off a roll into useable sheet just like a cookie cutter and a sheet of dough, The difference is that with
sizes. The sheets will then go to a either manually operated or automatic blanking the outside part is waste, whereas with piercing the inside part is
machine which will cut the shape and/or punch a hole into it. waste.

Mercing

Mild steel — piercing and blanking (wasting Mild steel — piercing and blanking (wasting

processes) processes) s R
Blanks are used to produce drink cans. ' ﬁ =

Plercing is used to make grids, vent holes for enclosures, etc. + Almost any sheet material can be punched or blanked in a large variety of

Blanking and oiercing is used to produce washers, gears, etc. thickriesses. )
R « Both processes could be use in the same part,

« Tight control of the clearance between punch and die is necessary and
varies according to the material thickness - therefore, a die is usually tailor
made for the specific material being punched.

- Waste is created needs to be collected and recycled.

« Burrs, slivers and splits are typical defects encountered in conventional
trimming.

Press forming (redistribution process)

Press forming is a metal working
process in which a flat blank,
constrained between two surfaces is
forced by a punch to take a required
three-dimensional shape, eg. cups, gas
cylinder domes.

The process is done at room - tareing ove e S Ao o G
temggrature and relies hegvuly on the s s e precmed prior Lo ueing e o
ductility of the material being pressed. o ‘copping procees. or Bome




Press forming (redistribution process)

* Increase stiffness — the material gains more stiffness and
rigidity due to the shape formed
* The material is being stretched requires good ductility and by

Shrabardng mead tening o \re

el aerm o being pulled the material hardens — the material structural

e whape =0 W die .

. strength increases

* Induced strain within the material during the processing

* Having to reprocess the unused metal during punching,
perforating, etc

* Limited amount of detail and geometry available for punching

Press forming (redistribution process) Deep drawing
Deep drawing is a manufacturing process that is used extensively in the
forming of sheet metal into cup or box like structures.

m {

- A basic deep drawing operation could be the forming of a flat sheet into a

three dimensional cup, or a box. The shape of a deep drawn part is not

n limited to a circle or square, more complex contours are possible. However,
as the complexity goes up, the manufacturing difficulties increase rapidly.

\é) s D e
T

Deep drawing

Applications

Pots and pans for cooking, cans, containers, sinks,
automobile parts, such as panels and gas tanks, are
among a few of the items manufactured by this process.

Metal Spinning is the process of forming
three dimensional symmetrical parts
from flat circles of metal.

Also known as spin forming or metal
turning most commonly, is @
metalworking process by which a disc or
tube of metal is rotated at high speed
and formed into an axially symmetric
part. Spinning can be performed by hand
or by a CNC lathe.

Advantages
— Very high production rates {e.g. cans)

Disadvantages

- Limited shapes

— Wall thickness is reduced due to the material being
stretched

—Dies are expensive

mirebchere,

Several materials are used dvantages
in this process: Aluminium,

S

Mild Steel, Stainless Steel, More economic that press No repairs possible if cracks
Brass, Copper. forming and casting Only symmetrical products
No seam
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Plasma cutting ,
Plasma cutting
Plasma cutting is a process that is used Gan (aur) JElectrode —ve charge
to eut steel and other metals of different B¢ \

thicknesses using a . “

In this process, an (in some -
units, compressed air) is at high
speed out of a nozzle; at the same time
an electrical arc is formed through that HOW DOES A

gas from the nozzle to the surface being PLASMA CUTTER WORK?
cut, turning some of that gas to plasma,
The

the metal being cut and moves Dt/ averyy yovuede comfuaty - )G Mt ”( L —

!

o~

Shielding gas '

_Material bel n5 euk

sufficiently fast to blow molten metal _
away from the cut, Flasma cutting Yue chorne

Plasma cutting

Water Jet cutting

A fine stream of water mixed
with fine abrasive particles
passes through a nozzle at ultra
high pressure ( from 280 to 690
MPa) and water speed of 400m/s
and 600m/s are used to cut a
wide variety of materials such as
metals, leather, plastics, stone,
paper and rubber.

Water jet cutting
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Laser cutting Laser cutting

Laser beam bransmibbed

Laser cutting is a technology that uses a materials, o aqigmant. £o roxxle

and is typically used for industrial manufacturing applications. 4
Laser cutting works by directing the output of a high-power Focusing lens
laser using a CNC machine, by computer. 4

The material then either melts, burns, vaporizes away, or is Gas ik
blown away by a jet of gas, leaving an

. Industrial laser cutters are used to cut flat-
sheet material as well as structural and piping materials.

' “Laser beam focusea
ON WA pReck

Laser cutting

Oxy-acetylene cutting

Is a process in which acetylene and oxygen
supplied from separate pressurised containers
are supplied via rubber hoses to a cutting
torch - were the gases are mixed to produce a
flame that burns at around 3500C,

The flame is used to preheat the workpiece - it
is heated to a cherry red colour - in this
condition the steel surface is oxidised allowing
it to be cut,

It has an extensive use in cutting steel due to
its partability.

Oxy-acetylene cutting




Activity task
n Activity

Sintering
- AcCtivity

Canrngeenniione
Sintering is @ method for creating objects from DD Pty
powders, including metal and ceramic powders, Fessber U 2O A

It is based on atomic diffusion. In most sintering
processes, the powdered material is held in a

A
”

Create a series of sketches showing
how a stainless steel kitchen sink
may be produced, Use the stages
shown above as a guide.

Identify three products where
manufacturing has involved
sintering. Explain why sintering is
appropriate in each case

mould and then
et ok ol
|, by cave - Activity
Give at least three examples of
The atoms in the powder particles diffuse sand cast products.

’ ’ Powder metallurgy
across the boundaries of the particles,

State the material used to
manufacture each of the products.

. Often used for shaping materials with . . . Identify further manufacturing
extremely high melting points such as tungsten t processes that the products have
carbide. undergone.

bpu fwewpstibe combwatch v Do NG 160

Cive at lnaat three sxamples of
sand cast products

Identify three products where
manufacturing has Involved
sintering. Explain why sintering is
appropriate in each case

Vane wheel - Bronze
L

State the material sed to
manufacture each of the products.
fdentify furthers manufacturing

&
1@,

o6
on®P

es that th
e Tt Rty sne sand cast gl G &
aluminium railway > = g
door s .
Aluminium heat sink
This technology has Gears for automotive industry
range of benefits over Mateml: steel .
Valve - Branze traditional die-castand  Sintering technology is an
extruded materials has  'deal choice for these
it can handle big compenents as it produces
temperature variations.  MOre compact and more
Cast Marine Anchor robust products.
Carbon steel
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Procassing metals ~ . .
| Shaping techniques
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Wasting processes Addition Redistribution
Generally all those processes Processes where materials are Processes where materiats are reshaped
where material is cut away joined together without loss of materiad

Machining - subtraction process Machining - subtraction process

Machining is a subtraction process in which a
cutting tool moves across a work piece to
remove material from the surface.

Metal turning

Is a machine operation performed on a lathe,
the material is clamped securely between a
head stock and a tail stock and rotated at high
speed . A cutting tool Is attached to a movable
toel post and moved along the surface of the
material - removing the material needed. Used
for symmetrical shapes.

Milling

15 a machining operation using a rotating
cutter head, around which a number of cutting
inserts are fixed, that remove material from a
workpiece secure to a bed or vice,




Machining - subtraction process Forging

Abrading
Involves the physical wearing away of surfaces
by the means of rubbing, friction or erosion.
Abrasives may be
= Rigid tools such as files and abrasive
wheels
- Suspended in a liquid eg water jet cutting
= Carried by a jet of compressed air as in
sand, steel shot or iron grit blasting

When metals are hot they are much easier to bend, twist and
stretch, Working hot metals is called forging — the craft of the
blacksmith.

Forging methods can be done either by hand or machine.

Large forces can be achieved by the use of mechanical
hammers,

Processes include; bending, drawing down, punching and
drifting, twisting and scrolling, and drop forging.

Forging

Forging

Basic hand
processes are
carried out with the
use of hammers,
swages and anvils,

Bending Forging an eye

A bend is produced in the piece
being bend, Bending can be either
sharp or gradual. A more gradual
bend could be achieve with the
material cold while a sharp bend
will require the metal to be
heated.

Bends can be made using the beak
of the anvil but they can also be
made by using a former of a
suitable diameter held in the vice,

Forging an eye
A <

1
11
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Drawing down

Most common of all hand-forging processes, consist in reducing the thickness TW|Stlng

of the material by hammering. Is used as a decorative feature on much iron work. The metal is evenly
The most common example is making a point at the end of a bar. This point heated until it is red and then is twisted.

can be square tapered or round tapered. Examples are visible in wrought iron gates, door handles.

Twisting

Wnrs et Ay in ves
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Scrolling

Scrolls are also decorative features used in gates, fences and screens. They

can be formed over the beak of the anvil or more, usually on a scrolling
tool held in a vice.

Seroll Rerreech
) m\n-us e

Punching

Punching is done by hammering a spiked tool into the metal being worked.
Holes can be produced in any shape, it depends on the shape of the punches,

Punching is done using a punch and a repousse hammer,

100 =
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Marking-out Accurate marking-out and mea-
suring are vital to good metalwork.

tools Metal can be worked to very fine
limits ; one thousandth of an inch (:025mm) is common-
place. Many jobs consist of a number of components and
without accurate marking-out at an early stage the parts
would not fit.

The scriber is the metalworker's pencil. It has a hard,
sharp point which scratches a fine, bright line onto the
metal.

The rule is made of steel in varying lengths. It has a zero
end and is calibrated with imperial or metric measurements,
or both,

Spring dividers act like a compass and are used for
drawing circles, dividing lengths and transferring measure-
ments from rule to work.

0dd leg calipers, sometimes called jenny calipers, are
used for marking lines parallel to edges. /nside and outside
calipers are used for gauging the diameter of circular parts.
The tips of the legs are adjusted to touch the work gently
and are then checked against the rule. e

The centre punch is used mainly for marking the positions ty:Sausce
of drilled holes. Its mark prevents the tip of the drill from ! Scribing Block
wandering.

For increased accuracy in marking-out, a surface plate, E ok
scribing block and vee blocks are used, The plate is a E Surface Plate
perfectly flat surface and measurements above it are set up 1
on the scribing block using its fine adjustment mechanism.
Precise vee blocks ensure that the work is set up at right
angles to the plate. The vee-shaped grooves are 10 support
rods for marking-out.

Metals are often painted with a quick-drying marking
fluid, which is usually blue in colour, so that scratched
lines stand out clearly.

The micrometer is a high precision tool for measuring,
Each turn or part turn of its fine thread can be checked
exactly against a scale engraved on it.
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Keep point of

The try square is accurately set to 90" and is used for L N ctbee Tum aganst
marking-out and testing right angles. straght edge

fiem, alightly rock the other

e0D
10 Eod full size

USAGES

General use

: HH The file is an essential tool used
Files and fll’ng on almost every job. Files are

made of cast steel, hardened and tempered on the blade but
with the tang left soft, The tang fits into the wooden handle.

Files are classified according to their size, cut and shape. i e

and intemal corners

The size is the measurement of the blade only and can

range from 3 to 20 inches (76mm — 508mm). Rectangulor holes.
slots and kevways

The cut is the number and size of the teeth, i.e. the

coarseness. There are five main cuts: rough, bastard, Concave surfaces .

second-cut, smooth and dead smooth. S99 Coralar opénings
The shape is the cross-section. The hand file has one

edge without teeth; this is called the safe edge and it is

especially useful for filing internal right-angled corners.

internal comen

For very fine work need/e or Swiss files are available in a

large range of shapes. Inside acute angles

File handles are usually of ash or beech. It is highly
dangerous to use a file without a handle Neboo slots 46 3%
keys and lock wards

Accurate filing demands considerable skill. The work
should always be held firmly in the vice, as low as possible
and horizontal, A comfortable stance, with feet apart

—— {

Half Round File

Smizi—a ]

Square File

Round File -9

Three Square File

Wudim File
Needle or Swiss Files

slightly to the left of the vice, is best. For cross-filing a long Vory tine work
edge, the file is placed on the work at an angle and the

stroke is made forwards and sideways simultaneously.

The file must be kept horizontal throughout the stroke and
downward pressure applied on the forward movement to
make a cut. The return stroke is relaxed. Common errors
are filing ‘uphill’ or "downhill’, or with a rocking motion
which produces a rounded edge.

How to file

Drawfiling is a technique used to produce a fine filed
surface. For this the file is gripped around the blade with
both hands and balanced across the work, Drawing the
file back and forth produces fine scratches all in one
direction. For a highly polished surface emery cloth can
be wrapped tightly round the blade and the drawfiling
action continued.

S
must alwarys

Foroarm and o r
16 Do kapt in & straight fine

Fla moves 10 left aedd right

N~

i, N sl

Movement of filing lnt-mal. ©
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; Accurate sawing is an im-
Saws and sawing portant metalwork skill, A

feature of all metalwork saws is the renewable blade ; even
with careful use they eventually wear out.

The hacksaw is the general purpose metalwork saw.
The frame is adjustable to take blades of from 8 to 12
inches (203mm to 305mm). The number of teeth on the
blades varies from 14 to 32 per inch (25mm) so that the
most suitable blade can be selected for each job, Generally,
thin and hard metals require a fine blade ; for thick and soft
metals a coarse blade is best. Blades are sold in two kinds :
flexible, a mainly soft blade with hardened and tempered
teeth, and high speed steel which are hardened and
tempered throughout. The latter are usually painted bright
blue,

Hacksawing is done with a slow, steady stroke with
pressure applied on the forward cutting movement, Care
must be taken not to twist the blade in the cut, The frame of
the hacksaw normally restricts the depth of the cut, but by
revolving the adjusting pins the blade can be set at right
angles to the frame, allowing deep cuts to be made.

A junior hacksaw is small and inexpensive. It is very
useful for cutting thin metals and light sections.

A padsaw is a simple handle whirh utilises pieces of
broken hacksaw blades for working in places inaccessible
to the framed saw,

For fine sawing on jewellery and for silversmithing, a
piercing saw is used, The blade is little more than s inch
wide (1-6mm), a simple wing-nut clamp holds it in the
springy frame which supplies the necessary tension.

For cutting curves the fension file blade is used in an
ordinary hacksaw frame with special adapting clips. The
biade is like a fine round file and can be manoeuvred very
easily.

All blades are fitted so that the teeth point away from the
handle in the direction of the cut.

18

S
Coorsa toeth

‘Saws and sawing
1y -

l! tl‘ ?~ .

{ k Hacksaw

~

P - “Junior Hacksaw
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; NN Most metalwork drilling is
Drills and drilli ng done with Morse twist dnlls

which are available in many sizes. They are made of
carbon steel (bright, shiny and fairly cheap) or high speed
steel (black in colour and expensive). For power tools the
latter drills are almost essential.

Twist drills have two cutting edges and the waste metal
is lifted from the bottom of the drilling by the twin helical
flutes. So that the body of the drill does not rub on the ‘wall’
of the hole, only a narrow strip called the /and is the full
nominal size. The shank of the drill is the part that fits into
the drill chuck. On the larger sizes the shank is sometimes
tapered so that it will lock into a tapered hole in the spindle
of the drilling machine,

Drills become blunt after continual use and have to be
reground. This operation takes skill but becomes easy
with practice ; beginners should seek expert help.

A sharp drill gives a clean cut and usually shavings are
produced. A blunt drill will rub, squeak, become overheated
with friction, eventually burn and be ruined. A sharp dnill
cuts well under gentle pressure (the feed) and should not
be forced.

The speed of drills is important. Most large drilling
machines have variable speeds which are changed by
moving a belt on a series of pulleys. Charts show correct
speeds, but a rule easy to remember is: The bigger the
dnll the slower the speed. Low speeds are also best on
hard metals,

To reduce friction and overheating, cutting fluids are
used, such as soluble oil on steels, and paraffin on
aluminium.

There are several special drills, such as the countersink
drill which opens out holes to take screw or rivet heads,
Tank cutters and ring saws make large diameter holes in
sheet metal.

Drilling on power machines can be dangerous. Con-
centration and obedience to safety rules is vital.
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Drop forging Drop forging

Drop forging is a forging process where a hammer is raised and then One half {the upper half)
"dropped" onto the work piece to deform it according to the shape of the die. is attached to a vertical
sliding hammer. A large
force is inserted onto the
metal blank between the
die halves, forcing it into
the shape of the dies. Its
usual that the component
being produced will pass
through a number of dies
81D L s i oM ANWIANES Pl before the final shape Is
o achieved.

During hot forging the metals are heated to above
their recrystallization temperature, The main benefit
of this is that work hardening is prevented due to
the recrystallization of the metal as it begins to cool.

Products manufactured using this process are cam shafts,
stub axles, gears, tools, and so on

Drop forging

Why do tools have "Drop Forged" stamped Spanner

on them? A spanner that has éé/\—:l:g

been drop forged .
The reason why manufacturers want you to know that a tool is drop will be better than Momranac o Sbwte-
forged is because this tells you something about the strength and casting or a Jomh o Sewend wiven
durability of the tool. The other two ways to make a tool would be casting ~ machined piece. T e
it from molten metal or machining it (cutting material away) from a larger Because forging /:; ~—/F‘
block of metal. The advantage of forging is that it improves the strength of  improves the » =
the metal by aligning and stretching the grain structure. A forged part will  strength of the e o g
normally be stronger than a casting or a machined piece. metal by aligning oo ok
and stretching the B

wonk ov ok 'qn‘r‘i -
grain structure, o

making it a durable, % —/E“" /
strong and tough

product, -
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Joining metals

Metals can be joined using different joining methods. Joints
could be either permanent or temporary. We have already
seen possible mechanical fasteners that can be used for metal
such as nuts and bolts, machine screws and screws, |

We will study other metal joining methods such as seam
joints, riveting, soldering, brazing and welding.

Screws
= Nuts and bolts

Sewing/stitching * Self-tapping screws

knock-down joints

= Other standard components,
including captive nuts and

Knock-down
(KD) fittings, e.g.
* Cam fittings

= Captive nuts

« Comer blocks

) Welding
E * Spot
v « Electric arc Tacks and nails
g - I(VIIG/T 1G (for wood, upholstery
2z Metal Inert Gas)/ and masonry)
o
s (Tungsten Inert Gas) > ,,H-”J’/
* Oxy-acetylene
z A Joining
/_.,——4——"” T~ Wood joints, e.g.
Brazing — = Comb joints
* Oxy-acetylene = Dovetail joints
* Mortise and tenon joints
go Adhesives, e.g.
é = Soldering Mechanical joints = PVA (PolyVinyl Acetate)
= * Hard (silver solder) « Rolled and crimped = Tensol
E edges + Epoxy resins
£ = Riveting, e.g. = Slot and hook * Double-sided
S 5§ - Softsolder * ‘Pop’ type mechanisms
R = Solid « Velcro
§_ = Tab and slot
a
Screw Threads (External)
External Nuts, bolts and screws are made

in a wide range of shapes, sizes
screw threads and materials. (See front end-
paper.) These fixings provide a means of joining materials
together so that they can be taken apart later; parts of
bicycles and motorcycles are good examples. Screw
threads can also be cut on component parts 1o provide
fixings.

External threads are cut on to metal rods using a die
which is made of hardened and tempered cast steel. The
die is held in a diestock by means of screws that can be
adjusted to increase or decrease the cut of the die. The size
stamped on the face of the die must equal the rod diameter,
measured with calipers. Hitherto dies in Britain have been

Cantre Screw

Circulor Die

mainly in fractional imperial sizes, i.e.% ", 7, 7. 57, etc.
Slowly changes are being made towards metric sizes,
i.e. 6mm, 8mm, 10mm, etc, Both systems are likely to be
used for the time being.

Screw threads are classified according to their profile, or
shape; the many types include B.S.W. (British Standard
Whitworth), B.S.F, (Fine) and B.A. (British Association).
Gradually they are being replaced with a more uniform
ISO metric system.

The clearance holes and the thread of the die are ground
so that the die cuts best when the size and type markings
are facing downwards onto the metal. Great care must
be taken 1o start the thread true; the metal must be vertical
in the vice and the die at right angles to its axis. Suitable
lubricants help the cutting. The forwards and backwards
action, shown in the illustration, allows the waste metal
to break away and fall from the clearance holes. If the
waste is allowed to clog the die it breaks off the crest of
the thread and an inferior job results.

If the cut thread does not fit an internal thread, adjust-
ments can be made with the grub screws and the thread
re-cut.
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80 " rod- " D
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waste
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Internal Tl'uea:s are cut intqr the ‘wall’
of a hole with a tap. The process
screw thl' ea dS is called tapping. Taps are made
of hardened and tempered cast steel and high speed
steel. The taper tap is tapered for almost half its length |
this enables it to get started and begin to cut, The
second cut has a smaller taper, The final cut is made
with a plug tap ; this has hardly any taper and is especially
useful for finishing threads to the bottom of ‘blind’ holes
(i.e. holes that do not go right through the metal). It is
sometimes called a bottoming tap for this reason.

The size and type of tap is selected to match exactly that
of the die or bolt to be used.

A suitable hole must first be drilled, This stage often
confuses beginners. The tapping size hole must be smaller
than the size marked on the tap to allow the thread to be
cut into the ‘wall’ of the hole (see diagram). The tapping
size hole for each size of tap can be found in tables.

The square shank at the end of the tap fits into the tap
wrench. The cutting action is the same forward and
backward movement used with a die. The forward
movement cuts the thread; the backward movement
breaks away the waste metal which falls down the
flutes along the length of the tap.

Tapping ‘blind’ holes calls for great care; the waste
metal collects at the bottom of the hole and can cause the
t1ap to jam tight, Because cast steel is very brittle, taps can
easily snap off inside the work ; this causes, at best, 3 delay
and, at worst, a ruined job. For this reason the waste
should be knocked out of the hole periodically. Lubrication
also helps.,

Very great care must be taken to start the tap vertically
to the axis of the hole by using an engineer’'s square;
otherwise a distorted thread will result,
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Screw Threads
Core Duamaoter

)

Botr

Allow Tap 1o cut
throad nto
walls of hole

Tappeng Size Hole
Equal 10 Com dameter

O e

Adjustable Wrench

Chuck Pattern
Wrench

7 s—
Taper Tap

[ e

Second, or
Intermediate Tap

e
Bottoming,
Plug Tap”'

Find out Lpping size by consulting chat or
table, Dnll the hole

2 | 3

|

Solect correct Tap. This
sl match rod diamoter,
and die s=2e and type

b

Fix job in vice o that

10 <t

hole Is vertical

5

" -

Apply cutting flud

and then back
1o cloar swarf

6 Turn Wreench clockwise

Use Taper Tap
10 got stared

A blind-hole s tapped
by wsing ot 3 Taps

In turn, starting with
the Taper Tap

Seam joint

Seam joints

Simple jolnts can be made out of metal sheets were both pieces are folded

over and interlocked as shown in the diagram below and finally locked into

the sealed Grooved Seam using a grooving tool.

Crimped joint
Samem et
a s (8 rimgedd 1u the comiadne by fofcng
.
Sowens i crmated by
Sabimng anal pebery
—
Fosdedt wmamy
|
P s
\ |

et et

Convapend oy fumssrng The
v “wkes” 0 W e eow

—
i
£

4/ .
-~
-
COUNTERSUNK LAP STAM OUTSDE LAP S2AM
GROCVID FLAT LOCK SEAM

FLAT LOCK SEAM

£ -

:.;,_é,.

http://www.tpub.com/steelworkerz/22.htm

Riveting

Is a simple and effective way of joining
metals. It is used extensively in ship
building, alrcraft constructions and civil
engineering.

Rivets are available in several metals -
copper, brass, aluminium and soft iron
being the most common, Usually the
material of the rivet should match the
materials being joined.

The shape of the rivet head Is an important
feature and must be selected to suit the job.
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Riveting

Srap Hoad Nives
w Rournt Mead
usad for genmal
HNQINBONNY Work
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for thick work
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for goneal work

Flat Haad or
Tinmans Rivet
fow rthin meeals

Cawntemunk 120
far thin sheer metals

Biscoted Rival
for soft metais

T
hid
1

Riveting
2% e 2

Pop River

e ——
—————
|

Pop Rivates

= Pin wahdrawn - and swelits
el of hioliaw rwet unail
wiran Sraceurne nock

Nook
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Processes involving heat

All the processes name below use heat to joined materials
together usually using a fillet material that is fuse to the
materials being joined.

1. Soldering
2. Brazing
3. Welding

Soldering

Soldering requires lower temperature when comparing
with brazing and welding.
There are a range of solders available from to 3
In the heat comes from the soldering iron.
Soft solders are used to joined electronic components to
a circuit board, or to solder small copper or brass
components. Soft solder melts around 200 degrees.

are used for products that require
additional strength, There are two types of hard
soldering - and
Hard (silver) solders melt between temperatures of 600
to 800 degrees.

Making a soldered joint

1. Materials to be joined are cleaned to remove grease and dust. Flux must be
used to kept the joining area clean.
2. The mating surfaces must be fitting together and held securely.

3. A blowtorch is used to heat the material around the joint. The solder filler
rod is rested on the joint, the heat melts the solder.

4, When the joint completely filled it should be allowed to cold down.

Brazing

Brazing takes place at a higher
temperature than soldering, the filler
rod (made out of brass alloy) melts
around 800 degrees.

Materials that can be joined include
copper and steel (generally mild steel).
You use the same process as soldering— _
just instead of using flux to clean the N
areas to be joined you use borax. Parts

are held securely when being heated.

Welding

The difference between welding and brazing or soldering is when
welding the materials being joined must be all the same, as well as th
filler rod.

Oxy-acetylene welding

Oxyacetylene gas welding is commonly used to permanently
join mild steel. A mixture of oxygen and acetylene, burns as
an intense / focussed flame, at approximately 2,500 degrees
centigrade. When the flame comes in contact with steel, it
melts the surface forming a molten pool, allowing welding to
take place, by melting the filler rod and fusing the edges
together. Oxyacetylene can also be used for brazing, bronze
welding, forging / shaping metal.

This type of welding is suitable for the prefabrication of steel
sheet, tubes and plates.

-



Oxy-acetylene welding
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Weldmg Inevitably means exposure ta extremely
high temperatures. For this reason, a leather apron
and leather gloves are essential

Welding and safety

>

WELIMNG
O

Special welding goggles protect the eyes from the
potential ‘spiatter” aof malten metal during the
welding process, They also protoct the welders
wyes from the dangerous ultravialet and Infrared
Iht waves, produced by light emitted by the
intense Mame of the torch. The goggles usuaily
have ‘fhp up' lenses. These allow the welder to
ook through normal lenses when arranging the
metals 1o be welded and the Mip down' tinted
lenses when wekding

LEATYER abyan

LEAT AN OL NS

s
=

A welding must be carried out In 2 well ventilated
area, as breathing the fumes that are generated
during welding, can be dangerous.

The wekling area shauld be cloar of ary potential
fire and trip hazards.

Electric arc welding

1s a type of welding that uses a welding power supply to create an
between an electrode and the base material to melt the metals at the welding point.

The electrode is coated in a flux which when melted prevents the joint are from
becoming oxidised,
Arc welding processes may be manual, semi-automatic, or fully automated.

Electric arc welding

Fouser
Soarce

MIG welding

MIG welding, or Metal Inert Gas e (e
welding, combines two pieces of /

metal together with a
consumable wire connected to
an electrode current. A wire
passes through the welding gun
at the same time as the inert
gas. The inert gas protects the
electrode from contaminants.

MIC wabsing

TIG welding

TIG welding, also known as
Tungsten Inert Gas welding, uses
non consumable tungsten, along
with an inert gas, to weld two
work pieces together. The
tungsten electrode provides the
electricity, but not the filler, for
the welding process. While it can
use filler, it sometimes creates a
weld where one part melts into
another.

Fubr o

_Gheaking e

Comparing Arc, MIG and TIG: http: U wwwyoutube comiwatchfv-ACw TmWilyhelisafe-active
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Spot welding

Spot welding is a technigque
generally used to bond metals
shaped into sheets no thicker than
3 millimetres. Unlike other
welding techniques, spot welding
can create precise bonds without
generating excessive heating that
can affect the properties of the
rest of the sheet. This is achieved
by delivering a large amount of
energy in a short time in order to
create controlled and reliable
welds.

Seam welding

Seam welding is a
continuous process
using electrode wheels
on generally
overlapping work
pieces.

Used to close tin
coated mild steel cans
for food and drink.

Adhesives suitable for metal
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Topic 4.3: Timber

Essential ideas: Materials are classified into six basic groups based on their different properties.

Concepts and principles:
e Characteristics of natural timber: hardwood and softwood
e Characteristics of man-made timbers
e Treating and finishing timbers
e Recovery and disposal of timbers
Guidance:

e Characteristics include tensile strength, resistance to damp environments, longevity, aesthetic properties
e Design contexts in which different timbers would be used

Aim:
Designers have great influence over the materials that they specify for products. The move towards using timber

from sustainably managed forestry gives consumers confidence that rare species found in rainforests have an
opportunity to recover.

Nature of design:
Timber is a major building material that is renewable and uses the Sun’s energy to renew itself in a continuous cycle.
While timber manufacture uses less energy and results in less air and water pollution than steel or concrete,
consideration needs to be given to deforestation and the potential negative environmental impact the use of timber
can have on communities and wildlife.

Theory of knowledge:
Designers are moving from exploitation of resources towards conservation and sustainability. Is the environment at
the service of man?

TYPES OF WOODS
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Sources of Wood

« Wood has been usead as a structural and decorative material for thousands of
years and it still is. Paper making is one of its mains applications
« Wood is a natural material and can be found all over the world in differant
species.
+ 31% of the earth land surface Is foresis
IR -

Softwoods

» Softwoods betong to the group of trees know as conifers and have needle
shaped leaves with the seeds contained in cones. Conifers ara usually
avergrean, Classifiad as Gymnosperms and they grow In cooler climates

« Softwoods can often be

4]
harder than hardwoods.
Douglas Fir has a higher
tensile and compressive
strength than many
hardwoaods

« Balsa wood, although

technically a hardweod. Is
mechanically weak, has low
tensile strength, low
hardness and toughness

Softwoods

Typical structure of softwood species

Rapid growth portion of
S annual ring

Softwood Colour/Texture Uses
Scots pine - A sraight-grained |
softwood but knotty. Light in colowr. “

Farty strong but easy 1o work with,

Spruce - Creamy-white softwood
with small hard knots. Not very
durable.

P
B
—

|
Wik

European redwood - Quile strong
Lols of knots, durable when
presarved

\

A

I

Parana pine - Hard and
straight-grained. Almost knot free
Fairly strong and durable
Expensive Pale yallow in colour
with red/brown streaks

Yellow cedar - A pale
yelliow-coloured softwood with a
fine even texture. Light in waight
but stiff and stable

L Slow growth portion of
s annuad ring

Ray cells .~
(alow flow across
the grain)

™

Longitudinal racheids

(allow flow along the grain)

Bordered pits
(allow flow across the grain)

Softwoods definition =

Hardwoods

» Hardwoods belong te the group of trees know as deciduous broad-ieaved tres:
or angiosperm trees, and have broad leaves with the seeds contained in a see
case - for example acomns.. Deciduous trees usually lose their leaves in autum
They can take 100 years fo mature. They grow in temperata, subtropical and
tropical areas regions of the warld.

(&) Satwood [ e T “

Hardwoods definition=

Hardwoods

Hardwood Colour/texture | Uses

Beech - A straight-grained
hardwood with a fing texture
Light in colour. Very hard so s
ideal to be used where i is
being bashed arnound and used
often. Beech is also very sasy
10 work with

Teak - A very durable oily wood
which is goiden brown in
colour. Highly resistant to
moisture as it contains natural
Odls

Oak - A very strong wood which
is light in colour. Open grain
Hard 10 work with. Whan
treated it looks very classy and
ologant

Mahogany - An easy o work
wood which is reddish brown In

colour. This wood |s very
oxpensive. A hardwood




Conversion - Green timber

« Once the tree is felled is cut info logs, which are usually slice along the length of
the tree. Al this stage the wood is called TIMBER. It s usually not used as it is stil
green and contains a lot of sap. Usually has 85% of maoisture on its cells

« The timber needs to be dry out until its water content is 10 to 20%. This is done by
seasoning in a way its not affected by spiitting or warping

+ |If the moisture is not reduced to a level betow 20% the timber will be subject to
decay and attack by fungus - often referred as dry rot. The drying is not done to

Softwoods versus hardwoods

Factore atfecting the strength of timber

Moisture content
Duration of lkeading

- Defects - such as knots, spits,
shekes, ete

- Chemcal treatmant - some
treatmenta have an adverse
effact on mechanical properties

Many of thess factors are refated to
the growth rate of the wood rather
than classification as hardwoods o
softwood,

Hp NN oo renyaxh e BZoNMETR

Conversion

There are two basic forms of conversion ~ the slab sawn and the quarter sawn. The
choice of conversion method can use the grain better to help make the material more
stable

Plain Sawn Lumber
Tongentil Geiy

« buster to produce

= Meee alfordatie

» [splays varsed graln pattems &

the unique “Crthedval” appeasance

~ Readdy availatie

~Mote stable thas plain sawn lumber
sncreased mantuore resistante

<Less likedy to cup, twist & wanp
Beawtiful ribbon 2k *feck” patterms are
prevatent i speoes e White sk & Red Ouk
<Less expensive than oft sawn lmber

Quarter Sawn Lumber
Radel Geont

Air seasoning

Alr seasoning s a natural way to let
timber dry out. The timber is stack in
layers, separated by sticks and leftin a
open side shaed with a sioping roof

Alr circulates in between the layers
reducing the water content by 20%
This process takes 1 to 2 years
depending on the thickness of the
timber

The stacking of the timber Is important,
as badly stacked timber may split or
twist as it dries

Alr Drying/Natural Seasoning

Kiln seasoning

+  Kiln seasoning Is a quicker process. The timber s stacked and stored In a
sealed kiln, where the temperature and humidily are controlled. This process
also reduces the water contant by 10 1o 20% and It takes about 10 weeks

+  Temperature within the kiln are typically controlled betwaen 70 and 100C

ADVANTAGES OF SEASONING

« Nincreases the strength and stability of the imber

« By reducing the moisture content you raduce the risk of the timber causing
corroson when in contact with metal

« The wood is less prone to rot and decay
« Easy to paint, glue, nail, screw and machine

Constraints

» During the initial drying of the woad only free moisture is removed and no
structural changes occur. Once the free moisture has been removed the
loss of absorbed moisture begins - at this stage the moisture is below 30%
and structural changes will happen such as shrinkage.

« Il the seasoning process in not controlled - stresses could develop within
the timber surface and centre that can lead to warping and sphtting,

Man-made boards

Manufactured boards are timber sheels which are produced by gluing wood layers
or wood fibres together. Manufactured boards often are made using waste of wood
materials. They have been developed manyly for industrial production - as they can
be made in very large sheets of consistent quatity. Boards are available in many
thicknesses but commonly 3.6,8,12,15,18,20 &25mm.

Table 15 Wood prodvcts

Man-mades board

Made up of.
Plywooe Luyers of veneurs and resing, slways an sdd nember of venesr
Dlock basrd Strips af wood baon 1 with surtacw
Chipboard Fino chips of woods mised with recins
MorF Very fine wood Ntwes misod with resine
Haidtioard As MOF - can be sngregaated with oil
Stedingbonid: - TRSIMES o) Woos EOprsad: iote fae:

Characteristics of man made timber

s Tensile strength: depends on the man-made fmber
Plywood - high tensile strength In alf drections
Particie board and MDF - very low

* Resistance to damp environments: depands on the man-made timber
Exterior plywood - excellent.
Interiar plywoods very ow
Particle board and MDF - very low

«  Durability:
Piywood is high
Particle board and MDF 15 low %0 medium

* Aesthetic properties:
Plywood If the fop tayer is of a nice Smber ke Beech will be good
Partidle boart and MOF requires finishing or a sheet of lamination (See previous section)
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Hardwoods

These come from or -leafed trees.
They are generally ____ growing (typically 60-100 years)
which tends to make them and
lymore _______. However not all hardwoods are
ard, Balsa for example is verz light and soft. Other
examples are eech, Ash, ____and
Teak.

Mahogany broad expensive slow
tougher deciduous harder Oak

Softwoods é *ﬁ\

These come from _____ trees which have
rather than leaves. Softwoods generally grow
(typically 20-30 Kears) than hardwoods and are usually

— toworkwith,can ____easily and are much
T thanmost hardwoods. Some common softwoods are
, Parana Pine, and Spruce
(whitewood).

