
Engineering L2 – Forces and Moments
1 of 17 - Welcome
Welcome to this session on forces and moments.

By the end of this session, you will be able to:
· Identify the five types of force
· Know a range of mechanical devices and how they work
· Explain what mechanical advantage is
· Know what a moment of a force is and how to calculate it
2 of 17 - What is force?
Forces are pushes or pulls that are exerted on objects. They are what is known as vector quantities, which means they have direction as well as magnitude, and are measured in newtons (N). 
Forces can either be contact forces when two objects are touching, or non-contact forces when they are not touching. [interaction] to see the difference between contact and non-contact forces.
Contact forces are those which act between two objects that are physically touching one another. Examples including pushing a door to close it, or the friction that slows down a ball as it rolls along the ground. 
Non-contact forces are those which act between two objects that are not physically touching one another. An example is a magnetic force, when two opposing magnetic poles pull towards one another, or two like poles push away. 
3 of 17 – The effects of force
Forces are invisible, but their effects are often not. When a force acts on an object it can change the object. Usually the force will affect the object in one of three ways. 
· Speed – making the object speed up or slow down
· Direction of movement – such as deflecting the course of a moving object or turning it to point in a new direction
· Shape – such as stretching, squashing, bending or breaking
Sometimes you will not see the effects of the force directly. For example, if you sit on a metal chair you are exerting downwards force on it, however the chair might not move or change shape under you as it is strong enough to withstand your weight.
4 of 17 – Types of force
There are five types of force that can act on an object. 
They are:
1. Tension – pulling things apart
2. Compression – pushing things together
3. Bending – force at an angle to the material
4. Torsion – a twisting force
5. Shear – force acting across the material
5 of 17 – Tension
Tension is a pulling force. A material’s resistance to being pulled apart is often called its tensile strength. 
Some materials will spring back to their previous shape after being put under tension and others will not, remaining stretched. 
If a material is strong, sometimes it can be hard to see that it is under tension until it gives way and breaks. 
Tension is used for lots of applications, such as the wires holding up a suspension bridge or when a person pulls a cart behind them carrying objects.
6 of 17 - Compression
Compression is the opposite of tension; it is a pushing force. 
When something is placed on top of something else the object underneath is compressed by the one above. 
Just as with tension, sometimes materials will rebound when the compressive force is removed and sometimes, they will not. Changing the shape or structure of an object or material will often affect how it responds to compressive forces. 
7 of 17 - Torsion
Torsion is a twisting force. The amount of torsion can also be referred to as torque. 

Some objects are designed to resist more than a small amount of torsion, such as buildings and bridges. Movement of people, vehicles and wind will cause some twisting, however too much is undesirable and can cause material failure. 

Other objects can make use of torsion force. When wet fabrics are twisted this helps to expel water from them. Springs can store torsion force to move an object, such as to close doors automatically, close a washing peg or winding up a clockwork mechanism to drive a toy or clock.
8 of 17 - Shear and bending
Shear and bending forces both happen when forces are acting towards an object in different directions. 

Shear forces can push an object over or cut through it. Scissors operate using shear force, as the blades push the paper in opposite directions but are offset slightly so they are not pushing at each other. 

When bending forces are happening, the forces will be at an angle to the material, causing it to fold over if the force is sufficient compared to the strength of the material. 

Bending and shear forces need to be considered when building any large object that will come under compression or tension, such as a building or bridge, as unbalanced forces will be more likely to cause structural failure.
9 of 17 - Mechanical devices
Mechanical devices can make movement easier by decreasing the forces required to move an object. 

Key mechanical devices that you should be aware of include:

· Levers – Made of a bar and a pivot known as a fulcrum; you can apply force to one end of the bar to lift a heavy load on the other end.
· Linkages – Levers can be joined together with moving and fixed pivots to form a linkage, which can change the direction of motion and amount of force.
· Gears – Wheels with teeth around the outside that interlock with each other to transfer motion to another place or change the direction or speed of movement. 
· Pulleys – Wheels shaped with a groove, allowing a rope or cord to be pulled over the wheel to lift a heavy load attached to the other end of the rope.
· Belts – A loop of flexible material that goes around two or more pulley wheels, transferring movement from one rotating pulley to another, often to increase or decrease rotational velocity.
10 of 17 - Mechanical advantage
Using a machine to perform a task usually uses less effort than doing it by hand without assistance. This additional help given by the machine is known as mechanical advantage. 

Mechanical advantage is measured by dividing the load by the effort applied to moving it, both measured in newtons (N). Sometimes this is described as the output divided by the input. 

This is represented by the equation:
mechanical advantage = load (N) / effort (N)

Mechanical advantage is sometimes written as a ratio, showing how much more load can be moved than by the person. For example, where 100N of effort is used to raise a load of 200N using a pulley, the mechanical advantage is 200 / 100 = 2, or 2:1 meaning the person can lift twice as much with the help of the machine.
11 of 17 - Calculating mechanical advantage
Levers are an example of a machine that gives mechanical advantage. 

Imagine a lever being pushed to lift a car. The car weighs 17,000N. The person puts in 1000N of effort to lift the car. What is the mechanical advantage of the lever? 

Click on the car to see if you were correct. 

To calculate the mechanical advantage of the lever, we use the following formula:
mechanical advantage = load (N) / effort (N)
mechanical advantage = 17,000 / 1000
mechanical advantage = 17

12 of 17 - Calculating mechanical advantage
When a force causes an object to turn around a pivot point, the turning effect of the force is known as the moment of the force. These moments can act in either clockwise or anticlockwise directions. 

You can calculate the moment of a force by multiplying the force applied (F) by the perpendicular distance from the pivot (d). 

moment = F x d

Force is measured in newtons (N) and distance in metres (m) so moments are measured in newton metres (Nm).
13 of 17 - Question 1
Indicate if the following statement is true or false.

Magnetic force is an example of a contact force.

The correct answer is false - magnetic force is an example of a non-contact force.
14 of 17 - Question 2
Match the five types of force to their definitions.

	Force
	Definition

	Tension 
	Force acting across the material

	Compression 
	Force at an angle to the material

	Bending
	Pulling things apart

	Torsion 
	Pushing things together

	Shear 
	A twisting force



The correct answers are:
	Force
	Definition

	Tension 
	Pulling things apart

	Compression 
	Pushing things together

	Bending
	Force at an angle to the material

	Torsion 
	A twisting force

	Shear 
	Force acting across the material



15 of 17 - Question 3
How is mechanical advantage calculated?

a) Mechanical advantage = load (N) x effort (N)
b) Mechanical advantage = load (N) / effort (N)
c) Mechanical advantage = weight (kg) / effort (N)
d) Mechanical advantage = weight (kg) x effort (N)

The correct answer is b. Mechanical advantage is calculated as: mechanical advantage = load (N) / effort (N)
16 of 17 - Question 4
A force of 5N is applied at a perpendicular distance of 2m from the pivot. What is the moment of that force? 

a) 3Nm
b) 5N
c) 10Nm
d) 2.5Nm

The correct answer is c. 
A moment is calculated using the formula:
moment = F x d
moment = 5 x 2
moment = 10Nm
17 of 17 – End
Well done. You have completed this session on forces and moments.

You should now be able to:
· Identify the five types of force
· Understand a range of mechanical devices and how they work
· Understand what mechanical advantage is
· Understand what a moment of a force is and how to calculate it

If you are unsure or have any questions about any of these topics, make a note and speak to your tutor for more help.

