
Material Removal

Turning 
Centre lathe 

The Centre 

Lathe is used to 

manufacture 

cylindrical 

shapes from a 

range of 

materials 

including; steels 

and plastics. 

Milling
Machine 

The vertical 

milling 

machine is a 

precision tool 

used for shaping 

and fabrication 

by the removal 

of stock 

typically from 

metallic work 

pieces

Threading

Tap and 
Die 

Threading is 

the process of 

creating a 

screw thread

Engineering 

processes and 

production
Metal Forming 

Forging

Forging is a manufacturing process 

involving the shaping of a metal 

through hammering, pressing, or 

rolling. These compressive forces are 

delivered with a hammer or die.

Casting

liquid metal is poured into a mold that 

contains a hollow shape. The metal and 

mold are then cooled, and the metal 

part (the casting) is extracted. Pewter 

is an example of Casting we have done 

in school 

Bending

Bending is a metal forming process in 

which a force is applied to a piece of 

sheet metal, causing it to bend at an 

angle and form the desired shape.

Joining Methods

Welding

Welding is a joining process whereby 

two or more parts are united by means 

of heat or pressure or both.

Riveting

When installed the rivet is either 

drilled, placed or punched into a hole, 

afterwards the tail is then deformed, 

holding the rivet in place.

The rivet is deformed by of the tail, 

which makes the material flatter and 

usually causes the tail to be expanded 

by about one and a half times the size 

of the stem's original diameter.

Soldering

Soldering is a process in which two or 

more items are joined together by 

melting and putting a filler metal into 

the joint, 

Brazing

Brazing is a metal-joining process in 

which two or more metal items are 

joined together by melting and flowing a 

filler metal into the joint,

Threaded 
Fasteners

A threaded fastener is a discrete piece 

of hardware that has internal or 

external screw threads. hey are usually 

used for the assembly of multiple parts 

and facilitate disassembly. The most 

common types are the screw, nut and 

bolt. 

Self Tapping 
Screws

A self-tapping screw is a screw that can 

tap its own hole as it is driven into the 

material

PCB Manufacture 

PCB Mask UV Lightbox Development/Etching Tank 

The PCB mask is 

generated using 

CAD. This is 

printed onto a 

transparency 

ready to put in 

the UV light Box 

The PCB mask is 

placed under 

the Photo Resist 

Board in the 

Light box. This 

is exposed for 2 

minutes. 

The Photo 

Resist Board is 

then placed into 

the developer 

for 20 seconds 

the etching tank 

for 20 minutes 

Plastic Forming
Vacuum

forming
where a sheet of plastic is heated to a

forming temperature, stretched onto a

single-surface mold, and forced against the

mold by a vacuum. This process can be

used to form plastic into permanent

objects

Injection 

moulding
Plastic injection moulding is the process of

melting plastic pellets (thermosetting/

thermoplastic polymers) that once

malleable enough, are injected at pressure

into a mould cavity, which fills and

solidifies to produce the final product.

Blow 

moulding
Blow molding is the process of forming a

molten tube of thermoplastic material and

placed within a mold cavity and inflating

the tube with compressed air, to take the

shape of the cavity and cool the part

before removing from the mold.

Rotational 

moulding
Rotational Moulding involves a heated

hollow mold which is filled with a charge

or shot weight of material. It is then slowly

rotated, causing the softened material to

disperse and stick to the walls of the

mould.

Compression 

moulding
Compression moulding is the process of

molding in which a preheated polymer is

placed into an open, heated mold cavity.

The mold is then closed with a top plug

and compressed in order to have the

material contact all areas of the mold.
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Properties of materials

malleability The ability of a material to permanently 

deform in all directions without cracking.

ductility The ability of a material to deform, usually by 

stretching along its length.

conductivity/resistivit

y 

The ability of a material to conduct heat or 

electrical energy. Opposite for resistivity

hardness Resistance of a material to deformation, 

indentation, or penetration by means such 

as abrasion, drilling, impact, scratching

machinability Machinability is a characteristic of a 

material, such as a metal, that makes it 

easy to drill, shape, cut, grind

corrosion resistance How well a substance (especially a metal) 

can withstand damage caused by oxidization 

or other chemical reactions

elasticity/plasticity The ability of a material to permanently 

change in shape.

Types of materials

Ferrous 

Metals
Ferrous metals which contain 

iron. They may have small 

amounts of other metals or other 

elements added, to give the 

required properties. They will 

corrode if unprotected

Iron, carbon steels, 

high speed steels

Non 

Ferrous 

metals

Non Ferrous metals which do not 

contain iron. Pure metals (have 

no other metal or element)

Copper, brass,

bronze, aluminium, 

zinc, tin, lead, 

titanium 

Alloys Alloying metals involves mixing 

two or more metals and 

other elements to improve their 

properties.

Polymers

Thermo

plastics
Thermo Plastics -usually a plastic 

polymer, which becomes more 

soft when heated and hard when 

cooled. Thermoplastic materials 

can be cooled and heated several 

times without any change in their 

chemistry or mechanical 

properties

ABS, Polyethylene, 

HIPS, PVS, 

polycarbonate, 

polypropylene

Thermoset

plastics
polymer that irreversibly 

becomes rigid when heated.