Cedar  coniferous split  faster
cheaper needles Scots Pine softer

VENEERS

Veneer refers to thin slices of wood that
have been shaved off the trunk of a tree,
Hardwoods are normally used to make
veneers due to being more durable than
softwoods and because the wood tends o
be more decorative

«  Ususlly tunner than 3 mm, they are typically
glued onto core panels to provide a more
decorative surfaca 1o infencr gualily man
made boards (typically particie board or
MDF). They are used for products such as
doors, lops and panels for cabinets, parguet
fioors and parts of furniture

Medium Density Fibreboard

MDF is an enginearad wood product made
by breaking down hardwood or softwood

residuals Into wood fibres, combining It with
wax and a resin binder, and forming panels
by applying high temperature and pressure

MOF - Smoath, even surface. Easlly machned
ant! pamded or staned. Also avalable in waler
and fire resistant forms

Used maindy for furndure and inlarior panelling
due to its casy machining quaites. Ofton
veneered or painted

PLYWOOD

* Plywood consists of at least three layers or veneers of wood which have been
plied together with the grain running crosswise(90 degrees) to add strength and

resilience. The sheet matenal is very stable against warping.

Main Uses

HOW TO MM(E
WHABDMOD PLYWO

Advantages
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Medium Density Fibreboard

MDF is an engineerad wood product made
by breaking down hardwood or softwood

residuals into wood fibres, combining it with
wax and a resin binder, and forming panels
by applying high temperature and pressure

MDF - Smooth. oven surfsce. Easlly machned
and panted or stened. Also avadiable in water
and fre ressiant forms

Used mamly for furndure and intenor paneiing
due o &3 easy machining qualities Offen
vanoered or painind

Chipboard

Also known as particleboard, low-density
fibreboard (LDF) and chipboard — is an engineered
wood product manufactured from wood chips,
sawmill shavings, or even sawdust, and a
synthetic resin or other suitable binder, which is
pressed and extruded.

Main Uses Advantages

Manufactured Boards

Defects in wood - Shrinkage

. . el )
These are timber which are
2 « Shrinkage happens as the matenal
made either bY wood dries out from a green timber to an
or wood together. oven dry state.
M f 1, d b d h bg « Moisture is very important depending e
anuracture oards have been in the wood application. If | used a Pa— o
developed mainly for' wood for an outside space that has a
. . 5% moisture content it will easily
produc;‘hon techniques as they can be iidsienagslrahey b denn ST
made in very sheets of prone to rotting. If | use a wood a A
: higher than 5% moisture content
consistent E indoors the wood quickly will dry out —_—
layers large sheets gluing and show evidence of shrinkage. Defocts due t dhywng
industrial quality fibres
Properties of timber
Match the properties with the definitions
abiity of of
o=t fhar o
- [ how wel tmber can witstand 5 |
stability sudden mpact et breskrg |
sy (=
—— :




Defects in wood - Knots DRY AND WET ROT

» These are the 2 most common forms of fungal decay in wood.
»  Knots are common types of natural defects. As Ihe lree grows branches will
begin to grow out of the trunk. Knots can weaken the structure of the matenal,
will produce wregular grain and makes the wood more difficult to wark.

+ Dry rot is a wood destroying-fungus which feeds on moisture in
timbers. Reduces the wood to a dry, powdery consistency resulting in little
strength. Dry rot can cause widespread structural damage 1o other materials as
well

Wet rot occurs more
frequently, but is less
serious; decay is typically
confined to the area
where timber has
become and remains
wet. So the material will
start to decompose

INSECT ATTACK _ _ Defects in wood - Splits

Examples of mzects are the wood worm {sean In
softwoods) and the death walch baslle (seen in
hardwoods). Both attack the matenal by laying their
80gs i the cracks.

The eggs hatch over 8 penod mto larvas, which then
burrow into thi timber, feeding on the caliuloss content
and subsaquently weakening the timber

Al the end of the pupal stage the adult emerges from
the imber through flight holes. ready to commence the
life cycle again

This engoing cycle will lead to the progressive
breakdown of the timber structure infestad, ultimately i ——— Resulting
resulting in compiete collapse. ‘ // \ split

« Splits are breaks at the end of a board that run along the grain. They are
usually restricted to the end of a board

+ Usually caused by rapid drying.
+ Can effect the strength and appearance
1. Along the grain

Q-b- — -

2. Across the grain

FINISHING PROCESSES FOR WOOD FINISHING PROCESSES FOR WOOD
« Unprotected wood absorbs water and expands. This causes the resins that «  When applying a surfsce finish to wood it's important to

Joined the cells together to break down and loses its strength starting to decay remember the wood must be

Also bacteria and fungus are more likely to attack the wood 1, Keep clean - surfaces should be smooth as possible(
* Hardwoods have a greater resistance to the environment than softwoods, ”na@g)‘ free from marks, scratches, glue, resin from any

due to its grain structura being more dense and therefore it will iast longer. Teak knot, ete

for example contains olls that help repel rainwater and protect the matenal — 2. Keep oul moisture to preserve the wood - e surface of the

therefore is an idea! wood to usa in cutdoor funiture and decking's wood can be sealad with & primer paint, that halps the next

layer of vamish or paint not being absorbed by the wood.

Towe iug

3. Add to its appearance ~ a stain could be used to add colour
hawever this is not a final finish and needs some other

sealing and protective coating. Several coats of stain would _

darken the colour — Gmtes e S

Timber treatments- are an additive preservative to improve  Timber finishes- are applied to the surface of the timber and Is
the timber’'s resistance lo altack and improve its durability is usually carried out to achieve one or both of the the following

enhanced to a lavel which is suitable for the intended use. reasons:
1 Wood destroying fungi - resulted from moisture 1 Aesthetics- to improve the materials natural beauty
2 Wood destroying insects - borers, white ants 2 Function- to protect it from environmental iImpact, heat, molsture

Total

Wood
Preserves
) mt——

Wood preservers: soak into the fibres, protect against insects &

fungl Finishes - protects the imber against moisture & P e diff

Wood preserver: soaks or penelrate into the fibres of the Varnish/Estapol- provide a hard and very tough surface which are

timber, rather than sit on the surface. It provides protection suitable for covering timber floor board. It increase the surface

from excess moisture which would cause the timber to split hardness and by sealing the timber protects the wood fibres from

and rot moisture and insect attack

Creosote: penelrates the timber fibres protecting the Integrilty  Finlshing Olls- often made from linseed or mineral olls, this liquid

of the wood from attack from borer, wood lice and fungal protects from moisture and provides low sheen finish,

attack, This is used in outside conditions or for posts below

the soll Wood wax- wax provides a dull gloss shine, often made from
beeswax dissolved in a solvent, it Is applied to timber using a cloth 42

Stain preservers: soaks deep into the fibres of the timber It is often used on good quality furniture and has the ability to lift the

and provides a tone or colour to the timber. protects against colours of the grain for a highly aesthetic and pleasing finish.

fungus, moisture and Insect infestation




FINISHING PROCESSES FOR WOOD NATURAL BARRIERS - OILS AND WAXES

*  Whan a natural appearancs |s required, one method Is to apply an oil to the

When applying & surface finish 1o wood It's important to \r Diaa':“ wood surfaca. This highlights the wood's own colour, grain, making it water

ramember the wood must be resistant with a non-shine finish - ideal Tor any kitchen top or culling board

1. Keep clean +  Mos! oils are applied with a cloth acrass the grain. Ideal more than ona onat and

] left to dry 24 to 48 hours in between coats o
oy Y " |
SovtiET mg} LIS » Different oils can be used such as ‘
z o * @) alve of - used when wood m in coriact wih food
2' Keep out moisture to Pfeserve the wood - BL- L * b} insood of . can be used In most woeds (makes ght woods such as beech, ash and pines

become dirty and discolournd very cultkly)
* ¢) Taok od - Vary good protecacn
+  Beeswax s another natural looking fimsh. But before the wax = applied It nesds
to be seaied with a callulose saaler, 0 the fimah will last. More than one layer
3. Add to its appearance — ! ) could be applied and polished at the end

OIL BASED PAINT POLYURETHANE PAINT

» This paint is very towgh and scralch resistant and can stand quite high
«  Generally used for wooda. This wood Is also sealad with an undercoat before

the final cost is applied. This can take a form of high-gloss, semi-gioss and matt
finish. These paints are suilable for indoors and ouldoor use as thoy are

ternperatures without being damaged, I is xdeal 1o paint things such as toys,
furniture, {ables, doors, etc

B . I 3 he same principle < |t needs wlereos
walerproofl and durable, Usually used for windows and door frames * Wfollows the same principle ~ |t needs o undercoat

* Il the natural grain of the wood s required, then sealing could be usad by
applying a layer of transparent polyurethane varnish, A stain or paint could be
@ the right colour tone of wood
-

é

g’gplled before to achiev

—

« Timbers can be obtained 1analised. This is
a process where timbers, usually
softwoods, are treated by the preservative
prior to the making of a product

*  Wood recycling is the process of turning
wasle timber into usable products

* Recycling timber is a practice thal was
popularized in the earfy 1980s as issues
such as deforestation and climate change
prompted both timber suppliers and
consumers o tum to a8 more sustainable
timber source.

* Recycling timber is very common In
countries such as Uk, Australia and New
Zealand. Oid timber is chipped down to
wood chips and used to make man made
boards, animals bedding or being as
biomass to power homes,

+ The process involves the impregnation of
fhe timber with o solubon of copper
sulphate and other salts in iarge pressura
vessals

+  Timber products treated this way could last >
up to 50 years J ‘

REVISION QUESTIONS

Explain the difference between softwoods and hardwoods.
2. Name three hardwoods and three softwoods and its main properties.

3. Name a reason why greenwood is undesirable as a commercial
timber?

Name two methods of log conversion
Whal is the advantage of quarter sawing a log?
6. What is the main cause of splits in timber?
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Reforestation

Tabte 21 Tanpaaiion of meycied muricipal waste n the Netertands JOO1- 3810

In 1000 tosnes
Mo gn ey = T 0T ear e E_E__.? MET AL 28w Sl e AR "
Peow ot ecbowd . 1010 1808 0 {80 104 108 W 110 00T 1M + Reforestation is the process of restoring lree 2 ]
e T 3G w1 WS am M1 s e i W cover 1o areas where woodlands or forest 5 ‘n, S
Lol TS S N S SRR S TS T S - 3 once existed. If this area never retumns to its e
o prenmpy 1 1 ) Ll 1) ) L} L L 1 » & N "
T S T S N O Y — original state of vegetative cover the
vt — PSR . S R destructive process is called deforestation REFORESTATION
WHE - - " o n o "o L “ o st A A % -
— T e g e Reforestation may take a variety of forms. In

] S e e many zones in the US It occurs naturally as
Furmen WA RS _ R _R_R n %
[ p— M ne AT B e M1 ASE 4N se e the native hardwood forests are so resilient
o) = 20 L S S S0 RN RN that can re-establish themselves. However,
g Mishes ot TEM TN TME 1A TMT 1AW TEIA 13W TIES 1M
owew m— urban sprawl and agriculture requires more i "
] y - =

- ! land which leads to deforestation. Artificial

reforestation is required where nutrient
deficient sodds generate ercsan-prone
environments

Sustainable forest

International Mindednessg

The demand for high-quality hardwoods resulls in the depietion of ancient forests in
.reﬂ'.'ons"counmes impacting on the environment in multiple ways

-
&

L. )

Read pages
112 and 113

under these
headings in

your theory
book

ards conservation and

Product analysis exercise EXAM STYLE QUESTIONS

Look at the products below and analyse them In terms of being design to be
environmentally friendly throughout its |ife cycle. 3

5. When can timber be defined as renewable?

A. When a new tree is planted to replace used timber

| l ] B. Whenitis re-engineered
w C. When it is sourced froma rainforest
- D. When it has been recycled
4

Paper softwall

destgn by Stephanie Forsyihe ¢ Tode MacAlen
Mage from kyers of pages sUUCIUNED wit)
fleaitiie Pongycomb gecmeny,

Carltan roam dvider, designed in 1981 by Ettare
Sollsass, [n wood and plastic Laminate.
Unllimited edition with a numbered metal label
SIZE L 190 7. 40 H. 196 cm- Price 13 500 euros

SIZE 1830023%mm Price 1100 ewron
15, Man-made timbers can be convenlent for industrial use. 18. What is generally true of hardwoods co red to softwoods?
Which of the following man-made timbers is created from thin layers glued together? ; g Y i o '
A. Chiphoard Density Resistance to damp environments
B. MDF
C. Particle board A s _ o 1
U.Fywood 8 Low High
16. What is an advantage of man-made timber over natural timber? c High T
A. High tensile strength with resistance to damp environments D High High
B. A renewable source of material ‘ g

C. The creation of large sheets of consistent quality
D. Can be recycled more easily

44



7. Figure 11 shows a Butterlly Stood made of two identical places of plywood, joined in the
centra with a singe metal rod and connacted under the seat by |5t two SCTraws.

Pigare 1) Busertly Shoot

{d) Explain thres charscteristics of plywood that are Impoetant in the design of the Butterfly Stool, 9]

(b) Compare fhe use of pine wood with mahogany as mlerials for flooring in refaion to salely for uses. 3]

. Figure @ shows the FlayShapes procust by Miler Gooarman. PlayShapes is a set af 74
modular harOwoed shupes which are finished wih paint of vamah. They can be Laed by
yaung crldren of -'mu'i':ms o create huncreos of nee-amenmonal dewgns

T

(@) {1} Etate one advantage of using paint 1o finish the patis of he PlayShapes prodoct. [1)

(1) Sate oow dissdvantags of using pan 1o Minish e pas of !e PlayShspes prooaa. [1)

(B) Expiain one cnaractenstio of ardwood timber which is mmpertant for tha natee of B PlayGEhapes
design. [3]

Topic 4.9B: Manufacturing Processes (Timber)

LAMINATION

+ |s the tochnique of manufacturing a material in multiple layers, so that the
composite material achieves improved atrength, stability, sound insulation,
appearance or other properties from the use of differing materials, A laminate is
usually permanantly assembled by heal, pressure, welding, or adhesives.
Exampiles of laminates include surface for kitchen worktops, laminate flooring
products, parts of chaws or furniture

LAMINATION

»N
of

STEAM BENDING

«  This method has been used In the manufacturing of a diverse range of products
some examples being wooden boat building where it Is used in the shaping of
hull's ribs and lap boards, the production of traditional wooden musical
instruments such as violins and in the manufacture of wooden furniture.

When working with
plywood care should
be taken, as prolonged
immersion in the
steam chest will
delaminate the
matenal

TGt e o

STEAM BENDING

Is a woodwarking technique where strips of wood are steam heated using a
steam box. The applied haat and moisture makes the wood pliable enough to
easdy bend around a mould 1o creale a specific shape

The moulding process ta usually done by ciamping the strips of wood to a
positive foem, with the strips of wood often reinforced on the outside with a metal
band to prevent blowout

LU NAA b Ao s erimgn d e hy W

Milling (subtractive process)

Milling is the process of cutting and drilling material
(ke wood or metal}. A milling machine, regardless of
whether d's operated manually or through CNC, uses
a rotating cylindncal tool called a milling cutter, It is

held in a spindie and can vary in form and sze

The main difference betwesn a milling machine and
any other drilling machme s the ability to cut In
different angles and move along different axes, For
this reason, there are seversl kinds of milling
machines, which are designated by number of
movement axes from (2 to 5) but are operated
through a computer. No manual operation required

Wood turning (subtractive process)

Spindle Tuming Faceplate Turning

_— .
P e i

o Graon of wood rurs parsiiel to the bed of
th lethe

Gonin of wood s perpendiculs to the Begd
of tha lethe

o Warkpwes s sheped from the sicle whdle 1t
(atates o ity contne axin

THols like Bow! pouges aw uted 10 shaoe
vl NOlw The FORATHW WO peex e




Laser cutting (as seen in metals unit)

« Laser culting is a technology that uses a
laser to cut materials, and is typically
used for industrial manufacturing
applications. Laser cutting works by
directing the outpul of a high-power laser
using @ CNC machine. by computer

* The matenal then ether melts, burns,
vaporizes away, or 3 blown away by a jet
of gas, leaving an edge with a high-quality
surface finish. Industrial laser cullers are
used to cut flat-sheet material as well as
structural and plping materials

Living hinge

A living hinge Is a thin flexible hinge (Nexure bearing)
made from the same material as the two rigid pieces it
connects, It is typically thinned or cut (o allow the rigid
pieces to bend along the line of the hinge. The minimal
friction and very lithe wear in such a hinge makes it
useful in the design of microelectromechanical aystems,
and the low cost and ease of manufacturing makes them
quite common in disposable packaging

On wood, a vanant on the kerf bend can be used to
creats living hinges in kaser cut wood. The technique is
popular for making light-duty hinges with large radius. It
is also possible to create a kving wood joint by hand, but
the result is less accurate.

Screws

* s e et

> Sl gt Sy

* e Darelan] crmnge e
o habroy it hew ety meel
bovne b i oty

JOINING WOOD

As with other

materials, wood / (=

can be joined
temporarily or
permanently using

-

different joining / \ .

methods.
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JOINING WOOD

In the case shown below a bam wall is being supported by a framework that Is

bolted together.

In a moderm roof truss is produced In a different way without the traditional wood
joints. Each of the timbers is cut to size and shape and once set up in a jig,

plates with nails are used in both sides of the joints,

TRADITIONAL WOOQOD JQOINTS

"« All wood joints will be secured with an adhesive such as PVA making them
permanent. The adhesive would be spread on the two halves of the joint, the
whole joint ciamped logether until the adhesive is dry

l‘-"- -...‘
= ] .
Wenh Bacouve no overdap W Bridie joint/ open mortise tenon
& a
Pnammer  sekel | AENRUSGECT
rhi--qﬁ o stsob ek o werfuce tireo cnd Do gron jened
e;w-u:.mul Usedd om T-jomtn o R ey,
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SELF ASSEMBLY FURNITURE

« Flat pack furniture s put together using self-assembly parts with a range of

fixings ~ usually knock down (KD) fittings.

ot b 0

Chiptecaard lactmie




SELF ASSEMBLY FURNITURE - STANDARD COMPONENTS

+  Along with these KD ﬂttlngs other fixings could be used as hinges (fit into
pre-drilled holes) ar a range of screws.

symmaTs Wood screws

-
o

m Product analysis exercise 5: Wood and manufactured boards
Laminated dining chair

%] Study the photo of the dining chair.

a The chair is made from laminated beech veneers. Explain why beech is
suitable, making reference to the following requirements:

= aesthetic
= functional
= manufacturing.

b Use notes and diagrams to sketch how the veneers are laminated into
the shape of the seat.

c Sketch how the seat could be joined to the legs.

d The seat is finished with a polyurethane varnish. Explain why this is
suitable and how it would be applied.

The table top pictured is made from MDF. Explain why this material is
often used in such furniture.

The table top is finished with a melamine formaldehyde laminate. Explain
why this is used.

WOOD ADHESIVES
CASCAMITE

« Usually comes in powder to be mixed with water, *  One of the simplest ways of joining wood. Spread an adhesive over the clean
joining surfaces and clamp them together until the adhesive dries. The strength

on the joint will depend on the type of adhesive and If the two surfaces are a
cloge fit,

* ltgives a strong joint which is heat and waterproof resistant.
« The main disadvantage s that It can stain the wood

. fting time isd4 106 \ s
Setting thneis 4 to'6:hours * You should also consider where and how the product will be used. For axample

,,’:7 = : %L ‘ if the product is to be used outdoors, then the adhesive must be waterproof.

9 FAL‘ ’r - %
? | - 4. Use G Clamps to

2. Stir thoroughdy 3. Apply to both lock the two pieces
until 8 smooth surfaces usng a together unti the
1. Pour watar and creamy pasteis spreader adhesive sets

powdered cascamite int0  produced.
o ghass contalner,

POLYVINYL ACETATE (PVA) CONTACT ADHESIVE

* |t's not a glue to join two pieces of wood together
but rather an adhesive for fixing other maternals to
wead (e.g, plastic laminates, tiles)

» This is @ resin glue which is ready mixed for
Instant use.

« It provides a quick setting, it doesn't stain
the wood as it dries ciear, however iis not
waterproof,

* II's a synthetic rubber glue and has to be spread
on both surfaces being joined. It is left until is
touch dry. |MPACT

« Parts can then be joined but they must be match - e wose
logether in the nght position, ]

» The glue sets in one hour but lts full
strangth is achleved after 24 hours,

» The work needs to be clamped together




EPOXY RESIN

This type of adhesive will bond almost any
matenal together,

EPOXY ADHESIVE

Its an expensive adheslve so Its usually used
for small joining parts.

It comes in 2 parts the resin and the hardener
They have to be mixed in equal amounts

The mixture should be spread over both
surfaces and left to set for 24 hours.

WOOD ADHESIVES — COSHH IMPLICATIONS

http:/iwww.hse qov.uk/woodworking/hazard .htm

The Control of Substances Hazardous to Health Ragulations (COSHHM) requites
employers to ensure that the exposure of employees {0 substances that are
hazardous to health is either prevented or, where this is not reasonably
practicable, adequately controlled,

http:/fwww hse.qov uk/coshh/industry/woodwarking. hitm

Wood dust

Hardwood, softwood and wood
composites - chipboard, medium
density fibreboard (MDF) etc.

Solvents

Varnish

Paint

Thinners

Adhesive

Paint stripper
Stain

Wood preservative

Reactive systems

Isocyanate based products, eq Zpack
(2K) paints, varnishes and adhesives

Epoxy systems

Wood preservatives

Solvent or water borne products

Substitute high risk woods that may cause asthma. These include
some hardwoods and softwoods such as Western Red Cedar. Use
dust extraction. Use vacuum equipment that meets at least the dust
class M (medium hazard) classification for cleaning. Use respiratory
protective equipment (RPE) with an assigned protection factor (APF) of
10 for low dust levels of low risk woods. Use RPE with an APF of 20 for
high dust exposures or when working with more toxic woods.

Select safer material like waterbome products. Use extraction
ventilation, You may also need RPE. Use air fed RPE (breathing
apparatus) in restricted spaces. Use a high efficiency spray gun.
Provide protective clothing inciuding protective gloves. Provide good
general ventilation. Provide good washing facilities and skin creams,

Spray in an enclosed spray booth or room with extraction.

Use air fed RPE, protective clothing and gloves for spraying.

Use protective gloves and clothing for brush and roller application.
Provide good washing facilities and skin creams.

Cut out and replace diseased timbers. Klill disease by drying oul.
Use breathing apparatus in confined spaces.
Provide good washing facilities

HAZARD SYMBOLS

Hazard symbols are recognizable symbols designed to wam about hazardous
materials, chemical, poisons, and other things. The use of hazard symbols is
often regulated by taw and directed by standards organizations.

O SOH

EXAM STYLE QUESTIONS

B Figures 6 and 7 show e TEanss! compact tatia and chsirs sel by designm Jody Laach

The two chiairs luck Neally under the 1Btde (Fgure 71, The m@uie & manstachred from composile limder
(pfywood ) ant! in desgned § be seff assemided (lab pack ), It o avisdabde 5 white, Nack or red with &
peolechve froh (varnish) Figere & Toasest tatly and chaire Figuen T Tearost tatio and cabny

L)

Health Hazard Corrosive Toxle Highly Environment

Not corrasivg but wik Attacks and destroys Can causo death, of if

make the sknrod or  Iving tissues such asskin  swallowed, breathed in of g‘g'r"}able - 2" h_afj"!d %
bimter and eyes nosarbed by skin R S FRSOFIS COI0

oguatic wikife

() {1) State e mandtauturing techinigus ussd B join togehar $1e componants of e LEbie and chair set 1]

(1) Disouss hrae conmderations for fa dasign of T tadle and chairs o eison W cosl-effective
rsanufacturing. {9]
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Topic 4.4 - Glass

Concepts and principles:
e Characteristics of glass
e Applications of glass
e Recovery and disposal of glass

Guidance:

e Characteristics include transparency, colour and strength
e Design contexts in which different types of glass are used

Aims:

The earliest found examples of glass objects come from the third millennium BCE, and up until the 1850s
glass was considered a luxury item. Since then, glass has permeated and revolutionized many aspects of
human life and culture in diverse fields such as the arts, architecture, electronics and communication

technologies.

Nature of design

The rapid pace of technological discoveries is very evident in the manufacture and use of glass in electronic
devices. Different properties have been presented in glass for aesthetic or safety considerations for many

years but the future of glass seems to be interactivity alongside electronic systems.The structure of glass is
not well understood, but as more is learned, its use is becoming increasingly prominent in building materials

and structural applications.

w HA] [S GMSS? The main component for glass is

silica sand (<licon dioxide)
however it takes temperatures of
1700 celsius to

fuse it . In order to reduce energy
requlrements soda ash {sodium
carbonate} is added reducing the
fusing temperatures to 800 to 1000
celsius, However like this glass if soft
and water soluble - to give glass
stability and hardness other materials

like limestone and dofornite are

added, Also scrap glass Is added to
make the process more economical.

TYPES OF GLASS

There are many types of glass with different chemical compositions and therefore with
different physical properties, The main types are!

Glass fibre
Lead glass
Commerclal glass also known as soda-lime glass

Borosilicate glass {low coefficent of thermal expansion - example: pyrex)

Glass can be create to meet almost any requirement. For many specialned applications in
chemistry, pharmacy, the electrical and electronics industry, optics, the construction and
lighting Industry. Also as modern materials such as glass ceramics composites.

CHARACTERISTICS OF GLASS

Transparency, lows Ight to pass through thus allowing you to sse the contents of a jar or through a
window, Leads 1o & variety of uses both functional and sesthetic

Ansthetic appeal - glass is extremaly plastic, allowing it to be formed, drawn, blown and jolned Inte any
imaginable shape. Is a found material for artistic expression on addition to its functicaal use. Colour can

bo designed in my adding metallic oxides.

Brittleness, It has a low Impact strength and thus will shatter easily [low toughness),

CHARACTERISTICS OF GLASS .)

Mardness, hugh hardness and wont scratch readily

Chemically inert -so leaching of acd based cantents is not a problem.

Non-Toxic due to ts un-reactvity therefore suitable for food storage.

Non-parous, thus will hold Squsds or stop moisture seeping from outside

Electrical Insulator because of this has extensve use on high voltage overbead electrical fnes.

Biocompatibility -= the compatibéity of the material to its environment
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COMMERCIAL GLASS

Most manufactured glass |5 soda-lime composition used to ma

lamp bulbs, windows and plate glass. This is a cheaper glass

Poor thermal shock resistance, which means it can crack and shatter due to ranid

and at different rates

temperature change, as different parts of the glass e

Annealed Glass Tempored Glass Laminated Glass

Breed s ety ) SAutiery cormede i by vrwier hghwr

ach endoc prowsery, Bet (400 11

Virg spiviey A prgmct swergy, Aad e pecen reresn

33l setenag 16 the Seaty

o tha e B ey

BOROSILICATE GLASS (PYREX) o WILLOW GLASS

-,

Willow Glass is a flexible bocosiicate

shock resistance properties used as a substrate in LED dusplays. It's

ltra-thin, Iightweght & conformable. s &
therefore expands and contracts less than so u shtwesg

1a glass

perfect hermetic barrier that protects
Pyrex glass |s used for the design of measuring jugs, thermometers, sensitive materials from moisture, oxygen,
lab equipment such as test tubes, microwave doars, oven doors, and staining

mirrors of large telescopes ete,

-

GORILLA GLASS

Gorllla Glass 5 a beand of cher

-

APPLICATIONS OF GLASS - AMINATED GLASS Ty -

d ghass conslss

cally strengthened glass develpped

and manufactured by Corming, now in its sixth generation

§ 2 thin sheets of glass that have a s

It's designed to he thin, Sght and dar tant, The alxall-

plastic glued between them

aluminosil

¢ shaet glass is used primarily as cover glass for portable

when gla

15 put under prassure and the glass fractures - the plastic
electronic devices, including mobide pho portable media players, bonded &

el retains the fragments. The plastic kayer

s the

portabla oonNs

aomputer displays, and telavision s¢ propagation crack. Bullet prool glass is possitile - the bullet does not

The glass gains its surface strength, ability to contain Maws, and crack pass through the glass since the plastic laminate absocts the energy of

rosistance by being immersed in a proprietary hot, potassium-salt, the moving bullet

won-exchange bath Laminated g/ s used In construction structures such s, In

, Inextenor 1

autamobile windshiel orefronts, cortain walls

windows
Find out more

RECOVERY AND DISPOSAL OF GLASS

n be recycled endless as has been for

APPLICATIONS OF GLASS - TOUGHENED GLASS

® Toughered or tempered gl

mary years. In the EU 71% of glass bottles and jars

led greatly reducing the need for virgin

of the glass being held in mpression while the nside s in tens

This s achisved by heating the glass to almost meltin

chilling the cutside of the glass with au jets whide the centre remains
X $ = & Sl s ®  Adding crushed glass {called culiet) ta the melt
kot sad pi

promotes the melting of sand lowess the furnace

®  The outside of the gla herefore cools and hardens before th

temperatures reducing the amount of raw

On cooling, glass will contract but doe to the different rates o

e g T

'
" e sew jany or massden, o sy e o whisty

the degres of contraction will be different betweer inner ant cuter

on and the

acted imside in tersion I

® Toughered glos astters into small granufar peces not sharp shae

tthe glass. Thes isaves t

® Green glass

s now commanly made from batches
when beoken

itaining 95% cullet

®  Usid for balcany doary, sthietic facilities, swimming pools, tacades,

shower doors and bathroom areas, exhibdicn areas and disploys, etc.
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RECOVERY AND DISPOSAL OF 6LASS = o EAM STYLE QUESTIONS

Tt ! e o n
Ner—wt gaxm mde L
Tt e W o 1) Wy a8 . .
® |tis estimated that it takes 1 milkon yoars for glass L What is not a characteristic of glass?

Clans (ecychng: wresyy thant

to degrade, however It does not contaminate soll ! Lo A. It s a hard, solid material

7 -t R B, It has a crystalline structure
I the same way as othar materials due 10 its Glhaws Commines Rergeiing Loop A A
. ; 3 C. it is inert and biologicalty inactive
bt x4 ab acoommricn y D. It is 100% recyciable,

® Off.cuts and faulty glass products are broken up y
2 Which is the principal component of glass
(eullot) and reused by missing tham with virgn

1o A Sibicon dioxide
atenals o b3 The 5 0 {
maternals 1o form the lutf‘! here is no B. Lead oxide
depgradation of glass quality in this process so it can C. Sodium oxide

be repeated indefinitely. As & result there s D. Calclum axide
wsually veey littie waste during manufacture
3. Glass can be prooessed in many ways to achisve different properties. Which of the following
processes describe tempering?

A Heat treating

B. Laminating

C. Moulding

D. Etching

EXAM STYLE QUESTIONS EXAM STYLE QUESTIONS

2. Figute 4 shows a glass pool table, The playing area is made of a toughened glass. 3. The Volkswagen (VW) Bewtle Is considered i design chassic, In the 1959 car of the euntusy

However, pool cannot be played on a glass surface as there is nat enough friction to make the game competition It came fourth |after the Fard Madol T, Minl and Citroen DS)
5ince the production of the first car in 1941 the cac has changed very Mitle in appearance,

readistic,
. ) see Figuee 10, Initiafly the bodywork was made of steel, but more recently this haa changed
To make the surface more realstic the toughened glass is covered by a thin transparent surface, t0.8 range of materiss such as alioys, composites and plastics,
known a5 Viarik, which replicates the doth of a traditional pool table [Figure 5), Othvar materiaks that make up the VW Beetle have also changed. For axample, the
windicroen (windshield) is made of laminated giass whoreas it was eriginally made of
[P ot 8 eo— ot
toughenod glass.

Figem wz The ViV Seeme w3380

{3} {l) Outline why the glass pool tabke is made from toughened glass. [2] [a) Explain wihy the Volkswagen (VW) Beetn uses laminated giass foe ity windsereen, [3]
{¥] Qutline why the pool table may be made from glass rather than the traditional materals of slate
cavered by a green matecial shown in Figure 5. {2]
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Topic 4.5: Plastics

Essential Idea

Matonals are cassfied Inta 6 bask groups based on their different properties

Essential understanding

Most plastics are produced from petrochemicals. Motivated by the finiteness of oil reserves and threat
of globad warming, bio-plastics are being developed, These plastics degrade upon exposure 10 sunbght,
water or dampness, bacteria, enzymes, wind #rosion and in some cases pest or insect sttack, but in most
cases this does niot kead 1o full breakdown of the plastic. When salecting materials, designers must
consider the moral, ethicat and environmental implications of their decisions,

AIm

Early plastics used from 1600 BCE through to 1900 CE were rubber based. Prompted by the need for
rew materials following the first world war, the invention of Bakelite and polyethylene in the fiest half of
the 20th century sparked a massive growth of plastic materials and a8 we dentify the need for new
materials with particutar properties, the development of new plastics continues

Concepts and principles

- Raw matenals for plastics

- Structure of thermoplastics

- Structure of thermosetting plastics

- Temperature and recycling thermoplastics

Recovery and disposal of plastics

Guidance

Properties of PP, PE, HIPS, ABS, PET and PVC
- Properties of polyurethane, urea-formaldehyde, melamine resin and epoxy resin

- Design contexts in which different types of plastics are used

History of plastics

* Plostic Is a word that originally meant “pliable and
easily shaped.” it only recently became a name for 3
category of materials called polymers. The word
polymer means “of many parts,” and polymers are
made of long chains of molecules,

* #Polymers abound in nature. Cellislose, the material
that makes up the call walls of plants, s a very
common natural polymer.

# The first synthetic polymer was mvented in 1869 by
John Wesley Hyatt, as a substitute for ivory. By
treating cellulose with camphor, Hyatt discovered a
plastic that could be crafted into a varlety of shapes
and made to imitate natural substances like
tortoiseshell, horn, linen, and ivory,

N Vavww, 3 AR GOt Y g PRI

Bakelte

In 1907 Leo Baekeland invented Bakelite, the first fully
synthetic plastic, meaning it contained no malecules
found in nature,

Backeland had been searching for a synthetic
substitute for shellac, a natural electrical insulator, to
mest the neads of the rapidly electriying United
States.

Bakelite was not only a good Insulator; it was also
durable, heat resistant, and, unfike celiufoid, ideally
suited for mechanical mass production, Marketed as
“the material of a thousand uses,” Bakelite could be
shaped or molded into almest anything, providing
endless possibilities.

Nowadays

- le « <
Over the last fen!uvy and a hall we have learned how to ° .. o’ & .. .. &
make synthetic polymers, sometimes using natural L P .. ¢ ° P
substances like cellufase, but more often using tha plentiful < ‘L rY (% C .\
carbon atoms provided by petroleum and other fossil fuels.
Synthetic polymers are made up of long chains of atoms, HHHH HHHH
arranged n repu.hng \_mlts. It Is the length of these chalns, Cl=cl N é=<l: = ~CI—C'-C'-C‘—
and the patterns in which they are arrayed, that make o6t T i o |
polymers strong, lightweight, and flexible. In other words, HH HH "N:'m'"'"“:{
its what makes them so plastic ,,,,,h, ,.{m,, by Opeeing o

doutée tondh

Usually manulacture of hydrocarbons of ethylene and

Processing plastic

Polymers are mainly processed fram oll but sometimes they can be made from gas,

1. Oil is extracted b Yrory
from underground o
drifing

2. Its heated in a refinery
which separated it into

= different chemicals. This is
called fractional

3. From passing nathpha
through a steam cracing
process ethylene s made -
which then can be produced
into propylene - the linking of
molecules is called
polymerisation.

4. Different chemicals can be added to the
polymer to change its properties

5. Plastics are available in a range of shapes

propylene obtained from crude oil or natural gas. and sizes (called stock forms - see side 9)

distillation. One of this
fractions Is naphtha

-
143 oger

hn-m.«- Ooan
6, Plastics don't need any surface finish

Stock forms

Flastics can present themselves in many of shapes and sizes Biodegradable p'astics

As aresponse to the fact crude oil Is a non renewable source, the industry has
look at vegetable products as an alternative, Biodegradable plastics derived
from plant sources such as hemp oil, soy bean oil, corn starch, cellulose and
sugar.

Granules are used to

Foam s used for
be melted down and
et ki L
:m'm m ;:c ::;;‘:n'o‘;:‘h .?:f used in injection This plastics are truly biodegradable and will degrade and became compost
farming aad for msulation ’:::::: ind when exposed to ultraviolet light, water or bacterial action.
A
packaging with Sheots, rods and tubes
windows tan be oute to size and |
band/shapod el o Ayl pobe ey o Srem b ok

Fibres used to make Liquid uzad for seals I

@ wide range of covers and moulded

clothing

Blexible parts such as
baking trays

oﬁﬁﬁq
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Refinary Gas 20°C
Small Molecules — — Bottled Gas
* Low boiling point
* Light in colour
* Easy to light
*Runny SR Ve
é Chemicals
Jet fuel,
& Paraffin for
Lf&g‘; 'g;:?g“")?m - lighting and
I I
*Dark in colour heating
*Hard to light .
*Thick Diesel fuels
) Lubnicati
Crude Oil 2 Oils, Waxes,
- \ Polishes

Fuel for
Ships,
Factories
and Central
Heating

Roads and
Roofing

|

Fuel Oil

Heater

Fractioning Column
Copyright © 2009 sck

co.uk

COMMON BIOPOLYMERS & SOURCES EVIRYDAY USES OF BIOPOLYMERS ADVANTAGES AND DISADVANTAGES
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Biodegradable polymers

Polylactides (PLA)} is derived from fermented plant starch. Is transparent
and has similar properties to PET and PP. so it can be made using the same
methods for thermoplastic. Used for packaging [bottles, fllms), gardening
products, disposable nappies. Certain types of PLA have been used in
medical implants and in sutures - becausze of their ability to dissolve over
time.

