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1 Engineering Materish
1 Promerias of Muwerink

TEMSILE STREMGTH: withstand siretching
loads.
COMPRESSIVE STRENGTH: withstand sgueezing

oads,
SHEAR STRENGTH: withstand offset loads {trying
to pull two bars apart}.

HARDME 55: withstand indentation or scratching.

TOUGHMNESS: withstand impact

loads.

ERITTLENES 5: breaking under 3 sudden
load

ELASTICITY: stretch and return to same
shapelsize

DUCTILITY: sbility to be drawn into wirss.

MALLEABILITY: deform vis forging or
rolling.
CORROSION RESISTAMCE: resist corrosion

through heat, moisture or polluticn.

ELECTRICAL CONDUCTIVITY: measure of
ability to allowr current to pass through.

THERMAL COMDUCTIVITY: ability to transmit
heat threugh conduction

MACHIMABILITY: =a=za/difficulty that a material can
be machined or cut.

1.3 Chararserizdes and Forms af” £

Things to consider when choosing a material:
Relstwe Cost, Availability, Ease of Uss, Safety in
Use. Sustainzbility, and Forms of Supply:

= Sheetand Plate
= Forgings

= Tubss

= (Castings
=  Cail Strip
= Wirz

= [Bars and I s=ctions
» Drums of plastic pellets/moulding powder

1.3 Ferrams Weatals

Irzn alloyed with carbon to improve properties.

= Grey Castlron (3.3% Carbon)

Lowe cost, easily cast, dossa't vitrate, i sel-
lubricating. Supplisd as forgings, usad for vices
and gears.

= Low Carbon Steel (1% Carbon)
Used for pressings for car bedizs, rods and tubes.
= Medium Carbon Steel (1.2% Carbaon)
Used for crankshafts, axsls and keaf springs.
= High Carbon Steel (1.4% Carbon)

Used for coil springs, chisels, knives, taps and
dies.

Mare Carbon = Harder, but more Brittle, due to
structural change.

= Stainless Steel (0.04 - 0.3% Carbon)

Chromium Ceade film surface protects from corrosion.
Supplied 3= bar stock, used for food equipment.

= High Speed Steel (0.5 - 1.3% Carbon)

Alloyed with tungsten, chramium, vanadium and
maotybdenum for hardness and corresicn resistance.
Supplied as bar stock for cutting tocls and drill bits

4 NewFerrous Metnls

s Copper [Melting Point = 1000°C)

Is the basis of Brass and Branze alloys. Soft, dense, ductile,
resits corrasion but has low tensile strength. Supplied in

all ways for pipes and coaking.
*  Aluminium [Melting Point = 860°C)

Pure metal is weak, alloyed bo imprave. For aircraft
parts {inchuding Titanium alloys|, engine parts and cans
Supplied all ways. Categories: Wrought Alloys {nht/ht|
and Cast Allays [nht/kE).

*  Lead

Quickly tarnishes in air to a dull cobour. Dense, ductile, soft

malleable and & poor conductor. Very cormosion resistant,

s used for roofingbatteries. Supplied all w
= Zinc

Hard and Brigtle up ta 100°C, then malleshls, sk 210°C,

Beeomes brittle again. Low m.p, fsir comductor, In
allays, used in galvanised steel barriers

s Tin

Malisable and duckile, but brittle when cooled

Alkyed with lead for salder
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= Titanium

. Good corrosion resistance & strength/density ratio.
Alloyed with Fe, Al vanadium and molybdenum for
strong light alloys. Supplied: bar stocks, forgings.

Alloys: mixture af teo or more metals, combined to
praduce better properties.

= Brass

Capper and Zine allay, in variable ratios. Supplied as tube,

sheet bars and castings for cooking utensils and taps.
Standard Brass: 6535,

Increasing Zinc makes alloy cheaper, but properties are
warse —less duckile

# Bronze

Capper and Tin alloy, softer and weaker than steel.
Resists carrosion, Fatigue, good condwctor. Supplied as

bar, sheet and castings for bells, propellers

5 Ceramies

*  Glass
Heated silica, brittle and hard. Cut with water jet
*  Tungsten Carbide

Hard and brittle, used for cutting tips. Formed by
heating and compressing powders

= Silicon Nitride

Lised for bearings, is expensive and hard Dossn't

axidise ar expand

1§ Compositas

A mixture of two or more different materials,
eg- reinforced concrete (steel rods and concrete).

