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ket, costs are reduced, and products are more likely to meet the demands of the end 
user.  

Computer technology also brought about Computer-Aided Design (CAD). Products can 
be designed, modelled and tested entirely within the computer, which speeds up the 
design process and allows changes and revisions to be made quickly. Designers can col-
laborate remotely using CAD software and digital communication, allowing them to 
share their expertise and produce designs for manufacturers without even having to 
live in the same country. 

Stock and the management of inventory (any type of resource to do with an organisa-
tion) is now primarily done electronically. 

An engineering organisation, especially large global companies, need to be in control of 
thousands perhaps even millions of units of stock and inventory. When figures this high 
are being dealt with, error and confusion is a real possibility, hence the use of electron-
ic means to track and communicate this data. 

JUST-IN-TIME (JIT) is a system of organisation used by some manufacturers. JIT is a sys-
tem that relies on purchasing just enough materials to manufacture a batch of prod-
ucts, once an order from a customer has been placed. Over-ordering or storing materi-
als is not permitted. JIT aims to eliminate waste and to speed up the supply of products 
to the customer. JIT relies on the manufacturing company having a very good business 
relationship with suppliers and distributers. Delays must not happen, or production will 
stop. 

Computers and digital communication systems play a vital role in the successful appli-
cation of JIT. Orders for stock will be digitally sent to suppliers (immediate and fast), the 
monitoring of stock within the company will be done electronically; once stock falls too 
low it will be automatically re-ordered with next to no human input. 

In the 21st century the complete manufacture of a product is rarely fully home-grown. 

Large companies can set up a GLOBAL SUPPLY CHAIN, where factories may be set up to 
produce components in multiple locations, then the components are shipped else-
where for assembly. An example of this is JCB; a large portion of steel and other raw 
materials come from Brazil. This, combined with the economic boom from the 2014 
World Cup, lead to JCB building a factory in Brazil. This factory was able to take ad-
vantage of close proximity to steel resources, as well as being close to a growing econo-
my. 

This does not have to apply only to large global companies, however. Our ability to 
communicate across the world can narrow the gap between available skill bases. If a 
company needs to communicate with an expert on a different continent this is more 
than possible. Likewise if an exotic raw material is needed, the ability to contact, ex-
tract and receive this material can all be achieved very quickly due to transportation 
and communication methods available to businesses now.  

 Digital Communications—Use in Production 
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Unit R109: Engineering Material, Processes and Production 

Unit R109 covers the different types of engineering materials such as ferrous - non-ferrous 
metals, alloys, polymers, thermosetting plastics, ceramics, composites, smart materials and 
new and emerging materials. It also covers properties of engineering materials and the theo-
ry of hand and machine skills to engineer a product. 

Your assessment for this module is a written exam paper.  The paper contains 6 questions, 
and you are given 1 hour to complete it.  There is a maximum of 60 marks available for the 
exam.

R109  Exam Revision — LO1: Properties and Uses of Engineering Materials 

Learning Outcome 1 (LO1) is about the properties and uses of engineering materials. 

• Malleability—A malleable metal can be easily rolled, hammered or pressed into other 
shapes without cracking. 

• Ductility—A ductile metal can be easily drawn into thin wires. 

• Machinability—The ease with which a metal can be cut (machined), allowing material to 
be removed for shaping and finishing. 

• Conductivity—A measurement of the material’s ability to conduct electrical current or 
heat. 

• Brittleness—A brittle metal will snap easily without bending. 

• Elasticity and Plasticity—The ability of a material to resist a distorting influence or stress 
and to return to its original size and shape when the stress is removed. 

• Hardness—A hard metal can resist abrasion (rubbing off the surface) or scratching. 

• Toughness—A tough metal can withstand sudden forces, like being struck with a ham-
mer, without cracking or shattering. 

• Tensile Strength—A metal with high tensile strength will resist being stretched or pulled. 

• Corrosion—The iron in ferrous metals corrodes by forming iron oxide (rust), which flakes 
off and gradually destroys the metal. Some ferrous alloys include other metals to help 
resist corrosion. 

Further Reading 

Past exam papers and mark schemes are available on the OCR 

website. You should read through some of these to get an idea of 

the kind of questions you will be answering in the actual exam, 

and what you need to do to get full marks. 

https://bit.ly/2UOBpzR 

 Properties of Engineering Materials 
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 Automation 

Industrial automation is the use of control systems, such as computers or robots, and 
information technology for handling different processes and machineries in an industry 
to replace a human being. It is the second step beyond mechanisation in the scope of 
industrialisation. 

Automation of a process or task can have many impacts; both positive and negative. 

The output of a factory making use of industrial automation can be greatly increased. 
Machinery is capable of producing finished items at a far greater rate than human 
workers. Machines can also work 24 hours a day, 7 days a week, where human workers 
need breaks. Faster production means products can get to market quicker, and high 
consumer demand can be met. 

The quality of finished goods can also be higher when automation is used. A machine 
can reproduce the same step precisely and consistently over and over again, usually 
with greater accuracy than human machinists. This also reduces waste from defects — 
machines don’t make mistakes unless they malfunction. 