PHA also known as Blopol Is produced naturally by using bacterla to aid In
fermenting plant sugar. PHA are usedin medicine as dispersible fixative
zuch as films, screws and booe plates.

The most popular of this type is PHB and its is used in packaging since it
Iuas sinnilar properties to PP

Oxo-degradable polymers have additives that promote shart degradation
times - eg less than 5 years. The polymer will break into a fine powder, from
the effects of heat. oxygen, moisture and even mechanical stress.

Biodegradable polymers

Water soluble plastics degrade in cortact with warm water. They are used for lsundry bags for exsmple in
hospitats, We are used to see tham used 1o contain the right smount of detergent for the dishwasher to
the washing machine in tablets.

The cost of producing biodegradable plastics remains more expensive than corventional plastics,
Howewer with increasing interest in these materials, scales of production are likely to increase - so
bringing the costs down.
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Structure of thermoplastics

Thermoplastics can be considered as a tangle of long-chain molecules.
These molecules are held together by strang electrostatic forces, called
van der Waals bonds, These bonds can be released with the application of
heat, making it possible for the matertal to be reshaped,

Characteristics of thermoplastics

Thermoplastic molecules can be easily stretched
by uncoiling the strands. The long chain molecules
give plastics their ductility and toughness.

Reheating a thermoplastic will cause forces
between the molecules to become weaker which
allows them to slip over one another and the
component can be reshaped. On cooling the weak
bond between chains are re-established and the
material acquires a new form.

The shaping of thermoplastics is reversible.

Due to their linear structure, thermoplastics can
be drawn into fibres.

General characteristics

Ductie

Easily fabricated

Ezsily deaaminto fibres
Canbe Injected wto & mould
Can be rammited and
remoulded

Easlily to be recyclable

Matorial Proparties Applications
ABS *  Low cost engmesrng plasic o Product pretstypeng - Ity stabiity and
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Structure of thermosetting plastics
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Thermosetting plastics also consist of long-chain molecules but differ Pt Torvval Mestarce el
in that these molecules are held together by rigid cross-links, which in :":::;’_‘."‘"‘""“"‘ :."
turn prevent them from being reheated and reshaped TS
L . . . a-formatdehyde gl it (e syt S e ey
This rigid 2 dimensional structure leads to these materials e Pich ram Auzemn e gnvanane ot
. 4 P D wew sty aper
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Recovery and disposal of plastics

Plastics are widdely used in our life

nowadays for things such as

plppings. wire insudation, structural

panels and all the consumers

products such as contaners for

datargents, food, etc.

Pt Mo e retoverd!

Domaestic wiste materialis
tollected for recycing One of
problems is the varlety of plastics in
use, The most commaon plastics
have been labelled from 1to 6 - see
next shide and number 7 categary
wxists for ol other types. All of these
are thermoplastics due to their
structura they can all be recyclad.

Recycling symbols
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Temperature and recycling thermoplastics

Recycling plastics

Tharmasets are nat 50 easy to recycle and they are b = . 2
very expensive ta do so. They need to be ground i ~ =, ~
it & powder which adds tina and costs ~ A~ N
Unfartunately they are aften sent to landfill. Sy -
Some plastics are not accegted at the recycling 2 I l - - l l 2
plant due to its chemical compound and the ot l l - - ‘ ‘
tadilitles capabllities. One examples is PVC. -~ - -~ -~
-y —ee

Encineration & also a conoern due to the potential s
for the refesss of toxic by products such as dioxine

Advartage s

thasmdvansges of wastle

dineration

Disposal of plastics

Unfortunatety not everyone recycles and plastic end ups in
the landfill site or is litter by people into the environment

Plastic doesn't bicdegrade o it takes many years to break
down | its predicted around 100 years). This plastic finds its
ways Into witerways, pasing & danger to wildlife

Topic 4.9¢: Manufacturing Process for Plastics

44 MANUFACTURING PROCESSES

Essential idea
Different manufacturing processes have been developed to innovate existing and create new
products

Essential understanding

Designers sometimes enginear products in such a way that they are easy to manufacture, Design
for manufacture [DIM) exists in almost all engineering disciplines, but differs greatly depending
on the manufacturing technologies used, This practice not only focuses on the design of a
product’s components, but also on quality control and assurance,

Asm

Advancernents in 3D printing have resulted in the ability to have & 3D printer at home.,
Consumers can download plans for products from the internet and print these products
themselvas.

Manufacturing processes for plastic

[ Prowsen whvetr maer ah aw pired togatine

SHARNG TEOURIQUES
Proceses whvees U matorid s roilugped
wirthowt the boss of material

WASTING

Poooeuses whero the materal 5 0ut swyy

Principles and concepts
Wasting/subtractive techniques: cutting, machining, turning and abrading

Shaping techniques: moulding, thermoforming

Joining techniques: permanent and temporary, fastening, adhering, fusing

Guidance
Selecting appropriate manufacturing techniques based on materlal characteristics {form,
melting/ softening point), cost, capability, scale of production, desired properties
- Advantages and disadvantages of different technigques
- Design contexts where different manufacturing processes are used

Injection moulding ﬁ"f,; g e

It invoives the injection under pressure of molten vesryriafle oensg dundrrdmenmer nsni i
thermopdastic Ino a ddase die mould consisting of wa woienil 44 (be masi wh

at least 2 metal parts. The dies are typically made LTI .
of hardenad steel to provide wear resistant Akak bans e r

Sawirg Mirg antirg Belty and vy surfaces wrabdam e
- \ryecton mnddng Parts can be zmall ta moderate - up to 16kg and its b s g 9yl sty g e o
Waket ot cut m ’ used to prockice complex 30 shapes, ot dn i (g Saxsarges v suivond o
— S Fetruuen Products are created coe after the other inan T, ” .
5 RIS autormated cycle, Watch the video below.
Wi cuttng Uttrmaric weidng
 —— Blow moulding
Mechinng (wming, W‘”m Wpection bow meutdng
milirg and abradog]
Extresion blow moddng
Stretch blow moddng
i ‘ Tho peston movars forwael fcing soolen phastic Inte the ookl
TP
Thermolormiog
Caiondering
Comgressien maudng
Injection moulding
Products have s complex 3D shape and Rdarthges e
can caly be produced by & moulding u  highly acomate
. w fast production Injector pirs
There are same ejectar pin marks. - :;‘:::'"'""
Disadvantages
@ Requires expensive
equipment
8 '. & restrictions on part
‘ 4 dimmensions and
i ‘ foems
Sa? Wjector pirs marks

wolmareonats polvarss mylorl =ign

O isre

&’ ‘ B Mastes usually used for mecton mouking
[} 3 1

5 \ d .

\
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tarper

This process can be
compared to squeezing
toothpaste from a tube itis a
continuous process used to
produce both salid and hollow
products thet have a constant
cross-section. Eg. wnoow
frasmes, hose pipe, curtain
track, garden trallis
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Extrusion
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Plashics wdely used for axtrusion
Thermoplastica such as PVC (poyvnyloonde ), LDPE (low-denaity polyethylne, o
polythana), HOPE (lugh density palyethylens) and PP (polypropylene) can all be
axiruded Thaermapladics are pliakile when they ame healed bul farm s ngid shase
ance cooked
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Blow moulding

|5 used to makes large hollow objects such as a bottle, The
Process irmvolves o parson [semi-molten plastic tube) within »
mould. The parizson i a softening temperature sowhen
compressed air is blown into the open the tube expands until it
confarms with ¢ the shape of 1he mould

There are 3variants

Extrusion blow moulding
= Injection blow moulding
Stretch biow mouldng

Products have hollow shapes with one end
sealed only while the ather remains open.
Includes a sprue, usually at the bottam of the
product. Seam lines are wisible on the outside of
the product shawing where the mould halves
have been joined

Extrusion blow moulding

e

Thee extruded 1UDe passes between the 2 hatves of "'-"

the mould cpen

The monild b5 closed and compressed alr pressed

through the bottle tap expanding the plastic agairst —

the mould wall. The the plastic is cooled the mould is

opened and the botthe remaved e
reamown  MAommow  Femer MmN e et v
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Low capital and tool costs

« Hghproduction rate
- Viable for small production runs Widedy uzed for Polyethylene (PE), Sow densi
Disadvantages polyathylene llDPe) and high dersity HDP()
- Poor surface finish ared Folyvingd chioride (PVC)
Limited wal thickness contral

= Scrap needs to be trimmed from the bottle

Injection blow moulding

The first part of the process irvolves an initlal
njection of molten plastic into 3 mould contairing
the parisan core, The parsen ks then transferred to
the Blow meuld wiile still hot and compressed A is
blown in forcing the parisen agasst the mousd wall
W It's cochedd the product & ejected

Proform sapanded

Advantages

- Migh production rate oo o ok

- Little or no =crap to be trimmed

% reidielmad Widely used for Polyethykeas (low densty LOPE wd
m;.d:h‘mﬂtfdﬂfﬂllm“ml I¥gh dersity HDPE). polypeopylens (PP,

2"’“ Polyethylene-Terephthalate {PET) and Polyviny!
= moulds are needed chloride (PVC)
« Highnitial capital costs z

Stretch blow moulding

Irvolves positicaing the parison body into a mould
where the parmon body is heated to softening
temperaturs When the temperature is reached, 2
Blowing rod bicws comprassad alr longitudinally
while air iz alzo ejected from the surface of the
Dlowing tubse pushing the parson agwenst the
watercooled mould walls. The stretching operation
oligns the molecular chains increasing the strength of
the walls and Imoroves sobvent resistance and
tranzparency.

Acvaritages

= Lowscrap and labour costs

< Good surtace finish and high production rates
Disadvartages

- - Progessneeds to be controllad better

hid

Widely used for PET, PE and PVC bottles, The
high wall strength produced allows to contain
pressures associated with carbonated drinks,

Rotational moulding

Also krerwn as rotoenaulding is used to produce
hollow plastic products aod involves the rotation
o spming of the mould in 2 axes to allow
centritugsd farces to press the molten plastic
ngainss the inner surface of the mould,

-Rotatlonal
9 mMold

How it works...

Flll the movkd chamber with the tharmoplastic poveder
Heat mould chamber until the plastic is moften

Spin the moulkd chamber to evenly Bistribute the
molten plastic within the mould

Cool the chambes to solidify the plastic

The moudd is then stopped and the product removed,
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7 Seam line
Rotational moulding

Products are hollow.

There are N0 sprues but you can see seam lines where
tho mould halves have beon together.

Advantages

% ‘
‘ 1 ®  molds are lower cost ta produte
E- | .

iesl for large Jormm, tompaned to other processss,
&  (dual tor rigid sed Mosibis thapes

Widely usod for PE (LDPE, HDPE], PP, ®  fowwaste

Polyamide (PA), polycarbonate (PO and Drsodeontages

thermaplastic slxstamer {TPEL & matarial 85t can be hight 4 doeral
protesied




Thermoforming / Vacuum Forming

It iervolver heating of a thermoplastic shreet or il until it has softened
sufficiently that it can be made to conform to a shape under vacuum
pressure or direct mechanical force.

VWhat is the difference between vacuum forméng and thermalorming,

Thermoforming

Progucts are made from sheet materials
Stretching accurs making the sides of tha
praduct thinpar than the base,

There are no sproe marks. There will be
marks showing where the product bas been
cut.

Proguct contain detall g ettering,
Advantages

Short lead times
Low costing tools and forming pressures

Very good quality
Cheap avallable pattera/moudds
High production rates
Disadvartages Whiely used tor packaging and maest common
Irability to form holes or threads plastics usad ABS, HIPS, HDPE, PYC and PET

Calendering

* Calerdering Is a methad of producing plastic film and sheet
by squeezing the plastic through the gap batween several
counter-rotating cylinders.

* The melted polymer s subject to heat and pressure inan
extrudes and formed into sheet or film by calendering rolls
The temperature and speoed of the rolls iInfluences the
properties of the film

& Calendering allows speciality surtace treatments of the film
of sheel such as embossing or enlsancing the plysical
properties o in-loe emination

R st oot Ty - UL 2

used for paper and textiles mater lals.

Plastics used In this process sre vinyl, ABS and to & lesser
extent HOPL, polypiopyhene and polystyrens, It can be als

Calenderirg
Advantages

Hest quallty plastlc shoets
Adapted for heat sensitive
palyimars
Good oppartunity to mix with solid
adkditives

= Cost Saving Opportunities for caw
materisls

Disadvantages
Holes or vaids may occur for
workpleces thinnar than 0,35mm
Risk of alr pockets

Compression moulding

* s 2 mathod of moudding 9 wiich the moulding matering genarally
prehestad. is first ploced in an open, heated mould cavity.

*  Tha moukd is ciosad with a top f0roo of PIUR MemDor, pressure &
apphad to force the matesial into contact with 8f mould sreas whike
heat and prassune oré maintiened untl the moudding maternial has
curad,

®  Tho process amploys thermosettng resing in a partialy curad staga
either in the form of granuies, putty bhe masses. or preforms

Widaly used for thermosetting matenals

Advontages
Lawer cost 1ooiing
Goodd 1or sovadl pr oahctian runs
ND gates. speues o nunses
Good Grge parts
Disadvantoges
Waste created
Hgh labour costs and Siow process of pfodutian

Modern additive manufacturing

Alsa now as ¢ apid prototyping - consists of a range of |
processed ised ta produce solid compenents through the .l‘."ﬁ‘\
depasition and fusing of consecutive layers of material.
15t the CAD model is converted to a STL (Stereo
Lithagraphy | tile, The process convarts surfaces Into
polygons with their geometrles saved as mathematical
coordinates.
Tharmoplastics are amongst the cheapest materials baing
usexd:

o Acrylonitile butadiene styrene |ABS)

o Polylactic acid (PLA)

o Polyvinyl alcohol (PVA)

« Polycarbonate

Additive Man urina?

spprntED RS 7

This topic willl be seem more indepth in topic 3.5 rapid
prototyping

DY - plastics used in detergent packaging

With the invention of fiquid washing detergents, plastic bottles are used to
replace the old washing powder cardboard box.
The image on the side shows an example seen in any retall area,

= 1. Name a suitable plastic for this detergent battle,
g 2. Explain why the material Is suitable,
3. The top bottle Is made wsing blow moulding, Use notes and diagrams to
& explain the provess
4, Name a suitable material for the bottle top,
5. Explain why & this materiads suitable
6, The refill packaging = made out of low density polyethysane film, Name 3
sultable manulacturing method to produce this sachet.
7. Explain how the designer has considered the environment in the
development of this sachat,
8, Sometimes consumers end up using too much washing detergent for the %
load or 1 load of laundry they do. Suggest one improvemnent that helps
preyent this problem,

IDEMNTIFYING PLASTICS PROCESSES

In pairs, try to match the right manufacturing process with the right

characteristics and with the right examnie< a
~
INJECTION MOULDING
BLOW MOULDING
ROTATIONAL MOULDING
THERMOFORMING > -
EXTRUSION =) ":'D
CALENDERING -
COMPRESSION MOULDING Products have a8 complex 3-0 shape and
canonly be producad by & mouldng
technigue.



JOINING POLYMERS Nut and bolt assembly | Captive nut

A large number of mechanical fasteners can be used

IYOURLIS WA TG 18 0] gt for ining plastic parts together and to u:u BCnEw Cormponens
i - material, TN - Lbeing joned
Daits and sovews Thizs means uzing for example [—:] E] F'Lf_'»
\ s - LA—-'
A Nuts and bolts had

Machine screves

s

Utrasenk weldog ‘
; Seif-threading screws 3
e lisiio ) Rivets
- -
Spring fastensrs and dips I
[ Y P °
Intearal snap fixine Plastics can be used to manufacture complex 3D- ) . X
J ap 9 Shapes, and one big advantage is designing fixings Ultrasonic weldlng

for screws for exarmple within the piastic product. This = forms t joints ush ltrasons In the fo f hi;
Even securing ¢lip can be all made integral to the PEOLHIRTOIMR PRI NS uelna ur 2o bl

u companent being joined. vibration.
It Is the least expensive plastic welding process therefore Is widely used to join plastic

matertals together as well 35 matals or plastic and metal

Plck. hwke Formea
M‘.V\a serua\

Solf -tapping sorew and scrow post

-

Click fixings

CASE STUDY - DYSON DC24 VACUUM CLEANER

The DC24 Dyson Ball vacuum cleaner is a good example of a product that shows a
range of temporary joints used throughout the casing and the functional parts of the
cleaner.

7 4k

CASESTUDY -DYSON DC24 VACUUM CLEANER A number of parts use “click” fittings such as the handle and the dust canister.

. 5 ’ 2 > R
The cover that fits over the brush is jeined using self-tapping screws FNE L=
o

screws enable cover to be removed so blockages can be cleared and in the %
event the drive belt breaks it can be replaced easily ~

-

Ultrasonic welding

|z gonerally used for consumer products {mobile phones, hairdryers,
shavers, printer cartridpes), children's toy: snd automotive products.
The packaging industry uses ultrasonic wekding for joinng and sealing
carton; of uice and milk, ice cream tubes, toathpaste tubes, blister
packs and 30 on. Applications in the textiles industry Include napples,
seat belts, filters and curtaing,

Advantages
- Vary quick method and zafe

»
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The motor housing and other parts that contain electrical parts the
manufacturer has used temporary fastenings such as machine screws with
torx heads == to prevent unqualified consumers tampering with parts
that could lead to electrical shock. However temporary fixings are used to
allow maintenance of such parts.

»  Tha casing of the vacuum cleaner iz made from recyciable plastics. Dyson haz a faclity that
enables oaners 10 return their cleaner st the end of its iife, w0 plastic parts can be recycled.

+  The use of temporary fastenings allows dizaszembly to be made easily.

*  Thecasing is made using injection mouiding s fevmer [oints are necessary

Have a quick read

htten// www.dyson.co,
uk/support/weee.asp

http://www.recycle-
more.couk/bankiocat
or/banklecatoraspx

Whasedts

FINISHING PROCESSES - PLASTIC

Plastics are known as self finishing materials,

This means the material has an acceptable finish after processing
Generally plastics don't need any further processing to produce the
required finish, they can be given a very-high quality finish by being
produced in moulds that have a good high-quality finish ensuring that
trimming of plash or excess material is kept to a minimum.

For example, injection moulded products are formed in a mould which is
either textured or highly polished - this finish is imparted to each product
produced by the mould.

FINISHING PROCESSES - PLASTIC

Plastic can be self-coloured by including pigments with the powder or granules

in the hopper of the moulding machine, a product can be produced with the
desired colour.

Textures can be applied to the surface of the mould. This is directly
transferred to the plastic product due to the pressures inside the mould.

2018 Exam style questions

1. Which of the following is an advantage of thermoset plastics?
A. Retain their strength and shape when heated

B. Returns to original form on heating

C. Re-mouldable when heated

D. Increases hardness when heated

2 (a) List two properties of ABS that make it suitable for use in the Wakati power
unit. [2]

(c} Explain how injection moulding minimizes
costs and waste during production of the
Wakati power unit in Figure 9.[6]

§. Which physica property of a thesmoplastc favours the use of thermoplastic rather than glass in the
production of Coca-Cola® butties?

A Density

B. Maitng point

C. Thamal axpansion

D Haedrsss

6. Wnich combination of moukding techniques wouk! be used in each phase of producing Coca-Cola®
PET bolwes? 1 ~—

Poe — ———

7. WWnat is 8 major advantags of using PlantbolmaTM packaging for Coca-Cola®
bofes?

A Reduction in the volume of PET baing sent to tandfill

B. Reduction in the uss of viegin palrodsum-based resources

C. Increasad recyciability of PlantbattisTM PET plastic

D. Increased use af non.renewable resources

8. Which prastic material would be mos! sultable for making foam cushions?
A Polypropylene

B. Polyethebens

C. Polyurethane

D, Palywiny! chiceiae

9. What axplans the effect of creep In a plastic materal under 8 haavy oad?
A Molecutar chains remain stalic

B. A 3D moecular stucture s formed

C. Secondary bonds weaken

D. Primary bonds weaken
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10. Whikch cambination of toughness and plastic type characterizes (he ABS plastic used for the

Specimen paper marsactre of Logo brcks?
lu.hu Prantic type |
Lmummmmxmmmwnmmwmmmm | RO |
umqngweeu.epptem-ema._ fyrene (ABS) and produced by i ¢ icauscoms
g to preck :mmoom-w:wdmmwmnmuhrmk ™ Low Thawenst
WMNN%(MND}ML@MMMMM&MMW - T - 1
mmm«mmm ugh designers going 1o tayshops and inter € Hgn Thomaplute |
ping Mie new prodl mwwmmwmww n High I Thtirere |
Wwwmmmmamwmwm . Prototypss are evaluated by . J
the design Leam and in focus groups with parents and children. Designs are modified in ine with the
Medack obd: - T — 1. Which advarkage of injechon moiding contribules to the precision manufactring of Lego bricks?

A Hgh production rates
B, Ciose Wolerances on smak intricate pars
C. Vary litte post-production work & required
D. Waste materal can be recyced

12. Discuss wiry the use of themmoplastic renders a product green but not sustanatie. [3)

Figwre  Vieaibe s o seovre

13, The screen. shown in Figure 8, s a Nexble screen developed for smart phy This flaxbility =
achieved by replacing the 1ayers of glass in convensionsl screens with a naw plastic matertal, The screen
s been devsloped 50 efecironic products thal use it can bend withou! bresking

(#) Outling orve advantage of slectionic products (hal use s fexible screen other Man

Sextiiey. (2]

(b} Explain one acventage of Nexkie for outrs g ]

Topic 4.6 - Textiles

Essentlal idea: Materials are classified info six basic groups based on their differant propertias

C pts and principl
e Raw materals for taxtles
e Properties of natural fores
e Properties of synthelic fibres
o Conversion of fibras to yams
e Conversion of yams into fabeics: weaving. knitling, lacemaking. and felting
e Recovery and d=posal of textiles
Guidance
e Properties of woal, cotton and silk
e Properties of nylon, polyester and Lycra ®
e Consider absorbency, strength, elasticity and the effect of temperaturs
o Design contexts in which different types of textiles are used
Alm;
There are many ethical considerations attached to the peoduction of natural filires, The strongest natural sk known 1o man
15 harvested from silk spiders and notoriously difficult 1o obtain, and labour infensive. in an effort 1o produce higher yelds,
scientists have alterad the genome of Goats 50 thal they produce the same sik proteins in ther milk
Nature of design:
The continuing evolution of the fexties Intustry provides a wide spread of applcations from high- pestarmance tachnical
textiles 1o the mare traditionsl clothing markel. Mare recent developments in this industry reguire designers 10 combine
traditional toxtile science and new techinclogies leading ta axciting applications in smart les, sportswear, aerospace and
other potential areas.
Theory of Knowledge:

Designars use natural and man-made products. Do same areas of knowledge see an mitrinsic déerance betwean thesa?

Raw materials for textiles

Textiles are manufactured from fibres,
the origin of which can be subdivided
into 2 basic groups - natural (organic)
or synthetic (man made) sources,
Fibre is an elongated hair like strand
or continucus filament, The length
exceeds 200 times the diameter,
Fibres can be twisted using the
spinning process and converted into
yarn or fibres can be used in their raw
form and manufactured to create felt.
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Description Properties Application uses

Natural Fibres

Synthetic Fibres

Natural fibres Properties of natural fibres

Materials produced by plants or animals that can be
spun into a thread, rope or filament

Common examples include: wool, linen, cotton and
silk. Wood, linen and cotton are short fibres, called

staple fibres. Sitk & o long continuous fitament fibre

e Absorbency « Is very high in natural fibres which usually allows the
removal of perspiration from the skin - this property lead to engineers
creating breathable fabrics

Easy to dye

flammable

can be up to one kilometre in length Poor resilience as it has low elasticity
Can be attacked by mildew ( fungus)

Dimensionally stable

S0t the ancient materw’ of the Sture

Farmp Omereto

Good absorbency {fibres are hydrophllic)

Synthetic fibers Properties of synthetic fibres

Flbres originated from an Industrial chemical process o Absorbency — Difficult to dye
in which a polymer is forced through a small orifice o Good resilience
know as a spinneret. The fibres are produced in o resist mildew ( fungus)
continuous long lengths and are generally more ¢ Thermoplasticity
smoother than natural fibres, ¢ Dimensionally unstable
Their properties depends of the composition of
Al b s depends o e low absorbency
chemical and their molecular structure,
Properties of natural fibres - wool
Natural Fibre Characteristics Absorbency Strength/Tenacity/ Elasticity Effect of
Moisture Regain Tensile strength Temperature
Wool Used for jumpers, sutts and blanksts and | Absorbs up o 30% Lowest dry strength Quite elastic. Can Chars without melting
has the following qualities of s waight ye! does be stretched Burns and smoiders
not feel perceplively Considerably weaker when wet significantly when
warm to wear damp 1o the touch (78-20%) dry and wet
Deotent. ditee (hydroscopic

. & Slowty mosture) {Dry bresking strength 1.23, 65-99%

-breathable, repels rain 1.59 grams/denier)

-soft or coarse handle Moisture regain

-can shrink, should be -dry dleaned 11-18%

-good drape & not durable

-ncreases deop out

* Wool is an animal fibre - typically obtained from sheep, although
some comes from alpaca, cashmere and angora goats. Fibres consist
of overlapping scales of keratin that grow from follicles in the skin of
the animal. Scaly surface of the fibre can feel scratchy when worn
next to the skin. Fine wool, alpaca and cashmere are more valued for
clothes.

* Fibres canvary from 25 to 200mm long. Wool exhibits the lower
tensile strength and stiffness of all the natural fibres but absorbs

dyes readily, is flame resistant, provides good insulation against
heat and cold.

W

o
z
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Properties of natural fibres - cotton

)

CO0l 10 wonr
. wory sbsorbent, dries slowly
soft handle

*Qood drapo

r / durable

Ccroases oasily

.’\‘ 4 N‘ -can be washed and ironed

Hydrophilic - ability to
hold up to 25 times
Its own weight in
watler.

Moisture rogain
7-8.5%

Stronger when wet (110%)

{Dry broaking strongth 2.1.4.2
grams/denier)

Cotton is a vegetable fibre from the cotton plant. The cross-
section of the cotton fibre is tubular, laid down in helical
layers. One of the most widely used textile - 2nd place after
polyester. Fibres are short from 12 to 60mm. Lustre is poor
(lustre refers to the sheen or gloss a fibre possesses) but
fabric drape is good (drape is how the fabric folds or pleats).

Stronger wet than dry.

Properties of natural fibres - Silk

.

N

T

¢
<

z

i

A
INERNEY

\J

of the fibre makes
it more elastc in
character

45-75%

NN

Natural Fibre Characteristics Absorbency Strength/Tenacity/ Elasticity Effect of
Molsture Regain Tenslle strength Temperature
Cotton Used for making jeans, T-shirls and Attracts water Medium dry strength The twisted nature | Low ignition temperature
towels and has the following qualities molecules

{around 250C)

Bums intensely and
rapldly

Chars without melting
Bums and smolders

4

Silk is a natural protein fibre composed of fibroin produced from the cocoon

of the silk worm and is classified as an animal fibre.

formavyarn.

In order to obtain eggs to continue production, the cocoons are steamed,
killing the worm. Following, the cocoons are then placed in bowls of hot
water to soften and loosen the thread. Then the fibre is drawn together to

The fibres have a triangular cross section with rounded edges and a smooth
appearance. The prism like structure contributes to the lustrous shimmer

for which the fabric is known. Fine and flexible fibre.

it creates static charge when wear.

Silk resists wrinkling, has excellent drape and resists mildew. One problem

Properties of natural fibres - Linen

AN

I

L

NIRRT

Natural Fibre Characteristics Absorbency Strength/Tenacity/ Elasticity Effect of
Moisture Regain Tensile strength Temperature
Used for avening wear and ties and has Absorbs Strongest natural fibre whon dry | Silk can be Moro heat resistant than
the following qualites considerable strelched up 10 other fibres and is
moisture without Weaker when wet (80-85%) difficult 1o bum
-warm to wear becoming 10-25%
-absorbent perceptively damp. (Dry breaking strength 4.3-5.2 Chars without meking
. i grams/denier) Burns and smolders
*80ft handle Moisture ragain 12%
-good lustre and drape
-durable
-creases drop out ~om
~dry clean .

Natural Fibre Characteristics Absorbency Strength/Tenacity/ Elasticity Effect of
Moisture Regain Tensile strength Temperature

P A > o % i 5

,‘ H Use in bed sheets, curtains, table Standard moisture It's a strong fibre. It has Linen fiber has Linen has an excellent
L cloths and handkerchiefs. regainis 1010 12%  tenacity of 5.5 to 6.5dm/den. = not enough resistance to

A When used for apparel are blend elastic recovery degradation by heat.
From Flao Jisen \ith other fibres such as polyester properties like 1t protects from
and cotton. cotton. sunlight.
| - Comfortable to wear

. ) - Good strength

. = . . - \Well absorbent of dyes and prints
L = - No static problems

* Linen or'iginates from the flax plant Fibres are cyli'ndrical in

In hot weather lowers body
temperature up to 4%

along the length - similar in appearance to bamboo. Fibres

can vary from 300 to 500mm in length.

poor dra

pe.

repeated bending.

Fibres are strong, lustrous and exhibit good absorbency.
Linen is one of the stiffest natural fibres therefore it has

It also has low resilience, so it can break is exposed to

IRERNEN AR

9

%
%
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Properties of natural fibres - Viscose rayon

Natural Fibre Characteristics Absorbency Strength/Tenacity/ Elasticity Effect of
Moisture Regain Tensile strength Temperature
Use in apparel when blended with It absorbs more Less when wet than dry. Itis Less than 2-3% At 150C or more it
other fibres. Use in home furnishings moisture than 1.5-2.4 gdp (grams per loses it's strength and
as bedsheets, curtains and cotton. 13% at 21C.  dernier) in the dry state and begins to decompose
tablecloths. 0.7 -1.2 gpd in the wet state at 175-205C

- Silk alike aesthetics and good feel
- Highly absorbent

- Easytodye

- Drapes well

- It is biodegradable

* Viscose rayon is a man-made fibre manufactured from a natural
source called cellulose. It's a regenerated cellulose product with
properties similar to cotton. Manufactured from wood pulp or
bamboo, that is dissolve in caustic soda to form a soda cellulose
called Xanthate - this is then mechanically processed and dried. The
fibres exhibit a circular serrated or corrugated appearance.

* Fibres have excellent strength and high lustre. Rayon can be
produced in a range of strength and elasticity levels from low to high,
however it is weakened when wet and has low dimensional stability.

Synthetic fibers

Fibres originated from an industrial chemical process
in which a polymer is forced through a small orifice
know as a spinneret. The fibres are produced in
continuous long lengths and are generally more
smoother than natural fibres.

Their properties depends of the composition of
chemical and their molecular structure.

Properties of synthetic fibres - Nylon

«soft or coarse handle

<can shrink, should be dry cleaned
-good drape & durable

<ncroasos drop out

» Nylonis a polyamide. The fibres are smooth and translucent with a
uniform circular shape. They exhibit a high natural lustre which can

be controlled when processing. Strength and elasticity are high.

Drapes properties can vary depending on the fibre diameter. The

low absorbency of nylon leads to it feeling clammy in humid
weather and it can melt easily when exposed to heat - so ironing

needs to be a lower temperatures. It will not support combustion
but the melted fabric will cling to the body causing severe burns.
» (Canbe blended with other fibres to improve strength and stability

of the fabric.

Synthetic Characteristics Absorbency/ Strength/Tensile Elasticity Effoct of
Fibre Moisture Regain strength/Tenacity Temperature
Ny|°n Used for active sportswear, fleece jackets, socks and Non-absorbent High tensile strangth High resistance | Ignites easily
sont bolts and has the following qualitios: (hydrophobic) 1o stretching (250-350C)
. Abrasion ressstant (Wet or dry)
aWarm 1o woar Moisture regain low Malts readily
. 4.5% {Ory breaking
Abarbant, dries slowly strangth 4 6 .55 fronod safoly up 1o
-breathable, repols rin grams/denier) I56F
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Properties of synthetic fibres - Polyester

Synthetic Characteristics Absorbency/ Strangth/Tenslle Elasticity Effect of
Fibre Moisture Regain strength/Tenacity Temperature
Polyester Used for raincoats, eace jackets, children's nightwear, Resists water High tensile strength High resistance | lroned salely up to
medical texties and working clothes and has the absorption — ‘%S'W‘Cx? 356F
owing . (Dry breaking (Wet or
ok QUattes: Does not absorb strangth 4 4 -5.0
Jow warmth moisture or ol grams/denier)
-non-absorbent, dres quickly
ot handlle Moisture regain very

-good drape & very durable
~croaso rosistant

-Gasy care

~can be recycled

low 0.5%

Polyester is known as PET (polyethylene terephthalate), Dacron and
Mylar. It started being produced in 1947 and is the most widely fibre in
the world. Polyester fibres are smooth and translucent with an uniform
circular shape. Lustre can be bright or dull. Fibres have high dimensional
stability, good to excellent strength, elasticity is greater than cotton or
rayon, however the drape is poor and it burns slowly.

Properties of synthetic fibres - Lycra

Synthetic Characteristics Absorbency/ Strength/Tenslle Elasticlty Effect of
Fibre Moisture Regain strength/Tenacity Temperature
Lycra Used for active sportswear, fleece jackets, socks and Wicks away moisture | Durable and abrasion | Elastomer Bums and melts
seat belts and has the following quafities: resstant properties, with | when roned 3t 356F
Moisture regain low the ability to
“warm 10 wear 0.8-1.2% (Dry breaking stretch up
-vreathable, repels rain strength 0.6-1.25 to 600%
-soft or coarse handle grams/danier) 3":’ spring back
to its original
-can shrink, should be dry cleaned gk

-good drape & durablo
-increases drop out

= Lycrais a man-made elastic fibre invented and produced by DuPont® which is also
known as estomer or spandex. It's remarkable properties of stretch and recovery
enhance all fabrics and garments in which it is used, adding easy comfort and freedom
of movement and improving fit and shape retention. Swimwear and lingerie owe their

figure-flattering fit to lycra.

» Lycra belongs to the generic elastane classification of man-made fibres (known as
spandex in the US and Canada) and is described in technical terms as a segmented
polyurethane it is composed of “soft”, or flexible, segments bonded together with
“hard", or rigid, segments. This gives the fibre it’s built-in, lasting elasticity. Lycra can be
stretched four to seven times its initial length, yet springs back to it’s original length
once tension is released. While it appears to be a single continuous thread, it isin

reality a bundle of tiny filaments.

64




Blending

Blending has the name says it involves twisting together a mixture of natural and
synthetic fibres to form a yarn, The benefits of blending include

Examples of typical blended textiles
- wool/polyester - men's suits
cotton/nylon/elastane - socks
Nylon/Polyester - women's jackets
Cotton/lycra - stretch jeans
polyester/cotton - crease resistant
shirts

Reduced costs

Improved processing

Adding bulk and warmth
Resistance 1o wrinkle
Muiti-colour fabrics
Improved physical properties

Improved dimensional stability

Conversion of fibres to yarn
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Conversion of yarn into fabrics

A fabric is made of interlacing of yarn by weaving, knitting or braiding to produce a
continuous sheet.

»
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woven

Weaving

Weaving Is done by a loom. Every
woven piece of cdoth is made up of 2
distinct systems of threads - known as
the warp and filling (weft), which are

interlaced in each other to form a fabric

Moy twwwyootube somfwatch Fy=Yriiey X 7Es0

Weaving

Nowadays weaving is a fully automated for mass production. The interlacing of the warp
and weaft can be accomplished in a number of ways - see illustration below.

Twll2x2

1]
=N

* Isthe process of forming fabrics by looping a single }

* Therefore the destruction of one loop threatens the

* Two distinct variations of knitting occur: warp and

Knitting

thread, either by hand or by means of a machine.
Knitting is carried on without making knots but
rather through the formation of interlocking loops.

destruction of the whole web,

weft knitting. Warp knitting is always done by
machine and involves a series of zig-zag stitches in
paraliel columns along the length of the fabric as
seen on the images aside.

Knitting

*  Werf knitting may be done by hand or
machine and uses one continuous yam - as
seen in the images

*  Fabric produced by knitting as great

RRRAA

elasticity as a result of its interlocking loop L ) )
o e N "L Ot g it .
BiEiEs —

Felting

Felting is the process of entangling fibres with
each others [ no yarns are created with this
process)

Feft is produced as fibers and/or fur are pressed
together using heat, moisture, and pressure. Felt
is generally composed of wool that is mixed with a
synthetic In order 10 create sturdy, resilient felt for
craft or industrial use. However, some felt is made
whally from synthetic fibers

Felt may vary in width, length, ¢olor, or thickness
depending on its intended application

btte L nw ot camOnmoe e




Lace-making Recovery and disposal of textiles

*  Lace making is an openwork, stitched fabric, ) o
» 2 * Wastage from textiles can be divided into pre
patterned with holes. Originally made from

and post-consumer,

* Pre-consumer waste is generated by products
of production processes suitable to use in

linen, silk, silver or gold thread, lacework is now
most common made from cotton
* Can be made by hand with a needle or with a

machine and is created by looping, plaiting one

soft furnishing, automotive, construction and
~ClhaStreon
thread with another, independent of any papes industries.

