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Levers, linkages and gears

In this chapter, you will revise what you learnt in Grade 7 about different types of levers and linked
levers. You will pay special attention to whether a lever or a system of levers gives a mechanical
advantage or a distance advantage.

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 in the next chapter.

1.1 Revision of levers and mechanical advantage .........ccccceeeeiiiiiiiiiic e 3
D I 40T I =Y PR 9
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Figure 1: Gears are sometimes used to get a speed advantage.




Figure 2: A bolt cutter uses a system of linked levers to give a very big mechanical advantage. Note
that there are five pivot points!



1.1 Revision of levers and mechanical advantage

Mechanisms are parts of machines
that help us to move things. Machines
are usually made of many connected
mechanisms. Some parts of a
mechanism move, and other parts are
used to hold the moving parts in place.

Mechanisms are useful because they
help us to move things further, faster or
by using less force.

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

Figure 4: A bottle opener

2. A pair of scissors

Figure 5: A pair of scissors




3. A hammer

Figure 6: A hammer

Figure 7: A pair of pliers

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:

e [f the input force is smaller than the output force, there is a mechanical
advantage. You can say the mechanical advantage is bigger than 1.

e If the input force is bigger than the output force, there is not a 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.

You can use the abbreviation
MA for mechanical advantage.




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

output force

mechanical advantage = output force + input force = =
input 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 % or 124

The answer to this calculation can be written in

. These different ways of writing
different ways:

the answer all mean the same

aratioof3to 1 thing: they are equivalent.
OR 3:1 You can write an equals sign
OR 3. instead of “OR” between the
different ways of writing the
This means that the output force is three answer, because they are
times greater than the input force. You can also say equivalent.

that the lever gives a mechanical advantage of 3.

But you cannot get something for nothing. If the input force is 3 times less than
the output force, you will have to move the input arm 3 times further than the
output arm. Look at Figure 8 to see how this works.

small effort
force

Lever moves

3 ¢cm here.
¥ Lever moves
1 cm here.
Load force
is 3 times
greater.

Figure 8: A mechanical advantage of 3




Not all levers give a mechanical advantage. Sometimes the input force is greater
than the output force. These levers make it harder to move something, but the
output movement will be greater than the input movement.

If a lever makes it harder to lift a heavy weight, the
input force is greater than the output force, and the
mechanical advantage will be less than 1.

When a mechanical system
changes a small input distance
into a larger output distance,
If, for example the input force is 3 and the output the system gives a distance

force is 1, the mechanical advantage is output advantage.
force + input force = A , in other words 1 third.

In the example above, the output force is only

1 third as big as the input force. The output arm will
move 3 times further than the input arm. In other
words, this lever gives a distance advantage of 3.
Look at Figure 9 to see how this works.

large effort
force

Lever moves 7
1 cm here,

Lever moves
3 cm here.

Load force
is 3 times
less.

Figure 9: A distance advantage of 3

On a lever, the distances moved by the input arm and the output arm are
directly related to their distances away from the fulcrum.

e If the distances from the fulcrum are equal, the distances moved will be equal.
e If the fulcrum is closer to the input force, the distance moved by the

input arm will be smaller.
e If the fulcrum is closer to the output force, the distance moved by the

output arm will be smaller.




If the distance between a fulcrum and the output is
less than the distance between the fulcrum and the
input, the output force will be greater than the input
force and the lever gives a mechanical advantage.

If the distance between a fulcrum and the output

1s greater than the distance between the fulcrum
and the input, the output force will be less

than the input force and the lever gives you a
distance advantage. In this case, you will not get a
mechanical advantage.

The first-class lever and mechanical advantage

output: greater force
over smaller distance

fulcrum

input: smaller force
over greater distance

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
force big enough to bend the top of the bottle.

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.

output: smaller force
over greater distance

input: greater force

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 quarter
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.

Figurel2: A pair of kitchen or
braai tongs




1.2 Linked levers

Figures 13 and 14 show two types of tools that are used to cut twigs and branches
from trees, called “pruning”.