Automation has a significant impact on the workforce. A factory running a fully-
automated assembly line needs fewer workers to produce goods. Fewer employees will 
be needed for lower-skilled, repetitive tasks, and those who remain may have to be re-
trained to operate or maintain the production machinery. However, with repetitive, 
unpleasant or dangerous tasks taken over by machinery, this presents better working 
conditions for employees. 

All these factors affect the cost of manufacturing. By increasing the rate of output and 
quality, by reducing waste, and by reducing the size of the workforce, the overall cost 
of production for each finished item is reduced. However, industrial automation has a 
very high initial outlay — machinery is expensive to buy, and may have to be designed 
and built especially for some processes, which represents a significant investment for 
the manufacturer. However, this initial outlay will be repaid over time through the re-
duced cost of production. 

Digital communication has wide-reaching impacts on every stage of production, from 
design to completion. We now have access to phones, computers, the internet, email, 
online cloud drives, video conferencing, portable storage devices and other communi-
cation technology. The way that engineering organisations are able to interact using 
this equipment is vast, and expands beyond the obvious phone calls and video confer-
encing. 

The development of the internet has played a crucial role in the effectiveness of R&D 
(research and development) activities. Organisations can now quickly access primary 
and secondary research. Competitors’ products can be analysed thoroughly to avoid 
any copyright issues and to exploit potential gaps in the market. The use of the internet 
also allows individuals working in R&D to communicate instantly and share resources 
electronically and remotely. The impact of this is products are released faster to mar-

 Digital Communications—Use in Research and Development 

https://bit.ly/2UOBpzR
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 Additive Manufacturing and Rapid Prototyping Processes 

Unlike machining, ADDITIVE MANUFACTURING (AM) forms objects by building material up, 
rather than removing it. This technique affords the creation of new types of object with 
unique material properties. AM offers many benefits such as manufacturing of complex ge-
ometries, customised products, and fast production. However, additive manufacturing can 
be slow, and with current technology may take several hours to produce a finished part. Ad-
ditive manufacturing is ideally suited to small production runs and prototyping. 

Selective Laser Sintering and 
Melting 

Selective Laser Sintering (SLS) uses a high
-power laser to sinter powdered plastic 
(usually nylon or polyamide) together 
into a 3D model. “Sintering” is a process 
where the surface of the grains of plastic 
is melted, causing neighbouring grains to 
stick together. 

A closely-related additive manufacturing 
method is Direct Metal Laser Sintering. 
This uses fine metal powders. Again, the 
laser heats the material and melts it, 
causing the powder grains to fuse togeth-
er. 

In both processes, the model is created 
by taking a 3D CAD drawing of the object and breaking it down into “slices”. The machine 
builds up the object one slice at a time, moves the build platform down by the thickness of 
one layer, then builds the next on top of that, and so on. 

Stereolithography 

Stereolithography is similar to laser sintering, but uses a vat of liquid photopolymer resin. An 
ultraviolet laser is shone into the resin, 
causing  it to harden and solidify where 
exposed to the light. Again, the model is 
built up layer-by-layer. 

Fused Deposition Modelling 

Fused Deposition Modelling (FDM) works 
by passing a thin plastic filament through 
a heated nozzle, melting it into a liquid. 
The nozzle moves over the build platform, 
laying down the molten plastic into a lay-
er of the model, which cools and solidi-
fies. The build platform is moved down by 
the thickness of one layer, and the pro-
cess repeated to build up a 3D model. 
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• Relative cost 

• Availability 

• Ease of use  

• Safety in use 

• Forms of supply 

• Sustainability  

• Ferrous and non-ferrous metals and alloys – (e.g. cast iron for machine bases; bronze for 
boat propellers) 

• Thermoplastics – (e.g. ABS for appliance casings)  

• Thermosetting plastics – (e.g. phenol-formaldehyde for heat resistant saucepan handles)  

• Ceramics – (e.g. tungsten carbide for cutting tool tips)  

• Composites – (e.g. carbon fibre for bicycle frames)  

• Smart materials – (e.g. shape memory alloys in alarm systems) 

 Characteristics of Engineering Materials 

 Uses of Specific Materials 

 Engineering Materials: Metals 

The Types of Metals 

Metals

Ferrous Metals

Pure Ferrous 
Metals

Iron

Ferrous Alloys

Steel

High-Speed 
Steel

Non-Ferrous 
Metals

Pure Non-
Ferrous Metals

Copper Aluminium

Zinc Tin

Lead Silver

Gold Mercury

Non-Ferrous 
Alloys

Brass (Copper 
+ Zinc)

Bronze 
(Copper + Tin)

Solder (Lead + 
Tin)



R109  Exam Revision — LO1: Properties and Uses of Engineering Materials 

Version 1.2 4 M. Griffiths for TES 

 Ferrous Metals 

Ferrous metals are metals that consist mostly of iron and small amounts of other elements. 
Ferrous metals are prone to rusting if exposed to moisture, unless they are mixed (alloyed) 
with other elements to resist rusting (such as chromium, which makes stainless steel) or 
coated in another resistant material (such as zinc, as in galvanised steel). Ferrous metals can 

also be picked up by a 
magnet. These properties 
(rusting, and interaction 
with magnets) are due to 
the presence of iron.  