: *  Post-consumer waste refers g
backing material. Machinery may be used to Post-consumer waste refers to clothing of

make it household textiles reused or recycled instead

of being disposed.,
* Recycling involves the reprocessing of used

* Synthetic threads are often used for machine
manufactured lace and it can produce intrinsic
e laco, showng Bontin lece made on &
pattern sheer laces. tumon hoke stRon prm i boOtes e
[ waste from the manufacturing processes

clothing, fibrous materials, fabric scraps and

Recycling International mindedness

The economics and politics of the production and sole of clothing by multinationals can be

*  Natural fibres such as wool, cotton, silk and linen o major ethical issue for consumers and the workforce.

as well as the most common synthetic fibres such 1
o «  Multinationals have establishing thelr ovwn

as palyester, polyamides and acrylics can all be Advantages of recycling fabrics manufacturing plants in developing nations.
recycled, Garment assembly mostly involves lower levels of
*  Once collected, cleaned and sorted, recyclable +  Reducing use of virgin technology and can be labour Intensive. This
X ] materials generates local employment but this workforce
textiles may be processed some to be re-spinned «  Reduclng landfill S {usually women and children) work Jong hours, In
into yarn, others to be used in thelr fibrous state costs poor conditions and for a very poor wage,
as insulation, padding or raw material for felting +  Generated less air and water Fiowevar the finencial Denafits tand £ be with the
Y 3 It manufacturers selling thelr products in global
¢ Cotton may bo used to make high-quality paper. pollution markets.
: «  Keeping materials out of the
* Buttons, zips and other hardware may be Waste Straam
recovered for reuse. +  Using less energy in
production

THE IMPACT OF TEXTILES AND THE CLOTHING INDUSTRY ON THE

ENVIRONMENT s .
- oun
+ According to the Ellen Macarthur Foundation 700 ga "0"5 il p =

BCtuw & Wi

« textile production produces 1.2 billion tonnes of greenhouse gas every year. The United
Natlons estimates that 10 percent of total global emisslons come from the fashion industry.

«  Dyes used to produce taxic chemicals pollute waterways.

+  Gathering the materiaks for wood-based fabrics like rayon, modal and viscose contributes to
deforestation.

«  Popular polyester fabrics washed in domestic washing machines shed plastic microfibers
make thoir way to into drinking water and aguatic food chains {including in fish and shelifish
eaten by humans).

«  Cotton, another eminently popular material, is a pesticide and water-intensive crop;
according to the World Resources Institute, the amount of water required to make one
cotton t-shirt is the same as one person drinks in two-and-a-half years,

- 1,217 ==

ol 1 million pounds of CO,
I |

2016 Exam style questions
21, Which combination of absorbency and elasticity characterizes cotton fibres?

2018 Exam style questions

Abrorbency [ ﬂulk iy
1}

1. Modern sportswear often advertises its

technical capabilities, such as wicking *) o | -

properties, see ¢ - g

Figure 6. e oy R

What material is best suited for this s Hee e, A

application?

A. Silk 5. Figure 5 shows the Woven Easy chair by

B. Cotton Alexander Mueller. The chair has a hardwood

C. Polyester frame {ash) which is stained to darken the wood

D. Wool The seat and back of the chair are made from a
single waxed cord. Cord is a textile material made
from fibres.
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{a) Outline one reason why the textile cord i treated with wax. [2]

{b) Explain why it is necessary for the textile fibres to be formed into a yarn to create the

cord for the Woven Easy chair. [3]

(¢} Discuss the design of the Woven Easy chair in relation to the balance between form and

function, [6]

{d) The manufacturers of the Woven Easy chair are considering an incremental change to
the design that uses multiple cords instead of a single cord for the seat and the back of the

chair.

Explain the implications of making this change with respect to production costs, ease of
maintenance and durability, [9]

Topic 4.7 - Composites

Essential idea: Matenals are classified inlo six basic groups base
Concepts and Principles:

Form: fibres/sheelparticies and matrix

Process: weaving, moulding, pultrusion and famination

Keviar®, carbon reinforced plastic, laminated veneer lumber (LVL)

Guidance:

Fibres/sheets/particles: textiles, glass, plastics and carbon

Matrix: thermoplastics, thermosatting plastics, ceramics, metals
Advantages and disadvantages of composite malenials

Design contexts in which different types of composite materials are used

Aim:

d on thair different properties

Composition and structure of composites: concrete, engineered wood, plywood, particleboard, fibreglass,

As designers develop naw products, they should always be aware of the materials available. In an effort to increase
produclivity and lose weight, carbon fibre parts are often glued together. The use of an epoxy adbesive rather than
traditional fastening methods allows manufacturers to create complex shapes quickly and easily, These materials

and methods are being transferred to consumer products

Nature of design:

Composites are an important material in an intensely competitive global market. New materials and technologies are
being produced frequently for the design and rapid manufacture of high-quality composite products. Composites are
replacing more traditional materials as they can be created with properties specifically designed for the intended
application. Carbon fibre has played an important part in weight reduction for vehicles and alrcraft.

Types of composite material

Composite materials
L
orc tes article-based comy tes
Fibre-reinforced P
o Natural woods — Cermets
e Polymers mixed with fibres Tungsten carbide
GRP - Titanium carbide
Plastic laminates Filament-reinforced ceramics
Carbon fibre Tungsten mesh and ceramics
= Elastomers mixed with fibres Zirconia reinforced with titanium
2 Concretes mixed with fibres h Concretes
Can also be
o Tarmac
Called Shoet-b ?con\g- it
Engln% Man-made boards Metal/polymer sheet
woods  rywoods N - Chipboard
Blockboards —— Sterling board
MDF 1 Hexaboard
Hardboard EEmma— Maplex

Types of compaosite materials
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What are Composites?

A composite material is made by
combining two or more materials —
often ones that have very different
properties. The two materials work
together to give the composite unique
properties. This type of material takes
advantage of the different strengths
and abllities of its different elements

Why we use composites?

+ The biggest advantage of modern composite materials Is that they are
light as well as strong. By choosing an appropriate combination of matrix
and reinforcement material, a new material can be made that exactly
meets the requirements of a particular application - the improvement can
be mechanical, physical, chemical or electrical properties,

+ Composites also provide design flexibility because many of them can be
moulded into complex shapes. The downside is often the cost. Although
the resulting product is more efficient, the raw materials are often
expensive,

Advantages Disadvantages

o high strength-to-weight ratio e very expensive

o high tensilestrength e requires specialist manufacturing

¢ weaveoftheclothcanbechosento facilities
maximise strength and stiffness of o weakwhen compressed, squashed, or
final component subjecttoahighshock orimpact

o can be woven in different patterns to o smallair bubbles or imperfections of
create aesthetically pleasing surface the matrix will cause weak spots and
patterns reduce the overall strength

Types of composite material

* Fibre-reinforced are the most important composites since they are commonly used
in product manufacture, Used in many applications, like In aircraft parts, We will lock
in detail at GRP, carbon fibre and keviar.

* Particle based composites are the
cheapest and most widely used, They
fall in two categories depending on
the size of the particles.

lemeer wyew

Thes et e

+ Sheet/Laminar based composites are those sheet bonded together to form a new
material. Advantages of using man made boards are they Increase stability against
warping, they have equal strength in all directions - unlike natural timbers. We will
took in detail at_plywood, particleboard and laminated veneer lumber (LVL)

SHEET/LAMINAR based composites

You have studied man-made boards, such as
plywood - this is the most common recognised
laminar material. Plywood Is characterised for high-
strength, resistant to cracking, breaking, shrinkage,
twisting and warping. However many other
materials are produced through lamination,

You have also studied laminated glass - which is

another good example of a sheet based composite,
2 layers of glass pressed together with a inteslayer
of polyvinyl butyral (PVB) joined under heat and
pressure. When broken the PVB holds the pieces of
glass together.

Types of composite material

i8¢

* Fibre-reinforced

* Particle

*» Sheet/Laminar

PLYWOOD (topic 4.2b)

Plywood consists of at least three layers or veneers of wood which have been plied
together with the grain running crosswise{90 degrees) to add strength and resilience. The
sheet material is very stable against warping.

- > Main Uses Advantages
v - o Fioors, wods and o It has vesy good streneth and durabiity comparsd
: rooks in home D S RS SRR

consinclions o Piywood unarty micke out of dftemnt wood

* Wind bracing SOACRS
panok ® Itk less suscaptinhe 1o wider daagn than MOF,

o Vehiche imemal o It canbe cagly potshed or painted,
Doty work * It can provide smooth surface for lominate o

o Pockoges and verees to stick on.
vases ® |t can bold scrows well

o forcep o It can be cut inary Stwapes

o Scattoking o 1t remistive 1o shrinkiog, worping taisting and
materias Craching,

e Funiture o It Eavaiable R size companed 1o Scka wood 4

o Musica o Itk economical as comparad to sold wood
nstruments

Glued Laminated Timber (Glulam

The term glulam is an abbreviated term that
stands for glue-laminated timber. A glulam is
made with multiple layers of solid wood
lumber bonded together with high-strength
adhesive to form a single structural unit,

Glulam has greater strength and stiffness
than compared natural wood. When
comparing Kg by Kg is stronger than steel -
this means glulam beams can span long
distances with minimal need for
intermediate supports, Its is a eco friendly
materials as it uses low levels of
formaldehyde and from certified sustainable
forestry.
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Particle board

Particle board ~ also known as particleboard, low-
density flibreboard (LOF) and chipboard — is an
engineered wood product manufactured from wood
chips, sawmill shavings, or even sawdust, and a
synthetic resin or other suitable binder, which is pressed
and extruded.

Main Uses Advantages

Laminated Veneer Lumber (LVL)

Is a structural laminated composed of a
number of layers of timber veneers (usually
3.2mm thick) glued together. LVL is similar in
appearance to plywood, although in
plywood the veneers switch direction while
stacking and in LVL the veneers all stack in
the same direction.

LVL is stronger than natural wood, The
product is normal a beam or a billet form.
It's advantages are

- Can be curved into shapes or arches
- Can be produced in almost any length

Parallel Strand Lumber (PSL)

15 & form of engineered wood made from parallel wood
strands bonded together with adhesive, It is used for
beams, headers, columns, and posts, among others uses

This results in @ much denser and stronger material,
Because knots and other imperfections are randomly
dispersed throughout the product {and filled up and
fortified with glue). PSL has much higher usable values for
bending, tension paraliel to grain, and compression paraliel
to grain.

Parallam is the brand name for the product invented

SHEET/LAMINAR based composites

Laminar composites may be also be refer as sandwich
materlals The sandwich structure consists of Layers of thin uni
or bidirectional fibres or metal sheet (B) held apart by a light
core (C) (foam or honeycomb style structure).
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SHEET/LAMINAR based composites

Plain bearing, used in crankshafts are also an example of laminar
composites - several layers of different materials laminated. PTFE bearings
are made with a steel or bronze backing as standard. A sintered bronze |ayer
is applied to the backing. This layer is provided with a PTFE-based self-
lubricating lead-free sliding surface. The bronze intermediate layer ensures
efficient heat dissipation and makes for a strong joint between the backing
and the sliding surface. The steel backing has a layer of tin to prevent
corrosion.

T
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Is a sailcloth a laminar composite?

Yes a sail cloth is a laminar composite.

This example is laminate made with ZigZag
yarn technology making the sail made of
radial panels that matches the modern
rigging of dinghy or yacht. The result is
lightweight, extremely durable and fast sail.

Case Carburising and nitriding (case hardening)

Carburizing and nitriding generally refer to surface chemical heat

treatment of steel,

Carburizing must be made of low carbon steel or low carbon alloy steel, It
can be dwvided into solid, liquid and gas carburizing. *
after carburizing the carburlzed workpiece should actually be considered
as 3 composite material with a wide difference between the surface and
the center cantent. Carburizing can

-ol the workpiece, and the final strengthening of the surface and
the core must be achieved by proper heat treatment. The workplece after
carburizing needs quenching and low temperature tempering. The
purpose of quenching i to farm high carbon martensite or high carbon
martensite and fine carbide structure on the surface. Low temperature
tempering temperature is 150-200C,

FIBRE-REINFORCED composites

The matrix material - in powder
or in liquid form - is combined with reinforcing fibres in a mould and the
combination subjected to heat and pressure until fusion occurs,

Different materials can serve as a matrix including ceramics, metals and
plastics but it's the bond obtained between the fibre and the matrix that

provided the strength of the composite.

~ UssSewtinnl

Fibres are excellent in tension however they
need to be structure to support compressive
forces. See examples on the side of pessible
fibre arrangements.
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FIBRE-REINFORCED composites

Since the early 80’s the aerospace industry has used extensively fibre
reinforced polymer composite parts in alreraft construction,

Composites are used in
aircraft construction due to
improved
Strength
Stiffness
Fatigue resistant
Corrosion resistant
Weight benefits
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FIBRE-REINFORCED composites

Sports equipment have also make great
use of fibre reinforced plastics to
increase strength and stiffness while
reducmg wenght

FIBRE-REINFORCED composites

Concrete composites - such as Fibre reinforced
concrete (FRC) - incorporate fibres randomly
throughout the concrete to increase its structural
integrity. The fibre used can vary from steel to
glass, depending on the nroperties desired.

Fibre-reinforced composite - GRP

The first modern composite material was GRP -
Glass Reinforced Plastic. It is still widely used
today for boat hulls, sports equipment,
building panels and many car bodies,

The matrix is a thermoplastic or thermosetting
plastic(resin) and the reinforcement is
fibreglass - typically E-glass that has been
made into fine threads and often woven into a
sort of cloth - using pultrusion process.

A mould is necessary for GRP and it can be
made out of a range of materials like woods,
metals and polymers,

Carbon fibre reinforced plastic (CFRP)

Carboen fibre is a super strong material that's
also extremely lightweight. Engineers and
designers love it because it's five times as
strong as steel, two times as stiff, yet weighs
about two-thirds less. Its is replacing glass
fibers where the additional cost can be
justified,

Carbon fibre is basically very thin strands of
carbon -- even thinner than human hair. The
strands can be twisted together, like yarn. The
yarns can be woven together, like cloth.
Although strong in tension carbon fibres are
very weak in shear and can be cut easily. Once
embedded in a plastic matrix the CFRP is
strong in all directions.

Fibre-reinforced composite - GRP

On its own, the glass is very strong but brittie
and it will break if bent sharply. The resin holds
the glass fibres together and also protects
them from damage by sharing out the forces
acting on them.
Properties of E-Glass
- highly electrically resistive glass made with
alumina-calcium borosilicates.
- kKnown as a general-purpose fiber for its
strength when woven - as individual libres
are stiff and strong In tension

Glass Reinforced Plastic

70




Health and Safety Issues for GRP

* Fibreglass handling presents problems such as irritations of the
eyes, skin, or respiratory tract.

* The mechanical action of the fibres scraping against skin may
cause a condition known as dermatitis,

* To protect yourself, wear long sleeve shirts and pants to keep the
fibres off your skin, and wear clean clothes every day. Gloves
and eye protection may also help, Use soap and warm water to
remove any fibres that you do get on your skin,

*  Dust is produced when mat or cloth is rolled out, where chopper
guns are used, and in finishing operations where flashing is
removed or sanding occurs, So always wear a dust mask in these
areas to help avoid inhaling glass fibres,

Carbon fibre reinforced plastic (CFRP)

Adh ges vs Disadvantages

* These materials are lHghter and stronger than
fibreglass but more expensive to produce,

*  MHaving more products using carbon fibre
would save a lot of oil, but it will generate a
lot of waste, Carbaon libre can't be melted
down, and it's not easy to recycle. When it Is
recycled, the recycled carbon fibre isn't as
strong as it was before recycling,

Applications

They are used In aircraft structures and
expensive sports equipment such as formula
one racing cars, tennis rackets, etc.

good protective properties due to the
materials used and the way it has been
processed,

« When Kevlar is spun into fibres, the amide

« Kevlar is able to stop a bullet due to its molecular

+ Itis a light, polyarylamide plastic fabric, which has a

+ Each Kevlar molecube looks like a long twisting coil

groups are able to form hydrogen bonds
between the polymer chains, which act like
glue holding the separate polymer chains
together.

« The polymers have a crystalline arrangement,
with the polymer chains orlented parallel to
the fibre's axis.

« Inside a bulletproof vest are many stnps and layers of

+ The fibres are woven and resist this very effectively. The

Fibre-reinforced composites - Kevlar

How Body Armar Warks

structure,

high tensile strength. this means it takes a huge amount
of enargy to make its fibres stretch eyen a fitte,

During pelymerisation these coils of molecules become
tangled, causing it to be hard to stretch,

Keviar. When a bullet hits the vest, it tries to farce it
through the layers, but to do this it must push the
fiores apart,

movement is transiated Into a stretching force on the
fires. Some will break, but mast will absorb the energy
of the bullet by stretching a small amount,

Kevlar - Applications

« Body protection such as bullet proof vests

« Sports equipment such as skis, helmets and racquets
» Sails for windsurfing

* Run-flat tyres

« Gloves to use in glass and sheet-metal industries

Kevlar — Advantages Disadvantages

S Hiah Serath o l‘lﬁﬁ

PARTICLE BASED Composite

Typically consists of a soft matrix in which hard Erre TR
particles are embedded, These particles might be } a—
symmetrical or asymmetrical, *argutan cartate

General properties of particle-based composites are

i Labide
B e REE SR

N

High strength in compression and less in tension
Good stability .
Uniform structure ensuring consistent strength, —  —
stiffness due to its isotropic properties.
Free form surface defects

Zrcuvn (et AL et YT

PARTICLE BASED Composite - Concrete

Concrete is a composite material composed of coarse granular material {the
aggregate or filler) embedded in a hard matrix of material {the cement or binder)
that fills the space among the aggregate particles and glues them together ,

The properties of the concrete are determined by the ratio of the constituent parts.
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Concrete — Advantages and disadvantages

Advantages and disadvantages of concrete
Advantages

It can be moulded into complex shapes
! It has properties similar to stone,
Components are more readily extracted than stone

I It can be cast in situ (on site], whereas stone has to be quarried and
cut ta shape

0 I is good in compression

I isadvantages
W It is poor in tension, making it necessary to reinforee the concrete
when spanning large distances

PARTICLE BASED Composite - Cermets

A mixture of both metal and ceramic particles. A common example is tungsten
carbide ~ a combination of ceramic tungsten carbide and metal cobalt, This material
is use In Industrial machinery, cutting tools, abrasives, other toals and instruments,
and jewellery.

Tungsten carbide is
two times stiffer than steel
much denser than steel or titanium
-comparable with sapphire/ruby in hardness
. resist high temperatures
. tough and shock resistant

Disadvantage

Because cermets resist very well high temperatures they can only be processed using
Sintering.

Topic 4.9d - Manufacturing processes for Composites

Weaving

Textiles along with glass and carbon
fibres are commonly used to create
woven preforms that are later bonded
with resin.

By using weaving, large quantities of
flexible manting can be produced that
can be cut to size and positioned to
follow the contours of a mould in order
to create complicated shapes.

See more on topic 4.2e textiles

Laying up

Involves the creation of composite
textiles encased in a resin - typically
polyester. This process can be done
manually or semi-automated as spray
lay-up.

For hand lay up - see the next slide
diagram as well as the 1st video.

For spray up process see the 2nd video,
The textile fibres are cut and mixed with
the resin before being sprayed together
into the mould by a semi-automated
spray system,
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Spray up

Pultrusion

Pultrusion is similar to extrusion with the
exception that material formed is pulled
through the shape of the die rather than
being pushed, The name is contraction
of pull and extrusion. Mats of glass or
carbon fibre stored in reels are pulled
through a thermosetting resin
impregnation bath and then guided
through heated dies to cure the resin,
The cured composite exits the die ina
continuous length and is then cut to size.

Pultrusion

This process produces continuous
lengths of cross sections with high
stiffness and flexural strength used in the
production of supports for optical fibre.

Flexural strength is highest stress
experienced within the material at its
moment of yield. ——




LAMINATION Activity

15 the technique of manufacturing a material in multiple layers, so that the composite W4 rroduct analysis sxnccize 2
material achieves improved strength, stabllity, sound insulation, appearance or other Glass-reinforced plastics
i i i j ~ B Clasy rwinforcet plavtic s ofy ved i presficts sty as bost: oy
properties from the use of differing materlals, A laminate is usugllv permanently assgmbled rareiiorysir A e et B ey,
by heat, pressure, welding, or adhesives, Examples of laminates include surface for kitchen Yoy s :
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Case study — carbon fibres in bicycles 2017 Exam style question
One of the most famous applications of . ; . !
carbon fibre reinforced plastic is the 1. Which of the following processes can be applied to a composite
CH ANG!NG & development and manufacture of the Lotus material?

Bicycle, designed by Mike Burrows and ridden
by Chris Boardman In the 1992 Barcelona
Olymples.

’ I. Pultrusion

Il. Moulding
Currently the British Otympic track bike team Ill. Weaving

Is developing a new bike using laminar carbon

fibre with 3D printed titanium joints. g : ::g ::Io()r:\lIVV

Watch the video and take notes how the team C. 1l and Ill only
of designers and engineers are developing this D. 1 land Il
new bike for the upcoming Olympics. ke

2016 exam style question

2. Figure 1 shows a sketch of a typical
Tetra Pak carton. Tetra Pak cartons

were developed in Sweden in 1951 to P | A vt o v
replace the glass containers -
commonly used at the time. [

{b) (i) Outline one advantage of the
multiple layer construction of the
Tetra Pak carton. [2]

C (i) Explain one advantage of the 2
Tetra Pak cartons compared to the

glass containers that they replaced.

3]

3, What is defined as: "a mixture of two or more substances with one
acting as the matrix or glue"?

A. Compound

B. Molecule

C. Alloy

D, Composite

4 {a) State why timber is a natural composite material. [1]

4 (b) Explain why composite materials are usually difficult to recycle.

i3]

5. The 2016 BMW 7 series may be considered a breakthrough in
the use of carbon-fibre reinforced plastic in a mainstream car, see
Figure 7.

What advantage is BMW seeking in using this composite material?

A. Flexibility

B. Increased rigidity
C. Light and strong
D. Lower costs

63| Describe how the structure of LVL timber makes it suitable choice of material for roof
beams spanning a roof 25m long. (2)

6b) Describe why LVL beamns often made of resemble beams made from solid natural

timber |2}

(n) State one function of the gloe m a composite matnix [

(b) Explam why the rechnique of weavang 1 appropnate to manufocture composite matenals, [
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Topic 4.8 - Scales of Production

Essential Idea and Understanding

The scale of production depends on the number of products required

Decisions on scake of production are influenced by the volume or quantities
required, types of matenals used to make the praducts and the type of product
being manufactured. There are alsc considerations of staffing, resources and
finance.

Concepts and principles

. One-off, batch production and continuous flow
« Mass customization

1. One-off Production

One-off production is where you make a single product. This ”
Is often made to an individual design for one customer, such
as ‘custom-made’ furniture,

One-off products are often made by hand by skilled
craftsmen,

Cne-off products are normally expensive, because of the
amount of time taken to make them,

n

2. Batch Production

Batch production makes small quantities, from a few to a few thousand,
depending on the type of product.

Each batch of products will have the same design. However, different
batches might be customised in some way. For example, the same design
might be made in a different colour or size,

Batch production normally uses machine tools, and costs less to make
products than with one-off manufacture, because you don't have to spend as
much time setting up machines to make each product.

3. Mass Production (High Volume Production)

Mass production makes large quantities of the same
product. Most things that you use every day are mass
produced, including cars, mobile phones and
chocolate bars

Mass production is usually carried out on an assembly
line. This Is a collection of machines, often robots,
that are just used to make that product. Each
machine will just do one thing to the product, before
passing it on to the next one,

First mass produced car — The
Ford Model T

The cost of setting up a production line is very high,
s0 you have 1o make large quantities of a product to
pay for it, However, because so many products are
made, the cost of each one Is normally less than for
batch production,

4. Continuous Production

Continuous production Is used to make products like steel, oil or chemicals.

Many of these products are used as the materials to make other products. Factories
that operate continuous production often run 24 hours a day, seven days a week. The
process needs to be continuous because it would be very expensive to stop it and then
turn it on again

An semi-automated production line is normally set up. Relying on computer controf as
well as human labour - production workers commonly work in rotating shifts,

Workers are less flexible than those working in batch production as the product rarely
changes. There is a high level of investment in machinery and equipment.

Quality control is done at every stage of production. Sampling takes place at different

stages of production I ,

Mass Customisation - International Mindedness

Mass customisaban enables globel products to become
indrddual terne. The clients are in control rather than
COMpanies answering 10 marke: expectations

M

sy

ustomisation employs flexible manufasiunng

{often computer driven) 10 brirg the efficiences af

O gingle

MEsS Production 1o ahort nun jobs even down |
onders

The advamages ncluoe

A peoduction tmes

MR ordtsba ot e S TRT 0000
A good example of ma
manutacturing Car ms
have an panier - made 1o
takes 10 days to dediver from ordenng

custarmisabon IS car
BMW anly ¢

oces of

duce cars that
olouy, interines, etc

74




Topic 4.9 - Production Systems

Essential Idea and Understanding Concepts and principles

« Craft production

. Mechanized production

« Automated production

« Assernbly Ime production

The development of Increasingly sophisticated production systems is
transforming the way products are made

As a business grows in size and produces more units of output, then it will aim 1o - Mass preduction

experience falling average costs of production—economies of scale. The business . Mass customization

is becoming more efficient in its use of inputs to produce a given level of output « Computer numencal centrol (CNC)

Designers should incorporate intemat and extemal economies of . Production system selection criteria

scale when considering different production methods and systems for . Design for manufacture (DfM): design for mateniats, design for process,
manufacture design for assembly, design for disassembly

- Adapting designs for DfM

g Mechanised production
Craft production P
A volume production process whiere machines e
controbied by humans. In other words machines are
used 10 carry cut some or all of the repatitive 1asks in
A production systern

[t involves the production of single, unique, individual
products. A production process that is usually based
on manual skills. It 15 a smalt production. It's
locally based and allows clients to discuss things with
the manufacturer to produce customised items. These
pieces exhibit both high quality and cost. Examples are
haute couture fashion, jewellery and customised
fumiture

Origmally, small numbers of praducis were made by
ne workshops, The InGréasing
sumer goods following the industrial
revolution, meant that &rger numbers of produc
ded 10 e manufaciured in a more efficie

e

q Jlas and 1emplates
. o belis 10 keep
components and parts fiowing from ane process to

the other

Craft production Advantages Disadvantages

Economies of scale

Value of the product

Labour

Market forces

Flexibility of manufacture

Mechanised

production
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Automated production

A volusme

oductio 2ss wihuch replaces human
labour vath mechanical, el
controlled mat

es and systems that

operate automatically or Independently

3y

automation requires computer control, All

their performance, The basic elemenss of fee

can be illustrated by a home heating s

adjustmens

medern industrial operations
handied manually

Automated production

Assembly line production

A volume pr

L

companents are maved continuousty along a

sand

On proc here prod

conveyor. As the product goes from one worksts
1o another, com

o

re added until the fina

product s asse

The criging of the Assembly ine can be tra

d back
sed for the

sembly line for the manufacturing of

10 1908, when Henry Ford invented and

first tima the &

his Ford

| T-watch the video

Mass customisation ———-

It uses flexible manufactunng systems ( often

of scale are ganed whether the order is for a singke e

temort ands. In somes ways it 15 consider the

identical products

2

A cledr example & Nike's 1D program G

SUMers can

THES the

eolour and any text add af while

awng these chang een The design can WX U7 YOU

be purchased online and g

ched 1o 1he Consumes

directly from the factory

Mass customisation

List other mass cusioms

know

Mass production versus Mass customisation

N b -

| [ Dieliversng sifdable girods amid
Deliveving prode snd sarviess 88 | L ooy it somugh vesioty snd

Creaal prrces low enongh that menly Cosshnr slsom et Heasly everyme
wveryvaw cant aflionsd theesn fhosels il they want
4+
[ ron S (s g ——
P oaamnimies Veomiammies of soale | tapention
Paase l P iesenuy heosigh stabiliny sl I Voattety aamd o ionbiormie atimms thasmagh
| wemstanil | Thenibialiry amd pespeanstveness
R — | Standaediced groshaets bl s s s L Addeet
\aosacs | ey } bon G LT B
L4 twiated Besinand
» sanewd
| S [ ortasersopancense wishee
| arge honmogemeas markets oLaw.cou, hgh-grmlity
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stomdardired goody and sery lees
Fembaarns | @ Sheart prembiect des e dogrmierst
Loy puronbont e vebopmnent | eyste
eyelan
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Cusiimmer Customers are passively ivulved | Customerns sre actively mtegretes)
birvedvosment | b the vubie chain | wster thhe vabue chiasss
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Computer Numerical Controlled (CNC)

{CNC) refers 1o the computer cantrol of machines for
the purpose of manufacturing complex parts
Machines are controlled by a programme commonly
called a "G code”, Each code is assgned 1o &
particular operation of process, The codes control X,
Y and Z movement and feed speads

Multi-tool CNC machines are used where the
oulcome requires more than one cutlng process. Cr
example a CNC lathe is able to dnll, ream. thread, cut
and part-off components - watch the video how
titanium dental implants are made using a CNC metal
athe

Glossary of terms

Craft production
Mechanized production
Automated production
Assembly line
production

Mass production

Mass custaomisation

Computer Numerical
Controlled (CNC)

Production system selection criteria Production system selection criteria

Production system selection critena inchuce time, labour, skills and training, health and [uwnwamu ]
safety, cost, type of product, maintenance, impact on the environment and quality
management, in crder to create an effective, efficient and robust production system

The use of Design for manufacture guidelines m the early stages of production system design @ E;E
is often adopted as s way of achieving these goals

N‘m -.“ 0-- PO -t -ﬂl
3 1l igmtad & Rmosphes anM 1" g 15 Nt lncome 1§ Prcrstand 20 Farree Coputity
Yo v Rescunes. 5 $od sty 10 Pt s 12 Opotyded Germnon Evowessd matd  #d Dedcaton
1 Une of Vvt & Water Qusity Oatotonfrloce W mcoom Sosue 1 Ouptonsd 2 Tiwe
s e Raw Sy DOwarsty Safoty § e ATgeTen
o gy, 1 kbCmwnton  LoddVebe 28 FoodSelsyd 23 Wee Decenst
lwdtwey 8 Cneoented 76 Exgeent N rwrsrsd
Reisaten 4 Ergrpen Fasatorens
Quamy

FAgure 1 - Diagram of the set of Principles and Critena apphed for socio-enveonmental performance
assessment of ostnch producsion. Base Systemn for Eco-certification of Rural Actwities (Eco-cert Rural

Design for Manufacture (DfM) Design for materials (DfM)

DIM is an Important tool in reducing production cests through making the design as eflective D

Ggn Tor matersals means designers select matenal
for design, manufacture and assembly. D\ means designers design specifically for optimam  with the aim of reducing toxic substances. hazardous
use of existing manufacturing capatadty. There are four aspects of DIM

waste, patluting emissions and the quantity of matenals
requiregd Wherever possible single component materials
are speciied for moulding and recyciable materials are
marked for later identification

Design for matenals
Design for process
Design for assembly
Design for disassembly
-or example a green designer would consider the use of

recycled matenials . the design of the product, as well as
ensure the paints used are water basaed so they arent
[OxC

and the card could be recycled €asily at the end of
a5 e, Also he will consider using the least amo
matenal possible, the availability of local recycled card
now it will affect the manufacturing process, etc




Design for Process (DfM)

Design 10r process INVoives reductions In process
related a3 the amount of energy consumed, waste
generated, emissions produced und the reducticn of
the number of parts requiring additional cperations
such as plating, painting, printing, labelling, nveting and
weiding

Design for Assembly (DfM)

Design for assembly 1S an approach used by designers 1o

Not this
analyse components and sub-assemblies with the goal of

reducing costs through the reduction in the number of I E_
parts and maximizing the efficiency of assemnbly
processes

snap fit

Design for assembly takes account assembly at vanous
levels, for example component to component, components
Into su-assembly and sub-assemblies ino complete

products

Design for Disassembly (DfM)

Design for gisassemdly 1S & process that facilitates
easy repair, reuse, remanufacturing or recycling of a
product 1t has became mare poputar with

manufacturers as they strive 1o maintain profit as well
the legislation requirements - such as the Waste
Elactrical and Electronic equipment (WEEE)
reduction of hazardous substances of the European
Parksament. Manufacturer
ssociated such 1o reduc duction costs
Designing for disassembly happens if the cntena

i he

see the benefits of

guldelnes are followed such as

Matenal selection - use recyciable matenals and the number of
imit materiats use nents parts as much as
Fastening technigues - minimise the use of sible. Consider modular

permanent joints such as adhesives, welding, etc designs

International mindedness

The geographical distribution of different modes of production is an eceniomic
and political issue

TASK

Read page 164 on the International
Mindedress and make your awn notes

Use the fashion textile industry example used
but try to identifying other examples of
industries that have changed their production
facilities to developing countres.

Theory of Knowledge

The increased dependency on automation and robots has affected craftsmanship.
How has technology affected traditional ways af knowing?

2019 Exam style questions

1. Which of the following scales of production would be most appropoate for the Alpha Dog
neadphones?

A Craft production
B. Mass preduction
€. Mass customization
D. Batch production

Figura 7: 3D prned headphone cup betore the gloss paet finish

s appied
4. A recent study estimated that 239000 e e
2. Which of the following is most suited to the manufacture of a high-value niche Industrial robots were used globally in 2015, e

product?

A. Continuous flow

B. One-off

C, Mass producton
D. Bateh manutacture

3. Which of the following best describes the ability to adapt a product to the needs of an
Individual?

A Batch production

B. Mass customization

C. One-off production

D, Mass production

500

Figure 1. The study indicaled that the growth
was partioslady mpid n China whare the
number of robots used increased by 18% from

e "
1™ e
-
2014 to 2015 = B mww
= oL
s Ill“""ll
' 000 2001 2004 20 J

000 200 2008 2000 JONT 2908 2008 200

e o

Figure 1: Wark
2000-2015

m
supply of ind |
) B0 3060 0% T
Rapid advances in robot techinclogy bring both -

advantages and dsadvantages. Another

report stated that 45% of American jobs are at

high riak of besng taken by robots within the

Pext twenty yoars.

4 (b) (i) List two advantages of using robotics in mass production. [2)

4 (i) Outline how systems such as computer aided manufacturing (CAM) can
contribute to improving the rate of production. [2]

4 (c) (i) Outline how design for disassembly can minimize waste. [2]

4 (i) Explain the possible negative social effects of automation In a production
system. [3]

5(c) Explain how injection moulding minimizes costs and waste during production of the
Wakati power unit in Figure 9. [6]

Alsn redates 10 100ic 4 24 plastics snd 4.4
manufactunng processes

/0




6. Which of the following considers materials, production, assembly and disassembly?
A Mass production

B. Design for manufacture (DfM)

C. Assembly line production

D. Compuster numeric control (CNC)

7. What is potentiaily the major ethical impact of an Increase in the use of automation?
A Decreased wages

B Increased lssure ime

C. increased unemployment

D. Decreased manufactieng costs

B Figure 11 shows & Butterfly Stool made of two identical preces of plywood, joined in the
centre with a single metal rod and connected under the seat by Just IWoSCrews

E

B (a) List two ways that the principle of Design for disassembly Influences the design
development of the Butterfly Stool. [2]

9. Figure & shows a sports shoe on the Nike |D website, an online store where customers
can order sports shoes marufactured to their own specilic requrements. The website
allowa users 1o change the colours of different materials and awap between a predefined sat
af logos and soles

-

A

What scale of production s Illustrated by the product shown in Figure 67
A One-off

B Continuoes Mow

C. Batch

D Mass customization

10 Figure 2 shows ballpoint pens proguced by miection moulding

Which considerations would have been important in the design
of the product shown in Figure 27

1 Design for matefials

1|, Design for process

Il Design for desassembly

Adand il -
8 tand Il -
G lhang Il \ -
D. I, 1t and il DN
S ‘.
*

11. Which scale of production offers the most flexibility?
A Craft

8. Mechanization

C. Automation

D Mass customization

12. For which production approaches do customer requirements dominate?

[

| Masa nnhmt‘nlum Craft pruduction
A | No No
3 } No Yes
c ' Yes [
4] } Yoo Yoo

13, Figure 4 shows the cardboard bicycle cesigned by Izhas Gafni an Israeh inventor and
cychng enthusiast, He was inspirad 10 desian the bicycle when he leamt that another
inventor had managed to design a cance from cardboard. The cardboard for the bicycle has
a special coating manufactured from organis materials which renders the material
waterproof and fireproof. All components of the icycle are made from recyclable materials
and there are no metal pans. The bicycle only has a single gear. The bicycle can be
manufactured for approximately £10 {$15) and sponsorship has been gamed so it can be
given away free to people in developing countries. Different sizes of the bicycle will be
available ard there are plans 1o use a similar technigue 10 design a cardboard wheelchair

Figure 4: Cardicerd bicycle

(¢) (i) Outline the scale of production for the cardboard bicycle. [2]

14. Figures 6 and 7 show the Teanest compact table and chas's set by designer Jody Leach The
two chaire tuck neatly under the table (Figure 7). The fumniture & manufactured from composite
timber plywoad) and is designad to be seif-gssembiled (fiat-pack), It & availabie In white, biack o
et with a protective finish (vamish)

a(li) Outline the design for manufacture (DfM) strategy which has been a dominating
constraint on the design brief for the table and chairs. [2]

a (i#i) Outline how mass customization could improve the appeal of the table and chairs for
consumers. [2]

cfii) Discuss three considerations for the design of the table and chairs in s elation to cost-
effective manufacturing. [9] e s s o o e
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Topic 4.10 - Robots and Automated Production

Essential Idea and Understanding Concepts and principles

Primary characteristics of robots: work envelope and load capacity
Single-task robots

Multi-task robots

Teams of robots

Machine to machine (M2M)

Idea - The development of increasingly sophisticated robatic
manufacturing systems is transforming the way products are made

Understanding - Designers should consider the benefits of increased
efficiency and consistency when using robots in production and be able to
explore the latest advances in technology to ensure the optimum
manufacturing process is used. However, a good designer will also
understand their responsibility to consider the moral and ethical issues
surrounding increased use of automation, and the historical impact of
lost jobs.

