GRADE 8: TECHNOLOGY:  REVISION NOTES 					Term 3
TOPIC 1: Structures Mechanical systems and Control

Activity 1: 	Levers, linkages and gears
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You will also revise what you learnt earlier this year about how gear systems can give a mechanical advantage or a speed advantage. Then you will learn about a type of gear called a bevel gear. Bevel gears change the direction of rotation.

It is important that you understand mechanical advantage very well, because you will be doing calculations about mechanical advantage.

Machines at home
Figures 4 to 7 show machines that you might have at home. Write down what each
of these machines is used for, and how they make it easier to do the task.

1. A bottle opener 
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2. A pair of scissors
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[image: ]3. A hammer 





4. A pair of pliers
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Levers allow you to change the direction of movement, the size of movement and the amount of input force that is needed for the output movement to happen.

Do you remember what mechanical advantage is?

You already know that:
• If the input force is smaller than the output force, there is a mechanical advantage. You can say the mechanical advantage is bigger than 1.
• If the input force is bigger than the output force, there is no mechanical advantage, but rather a distance advantage. You can say the mechanical advantage is smaller than 1.

When engineers, scientists and technologists design mechanisms, they want to know exactly how big the mechanical advantage in a system is. It is not good enough for them to say that the mechanical advantage is bigger than 1 or smaller than 1. They need a number to tell them exactly how big or small the mechanical advantage is. We call this number the mechanical advantage.

The mechanical advantage is calculated by dividing the output force by the input force:

Mechanical advantage = output force ÷ input force = output force

You can also say that the mechanical advantage is the ratio between the output force and the input force.
If a lever makes it easier to lift a heavy weight, the input force is less than the output force, and the mechanical advantage is greater than 1.
For example, if the output force is 12 and the input force is 4, the mechanical advantage is calculated in the following way:

12 ÷ 4. This can also be written as 12
                                                         4 

The answer to this calculation can be written in different ways:

A ratio of 3 to 1 OR 3:1 OR 3

This means that the output force is three times greater than the input force. You can also say that the lever gives a mechanical advantage of 3.

You can use the abbreviation MA for mechanical advantage. These different ways of writing the answer all mean the same thing: they are equivalent.
You can write an equals sign instead of “OR” between the different ways of writing the answer, because they are equivalent.

Figure 8: A mechanical advantage of 3
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The first-class lever and mechanical advantage
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Figure 10: A small input force over a large input distance

A lever can change a large movement with a small input force into a small movement with a large output force. When you use a bottle opener, you use a small input force to pull up the long handle, and the lever mechanism makes the output
NOTE WELL:
If MA > 1, then a small input force over a big distance at one end, can move a bigger output force over a shorter distance at the other end. The bottle opener, scissors, hammer and pliers in Figures 4 to 7 are examples of this.

The first-class lever and distance advantage
You can also use a lever the other way around. You can use a big input force over a small input distance. This gives a smaller output force over a bigger output distance.

You can see this in Figure 11.

[image: ]
Figure 11: A large input force over a small input distance
These kinds of levers are often used to help cranes lift things very high. If, for example, the input arm moves 1 cm down and lifts the output arm 4 cm up, the lever is giving you a distance advantage. But the input force has to be 4 times bigger than the output force, so the mechanical advantage is less than 1:

MA = output force ÷ input force = 1
      
        4
    =  1 quarter.

Note well:
When the MA < 1, there is not a mechanical advantage, but rather a distance advantage.
A big input force over a small distance at one end, produces a smaller output force over a bigger distance at the other end. The pair of kitchen or braai tongs in Figure 12 is an example of a tool that gives a distance advantage.

The first-class lever and distance advantage

You can also use a lever the other way around. You can use a big input force over a small input distance. This gives a smaller output force over a bigger output distance.
You can see this in Figure 11.

When the MA < 1, there is not a mechanical advantage, but rather a distance advantage.
A big input force over a small distance at one end, produces a smaller output force over a bigger distance at the other end.

The pair of kitchen or braai tongs in Figure 12 is an example of a tool that gives a distance advantage.
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Figure 11: A large input force over a small input distance
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Figure 12: A pair of kitchen or braai tongs (distance advantage)

Linked levers
Figures 13 and 14 show two types of tools that are used for pruning trees, which
means to cut off twigs and branches.

[image: ]
Figure 13: Pruning shears
[image: ]
Figure 14: Loppers

LEARNER ACTIVITY
1. How do you know that both of these tools use levers?
2. How do you know that the levers used are first-class levers?
3. Do both of these tools give a mechanical advantage? Explain your answer.
4. Which of these tools will give you greater mechanical advantage? Explain your answer.

NOTE WELL:

All first-class levers have the fulcrum between the input and the output.
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Figure 15: A see-saw is a first-class lever.

FIRST-CLASS LEVERS

The fulcrum is the fixed point on a lever. The lever doesn’t go up or down at the fulcrum. All the other points on a lever rotate around the fulcrum. You can also say the rest of the lever ‘pivots’ around the fulcrum.
Remember from Term 1 Chapter 5 (p. 56) that a pivot point is only a fulcrum if it supports the action of a lever. To do that, a pivot point needs to be fixed in position. When a pivot point is not fixed, it merely allows linked/connected parts to move.

In a first-class lever, the fulcrum is always between the input and the output.
The input force is the force that you apply to a lever to make it move.
The output force is the force that the lever exerts on the load.
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Learner Activity
1. Are both the pairs of levers used in the bolt cutter first-class levers? Explain your answer.
2. What can you say about the total mechanical advantage of the two pairs of levers linked to each other?
3. Look at the cutting levers (the end that cuts). What is different about the fulcrums of these levers compared to a pair of scissors?
4. Compare the arrangements of the fulcrums in the bolt cutter and the pair of scissors. Why are the fulcrums arranged in a different way in a bolt cutter than in a pair of scissors?
SECOND-CLASS LEVERS GIVE A MECHANICAL ADVANTAGE

Second-class levers have the fulcrum at one end and the input at the other end. The output is between the input and the fulcrum. A second-class lever always gives a mechanical advantage. The input is always further away from the fulcrum than the output, so the input arm always moves further than the output arm. This means that the output force will always be bigger than the input force.

So the MA is always greater than 1: MA = output force ÷ input force > 1.
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Figure 18: Second-class levers always give a mechanical advantage
Learner Activity
1. Give one more example of your own for each of the following types of levers.
(a) First-class lever
(b) Second-class lever
THIRD-CLASS LEVERS GIVE A DISTANCE ADVANTAGE

Third-class levers also have the fulcrum at one end, but the output is at the other end. The input is between the fulcrum and the output. The input is always closer to the fulcrum than the output, so the output arm always moves further than the input arm. This means that the output force will always be smaller than the input force. So the mechanical advantage is always smaller than 1:
MA = output force ÷ input force < 1.

Third-class levers always give MA < 1.
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Figure 19: Third-class levers always give a distance advantage
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