Common ferrous metals 
include: 

• Mild steel (AKA low-
carbon steel) 

• Cast iron 

• High-carbon steel 

• High-speed steel 

• Stainless steel 

Ferrous metals can corrode (rust) and are attracted to 
magnets due to the iron they contain. 

Metal Type Properties Made of Uses 
Melting 

Point 

Mild (low-
carbon) 
steel 

A ductile and mallea-
ble metal. Rusts quickly 
when in frequent con-
tact with water. 

Iron, carbon 
(0.05%-0.25% 
carbon) 

Construction girders, 
car bodies, machine 
parts, fencing and gates. 

1600°C 

High-carbon 
steel 

A strong and hard steel 
that has high resistance 
to abrasion. 

Iron, carbon 
(1.5% carbon) 

Hand tools 
(screwdrivers, ham-
mers, chisels, saws, gar-
den tools). 

1800°C 

High-speed 
steel 

Resistant to wear, but 
brittle. 

Iron, tungsten, 
chromium, va-
nadium, molyb-
denum 

Drill bits and lathe 
cutting tools. 

1800°C 

Stainless 
steel 

Resistant to wear and 
corrosion (rust). 

Iron, chromium 
(18%), nickel 
(8%), molyb-
denum (2%) 

Kitchen sinks, cutlery, 
cookware, surgical in-
struments. 

1400°C 

Cast iron Very strong under com-
pression, but brittle. 

Iron, carbon 
(4%) 

Brake discs, engine 
blocks, metalwork vices, 
manhole covers, ma-
chinery bases. 

1200°C 
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Punching Machines 

CNC punching machines are designed to work on sheet material, typically between 0.5mm 
and 6mm thick. They most commonly utilise 2 axes. Typically, the tool head remains station-
ary and the machine bed manipulates the sheet material underneath the punch head. 

A vast range of shapes are able to be punched. Designs can vary from conventional holes to 
slots, square profiles, extruded sections and even pre-threaded holes. 

The benefit of CNC punching is that multiple holes can be punched at once, compared to 
conventional drilling machines that can only drill one at a time. The process generates mini-
mal heat and therefore reduces component distortion.  Large sections of material can be 
handled by the equipment. Efficiency and accuracy is far superior to manual alternatives.  

The drawback of CNC punching machines is the equipment is often extremely large and 
bulky. Punches generate a significant amount of noise due to the force required and the ini-
tial setup cost of a CNC punching machine can be large. 

The applications of CNC punching include vents, metal casings for appliances, grilles and 
trays. 

Press Brake Machines 

Press brakes, also known as “brake presses” or just “brakes”, are machines used to bend 
sheet metal using tooling known as dies and punches.  The brake press typically has an up-
per and lower section.  The upper holds a piece of tooling known as a punch which has a 
general v shape to it, the lower has a matching shape and it known as the die.  The two sec-
tions of the press brake are moved together forcing the sheet metal between them to bend. 

Tooling comes in a range of shapes and can be fully customised. The profile will depend on 
the geometry of bend required and the thickness of the material being shaped. 

The CNC aspect of a computer controlled press brake is the back stop/back gauge. Depend-
ing on the complexity of the machine several axes of the back gauge can move to assist in 
bending a profile. 

Laser Cutting 

Laser cutting uses a high-powered 
laser to etch and cut sheet material. 
The laser heats up the material 
where the beam hits it, melting and 
vaporising the material. The cutting 
head is moved over the material on 
two axes (X and Y). Laser cutters can 
cut sheets of plastic, metal, wood, 
card and paper. 

Laser cutters require ventilation to 
extract the fumes of vaporised ma-
terial. Higher-powered laser cutters 
also use a compressed gas such as 
oxygen or nitrogen. 

javascript:HandleLink('cpe_8058_0','
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CNC Milling Machines 

CNC milling is a specific form of 
computer numerical controlled 
(CNC) machining. Milling itself is a 
machining process similar to both 
drilling and cutting, and able to 
achieve many of the operations 
performed by cutting and drilling 
machines. Like drilling, milling 
uses a rotating cylindrical cutting 
tool. However, the cutter in a mill-
ing machine is able to move along 
multiple axes, and can create a 
variety of shapes, slots and holes. 
In addition, the work-piece is 
often moved across the milling 
tool in different directions, unlike 
the single axis motion of a drill. 

CNC milling devices are the most 
widely used type of CNC machine. 
Typically, they are grouped by the 
number of axes on which they 
operate, which are labeled with 
various letters. X and Y designate horizontal movement of the work-piece (forward-and-back 
and side-to-side on a flat plane). Z represents vertical, or up-and-down, movement, while W 
represents diagonal movement across a vertical plane. Most machines offer from 3 to 5 ax-
es, providing performance along at least the X, Y and Z axes. Advanced machines, such as 5-
axis milling machines (pictured above), require CAM programming for optimal performance 
due to the incredibly complex geometries involved in the machining process. These devices 
are extremely useful because they are able to produce shapes that would be nearly impossi-
ble using manual tooling methods. 