Robots

Arobot is defined as an actual mechansm programmable in 2 or more
axes with a degree of autonomy, moving within its environment to
perform intended tasks.

d ©L

Robots are used for industrial use, for service, for personal care and for

medical use
i Industrial use, robots are used for 1-Quality control Robot 2-Manufactaring and Azsembly AGV -Automated Guided Vehide
Service robat robots
[ Ty Quality controf robots use Fabeication or assembly robots Materialz handling robots transpoct
& £ Wl Qualitv control and ,‘. g sermors bo inspect product for work in avariety of ways such as matesials, components and the feyshed
,-'f: inventory — defects These robots might he  single task, owilti-task situations, peoduct theoughout the plaet. Abowe an
r A’ Fabrication and assemblv - staboned thrcughout the Sirgle tack rabots doone aperation example of an autcmated guided vehide
b a7 operations q asserebly ling and may be such as spot wedding Multi-task inans sAomated worshouse
X X o pel % - depnndent OF progranmas as  obots work togother 1o place AGV Tollow sensors @ the floor of a
x I'- o Materials handling and part of a multi-task robot components. other drill o weld, #tc.  warehouse to carry out simple stock
- transportation . = B operation mowing tasks, These sce often lnked into
Personal caee robot the NT systens ta deliver components

to assembly lines just in time

| S

. 3 generation of
Computer-integrated manulacturing (CIM| m‘m Al of the followke aabsystenia sy be found R dgbot S

s the mawfacturing apgeosch of using
computers to control the entire production
Prooess

CIM Computer Integrated manufacture

Computer-alded techniques:

CAD computer-aded design)

CAE (computes-aided angineer ing)
CAM [computer-aidad manufacturingd
CAQ {computer-ailed quality)

Devices and equipment required:
Although manufacturing can be faster and CNC (Compuger numerical controlled)
ks errorprane by the Integration of Rabotics

computers, the man advantage is the ability
0 eate  automated  manufacturing
prooesses. Typically CIM refies on closed
oop control processes, based on real-time
nput from sersors

This integration allows individual processes
to exchange information with each other
and initiate actions.

Technelogics:

FMS {flexible manufacturing system)

ASRS lautomated storage and retreval system)
ALY (automated guicked vehicke)

Robotics -~

1st Generation Robots

+ Is a simple mechanical arm

« Abllity to make precise motions at high speed, many
times, for a long time.

« Such robots find widespread industrial use today

+ First-generation robots can work in groups, such as in
an automated integrated manufacturing system
{AIMS), if their actions are synchronized.

+ The operation of these machines must be constantly
supervised, as these robots don't sense the world
around them and can't respond to it.

2nd Generation Robots

* Has rudimentary machine intelligence,

e Such a robot Is equipped with sensors that tell it things
about the outside world. These devices include pressure
sensors, proximity sensors, tactile sensors, radar, sonar,
ladar, and vision systems.

o Acontroller processes the data from these sensors and
adjusts the operation of the robot accordingly, These
devices came Into common use around 1980,

e (Can stay synchronized with each other, without having to
be overseen constantly by a human operator. Of course,
periodic checking is needed with any machine,
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3rd Generation robots Work envelope and load capacity

» Encompasses two major avenues of evolving smart robot
technology: the autonomous robot and the insect robot.

» An autonomous robot can work on its own, It contains a Avale Work e“V9'°P*1 The.3D ?pace a robot can
controller, and it can do things largely without supervision, N AR operate within, considering clearance and
> either by an outside computer or by a human being, reach. These distance are determined by the
s Agood example of this type of third generation robot is the = 1 4 length of the robot arm and the design of its
personal robot about which some people dream. There are | % own axis
some situations in which autonomous robots do not perferm : Load g Within thi text th
efficiently, In these cases, a fleet of simple insect robots, all ‘1'. oa_ capacity: ! .'s contexy, the
under the control of one central computer, can be used, : weight a robot can manipulate.
These machines work like ants in an anthill, or like bees In a
hive.While the individual machines lack artificial intelligence
(A1), the group as a whole is intelligent.
AGN —Automated Guided Vehicle
Single/multi-task and teams of robots Machine to machine
Single-task robots ~ can only carry out one task at a _ Machine to machine is a broad label that
time such as painting or welding. can be used to describe any technology

that enables networked devices to
exchange information and perform
actions without assistance of humans.

Multi-task robots — can carry out more than one task
at a time. They have flexible inputs and outputs, so
they can be programmed to react to different
stimulus such as sound or distance and they respond
In different ways like movement or sound.
Teams of robots — groups of robots carry out similar communications links and autonomic
tasks such as in a production line - teams of robots 04 11 computing software programmed to help
perform different tasks at different stages. a networked device interpret data and
make decisions,

Key components of an M2M system
include sensors, a wi-fi or cellular

Advantages and disadvantages of using robotic systems
in production

Theory of knowledge

Technology in the form of robots currently

Advantages Disadvantages serves man. Is man’s place secure? Will the
nature of man change due to technological
o Improve health and safety of workforce, » Expertise needed to operate such enhancement? Will he be superscdcd
+ Highaccuracy ollwork < reduced entoxz zy:?crm. ' ‘ altoge!her by technological
and waste - Quality of final product is up. o Training of workers required in both developments?
» Perform repetitive and dangerous tasks operation and maintenance,
o Work in caonfined spaces. o High initlal capital cost
o Perform functions 24/7 leading to
higher production

*  Regrogrammability or flexible

Exam style questions 2019 TS Over the last five years there has been an increase
in the number of people that own a smartwatch, see
Figure 8. Users can listen to music, browse social
media or find out

about the weather on their smartwatch. Many
smartwatches are assembled by robotic
manufacturing systems.

16 - Robots can be used to replace humans in a
number of production areas. Which of the
following is a potential disadvantage of using

s s 7(c) Explain two ways how the u‘sﬂe of robotic
A. Perform repetitive tasks manufacturing systems can assist in the

B. Work in confined spaces production of smartwatches. [6]

C. Loss of jobs

D. Highly accurate
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e é‘,&m“""‘wm":u et oty 2 e, sl 45 A mechanical arm that can make precise
- I 1. study indicated that th i i i
: i ) e b e motions at high speed belongs to which
= R number of sobole used lacreased by 16% ffom 2014 generation of robots?
wininllll Esmss, o
re, 3 t -] are at
MARNRARERR I g . Second generation
 nextiwenlyyears. C. Third generation
) 3 L 1(a) (1) Define the term first generation robot, 1] D. Fourth generation
1 (1) Describe the work lope of a robot. (2]

18, Discuss two considerations for a manufacturer when choosing CNC
equipment. [6]

19. (a) Outline one way in which robots contribute to quality control in
manufacture. [2]

{b) Outline one way in which robots facilitate waste reduction in
manufacturing. [2]

(c) Outline one issue relating to replacing the human workforce with robots.
2]
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Topic 4 - Revision Notes

Topic 4
Raw material to final product

4.1 Properties of materials

Materials are selected for manufacturing products based primarily on their properties. The rapid pace of scientific discovery and
new technologies has had a major impact on material science, giving designers many more materials from which to choose for
their products. These new materials have given scope for “smart” new products or enhanced classic designs. Choosing the right
material is a complex and difficult task with physical, aestheticc, mechanical and appropriate properties to consider.
Environmental, moral and ethical issues surrounding choice of materials for use in any product, service or system also need to be

considered.
Define Physical properties These properties tend to be the characteristic of materials that can be identified through
testing that is considered to be non-destructive, although some deformation is required
to test hardness. This exception is often why hardness is often catergorised as a
mechanical property.
Definitions Mass- relates to the amount of matter that is contained with a specific material. It is is

often confused with weight understandably as we use Kg to measure it. Mass is a
constant whereas weight may vary depending upon where it is being measured.

Weight- relies on mass and gravitational forces to provide measurable value. Weight is
technically measure as a force, which is the Newton, ie a mass of 1Kg is equivalent to 9.8
Newtons [on earth].

Volume- is the quantity of three-dimensional space enclosed by some closed boundary,
for example, the space that a substance solid, liquid, gas, or shape occupies or contains.

Density- is the mass per unit volume of a material. It's importance is in portability in
terms of a product’s weight and size. Design contexts include, pre-packaged food
(instant noodles) is sold by weight and volume, packaging foams.

Electrical resistivity- This is a measure of a material’s ability to conduct electricity. A
material with a low resistivity will conduct electricity well. It's particularly important in
selecting materials as conductors or insulators.

Thermal conductivity- A measure of how fast heat is conducted through a slab of
material with a given temperature difference across the slab. It's important for objects
that will be heated or must conduct or insulate against heat.

Thermal expansion (expansivity)- A measure of the degree of increase in dimensions
when an object is heated. This can be measured by an increase in length, area or volume.
The expansivity can be measured as the fractional increase in dimension per kelvin
increase in temperature. It's important where two dissimilar materials are joined. These
may then experience large temperature changes while staying joined.

Hardness- The resistance a material offers to penetration or scratching. Hardness is
important where resistance to penetration or scratching is required. Ceramic floor tiles
are extremely hard and resistant to scratching.
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Mechanical properties

Tensile strength- The ability of a material to withstand pulling forces. Tensile strength is
important in selecting materials for ropes and cables, for example, for an elevator.

Compressive strength- Compressive strength is the capacity of a material or structure
to withstand loads tending to reduce size,

Stiffness- The resistance of an elastic body to deflection by an applied force. Stiffness is
important when maintaining shape is crucial to performance, for example, an aircraft
wing.

Toughness- The ability of a material to resist the propagation of cracks. Good with
resisting high impact of other objects- e.g. hammer

Ductility- The ability of a material to be drawn or extruded into a wire or other extended
shape. Ductility is important when metals are extruded (not to be confused with
malleability, the ability to be shaped plastically).

Malleability is the ability for materials to be shaped easily. The property of a substance
that makes it capable of being extended or shaped by hammering or by pressure from
rollers.

What is Young’s modulus, stress
and strain

What is elasticity on the graph.
Which part? What does it mean?
Give an example.

What is plasticity on the graph.
Which part? What does it mean?
Give an example.

Young's Modulus - also known as the tensile modulus or elastic modulus, is a measure
of the stiffness of an elastic material and is a quantity used to characterize materials. It
is defined as the ratio of the stress (force per unit area) along an axis to the strain (ratio
of deformation over initial length) along that axis in the range of stress.

Plastic Region

Ultmate Stress

or
A Fracture Pomt
/
Stress
Elastic Region
/
Stram ——>
Stress = Eorce

Cross Sectional Area

Strain = Changein Length
Original Length

This straight line region is known as elastic region and the material can regain its
original shape after removal of load. The stress and strain are directly proportional up to
point A.

Point B is known as the Yield Point. Once the material has crossed the Yield Point the
material will not return to it's original shape, this is known as the plastic region.

The line between AC is not a straight line and strain increases faster than stress. The
material will change in length faster at these points than at any other point.
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At this point C the cross sectional area of the material starts decreasing. At point D the
workpiece changes its length with a little or without any increase in stress up to point E.

Point F is called ultimate stress point or fracture point. A material is considered to have
completely failed once it reaches the ultimate stress.

Measuring when a material reaches it's Yield Point is called the Young's Modulus.
1

(stress) Elastic Region | Plastic Region
Peovet - o1 : i
P e S ace | Fammanéri; folormsd by e
' A fracturel
| point
i

IOIG BGath | e e e e e e e e e e s e

Imtt -
proportionality

& (strain)

Abrittle material. This malenial 1§ also sirong Decaase there s litfe |
strain for a high stress. The fracture of a britle material is sudden with|
littie or no plastic deformation.. Giaas @ bride

O
Stl’eSS A strong materlal which is not ductile. Sieel
/ pa weires SUretch very litde, and break suddenly

A ductile material
after the elastic region
there is a sirange
section where 'necking’
occurs - permanent
deformalion occurs in
this ‘plastic region’

A plastic material -
very small elestic
region.

¢ (strain)
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Aesthetic characteristics

Some aesthetic characteristics are only relevant to food, while others can be applied to
more than one material group. Aesthetic characteristics of products make them
interesting, appealing, likeable, or unattractive and are based completely on personal
preferences. These personal views are affected by mood, culture, experience, activation
of the senses, values, beliefs, etc. They are very difficult to quantify scientifically and
people's reactions to taste, smell, appearance and texture are very different.

Definitions

Taste - the ability to detect the flavour of substances such as food and poisons.

Smell - the ability of humans and other animals to perceive odors. Consider the scene in
Ratatouille (film) where he experiences the taste of food in vibrant technicolor, think
about how smells evoke memories, the smell of fresh bread when you enter a
supermarket, food smells making you hungry, etc.

Appearance - related to how something looks. What a product looks like. Is it colourful?
masculine? feminin? funny? sexy? sleek? minimal? clean? busy? etc. The appearance of a
product appeals to different demographics such as age, gender, culture, ethnicity, etc.
Shopper place a large emphasis on colour, so does brand recognition IE Coca Cola

Texture - the properties held and sensations caused by the external surface of objects
received through the sense of touch. e.g. smoothness of kitchen work surfaces for
reasons of hygiene, tiles around a swimming pool (i.e. roughened surface to prevent
slipping when wet). Hard, Soft, Abrasive, Smooth. Wood has a grain pattern, metal has a
cold texture.

Colour- is the visual perceptual property corresponding in humans to the categories of
colours.
e Optical e.g. opaque, translucent, transparent
e (olour e.g Hot, Cold, Warm, Mellow, Bright, Vivid, Cool
e Effects on emotions. e.g. sense of ‘warmth’ and ‘coldness' i.e. ‘warm’
red/orange/yellow ‘cool’ violet/green/blue. The use and application of such
knowledge in the designed environment. e.g. decoration, symbols, artefacts.
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Smart Materials

Smart materials have one or more properties that can be dramatically altered, for example, viscosity,
volume, conductivity. The property that can be altered influences the application of the smart material.

Type of Smart
Material

How it works/what it can do

Design contexts where properties of smart
materials are exploited

Piezoelectricity

is a term that is derived from the greek meaning
for piezo, squeeze or pressure where electricity is
generated when piezoelectric material is
deformed, The pressure acting upon the
material it gives off a small electrical discharge.

When a piezoelectric material is deformed, it
gives off a small electrical discharge. When an
electric current is passed through it, it increases in
size (up to a 4% change in volume). These
materials are widely used as sensors in different
environments. Piezoelectric materials are used in
the airbag sensor on a car as it senses the force of
an impact on the car and sends an electric charge
to activate the airbag.

Shape memory

Metals that exhibit pseudo-elasticity and shape

They can be used to make products for durable

alloy (SMA's) memory effect due to rearrangement of the | and harder to break. i.e. Glasses frames
molecules in the material. Pseudo-elasticity
occurs without a change in temperature or | The shape memory effect allows severe
electrical voltage. The load on the SMA causes | deformation of a material, which can then be
molecular rearrangement, which reverses when | returned to its original shape by heating it.
the load is decreased and the material springs
back to its original shape.

Photochromicity Material that can described as having a | welding goggles/ mask. cool tee shirts. “reactor

reversible change of colour when exposed to
light. One of the most popular applications is for
colour-changing sunglass lenses, which can
darken as the sun light intensifies. A chemical
either on the surface of the lens or embedded
within the glass reacts to ultraviolet light, which
causes it to change form and therefore its light
absorption spectra.

light” sunglasses

Magneto-rheostatic

Electro-rheostatic

Electro-rheostatic (ER) and magneto-rheostatic
(MR) materials are fluids that can undergo
dramatic changes in their viscosity. They can
change from a thick fluid to a solid in a fraction of
a second when exposed to a magnetic (for MR
materials) or electric (for ER materials) field, and
the effect is reversed when the field is removed.

MR fluids are being developed for use in car shock
absorbers, damping washing machine vibration,
prosthetic limbs, exercise equipment and surface
polishing of machine parts. ER fluids have mainly
been developed for use in clutches and valves, as
well as engine mounts designed to reduce noise
and vibration in vehicle

Thermoelectricity

Thermoelectricity is, at its simplest, electricity
produced directly from heat. It involves the
joining of two dissimilar conductors that, when
heated, produce a direct current. Thermoelectric
circuits have been used in remote areas and
space probes to power radio transmitters and
receivers.

Nest was co-founded by former Apple engineers
Fadell and Rogers in 2010 and now produces a
range of household monitoring devices. The
temperature monitors uses thermocouples to
drive the electrical signal to provide the data. Nest
products form part of the interface to create
smart systems that are remotely driven through
smartphone apps.
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4.2a Metals and metallic alloys

Materials are classified into six basic groups based on their different properties. Typically hard and shiny with good electrical and
thermal conductivity, metals are a very useful resource for the manufacturing industry. Most pure metals are either too soft,
brittle or chemically reactive for practical use and so understanding how to manipulate these materials is vital to the success of

any application.

Extracting metal from ore
The Earth's crust contains
metals and metal compounds
such as gold, iron oxide and
aluminium oxide, but when
found in the Earth these are
often mixed with other
substances. To be useful, the
metals have to be extracted
from whatever they are mixed
with.

A metal ore is a rock containing a metal, or a metal compound, in a high enough
concentration to make it economic to extract the metal. The method used to extract
metals from the ore in which they are found depends on their reactivity. For example,
reactive metals such as aluminium are extracted by electrolysis, while a less-reactive
metal such as iron may be extracted by reduction with carbon or carbon monoxide. Thus
the method of extraction of a metal from its ore depends on the metal's position in the

reactivity series:

Aluminium Extraction

Aluminium ore, most commonly

bauxite, is plentiful and occurs
mainly in tropical and sub-tropical
areas. Bauxite is refined into
aluminium oxide trihydrate (alumina)
and then electrolytically reduced
into metallic aluminium.

Steel

Blast Furnace using oxygen furnace and the electric arc furnace contribute to high rates

of steel reusability

Section and Plan View of Electric Arc Furnace

SECTION VIEW THROUGH EAF
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Water-cooled cables.

Power conducting arms

Water-cooled roof
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Grain size Metals are crystalline structures comprised of individual grains. The grain size can vary
and be determined by heat treatment, particularly how quickly a metal is cooled. Quick
cooling results in small grains, slow cooling results in large grains. Grain size in metals can
affect the density, tensile strength and flexibility.
The smaller the grains in the metal the higher density the metal is. Higher density means a
lower flexibility and sometime tensile strength. The tensile strength and flexibility will also
depend on how the metal is tempered normally. The rate of cooling and the amount of
impurities in the molten metal will affect its grain size:

e Gradual cooling - a few crystals are formed - large grain size

e Rapid cooling - many crystals formed - small grain size.

e Reheating a solid metal / alloy allows the grain structure to re-align itself.

e Directional cooling in a structure is achieved by selectively cooling one area of a

solid.

The effect of impurities (or additives) in a molten metal can induce a large number of fine
grains that will give a stronger and harder metal. This addition must be carefully controlled
as too many impurities may cause an accumulation at the grain boundaries, which will
weaken the material.

Modifying physical properties Alloying is an alloy is a mixture of two elements, of which one is at least a metal

by alloying, work hardening and - e.g. Carbon and Iron is Steel. Copper and Zinc (two metals) create Brass
tempering - Adding in different (materials to) metals to ultimately create a harder and strong
metal.

Work hardening or cold working, is the strengthening of a metal by plastic deformation.
As the name suggests the metal becomes harder after the process. The metal is not
heated at all. The process involves the metal passing through a set of rollers to reduce its
thickness, (compressed) grains are deformed. The shape is changed, but the volume
remains constant. The defects of these structures reduce the ability for crystals to move
within the metal structure, becoming more resistant to more deformation as they
recrystallize. Processes include -

rolling,

bending

shearing

drawing

Annealing is a heat treatment that alters the physical and sometimes chemical properties
of a material to increase its ductility and to make it more workable. It involves heating,
maintaining a suitable temperature, and then cooling by slowly reducing the temperature
over time. Annealing is softening the metal after work hardening.

Case Hardening is hardening are processes in which the surface of the steel is heated to
high temperatures (by direct application of a flame, or by induction heating) then cooled
rapidly, generally using water; this creates a surface of martensite on the surface.
Improves hardness on the surface or case of the material while keeping the inner core
untouched and so still processes properties such as flexibility and is still relatively soft.

Tempering is a process of heat treating, which is used to increase the toughness of
metals containing iron. Tempering is usually performed after hardening, to reduce some of
the excess hardness, and is done by heating the metal for a certain period of time, then
allowed to cool in still air. Tempering is reducing brittleness after quenching.

Superalloys Design criteria for superalloys:
- Excellent mechanical strength and creep resistance at high temperatures
- Corrosion and oxidation resistance

Creep Resistance:
- Creep is the gradual extension of a materials under constant force. Dependant on
temp. and pressure.
- Occurs as a result of thermal vibrations of the lattice. Can result in fracture of
superalloy due to development of cavities in the material
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Oxidation Resistance:
- Presence of other metals such as chromium ensure that a tight oxide film is
formed on the surface
- This restricts access of oxygen to the metal surface so that the rate of oxidation
is heavily reduced.

Applications of Superalloys: Nickel Based Alloy
- Jet Engine Components (Turbine blades operate at high temperature and under
extreme stress conditions. In operation they will glow red hot, however they
must be creep resistant, fatigue and corrosion resistant.

Recovery and disposal of metals
and metallic alloys

- car bodies and steel reinforcing recovered from concrete can be recycled into new
steel
- modern technologies are causing a significant problem
- 20 million to 50 million tonnes of e-waste
- new recycling schemes directed specifically for e-waste
- example; Samsung Washing Machine where broken parts can be taken
apart and replaced with a new one
- Aluminium recycling a huge advantage as extraction process is so
expensive/damaging to environment therefore we should encourage alu
recycling
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Contexts where different metals and metallic alloys are used

Classification and Type Properties (pro's and con's)

of Metal

Ferrous metals:
Steel

Poor corrosion resistance
Tough

Ductile

Malleable

Good Tensile Strength
Can be recycled

Example of products

- Surgical tools

- screw

- nails

- kitchen utensils

- used in all purpose engineering

Relatively Cheap
Ferrous metals: very ductile - basic machinery
Iron strong - tools
malleable - building structures
Long lasting - manufacturing components of cars /

Non Ferrous metals:
Aluminium

content?

light weight

easily worked

Malleable and soft

Conducts heat and electricity
Corrosion resistant

automobiles
Ferrous metals: Stainless high initial cost - Pipes
Steel difficult to fabricate - cutlery
difficult to weld due to high carbon - aircraft

- Aircraft manufacture
- window frames and some kitchen ware

Tin

Corrosion resistant

Non Ferrous metals: conducts heat and electricity - Wiring

Copper Corrosion resistant - tubing
Tough, ductile - pipe work

Non Ferrous metals: Soft - Tincans

Non Ferrous metals: Zinc

Layer of oxide, anti Corrosion
Easily worked with

- Makes brass

- steel coating (galvanising)
- tanks

- antirust

Non Ferrous metals:
Brass

\ery corrosive
Tarnishes
Conducts electricity well

- Ornamental purposes
- within electrical fittings
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4.2b Timber

Timber is a major building material that is renewable and uses the Sun's energy to renew itself in a continuous cycle. While
timber manufacture uses less energy and results in less air and water pollution than steel or concrete, consideration needs to be
given to deforestation and the potential negative environmental impact the use of timber can have on communities and wildlife.

Characteristics of natural timber:

Natural timber is timber that is used directly from the tree after being seasoned (a
controlled drying process). It is actually a type of composite material because it is made
up of cellulose (wood fibres) held together with a natural adhesive (lignin).

The tensile strength of timber is greater along the grain (fibre) than across the grain
(matrix).

Natural timber is classified into two main categories: Softwood and Hardwood.
e Softwood comes from coniferous trees. These have needles that are kept
year-round.
e Hardwood comes from deciduous trees. These are broad leaved and often shed
their leaves during winter, depending on the climate.

The world's forests can be divided into temperate and tropical:

e Temperate forests are in the regions between the tropics and the polar areas,
mainly in the northern hemisphere. Both hardwoods and softwoods grow in
temperate forests. Tropical forests are in the region between the 2 tropics.
Generally only hardwoods are found in these forests.

Seasoning of Timber

Two types of seasoning- Artificial (Kiln) or Natural

1) Air Seasoning
Advantages : No expensive equipment needed, Small labour cost once stack is made,
Environmentally friendly-uses little energy

Disadvantages :Takes longer than Kiln seasoning, large area of space required for a lot of
wood, it is notable to produce timber not dry enough for use in the dry, centrally heated
air of modern buildings

2) Kiln Seasoning

Advantages: Insects are killed during this process, Require little stacking space, Moisture
content of the timber may be brought to any desired level, It is dries quickly, It can be
controlled, Achieve a lower moisture content, Defects associated with drying can be
controlled

Disadvantage: It is expensive , It gives a little weaker timber when compared to air
seasoning, requires supervision by a skilled operator, uses a lot of energy

Conversion of timber

After a tree has been felled/cut down and

taken to a sawmill, it is converted ready for
seasoning. After the timber dries out, itis cut ff
into smaller sections.

quartered conversion, showing through and through conversion.
2 different cuts (radial boards) tangential and some radial board]




Faults with natural timber

e Natural woods are also subject to
— —_— movements such as splitting, cupping,
e warping and bowing. All of these would
- JEE make the wood unusable.

= bowm Woods can also form knots which are
._\QQ.\,;;,'i; formed where branches grow from the
s main trunk or where the bud was
P formed. Knots will make the timber
*% e Cumin weaker, but it =
T = can be used
from an

Characteristics of natural timber:
hardwood

-Hardwood trees are mostly deciduous, and are characterised by their broad or large
area leaves. hardwood trees also bear fruit, such as nuts, seeds or acorns, there name is
often derived from the name of their fruits. They can 100 years to mature.

-Tropical hardwoods are not classified as deciduous but as angiosperm. but their timber
has comparable mechanical properties of strength, hardness and durability. hardwood is
mostly of a higher density and hardness than a softwood.

-Aesthetics of hardwoods is usually very appealing. This makes it very desirable and its
often used in high-quality furniture. This also makes it very expensive.

-Hardwoods contain much more fibrous material than softwoods. The fibers are smaller
and more compact, making it stronger and harder. In general, the greater the density of
wood, the greater its mechanical strength.

Hardwood Colour/texture Uses

Used for furniture,
children's toys, tool
handles. Can be steam
bent and laminates
well.

Beech - A straight-grained
hardwood with a fine texture. Light
in colour. Very hard so is ideal to be
used where it is being bashed around
and used often. Beech is also very
easy to work with.

Teak - A very durable oily wood
which is golden brown in colour.
Highly resistant to moisture as it
contains natural oils.

A very durable oily
wood which is golden
brown in colour. Highly
resistant to moisture
and outdoor weather

Oak - A very strong wood which is
light in colour. Open grain. Hard to
work with. When treated it looks
very classy and elegant.

A very strong wood
which is light in colour.
Open grain. Hard to
work with. When
treated it looks very
classy and elegant.

Mahogany - An easy to work wood
which is reddish brown in colour. This
wood is very expensive. A hardwood.

An easy to work wood
which is reddish brown
in colour. This wood is
very expensive.
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Characteristics of natural timber: Softwoods

softwood

Softwood Colour/Texture

Scots pine - A straight-grained = Used for DIY and cheap

softwood but knotty. Light in colour. quality furniture. Mainly

Fairly strong but easy to work with. used for constructional
= work and simple joinery.

Spruce - Creamy-white softwood f“'_:"f’_:":" Used for general indoor

with small hard knots. Not very prorr— - work, whitewood furniture

durable. = used in bedrooms and

kitchens.

European redwood - Quite strong, - Used for general

Lots of knots, durable when oe— woodwork, cupboards,

preserved. —_— shelves, roofs.

Softwoods come from coniferous trees which are evergreen, needle-leaved,
cone-bearing trees, such as cedar, fir and pine.

Softwoods can often be harder than hardwood. Douglas Fir has a higher tensile and
compressive strength than many hardwoods. Balsa wood, although technically a
hardwood, is mechanical week, low tensile strength, low hardness and lacking in
toughness.

Aesthetics : Softwoods such as pine are very resinous and at times this resin can leak
out of the timber. Resin is really sticky and messy and will also come through painted
surfaces (it makes a really bad stain).

Pine will change color if exposed to sunlight for long periods of time. Generally a pale
vellow with brown streaks. Softwoods are also prone to decaying and warping, bowing,
cupping and splitting.

Softwoods are usually made up of tube-like cells (similar to holding up a bunch of straws
together). This would make the softwoods less dense and more prone to water damage.
The timber absorbs water just like a sponge if the end grain is exposed.
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Characteristics of man-made
timbers

Man-made timbers are composite products that use wood lengths, fibres and veneers
along with an adhesive binder and combined under heat and pressure to produce a

product.

Highlight characteristics include tensile strength,resistance to damp environments,
longevity, aesthetic properties

Plywood

Chipboard/Particleboard

Smooth, even surface.
Easily machined and
painted or stained. Also
available in water and
fire resistant forms.

A very strong board
which is constructed of
layers of veneer which
are glued at 90 degrees
to each other.

Made from chips of wood
glued together. Usually
veneered or covered in plastic
laminate.

Used mainly for
furniture and interior
panelling due to its
easy machining
qualities. Often
veneered or painted.

A very strong board
which is constructed of
layers of veneer which
are glued at 90 degrees
to each other.

Made from chips of wood
glued together. Usually
veneered or covered in plastic
laminate.

Advantages and disadvantages
of man-made timbers

Advantages Disadvantages

available in large flat sheets- 2440 x
1220mm so can be used for large
pieces of furniture without having to

join pieces together

blunted

sharp tools required when cutting
manufactured boards, and tools and easily

good dimensional stability- they don't
warp as much as natural timber

difficult to join in comparison with traditional
construction methods- you cannot cut
traditional woodwork construction joints such
as finger or dovetail joints

can be decorated in a number of ways,
eg, with veneers or paint

thin sheets do not stay flat and will bow
unless supported

sheets of plywood and MDF are flexible
and easy to bend over formers for
laminating

cutting and sanding some types of board
generates hazardous dust particles

waste from wood production can be
used to make MDF, chipboard and
hardboard.

edges must be treated and covered to hide
unsightly edges and to stop water getting in, a
process called concealing edges; this also
helps to create an appearance of a solid piece
of timber.
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Treating and finishing timbers Timber treatments & finishes are used to protect, enhance and improve the mechanical
properties.

Timber treatments- are an additive preservative to improve the timber's resistance to
attack and improve its durability is enhanced to a level which is suitable for the intended
use.

- Wood destroying fungi - resulted from moisture

- Wood destroying insects - borers, white ants
eg. Wood preserver, creosote, stain preservers

Timber finishes- are applied to the surface of the timber and is usually carried out to
achieve one or both of the the following reasons:

- Resthetics- to improve the materials natural beauty

- Function- to protect it from environmental impact, heat, moisture
Finished timber requires sanding with abrasive paper to close up the grain leaving
smaller gaps.
eg. varnish/estapol, finishing oil, wood wax

Timber is seasoned as part of it preparation for commercial use. This process reduces
the moisture content so that it becomes workable. The remaining moisture, albeit small,
means that the wood never really stabilises and continues to swell and shrink, with
humidity and temperature variations.

Recovery and disposal of timbers | Reforestation is the process of restoring tree cover to areas where woodlands or forest
once existed. If this area never returns to its original state of vegetative cover the
destructive process is called deforestation. In order to maintain a sustainable forest
industry reforestation is necessary.

Wood recycling is the process of turning waste timber into usable products, Recycling
timber is a practice that was popularized in the early 1990s as issues such as
deforestation and climate change prompted both timber suppliers and consumers to
turn to a more sustainable timber source. Recycling timber is the environmentally
friendliest form of timber production and is very common in countries such as the UK,
Australia and New Zealand where supplies of old wooden structures are plentiful. Timber
can be chipped down into wood chips which can be used to power homes or power
plants.

Uses for recycled waste wood include traditional feedstock for the panel board industry,
which still accounts for the majority of recycled wood. Other uses include animal
beddings, equestrian and landscaping surfaces, play areas and filter beds.
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4.2c Glass

The rapid pace of technological discoveries is very evident in the manufacture and use of glass in electronic devices. Different
properties have been presented in glass for aesthetic or safety considerations for many years but the future of glass seems to be
interactivity alongside electronic systems. The structure of glass is not well understood, but as more is learned, its use is
becoming increasingly prominent in building materials and structural applications.

Characteristics of glass Glass is a hard, brittle and typically transparent amorphous* solid made by rapidly
cooling a fusion of sand, soda and lime.

amorphous- Glass is an amorphous substance (a solid that is not crystalline) made
primarily of silica fused at high temperatures with borates or phosphates.
transparency- Ability to allow light to be transmitted with minimal scattering allowing a
clear view through material.

chemically inert- Lack of reactivity with other materials.

non-toxic- Absence of toxic breakdown products/lack of reactivity.

brittle- Breaks into numerous sharp shards.

biocompatibility- The product ensures the continued health of a biological environment.
hardness- Scratch resistance.

aesthetic appeal- Favourable in terms of appearance.

electrical insulator- Reduces transmission of electric charge.

cheap- Abundance of material and high volume production in comparison to production
cost.

Applications of glass Laminated Glass- 2 thin sheets of glass with an interlayer of plastic in between. It is
very strong bonds, retains shards of glass when cracked e.g. iPhone glass cover,car
windshield, architectural use, bullet proof windows

Toughened or Tempered Glass- Outer face of glass in compression, inner side of glass in
tension, it shatters in small pieces and used for furniture e.g. staircases/floors,
architectural use

Soda Glass- Has poor thermal shock (shatters when hot water put in glass), expands
quickly, cheap to produce and used in drinking bottles

Pyrex slow expansion/contraction and used for cooking, test tubes, thermometers,
over doors

Gorilla Glass is a brand of specialized toughened glass developed and manufactured by
Corning for use with mobile devices, designed to be thin, light and damage-resistant.

Recovery and disposal of glass -Faulty and broken glass products are broken up (cullet) and reused by mixing with virgin
materials to make a batch. This can save energy and also materials (virgin).

-No degradation of glass quality in the process so it can be repeated several times.
There is very little wastage during manufacture.

-Glass is 100% recyclable and can be recycled endlessly without loss of purity or quality
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4.2d Plastics

Most plastics are produced from petrochemicals. Motivated by the finiteness of oil reserves and threat of global warming,
bio-plastics are being developed. These plastics degrade upon exposure to sunlight, water or dampness, bacteria, enzymes, wind
erosion and in some cases pest or insect attack, but in most cases this does not lead to full breakdown of the plastic. When
selecting materials, designers must consider the moral, ethical and environmental implications of their decisions.

Raw materials for plastics

Natural plastics Semi synthetic plastics Synthetic plastics
these are naturally these are made from these are materials that
occurring materials that naturally occurring are derived from breaking
can be said to be plastics materials that have been down, or ‘cracking’ carbon
because they can be modified or changed but based materials, usually
shaped and moulded by mixing other materials crude oil, coal or gas, so
heat. An example of thisis | with them. An example of | that their molecular
amber, whichis a form of | this is cellulose acetate, structure changes. This is
fossilised pine tree resin which is a reaction of generally done in
and is often used in cellulose fibre and acetic petrochemical refineries
jewellery manufacture. acid and is used to make under heat and pressure,
cinema film. and is the first of the
manufacturing processes
that is required to produce
most of our present day,
commonly occurring
plastics.
Raw materials for plastics Most modern plastics are derived from natural materials such as crude oil, coal and
natural gas with crude oil remaining the most important raw material for their

production.

