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Metal Forming methods: 
BATCH 
Drop forging 
Cold working 

Hot working 
Investment casting 
Die casting 
Punch press 

Stamping 
Extruding 
Coiling 

Water jet 
Laser 
3D printing  

Plasma cutting 
 
 

 
 
 
 

Metal 
properties: 
Hardness 
Brittleness 
Ductile 

Malleable 
Melting points 
Strength 
Conductors 
Insulators 
Density 
Weight 

Corrosive 

Metal categories: 
Ferrous – Contains iron 
Non ferrous – no iron 
Alloy – a mix of 2 or more metals. At least a 

10% - 90% mix 

Common types of 
metal: 
Ferrous 
High carbon steel 

Medium carbon steel 
Mild steel 
Stainless steel 

Non ferrous 
Aluminium 
Titanium 
Zinc 

Copper 
Alloys 
Aluminium alloy 

Brass 

Metal Forming 
methods: ONE OFF 
Sand casting 
Milling 

Lathe 
Water jet 
Laser 
3D printing  

Plasma cutting 
 

 

Metal Forming 
methods: MASS 
Cold working 
Hot working 

Punch press 
Stamping 
Extruding 

 

 
 
CNC: 
CNC machining is a manufacturing process in which pre-
programmed computer software dictates the movement of 
factory tools and machinery. The process can be used to 

control a range of complex machinery, from grinders and 
lathes to mills and routers.  



Metal properties 

Material 
Cost 

Type Hard
ness 

Brittle Ductile/ 
malleable 

Melting 
point °c 

Strength Electrical 
conductor 

Heat 
conductor 

Density weight corrosive 

Aluminium 
VH 

NF 660 L 

Aluminium 

Alloy VH 
A 865-

1240 
L 

Titanium VH NF cold warm 1670 L 

Mild/Low 
Carbon 
steel M 

F 1600 H 

High 

Carbon 
Steel M 

F 1800 

 
H 

Medium/mil

d Carbon 
Steel M 

F 1600 

 
H 

 

Stainless 
steel H 

F 1400 H 

 

Zinc VH NF 420 H 

Copper M NF 1084 L 

Brass M A 1000 H 



Metal properties 

Material 
Cost 

Type Hard
ness 

Brittle Ductile/ 
malleable 

Melting 
point °c 

Strength Electrical 
conductor 

Heat 
conductor 

Density weight corrosive 

Aluminium 
VH 

NF 1220 L 

Aluminium 

Alloy VH 
A 865-

1240 
L 

Titanium VH NF cold warm 1670 L 

Mild/Low 
Carbon 
steel M 

F 1500 H 

High 

Carbon 
Steel M 

F 1500 

 
H 

Medium 

Carbon 
Steel M 

F 1500 

 
H 

 

Stainless 
steel H 

F 1500 H 

 

Zinc VH NF 420 H 

Copper M NF 1084 L 

Brass M A 1000 H 



SAND 

CASTING 

https://www.youtube.com/watch?v=9g_JfhjcBAU 

https://www.youtube.com/watch?v=mOxd3op2a3s 

http://www.youtube.com/watch?v=9g_JfhjcBAU
http://www.youtube.com/watch?v=mOxd3op2a3s


DROP  

FORGING 
 

https://www.youtube.com/watch?v=ekgSaIGjJJI 

https://www.youtube.com/watch?v=EpVlu8vDjfM 

https://www.youtube.com/watch?v=ekgSaIGjJJI
https://www.youtube.com/watch?v=EpVlu8vDjfM


COLD WORKING 

HOT WORKING 

https://www.youtube.com/watch?v=3kxcw08p_oY 

http://www.youtube.com/watch?v=3kxcw08p_oY


INVESTMENT 

CASTING  

(lost wax  

casting) 
 
 
 
