
Unit :1   MECHANICAL AND ELECTRICAL/ ELECTRONIC ENGINEERING PROCESSES 
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Machining processes: The manufacturing 

of engineered products  or parts by the 

removal of waste materials or shaping  of 

the work piece.   

Three groups

Turning: produce a cylindrical shape. 

Work is held in a rotating chuck.  

*Milling: process used to shape work 

piece by removing excess materials to 

produce a range of complex and simple 

shape. The work piece is clamped on to 

the  machine vice and fed under the 

rotating cutter  attach to a spindle to form 

the desired shape. 

*Drilling: process that create round holes 

in a work piece.  Drill bits is attach to the 

spindle chuck to create the round hole, 

correct drill size must be used to drill the 

correct size hole in the work piece. Drill 

size: 1mm- 12.5 mm [ school workshop]

Health and safety
Possible accidents 

Loose clothing entangle on to 

revolving parts.

Flying swarf  flying 

Hands, arm coming in contact 

with revolving parts. 

Minor burns from handling hot 

work piece due to friction. 

Prevention.

Turning: Lathe 

*Milling:  

Drilling machine 



Machine Operation

Turning: Facing off: removing materials from the end of a work piece, to leave a flat  round surface.

Parallel turning: removing materials from the outer end of a work piece, while maintaining  the same size 
along its length.

Taper turning : A process used to  create a conical shape by turning the tool post slightly at an angle.

Parting off:  A  process used to cut off the work piece  to the required length.

. 



UNIT:1

WHAT  PROCEES IS USED TO 

MANUFACTURE  THIS PART 

FROM A CAR ENGINE?



Unit :1   FORMING  PROCESSES

• Two type of  forming processes. 

• Casting 

• Forging. Pattern place in 

casting box: drag  

and cope

Casting 

Casting sand is ram 

on to the pattern 

until it fill the casting 

box. 

The pattern is 

taken out: a sand 

cavity is form in the  

casting box. 

Molten metal:  iron 

or alloys  is pour 

into the sand cavity. 

Molten metal cool 

down and takes the 

shape of the cavity. 



Unit :1 FORMING  PROCESSES [ PRIMARY PROCESS] 

Sand casting

• Molten metal is poured into a mould created in sand. The mould is made by a wooden pattern, and metal is 
poured through a hole in the sand. The mould is in two parts called a cope and drag, which are separated to 
remove the completed item. [ Petro bond sand, Parting powder,  pattern,  ingot Aluminium ]

Products.

Man-hole cover

Car parts -? 

Reasons

Dimensional accuracy is not vital. Can be used for large items.

Die casting

• Molten metal is forced under high pressure into a mould. The mould is usually made from two parts of 
hardened tool steel.

Products

Toy cars

Reasons

Large quantities of product dimensional accuracy  need to be accurate



Unit :1 FORMING  PROCESSES [ PRIMARY PROCESS] 

Investment casting 

A pattern is made from wax, which is then surrounded by clay or other ceramic materials. Once completed,

molten metal is poured into the mould, sometimes with pressure applied. 

Product  

Compressor wheels   

Reasons  

Used for making complex shapes with a high degree of accuracy. 

Permanent mould casting

The mould is made from metal, usually cast iron. A layer of heat-resistant clay is added to the inside of the

mould to help release parts. 

Product  

Compressor wheels, Pressure valves , Gear wheels, and  Engine pistons. 

Reasons

Making products in large quantities, Products  that can withstand high pressures. 



Unit :1 FORMING  PROCESSES [ PRIMARY PROCESS] 
Advantages   casting. 

Some of the  materials used can be recycled.

Can be cheaper especially for sand casting. 

Good surface finish. 

Complex and non  complex shapes can be produce 
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Forging: This is the process that involves a metal being heated  up and shaped by applying  squeezing  or 
compression force such as hammer blows on a hot metal over an anvil. 

During forging the metal undergo Plastic deformation - this is when a force is applied to a material it 
changes its shape or size permanently, even after the force  has been removed. 