Water Jet Cutters 

Water jet cutting systems involve passing water under high pressure through a small diame-
ter nozzle to produce a water jet. The jet travels at a very high speed, with sufficient kinetic 
energy to cut a wide range of materials. If sand is added, an abrasive effect occurs that al-
lows the water jet to cut hard materials such as metal and stone. 

Further Reading 

More information on water jet cutting can be found here: 

https://www.omax.com/learn/waterjet-

cutting 

R109  Exam Revision — LO1: Properties and Uses of Engineering Materials 

Version 1.2 5 M. Griffiths for TES 

 Non-Ferrous Metals 
Non-ferrous metals are metals that do not have any iron in them. Non-ferrous metals are 

not attracted to magnets, and do not corrode in the same way as iron when exposed to 

moisture (though they may tarnish—they form a thin layer on the surface, but this does not  

flake off and break down the metal like rust). 

Metal Type Properties Uses 
Melting 

Point 

Aluminium Lightweight, malleable and duc-
tile. Light silvery-grey colour. 

Saucepans, drinks cans, cooking 
foil, window frames. 

660°C 

Copper Ductile and malleable. Excellent 
conductor of heat and electricity. 
Reddish-brown in colour. 

Plumbing pipes, electrical wire, 
cookware, roof coverings. 

1084°C 

Zinc Very resistant to corrosion, but 
zinc is weak by itself and is used 
mainly for coating steel. 

Galvanising steel to prevent 
corrosion. 

419°C 

Tin Very ductile and malleable, and 
resistant to corrosion. Bright sil-
ver in appearance. 

Tin-plating on steel food cans to 
prevent corrosion. 

231°C 

Lead Soft, dense, and very malleable. 
Bluish-white in colour when cut, 
but tarnishes quickly to dull grey. 

Roofing, batteries, x-ray shield-
ing, lead weights. 

327°C 

Non-ferrous alloys are metals that are a mixture of two or more metals, and do not contain 

iron. They are not attracted to magnets. 

 Non-Ferrous Alloys 

Metal Type Properties Made of Uses 
Melting 

Point 

Brass Easy to cast and ma-
chine. Resists corrosion. 
Conducts heat well. 
Golden yellow in colour. 

Copper and zinc Musical instruments, 
screws, water fittings, 
cartridge casings for fire-
arms. 

940°C 

Bronze Hard but brittle. Very 
resistant to corrosion. 

Copper and tin 
(up to 10% tin) 

Mostly ornamental 
(statues, medals, coins), 
but also bearings and 
underwater fittings (e.g. 
ship’s propellers). 

950°C 

Solder Very low melting point Lead and tin Joining components in 
electronics, plumbing, 
jewellery making. 

200°C 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjBg87f4LvNAhVrCsAKHW75DQUQjRwIBw&url=http%3A%2F%2Fwww.keyword-suggestions.com%2FY25jIGxhdGhlIGRpYWdyYW0%2F&psig=AFQjCNFeAaWYsmXgMYsdCSuzQ5mA8eE7Aw&ust=1466689065
https://www.omax.com/learn/waterjet-cutting
https://www.omax.com/learn/waterjet-cutting
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Q: What is a polymer? 

A: The term polymer is commonly used today in the plastics and composites industry, and it 
is often used to imply the meaning of "plastic" or "resin". 

You need to know about 2 types of polymers: 

THERMOPLASTICS and THERMOSETTING PLASTICS 

A THERMOPLASTIC is usually a plastic polymer, which becomes soft when heated and hard 
when cooled. This can be done several times. 

They can be recycled. When thermoplastics are heated, they melt to a liquid. They also 
freeze to a glassy state when cooled enough. 

There are many thermoplastics: 

•  Acrylonitrile-Butadiene-Styrene (ABS) 
• Polyethylene 
• High Impact Polystyrene (HIPS) 
• Polyvinyl Chloride (PVC) 
• Nylon 
• Polycarbonate 
• Polypropylene 

Polymer Properties Uses 

High impact polysty-
rene (HIPS) 

Softens at 95°C. Easy to mould. Light 
and strong. 

Vacuum-formed packag-
ing and casings 

Acrylic (Polymethyl 
methacrylate, PMMA) 

Good optical properties (can be 
transparent or coloured with pig-
ments). Hard wearing and shatter-
proof. 

Plastic windows, bath 
tubs, display signs 

High-density polyeth-
ylene (HDPE) 

Softens at 120°C. Strong. Bowls, buckets, milk 
crates 

Low-density polyeth-
ylene (LDPE) 

Softens at 85°C. Softer, more flexible 
and less strong than HDPE. 

Carrier bags, packaging, 
film 

Polyvinyl chloride Stiff and hard wearing. Coverings for electric 
cables, floor and wall 
coverings, packaging 

 Engineering Materials: Polymers 

 Thermoplastics 
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 Applications of Computer Controlled Production Processes 

Computer Numerical Control (CNC) Machining Processes 

Increasingly, in engineering production, manufacturing is being carried out using computer 
controlled machinery. 