Figure 13: Pruning shears Figure 14: Loppers

1. How do you know that both of these tools use levers?

4. Which of these tools will give you greater mechanical advantage? Explain your
answer.




All frst-class levers have the fulcrum between the
input and the output.

Figure 15: A see-saw is a first-class lever. (This is an edited  Figure 16: A pair of scissors is a pair
version of Winslow Homer's artwork 'The See-Saw’, 1873.  of linked first-class levers.

First-class levers

The fulcrum or pivot point is the fixed point on a
lever. The lever doesn’t actually go up or down at
the fulcrum point. All the other points on a lever
rotate around the fulcrum.

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.

Systems of linked levers

A lever system that consists of more than one pair
of levers that are connected to one another, is called
a system of linked levers.

The bolt cutter in Figure 17 has two pairs of linked levers that are connected to
each other. Figure 2 at the start of the chapter shows the movement of the parts of
a bolt cutter.




very small

input force,

very large
input distance

bigger force,
smaller distance

very large
cutting force,
very small
movement

fulcrum

pair of
second
fulcrums

Figure 17: This is a bolt cutter. It consists of two pairs of linked levers.

e The pair of dark grey levers on the right have the handles on them. They share a
single fulcrum.

e The pair of light grey levers on the left have the cutting blades on them. They
have a separate fulcrum for each lever.

e There are also two pivot points in the middle of the two pairs of levers, to link
them together. They have a different purpose from the other fulcrums, because
they move together with the levers, instead of the levers rotating around them.

1. Are both the pairs of levers used in the bolt cutter first-class levers? Explain
your answetr.

N

. 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.

Second-class levers always give MA > 1.
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Figure 18: Second-class levers always give a mechanical advantage.




1. Give one more example of your own for each of the following types of levers.
(a) first-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.

tweezers




1.3 Gear systems

You learnt about gears in Term 1 this year. Do you remember? Here are a few

reminders:
Mechanical advantage and speed advantage

Gears are wheels with teeth. They can increase or

decrease the turning speed of a wheel or axle.

The teeth of two gears mesh together so that if one

gear turns, the other gear will turn as well, in the

opposite direction.

e A small driver gear connected to a large driven
gear will change a fast turning speed into a slower
turning speed. This gear system will make the
wheels turn with a greater turning output force
than the input turning force of the motor. This
system gives a mechanical advantage.

e Alarge driver gear connected to a small driven
gear will change a slow turning speed into a faster
turning speed. This system gives a distance or
speed advantage.

Torque and revolutions per minute

A turning force is called a torque.

The speed of a turning wheel is measured in
revolutions per minute, or rpm.

You can also call turning
speed the speed of rotation.

Mesh means that the teeth of
the gears fit in-between one
another.




A small driver and a large driven gear

Look at the two connected gears in Figure 20. Gears that have teeth like these are
called spur gears. Now answer the questions that follow:

driven gear

driver gear

Figure 20

1. If the driver gear turns clockwise, which way will the driven gear turn?

2. Count the numbers of teeth on the two gears in Figure 20. How many
revolutions will the driver gear need to turn to make the driven gear turn once?
Explain why this happens.

Reminder: A mechanical advantage means that the
turning force at the output axle is greater than the
turning force at the input axle.




A large driver and a small driven gear

Look at the two gears in Figure 21. The driver gear is now large and the driven gear
1s smaller.

driver gear

driven gear

Figure 21

1. Will the driven gear turn faster or slower than the driver gear? Explain your answer.

2. A driver gear has 10 teeth and the driven gear has 5 teeth. How many
revolutions will the driver gear need to turn to make the driven gear turn once?
Explain why this happens.

3. Will this gear system give a mechanical advantage or a speed advantage? How
do you know?

Reminder: A speed advantage means that the speed
of rotation of the driven axle (output axle) is faster than
the speed of rotation of the driver axle (input axle).




Idler gears

Look at Figure 22. The driver gear driven gear
driver and the driven
gear are the same size.
In the middle there is
a small gear called an
idler gear.

What does an idler gear do?

An idler gear is a gear
that turns between a
driver and a driven gear.  Figyre 22

It allows the driver and the

driven gears to turn in the same direction.