Forging improves  the physical  properties of a metal, by changing  the direction of the grain flow- to 
improve, strength, toughness,  and ductility.

Types of  forging Process

• Drop forging

A heated work piece is held  in a fixed die. A hammer or upper die is then dropped, using gravity, on to the 
work piece to form it. [ Die is a mould made from metal]

• Product

• Engine cam shaft

Reason High production rate. Used for small to medium-sized shapes. Good dimensional accuracy.



Unit :1 FORMING  PROCESSES [ PRIMARY PROCESS] 
Types of  forging Process
Press forging

Uses a slow squeezing action for forming the heated work piece. This process is suitable 

for making large objects. 

Product

Aircraft landing gear

Reasons  High production rate, used for large-sized shapes, Good dimensional accuracy, molten metal 
penetrates the whole object. 

Upset forging 

Usually only one end of a bar needs to be shaped. The heated end of the work piece is gripped in a fixed die 
and then struck by a moving die with a hammer blow.

Product

Head of a bolt, socket screw,

Reasons  High production rate,  Good dimensional accuracy,  used for ................



Unit :1 FORMING  PROCESSES [ FABRICATION PROCESSES] 
Shearing 

This is the process used to cut a straight lines on a range of materials from sheet metal to angle and 
bar stock.  An upper blade and a lower blade are forced past each other with a space  between 
them determined  by a required offset. 

Example of shearing equipment. 

Tin snip [college work shop]

Bench/lever shear. 



Unit :1 [ FABRICATION PROCESSES] 
Welding:

permanently Joining two pieces of metal together, this is done by using intense  

heat to fuse the metal together.

Welding Process. 

MIG Welding - This is the most common  industrial  welding process , it uses electricity and gas to 

generate  the heat that is needed to fuse the metal. MIG [Metal Inert Gas]

Advantages:  

Suitable for large scale production. 

Different thickness of metal can be use 

Reduce cost: There is  no need for extra  cleaning.[Free from fumes and spatter]

Oxy- Acetylene- Gas  welding process  uses flame produced by the mixture of two gases 

[Oxygen and acetylene] When the flame comes in contact with the welding rod it melts the 

rod forming a molten pool, allowing welding to take place 



Unit :1 [ FABRICATION PROCESSES] 
Advantages 

Easy  to use because the gases can be regulated manually. 

In expensive  to use. 

Mostly  use in school or college workshop

[Oxygen and acetylene] When the flame comes in contact with the welding rod it melts the 

rod forming a molten pool, allowing welding to take place  

Spot Welding - it uses electrical  resistance to join sheet material together,   it works with a                   
transformer  which has a  primary and secondary winding  connected to copper electrodes. When the two 
electrodes trap the metal they generate heat enough to fuse the metal together. 

Advantages:  

Reduce cost: There is  no need for extra  cleaning.[Free from fumes and spatter]

Very costly. 

Little maintenance. 



Unit :1  [ Electrical/ Electronic Processes] 
Five steps of PCB manufacture: [PCB – Printed Circuit Board]

Designing the layout.  

Software / hand drawings  can be use to design the circuit layout. 

Art work

Circuit diagram showing the track and component position, should be converted to a 

black and white image, and then copy on to acetate film.

PCB  etching

•Peel  protective covering  from the photo etching board 

•Transfer the art work  from  the acetate  film on to the photo etching board.  

•Place the board and art work  in a UV light box, make sure it is in the correct way up. 

Turn light box on for 21/2 minutes. 

•Place the board  in to a developer solution and remove after 10 sec, then  place in to a ferric chloride until all 
the copper on the photo etching board  is etched away. [ what you see is copper circuit and component 
position]



Unit :1  [ Electrical/ Electronic Processes] 
Five steps of PCB manufacture: [PCB – Printed Circuit Board]

Drilling the board  

Drill holes on the board at the components position.

Populating the board and soldering

Place components in the correct  position and solder them in place. 

Surface Mount Technology. - High-Volume industrial  PCB manufacture 

Components  are attach  on to the conductive board rather than drilling holes for the                                    

component legs to fit in. how?????  