Polymers are substances which are made up from many molecules which are formed
into long chains. The differences in the way the chains bond cause the different
properties in the different types of polymers.

Structure of thermoplastics Thermoplastics are linear chain molecules, sometimes with side bonding of the
molecules but with weak secondary bonds between the chains. Between the long chain
molecules are secondary bonds which are weak forces of attraction between the
molecules.

Thermoplastics can be heated and reformed. Their polymer chains do not form cross
links. Thus, the chains can move freely each time the plastics are heated.

Long tangled chains
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Material

Polypropylene (PP)

Properties

Light, hard, tough, impact resistant,
good chemical resistant, can be
sterilised, good resistant to work
fatigue

Applications

Used for medical and
laboratory equipment,
containers, chairs

Polyethylene (PE)

tough, resistant to chemicals, soft
and flexible, good electrical
insulator

HIPS

Tough, high impact strength, rigid,
good electrical insulator.

ABS

High impact strength, tough,
scratch-resistant, lightweight,
durable, good resistance to
chemicals, good electrical insulator

Kitchenware, GO Pro camera
cases, Toys (Lego)

PET:

Chemical resistant, high impact
resistance, tough, high tensile
strength, durable, excellent water
and moisture barrier

Plastic drinking bottles

PVC

Good chemical resistance,
weather-resistant, lightweight,
good electrical insulator, stiff, hard,
tough, waterproof, durable

Pipes, Rainwater pipes and
guttering,

Window frames and fascias,
Electrical cable insulation

Structure of thermosetting
plastics

Thermosets are linear chain molecules but with strong primary bonds between
adjacent polymer chains (or cross links). This gives thermosets a rigid 3D structure.

On first heating, the polymer softens and can be moulded into shape under pressure.
However, the heat triggers a chemical reaction in which the molecules become
permanently locked together. As a result the polymer becomes permanently 'set’ and
cannot be softened again by heating. Examples of thermosetting plastics are
polyurethane, urea formaldehyde, melamine resin and epoxy resin

Cross linked chains

= | 1
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Material

Polyurethane

Properties

strong electrical insulator (resistance)
good tensile and compressive strength
good thermal resistance

can be fairly hard and tough

can be easily bonded

can be flexible and elastic

Applications

Wheels, foam, varnish,
paint and glue
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Urea-formalde high tensile (tension) strength Tableware

hyde high heat distortion temperatures Worktop laminates
low water absorption Buttons
high surface hardness Electrical casings

weight/volume resistance

Melamine resin | high electrical resistivity kitchen utensils plates,
very low thermal conductivity/ high heat camping bowls (not
resistance microwave safe)kitchen
hard/ solid utensils and plates,
scratch resistant laminated benchtops

stain resistant
available in a range of thicknesses and sizes

Epoxy resin Tough Construction of aircraft
Chemical resistance (also water) boats and cars, also are
Fatigue and mechanical strength (Tensile used in electrical
strength and compressive strength) circuits and general
Electrical insulation purpose adhesive and
Temperature resistant (maintains form and with glass reinforced

strength) (Though some are vulnerable to light) | plastics
Can be used on metal (The adhesive)

Temperature and recycling -Thermoplastics soften when heated and harden and strengthen after cooling.
thermoplastics and thermoset -Thermoplastics can be heated, shaped and cooled as often as necessary without
plastics causing a chemical change, while thermosetting plastics will burn when heated after the

initial molding.

-Non-reversible effect of temperature on a thermoset contribute to it not being able to
be recycled. Heating increases the number of permanent cross-links and so hardens the
plastic, so therefore cannot be recycled

Recovery and disposal of plastics | Nearly all types of plastics can be recycled, however the extent to which they are
recycled depends upon technical, economic and logistic factors. As a valuable and finite

Thermoplastics: resource, the optimum recovery route for most plastic items at the ‘end-of-life’ is to be
Heat, Reshape, Cool recycled, preferably back into a product that can then be recycled again and again and so

on. The UK uses over 5 million tonnes of plastic each year of which an estimated 24% is
Thermosetting currently being recovered or recycled.

Plastics: Landfill, incinerate
Recycling: Turning waste into a new substance or product. Includes composting if it

Biodegradable meets quality protocols.
Plastics: Bury in the ground, e  Provides a sustainable source of raw materials to industry
landfill e  Greatly reduces the environmental impact of plastic-rich products which give off

harmful pollutants in manufacture and when incinerated

Minimises the amount of plastic being sent to the landfill sites
Avoids the consumption of the Earth's oil stocks

Consumes less energy than producing new, virgin polymers
Encourages a sustainable lifestyle among children and young-adults

Bioplastics: To reduce the problems of disposing of plastics they can be designed to be
biodegradable, known as bioplastics. These are plastics derived from renewable sources,
such as vegetable fats and oils, corn starch, pea starch or microbiota.

Production of oil based plastics tends to require more fossil fuels and to produce more
greenhouse gases than the production of biobased polymers (bioplastics).

Some, but not all, bioplastics are designed to biodegrade. Biodegradable bioplastics can
break down in either anaerobic or aerobic environments, depending on how they are
manufactured. Bioplastics can be composed of starches, cellulose, biopolymers, and a
variety of other materials.

101




4.2e Textiles

The continuing evolution of the textiles industry provides a wide spread of applications from high performance technical textiles
to the more traditional clothing market. More recent developments in this industry require designers to combine traditional
textile science and new technologies leading to exciting applications in smart textiles, sportswear, aerospace and other potential
areas.

Raw materials for textiles Fibres can be classified as being from a natural or synthetic source. A fibre is an elongated
hair like strand or continuous filament. The length exceeds more than 200 times the
diameter.

-Wool, linen and cotton are short fibres. silk is a long continuous filament fibre.

-Fibres can be twisted using the spinning process and converted into yarn or fibres can be
used in their raw form and manufactured to create felt.

-Consider absorbency, strength, elasticity and the effect of temperature

- manufactured from fibres, the origin can be subdivided into two section

- natural (organic)
- either a plant or animal origin
- ex.cotton, linen, wool and silk

- synthetic (man-made)
- created by chemical processes
- polymer-based from oil and coal, others are from glass, metal

ceramic and carbon.

Properties of natural fibres Properties of wool, cotton and silk and Design contexts in which different types of textiles
are used

- originates from plants, animals and minerals

- areusually short fibres (staple fibres)

- can absorb moisture (ex. sweat from skin) therefore fabrics are ‘breathable.

- flammable, easy to dye, poor resilience, good conductor of electricity

- sources include cotton, wool, linen and silk

Fibres from Plants
- Cotton: Can be cool or warm to wear as fibres trap air, reducing convective heat
loss. It is durable, creases easily, absorbent, dries slowly
- Linen: stiffer handle, dries quickly, durable, very absorbent

Fibres from Animals
- Wool: absorbent, dries slowly, warm to wear, not durable
- Silk: absorbent, durable, warm to wear, soft handle

Examples of natural fibres

Natural Fibre Origin End uses
Wool Sheep fleece, goat, alpaca, GOOD INSULATOR TRAPS AIR:
ANIMAL camels sweaters, blankets, socks, coats,

tailored suits etc

Cotton Cotton boll plant HIGH ABSORBENCY:
VEGETABLE nightwear, summer clothes, shirts,
underwear, jeans, bedsheets,

socks, towels, etc

Silk Silk cocoon. HIGH LUSTRE:
ANIMAL evening dresses, nightwear, ties,
cushions, wedding dresses etc
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Properties of synthetic fibres

man made fibres (usually from chemical resources)

fibres produced are long and much smoother

most are thermoplastic and will soften and contract when exposed to heat.
have low affinity for moisture creating less ‘breathable’ fabrics.

sources include viscose, acrylic, nylon and polyester

Examples of synthetic fibres

Synthetic Fibre End uses

Nylon Rope, fishing filament, seatbelts, parachutes, luggage,
conveyor belts, outerwear, tents.

Polyester (Dacron) Outerwear, combined with other fibres to improve crease
resistance, sportswear, hoses, sails, auto upholstery,
carpets.

Lycra (Spandex) Sportswear, combined with other fibres to improve stretch,

disposable diaper, underwear.

Conversion of fibres to yarns

¢ inthe beginning, the strands are a tangle of loose fibres.

e natural fibres, except silk, will be in different lengths to symbolise the maturity of
growth.

e natural fibres also require cleaning and refining, and some mixing in order to
homogenise the batch

e the fibres are then slightly twisted and thinned out in order to produce sufficient
strength for handling

e wrapping fibres around each other increases strength

e the process is repeated, while lengthening the yarn.

e thevyarn thatis formed is called a 'single’ (single strand of yarn)

Conversion of yarns into fabrics:

weaving, knitting, lacemaking,
and felting

Weaving: undertaken on a machine called a loom with two distinct styles of thread which
are interlaced together to form a fabric: warp and weft. Warp threads run lengthways on a
piece of cloth and the weft runs across from side to side.
- there are different kinds and ways to produce a weave; for example a thwill
weave is by alternately passing under two and over one,
- asmooth satin finish is achieved.

Knitting: process of forming fabrics by looping a single thread (by hand with slender wires
or a machine provided with hooked needles)

- made by making knots, however the destruction of one loop threatens the
destruction of the entire web, unless the meshes are reunited (because of the
interlocking nature of the yarn in knitted fabrics)

- advantages include: fabric can stretch, low stress on the yarn, large number of
stitch types are available

Lacemaking: lace-work is a stitched fabric patterned with holes, and is now commonly
made from cotton.

- itis made by hand with a needle (called needlepoint lace). by bobbins (along with
a pins, pillow or a cushion, hence called ‘pillow lace’) or by a machine and is
created by looping, plaiting one thread with another, without any backing
material.

- synthetic threads are often used for machine-manufactured lace and because of
their high strength to weight circumstances, detailed and complex patterns are
produced.

Felting: felt is made from animal fibres (sheep's wool, rabbit fur), however today it can be
made from man-made fibres (viscose)

- felt-making process is dependent on the kinks in the fibres and the irregularities
in the surface (to see if the fibres are able to interlock together) good wools,
scales are perfect and numerous, while in inferior ones there are fewer serrations
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(jagged edges) and are less perfect in structure

- (from wool) progressively depositing layers of cleaned and combed fibers into a
large tray, each 90 degrees from each other.

- hot soapy water assists with lubrication and reduces friction and so the fibres can
move and because entangles in the scales on the fibre surface.

- they then bond to form a cloth.

- (alternative) needle felting involves combining fibres using special felting needles.

Recovery and disposal of textiles

Many items of clothing are manufactured and produced in developing countries. Often
working conditions that many people experience who do a repetitive, low skilled job.
Other ethical issues connected to the production and manufacture of textiles are linked to
environmental issues, chemical dyes, washing, finishes, use of pesticides to grow the
crops and land usage for growing the crops and grazing for the animals.

Development of new textiles and other related technologies needs to consider the
sustainability issues such as recycling and disposal.

e \Wastage from textiles may be categorized as either pre- or post - consumer.
Pre-consumer textile waste is mostly formed of materials that are generated as
by-products of production processes. Post-consumer waste mentions to clothing
or household textiles that is reused or recycled instead of being disposed.

® Recycling involves the reprocessing of used materials (clothing, fabric scraps, etc)
and waste from the manufacturing process.

® Once all of the materials are collected, cleaned and sorted, recyclable textile may
be processed; first mechanically where the fibres are separated before being
re-spinned into yarn or chemically through repolymerizing fibres. to again spin
into yarn.

e With waste reduction, reuse and recycling results in: Lowering purchase prices,
reducing use of virgin materials, reducing disposal costs and landfill, generating
less air and water pollution, keeping materials out of the waste stream and
preserving the ‘embodied energy' used in manufacturing.
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4.2f Composites

Composites are an important material in an intensely competitive global market. New materials and technologies are being
produced frequently for the design and rapid manufacture of high-quality composite products. Composites are replacing more
traditional materials as they can be created with properties specifically designed for the intended application. Carbon fibre has
played an important part in weight reduction for vehicles and aircraft.

Form: fibres/sheet/particles and
matrix

Composite materials (also called composition materials or shortened to composites)
are materials made from two or more constituent materials with significantly different
physical or chemical properties, that when combined, produce a material with
characteristics different from the individual components. The individual components
remain separate and distinct within the finished structure. The new material may be
preferred for many reasons: common examples include materials which are stronger,
lighter or less expensive when compared to traditional materials. One material acts as
the matrix, which can be in the form of fibres, sheets or particles with the other as the
bonding agent.

Advantages Disadvantages

high strength-to-weight ratio ® very expensive

e high tensile strength * requires specialist manufacturing

e weave of the cloth can be chosen to facilities
maximise strength and stiffness of e weak when compressed, squashed, or
final component subject to a high shock or impact

e can be woven in different patterns to e small air bubbles or imperfections of
create aesthetically pleasing surface the matrix will cause weak spots and
patterns reduce the overall strength

Fibres/sheets/particles: textiles, glass, plastics and carbon
® laminar
Consists of two or more layers of material bonded together usually with an adhesive to
form a new composite material with improved properties
The most commonly recognized laminar material is plywood

Plywood

Manufactured from an uneven number of plys

Application where high quality, high strength, large sheet material is required
Itis resistant to cracking, breaking, shrinkage, twisting and warping

Can be used as an engineering material for architecture or lightweight stressed
skin applications (marine and aviation environments)

IR

Laminated Glass
- Consists of a sandwich of two layers of glass and a polymer interlayer of
Polyvinyl butyral (PVB) joined under heat and pressure in a furnace called an
autoclave

PVB Interlayer

When broken the PVB interlayer hold the pieces of glass together (safer)
avoiding the release of otherwise dangerous shards of glass
The fracture produces a pattern of radial and concentric cracks (spider-web
mattern)

-> used for car windscreens
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Laminar composites
- Laminates of different material joined together in a sandwich structure
- Consists of layer of thin or bidirectional fibres or metal sheet held apart by a
lightweight core (foam or honey-comb style structure)
e Fibre-reinforced
® Particle reinforced

Process: weaving, moulding,
pultrusion and lamination

Weaving: to form (fabric or a fabric item) by B _
interlacing long threads passing in one direction with fﬂﬂr{l-‘t!-'—‘ ! H D_r[.

others at a right angle to them. | — | E—
\:I — ,.____F j L “I
Hopper ? i | :Ef
‘*\ Hydraulic ¢ ; i ﬁ ; =
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Moulding

Similar to injection moulding,
using mix of materials. Or put
under high pressure
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Pultrusion is a continuous
molding process whereby
reinforcing fibers are
saturated with a liquid
polymer resin and then
carefully formed and pulled
through a heated die to forma
part.

Lamination
One of the early materials that was
used as part of a lamination process
was called Formica. Formica originally
consisted of layers of fabric bound
together with resin; later, it was made
with thick pieces of paper laminated
with  melamine. This  tougher
substance could resist heat and
abrasion, while the paper opened up a
wealth of possibilities for printing
colours and patterns, which proved
key to its success.

Spray-up

Spray-up is carried out on an open mould, where
both the resin and reinforcements are sprayed
directly onto the mould. The resin and glass may
be applied separately or simultaneously
“chopped” in a combined stream from a chopper
gun. Workers roll out the spray-up to compact the
laminate. Wood, foam or other core material may
then be added, and a secondary spray-up layer
embeds the core between the laminates
(sandwich construction). The part is then cured,
cooled and removed from the reusable mould.
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Composition and structure of
composites

Matrix: thermoplastics, thermosetting plastics, ceramics, metals

Design contexts in this
composite materials is used

Types and how used

Concrete: Sand, concrete, aggregate and water
are mixed together, they form a fluid mass that
is easily molded into shape. Over time, the
cement forms a hard matrix which binds the
rest of the ingredients together into a2 durable
stone-like material with many uses

Construction (reinforced with Steel) to make
strong

Engineered wooed: is made by binding or fixing
strands, particies of fibres. veneers of boards of
wood together with adhesives or other fixing
methods to create composite materials.

-Medium Density Fibreboard
-Particle or chipboard

-Plywood

-LVL- laminated veneered timer
-1 joists or | beams

Plywood: is a sheet material manufactured
from thin layers or “plies” of wood veneer that
are giued together with adjacent layers having
their wood grain rotated up to 90 degrees to
one another.

It may be used for wall panelling, fiooring
and furniture.

Particleboard : aiso known as particleboard and
chipboard, is an enginsered wood product
manufactured from wood chips,sawmill
shavings, or even sawdust, and a synthetic resin
or other suitable binder, which is pressed and
extruded. Orientad strand board, also known as
flakeboard, waferboard, or chipboard, is similar
but uses machined wood flakes offering more

strength.

Kewvdar is a composite material similar to Carbon
Fibre and is woven into 2 dloth which combined
with Polyester resin can be moulded into a
variety of complex shapes. It can also be woven
into fabric cloth to protect the wearer almost
like an indestructible net. Kevlar also has a high
strength-to-weight ration and is five times
stronger than steel.

Kevlar is used in a variety of applications
because of its unique properties, including:
-body protection, such as bullet-proof vests
Mifitary helmet where lightweight
properties, comfort and flexibility are
important

-sports equipment, such as skis, helmets
and racquets, where lightweight properties
and strength are important

-sails for windsurfing, where the material

own are weak but when combined create a good
strength-to-weight ratio material. It is very
versatile and can easily be mouldad into 3D
shapes

has to withstand high speeds
Carbon reinforced plastic (GRP) is a composite . Boat hulfs
material made from plastic and fine fibres of - Canoes
glass. Itis also known as FibreglassThe strands . Car body panels
are combined with resin {polyester or epoxy . Chemical storage tanks
resin) to make GRP, Fibreglass and resin on their . Train canopies

Laminated veneer lumber (LVL ) s an
engineered wood product that uses multiple
layers of thin wood assembled with adhesives.
It is typically used for headers, beams, rimboard,
and edge-forming material
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Advantages and disadvantages of | Advantages

composite They are much stronger than the original material used. Laminated glass for example Is
materials much tougher, and shatters less

-Corrosion and Chemical Resistance Composites are highly resistant to chemicals and
will never rust or corrode

-High cost of fabrication of composites is a critical issue

Disadvantages
They can not be recycled. Most composites are thermosetting and so It is hard to
separate and recycle

4.3 Scales of Production

The scale of production depends on the number of products required. Decisions on scale of production are influenced by the
velume or quantities required, types of materials used to make the products and the type of product being manufactured. There
are also considerations of staffing, resources and finance,

Scales of Description of why you would Advantages Disadvantages

Production selecting an appropriate scale of
production

One-off One - off production is where e Unique, high guality products | e Very labour intensive, so salling
only ane for a few specialist are made prices are usually higher

items are required. If a prototype | e Workers are often motivated |e Production can take a fong time
is made then it usually part of the and take pride in their work and can be expensive as specialist

realisation of the product and so tools are required
the next step after testing would ¢ Economies of scale are not
be batch or volume production. possibie, often resulting in a more

expensive product

Batch production | Limited volume production (aset | eSince larger numbers are ® Workers are often less motivated
number of {tems to be produced made, unit costs are lower because the work can be
o Offers the customer some repetitive
variety and choice ® Goods have to be stored until they
e Materials can be bought in are sold, which can be expensive
bulk, so they are cheaper
Mass The production of large amounts | e Labour Costs are usually & Machinery is very expensive to
of standardized products on lower/minimal buy and set up for production
production lines, permitting very | @ Materials can be purchased lines
high rates of production per in large quantities so they o Workers are not motivated
worker. are cheaper/provide ¢ Not very flexible as a production
excellent bargaining power line is difficult to adapt
or Continuous A preduction method used to e Large numbers of goods are | @ Production process will have to
flow manufacture, produce or process produced stap when repairs are made

matenals without interruption.

Mass A sophisticated CIM system that | Mass customisation uses some of the techniques of mass
customization manufactures products to production; for example, its output is based on a small number of
individual customer orders. The platforms, core components that underlie the product. In the case of
benefits of economy of scale are | a watch, the internal mechanism is a platform to which can be added
gained whether the order is fora | a wide variety of personalised options at later stages of production.
single item or for thousands.
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4.4 Manufacturing processes

Different manufacturing processes have been developed to innovate existing products and create new praducts, Designers
sometimes engineer products in such away that they are easy to manufacture. Design for manufacture (DfM) exists in almost all
engineering disciplines, but differs greatly depending on the manufacturing technologies used. This practice not anly focuses on
the design of a product’'s components, but also on quality control and assurance.

Process Manufacturing techniques

Additive techniques Paper-based rapid prototyping (Layers of paper cut and glued together to create a 30 shape)

Laminated object manufacture (LOM) (Layers of matenial cut and glued together to create a 3D
shape)

Stereolithography (Solidification of powder using 30 printing)

Wasting/ Cutting (Laser, Saws, Chiseling, Drilling)
subtractive techniques
Machining (Router or Milling machine)
To remove material by

cutting, machining Turning (Metal or Wood Lathe)
turning or abrading.
Abrading (Sanding, Filing, Grinding)
Shaping techniques Moulding {Injection moulding, extrusion)
To change the shape of | Thermoforming (Heating plastics and vacuum forming, or using a strip heater to heat and bend
the material without acrylic)
wasting

Laminating (Flexi-plywood by gluing layers together aver a former/shaped mould)
Casting (Sand casting, Die casting- usually solid to liquid then cooled
Knitting (textiles)

Weaving (textiles)

Joining techniques Permanent- e.g. Welding, Brazing, Soldering, Pop riveting,

Temporary {non-permanent fastening)

Fastening or joining materials mechanically through the use of screws, rivets, boits, pins, clips,
nails, press studs and snaps. The advantage of this technique Is the ease for disassembly at the
expense of permanent damage to the materials used eg, installing screws

Adhering- Gluing
once formed, cannot easily be separated

Fusing (welding)
Permanent process involving the heating of the surfaces such as metals and plastics. This process
isn't recommended when considering design for disassembly.
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4.5 Production systems

The development of increasingly sophisticated production systems s transfarming the way products are made. As a business
grows in size and produces more units of output, then it will aim to experience falling average costs of production—economies
of scale. The business is becoming mare efficient in its use of inputs to produce a given level of output. Designers should
incorporate internal and external economies of scale when considering different production methods and systems for

manufacture,

Type Description/Impact of different Advantages Disadvantage
production systems on the
workforce and environment

Craft production This type of production makes a Locally based, aliowing clients | This type of production is
single, unique, product from start to | to converse directly with frequently slow
finish. Labor intensive, highly skilled | manufacture
It is a small-scale production May be required ta have a
process centred on manual skills. variety of skills
eg. building ships, bridges, High cost.
handmade crafts (furniture),
tailored clothing

Mechanized Volume production process Less labor intensive

production involving machines controlled by
humans,

Automated Automated Production is the fasted way of mass producing goods and services. It is a volume

production production process invelving machines controlled by computers. Pro's and con's of Automation
include:

-Making complex decisions: Automated systems can make decisions that are beyond the capacity
of peaple to make.

-Speed of decision making. Automated systems also can make decisions more quickly than people
can

-Routine, boring jobs. Many peaple find repetitive, simple jobs, such as working on a factory
assembly line, dull and degrading. They have difficulty maintaining the level of

Assembly line Assembly line production is a volume production process where products and components are moved

production continugusly along a conveyor. As the product goes from one workstation to anothes, components
are added until the final product is assembled.

Mass production Mass production is the production of large amounts of standardized products on production lines,
permitting very high rates of production per worker.

Mass customization | Mass customization is a sophisticated CIM system that manufactures products to individual
customer orders. The benefits of ecanomy of scale are gained whether the order is for a single item
or thousands.

Computer numerical | CNC refers to the computer control of machines for the purpose of manufacturing complex parts in

control (CNC) metals and other materials, Machines are controlled by a programme commonly called a G code”.
Each code is assigned to a particular operation or process. The cades control X, Y and Z movement
and feed speeds,

Production system This is dependent on what type of production method that is selected for a product.

selection criteria
Production system selection criteria inciude time, labour, skills and training, health and safety, cost,
type of product, maintenance, impact on the enviranment and quality management
E.g. Might be better to Injection mould a product case from 3 parts rather than 1 part as it might be
easier and quicker to do final assembly.
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Design for Design for manufacture {DfM} means designers design specifically for optimum use of existing
manufacture (DfM) manufacturing capability. Designers need to cansider designing products so they can be easily and
efficiently manufactured with minimal impact on the environment. Design for Manufacture can be a
constraint on the design brief, Design for Manufacture involves Design for Process, Design for
Materials and Design for Assembly/Disassembly.

There are four aspects of DfM.

Design for materials: designing in relation to materials during processing.

The selection of materials is an important consideration for a designer. |t can affect environmental at
each stage of the Product Cycle, from pre-preduction to disposal. For exampie, the choice of a
thermoplastic may mean an impact on the environment through the extraction of oil, however
thermoplastics are highly recyciable meaning less of an impact at the disposal stage, providing they
are recycled and not sent to landfill or incinerated. Minimising the amount of materials and using
non-toxic or biodegradable alternatives can also reduce the impact on the environment.

Design for process: designing to enable the product to be manufactured using a specific
manufacturing process, for example, injection moulding .

When designing or redesigning products, designers should consider how the manufacture of parts
and components can be achieved efficiently and with minimal waste. For example injection moulding
is an extremely energy efficient process with minimal waste produced.

Design for assembly: designing taking account of assembly at varlous levels, for example,
component to component, compaonents into sub-assemblies and sub-assemblies into complete
products

Design for disassembly: designing a product so that when it becomes obsolete it can easily and
economically be taken apart, the companents reused or repaired, and the materials repurposed or
recycle.

By minimising companents, assembly can be made to be quicker and more efficient. In addition, using
standard companents can decrease manufacturing time. More and more designers are considering
how their designs can be disassembled. This means that different materials can be separated for
recycling or to make repair or reconditioning easier resulting in less products being sent to landfill.
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4.6 Robots in automated production

The development of increasingly sophisticated robotic manufacturing systems is transforming the way products are made.
Designers should consider the benefits of increased efficiency and consistency when using robots in production and be able to
explore the latest advances in technology to ensure the optimum manufacturing process Is used. However, a good designer will
also understand their responsibility to consider the moral and ethical issues surrounding increased use of automation, and the
historical impact of lost jobs.

Primary characteristics | A robot is defined as an automatically controlled, reprogrammable, multipurpose manipulator

of robots programmable in three or more axes, which may be either fixed in place or mobile for use in
industrial automation applications. The introduction of robots to an assembly line has had a
major impact on the labour force, often making skilled workers redundant in favour of a
technician who can maintain and equip a large number of robats,

Work envelope The 3D space a robot can operate within, considering clearance and reach. These distances are
determined by the length of a robot's arm and the design of its axes, Each axis contributes its
own range of motion. A robot can only perfarm within the confines of this work envelope. Still,
many of the robats are designed with considerable flexibility. Some have the ability to reach
behind themselves. Gantry robots defy traditional constraints of work envelopes. They move
along track systems to create large waork spaces.

Load Capacity Within this context, the weight a robet can manipulate
Advantages of using robotic Disadvantages of using robotic
systems in production systems in production

Single-task robots -Reduces chance of error -Expensive relative te the outcome
-Learnability for the operataor -Long process as little can be done with only

singie task robots

Multi-task robots -Manufacture is sped up, more efficency | -Increased chance of error
and
-Inputs and outputs can be varied

Teams of robots -Increased efficiency and versatility Other robats are much more fliexible as to the
~Need to hold parts in place while orientation of the object on which they are
performing other tasks e.g. welding operating or even the task that has to be
-Production line processes - require teams | performed on the object itself, which the robot
of robots to perform different tasks at may even need to identify.
different stages.

For example, for more pracise guidance, robots
Robots exhibit varying degrees of autonomy | often contain machine vision sub-systems acting
{ability to work independently, without as their "eyes”, linked to powerful computers or
human input. controllers, Artificial intelligence or what passes
for it, is becoming an increasingly important
Some robots are programmed to faithfully factor in the modern industrial robot.
carry out specific actions over and over
again (repetitive actions) without variation
and with a high degree of accuracy, These
actions are determined by programmed
routines that specify the direction,
acceleration, velocity, deceleration and
distance of a series of coordinated motions.

Machine to machine (M2M) refers to wired and wireless communication between similar devices. In product

(M2m) restocking, for example, a vending machine can message the distributor when a particular item is
running low. M2M communication is an important aspect of warehouse management, remate
control, robotics, traffic contral, logistic services, supply chain management, fleet management
and telemedicine. It forms the basis for a concept known as the Internet of Things (loT).
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Key components of an M2M system include sensors, a Wi-Fi or cellular communications link and
autonomic computing software programmed to help a networked device interpret data and make
decisions

First generation robots First-generation robots are a simple mechanical arm that has the ability to make precise motions
at high speed. They need constant supervision by a human operator.

The operation of these machines must be constantly supervised, because if they get out of
alignment and are allowed to keep working, the result can be a series of bad production units,

Second generation robots | Second-generation robots are equipped with sensors that can provide information about their
surroundings. They can synchronize with each other and do not require constant supervision by a
human; however, they are controlled by an external control unit

Second-generation robots can stay synchronized with each other, without having to be overseen
constantly by a human operator. Of course, periedic checking is needed with any machine,
because things can always go wrong; the more complex the system, the more ways it can
malfunction.

Third generation robots Third-generation robots are autonomous and can operate largely without supervision from a
human. They have their own central control unit. Swarms of smaller autonaomous robots also fit
in this category.

There are some situations in which autonomous robots do not perform efficiently. In these cases,
a fieet of simple insect robots, all under the control of one central computer, can be used, These
machines work like ants in an anthill, or fike bees in a hive. While the individual machines lack
artificial intelligence (Al), the group as a whale is intelligent,

END OF REVISION NOTES
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Teacher Summary Notes and Q&A

4.1 Introducing and classifying materials

An atom is the smallest part into which an element can be chemically
divided. All atoms have the same basic structure but they vary in size
and mass. Each atom has a positively charged nucleus at its centre
containing positively charged protons and neutrons which together
make up 99% of the atom. Electrons orbit around the nucleus. The
number of electrons defines what element the atom is. For example,
hydrogen has one electron and oxygen has eight.

make water. Water is a compound because it is made up from two elements which are joined.

When two or more materials are combined, one of which is a metal, an alloy is formed. The
properties of each element are still present in the alloy. For example, solder is an alloy of lead
and tin.

Composites are made by bonding two or more materials. It is possible to make many
composites with enhanced properties. For example, a milk carton is a composite of card and
polyethylene. The card makes the carton rigid and the polyethylene makes it waterproof.

4.1.2 Describe a bond as a force of attraction between atoms.

lonic Bonds: lonic bonds occur between a metal and a non metal. All atoms strive for a full outer
shell of electrons. Metals have an empty outer shell but a full shell beneath it while non metals
have a few electrons on their outer shell. The metal becomes positively charged as it gives its
extra electrons to the non-metal, which leaves them negatively charged. Opposite charges
attract and so the atoms stay connected through electrostatic forces. The ionic bonds are
fragile; small bumps can cause alterations in the position of the ions causing two like charges
which then causes them to repel. When ions dissociate (separate), whether in a solvent such as
water or through melting, they can conduct electricity.

Covalent Bonds: Covalent bonds are formed between two non-metals. It is characterized by the
sharing of electrons between atoms. These bonds are the strongest type of bonds because the
outer electron shell of two or more atoms overlap and create a completely new shell around
such as water, creates molecules that are weakly bonded to each other. They are usually in the
gaseous or liquid state at room temperature. Network covalent bonds, such as diamond, can
make crystals of virtually any size. Diamonds are known to be the toughest element. They are
usually hard because of the strength between covalent bonds.

Metallic bonds: Metallic bonds are formed between metals. In a metallic bond, the valence 14
electrons from each atom form a 'sea’ of electrons that works as glue to keep the metals



together. The sea of valence electrons gives the metals two important properties, the first being
malleability: metals are malleable because the lattice ions are still attracted to the electrons
even after being moved. The second property is conductivity. The electrons have enough
freedom to move, which is exactly what electricity is. The electrons' freedom also means that
they can start vibrating easily (and so can the lattice ions because they have quite a bit of
freedom too) and that makes them good heat conductors because temperature is a measure of
the average kinetic energy of the substance.

microstructures and properties.

The microstructure of a material is its structure when perceived through a microscope. Materials
and interaction. Materials will be classified in terms of their physical properties such as strength,
toughness, ductility, hardness, corrosion resistance, high / low temperature hbehaviour,
durability, etc... In the case of metals, the microstructures must be viewed with a microscope.
Each polygon, usually hexagons, represents a single crystal of zinc. Metals are classified by

4.1.4 Explain that several classifications are recognised but that no single classification
is “perfect”.

It is convenient to be able to classify materials into categories (albeit crude in nature) that have
characteristic combinations of properties.

plastics, ceramics, food and composites; and that some of these groups have
subdivisions.

In each group there can be subdivisions, for AP
example, for timber (natural wood and man- Brass l , Cast Iron
made), metals (ferrous and non-ferrous), : /
plastics (thermoplastics, thermosets), ceramics
(earthenware, porcelain, stoneware, glass),
textile fibres (natural or synthetic), food
(vegetable or animal origin) and composites
(difficult to classify due to variability and
continual development of new composite
materials). Food is included here for
completeness, although it is dealt with in detalil
as an option.

Metal Sludge
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4.2 Properties of materials

hardness.

Density: The mass per unit volume of a material.
Electrical resistivity: This is a measure of a material’'s ability to conduct electricity.

Thermal conductivity: A measure of how fast heat is conducted through a slab of material with a
given temperature difference across the slab.

Thermal expansion (expansivity): A measure of the degree of increase in dimensions when an

expansivity can be measured as the fractional increase in dimension per kelvin increase in
temperature.

Hardness: The resistance a material offers to penetration or scratching.

4.2.2 Explain a design context where each of the properties in 4.2.1 is an important
consideration.

Density is important in relation to product weight and size (for example, for portability).
Prepackaged food is sold by weight or volume, and a particular consistency is required.
Electrical resistivity is particularly important in selecting materials as conductors or insulators.
Thermal conductivity is important for objects that will be heated or must conduct or insulate
against heat. Thermal expansion (expansivity) is important where two dissimilar materials are
joined. These may then experience large temperature changes while staying joined. Hardness
is important where resistance to penetration or scratching is required. Ceramic floor tiles are
extremely hard and resistant to scratching.

Tensile strength: The ability of a material to withstand pulling forces.
Stiffness: The resistance of an elastic body to deflection by an applied force.
Toughness: The ability of a material to resist the propagation of cracks.

Ductility: The ability of a material to be drawn or extruded into a wire or other extended shape.

4.2.4 Explain a design context where each of the properties in 4.2.3 is an important
consideration.

Tensile strength is important in selecting materials for ropes and cables, for \‘
example, for an elevator. Stiffness is important when maintaining shape is ‘-
F e
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crucial to performance, for exampie, an aircraft windg. Toughnesdsl is important where abrasion
and cutting may take place. Ductility is important when metals are extruded (not to be confused
with malleability, the ability to be shaped plastically).

4.2.5 Outline the characteristics of taste, smell, appearance, texture and colour.

Taste: the sensation that results when taste buds in the tongue and throat convey information
about the chemical composition of a soluble stimulus.

Texture: it is how something feels or looks, it can be rough or smooth.

Colour: can be warm (eg browns) or cool (eg blues) can have
psychological affects (eg greens are glaming).

Appearance: the design of appearance in a product must be

market.

**(Student Task: Investigate the subject area of the Tensile Strength. Prepare a short
paraqraph detailing the main points and then as a class qroup discuss your findings.)**

4.2.6 Explain a design context where each of the characteristics in 4.2.5 is an important
consideration.

Some of these properties are only relevant to food, while others can be applied to more than
one material group. Although these properties activate people’s senses, responses to them vary
from one individual to another, and they are difficult to quantify scientifically, unlike the other
properties.
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4.3 Timber

4.3.1 Describe the structure of natural timber.

Natural timber is a natural composite material comprising
cellulose fibres in a lignin matrix. The tensile strength of timber is
greater along the grain (fibre) than across the grain (matrix).

Wood is a fibrous material. The structure of wood similar to a
bunch of parallel straws (the cellulose fibres), which are bonded
together with a glue (lignin matrix). The fibres are long and
slender and are aligned with the long axis of the trunk which

gives it an interesting property hehaviour.

When load is applied parallel to the axis of the fibres, they are
very strong in tension and have reasonably good compressive
strength until they start to buckle.

When the load is applied perpendicular to the axis of the fibres, they will tend to crush under
compression and are weakest in tension, where the “glue” bond fails and the straws literally tear
apart.

4.3.2 Outline that timber can be classified according to the conditions needed for tree
growth.

Consider temperate and tropical conditions. (A general knowledge of the geographical
distribution of world timber resources is required)

Study the distribution of
forest map of the world
below. Temperate forests
tend top be in cooler
regions and tropical tends
be between the Tropic of
Cancer and Capricorn.
Visit the Missouri
botanical garden
website.

to

. Tundra

- Tropical Rainforest . Temperate Evergreen Forest. Temperate Deciduous Forest Polar Iee

. Chaparral . Grassland - Taiga Desert . Mountain Zonss
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4.3.3 Outline that conifer trees are referred to as softwoods and that these grow only in
temperate regions.