An idler gear does not change the mechanical
advantage of a gear system.

When two gears mesh, they turn in opposite
directions. This is called counter rotation.

When an idler is used between two gears, the
direction of rotation of the driver and driven gear is
the same. This is called synchronised rotation.

1. Will the idler gear turn faster or slower than the driver gear? Explain.




Bevel gears

Bevel gears are used when you want to change the direction of turning. Look at
Figure 23. It shows how two bevel gears mesh together.

e The top gear will turn on a horizontal axle.
e The bottom gear will turn a on a vertical axle.
e The bevel gear system changes the direction of rotation by 90°.

Horizontal means parallel to
the ground. Vertical means
at 90° (at a right angle) to the
horizontal direction.

Figure 23: Bevel gears

Figure 24 on the next page shows a hand drill and an egg beater.
The driver gear is a large bevel gear attached to a crank handle.

The driven gears are the small bevel gears. The bottom bevel gear forces the drill
to turn and the egg beater to rotate its blades.

=

. Do you think the hand drill gives you a speed advantage or a mechanical
advantage? Explain your answer.
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Figure 24: A hand drill and an egg beater




Something you could do at home: Make a can crusher

The lever on a real crane lifts a weight or load. The lever helps to lift the load higher. Levers are also
used to squeeze or crush things. In this investigation, you will look at how a second-class lever can
help you crush metal.

Many metal-working machines use levers to increase the input force, and the greater output force is
used to cut metal sheet or to make holes in steel plates.

Empty cool-drink and food cans are waste that take up a lot of space. But it does not have to take up
so much space, since most of the volume of a can is taken up by the air inside it. If you crush it, it
will take up very little space. Before cans are recycled to make new steel, they are crushed. It's much
cheaper to transport the crushed cans to a recycling factory since they require less space and you can
transport more at a time.

Design a second-class lever to crush cool-drink and food cans. Make a rough sketch showing the
dimensions. You can make this crusher from pieces of wood.

Next week

Next week, you will learn how to do mechanical advantage calculations for levers
and gears.




Mechanical advantage
calculations

In this chapter, you will learn how to calculate the amount of mechanical advantage lever systems
and gear systems give.

You will also learn how to calculate the speed with which a gear in a gear system will rotate if you
know how many teeth each gear has, and the speed with which the other gear is rotating.

2.1 Calculate the mechanical advantage of @ leVEr..........coeeiiviieiiiiie e 22
2.2 Calculate the distance advantage of @ leVer..........ooeeiiiiiiiiiii e 26
2.3 Calculate the speed advantage Of GEarS.........oooiiiiiiiiiii i e 27

Figure 1: A claw hammer can be used as a lever to remove nails from wood.




2.1 Calculate the mechanical advantage of a lever

In the previous chapter, you learnt that you can A ratio of 1 to 4 is written as

calculate a quantity to say exactly how big or small 1:4. This is simply another way
thg mechanical adv.aptgge 1s. This quantity is a ratio. S e e s

It is calculated by dividing the output force by the You also use a ratio to write
input force. the scale of a drawing.

You also learnt that if the output force is greater
than the input force, the mechanical advantage (MA)
is greater than 1: MA > 1.

Look at the lever in Figure 2. This lever is making
the output force bigger, so you can say that it is giving
us a mechanical advantage. There are two “arms” on
a lever: the input arm and the output arm. The lever
below shows the input arm in blue and the output
arm in red.

The input arm is sometimes
called the “effort arm”.

The “output arm” is sometimes
called the load arm.

Calculations about a lever

input arm:
40 c¢cm long
/

x

I.' output arm:
5 10 cm long
=+ | \

40 cm 10 cm

Figure 2: This lever has two arms: an input arm in blue and an output arm in red.

On the lever above, the input arm is 40 cm long and the output arm is 10 cm long.
The input arm on this lever has been moved up by 4 cm. Study the picture and
then answer the questions.




. When the input arm is moved up by 4 cm, how far does the output arm move
down?

. When the input arm is moved up by 2 cm, how far does the output arm move
down?

. How far do you think the output arm will move if the input arm was moved up
by 12 cm?

