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MECHANISMS 

Mechanisms are things that transform a movement. 

They change the speed, the direction, the force or the 
type of movement (rotary or linear). 

For example, the cabin of a lift goes up and down, but 
the motor has a rotary motion. 

Between the motor and the lift there is a mechanism 
that transforms the rotary movement of the electric 
motor into a linear up and down movement.  

The motor is very fast. 

The mechanism reduces the speed so that the 
cabin moves slower. 

The mechanism reduces the speed, but increases the 
force.  

Thanks to that, the lift can move a big load with a 
relatively small motor. 



2

1 Belts 

A belt passes around two pulley wheels. If the driver wheel 
moves, it moves the belt and the belt moves the driven wheel. 

If both wheels are the same size, then the only purpose of the 
belt is to transmit the movement from the driver wheel 
(connected to the motor or the engine) to the driven wheel. 

If the wheels are different sizes, then the smaller wheel moves 
faster, but with less force. 

2 Pulleys 

Simple pulley 

A pulley is a wheel that turns when a rope or a chain passes 
through it. 

A simple pulley doesn’t change the speed or the effort to move 
a load.  

A simple pulley only changes the direction of the rope. 

Double pulley 

The double pulley has two wheels. It reduces the speed of 
motion and also reduces the effort to move the load.  

With the double pulley we can use smaller motors. 

The first wheel hangs from the ceiling. 

The second wheel hangs from the first pulley, held by the rope. 

1 What does a mechanism change? 

2 What does the mechanism of a lift change? 

3 In a belt, which wheel moves faster? Which wheel moves with more force?  

4 If you want to reduce the effort to lift a load, what type of pulley should 
you use? Why? 

5 Calculate the effort to move these loads with a double pulley: 
a) 160 Kg c) 80 Kg e) 1 Kg
b) 30 Kg d) 25 Kg f) 242 Kg
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3 Levers

The lever is the most basic mechanism. It is normally 
made of a bar of wood or metal which pivots around a 
fixed point called a fulcrum.  

Levers normally reduce the effort necessary to move a 
load, but they also reduce the speed at which a load is 
moved. 

The load arm is the distance from the load to the 
fulcrum. The effort arm is the distance from the effort to 
the fulcrum. 

The force required to move the load can be calculated 
with an equation: 

1st: Multiply the value of the load 
by the value of the load arm. 

2nd: Divide the result by the value 
of the effort arm. 

The effort and the load are forces; the unit of force is the Newton (N). 

The arms are distances, the unit is sometimes the metre (m) and sometimes the millimetre 
(mm). Use the same unit for both arms. 

Three types of levers were described in the book “The Equilibrium of Planes,” written by 
Archimedes (a scientist and inventor from ancient Greece).  The type of lever depended on 
the position of the load, the fulcrum and the effort. 

First type of lever: 

This is the lever in which the 
fulcrum is between the load 
and the effort. 

 There are many examples of first type levers; scissors, for 
example.  
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Second type of lever: 

This has the load between the effort and 
the fulcrum. 

An example of a second type of lever is the 
wheelbarrow. 

Third type of lever:

In this type, the effort is located between 
the load and the fulcrum. 

The third type of lever move small loads 
with great effort, but the load moves faster 
than the person/motor/engine pushing the 
lever.  

An example of this type of lever is the catapult. 

6 Name the parts of a lever. 

7 In a lever, the effort arm is 6 m and the load arm is 2 m. Calculate 

the effort to move the load: 
a) Load = 6 N c) Load = 0.1 N e) Load = 5 N
b) Load = 12 N d) Load = 1 N f) Load = 94 N

8 In a lever, the load is 2 N and the load arm is 5 mm. Calculate the effort to
move the load: 
a) Effort arm = 10 mm c) Effort arm = 1 mm
b) Effort arm = 25 mm d) Effort arm = 5 mm

9 In which type of lever the load moves faster than the effort?
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4 Gears 

Gears are toothed wheels that mesh with each other to transmit 
motion or to change speed, force or direction. 