In industry it is not efficient or profitable to make everyday products by hand. On a CNC ma-
chine it is possible to make hundreds or even thousands of the same item in a day. First a 
design is drawn using design software, then it is processed by the computer and manufac-
tured using the CNC machine. 

CNC means Computer Numerical Control. A computer converts the design produced by 
Computer Aided Design software (CAD), into num-
bers. The numbers can be considered to be the co-
ordinates of a graph and they control the move-
ment of the cutter. In this way the computer con-
trols the cutting and shaping of the material. 

The way coordinates are used can be seen in the 
diagram (right). The X, Y and Z axis control the 
movement of the cutter on a 3D CNC machine. This 
allows materials to be machined in three directions 
(3D manufacture). 

CNC Lathes 

Conventional CNC lathes have 2 axes (“axes” is the plural of “axis”), the same as a manual 
lathe. But machines are available with multiple axes that can be operated.  The additional 
axes allow for greater manipulation of the tooling and work piece. The more axes that can 
be manipulated, the more complex the shape that can be made using the machine. 

X 

Z 
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Lathe 

The lathe is a machine tool used principally for shaping pieces of metal by causing the work 

piece to be held and rotated by the lathe while a tool bit is advanced into the work causing 

the cutting action.  
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Types Thermosetting plastics Use 

Polyester Resin Glass fibre reinforced mouldings 

Urea-formaldehyde Adhesives, finishes, particle board, MDF, and 

moulded objects 

Epoxy resin Adhesives, protective coatings, in electronic cir-

cuit boards and patching holes in concrete pave-

ment 

Phenol-formaldehyde Billiard balls, laboratory countertops, and as 

coatings and adhesives. 

Q: What is a Thermosetting plastic? 
A: THERMOSET,  or THERMOSETTING PLASTICS are synthetic materials that strengthen dur-
ing heating, but cannot be successfully re-moulded or reheated after their initial heat-
forming. 

 Thermosetting Plastics 

 Engineering Materials: Other Materials 
 Smart Materials 

SMART MATERIALS have properties that change depending on external conditions like tem-
perature, light and electricity. Smart materials that are already being used include: 

• Shape Memory Alloys 
• Viscoelastic Compounds 
• Piezoelectric Materials 
• Quantum Tunnelling Composites 
• Colour Change Materials 

SHAPE MEMORY ALLOYS 

Some materials, when stretched, will go back to their old shape. This is called ELASTICITY. 
However, when they are stretched or bent further, they stay in the shape they have been 
moulded to. This is called PLASTICITY. 

If a part is made of SHAPE MEMORY ALLOY (SMA) and it is bent out of shape it must be 
heated to above its transition temperature to return to its original shape. Transition tem-
perature is the temperature at which it changes from a hard condition to rubbery. This cycle 
can be repeated many times. 

SMAs can be formed into most shapes. The most common SMA is an alloy of nickel and tita-
nium, NITINOL, which has a transition temperature of 70°C. 

VISCOELASTIC COMPOUNDS are a type of smart liquid which is normally soft and moulda-
ble. However, if they are suddenly hit or impacted they act like rubber and become bouncy. 
They are used to make toys like silly putty, or to change the way vehicle suspension systems 
respond to sudden movements.  
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PIEZOELECTRIC MATERIALS do not conduct electricity, but when squeezed quickly they cre-
ate electricity for a moment. If electricity is put across the material there is a slight change in 
charge. An example of a piezoelectric material is quartz. 

There are many piezoelectric materials that are polymers and thin-film ceramics. They can 
be used for microphones, loudspeakers, electrical generators and sensors in alarms. 

QUANTUM TUNNELLING COMPOSITES (QTC) are flexible polymers that contains tiny metal 
particles. it is an insulator, but when squeezed it becomes a conductor that can pass high 
currents. It can be used to make membrane switches (a switch that turns an electrical circuit 
on and off) in mobile phones, pressure sensors and speed controllers. 

THERMOCHROMIC MATERIALS are materials that change colour when the temperature 
changes. The colour changes occur because of liquid crystal technology. They are used for: 

• Plastic strips that indicate temperature 
• Test strips on the side of batteries 
• Packaging materials that show when food has been cooked to the right temperature  
• Indicators on cups to show whether the contents are hot.  
PHOTOCHROMIC MATERIALS change colour depending on UV light. They are used for nail 
varnish, jewellery, security markers and mobile phone cases. 

 New and Emerging Materials 

NANOTECHNOLOGY is a field of research and innovation concerned with building materials 
and devices on the scale of atoms and molecules. A nanometre is one-billionth of a metre, 
far smaller than can be seen with the naked eye. A very powerful microscope is needed to 
see materials at a nano level. 

Examples of nanotechnologies: 

Silicon nanowires, also referred to as SiNWs, are a type of semiconductor nanowire most 
often formed from silicon. SiNWs are considered one of the most important “one-
dimensional “materials as they could have a function as building blocks for nano-scale elec-
tronics assembled without the need for complex and costly fabrication facilities. 