 

https://www.youtube.com/watch?v=TVsJlWEzZY8 

https://www.youtube.com/watch?v=TVsJlWEzZY8


Die  

casting 

https://www.youtube.com/watch?v=iSyBsdJkQu8 

https://www.youtube.com/watch?v=iSyBsdJkQu8


Milling 
 

https://www.youtube.com/watch?v=Ef59DogwLrI 

https://www.youtube.com/watch?v=3YzAl29Ag78 

https://www.youtube.com/watch?v=Ef59DogwLrI
https://www.youtube.com/watch?v=Ef59DogwLrI
https://www.youtube.com/watch?v=3YzAl29Ag78


https://www.youtube.com/watch?v=bckCL0HXPdk 

lathe work 
 

https://www.youtube.com/watch?v=bckCL0HXPdk


PUNCH PRESS (stamping) 
 

https://www.youtube.com/watch?v=ZGamWOu-yjI 

https://www.youtube.com/watch?v=_Np461igdGk 

 

Stamping 

https://www.youtube.com/watch?v=uz1G3z_puug&t=27s 

 

http://www.youtube.com/watch?v=ZGamWOu-yjI
http://www.youtube.com/watch?v=ZGamWOu-yjI
http://www.youtube.com/watch?v=ZGamWOu-yjI
https://www.youtube.com/watch?v=_Np461igdGk
https://www.youtube.com/watch?v=uz1G3z_puug&t=27s


HYDRAULIC PRESS  

– Cars case study  
 

https://www.youtube.com/watch?v=l1ZrKhsciXU 

http://www.youtube.com/watch?v=l1ZrKhsciXU


Extruding 
 

https://www.youtube.com/watch?v=Y75IQksBb0M 

http://www.youtube.com/watch?v=Y75IQksBb0M


Coiling 
 

https://www.youtube.com/watch?v=99KNCCIiMQI 

http://www.youtube.com/watch?v=99KNCCIiMQI


Folding and bending 
 

https://www.youtube.com/watch?v=rAWryQ0HBfg 

https://www.youtube.com/watch?v=rAWryQ0HBfg


CAM – Computer aided manufacturing 

CNC 

 

Water jet, laser, 3D printing 
 

https://www.youtube.com/watch?v=3f93Sz043DI 

https://www.youtube.com/watch?v=yKYt4BxtAxY 

https://www.youtube.com/watch?v=FqQAjkZOBeY 

https://www.youtube.com/watch?v=bgHoQ_5dT2M&l

ist=PLBW1h8azPIa4wboMV82THFZhNMl8vBuw&index=1 

https://www.youtube.com/watch?v=3f93Sz043DI
https://www.youtube.com/watch?v=yKYt4BxtAxY
https://www.youtube.com/watch?v=FqQAjkZOBeY
https://www.youtube.com/watch?v=bgHoQ_5dT2M&list=PLBW1h8azPIa4wboMV82THFZhNMl8vBuw&index=1
https://www.youtube.com/watch?v=bgHoQ_5dT2M&list=PLBW1h8azPIa4wboMV82THFZhNMl8vBuw&index=1
https://www.youtube.com/watch?v=bgHoQ_5dT2M&list=PLBW1h8azPIa4wboMV82THFZhNMl8vBuw&index=1


Plasma  

cutting 
 

https://www.youtube.com/watch?v=_oBaXyIax_Q&t=802s 

https://www.youtube.com/watch?v=LvIpgBNyXBs 

https://www.youtube.com/watch?v=S6QND5GmWpA 

https://www.youtube.com/watch?v=_oBaXyIax_Q&t=802s
https://www.youtube.com/watch?v=LvIpgBNyXBs
https://www.youtube.com/watch?v=S6QND5GmWpA
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Polymer Forming 
methods: BATCH 
Drop forging 
Cold working 

Hot working 
Investment casting 
Die casting 
Punch press 

Stamping 
Extruding 
Coiling 

Water jet 
Laser 
3D printing  

Plasma cutting 
 
 

 
 
 
 