« Glass Reinforced Plastic

Glass fibre strands bonded in epoxy or pabyester resin
can create large complex shapes. Thermasetting at rp
no press required.

« Carbon Fibre

Produced by heating fibres and bonding in epoxy, very
strang, rigid and high tensile strength (ZB00M/ mm=).

UNIT R108

= HKevlar

Like the above materials, used in bulstproof armaour.

Plastics: vary in weight and strength, good insulatars,
extremely corrosion resistant.

Thermoplastics: can be re-melted. recycled. nat as
rigid as thermosetting, but tougher, easier to mould.

= Paolypropylene

Winyls group, moderate cost, good resistancs, used for
packaging and pipes.

= PVC

Good chemical resistance, moderate costs, used for
packaging and upholstery

= Mylon

High cost, membser of polymides group, used to make
yarm, rope, cable coversein..

= ABS

Low cast, good chemical resistance, makes pipes, tool
handles and helmets.

= Polyethylene

\inyls group, simiac ta ABS. Makes food containers,
toys, toilet parts, can come in foam ferm.

1.8 Thermoseaing Plrmics

Thermosets: once =21, cannot be re-malted and
reused. Undergoes polymerisation. Can have pigment
added far colour, or a filler such as wood fiour or
Cund

= Paolyester Resin
Ease of handling, low cost, stability, good properties,
is the resin for carbon fibre, and GRP.

= Paly-urethanes

Good hardness, tensile strength, impact and abrasion
resistance.

= Silicone

Low conductivity, texicity and resctivity. Used as
rubber sealant, produced as a hardening liquid.
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1.9 Swart Mieerialy

Smart Materials: react to the 2nvironment (2g
neatlight), reversible and repeatable change

= Shape Memory Alloy

Remembers its shape and will return upon the
spplication of heat. Used in serospace/medial.

= Electrochromic Materials

Reversible colour change when voltage applied.

= Smart Glass

Controls glass transparency used for mirrars
and mesting rooms.

Photochromic: Chemical reaction to light.
Electrochremic: Reacts to changing
voltage.

= GQuantum Tunnelling Composite
In its normal state, is 3 perfect insulator, but whan
oressure is applied, it conducts. Made in sheets or
small pils, for smarghones ete. s 3 pressure
sensitive wariable resistor.

2. Testing
I Nom-Destruetivs Testing

Testing the component for the application it was
designed for, without breaking it

Dye Penetrant: coloured/fluarescant liquid apphsd to
component surface. Is drawn into any surface
mperfections, making them visible. & UV light may be
used to improve visibility to the naked ey=.

Conductivity Testing: by measuring the
glectrical conductivity, metal failures can b=
caught, as the electricity will not flow through the
material, producing no reading.

22 Desruetve Teming

Testing the component to its imits, so it cannat be used

again. Destroys it

Hardness: Rockwell and Vickers systems work by
indenting the materizl to determine hardness.
WORKSHOP TEST: drop plumb bok from set
height and compare indentations

I UNIT R108

Tensile: grip a standard size sample into maching
that stretches one end until material fails

¥ o
Impact: sample is clamped inte maching and
swinging weight produces 3 measurement upon
collision.

3. Engmesring Processes
L Mipserin! Remoeal

Sawing: hacksaws used to cut metal into billets ar to
remave surples. SAFETY blade shouldn't be teisted
braken or discoloured. Teeth must face cut direction

Filing: ws=d to remowe sharp edpges. where
machining would be impractical. Files can be single
cut or double cut SAFETY: always use 3 handlz on
the tang.