The “driver gear” connects to the engine or motor. 

The “driven gear” connects to the load. 

Gears normally reduce the speed and increase the force; but 
sometimes they do the opposite. 

The teeth of the two wheels are identical, so the two wheels mesh 
with each other. 

Compared to belts, gears can transmit more power, but are less 
efficient, more noisy, and the transmission is less smooth. 

We calculate the speed of the driven gear with any of these two 
equations: 

Spur gears 

These are the most common type of gears. 

The noise of spur gears is a problem at high 
speeds. 

We don't have to draw the gears in detail. We 
can represent gears using simple diagrams. 

The smaller gear (with fewer teeth) is faster but moves with less 
force. 

The larger gear (with more teeth) is slower but moves with more 
force. 

Bevel gears 

Bevel gears have their shafts at 
ninety degrees. 

We use bevel gears to change the 
direction of movement.
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Worm gear 

Worm gears have a great speed reduction ratio, so 
we use them to greatly slow down a movement.  

They also have their shafts at ninety degrees. 

The “worm gear” is the driver gear. It is like a screw. 

The driven gear is like a normal spur gear, but with 
the teeth a bit twisted. 

For calculations, the “worm gear” is like a gear with 
only one tooth per revolution.  

Rack and pinion 

Rack and pinion gears normally change rotary 
motion into linear motion, but sometimes we use 
them to change linear motion into rotary motion. 

They transform the rotary movement of the pinion 
into the linear movement of the rack; or vice versa.  

We use them for sliding doors. The rack is on the 
door and the pinion is on the motor. The motor 
moves the pinion which moves the rack and the 
door moves. 

10 What is the difference between the “driver gear” and the “driven gear”?

11 Name the advantages and the disadvantages of gears compared to belts.

12 Calculate the speed of the driven gear:

a) Driver gear: 80 rpm; 10 mm diameter. Driven gear: 40 mm diameter.

b) Driver gear: 200 rpm; 25 mm diameter. Driven gear: 50 mm diameter.

c) Driver gear: 100 rpm; 8 teeth. Driven gear: 32 teeth.

d) Driver gear: 2500 rpm; 16 teeth. Driven gear: 80 teeth.

13 Calculate the speed of the rack:

a) Pinion: 200 rpm; 10 teeth. Distance between teeth of rack: 1 cm.

b) Pinion: 30 rpm; 16 teeth. Distance between teeth of rack: 2 cm.

c) Pinion: 1800 rpm; 12 teeth. Distance between teeth of rack: 6 mm.

d) Pinion: 4500 rpm; 24 teeth. Distance between teeth of rack: 15 mm.
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5 Crankshaft 

The crankshaft is a mechanism that transforms rotary 
movement into linear movement, or vice versa.  

For example, the motion of the pistons in the engine 
of a car is linear (they go up and down). 

But the motion of the wheels is rotary. 

Engineers put a crankshaft between the engine and 
the transmission to the wheels. 

The pistons of the engine move the crankshaft and the 
movement becomes rotary.  

Then the rotary movement goes past the clutch and 
the gear box all the way to the wheels.  

6 Clutch 

This mechanism controls the transmission of movement. 

The clutch has two parallel disks. One is connected to the engine 
and the other is connected to the load.  

With the clutch we can stop the transmission of the movement, 
but with the engine or motor running all the time. 

When we separate the disks, the disk connected to the engine 
or motor moves, but it doesn’t move the other disk (there is no 
transmission of the movement). 

When we press them together, the friction between them 
makes the other disk move when the disk connected to the 
engine or motor moves. 

7 Brakes 

Brakes are mechanisms that reduce or stop 
movement. 

Normally they work by friction. The brake pads press 
against the surface of the rotating disc and the 
friction force stops the motion. 