Polyester resin, urea 

– formaldehyde, 

epoxy resin, phenol-

formaldehyde.

Composites A composite material is a 

material made from two or more 

materials with significantly 

different physical or chemical 

properties that, when combined, 

produce a material with 

characteristics different from the 

original components

Glass reinforced 

plastic, Carbon 

fibre, concrete

Smart

Materials
Smart materials, are 

designed materials that have one 

or more properties that can be 

significantly changed in a 

controlled fashion by external 

stress, moisture, electric or 

magnetic fields, light, 

temperature, pH, or chemical 

compounds

Shape memory 

alloys, 

thermochromic 

materials, Shape 

memory plastics, 

Quantum Tunnelling 

Composite. 

Materials Testing Processes

Destructiv

e testing

is undertaken in order to understand 

a specimen’s performance or material 

behaviour, these procedures are 

carried out to the test specimen’s 

failure.

Tensile 

Testing, 

Hardness

testing

Non 

Destructiv

e Testing

is a testing and analysis technique 

used by industry to evaluate the 

properties of a material, component, 

structure or system for characteristic 

differences or welding defects and 

discontinuities without causing 

damage to the original part

Conductivity

testing, 

Crack 

testing,  

Ultra Sonic 

Testing

Materials and uses

Ferrous and non ferrous 

metals and alloys 

Used for cast iron machine bases, 

bronze for boat propellers, Copper 

used in wiring and circuit boards.

Thermoplastics ABS for appliance casing. 

Thermoset Plastics Phenol-formaldehyde for heat 

resistant saucepan handles. 

Composites Carbon fibre for bicycle frames

Smart materials Shape memory alloy in alarm systems

Engineering materials 

and properties 
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Mathematical Techniques Use of formulae

Ohms Law

Area and Volume

One of the most important and basic laws of electrical 

circuits is Ohm's law which states that the current passing 

through a conductor is proportional to the voltage over the 

resistance.

I = 
V

R

where I = current in amps, V = voltage in volts, and R = resistance in ohms This 

same formula can be also be written in order to calculate for the voltage or 

the resistance:

I = 
V

R
R = 

V

I
V = I x R  or or

Ohms Law Triangle 

If you ever need help in remembering the different 

equations for Ohm's law and solving for each variable (V, 

I, R) you can use the triangle

Ohms law 

Area = Length x height 

30 x 50 = 1500mm² 

= Length x width x height 

40 x 30 x 30 = 360000mm³

Area and Volume 

Ø Diameter Symbol 

πr²

π x 10²

3.142 x 100

= 314.2mm²

Volume of an irregular shape 

Area x width

Area 

40 x 40 = 1600 

20 x 20 = 400

1600 – 400 = 1200

Area = 1200mm²

1200 x 40 = 48000

Volume = 48000mm³

Working Drawings 
Isometric Drawings, Orthographic Drawings, 

Sectional views, Construction lines, Centre lines, Hidden Detail

Isometric 3rd Angle Orthographic 

Symbol 

Dimensions and construction lines 

Dimension line 
Size 

Extension Line  

Visible 

gap 

Centre Lines and Sectional View 



Identify features that contribute to the primary function of engineered products

Mild steel lamp shade. Formed 

using a steel press

Finished using Electrostatic 

painting

The gooseneck is made up of a helical

spring and a sectional metal wire,

providing it with the mechanical

properties to maintain the bending shape

and position

Die

Metal being 

formed 

Pressure

Punch

Gooseneck

inside PP  

flexible 

tube 

Polypropylene (PP) is a thermoplastic “addition

polymer” made from the combination of propylene

monomers.

Flexible PP tube covers 2 core electric cable which

attaches the E14 lamp holder to the plug via a

SPST Switch (Single Pole Single Throw)

Tradition lamp fittings. 

E14 Lamp Holder         E14 Lamp  

inside shade  . 2 core wire 

SPST Switch

Ceramic weight in base to 

stop it tipping over 

Mild steel base

Formed using a steel press

Finished using Electrostatic painting

SPST 

Switch

Electrostatic painting is a very efficient,

cost-effective and clean method of painting.

It can be used on conductive surfaces and provides a smooth

finish. Electrostatic painting uses positively-charged paint

particles from a specialized gun to coat grounded metal

surfaces. Like a balloon clinging to a wall, it's attracted to the grounded

surface and will wrap around the component, such as the mild steel lamp

shade and base. This results in an even coat with little overspray and

waste.

• enable the user to provide an electrical path from the socket to the appliance

• prevent an electrical path being formed between the user and the mains!

• provide a rigid set of pins for location in the socket

• be sufficiently tough to prevent failure upon dropping

• be resistant to the use environment (e.g. temperature, moisture, etc.)

• prevent or enable the user to fit the cable to the plug

• be aesthetically pleasing and easy to grip

• satisfy the requirements of the British Standards

Example Design specification for a Plug 

Produce design specifications 

Analyse existing products 

3 Pin Plug 
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