Threading: taps made from hardzned high-speed
steel. Dies are used to cut externsl thresds. Tap
wrenchidie stock balder used to secure tool. Spliton
diz is to change size. SAFETY: do not o st -
Enap

3.2 Hand Forming

Strengthening/forming the part by hand. Copper,
Steel, Aluminium and Titanium allows are forged.
Where the componentforce is too large to be done
by hand, machine power is
ue=d.

ADVANTAGE5: Aligns grain
structure —very strong. Less
wasted materizl, and lass

material te be cut'machinsd.

Forging: applying pressurs to the metsl when it is red
hot, which aligns the grain structure to give maximum
strength.

Hand Forging: accuracy depends an
operator.
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Drop Forging: heated metsl placed on bottom plate,
and top plate raised and then dropped from 3-8f. The
force sgueszes metal into shape. Remoaove flash.

Ram

e o f
| ¢

Lower e i ]
Flasn
lel
Load Completed forging
4.3 Comtirey

‘Where the metal & paured inta & mould.

ADVANTAGES: intricate shapes easily produced,
large hollow shapes can be produced, little to no
waste with 2 good surfacs finish.

Sand Casting: pattern made from wood larger than
final component te allow for shrinkage. Drag on tog,
sand on bottom, runners and risers to top section
zllow gases to escape, pattern s removed. Matalis
poured in, then mould broken

Cast Iron,
Steels,
Erass,
Copper,
Aluminium.

| ¥ 1

Donsm Boars

Inwestment Casting: higher degres of accuracy,
but met renewakle. Wax pattern groduced and
attached to sprue tree, coated in slerry. Wax melts
out and molhten metal pourad in. Allowed to solidify.

Stainless Steels, Alloy Steels,
Titamium.

Die Casting: Us== a3

steel mould that can be
reused, molten metalis

forced into the cavity

using pressure,

=nsuring good fill and

guality — used far

smallintricate parts.

Aluminium, Zinc and Magnesium
Alloys.

Shell Moulding: pattern is heated, placed over
sandbox with resin, and inverted to coat the pattern.
Heated to cure the pattern, and then stripped. Mould
zssembled and filled.

3.4 Evrresion

Material & forced out through a die in a process
gimilar to forcing toothpasts aut of a tube. Farms
long, unifarm cross-sections.

2.5B,

Commen ocperation on shest metals, often completed
on CMC machines —easier and more accurate.
Inwalves forcing the sheet around a3 peint.

3.8 Joining Miechods

Affiing metals together.

Soldering: = low mp (300°C) aloy ran between parts
Creates a low strength, leak proof joint. Material must
be dirt fres.

Brazing: molten (450°C) filler drawn by capillary
action betwsen parts. Creates a high strength joint.
Brazing Brass (50% Copper, 40% Zinc) or Siver
Brazing (Silver, Copper, Zinc) usad.

1. Clzan both parts. Place parts in pesition.
2. Apply flux to each joint. Heat the start of the

joint.
3. Diraw the brazing rod slong the joint.
4. Cool'Zuench. Remawve scsle and excess.

Adhesives: non-metallic filler material used, but
material must be perfectly clean.

Threaded Fasteners: cheap method but may
suffer fatigue. Eg. screws, nuts and bolts.

Self-Tapping Screws: screws that can cut or
form threads into pre-existing cavities.
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3.7 Welding

Oxyacetylena: oxygen and gasses producs 3
3000°C flame. Filler material is drawn along the joint.
Mo flux peeded combustion products protect the
material.

Manual Arc: high intensity spark produced from an
electrical circuit. Electrode is the filler and flux. Highly
skilled.

Tungsten Imert Gas: used for thin metal sheets,
nnn_meshing slectrode used. Argon is shielding has,
5o no  reaction with ogygen. Filler material fed by
hand.

Metal Inert Gas: simiscia TIG welding, but melting
electrode fad in at 3 controlled rate. Different
shizlding gasses zllow 2 rangs of metals to be joined.

Spot Welding: high current is passed through two
slectrodes with shest metsl between. High pressure
contact. Litle skill required, no filler, guick,
sutomsted, little distortion. Types ams- =2am,
projection or butt. Used during car manufacture.

18 Riveting

Ideal due to speed, low-cost and dependability. Used
on permanent joints and pivots. Msle and female
either side of join.