. Now you can confirm what you have already worked out. Use the values in
Figure 2 to calculate the ratio of the length of the output arm to the length of
the input arm.

. Use the values in Figure 2 to calculate the ratio of the output distance to the
input distance.

. Calculate the ratio of the output distance to the input distance when the input
distance is 2 cm. Use your answer from Question 2 above to help you.

. Calculate the ratio of the output distance to the input distance when the input
distance is 12 cm. Use your answer from Question 3 above to help you.




The ratio of input arm and output arm in levers

If the input arm is 400 cm long and the output arm is 100 cm long, then the output
distance will always be:

output distance = % x Input distance.

If you lifted this lever by 20 cm, then:

Output distance = 100

200 X input distance = 2% %20 cm = % x20cm =5 cm.

400

This lever gives you a mechanical advantage because the input distance is larger
than the output distance. We know that a lever with a larger input distance and a
smaller output distance will give a mechanical advantage, so we can say that:

Input distance + output distance But we also know that:
= length of input arm =+ length of output arm |Input distance + output distance
= mechanical advantage (MA) = output force + input force

= mechanical advantage (MA).

The ratio input arm distance : output arm distance is the same as
the ratio output force : input force, and this is the mechanical advantage.

A lever with an input arm 400 cm long and the output arm 100 cm long will give
a mechanical advantage of:

_ input arm distance

~ output arm distance _ 400 + 100 = 4.

This means that the output force will always be four times larger than the input
force; and the input force will always be four times less than the output force.

Consider the force needed to keep a weight of 20 kg from falling due to gravity. If
this weight is on the output side of the lever discussed above, then what weight is
needed on the input side of the lever to balance it?

Weight on input side = % x 20 kg = 5 kg.

Mechanical advantage
e MA = Output force
input force

input arm distance
output arm distance

e output force = MA x input force

output force

e input force = VA




Calculations about a lever

Look at the lever in Figure 3. The lever is pushed down to crush a can.

' input arm:

60 cm to fulcrum

Lever
crushes —
can.

20 cm

Figure 3: A lever crushing a can

1. How do you know that this lever will crush a can more easily than by hand?

2. With the can in the position shown, calculate the mechanical advantage that
this lever will give.
Length can be measured in
units of metres, and mass
can be measured in units of

3. If you need an output force of 20 “units of force” kilograms.
to crush the can, how much input force do You will later learn in physics
you need? about how force is measured
in units of “Newtons”. But for
............................................... . the moment, you can call it

“units of force”, or “units”.

4. The designer decides to make it even easier to crush the can. She moves the
can closer to the fulcrum. This reduces the output arm to 15 cm. Recalculate
the mechanical advantage of the lever.

5. Recalculate the new input force needed to crush the can with an output force
of 20 units.




2.2 Calculate the distance advantage of a lever

Look at the lifting system in
Figure 4. It uses a hydraulic load arm:
cylinder for the input force. It 120 cm long
is a system that could be used -
for lifting an engine out of a
motorcar.

The lifting lever at the top is
a third-class lever, because the
input is between the fulcrum
and the output.

A third-class lever always
gives a distance advantage.
It never gives a mechanical
advantage.

fulcrum

1. How longis the input arm
on this lever?

3. Calculate the mechanical Figure 4: A lifting system

advantage that this lever gives.

5. A person wants to use this system to lift an engine out of a car. He needs the
engine to be lifted by 90 cm. How far will the hydraulic cylinder at the input
need to move for the engine to be lifted 90 cm at the output?

6. If the system is designed to lift objects by 180 cm, how far does the hydraulic
cylinder need to move at the input?




2.3 Calculate the speed advantage of gears

The gear ratio

The gear ratio, which is also called the speed ratio or sometimes the velocity ratio,
tells you how the speed of a driven gear will be changed by a driver gear.