Advantages of Surface Mount Technology  

Increased Production speed. 

Complex circuits are produce on small boards 

Reduced cost of components,  

Highly automated 



Stages Description
1

2

3

4

5

Unit :1  [ Electrical/ Electronic Processes]  PCB board 
Name:



Unit :1  [ Electrical/ Electronic Processes] 
Five steps of Surface Mount Technology 

Solder paste to copper  pads.

components  are place on copper board using robot. 

Boards  are transfer to  the reflow soldering oven.  

Board is heated to a temperature that melts  the solder paste

Components are soldered on to the surface of the board  

Boards  are inspected for imperfections 



Unit :1 [ Modern Production Methods] 

Robots: What is a Robot??????????

Functions  of Robot.

Exploration:

Assembly 

Packaging and dispatch    

Advantages of modern Production Methods.  
High quality product. 
Flexible  when responding to change 
Repetitive.



Unit :1 [ Modern Production Methods] 

Robots:  A re-programmable electromechanical  devise 
designed to move and transport parts, and tools, as  well as to 
carry out a specialised manufacturing task. 
Functions : 

Exploration:  Robots  are used for Space and naval  
exploration through the use of [ROV]  fitted with camera s, 
and sensory devices, this allows the controller to control  the 
robot away from danger. 
Assembly 
Robotic arms are used to perform dangerous task  in an 
assembly line for example  welding the frame of a car, spray 
painting parts without endangering the lives of the workers. 

Packaging and dispatch
Airport and parcel services use  PLC [Programmable Logic 
Controllers]  to control the movement of  baggage's, and 
parcel through a series of sensors, cameras, and conveyor 
system. 
Key words: Re- programmable device.



Unit :1 [ Modern Production Methods] 

. 

https://www.youtube.com/watch?v=IfojHo9cVOk ROBOTS 

CNC: Computer Numerically Controlled 

Computer controls the spindle speed of the chuck or movement of the machine table in a 
milling machine. 

CAD/ SOLID WORKS CAM/ MAYKA :V7 

Feed rate: spindle 

speed, machine table, 

cutting time.

Finish  product.

https://www.youtube.com/watch?v=IfojHo9cVOk
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Unit :1 [ Materials and their processing in engineering] 

Morden 
Composite  
Material

Properties Application/use

Carbon fibre High strength to weight  ratio. Easy 
to mould does not rust.

Boat, F1 cars,  Bicycle parts, Aircraft 
parts.

Kevlar High tensile Strength, chemical
resistant, non flammable, 

Bullet proof vest , helmet and guitar 
string

GRP Does not rust, durable 
Electrical resistant, less expensive 
material. Easy to mould into 
complex shapes.

Car body, Garage door
Hull of a boat.
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Morden 
High performance 
Material

Properties Application/use

Tungsten High melting point, and high 
density.

Light bulb filament, X- ray, tube  
engine nozzle

Titanium Corrosion – resistant, low density, 
non reactive, low thermal
conductivity.

Medical implant [hip replacement]
Golf club,

Nickel based super alloys Corrosion – resistant,  Heat 
resistance, 
Does not degrade easily.

Jet engine turbine disc,  Jet engine 
fan blade. Car engine valve,
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Morden 
High performance 
Material

Properties Application/use

Cobalt –based super alloys High melting point, Jet engine turbine disc,  Jet engine 
fan blade. Car engine valve,

Ceramics- boron  carbide Very light weight, very hard, high 
erosion resistance. 
Corrosion resistant

Vehicle armouring

Ceramics Corrosion – resistant, 
Very hard but brittle
Does not wear easily 

Glassware, catalytic converters, and 
electronic components.
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SMART MATERIAL Properties Application/use

Shape memory alloys [SMA] Return to their original shape after 
heating or deformation.
Light weight 
Quite expensive

Spectacle frame,
Tube fittings

Shape memory Polymers[ SMP] Return to their original shape after 
heating or deformation.
Light weight 
Quite expensive

Sportswear, Orthopaedic Surgery

Piezoelectric Ability to generate electricity 
charge when squeezed or pressed

Sensors, power sources, 
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Metallic foams Properties Application/use

Light weight 
Made from aluminium 
High strength to weight ratio
Absorb large amounts of energy 
when crushed. 
Transfer of heat energy 
Non –Flammable. 
Once crushed does not return to it 
original shape. 
Very expensive.