Drill rivet hole
Flace rivet in hols.
Secure by hammering into place to round top.

W=

Blind Rivets: used when only one side is
sccessible. Used to join metal sheet —gripping jaws
force rivet and pull shests together.

4_Heat Trestment

Used to improve 3 materials performance. Carbon
content is erucisl, 35 low carbon content cannot be
hardened by quenching. More carbon = harder, but
mare brittle.

In copper and brass, QUENMCHING = ANNEALING
To achieve soft copper, must be quenched.

41 Hordeming
Hardens the materials outer [ayer.

1. Plain carbon steels heated +50°C critical temp.
2. Quickly cocled in oil, brine or water.
3. Forms new outer structure

= BRINE: rapid, hard and brittle, may crack.
=  WATER: quick, ne=ds agitating, quite hard.
= OIL: slower, won't orack, sufficiently hard.

= AIR: siow, won'torack.

Case Hardening: infusing the surface layer with
carbon. Allows low carbon steels to be hardened.
Higher temp = most carbon peneatration.

=  S0LID: packed in carbon and heated.

= LIQUID: placed in molten salt, small parts.

= GAS: precise control, diff temps, most
penefraticn.

E Y

Used to soften the material and refeve stresses from
heawvy machining

1. Place in furnace, = critical temperature.
2. Allow to cool at rip, grain is finer and spaced.

4.2 Anneafng

Makes the matzrial as soft as possible,
increases ductility.

1. Place in furnace, * critical temperaturs.
2. Coolin 3 skow cooling furnace.

4.4 Tempering

Heat applied reduces hardness and brittieness.
Used sfier hardening to sofien the steel. Uses =
temperature sensitive dys to indicate temp:

= 200°C straw cobour {2p. gauges and

soribes)
= 300°C blue colour (eg. springs)
& Burface Finihing

To improve ar reach 3 specified surfacs finish.

5.1 Limking

Belt sanding technigue. Uss 3 finer grade for
polishing. SAFETYfirrn grip. don't touch bek, parthot

Fine sbrasive that removes scratches and leaves
perfect surface finish. Applied to clothwheel and
moved in a3 cinculsr motion.

3.3 Powdsr Plastie
Powder is charged to 90k within gun and sprayed.

Cured at 300°C. Used thermeplastics such as nylon,
or
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thermaosets like polyesters. Needs electrostatic
attraction, cannet be used where surfacs sn'tvisible.

5.4 Priming
Most common finish, cheap and has wide range of
applications. Qil'Falymer based paints used, and

enamelslscquers when paint layers are finished.
Commonly sprayed but can be brushed or dripped

5.3 Eleemrapiatng

Second most commen, very useful and effectve.
Compaonent is eathode (-} in salt electrolyte and
plating metsl is anode [+#) —usss el=ctrolysis.
Zme, Gold and Tin

56 Gahumisig
Zinc coating on metal. Appled by hot dipping or
slectroplsting. Usadan Brp pasts, bamersex

&, Machine Processes
L Drifng

= Portable poweer drill used for small holes in
large structures. Air or electrically powered.

= Sensitive Bench Drill and Pillar Drill are
similar in design. SBD is for light work, and
PO for larger parts with a range of cutting
speeds due to the gearbox.

Diving moter

Fy— Soirds apeed

e, &
Forwind, S A% [ parennee

e saich
Fpecs anbsiroe —— il o
Ree lmrs iver
Mee laper sprdie
| - Coume (piiar}

—— Tl covalsg
i

»  Twist drill used for cutting metals, mads from
HSE. Has two cutting edges and two flutes.
Each flute has a friction reducing raised
section. Used for roughing out, produces 3
slightly larger hole than nesded.

Spur Cunting

l/vd:l et Shark  —

= Reamers are multi-fluted, used to finish off
drill=d holes with accuracy and a good
surface finish.

6.2 Turmireg

+ Uses a cantre [athe to produce tuned, drilled
tapered or tapped parts.

= Spindle is driven through 3 gearbox and
carries 3 Mdjaw chuck and face/drive plates.