Further Reading 

Further information on engineering materials and their 

properties: 

https://bbc.in/2UPrhGY  
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Machines and Processes 

Pillar drill 

Used for wasting pro-

cess - making holes in 

materials. 

The pillar drill is used 

for drilling holes 

through materials in-

cluding a range of 

woods, plastics and 

metals. It is normally 

bolted to the floor so 

that it cannot be 

pushed over and that 

larger pieces of material 

can be drilled safely.  

Vacuum forming 

machine 

Vacuum forming is a 

simplified version of 

thermoforming, 

where a sheet of 

plastic is heated to a 

form-

ing temperature, 

stretched onto a 

single-surface 

mould, and forced 

against the mould 

by a vacuum. This 

process can 

be used to form 

plastic into objects.  

https://en.wikipedia.org/wiki/Nanowire
https://en.wikipedia.org/wiki/Silicon
https://bbc.in/2UPrhGY
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PAINTING is one the most common surface treatments used. Applying paint to a component 
protects the outer surface of the component from environmental exposure, as well as 
providing a range of aesthetic improvements (colour, sheen and texture). The paintiprovides 
an additional layer between the base metal (or plastic etc.) and the world around us. It used 
on vehicles, street furniture, buildings and structural items but the list could go on. Spray 
painting is widely used over brushing and uses electrostatic principles. The spray gun is given 
a charge which the paint droplets pick up as they leave the gun. The component is given the 
opposite charge which helps to attract the paint particles to the object being painted. 

ELECTROPLATING is the process whereby a cheaper base metal is coated with a much more 
expensive metal, in order to make it visually attractive and aesthetically pleasing (gold and 
silver plating are examples). Electroplating is usually a decorative process and the aim is to 
increase the visual appeal of the product. It also serves to provide protection against corro-
sion. Some everyday products including bathroom taps are electroplated with chrome for 
decoration as well as corrosion resistance. 

Electroplating involves suspending the object to be plated in an ionic solution along with an 
anode of the metal the object will be plated with. An electrical charge is passed through the 
anode, the ionic solution and the object (the cathode). This causes particles of the anode to 
bond to the surface of the cathode (the object), producing a thin, even layer on the surface. 

PLASTIC AND POWDER COATING is similar to painting, but uses a fine, free-flowing dry pow-
er. Like electrostatic spray-painting, the powder is sprayed onto the object using a spray gun 
carrying an electrical charge, while the object is given the opposite charge. The powder 
sticks to the object, then is heated to melt the powder, causing it to flow over the surface 
and form a tough, uniform skin. 

Further Reading 

More information on surface finishes can be found here: 

https://bit.ly/2S5TnMk 

Further Reading 

More information on production techniques can be found here: 

https://bbc.in/2NEK7zM  
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Testing methods fall into two major categories: Non-Destructive Testing (NDT), where the 
product is not damaged in the testing process, and Mechanical Testing, (or Destructive 
Testing), where a product or part is forced to fail by the application of various load factors. 

MECHANICAL TESTING or DESTRUCTIVE TESTING Involves testing to find out the: 

• Hardness — the ability of a material to resist deformation (changing shape) under load 
• Strength — the ability of a material to withstand loads without failing. 
• Impact toughness — the ability of a material to resist breaking when a sudden load is 

applied. 
Materials can be subjected to various types of loads such as tension (being “stretched”) or 
compression (being “squashed”). 

HARDNESS TESTING 

The two most common types of hardness test 
are the Brinell Test and the Rockwell Test. 

In the Brinell hardness test, a known load is 
applied for a given period of time to a speci-
men surface using a hardened steel or tung-
sten-carbide ball, causing a permanent inden-
tation. The diameter of the resulting perma-
nent indentation is then measured and con-
verted to a Brinell hardness number. 

The Rockwell hardness test involves the use 
of an indenter for penetrating the surface of a 
material first by applying a minor, or initial 
load, and then applying a major, or final load 
under specific conditions. The difference be-
tween the minor and major penetration 
depths is then noted as a hardness value. The 
harder the material the higher the number. 

TENSILE TESTING 

Force is applied perpendicular to the cross sectional area of the test item. Two of the prima-
ry material properties that tensile tests determine are the YIELD STRENGTH (the stress re-
quired to permanently elongate, or deform, a material a specific amount) and the ULTIMATE 
TENSILE STRENGTH (the maximum stress a material can withstand just prior to fracturing). 

IMPACT TESTING 

Impact testing measures the resistance to shock loading or impact by determining the 
amount of energy absorbed by the test specimen. There are two basic types of impact tests: 
PENDULUM and DROP WEIGHT. 

 Material Testing 

 Mechanical Testing 

 Material Testing 

A Brinell hardness testing machine. 

https://bit.ly/2S5TnMk
https://bbc.in/2NEK7zM
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In pendulum tests, the material to be tested is 
shaped into a standard-sized bar with a notch 
in it. In the CHARPY test, the bar is tested hori-
zontally, and in the IZOD test the bar is tested 
horizontally. In both cases, the amount of en-
ergy taken to cause the sample bar to fracture 
is measured and recorded. 