Look at the two meshed gears in Figure 5. The driver or input gear has 5 teeth.
The driven or output gear has 10 teeth.

driven gear (output gear)

driver gear
(input gear)

Figure 5

e If the driver moves one revolution, it pushes the 5 teeth on the driven gear.

e If the driver gear moves by 2 revolutions, then 10 of the driven gear’s teeth are
moved. So the driven gear moves 1 revolution. Two driver revolutions give 1
driven gear revolution. So the turning speed of the driven gear is % the turning
speed of the driver gear. The speed ratio, which is the same as the gear ratio, is
1:2o0r %

e If the driver gear revolves 10 times, then the driven gear will only revolve 5
times.

rotational speed of input axle

ear ratio = .
8 rotational speed of output axle

_ number of teeth on output gear 10 _ 5
~ number of teeth on input gear ~ 5




Calculations using the gear ratio

The speed of a turning wheel is measured in rpm stands for “revolutions
revolutions per minute, or rpm. So if the driver gear is per minute”.
turning around twice every second, it has a speed of 2
rpm. A speed of 2 rpm on this system will give a speed
of 1 rpm on the driven gear.
The gear ratio can be used to work this out:

Driver gear speed = (gear ratio) x (driven gear speed)
= % X 2 rpm

=1rpm.

The speed ratio and mechanical advantage

If a gear system gives a speed advantage because
of its gear ratio, then it will give you a mechanical
disadvantage. This means that if a driven gear
revolves faster than its driver gear, it gives less
turning output force to the machine.

Speed advantage

When a driven (input) gear
makes the driver (output)
gear rotate faster, then the

gear system gives a speed
If a driven gear revolves slower than its driver gear, advantage.

it gives more turning output force to the machine.

Calculations

1. The gear system in Figure 5 has 5 teeth on the driver gear and 10 teeth on the
driven gear. Calculate the rpm of the driven gear if the driver gear rotates at
1500 rpm.

2. If a driver gear has 15 teeth and a driven gear has 60 teeth, calculate the gear
ratio.




3. Consider a gear system where the driver gear has 25 teeth and the driven gear
has 15 teeth.

(a) If the driver gear rotates at 100 rpm, calculate the speed of the driven gear.

(b) What can you say about the output turning force at the driven axle
compared to the input turning force at the driver axle? How does that
change in this system?

Using the gear diameters to calculate the gear ratio

The easiest way of calculating the speed of a gear system is from the number of
teeth on the gear wheels.

However, there is another way of calculating the speed of a gear system:

e If a gear wheel is small, it will have a small number of teeth and its diameter
will be small.

e If a gear wheel is large, it will have more teeth and its diameter will be larger.

In Figure 5, the diameter of the large driven gear is Note: The diameters are
9,4 cm and the diameter of the small driver gear is measured for the dashed
4,7 cm. circles in Figure b, since those
circles show where the gear
The gear ratio is: teeth make contact.

diameter of driven gear _ 9,4 _

diameter of driver gear ~ 4,7 2.

gear ratio =

This is equal to the ratio calculated from the number of gear teeth:

number of teeth on output gear _ 10 _,
number of teeth on input gear 5 '

gear ratio =




More calculations for you to do

Figure 6: A car's starter motor has a small driver gear called a pinion, which is used to turn a bigger gear
on the engine.

1. A starter motor of a car has a driver gear with a diameter of 4 cm. It drives a
large gear connected to the crankshaft of the engine with a diameter of 60 cm.
Calculate the gear ratio of the starter-motor system of this car.

2. If the starter motor turns at 3 600 rpm, calculate the speed that the engine
turns when the car starts.

3. Do you think the turning output force that makes the engine turn is greater
than, or less than, the turning input force of the electric starter motor?

Next week

Next week, you will learn how to draw gear systems. You will also write design
briefs for gear systems with an exact speed advantage and an exact mechanical
advantage.




Drawing gear systems

In this chapter, you will learn how to draw gear systems. First you will do some orthographic or two-
dimensional (2D) drawings that show the exact sizes and numbers of teeth on the gears. For these
types of drawings, you do not have to draw the teeth, so it is much easier.

Then you will write a design brief for some gear systems of your own and produce specifications
for the systems. You will learn to use drawing instruments and an isometric grid to draw your gear
systems in three dimensions (3D).