Recognise the characteristics of softwood trees.
Characteristics of softwood trees are:

» Softwood trees have several characteristics that make them different from hardwood
trees.

» The wood from these trees is generally softer. (That's where the name comes from.)

» Softwoods reproduce* by cones.

» Softwoods have needles.

» They do not lose their needles in the fall. They are sometimes called evergreens
because the needles are green year round.

» Examples included are pine, cedar, and cypress.

**(Student Task: Investigate the subject area of Softwoods. Prepare a short paragraph
detailing the main points and then as a class group discuss your findings.)**

4.3.4 Outline that deciduous trees are referred to as hardwoods and that these grow in
both temperate and tropical regions.

Recognise the characteristics of hardwood trees.

Characteristics of hardwood trees are:

» Hardwood trees have several characteristics that make them different from softwood
trees.

» The wood from these trees is generally harder. (That's where the name comes from.)

» Hardwoods reproduce* by flowers.

» Hardwoods have broad leaves.

» Many lose their leaves every autumn and are dormant” in the winter.

Some examples of hardwood trees include: eucalyptus, elm, maple, oak, and beech.
4.3.5 Discuss the issues relating to the consideration of timber as a renewable resource.

Consider time to reach maturity soil erosion greenhouse effect and extinction of species. The

» time to reach maturity, e.g. Mahogany trees takes about 100 years to mature
« soil erosion ... the roots of the tree hold the soil in

» greenhouse effect ... less trees to remove the greenhouse gases

» extinction of species ... destroying animal, insect and plant life

4.3.6 List two examples of composite timbers.

Consider particle board (chipboard) and plywood.
Department of Design Technology ‘;‘32’"3 %"&% 29



4.3.7 Compare the characteristics of particle board, laminated woods (for example,
plywood), pine wood (a softwood) and mahogany (a hardwood).

and the aesthetic properties of grain, golour and texture. The ability to produce sketches
showing cross-sectional views of the structure of the materials is expected.

4.3.8 Qutline criteria for the selection of timber for different structural and aesthetic
design contexts.

Buildings - often the timber rafters, studs, beams are hidden from view so there is no need for
wonderful looking hardwoods but rough sawn pine is fine. If within a house there is flooring then
aesthetics plays a role and a hardwood would be selected.

Furniture and children's toys need to withstand some amount of wear and therefore need to be
durable. In furniture aesthetics plays an important role as well. In toys the wood may be painted
or stained.

4.3.9 Describe the reasons for treating or finishing wood.

modifying other properties.

4.3.10 Explain three differences in the selection of timbers for flooring if it were made of

Consider durability, ease of maintenance and aesthetics.

Hardwood Softwood Composite (flooring) material

Durability Very suitable in high Not suitable in high traffic areas like Highly durable
traffic areas like kitchens | kitchens due to its lower hardness.
due to its higher hardness May need a special plastic finish to
improve hardness.

Ease of When finished very easy \When finished very easy to clean. Very easy to clean.
maintenance to clean. Will need to Will need to have a finished

have a finished reapplied reapplied over time.

over time.

Aesthetics Usually darker golours. Usually pines are white or yellowy in  Colour and features
colour. People like the feeling of can be designed in,
warmth it gives. may have a cool

feeling to it
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4.4 Metals

4.4.1 Draw and describe a metallic bond.

Metals are often described as positively charged nuclei in a sea of electrons. The outer
electrons of the metal atom nuclei are free and can flow through the crystalline structure. The
bonding is caused by attraction between the positively charged metallic atom nuclei and the
negatively charged cloud of free electrons. Specific arrangements of metal atoms are not
required.

4.4.2 Explain how the movement of free electrons makes metals very good electrical and
thermal conductors.

An external influence
@ repels a nearby electron

gerg:cs)n | The electron's neighbors find

it repulsive. If it moves toward
0{ copper | them, they move away, crealing
wire | achain of interactions that

propagates through the
matenal at the speed of light

4s « Copper's valence electrons
move freely throughout the
solid copper metal.

Atoms of insulating materials hold on tightly to their outer electrons,
like good parents watching all their children. Copper and other
metals tend to be "poor parents” of their outer or "valence” electrons,
and they are just out wandering the neighborhood

(Ar)3d'%s

4.4.3 State that metals (pure or alloyed) exist as crystals.

crystals are not required)

**(Student Task: Investigate the subject area of Atoms. Prepare a short paragraph
detailing the main points and then as a class group discuss your findings.)**

4.4.4 Draw and describe what is meant by grain size.

In metallurgy this refers to any of the small randomly
distributed crystals of varying sizes that compose a
solid metal. The grains contact each other at surfaces
called grain boundaries. The structure and size of the
grains determine important physical properties of the
solid metal.

Forming modifies the grains of a metal ingot to
improve the mechanical properties in the direction of grain length. Internal stresses at grain
boundaries may be relieved by annealing to restore ductility in certain alloys or to harden other
alloys.
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4.4.5 Explain how grain size can be controlled and modified by the rate of cooling of the
molten metal, or by heat treatment after solidification.

Reheating a solid metal or alloy allows material to diffuse between neighbouring grains and the
grain structure to change. Slow cooling allows larger grains to form; rapid cooling produces
smaller grains. Directional properties in the structure may be achieved by selectively cooling
one area of the solid.

The rate of cooling and the amount of impurities in the molten metal will affect grain size:

1. Gradual cooling - a few nuclei are formed - large grain size

2. Rapid cooling - many nuclei formed - small grain size.

3. Reheating a solid metal / alloy allows the grain structure to re-align itself.

4. Directional cooling in a structure is achieved by selectively cooling one area of a solid.

grams that will give a stronger and harder metal. This addition must be carefully controlled as
too many impurities may cause an accumulation at the grain boundaries, which will weaken the
material.

4.4.6 Define plastic deformation.

The permanent deformation of a solid subjected to a stress.

4.4.7 Explain how metals work-harden after being plastically deformed.

Beyond the yield stress metals and alloys harden when plastically deformed.

yield point sample breaks

.

stress

Streagth

a0 $0e - Dugtility ————e
Steeagih — Harénegy ———

tensile strength

\ amount of cold work —— / limit of proportionality

2 @

Qriginal Cold - worked
structure

Effect of cold working Properties Vs Hardening
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4.4.8 Describe how the tensile strength of a metal is increased by alloying.

The increased strength and hardness, and reduced malleability and ductility, of alloys compared
to pure metals is due to the presence of “foreign” atoms which interfere with the movements of
atoms in the crystals during plastic deformation (see above diagram on plastic deformation).

Examples of Alloys: An alloy is a metal compound produced by combining a metal with one or
more other elements to change its properties:

Change the melting point , Increase strength, hardness & ductility , Change colour (e.g. brass
from copper), Give rise to better casting, Change electrical and thermal properties

4.4.9 Explain the effect of alloying on malleability and ductility.

The presence of “foreign” atoms in the crystalline structure of the metal interferes with the
movement of atoms in the structure during plastic deformation.

Iron and carbon:_Iron is soft and ductile in its pure state; carbon is brittle. The addition of carbon
to iron gives three different grades of steel:

Low (> 0.3%) medium (0.3 - 0.6%) high (0.6 - 1.7%) carbon steels.

When the carbon content is below 0.2% steel remains ductile and malleable. As the level of
carbon increases so does hardness but ductility & malleability decrease. This change is due to
the introduction of impurities (carbon atoms).

4.4.10 Describe a superalloy.

The strength of most metals decreases as the temperature is increased. Superalloys are
metallic alloys that can be used at high temperatures, often in excess of 0.7 of their absolute

melting temperature.

“When forces are applied to a metal, its deformation, whether plastic or elastic, usually takes
place very rapidly, and then no further deformation takes place however long the force
continues to act. This is not true, though, at temperatures greater than about half of the melting
point (in Kelvin) of the metal.

At these higher temperatures, a metal continues to deform slowly whilst the stress on it is
maintained — a process called creep. In machine parts which are stressed at high temperatures,
such as turbine blades, creep is a very serious problem. Soft metals such as lead will creep at
room temperature, so creep is a problem in lead pipes and white metal bearings. Creep may
occur under static tension, compression, shear, torsion and bending loads.”

A superalloy is an alloy that is designed to be used at high temperatures that can resist creep

particularly suitable for use in aircraft engines and other applications that require high
performance at high temperatures.
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4.4.11 List two design criteria for superalloys.

Consider creep and oxidation resistance.

+ Creep is the tendency of a metal (or material) to slowly move or deform permanently due
to the long term exposure of stress that are below the yield strength or ultimate strength
of the metal. Creep is more severe when metals are subjected to near the melting point
heat for long periods of time. (Wikipeadia 2007)

« Oxidation is the interaction between oxygen and different substances when they make
contact, such as rust Fex03

« Oxidation resistance is the ability of a material to resist the direct and indirect attack of
oxygen (oxidation).

4.4.12 Identify applications for superalloys.

resistant to temperature and are appropriate materials for use in aircraft engines and other
applications that require high performance at high temperatures, for example, rocket engines,
chemical plants.

Superalloys are used where there is a need for high temperature strength and
corrosion/oxidation resistance.

Other uses of superalloys are: aircraft and industrial gas turbines, space vehicles, submarines,
nuclear reactors, military electric motors and heat exchanger tubing.
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4.5 Plastics

4.5.1 Describe a covalent bond.

In a covalent bond the outer electrons of some atoms come close enough to overlap and are
shared between the nuclei, forming a covalent bond. Each pair of electrons is called a covalent
bond. Mention of sigma (o), pi (1), double or triple bonds is not required. Covalent bonds are
strong bonds and examples of primary bonds (as are metallic and ionic bonds).

Plastics are made up of long chains of molecules called ‘macromolecules’. The ‘links’ in the
chains are covalent bonds. They are strong and are also known as primary bonds. However,
each chain is linked to the next with only weak bonds known as secondary bonds. When heat is
applied to a thermoplastic, these secondary bonds become weaker, allowing the plastic to be
formed (bent and moulded). The chains become more flexible but the strong primary bonds
keep each chain firmly linked together. This is one of the reasons why plastics are such useful
materials: They can be formed into complex shapes without weakening their tensile strength.

There are a few other general reasons why plastic is such a useful material:

2. It is water resistant and inorganic so it doesn't biodegrade. This makes it very durable.

3. It can be coloured.

Remember though that these points are general. Some plastics are organic and do biodegrade.
Durability can become an environmental problem if plastics aren’t disposed of responsibly. Bear
this in mind when you discuss the benefits and drawbacks of the plastics group of materials.

There are two main types of plastic: Thermoplastics and Thermosets.

The difference between them is that thermoplastics can be softened when heated and solidified
when cooled. This can be repeated indefinitely provided the plastic is not overheated.

heated, it becomes solid. It cannot be softened again. This is because the secondary links
between the chains are primary bonds (very strong) so the chains cannot flex.

Left hand diagram above — thermoplastic macromolecules
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Right hand diagram above — thermoset macromolecules with strong primary between between

the chains.

Plastic deformation occurs
when a force permanently
deforms a material even after
the force is removed. If you
bend a paper clip a little, it will
spring back to its original
position. However, if you
bend it too far (beyond its
elastic limit) it stays bent. This
is plastic deformation. It also
hardens as it is being
‘worked’. A material which
can undergo plastic
deformation in all directions is
said to be malleable e.g. lead.

Like all materials, plastic has
elastic properties. It can be
stretched and it will return to
its original dimensions. If it is
stretched beyond its elastic
limit, plastic deformation
occurs and the plastic’s
structure will be permanently
changed.

It is important to remember

Acronym

Full name and uses

SR U AR AR

PET

HODPE

LDPE

PP

Other

Polyethylene terephthalate - Fizzy drink
bottles and frozen ready meal packages.

High-density polyethylene - Milk and
washing-up liquid bottles

Polyvinyl chloride - Food trays, cling Ailm,
botthes for squash, mineral water and
shampoo.

Low density polyethylene - Carrier bags and
bin liners.

Polypeopylene - Margarine tubs, microwave-
able meal trays.

Polystyrene - Yoghurt pots, foam meat of fish
trays, hamburger boxes and egg cartons,
vending cups, plastic Cutlery, protective
packaging for electronic goods and toys.

Any other plastics that do not fall into any of
the above categories. For example melamine,
often used in plastic plates and cups.

this when designing a plastic product that will be under tension (a stretching force). The force
should not take the plastic beyond its elastic limit.

Load (stretching force). If this is within the elastic limit, the secondary bonds can return to their

original position.

Load (stretching force). If this is beyond the elastic limit, the secondary bonds weaken and the
chains slide between each other, weakening the plastic. It can not return to its original position.

Some plastics also suffer from creep in the same way as metals. It is an important consideration
in the design of plastic products that operate at relatively high temperatures and where large

forces are exerted.

Summary:

Thermoplastics can be heated, softened cooled and hardened in a continuous cycle.

This is not the same for thermosetting plastics.

type of plastic it is. More about this later.
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Thermosets do not soften when heated. This makes them useful for applications where heat
resistance is important. i.e. saucepan handles, kitchen work tops and electrical fittings like

4.5.2 Describe secondary bonds as weak forces of attraction between molecules.
Hydrogen is positively charged and the Oxygen (one side) is negatively charged.

**(Student Task: Investigate the subject area of Molecules. Prepare a short paragraph
detailing the main points and then as a class group discuss your findings.)**

4.5.3 Describe the structure and bonding of a thermoplastic.

Thermoplastics are linear chain molecules, sometimes with side bonding of the molecules but
with weak secondary bonds between the chains.

4.5.4 Describe the effect of load on a thermoplastic with reference to orientation of the
polymer chains.

Deformation occurs in two ways:

» elastic, in which initially coiled chains are stretched and the material returns to its original size
and shape when the load is removed.

» plastic, when at higher loads the secondary bonds between the chains weaken and allow the
molecular chains to slide over each other, and the material does not return to its original size
and shape when the load is removed. Creep and flow are important. No quantitative details are
required.

4.5.5 Explain the reversible effect of temperature on a thermoplastic, with reference to
orientation of the polymer chains.

Increase in temperature causes plastic deformation:

« The weak secondary bonds

» That can easily broken by heat

« Thus the long chains can slide over each other.

« When plastically deformed and cooled at the same time new secondary bonds are made.

4.5.6 Explain how the reversible effect of temperature on a thermoplastic contributes to
the ease of recycling of thermoplastics.

« The Increase in temperature causes the weak secondary bonds to break (The heat is

» allows the long molecular chains to slide over each other, i.e. be reshaped into a new
product.

« when a plastically deformed and allowed to cool it will remain in the new shape

+ due to new secondary bonds being formed
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4.5.7 Draw and describe the structure and bonding of a thermoset.

Thermoplastics are linear chain molecules but with strong primary bonds between adjacent
polymer chains. This gives thermosets a rigid 3D structure.

4.5.8 Explain the non-reversible effect of temperature on a thermoset.
Heating increases the number of permanent crosslinks and so hardens the plastic.

4.5.9 Discuss the properties and uses of polypropene and polyethene thermoplastic
materials.

Polypropene: Properties: is resistant to fatigue, durable, higher melting point than other
thermoplastics (160 Celsius), high impact strength or toughness, high tensile strength, low
density, corrosion resistant, retains stiffness at very high temperatures, can be easily goloured

Uses: in carpeting, ropes, dishwasher safe housewares, plastic containers that have hinges,
bumpers on cars

Polyethene (Polyethylene) - Properties: high hardness, high stiffness, strong, corrosion
resistant, high transparency and colourless. Uses: footwear, houseware, insulation, luggage.

4.5.10 Discuss the properties and uses of polyurethane and urea---formaldehyde
(methanal) thermoset materials.

Polyurethane - Properties: "Polyurethanes can be manufactured in an extremely wide range of
grades, in densities from 6kg/m3 to 1220kg/m3 and polymer stiffnesses from very flexible
elastomers to rigid, hard plastics." from Huntsman.com

4.5.11 Discuss the issues associated with the disposal of plastics, for example, polyvinyl
chloride (PVC).

Although PVC disposal is problematic, PVC is still widely used as a structural material, for
example, in windows and for guttering and drainpipes.
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4.6 Ceramics

4.6.1 Describe the composition of glass.

Glass is composed primarily of silicon dioxide together with some sodium oxide and calcium
oxide and small quantities of a few other chemicals.

requires large quantities of energy for its manufacture.

Scrap glass is added to new raw materials to make the process more economical.

Glass is produced from all these elements and needs a lot of energy. This is because the in
order to produce glass the first thing is to melt all elements, this takes a tremendous amount of
energy due to the very high melting points of the materials.

Glass furnace temperatures reach up to 1675°C adding scrap glass leads to savings not only in
the raw materials, but also in the energy consumption of the glass furnace.

4.6.3 Describe the characteristics of glass.

Consider brittleness, transparency, hardness, unreactivity and aesthetic properties.

Glass is a ceramic that is very hard on the surface, though brittle on the side. It is usually highly
transparent, does not conduct electricity and is therefore an electrically insulating material.
Since lts transparency, glass absorbs light, partly reflecting it at the surface. Glass however
does not transmit neither ultra-violet nor infra-red radiation. It is a material that can easily be

coloured.

4.6.4 Explain that the desired characteristics of glass can be accurately determined by
altering its composition.

Consider soda glass and Pyrex®.

Soda glass is made of oxides of silicon (SiO2), calcium (CaQ) and sodium(Na20). It is the most
common type of glass which is used for windowpanes, glass containers for beverages and food.

+ Colour altering chemical compounds can be added that change the golour of the soda
glass

Soda glass has a medium resistance to high temperatures and sudden changes of temperature
(low thermal shock) and a high resistance to corrosive chemicals. To improve the low thermal
shock one can alter the chemical composition which to make Pyrex.

+ Pyrex is made of soda-lime glass and(with 60-80% SiO2, 10-25% B203, 2-10% Na20
and 1-4% Al203) are added. Pyrex is a brand name and company manufacturing kitchen
glassware.
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NB: For IB no need to know the cﬁemical compour;ds just FYI
4.6.5 Outline the differences between toughened and laminated glass.

Consider their responses to being deflected and to impact.

[The desired characteristics of glass can also be altered in way to produce toughened and
laminated glass which respond differently when being deflected and to impact.

Laminated Glass

Is layers of glass and plastic sheet. When impacted the glass
fragments are held in place. This prevents cracks from growing it can
even be made bullet proof eg windscreens or bank teller windows

Toughened Glass

Is heated up to the point of melting, blasted with cold air, when it is
impacted shatters into little pieces rather than sharp shards, eg,
windscreens of cars. In toughened glass, the applied tensile load must
overcome the compressive stress at the surface before the surface can
go into tension and fail.

4.6.6 Explain why glass is increasingly used as a structural
material.

Consider the use of plate glass and glass bricks as wall and flooring materials. Consider
material properties, for example, resistance to tensile and compressive forces, thermal

natural light into buildings and can visually link spaces, creating more interesting interiors.

Plate glass, glass bricks and flooring are used as a structural material due to the:

» Aesthetic properties. Glass is can a transparent or translucent material, allowing light to
pass through, thus allowing users to see in or out. It will also allow light to it can fill dark
areas of building or office. Natural lighting has positive affects on people and well as
health reasons. In flooring can add appeal by having lights shine through (dance floors)
or over things of interest (aquariums).

» Thermal Conductivity. Glass can insulate a building thus keeping it cool/warm which in
turn be a benefit to the environment (reduced energy consumption) and owner(reduced
energy costs).

» Hardness Compressive strength. Resists scratching and indentation of peoples' shoes or
chairs etc. Easily maintained as well since it is non-reactive.
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4.7 Composites

4.7.1 Describe composites.

Composites are a combination of two or more materials that are bonded together to improve

Very often two or more materials are combined to obtain different properties than those
available in the original substances.

Concrete, plywood and fibreglass and these are known as
composite materials.

Composites are usually formed to increase strength-to-weight ratio,

A metal-ceramic composite of cemented carbide is used to make cutting tools that are shock
resistant, hard enough to maintain their cutting edge and will continue to produce a quality finish
when they become very hot.

laminated form.

Concrete is a mixture of cement and gravel and is a particle
composite of two ceramics.

‘GRP’ or glass fibre reinforced polyester is a ceramic reinforced
polymer composite. The polyester resin polymer is brittle with low
strength but when fibres of glass are embedded in the polymer it becomes strong, tough,

Steel reinforced concrete is a ceramic-metal fibre reinforced composite that provides enhanced
properties suitable for constructional purposes.

Plywood with layers of wood and adhesives is a laminar composite of two polymers whereas
chipboard is a particle composite of the same materials.

Specific examples of composite materials:
Wood or timber:

A natural fibre-reinforced polymer that has been used for many centuries.

cellulose bonded together with an organic resin, lignin.
Weight for weight, wood can be as strong as steel but steel is about fourteen times as dense.

Cellulose, the main structural element of all plants, is contained in the xylem cells end gives
trees their strength and stiffness.
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Cellulose is a long chain condensation polymer of ring-shaped glucose (sugar) molecules with
its axis parallel to the direction of the fibre and hence the tree trunk.

Cellulose fibres in a lignin matrix— the tensile strength is greater along the grain (fibre) than
across the grain (matrix).

The cellulose molecule is about 30% crystalline and about 70% amorphous and it is the
amorphous section that can absorb water.

Softwoods and hardwoods have a similar structure but the main difference is the thickness of
the tubular cell walls. This results in differing densities and mechanical properties for different
types of wood.

Using a specific product example of your choice, explain how a composite material has
properties that are different to raw materials. Describe how these properties have been
exploited to meet to the requirements of the product.

4.7.2 Define fibre.

lengths of thread with a length to thickness ratio of at least 80.
4.7.3 Describe the matrix composition of composites.

It is where one material acts as a glue 'matrix’ holding the other material in place, such as Glass
reinforced fibre (fibreglass). This is where the glass fibres are held by a plastic such as resin.
The resin is the 'Glue'.

4.7.4 Explain that new materials can be designed by enhancing the properties of
traditional materials to develop new properties in the composite material.

It is possible to enhance the properties of a material by adding another material with the
properties that are wanted, an example would be improving the toughness of concrete by
adding steel rods. concrete is hard (high compressive strength) and weak in tension but steel is
tough and has high tension but not too hard, therefore by adding steel to concrete, we get a
hard and tough composite material that is ideal for building. Something important to consider
when making composites is thermal expansivity as two materials with different rates of
expansion would break each other.

4.7.5 Describe a smart material.

Smart materials have one or more properties that can be dramatically altered, for example,
viscosity, volume, conductivity. The property that can be altered influences the application of the
smart material.

Science and technology have made amazing developments in the design of electronics and
machinery using standard materials, which do not have particularly special properties (i.e. steel,
aluminium, gold). Imagine the range of possibilities, which exist for special materials that have
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size simply by adding a little bit of heat, or to change from a liquid to a solid almost instantly
when near a magnet; these materials are called smart materials.

**{Student Task: Investigate the subject area of Smart Materials. Prepare a short
paragraph detailing the main points and then as a class group discuss your findings.)**

4.7.6 ldentify a range of smart materials.

Smart materials include piezoelectric materials, magneto-rheostatic materials, electro-rheostatic
materials, and shape memory alloys. Some everyday items are already

incorporating smart materials (coffee pots, cars, the International Space Station, eye-glasses),
and the number of applications for them is growing steadily.

4.7.7 Describe a piezoelectric material.

When a piezoelectric material is deformed, it gives off a small electrical discharge. When an
electric current is passed through it, it increases in size (up to a 4% change in volume). They
are widely used as sensors in different environments. Specific details of crystalline structure are
not required.

The piezoelectric effect describes the relation between a mechanical stress and an electrical
voltage in solids. It is reversible: an applied mechanical stress will generate a voltage and an
applied voltage will change the shape of the solid by a small amount (up to a 4% change in
volume). In physics, the piezoelectric effect can be described as the link between electrostatics
and mechanics. The piezoelectric effect occurs only in non-conductive materials. Piezoelectric
materials can be divided in 2 main groups: crystals and ceramics. The most well known
piezoelectric material is quartz (SiO2).

4.7.8 Outline one application of piezoelectric materials.

Piezoelectric materials can be used to measure the force of an impact, for example, in the
airbag sensor on a car. The material senses the force of an impact on the car and sends an
electric charge to activate the airbag.

Piezoelectric materials are also useful for guitar pickups, converting the vibrations on an
acoustic guitar into an electric signal sent to an amplifier. Because they are only affected by
vibration of the guitar, unwanted sounds do not affect the quality much. They can also be used
for guitar tuners, also with the same advantage as piezoelectric pickups.

4.7.9 Describe electro-rheostatic and magneto-rheostatic materials.

Electro-rheostatic (ER) and magneto-rheostatic (MR) materials are fluids that can undergo
dramatic changes in their viscosity. They can change from a thick fluid to a solid in a fraction of
a second when exposed to a magnetic (for MR materials) or electric (for ER materials) field, and
the effect is reversed when the field is removed.

Electro-rheostatic (ER) and magneto-rheostatic (MR) materials are fluids, which can experience
a dramatic change in their viscosity. These fluids can change from a thick fluid (similar to motor
oil) to nearly a solid substance within the span of a millisecond when exposed to a magnetic or

electric field; the effect can be completely reversed just as quickly when the field is removed.
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MR fluids experience a viscosity change when exposed to a magnetic -« =

field, while ER fluids experience similar changes in an electric field. 4 j
P

The composition of each type of smart fluid varies widely. The most //'

common form of MR fluid consists of tiny iron particles suspended in

oil, while ER fluids can be as simple as chocolate milk or cornstarch f'\,

and oil.

&

4.7.10 Outline one application of glectrorheostatic materials and one application of
magneto-rheostatic materials.

MR fluids are being developed for use in car shock absorbers, damping washing machine
vibration, prosthetic limbs, exercise equipment, and surface polishing of machine parts. ER
fluids have mainly been developed for use in clutches and valves, as well as engine mounts
designed to reduce noise and vibration in vehicles.

4.7.11 Describe shape memory alloys (SMAs).

SMAs are metals that exhibit pseudo-elasticity and shape memory effect due to rearrangement
of the molecules in the material. Pseudo-elasticity occurs without a change in temperature. The
load on the SMA causes molecular rearrangement, which reverses when the load is decreased
and the material springs back to its original shape. The shape memory effect allows severe
deformation of a material, which can then be returned to its original shape by heating it.

SMA's are metals with special properties that enable them to bend and deform, yet go back to
their original shape when put in a medium with a certain pressure or "load" is put on the
molecules. These composites have a shape memory, which enable them to go back to their
initial shape very easily. SMA's are a remarkably new composite, and will open up new
capabilities and opportunities for their use in anything ranging from fixable glasses to helping
build an underwater hotel.

After a sample of SMA has been deformed from its original crystallographic configuration, it
regains its original geometry by itself during heating (one-way effect) or, at higher ambient
temperatures, simply during unloading (pseudo-elasticity or superelasticity).

These extraordinary properties are due to a temperature-dependent martensitic phase
transformation from a low-symmetry to a highly symmetric crystallographic structure. Those
crystal structures are known as martensite (at lower temperatures) and austenite (at higher
temperatures). The three main types of SMA are the copper-zinc-aluminium-nickel, copper-
aluminium-nickel, and nickel-titanium (NiTi) alloys. NiTi alloys are generally more expensive and
possess superior mechanical properties when compared to copper-based SMAs.

elasticity, and the shape memory effect. The most effective and widely used alloys include NiT}i
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(Nickel - Titanium), CuZnAl, and CUuAINi. In most shape memory alloys, a temperature change
of only about 10°C is necessary to initiate this phase change.

4.7.12 Identify applications of SMAs.

legs). It is difficult to replicate even simple movements of the human body, for example, the
gripping force required to handle different objects (eggs, pens, tools).

SMAs are strong and compact and can be used to create smooth lifelike movements. Computer
control of timing and size of an electric current running through the SMA can control the
movement of an artificial joint. Other design challenges for artificial joints include development
of computer software to control artificial muscle systems, being able to create large enough
movements and replicating the speed and accuracy of human reflexes.

Shape memory alloys can be applied in many different products and situation: Nokia has
recently developed a technology that utilizes SMAs to make the process of recycling easier.
Normally, when phones are reclaimed, it takes several minutes to take a phone apart to recycle
its components. This tech would do it, hands-off, in two seconds, using heat, .. The application
of high heat (between 60-150C) causes the SMA to "actuate"” and release the parts

One of the commercial uses of shape memory alloy involves using the pseudo-elastic
properties of the metal during the high temperature (austenitic) phase.

+ The frames of reading glasses have been made of shape memory alloy as they can
to their original shape when the stress is removed.

» Another application is using SMAs to construct aircraft engines which reduces aircraft's
engine noise greatly.
case where they are broken or bent, thus temperature can be changed to send them
back to their original shape.

END OF NOTES
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Unscramble the words below:

1. EITBRM 13. LAERAMTSI

2. AMCRCEIS 14. TAMO

3. PMAEILTRSTOCH 15. TDYINSE

4. SUEDUIOCD 16. OUOLCR

9. LTSAME 17. EYRITSLNLCA
6. OTMESIPOCS 18. GASSL

7. SPSULAORELY 19. CPV

8. CDLITIYUT 20. YMOMRE

9. SLITACSP 21. IRETZEPCIOCLE
10. RIEBF 22. LYOAL

11. SOENCRLTE 23. LMCEEULO
12. OMAT 24. SFOTOOWD
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Complete the missing word(s) from the
text below. Each of these sentences has
been taken from Topic 4 / Materials:

(1) Explain that new can be designed by enhancing the properties of traditional
materials to develop new properties in the material.

(2) An _is the smallest part into which an element can be chemically divided. All atoms
have the same basic structure but they vary in size and

(3) lonic occur between a metal and a non_metal All atoms strive for a full outer shell of
electrons.
(4) Thermal - A measure of how fast heat is conducted through a slab of matenial

with a given temperature difference across the slab.

(5) Is important in relation to product weight and size (for example, for portability).
Prepackaged food is sold by weight or volume, and a particular IS required.

(6) Colour: can be (eg browns) or cool (gg blues) can have psychological affects (gq
greens are ).

(7) Wood is a material. The structure of wood simjlar to a bunch of parallel straws (the
cellulose fibres), which are bonded together with a glue ( matrix).

(8) Metals are often described as charged nuclei in a sea of electrons. The outer
electrons of the metal atom nuclei are free and can flow through the structure.

(9) An 15 a metal compound produced by combining a metal with one or more other

elements to change its properties.

(10) Soda has a medium resistance to high temperatures and sudden changes of
temperature (low thermal shock) and a high resistance to chemicals.

(11) Glass can insulate a thus keeping it cool/warm which in turn be a benefit to the
environment.

(12) Although disposal is problematic, PVC is still widely used as a structural material, for
example, in windows and for and drainpipes.
(13) are linear chain molecules, sometimes with side bonding of the molecules

but with weak secondary bonds between the

(14) materials can be used to measure the force of an impact, for example, in the
airbag sensor on a car.

(15) _ alloys (SMA's) are metals, which exhibit two very unique properties,

nselidn-alasticitv and the shana effart
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Topic 4 Des@h Tech_nOIogy Terminology

(Add in the missing words at the start of each sentence)
When two or more materials are combined, one of which is an metal, an alloy is formed.
An atom is the smallest part into which an element can be chemically divided.

A mixture composed of two or more substances (materials) with one
substance acting as the matrix or glue.

The mass per unit volume of a material.

This is a measure of a maternial’s ability to conduct electricity.

A class of matenials thet are contin uous filaments or are in discrete elongated pieces,

m

The resistance a material offers to penetration or scratching.
When two or more atoms join fogether they form a molecule.

The permanent deformation of a solid subjected to a stress.

A measure of how fast heat is conducted through a slab of material with
a given temperature difference across the slab.

{exeeneivity] A measure ef the degree of increase in dimensions when an

expansivity can be measured as the fractional increase in d|mene|en per kelvin increase in
temperature.

Deciduous trees (meaning leaf losing) have broad leaves and covered seeds, often
enclosed in fruits or nuts. Examples are: Beech, Elm, oak, Ash, mahogany, Meranti, Teak,
Iroko, Walnut and Obeche

Coniferous (meaning cone bearing) trees are commonly classified as softwoods.
Examples are: Scots pine, Western Red Cedar, Parana Pine and Spruce.

Examples are: Blockboard, Lamin Board, Veneered Plywood, Marine
Plywood, Chipboard and Medium Density Fiberboard (MDF)

_The chemical bonding that holds the atoms of a metal together. Metallic bonds
are formed from the attraction between mobile electrons and fixed, positively charged metallic
atoms. Whereas most chemical bonds are localized between epeelf ¢ neighboring atoms,
metallic bonds extend over the entire molecular structure.
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Is a process in which enough stress is placed on a metal or plastic to
cause the object to change its size or shape in a way that is not reversible. In other words, the
changes are permanent; even when the stress is removed, the matenal will not go back to its
original shape.

or high-performance alloy, is an alloy that exhibits excellent mechanical strength
and creep (tendency for solids to slowly move or deform under stress) resistance at high
temperatures, good surface stability, and corrosion and oxidation resistance.

_ Is a form of chemical bonding that is characterized by the sharing of pairs of
electrons between atoms. The stable balance of attractive and repulsive forces between atoms
when they share electrons is known as covalent bonding.

_Is a type of plastic made from polymer resins that becomes homogenized liquid
when heated and hard when cooled. When frozen, however, a thermoplastic becomes glass-
like and subject to fracture.

Thermoset, or thermosetting, plastics are synthetic matenals that
etrengthen when heated, but eennet be successfully remolded or reheated after their initiel

retain their etrength and shape even when heeted_

In comparison to conventional materials, smart matenials are functional, that
Is, ’[he*_s»r are required to undergo purposeful and reversible changes, playing an active pert in the
way the structure or device works. Their degree of smartness i1s measured in terms of their
“responsiveness” to environmental stimuli and their “agility”. Responsiveness implies a large
amplitude change while agility implies a fast response. Their classification is based on the
relationship between the stimulus and response.

or distorted. Piezoelectric materials have two unique properties which are mterreleted_ When a
piezoelectric material is deformed, it gives off a small but measurable electrical discharge.
Alternately, when an electrical current is passed through a piezoelectric material it experiences
a significant increase in size (up to a 4% change in volume).
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End of Topic Questions

Advanced Manufacturing Techniques
Joining, Moulding, Casting and Forming /74

1 Describe Friction Welding

2 Describe Plastic Welding
il
3 Define Permanent Joining techniques
w1
4 How can permanent techniques lead to planned obsolescence and influence environmental
issues?
il
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5 Identify one suitable for each of the following;

I I 1331 = OSSR |
11 ThermoplastiCs. .. an s b esbessessasense |

6 Explain how an Injection Moulded product is made.

7 Outline the advantages of Injection Moulding.

8 Describe Blow Moulding




9 What is rotational moulding?

..................................................................................................................................................................... 4
10 Explain how a compression moulded product is made.
..................................................................................................................................................................... 4
11 Describe the process of vacuum forming.
..................................................................................................................................................................... 4
12 Describe the process of Lost wax casting.
13 What is meant by High pressure Die casting?
..................................................................................................................................................................... 4




14 Outline 2 advantages and 2 disadvantages of High pressure Die Casting

weneh
15 Describe the process of Spray-up

S
16 What is Filament Winding

e
17 Describe the process of Vacuum Bagging

e
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18 Outline the benefits of using vacuum Bagging

e
19 What is LVL material?
-
20 How have forming techniques enabled designers to be more flexible towards product
design?
S
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DT — Materials 1

1 List the three classifications of Timber

2 What is do we mean by Grain in timber?

3 Identify the three Tropical hardwoods?

4 Identify 3 Temperate hardwoods

5 Name 3 Softwoods

6 MName the two classifications of metals

7 Metals that CONTAIN IFOMN Ar& CAllEU. e ettt e et e e s cas e sasae s s s s ssssns e s sbmmesarsses sanseesensas nns

8 Metals that don’t CONTAIN ITON AT CAllEO.. e ettt et eecaass sesses e e s s sessessts s s sas sae sense s sen e masennsra sanmenans

9 What is an Alloy?
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10

11

12

13

14

15

16

What is the material that causes a metal to become harder?

Name 3 metals that contain iron
Name 3 metals that don’t contain iron
What are the main differences between a thermoset and a thermoplastic material?

2
Name 3 thermoplastic materials
Name 3 thermoset materials?

.3
Why is a thermoset material used for the casing of an electrical plug?

.3
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DT Materials 2

1 Describe Work hardening
2 Describe Annealing

.3
3 What causes metal to break through constant working/bending?

.3
4 Draw the grains that appear in metal — label your diagram

3
5 What are the main differences between a thermoset and a thermoplastic material?

w2
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6 Draw a generic Stress/Strain graph. Clearly label all sections.