Polymer properties: 
Colourful 
Insulator 
Conductor 
Strong/tough 
Brittle 

Flexibility 
Recyclability 
 

Polymer categories: 
Thermo polymer– Crude oil, can be heated 
and reshaped 
Thermo setting polymer – Crude oil, can 

only be shaped once 
Bio polymer – made from plant oils 

Common types of 
Polymer: 
Thermo 
ABS 

HDPE 
LDPE 
Polypropylene 
Acrylic 

Polyimide 
Thermo setting polymer 
Polyurethane 

Melamine 
formaldehyde 
Phenol formaldehyde 

Bio polymer 
PLA 
 

Polymer Forming 
methods: ONE OFF 
Sand casting 
Milling 

Lathe 
Water jet 
Laser 
3D printing  

Plasma cutting 
 

 

Polymer Forming 
methods: MASS 
Cold working 
Hot working 

Punch press 
Stamping 
Extruding 

 

 
 
CNC: 
CNC machining is a manufacturing process in which pre-
programmed computer software dictates the movement of 
factory tools and machinery. The process can be used to 

control a range of complex machinery, from grinders and 
lathes to mills and routers.  



Polymer properties 
Material Category colourful Electrical 

insulator 
Heat 
insulator 

Strong/ 
tough 

Brittle flexibility recyclable 

ABS T 

(Poly)urethane TS 

Polyethylene/Pol
ythene 
HDPE, LDPE 

T 

polypropylene T 

Acrylic T 

PLA BP 

Polymide (Nylon) T 

Melamine 
formaldehyde 

TS 

Phenol-
formaldehyde 

TS 



Polymers - Thermoset 

Name Properties Principal uses 

Epoxy resin Good electrical insulator, 
hard, brittle unless 
reinforced, resists chemicals 
well 

Casting and encapsulation, 
adhesives, bonding of other 
materials 

Melamine formaldehyde Stiff, hard, strong, resists some 
chemicals and stains 

Laminates for work surfaces, 
electrical insulation, 
tableware 

Polyester resin Stiff, hard, brittle unless 
laminated, good electrical 
insulator, resists chemicals 
well 

Casting and encapsulation, 
bonding of other materials 

Urea formaldehyde Stiff, hard, strong, brittle, 
good electrical insulator 

Electrical fittings, handles 
and control knobs, adhesives 



Polymers - Thermo 

Name Properties Principal uses 

Polyamide (Nylon) Creamy colour, tough, fairly hard, resists 

wear, self-lubricating, good resistance to 

chemicals and machines 

Bearings, gear wheels, casings for power 

tools, hinges for small cupboards, curtain 

rail fittings and clothing 

Polymethyl methacrylate 

(Acrylic) 

Stiff, hard but scratches easily, 

durable, brittle in small sections, good 

electrical insulator, machines and 

polishes well 

Signs, covers of storage boxes, aircraft 

canopies and windows, covers for car 

lights, wash basins and baths 

Polypropylene Light, hard but scratches easily, tough, 

good resistance to chemicals, resists work 

fatigue 

Medical equipment, laboratory equipment, 

containers with built-in hinges, 'plastic' 

seats, string, rope, kitchen equipment 

Polystyrene Light, hard, stiff, transparent, brittle, with 

good water resistance 

Toys, especially model kits, packaging, 

'plastic' boxes and containers 

Low density polythene 

(LDPE) 

Tough, good resistance to chemicals, 

flexible, fairly soft, good electrical 

insulator 

Packaging, especially bottles, toys, 

packaging film and bags 

High density polythene 

(HDPE) 

Hard, stiff, able to be sterilized Plastic bottles, tubing, household 

equipment 



Compression moulding 
 

https://www.youtube.com/watch?v=sceetLZDyz0 

https://www.youtube.com/watch?v=xOzyaKDbE8s 

http://www.youtube.com/watch?v=sceetLZDyz0
https://www.youtube.com/watch?v=xOzyaKDbE8s