= Tailstock for drilling components.

+  Bed mads from cast iron carries the saddle -
moves upddown the bed.

»  Processes include: Facing Off, Knurling,
Turning Parallel Diameters/Tapers, Drilling.
Parting Off. Chamfers ete...

—_— *
(Ve s ] I L —
LEER ]
| ofa—
E — —
i Milng

= Partis secured into worktable and fed under a
ratating, multi-toath toal.
s Wertical Mill = cutter in vertical axis,

Herizontal Mill = cutter in horizontal axis.
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e Used to machine flat surfaces and to cut

steps/siots.

« Spindle is driven through gearbox to change

speed. Knee moves up and down, carries
saddle. Saddle carnes worktable. Worktable
can directly clamp part_or use 3 vics.

« END MILL = 3/4 flutes. SLOT DRILL = 2 flutes.

TEE SLOT CUTTER, DOVE TAIL CUTTER,
RADIUS CUTTER.

. raduces accurate flat surfaces.

o Consists of grinding wheel, table and damp

e When using; material, surface finish, speeds and
wheel contact must be considered

Rowdonal Mouldng

«  Gravity inside 3 mould achisves 3
hollow form.

Set amount of polymer added.

Heated and rotated.

Mould is cooled while rotating.

Mould is opened and part is unloaded.

PWON =

[X] ession J

» Widely used process for thermosats.

» Used for rubber tyres.

= Moulding compound is pellets, liquid or
preform

= Amount of charge must be precisely
controlied.

To0 Deatad pan

>

PUithomt Dowh  —
Ry _L.‘

WM Pyt [y —

% Injection Mouldng
s Heated to & highly plastic state and forced
into @ cavity under high pressure where it
solidifies.
- 10s to 1 minute cycle time.

o  Normally used to mould thermoplastics, and
same thermosets.

Hopper

Hydraulic

Ram  priid

Mould Heater

Screw Heater
Motor

£.8 Vacuum Forming

» Preheated sheet is drawn into 3 mould by 3
vacuum.

« Size of holes to preduce vacuum are small
enough not to effect surface finish.

Heat-sofiencd
plastic sheet Clamp

Mould

KS4 — Design & Technology / Engineering Manufacture




F Exmouth Community College

Academy Trust

OCR LEVEL 2 Il UNIT R108

6.2 Blow Monldng

= Air pressure inflates soft plastic inside 2
mould cavity.
= Creates thin walls, mass producible

7. Automation

Procewses or procedures performed without heman
susistance. mpacts:

= Ineressad output, faster to market.

» Zerp defects, better quality.

= Smaller workforcs, retraining, better
conditions.

= Initial capital outlay, workforce savings,
reduced production costs.

ICNT

Traditional style machines sdapted to have somesll
axes computer contralled.

7.3 Auoneeed Guided Vekirks

Small vehicles to mowe stock, or function as mobile
workstations, along pre-set routes. Use cables in the
floor to navigate by magnetic induction.

ADVANTAGES DISADVANTAGES
* |Independent » More expensive
movement than conweyor belis
» Flexibility » Crash risk
.
= 4 Flocii -
Integration of technologies. ncorporating computer

managed systems. Extremely versatie

ADVANTAGES DISADVANTAGES
* Increased output = High investment
* Reduced times costs

* Consistency

* Right-First-Time
» Reduced cost

* Improved working

* Meeds programming

» Vulnerable if a cell
fails

» Job loss

ADVANTAGES DISADVANTAGES
* Pracisa & Higher initial
* Accurate purchase cost
* Repeatable # Jobs lost
» High productivity * Programmer needed
» Optimum cutter use
({toal

racks}environment

72 Robore

Handle materials and products, for loading and
unloading, pick-and-place assembly. Typically, a
programmed arm with an effector.

ADVANTAGES DISADVANTAGES
* Use in hazardous # Limited abilities
environments & Cannot complete
» Highly repetitive tasks needing
tasks sensory feedback ar
# Lower labour costs judgement
* Accurate

conditions * Re-training cosis
* Smaller workforce

8. Disital Commumication:
Aid the manufacturing process.
1.1 Bareades

Small blecks of alternating white and black Fnas
scanned with 3 red laser. Used to track products and
update stock databases. Can be linked to sutomatic
ordering systems and stock contral.