7 Draw a representation of a stress/strain graph of timber - label and explain your answer.

8 Strain is;
A Change in length over original length
B The force pressing down on a structure
C Deflection of material
D Work Hardening 1
9 Stress involves:
A Compressive forces
B  Tensile Forces
C  Turning forces

D  Shear forces 1
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DT Test 3| Materials/Wood/Metal /Plastics

1 Explain;
Tensile
R = 7= o 1

o F= Ty oL

O N TIESS ittt aeeieae seesssesesesrasrbe et ses sbnaaae s sbe s esbassaeess bes sheaaaaea she Ssaas sas 4an sasmbnaises SadaenmaneRseubbaeare ansnbesbnnes

Ductility

2 Explain

LT LT

Electrical Resistivity

Thermal
L0000 L Lot L SO R
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Thermal Expansion

H AT S et et ettt et e e e cae et e s aeseeea eaeaaas e s emseeas 2t e ensenmantneaeenssennennen aneaeensarnnan
.3
3 Explain a design context where Plasticity is an important design consideration.
.3
5. Raw timber needs to be seasoned to

A. cut it into useful sizes.

B. reduce the size.

C. reduce moisture content.
D. increase quality.

6. What is a characteristic of hardwood trees?

A. Needle like leaves

B. Fast growing

C. Grow only in temperate regions
D. Lose leaves in winter
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7. Which statement is not true?
A. Carbon monoxide from carbon reduces iron oxide to iron metal in a blast furnace.

B. Calcium oxide from limestone removes the impurity silicon dioxide from iron in a Blast
furnace

C. Wrought iron has a higher carbon content than pig iron.
D. The product of a blast furnace is an alloy called pig iron.
8. Which of the following are thermoplastics?
Acrylic
Polystyrene

Urea Formaldehyde
Melamine Formaldehyde

oo x>

b. Name the parts labelled A, x, y, w, z of the graph below.

10. Selective cooling of metal allows

A. material to diffuse between neighbouring grains.

B. smaller grains to form.

C. directional properties to be developed in the metal.
D. larger grains to form.

11. Which statements are true?

I. Thermosets have strong secdondary bonds between adjacent polymer chains.
Il. Thermosets cannot be reshaped repeatedly with heat.

Ill. Polyester is a thermoset.

A l and Il only
B Il and 1l only
C land Il only
D All 3 153



12 Which of the following is NOT a ferrous metal?

A Silver
B Mild Steel
C Aluminium
D Brass
13 Which of the following is a manufactured Board?
A Plywood
B Oak
C Spruce
D Mahogany

14  The most common treatment for mild steel used in car bodies is
A. anodizing.
B. painting.

C. plastic coating.

D. vitreous enamelling.

15 What is meant by the term Ergonomics

3

16 State a context where the 5-95% percentile range has been used

17 What is meant by the term Anthropometrics
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(1

In which design context is material density an important consideration?: (1)
A. Electrical insulation

B. Wooden toys

C. Winter clothing

D. Food Packaging

(2)

What matenal has very high electrical resistivity, very low thermal conductivity, very low thermal
expansivity and is very hard?: (1)

A. Ceramic
B. Plastic
C. Textile

D. Food

(3)

What mechanical property of a matenal is its ability to resist the propagation of cracks?- (1)
A. Stiffness

B. Toughness

C. Hardness

D. Ductility

(4)
Which is a composite timber?- (1)

A. Plywood

Multiple Choice Questions

B. Pine wood

C. Hardwood

D. Softwood

(5)

How is particleboard made more acceptable as a material for modular fumiture?: (1)
I. Veneered

Il Untreated
Il Vamished or painted

A landll

B 1landll

C_landlll

D. I, lland 1l 155



Multiple Choice Questions

(6)

What material comprises 60-80% SiO2, 10-25% B203, 8% Na20:2 and 3% A12037: (1)
A. Toughened glass

B. Soda glass

C. Laminated glass

D. Borosilicate (pyrex) glass

(7)

What is an alloy?: (1)
A. A mixture that contains al least one metal

B. A substance made of two or more other substances that can be separated

C. A mixture of two or more substances

D. A substance formed by the combination of elements

(8)

What material has very low solubility in water, very low electrical resistivity, a wide hardness
range and is very stiff?: (1)

A. Ceramic

B. Food

C. Metal

D. Textile

(9)

What are “weak forces of attraction between molecules??2: (1)
A. lonic bonds

B. Metallic bonds

C. Covalent bonds

D. Secondary bonds

(10)

What is true of a thermoset?: (1)
A. Reversible effect of temperature

B. Strong primary bonding between adjacent chains

C. Weak secondary bonding between adjacent chains

D. Easily recyclable
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Multiple Choice Questions

(11)

What defines plastic deformation?-

A. The ability of plastics to be moulded

B. The ability of a material to resist deformation

C. The permanent deformation of a solid due to stress

D. The ability of a material to be drawn into a wire

(12)

The material used to manufacture steel suspension cables for a bridge should have:

A. Hardness
B. Tensile strength
C. Stiffness

D. Toughness

(13)

Which material group has very low electrical resistivity and very high toughness?
A. Timber

B. Metals

C. Ceramics

D. Plastics

(14)

The ability of a material to resist penetration or scratching defines:
A. Hardness

B. Stiffness

C. Density

D. Toughness

(15)

Which property is most likely to be evaluated using qualitative data?:
A_ Electrical resistivity

B. Hardness

C. Smell

D. Tensile strength

(1)

1)

(1)

1)

(1)
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(16)

Which material group usually has very high thermal conductivity, high density and very high
foughness?. (1)

A. Metals

B. Timber

C. Ceramics

D. Plastics

(17)

Which property is difficult to quantify scientifically?- (1)
A. Tensile strength
B. Density

C. Aesthetics

D. Stiffness

(18)

Which material group is difficult to classify due to its variability and the continual development of
new materials?: (1)

A Timber

B. Metals

C. Composites
D. Food

(19)

In order to resist the propagation of cracks a material used to manufacture a tennis racquet
should have high: (1)

A. Toughness

Multiple Choice Questions

B. Hardness
C. Electrical resistivity

D. Stiffness

(20)

Which material group is subdivided into natural and compaosite?- (1)
A. Plastics

B. Food

C. Metals

D. Timber
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Exam Practice Questions

Figure § shows the stress/strain graph for five different materials A-E.

Figure 5: Stress/strain graph for five different materials A-E

Stress

Strain

[Source: © International Baccalaureate Organization 2014)

(a) Outline which material is the strongest. [2]

(b) Outline which material is the stiffest. [2]
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(21)
Outline one reason why thermoplastics are suitable for vacuum forming. (2)

Answer: Award [2] for:

cost effective;
low melting point/easily moulded;

(22)

Figure 4 shows a hammock manufactured by the company Sedi. It has a hardwood frame and
a bed made from woven cotton (canvas). The hammock is self-assembly and the canvas bed is
easily detachable from the frame.

Figure 4: The Sedi Hammock

[Source: www sedifurninare com)

Outline one reason for the choice of hardwood for the frame of the hammock. (2)

Award [2] for one reason:
hardwood is a dense wood/has a close grain;

it will hold fittings more securely;

hardwood is a durable timber;
so promotes a longer product life;

aesthetics;
attractive grain pattern/texture;
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(23)

The cardboard building for Westborough Primary School shown in Figure 1 is Europe’s first
permanent cardboard structure, providing a much-needed educational space anticipated to last
20 years. The building is 15 metres long and 6 metres wide. Cardboard tubes support the roof.
The roof and walls are made from 90 % recycled cardboard.

The card panels for the walls are made up of three 50 mm thick layers of honeycomb and
one 15 mm solid card. This provides strength from the solid card, and insulation from
the honeycomb. A finish is applied to the panels.

Figure 1: Westborough Primary School

[Sousce betp | Lireehugper com Sles cardbomrdachonl ypg)

Buildings often have a layer of material coating the outside of the building to protect it.
Table 1 shows the thermal conductivity ratios of various materials often used in buildings.
The ratios relate to how quickly heat is conducted through each material.

Table 1: Thermal conductivity ratio of materials used in buildings

material ratio
brick 1.5
cardboard 0.5
cement 1.7

Expressed in gram—calories/second/square centimeter/centimetar/'C

State one disadvantage of using cardboard as a building material. (1)

Answer: Award [1] per distinct point in a description along the lines of:
the honeycombing and solid panel cover;
trap the air and form a barrier;

Suggest one reason why cardboard has been used for the building even though it has a lower
thermal conductivity rating than other materials. (3)

Award [3 max] for one reason.

cost;
cheaper to buy than most construction materials;

cheaper to manufacture;

ease of manufacture;
can be formed into any shape;

can be easily cut/jained;
lightweight so easy to handle;

maintenance;
easy to replace panels; 161
easy to apply a finish;



(24)

Figure 2 and Figure 3 show a table designed by Ingo Maurer. The table has 278 light emitting

diodes (LED) which are connected by tiny transparent wires embedded between two sheets of

toughened glass. The LEDs are energy efficient and extremely bright. Ingo Maurer has decided
to produce a limited amount of LED tables.

Figure 2: Ingo Maurers’ LED Table Figure 3: Close up of the LED table

[Source: http://www.inhabitat. com/2005/03/15/1ed-glass-table/]

Define composite. (1)

Answer: Award [1] for:
a mixture composed of two or more substances (materials) with one substance acting as the

matrix or glue;

Outline one physical property of glass that makes it suitable for the Ingo Maurer table. (2)

Answer: Award [2] for:

hardness:;

will not scratch easily;

Outline one reason why toughened glass was used for the Ingo Maurer tabletop. (2)

...............................................................................................................................

Answer: Award [1] for one reason and [1] for a point in a description.

safety;

the glass will not shatter;
strength;

improve impact strength;
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Figure 6 shows two coffee tables designed by John Green in the “Embrace” range. The tables can be
used individually or fitted together to form a multi-purpose coffee table and storage unit. The tables
are manufactured from plywood with a choice of three different surface veneers.

Figure 6: Embrace coffee tables

[Source: www.anashop.co.uk/1288/cmbrace-table-by-john-green
Copynight ©John Green)

(a) (1) Describe the structure of plywood. [2]

(ii) Outline one physical property required for the surface finish of the Embrace
coffee table. (2]

..................................................................

..................................................................

..................................................................

..................................................................

(b) (i) Outline one reason for designing the coffee tables with a choice of surface finishes. /2]

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

..................................................................

..................................................................

..................................................................
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3. (a) State the type of materials which can change from a fluid to a solid in a fraction of a

second when exposed to an electric field. [1]
(b) Explain what 1s meant by smart materials. [3]
(¢) (1) Outline the scale of production for the Embrace coffee tables. [2]

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

C4. Figure C3 shows a CNC router being used in the manufacture of components for flat
pack furniture.

Figure C3: CNC router used in manufacturing flat pack furniture
= - -
5 0 | i |

aitiCam

[Source: http://www.cncmillwork com/img/CNC_machine 01 jpg]

Discuss two benefits for the manufacturer of using the CNC router to manufacture the flat pack

furniture in Figure C3. (6] 164



C5. (a) Outline one way in which robots can be used in the assembly of cars. [2]

(b) Outline one reason why robots work in teams when assembling cars. [2]

(c) List two ways in which robots help to conserve resources. [2]

C6. Figure C4 (a)— (c) shows three stages in the production of a white gold ring. Image (a) shows
a CAD design of the ring. Image (b) shows a wax model of the ring. Image (c) shows the
final ring.

Figure C4: White gold ring produced using ArtCAM

(a)

(©)

-

(b) Compare the process of CAD/CAM and craft production to make the ring in relation to
value for money for the consumer. [3]
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Figure 7 shows a treated steel wire table and stool. They were designed by Stephen Burks and
are available in white, black or red. The furniture is craft produced by weaving the steel wire
onto a rigid steel frame. The 90cm diameter table is available for approximately US$550 and

the stool for USS172.
Figure 7: Treated steel wire table and stool

\((((((

Outline the technique used for joining the components of the steel frame [2]

[2]

Outline the manufacturing technique used for creating metal wires.

(1) Discuss how the designer has taken into account the properties of tensile strength,
stiffness and toughness in the design of this type of furniture. [9]

(i) Outline one potential safety issue for the use of this type of furniture in a
family home. [2]
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(b) Explamn why a glass bottle dropped on a hard surface smashes, but a metal dnnk can
dropped from the same height, dents. [3]

Figure 6 shows an expansion joint on a bridge.

Figure 6: Expansion joint on a bridge

(a) Define thermal expansion. [1]

(b) Explain one reason why the expansion jomnt shown in Figure 6 is an important
consideration in the design of the bnidge. [3]

3. (a) Define assembly-line production. [1]

(b) Explain the impact of assembly-line production on the workforce for a mechanmized
production process. [3]
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Figure 7 shows the Isokon Penguin Donkey. It was onginally designed in 1939 by Egon Riss
and was quickly adopted for use at that time by the head of Penguin book publishers who
realized that 1ts shelves were the perfect size for the company’s paperbacks — hence the name
“penguin” was incorporated into the title for the book/magazine rack along with “donkey™
because of its four legs and two “panmiers”. The Penguin Donkey 1s made from laminated birch
plywood.

Figure 7: The Isokon Penguin Donkey Magazine/book rack

[Source: www.isokonplus.com. Used with permission.]

(1) List two advantages of using an adhesive to join together the components of the
Penguin Donkey. [2]

(1) Descnibe a suitable adhesive for jomning together the component parts of the
Penguin Donkey:. [2]
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Figure 7 shows the Isokon Penguin Donkey. It was onginally designed in 1939 by Egon Riss
and was quickly adopted for use at that time by the head of Penguin book publishers who
realized that its shelves were the perfect size for the company’s paperbacks — hence the name
“penguin” was incorporated mto the title for the book/magazine rack along with “donkey”
because of its four legs and two “panniers”. The Penguin Donkey 1s made from laminated birch
plywood.

Figure 7: The Isokon Penguin Donkey Magazine/book rack

(1) Evaluate the mmportance of strength and stiffness in the design of the
Penguin Donkey. [3]

(¢) (1) Describe the importance of the technique of abrading to the manufacture of the
Penguin Donkey. [2]

(1) Explain three advantages of using lamiated timber to produce the Penguin Donkey.  [9]
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7.  Figure 6 shows two coffee tables designed by John Green in the “Embrace™ range. The tables can be
used individually or fitted together to form a multi-purpose coffee table and storage unit. The tables
are manufactured from plywood with a choice of three different surface veneers.

Figure 6: Embrace coffee tables

(1) Explain three advantages of manufacturing the coffee tables with the technique
of lamnation. [9]

(11)  Discuss one ergonomic consideration for the design of the handholds in the smaller
version of the tables. [3]

(1) Outline one physical property required for the surface finish of the Embrace
coffee table. [2]
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Figure 7 and Figure 8 show a Robin Day stackable chair manufactured by Hille. The original
design was developed so that it was available in a range of seat heights and colours to make it
suitable for use in schools. The chairs are made in two sections: the polypropene seat (which is
injection moulded) and the legs (which are made from enamelled bent tubular steel).

Figure 7: Robin Day’s stackable Figure 8: Robin Day chairs stacked
polypropene chair

(b) (1) Descnibe the concept of break-even in relation to the manufacture of the chair. [2]

(1) Explain how injection moulding contributes to cost-effectiveness for the chair
manufacturer in relation to the manufacture of the chair 1n a range of sizes. [3]

Explain how each of three design for manufacture (DfM) strategies (design for

materials, design for process and design for assembly) are dominating constraints
on the design of the chair.

9]
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(a) Descnbe how the structure of LVL timber makes it a suitable choice of matenal for
roof beams spanning a roof 25m long. 2]

.................................................................

(b) Descnbe why LVL beams are often made to resemble beams made from solid
natural timber. [2]

(b) (1) Outline which category of Design for Manufacture (DfM) was a dominating
constraint on the design brief for the keyboard and mouse. 2]

.................................................................

25. Compare mass customization with craft production in relation to value-for-money for a
consumer wishing to purchase a one-off item of clothing. [6]
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Figure 6: Panton S-shaped chair

[Source: © Vitra. Used with permission]

(@) (1) Describe how plastic deformation contributes to the manufacture of the chair
in Figure 6. (2]

(1) Describe how elastic deformation contributes to the performance of the chair
in Figure 6. [2]

(ii) Describe the structure and bonding of a thermoplastic. 2]

.................................................................
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(a) Descnbe the structure and bonding of thermoset plastic matenals. 2]

(b) Outline why thermosetting plastics are suitable for compression moulding. [

3. (a) State the manufacturing technique used to create glass bottles. (1]

(b) Explain how the composition of Pyrex® glass has been determined in order to make 1t
successful in the marketplace. [3]

(a) State one function of the glue in a composite matrix. [1]

.......................................................................

(b) Explain why the technique of weaving is appropriate to manufacture composite materials. [3/
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C6. Figure C6 shows a team of robots working together to weld the main frame (shell) of a vehicle.

Figure C6: Welding robots in automotive production ABB Robotics AB, Viisteras, Sweden

P T ] ~

? / ' o
— & _ ‘\
[Source: www.abb.com/robotics)

(a) Discuss one advantage of using robots to weld the vehicle in Figure C6 in relation to
quality control. [3]

(b) Discuss one reason why it may be cost effective for a company to replace the human
workforce with robots. [3]

4.  Injection-moulded preforms and caps (see Figure 9) can be purchased in standard sizes for the
production of bottles for water and soft drinks (see Figure 10).

Figure 9: Standard preforms and caps Figure 10: PET water bottles

Source: www.teachersource.com. Used with the permission of Source: www.get-inc.com/BottleMfgBlowMolding htm. Used with
Educational Innovations. the permission of Global Water & Energy Ltd.

(a) State the process which would be used for the production of PET water bottles from the
preforms shown in Figure 9. [1]

(b) Discuss one advantage of purchasing standard preforms and caps for the production of
PET water bottles for the manufacturer. [3]
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(a) Describe a superalloy. 2]

(b) Outline one reason why nickel-based superalloys are appropriate materials for application
in aircraft engines. 12

7.  Figure 12 shows the Tandem Sling Chair. It was originally designed by husband and wife design
team Charles and Ray Eames for airports in Washington and Chicago. It is now widely used
in airports and other public buildings around the world. The brief was to develop a multiple-
seating system which facilitated security checks, looked good (aesthetics) and was easy to
maintain (see Figure 13). The aluminium frame is produced by high-pressure die casting.

Figure 12: Tandem Sling Chair Figure 13: The chair is widely used in airports
and other public access areas

www hermanmiller.co.uk. Used with permission www hermanmiller.co.uk. Used with permission

(a) (1) Describe the process of high-pressure die casting. (2]

(11) Outline one advantage of using high-pressure die casting to produce the
metal frame. [2
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4. (a) State the manufacturing technique which uses a parison. [1]

.......................................................................

(b) Explain why compression moulding is an appropriate technique to manufacture
plastic saucepan handles. [3]

7.  Figure 2 shows a bag manufactured from an obsolete fire hose and fasteners. The company
Fire-hose.co.uk makes bags and belts from hoses discarded by the fire brigade. The hoses are
made from a thermoplastic material. Half the profits for products made from the hoses go to

the Fire Fighters charity.

Figure 2: fire-hose.co.uk bag

(i) Explain why the type of bonding structure of the plastic material aids recycling
of the Fire-hose.co.uk bag at the end of its life. [3]

(¢) (i) Outline one advantage of the use of rivets to attach the straps to the
Fire-hose.co.uk bag. [2]
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8.  Figure 3 shows the Eames Armchair RAR designed by Charles and Ray Eames and considered
to be a classic design. The seat is made from a thermoplastic. the frame from steel and the
rockers from a hardwood.

(@ (i) Outline one reason why hardwood is an appropriate material to make the rockers
of the Eames Armchair RAR. [2]

(i) Outline one advantage of making the rockers of the Eames Armchair RAR from
laminated timber instead of a hardwood. [2]

| 1

(b) (i) Outline one benefit of using plastic to make the seat of the Eames Armchair RAR. /2]
I I

(i) Explain the most likely technique for joining the metal frame to the wooden rockers. [3]

I l
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9. Figure 4 shows a device called the Human Dynamo being worn by a runner. The Human
Dynamo is still at the research and development stage of its design. The device is made of
tiny ribbons of a piezoelectric material which produce an electric current when flexed such as
by the movement of the runner in Figure 4. The piezoelectric material is encased in silicon
rubber which makes the device bio-compatible with the human body. The technology is being
developed by a team of academics in the US backed by government funding. It is expected
that within a short space of time, improved electronic chips will be developed so that enough
electricity can be produced to power products such as mobile phones and iPods.

Figure 4: Illustration of the Human Dynamo in action

(@) (1) Outline the importance of density to the choice of material for the Human Dynamo. [2]

(i) Outline the materials group to which piezoelectric materials belong. [2]

| |
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Petra Fumiture Store specializes in the manufacture of solid wood fumiture like the coffee
table (Figure C3).

Figure C3: Solid wood coffee table

[Source: www.zientte com]

(a) Outline one disadvantage for manufacturers who replace a human workforce with robots

for the production of the solid wood coffee table shown in Figure C3. 2]
(b) Outline one advantage of robots in batch production. 2]
4. (a) Define Young's modulus. [1]

(b) Explain how knowledge of the Young'’s modulus of a material affects the selection of
materials for a tennis racquet. [3]
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(1) Explain how permanent joining techniques lead to planned obsolescence and
associated environmental issues. [3]

NOTE: This question also coverstopics 5,2and 8

Figure D3 shows two cyclists wearing garments made from Lycra®.

Figure D3: Cyclists wearing Lycra"apparel

[Source: http://en.wikipedia.org/wikvFile:Bamey_Storey_and_Neil_Fachie,jpg)

Explain two ways in which Lycra® has contributed to the enhanced performance of racing
cyclists. [6]

(a) State one reason for adding scrap glass to new raw materials in the manufacture of glass. [1]

-----------------------------------------------------------------------

-----------------------------------------------------------------------

(b) Explain why glass is a suitable structural material for making bricks. [3]
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(a) State what is meant by work hardening a metal. [1]

.......................................................................

(b) Compare work hardening and alloying in terms of increasing the strength of a material. /3]

Explain why a glass bottle dropped on a hard surface smashes, but a metal drink can
dropped from the same height, dents. [3]

) Describe how the rate of cooling of a metal controls grain size. [2]

(a) State one way in which the use of robots in a manufacturing system has helped to
reduce material waste. [1]

-----------------------------------------------------------------------

(b) Outline how the use of robots allows for flexibility in a manufacturing system in
relation to scale of production. [2]
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Figure C4 shows a Morgan motor car. Figure C5 shows a stage in the assembly of
Morgan motor cars which are produced using traditional manufacturing methods. The company
produces about 675 cars per year to order. Customers have to wait between one and two years
before they receive their car.

Figure C4: A Morgan motor car Figure C5: A stage in the assembly of a
Morgan motor car

[Source: http://www.morgan-motor.co.uk/mmc/ [Source: hnp://riﬂcs.webshots.com/photo
hiresimages.html#!prettyPhoto. Used with /22216985100988377631WoqYr. Used with permission.)
permission. |

(a) Suggest one reason why the Morgan Motor Company continues to use traditional methods
to make the car rather than use CAM. [3]

Explain one social implication of maintaining traditional manufacturing techniques in
the Morgan Motor Company. [3]

Explain how mass customization has improved the scope for designing for people
with disability. [3]
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Figure 3 shows the Odin chair which is part of the Nordic (Scandinavian) range of furniture
and 1s manufactured in central China. The chair is made from plywood and steel with a
chrome finish. The plywood is veneered with a hardwood (beech or walnut). The seat and the
backrest are joined to the tubular steel frame with fasteners.

Figure 3: Odin chair

Outline the importance of ductility to the choice of material for the frame of chair. /2]

Explain three advantages of using plywood to produce the chair seat and backrest. /9]
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Cl1. Figure C1showsa CAD image of the design of a new sign for a Design Technology department.
The letters for the sign will be cut from a thermoplastic sheet using a CNC laser cutter
(Figure C2). Laser cutting 1s a subtractive process. Initially, a prototype of the sign will be cut

from thin card.

Figure C2: Laser cutter machine

Figure C1: CAD image of sign

[1]

(a) State one disadvantage of using a subtractive process.
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Glossary of Terms
Topic 4: Raw material to final product

Term Definition

Absorbed moisture = The moisture within timber that is contained in the cells walls.
Additive techniques | Manufacturing techniques that add material in order to create it.

Aesthetic appeal Favourable in terms of appearance.

Aesthetic Aspects of a product that relate to taste, texture, smell and

characteristics appearance.

Air-drying Air- drying places the stacks of sawn timber in the open or in large
sheds hence there is little control over the drying process.

Alloy A mixture that contains at least one metal. This can be a mixture of

' metals or a mixture of metals and non-metals.
Assembly line A volume production process where products and components are
production moved continuously along a conveyor. As the product goes from

one work station to another, components are added until the final
product is assembled.

Automated A volume production process involving machines controlled by

production ' computers

Batch production Limited volume production (a set number of items to be produced).

Bio-compatibility The product ensures the continued health of a biological
environment.

Bowing A warp along the length of the face of the wood.

Brittle Breaks into numerous sharp shards.

Chemically inert Lack of reactivity with other materials.

Composite A material comprised of two or more constituent materials that have
different properties.

Compressive The ability of a material to withstand being pushed or squashed.

strength

Computer Refers specifically to the computer control of machines for the

numerical control purpose of manufacturing complex parts in metals and other

(CNCQ) materials. Machines are controlled by a program commonly called a

“G code”. Each code is assigned to a particular operation or process.
The codes control X, Y, Z movements and feed speeds.

Continuous flow A production method used to manufacture, produce or process
materials without interruption.

Craft production A small-scale production process centred on manual skills.

Creep The slow, permanent deformation of a solid material under the
influence of a mechanical stress.

Creosote A material that penetrates the timber fibres protecting the integrity
of the wood from attack from borer, wood lice and fungal attack.

Cupping A warp across the width of the face of wood, in which the edges are
higher or lower than the centre.

Density The mass per unit volume of a material. Its importance is in

portability in terms of a product’s weight and size. Design contexts
include, pre-packaged food (instant noodles) is sold by weight and



Design for assembly

Design for
disassembly

Design for
manufacture
Design for materials
Design for process

Dry rot
Ductility

Elasticity

Electrical insulator
Electrical resistivity

Electro-rheostatic
Equilibrium
Moisture Content
(EMCQ)

Felting

First generation
robots

Free moisture
Glass

Grain size (metals)

Hardness
Hardwood
Joining techniques

Kiln drying

volume, packaging foams.

Designing taking account of assembly at various levels, for example,
component to component, components into sub-assemblies and
subassemblies into complete products.

Designing a product so that when it becomes obsolete it can easily
and economically be taken apart, the components reused or
repaired, and the materials recycled.

Designers design specifically for optimum use of existing
manufacturing capability.

Designing in relation to materials during processing.

Designing to enable the product to be manufactured using a
specific manufacturing process, for example, injection moulding.
When timber is subject to decay and attack by fungus.

The ability of a material to be drawn or extruded into a wire or other
extended shape.

The extent to which a material will return to its original shape after
being deformed.

Reduces transmission of electric charge.

The measure of a material's ability to conduct electricity. A material
with low resistivity will conduct electricity well.

This smart property relates to a fluid that can undergo a dramatic
change in its viscosity when exposed to an electric field.

EMC is at which the moisture content of wood achieves an
equilibrium with the environment which can be affected by
humidity and temperature.

A method for converting yarn into fabric by matting the fibres
together.

A simple mechanical arm that has the ability to make precise
motions at high speed. They need constant supervision by a human
operator.

The moisture within timber that is contained within the cell cavities
and intercellular spaces.

A hard, brittle and typically transparent amorphous solid made by
rapidly cooling a fusion of sand, soda and lime.

Metals are crystalline structures comprised of individual grains. The
grain size can vary and be determined by heat treatment,
particularly how quickly a metal is cooled. Quick cooling results in
small grains, slow cooling results in large grains. Grain size in metals
can affect the density, tensile strength and flexibility.

The resistance a material offers to penetration or scratching.

The wood from a deciduous (broadleaved) tree.

Methods that are used to join two similar or dissimilar materials
together.

Kiln-drying places the stacks of sawn timber in a kiln, to reduce the
moisture content in wood, where the heat, air circulation, and
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Kiln seasoning

Knitting
Knots
Lacemaking

Laminated boards
Laminated object
manufacture (LOM)

Lamination

Load capacity
(Robots)

Machine to machine
(M2M)
Magneto-rheostatic

Man-made timber

Mass

Mass customization

Mass production

Material selection
charts
Mechanical
properties
Mechanized
production

Multi task robots

humidity is closely controlled.

Thermally insulated chamber, a type of oven, which produces
temperatures sufficient to complete some process, such as
hardening, drying, or chemical changes.

A method for converting a yarn into fabric by creating consecutive
rows of interlocking loops of yarn.

Imperfections in timber, caused by the growth of branches in the
tree that reduces its strength.

A method for creating a decorative fabric that is woven into
symmetrical patterns and figures.

Sheets of material made from layers of veneers (e.g. plywood).

A rapid prototyping systems that creates a 3D product by
converting it into slices, cutting the slices out and joining the slices
together.

Covering the surface of a material with a thin sheet of another
material typically for protection, preservation or aesthetic reasons.
The weight a robot can manipulate.

Wired and wireless communication between similar devices.

This smart property relates to a fluid that can undergo a dramatic
change in its viscosity when exposed to a magnetic field.

Also known as engineered wood or composite wood, these are
wood products that are made by binding or fixing strands, particles
of fibres, veneers of boards of wood together with adhesives or
other fixing methods to create composite materials. Typical
examples include MDF, plywood and chipboard.

Relates to the amount of matter that is contained with a specific
material. It is often confused with weight understandably as we use
Kg to measure it. Mass is a constant whereas weight may vary
depending upon where it is being measured.

A sophisticated CIM system that manufactures products to
individual customer orders. The benefits of economy of scale are
gained whether the order is for a single item or for thousands.

The production of large amounts of standardized products on
production lines, permitting very high rates of production per
worker.

A chart used to identify appropriate materials based on the desired
properties.

Properties of a material that involve the relationship between stress
and strain or a reaction to an applied force.

A volume production process involving machines controlled by
humans.

A type of robot that can perform more than one task in a
manufacturing environment.
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Natural fibres

Non-toxic
One-off production

Oxidization
resistance

Paper-based rapid
prototyping

Particle boards

Photochromicity

Physical properties

Piezoelectricity

Plasticity
Pultrusion

Reforestation

Seasoning

Second generation
robots

Shape memory
alloys

Shaping techniques
Single task robots
Smart material

Softwood

Materials produced by plants or animals that can be spun into a
thread, rope or filament.

Absence of toxic breakdown products/lack of reactivity.

An individual (often craft-produced) article or a prototype for larger-
scale production.

A property of a metal that means that it does not readily react with
oxygen and degrade.

Often the first step in a rapid prototyping process, paper
prototyping is widely used in UCD for designing and testing
interfaces.

A material made from different sizes of wood chips and joined with
glue.

A property of a smart material. A photochromic material changes
colour in response to an increase in light. When the light source is
removed, it returns to its original colour.

Any property that is measurable that describes a state of materials,
for example, mass, weight, volume and density. These properties
tend to be the characteristic of materials that can be identified
through non-destructive testing (although some deformation is
required to test hardness).

A property of a smart material. A piezoelectric material gives off a
small electrical discharge when deformed.

The ability of a material to be changed in shape permanently.

A continuous manufacturing process used to create composite
materials that have a constant cross-section. Reinforcing fibres are
saturated with a liquid polymer resin and then pulled through a
heated die to form a part.

Reforestation is the process of restoring tree cover to areas where
woodlands or forest once existed. If this area never returns to its
original state of vegetative cover the destructive process is called
deforestation.

Seasoning is the commercial drying of timber which reduces the
moisture content of wood.

Robots that are equipped with sensors that can provide information
about their surroundings. They can synchronize with each other and
do not require constant supervision by a human; however, they are
controlled by an external control unit.

Shape memory alloys are metals that when deformed, can spring
back into its original shape once released.

Manufacturing methods for modifying the shape of a material.
Robots that can perform one task only.

Materials that have been designed to have one or more properties
that can be modified when subject to an external stimuli in a way
that the output can be controlled.

The wood from a coniferous (evergreen) tree.
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Stiffness
Strain

Stress

Super alloys

Synthetic fibres

Tempering

Tensile strength
Thermal
conductivity
Thermal expansion

Thermo-electricity

Thermoplastic

Thermosetting
plastic

Third generation
robots

Toughness
Transparency

Twisting

Volume

Warping

Wasting/subtractive
techniques

The resistance of an elastic body to deflection by an applied force.
The response of a material due to stress, defined as the change in
length divided by the original length.

A force on a material divided by the cross-sectional area of that
material.

An alloy that exhibits excellent mechanical strength, resistance to
thermal creep deformation, good surface stability and resistance to
corrosion.

Fibres made from a man-made material that are spun into a thread;
the joining of monomers into polymers by the process of
polymerisation. Examples include polyester, acrylic, nylon, rayon,
acetate, spandex, and Kevlar.

A heat treating process designed to increase the toughness of an
iron-based metal by heating it and allowing it to cool in air.
Tempering decreases the hardness of the material, which usually
increases the ductility and decreases the brittleness.

The ability of a material to withstand pulling forces.

The measure of how fast heat is conducted through a slab of
material with a given temperature difference across the slab.

A measure of the degree of increase in dimensions when an object is
heated. This can be measured by an increase in length, area or
volume. The expansivity can be measured as the fractional increase
in dimension per kelvin increase in temperature.

This refers to a smart material that when heated can produce an
electric current. A thermoelectric material is comprised of two
dissimilar conductors.

A type of plastic that can be heated and formed into a new shape
repeatedly.

A type of plastic that once formed into a shape, cannot be reformed
into a different shape.

Autonomous robots that can operate largely without supervision
from a human. They have their own central control unit. Swarms of

- smaller autonomous robots also fit in this category.

The ability of a material to resist the propagation of cracks.

Ability to allow light to be transmitted with minimal scattering
allowing a clear view through material.

A distortion in which the two ends of a material do not lie on the
same plane.

The quantity of three-dimensional space enclosed by a boundary,
for example, the space that a substance solid, liquid, gas, or shape
occupies or contains.

A distortion in wood caused by uneven drying, which results in the
material bending or twisting.

Manufacturing techniques that cut away material in order to create
a component.



Weaving

Weight

Wood recycling

Wood treatment

Work envelope
Work hardening

Yarn
Young's Modulus

The act of forming a sheet like material by interlacing long threads
passing in one direction with others at a right angle to them.

Relies on mass and gravitational forces to provide measurable value.

Weight is technically measure as a force, which is the Newton, i.e. a
mass of 1 Kg is equivalent to 9.8 Newton [on earth].

Wood recycling is the process of turning waste timber into usable
products. Recycling timber is a practice that was popularized in the
early 1990s as issues such as deforestation and climate change
prompted both timber suppliers and consumers to turn to a more
sustainable timber source.

Treatment of wood can involve using solutions, which make the
wood poisonous to insects, fungus, and marine borers as well as
protecting it from the weather.

A fixed 3D space where work activities take place, considering
clearance and reach.

Also known as strain hardening or cold working, this is the process
of toughening a metal through plastic deformation.

A long continuous length of interlocked synthetic or natural fibres.
A measure of the stiffness of an elastic material and defined by
stress/strain.

192




DP DESIGN TECHNOLOGY

TOPIC 1: Guidance and Notes Booklet
2020 - 2022




	Slide 1
	Slide 2: Contents Page
	Slide 3: Teaching & Learning  Presentations
	Slide 4: Topic 4: Checklist
	Slide 5: Topic 4.1: Materials and their properties
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Topic 4.2: Metals and Metallic Alloys
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17: Topic 4.9a: Manufacturing processes for metals
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37: Topic 4.3: Timber
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49: Topic 4.4 - Glass
	Slide 50
	Slide 51
	Slide 52: Topic 4.5: Plastics
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74: Topic 4.8 - Scales of Production 
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80: Topic 4.10 - Robots and Automated Production
	Slide 81
	Slide 82
	Slide 83: Summary Notes Q&A
	Slide 84: Topic 4 - Revision Notes
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114: Teacher Summary Notes and Q&A
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136: Topic Questions & Exam Practice
	Slide 137: Activities and Quizzes
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142: End of Topic Questions
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148
	Slide 149
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155: Multiple Choice Questions
	Slide 156: Multiple Choice Questions
	Slide 157: Multiple Choice Questions
	Slide 158: Multiple Choice Questions
	Slide 159: Exam Practice Questions
	Slide 160
	Slide 161
	Slide 162
	Slide 163
	Slide 164
	Slide 165
	Slide 166
	Slide 167
	Slide 168
	Slide 169
	Slide 170
	Slide 171
	Slide 172
	Slide 173
	Slide 174
	Slide 175
	Slide 176
	Slide 177
	Slide 178
	Slide 179
	Slide 180
	Slide 181
	Slide 182
	Slide 183
	Slide 184
	Slide 185
	Slide 186: Glossary of Terms
	Slide 187: Glossary of Terms
	Slide 188
	Slide 189
	Slide 190
	Slide 191
	Slide 192
	Slide 193: DP DESIGN TECHNOLOGY  WITH Mr Moneeb