Injection moulding  
 

https://www.youtube.com/watch?v=fMrztVSCskI 

https://www.youtube.com/watch?v=RMjtmsr3CqA&t=426s 

https://www.youtube.com/watch?v=fMrztVSCskI
https://www.youtube.com/watch?v=RMjtmsr3CqA&t=426s


Extruding 
 

https://www.youtube.com/watch?v=WaB-dsB1Kfk 

https://www.youtube.com/watch?v=Tp2Rdx69SSo 

https://www.youtube.com/watch?v=WaB-dsB1Kfk
https://www.youtube.com/watch?v=WaB-dsB1Kfk
https://www.youtube.com/watch?v=WaB-dsB1Kfk
https://www.youtube.com/watch?v=Tp2Rdx69SSo


Metals - Ferrous 

Name and melting point Properties and characteristics Principal uses 

Cast iron 1200°C Hard skin, softer underneath, 
but brittle, corrodes by rusting 

Parts with complex shapes 
which can be made by 
casting 

Mild steel 1600°C Tough, ductile, malleable, 
good tensile strength, poor 
resistance to corrosion 

General purpose 
engineering material 

High carbon steel 1800°C Even harder than medium 
carbon steel and more brittle, 
can be heat-treated to make it 
harder and tougher 

Cutting tools, ball bearings 

Stainless steel 1400°C Hard and tough, resistant to 
wear and corrosion 

Cutlery, kitchen equipment 



Metals – Steel – not an alloy? 



Metals – Non Ferrous 

Name and melting 
point 

Composition Properties and 
characteristics 

Principal uses 

Aluminium 660°C Pure aluminium Good strength-to-weight 
ratio, light, soft, ductile, 
good conductor of heat 
and electricity 

Kitchen equipment, 
window frames, 
general cast 
components 

Copper 1080°C Pure copper Malleable and ductile, 
good conductor of heat 
and electricity, resistant to 
corrosion 

Water pipes, 
electrical wire, 
decorative goods 

Brass 900-1000°C Alloy Resistant to corrosion, fairly 
hard, good conductor of 
heat and electricity 

Ornaments, cast 
items such as water 
taps 

Tin 230°C Pure tin Soft, weak, malleable, 
ductile and resistant to 
corrosion 

Usually used for 
coating steel to form 
tin-plate, soft solder 



PROPERTIES: 

Titanium has half the density of steel, making it a lightweight replacement. 

Titanium has a similar tensile strength to steel.  

It has a very high melting point, 1670oC. 

Titanium resists corrosion and when exposed to air, it forms an oxide layer, that prevents further 

corrosion.  

It is extremely resistant to acids and salt water. 

It is non-magnetic. 

Titanium is a poor conductor of heat. 

 

SOME PRACTICAL APPLICATIONS: 

Titanium alloys are used in the aerospace industry, for example, the manufacture of turbine 

blades for jet engines. 

Titanium pipe is used by the oil industry, as it is not corroded by sea water. It is ideal for the 

construction of desalination plants, that process drinking water from sea water, due to its 

corrosion resistance.  

It is used by the electronics industry, for the manufacture of superior PCBs, used in hostile 

environments. The medical world uses titanium products (dental and orthopaedic implants). 

Titanium has military and marine applications.  

As it is non magnetic, it is used in the manufacture of sensitive computer hard drives. 

 

Titanium (Ti), is a lightweight metal, that has a variety of practical applications. It is 
normally alloyed with other metals such as, aluminum, iron, vanadium or 
molybdenum, depending on its potential use. Titanium ore is very common and 
distributed around the world, being mined in Australia, South Africa, China, India, 
USA and Canada. 

Case study 



Case study 



Metals – Alloys 90% - main metal, base metal 
or parent metal 

alloy main metal(s) in alloy typical use 

amalgam mercury dental fillings 

brass copper and zinc hinges, electrical plugs 

solder lead and tin joining metals 

 
Can you name some others? 