3.1 Draw gears in two dimenSioNS (2D) .....ueeeeeeiiiiiiiiiee e e e 33
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Figure 1: The back of a tow truck showing the winch that is used to lift and pull cars that have broken
down. A winch is a gear that gives a mechanical advantage. You will learn about winches in this chapter.




Figure 2: Spur gears with different radiuses. You will learn how to draw technical diagrams of gears
when you are given the radius and the number of teeth of each gear. You don't need to draw the teeth!



3.1 Draw gears in two dimensions (2D)

When you draw a gear wheel, you show a number of different circle sizes, but
you do not show the gear teeth. The specification for the gear wheels and teeth is
shown using notes and tables.

inside
diameter

pitch
diameter

outside
diameter

pitch: 7,5 mm
no of teeth: 15
pitch circle diameter: 358 mm

Figure 3: How to draw a gear wheel with 15 teeth

Figure 3 shows all the important information for a gear wheel:
e The pitch is the space for each tooth.

e The pitch diameter is the size of the circle that can fit all the teeth, up to where
they mesh with the teeth of another gear.

e The outside diameter shows the size of the circle that surrounds the teeth.
e The inside diameter shows where the teeth are joined to the inner wheel.

e The depth of the teeth is the difference between the outside and inside
diameters.

The pitch circle diameter on this gear is 35,8 mm. The distance around the pitch
circle of this gear is the pitch circle circumference, which is:

Circumference = w x D = 3,1428 x 35,8 mm = 112,5 cm.
So the pitch, or the space for each tooth = 112,5 + 15 = 7,5 mm.




Look at Figure 4. This figure shows how to draw a gear wheel.

inside

diameter

27,5 mm =TT~
pitch
diameter
35 mm

outside
diameter
42,5 mm

pitch: 7,5 mm
no of teeth: 15
pitch circle diameter: 35 mm |

Figure 4: How to draw a gear wheel

Now draw this gear wheel on the grid by following these steps:

e Step 1: Draw two crossing
centrelines to mark the centre |
of the gear wheel. |
e Step 2: Draw the pitch circle |
using a compass. In this |
case, you will need to set the |
|
|
|
|

compass radius to % of 3,5 cm
(35 mm), which is
17,5 mm.

e Step 3: Draw the outside
diameter using a compass. You
will need to set the compass | |
radius to % of 4,25 cm (42,5 | |
mm), which is a little more than HEEEE
21 mm. | |

e Step 4: Draw the inside
diameter. You will need to set
the compass radius to % of 2,75
cm (27,5 mm), which is just
under 14 mm.




Drawing meshing gears

Look at the drawing of the meshing gears in Figure 6. A small driver gear is shown
on the left. It is driving a larger driven gear on the right.
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Figure 6: Meshing gears

Two spur gears will only mesh properly if:

e the size and shape of their teeth are the same, in
other words the pitch and the depth of gear teeth
on both gears are the same, and

¢ the pitch circle circumferences of the two gears
are touching each other.

The line connecting the centres of the two gears is called the centre line. Centre
lines are drawn as chain lines, with long and short dashes.

The distance between the gear centres is shown on
this drawing as the centre distance. The exact centre
distance for two meshing gears is the pitch circle
radius of the driver gear plus the pitch circle radius of
the driven gear.

Remember: The radius is 2
of the diameter.

If, for example, this driven gear had 15 teeth and a pitch circle diameter of
35 mm, and the driven gear had 30 teeth and a pitch circle diameter of 70 mm,
then the centre distance would be:

Centre distance = % x 35 mm + % x 70 mm = 17,5 mm + 35 mm = 52,5 mm.




How to draw meshing gear systems

Look at the meshing gears in Figure 6 on the previous page. Figure 7 below
shows how to draw a diagram of this gear system, which has a 15-tooth driver gear
and a 30-tooth driven gear.