In a DROPPED WEIGHT test, a known weight is 
dropped from a specified height.  

A principle advantage over the pendulum im-
pact tests is that the drop weight impact test 
can define failure by either deformation, crack 
initiation, or complete failure of the specimen. 

FATIGUE TESTING 

Fatigue testing determines a material’s ability to withstand repeated loading. A sample of 
the material is bent, twisted or squashed/stretched repeatedly. This is continued either for a 
certain number of cycles, or until the material fails (by cracking or breaking). 

CREEP TESTING 

Creep testing places a sample of the material under continuous load for a length of time to 
check if it distorts. This is often as simple as suspending a weight from the sample of materi-
al. The test often takes place at high temperatures, and over thousands of hours. 

Further Reading 

Further information on material testing, with videos of common 

material testing processes: 

https://bit.ly/2R4kOdf  

An Izod impact testing machine 
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 Heat Treatment 

HEAT TREATMENT is a group of processes used to alter the physical properties of a material. 

HARDENING and TEMPERING is performed on high-carbon steel only. Hardening makes the 
steel tougher but more brittle (likely to snap). Tempering strengthens the steel, reducing its 
hardness slightly but also making it less brittle. When hardening, the steel is heated until it 
glows red, then is quenched (rapidly cooled) in clean water or oil. The steel is then tempered 
by being heated again, to a lower temperature, and allowed to cool more slowly. 

CASE HARDENING is suited to mild steel, and is a process by which a thin layer of carbon is 
added to the surface, making it more hard-wearing. The steel is heated up until red hot, and 
then put into case hardening compound, a powder that contains high amounts of carbon. 
After cooling a little, the steel is then heated red hot again, and quenched in clean water. 
This makes the surface of the steel more hard-wearing, but does not affect the flexibility of 
the interior. 

ANNEALING involves heating the metal and allowing it to cool slowly, and can be applied to 
many metals including copper, steel, silver and brass. Annealing will make the metal softer 
and more malleable. 

NORMALISING is a particular form of annealing used on ferrous alloys only. Again, the metal 
is heated (to a higher temperature than annealing), then allowed to cool slowly. Normalising 
makes the grain size in the steel much smaller, resulting in a tougher and more ductile steel. 

NITRIDING is a process that diffuses nitrogen into the surface of a metal. This is normally 
done on low-carbon steel., but can also be used on higher carbon steels, as well as alumini-
um and titanium. The metal is heated up inside a chamber filled with ammonia (a gas made 
up of nitrogen and hydrogen). The nitrogen in the ammonia diffuses into the metal surface. 
Nitriding produces a very hard-wearing surface. 

SURFACE FINISHING serves several purposes; it can improve the appearance of the product, 
and can also increase durability and resistance to wear. 

LINISHING is a technique used to smooth and flatten objects. It is similar to sanding on 
wood, and is used to smooth and polish a component, to remove joints where metal parts 
have been welded together, to clean away surface damage or roughness, or remove corro-
sion or old coatings. Linishing uses a series of abrasive moving belts to remove material, 
starting with a coarser (lower) grit and progressing to a finer (higher) grit for the smoothest 
finish. 

GALVANISING is the process of adding a layer of zinc to steel or iron. The layer of zinc pro-
tects the metal from corrosion (rusting). The component is dipped into a bath of molten zinc; 
the zinc adheres to its surface and forms a zinc-iron alloy. The zinc, when in contact with 
oxygen in the air, forms zinc oxide, protecting the iron from forming iron oxide (rust). Galva-
nising is common on items that will be exposed to water, such as street furniture (benches, 
lamp-posts, railings, etc.), gardening tools, and construction material. 

POLISHING is finishing process that smooths the surface of the material using an abrasive. 
Polishing may be done by hand, or using a rotating polishing wheel. 

 Surface Finishing 

https://bit.ly/2R4kOdf
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 Joining Methods 

Often castings, forgings and fabrications are not able to be achieved in one solid piece. In 
order to achieve the geometry’s, applications and end user requirements multiple compo-
nents need to be fixed together either permanently or semi-permanently. 

Method Process Advantages Disadvantages 

Soldering Two items are joined 

by melting filler materi-

al (solder) into the join. 

Low heat input, less likely to 

distort or warp the materials,  

solder conducts electricity, 

easy to learn 

Weak joints compared to oth-

er methods, process can be 

slow. 

Brazing Two items are joined 

by melting filler materi-

al into the join. 

Lower heat input than weld-

ing, produces a clean joint, 

can join non-similar metals 

Weak joints compared to 

welding, fluxing agents re-

quired to control oxidation, 

joint colour is different to the 

original material. 

Welding Two items are joined 

by melting filler materi-

al into the join. 

Strong joints, produces a 

clean joint, welds can use 

same material 

Requires high temperatures, 

requires specialist welding 

skills and tools. 

Riveting A fastener (rivet) is put 

through the material 

and struck with a ham-

mer or rivet gun to 

shape it. 

Creates strong, permanent 

connections, can join dissimi-

lar materials, can join where 

there is access to only one 

side of the material. 