Polymers - Thermoset 

Name Properties Principal uses 

Epoxy resin Good electrical insulator, 
hard, brittle unless 
reinforced, resists chemicals 
well 

Casting and encapsulation, 
adhesives, bonding of other 
materials 

Melamine formaldehyde Stiff, hard, strong, resists some 
chemicals and stains 

Laminates for work surfaces, 
electrical insulation, 
tableware 

Polyester resin Stiff, hard, brittle unless 
laminated, good electrical 
insulator, resists chemicals 
well 

Casting and encapsulation, 
bonding of other materials 

Urea formaldehyde Stiff, hard, strong, brittle, 
good electrical insulator 

Electrical fittings, handles 
and control knobs, adhesives 



Polymers - Thermo 

Name Properties Principal uses 

Polyamide (Nylon) Creamy colour, tough, fairly hard, resists 

wear, self-lubricating, good resistance to 

chemicals and machines 

Bearings, gear wheels, casings for power 

tools, hinges for small cupboards, curtain 

rail fittings and clothing 

Polymethyl methacrylate 

(Acrylic) 

Stiff, hard but scratches easily, 

durable, brittle in small sections, good 

electrical insulator, machines and 

polishes well 

Signs, covers of storage boxes, aircraft 

canopies and windows, covers for car 

lights, wash basins and baths 

Polypropylene Light, hard but scratches easily, tough, 

good resistance to chemicals, resists work 

fatigue 

Medical equipment, laboratory equipment, 

containers with built-in hinges, 'plastic' 

seats, string, rope, kitchen equipment 

Polystyrene Light, hard, stiff, transparent, brittle, with 

good water resistance 

Toys, especially model kits, packaging, 

'plastic' boxes and containers 

Low density polythene 

(LDPE) 

Tough, good resistance to chemicals, 

flexible, fairly soft, good electrical 

insulator 

Packaging, especially bottles, toys, 

packaging film and bags 

High density polythene 

(HDPE) 

Hard, stiff, able to be sterilized Plastic bottles, tubing, household 

equipment 



Mechanical Properties of Engineering Materials 

 

Aim to know the properties of the materials available to use 

Task - Give a definition and a material example which has the 

property 

•Strength - 

•Toughness - 

•Hardness - 

•Hardenability - 

•Brittleness - 

•Malleability - 

•Ductility - 

•Creep and Slip (elasticity and insufficient friction) - 

•Resilience - 

•Fatigue - 
 



Metal finishing methods 

SOME OF THE WAYS METALS ARE PROTECTED WITH A FINISH….. 

 
There are many types of surface finish that can be applied to metals and some 

are listed below: 
1. A ‘machined’ finish, as provided by a center lathe, surface grinder or a 
vertical miller. 

2. Hand finishing, through the application of an abrasive. This includes the use of 
emery cloth, wire wool and metal polish. 
3. Adding a layer to the metal surface, through galvanizing the surface or 

anodizing. 
4. Adding a layer through powder coating or dip coating in polymer. 

5. Electroplating a metal, which deposits a thin protective layer on the surface. 
6. Oil blacking of steel, to provide a dark, attractive, protective layer. 
7. Case Hardening, to increase the wear resistance. 

8. Using hand tools, such as a planishing hammer, to create a decorative 
surface and to toughen the surface. 
9. A clear lacquered finish. 

10. Japaning – black lacquered finish 
11. Etching 



Smart materials. 



Smart and composite materials. 

Smart material Special properties Uses 

Polymorph 

Shape memory alloy – SMA 
(heat/electrical) 

Thermochromic inks 

Hydrochromic inks 

Photochromic inks 

Aroma pigments 

Hydrocarbon encapsulating 
polymer 



composite materials. 



Smart and composite materials. 

Composite  Extra properties Uses 

Steel Reinforced Concrete 

GRP - Glass Fibre(glass reinforced 
plastic) 

CFRP - Carbon Fibre (carbon 
reinforced plastic) 

Plywood 