Sound dampening in  cars and 
aircraft.  
Absorb of energy  during car crash.
Take the heat from electronic 
components in order to reduce 
product failure. 



Unit :1 [ Materials and their processing in engineering] 
Powder Metallurgy Properties Application/use

Method of producing consistently 
shaped components by blending  
elements or pre alloyed powders 
together. The powder is then 
compacted in a die and heated in a 
furnace to bond the particles. 
Different process of powder 
metallurgy are Blending, mixing, 
pressing, and sintering. 
Advantages: 
No wastage 
Complex part can be produce  with 
precision and tolerances. 
The process can be automated –
high volume of production.



Unit :1 [ New technologies in engineering] 

Blended wing bodies 
Hybrid design use the wings of a 
conventional aircraft, smoothly 
blended into a wide tailless 
body.[material light weight 
composite]
Advantages 
Reduces turbulent 
Reducing drag 
Improves  fuel efficiency of the 
aircraft.
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Optical Fibres: 
is a flexible, transparent fiber 
made by drawing glass and 
plastic to a diameter slightly 
thicker than that of a human hair. 
Advantages. 
Ability to transmit data at higher 
speeds. 
Lower rates of transmission 
errors.
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Hydrogen Fuel cell: 
A fuel cell is an electrochemical 
device that combines hydrogen 
and oxygen to produce electricity, 
with water and heat as its by-
product.
Advantages. 
Hydrogen fuel cell operate 

quietly  and very efficient than 
traditional technologies.  
Fewer  moving parts mean- very 
simple construction and 
therefore mass production cost  
are low. 
Application 
Car
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Surface nanotechnologies: 
They are chemical systems / 
materials that provides coating to 
a range  of surfaces. 
Ceramics- produces hygienic  
surfaces. 

Metals- resistant to corrosion

Glass- Cleaning  process is much 
less time –consuming.  

Plastics- easier surface cleaning 

Textiles – water and dirt 
repellent 

Minerals – long-lasting materials
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Telematics

the branch of information 
technology which deals with 
the long-distance 
transmission of computerized 
information. Combination of 

ICT and telecommunication. 
Application 
GPS in vehicles



Unit :1 [ New technologies in engineering] 

Bionics

Science of applying electronic 
principles and devices such as 
computer  and  small circuits to 
solve medical problems.
How it works 
Blue tooth connection  and 
software to control limbs.
Application 
Prosthetic limbs and arm 
Pacemakers 





https://www.youtube.com/watch?v=SVUSJuYQhA4 Sand casting 

www.youtube.com/watch?v=Za0t2Rfjewg lathe. 

https://www.youtube.com/watch?v=GRL9Pf7STSM milling machine. 

https://www.youtube.com/watch?v=Pj_mjjUQad8 Die casting

https://www.youtube.com/watch?v=SVUSJuYQhA4
http://www.youtube.com/watch?v=Za0t2Rfjewg
https://www.youtube.com/watch?v=GRL9Pf7STSM
https://www.youtube.com/watch?v=Pj_mjjUQad8


https://www.youtube.com/watch?v=lxM_D93gHJY

The bionic man, and what he tells us about the future of being human 

https://www.youtube.com/watch?v=O15UPhuOg54

https://www.youtube.com/watch?v=lxM_D93gHJY
https://www.youtube.com/watch?v=O15UPhuOg54


Unit :1 [ Materials and their processing in engineering] 

Fully describe three functions of Robots. 

What is CNC ? explain how it works, and its usefulness for modern production methods. 

State the difference  between smart  and composite materials, give one example of each and state the 
reasons for using them in product manufacturing.  

Why is metallic foams useful in car or aircraft manufacturing? Give three examples.

What is the difference between powder metallurgy and sandcasting process. 