5.2 RFID Tags

Micrachips with an induction coil to receive energy.
Microchip stores dats, so act like an ‘Intelligent
Biarcode’. Used for the same things 35 barcodes,

scanned with an RFID reader.

5.3 Stock Comral Systams

Maonitor stock levels using sensors and datsbasze
information {(which is updated using barcodes and
computers). CGan order items when stock is running
loww, to maintain supplies.

8.4 Compmeer Aided Design

Digital files and uze af standards allaw drawings to be

distributed acrass the world. Makes design process
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easier, and less nsk of error in Global Manufacturing

operations.

5 Ressarch

Using the internet to develop ideas.

& Video Conferencing

Reduces travel costs, creating more productive time, and

allowing problems to be soblved more guickly

9. Material Supph and Control

Automating the process increases control and reduces

lead time.

31 FuseTn-Tome

Strategic supply of materials in an organised way,
providing them just when needed.

ADVANTAGES

DISADVANTAGES

10. Electromic Data Transfer

Using computer systems to send and receive files

ADVANTAGES

DISADVANTAGES

» Zost effective (paper)
» Efficient {limits errar)

# Fast, consistent

* Accurate

» Faster service =
better customer
service

11. Global Manufacharing

# High investment cost

» Cross compatibility
iSSUES

* Technical ermors
oCCur

The exporting of tasks to other countries, due to skill
availability and proximity to materials. Standardised

processes and procedures.

ADVANTAGES

DISADVANTAGE S

* Mo overproduction

# Mo stock build up

# Streamlines
production

* Reduces costand
production time

# Limits TIMWOOD
waste

5.2 Auroweade (hrderi

# Stock may arrive late

* Leaves production
halted

+ Mo stock for
EMEergencies

* Delays/disasters
mean lost money

Captures customers requests, sends infermation to
accounting/shipping/manufacturing depariments.
Tracked stock armves when needed.

ADVANTAGES DISADVANTAGES

* Makes orders more » Meeds fo be flexible
reliable * Expensive

* Customer
satisfaction
increases

* Reduces errors

* Maximises
profitability

* Runs on-time

* Financial incentives
* Lower costs

* Close to raw
materals

Eased by digital
COmMms

Exchange rate
benefits

Close to developing
markets

Made to
international
standards

12, Safety Precawtions
I Risk Assessmgnt

Recard findings.

[T R -

# High investment cost

* Requires high
volume

» Potential for disaster
— BCONOMmIC,
environmental,
social.

Identify hazards —anything causing harm.
Decide who might be harmed
Asvess the risks and take appropriate action.

Rewiew the risk assesment.

1 Precoutomy

=  Ensure machine guards in place

" Check component & secure

" Keep area clear, ensure praper training

" Keep machine in good conditian,

" Ensure PPE worn [boots, goggles, overcoat).
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13. Developments in Processes
I CNC Machines

Covered in 7.1, understand the adaptions mads to
each type of machine, and how it impacts production.

2 Laser Applications

Laser machines can be used to cut or engrave sheet
metal/plastic. They work by firing a3 high-powared
laser at the material's surface

This is somewhat similar to water jet cutiing, but
water jet can only cut, not engrave.

ADVANTAGES: more precise, flexibility in surface
finish, no rounded corners, unlike mill bits.

3 Rapid Prototyping and Additive Marifacture
Rapid Prototyping is used to quickly produce 8
physical model that can be felr and visualized,
gllowing the product to develop. Use of CAD software
allows the design to be instanthy changed and then
the model reproduced. Products can get to market
faster,

1. 30 model produced in CAD software based on
primary designs

2. This model is then sliced up by the 3D printing
software

5, Prototype on a range of machines

30 printing (SLA): & lazer solidifies layers of Nguid
polymar to produce a solid product

30 printing (FOM): filament is heated above its
melting point and layered, each layer cooling ana by
one, to produce a physical madel
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