Cannot be removed without 

destroying the rivet, blind 

rivets can work loose when 

vibrated, requires specialist 

skills and tools. 

Adhesives A chemical adhesive is 

spread on one or both 

surfaces, which sets 

hard. 

Creates strong, permanent 

connections, can join dissimi-

lar materials, no visible fixings 

Can be weaker than other 

joining methods, requires 

specialist knowledge to select 

appropriate adhesive, some 

adhesives fail when heated. 

Threaded 

fasteners 

Components are joined 

using screws, bolts, 

nuts, etc. 

Creates strong connections, 

can usually be removed, can 

join dissimilar materials, re-

quires little specialist skills or 

May be difficult to access, may 

fail when subjected to vibra-

tion or sheer forces. 

Self-tapping 

screws 

Components are joined 

with a screw that cuts 

its own thread into the 

material. 

Creates strong connections, 

may be removable a limited 

number of times, easy to 

work with, requiring little 

specialist skills or equipment. 

May fail when subjected to 

sheer forces, may damage 

material when being screwed/

unscrewed. 
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Learning outcome 2 (LO2) is  about your understanding of engineering processes. 

 Material Removal 

One of the most commonly used methods when it comes to creating an engineered product 
is the process of material removal, also known as wasting. 

Most components start life as a section of material, e.g. round bar, and through having 
chunks removed can be transformed into something else, e.g. a threaded screw or bolt. 

Tool / Machine Name Uses 

 Parallel twist bit Wasting process to make a round hole 

 Counter sink Creates holes for tapered headed screws 

 Counter bore Creates holes for flat bottomed screws 

e.g. pan head screws 

 Reamer Wasting process to enlarge the size of 

previously drilled holes  

 Files Wasting process to smooth and shape 

material 

 

 

 

A tap 

1st - Taper 

2nd - Plug 

3rd– Bottoming 

Cutting tool used to cut thread within 

drilled holes. Used in the order shown 

taper tool first, plug tool second and 

then last the bottoming tool. 

 Tapping dies Forming tool used to cut thread on 

round bar to create a bolt  

 Tapping wrench Hand tool used to turn tap tools 

 Coping saw Hand tool used to cut curved lines 

 Tenon saw Hand  tool used to cut straight lines 

 Scroll saw Machine used to cut detailed curves  
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Tool / Machine Name Uses 

 Junior hacksaw Hand tool used for cutting 

mainly straight lines in 

arrange of materials 

 Hacksaw Hand tool used for cutting 

 Engineers square Measuring tool use to 

check work piece is square 

two sides 90 degrees to 

 Steel rule Measuring tool used to 

 Scribe Hand tool used to mark 

 Dividers Hand tool used to measure 

 Vernier callipers Measuring tool used to 

measure internal dimen-

sions, outside dimensions 

and depth 

 Micrometer Measuring tool used to 

measure depth, length and 

 

 

 

Digital height gauge Measuring tool used to 

measure the height of an 

object acurately 

 Protractor Measuring tool used to 

measure angles in degrees 
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 Hand Forming 

Forming, or metal forming, is the metalworking process of creating metal parts and objects 
through mechanical deformation; the work piece is reshaped without adding or removing 
material, and its mass (how heavy it is) remains largely unchanged. Forming operates on the 
materials principle of plastic deformation, where the physical shape is permanently de-
formed. 

The three most common methods of hand forming are forging, casting and bending. 

CASTING 

Casting is a manufacturing process in which a liquid material is usually poured into a mould. 

The mould contains a hollow cavity of the desired shape, and the liquid is poured in then 
allowed to solidify. The solidified part is also known as a “casting”. This is ejected or broken 
out of the mould to complete the process.  

Advantages: There is no real limit to the size of cast objects. Casting can create of complex 
geometries where conventional machining methods would be un-economical to use. The 
operator can have a great deal of control over the process and a wide range of properties 
can be achieved by adjusting the percentage of alloying elements. Castings generally have 
great compressive strength. Casting has a relatively low cost due to a mould being able to be 
used multiple times. 

Disadvantages:  Casting is not economical for one-off or job production. Often, secondary 
processes are needed to achieve an acceptable surface finish. Dimensional accuracy can be 
poor with some methods e.g. sand casting. Castings tend to be brittle in composition; this 
makes them susceptible to fracture under tensile (shock) loads. 

Casting Applications: Engine components, machine tool beds and housings, crank shafts, 
gears, propeller blades 

FORGING 

Forging is a manufacturing process in which metal (usually iron or steel) is heated, then 
shaped using a hammer, or pressed into a die by a machine. 

Advantages: Forged objects are generally stronger than an equivalent cast part. As the metal 
is shaped during the forging process, its internal grain texture deforms to follow the general 
shape of the part, making it stronger. With press forming, shapes are made in a single blow, 
reducing the time taken to make parts. Very little material is wasted in forging. 

Disadvantages: Parts formed by forging still may require further finishing. Where forging 
dies are used, the dies are expensive to make so forging is not suited to one-off production. 
Forging is a hot and noisy process, and special equipment and casting rooms are needed. 