ID 64 mm

op 425 mm "

driver gear
pitch: 7,5 mm
no of teeth: 15
pitch circle diameter: 36 mm - _ - :
i driven gear
| pitch: 7,5 mm

no of teeth: 30
pitch circle diameter: 72 mm

Figure 7

e Step 1: Start by drawing a horizontal centre line for both gears.

e Step 2: Draw a vertical centre line for the driver gear on the left. This marks the
centre of the driver gear wheel.

e Step 3: Calculate the pitch centre distance. In this case, it would be: % of 36 mm
+ % 0of 72 mm = 54 mm.

e Step 4: Measure the centre of the driven gear from the centre of the driver gear.
e Step 5: Use a compass to draw the two pitch circles so that they just touch each
other. In this case, the pitch circle of the driver gear will be 36 mm, so you will
need to set the compass to a radius of 18 mm. The radius setting for the larger

driven gear will be 36 mm, twice as big.

e Step 6: Use your compass to draw in the inside diameter (ID) and outside
diameter (OD) circles.

e Step 7: Now add the information that tells people about the teeth. This is
written underneath each gear wheel or on a table next to the drawing.




Draw gear systems with the driven gear rotating in the opposite
direction of the driver gear

1. Use the steps on the previous page to draw a gear system with 15 teeth on a
driver gear with a 36 mm diameter and 30 teeth on a driven gear with a 72 mm
diameter. Use the grid paper in Figure 8. The driver gear drawing has been
started for you.

HB 295 mm

|

!

|

i

[ariver gear| | |
—pitch:- 7,5 mm i
—no-of-teeth:-15 |
!

\piteh-circle diameter: 36 M

Figure 8: Draw the driven gear on the grid.

2. When you have finished your drawing, use arrows to show the direction of
rotation of the driven gear if the driver is turning clockwise.

3. Will the driven gear be rotating faster or slower than the driver?




Draw gear systems with the driven gear rotating in the same
direction as the driver gear

Do you remember what an idler gear does? It meshes between the driver and
the driven gear. The idler does not change the gear ratio. All it does is change the
direction of the driven gear. A gear system with an idler can have the driven and
the driver gear turning in the same direction.

ID &4 mm
oD 80 mm ,,“‘"_“'-H
—\’ ff_,.- _.-—I—--.____h“'-u‘\

\

\
0D 42,5 v
mm ..f'\\ N
M

driver gear

pitch: 7,5 mm
no of teeth: 15 idler gear
PD: 36 mm pitch: 7,5 mm
no of teeth: 10 A
PD: 24 mm ! driven gear
| pitch: 7,5 mm
no of teeth: 30
FD: 72 mm
Figure 9

To draw a gear system with an idler, you will need to draw three gears instead of
two. But the principle stays the same.

1. Draw the gear system in Figure 9 on the grid paper on the next page.
2. Draw arrows to show which way each gear will turn.
3. Do the driver and driven gears rotate in the same or in opposite directions?




driver gear idler gear riven gear

pitch: 7,5 mim pitch 7,5 pitchs 7,65
— o ofteeth 15 noofteeth- 10 oof teeth: 30

| T e ey [ ] Pl |, [ oy T B s

LA ey [ e IR 'III.J..I'LII L)
Figure 10

Homework: Draw gear systems with the driven gear rotating
faster than the driver gear

Part A: Rotating in opposite directions

1. Draw the gear system shown in Figure 11. The driver gear has
45 teeth and a pitch circle diameter of 107 mm. The driven gear has 15 teeth
and a pitch circle diameter of 36 mm. Use the grid paper in Figure 12.

driver gear driven gear
pitch: 7,5 mm pitch: 7,5 mm
no of teeth: 45 no of teeth: 45
PD: 107 mm PD: 36 mm

Figure 11




Figure 12: Draw your gear system on this grid paper.

2. What can you say about the speed of the driven gear compared to the driver
gear?

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Part B: Rotating in the same direction

1. Add an idler to this gear system as shown in Figure 13. Now draw this new
system on the grid paper in Figure 14.

2. Draw arrows on the drawing to show the direction of rotation of each gear.
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driven gear
driver gear pitch: 7,5 mm
pitch: 7,5 mm no of teeth: 15
no of teeth: 45 s S PD: 36 mm
PD: 107 mm T
Figure 13

Figure 14: Draw your gear system with an idler gear on this grid paper.

3. What does the idler do?
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3.2 Write a design brief with specifications for gears

Gear systems have two important uses:

* A gear system can give a mechanical advantage. In this case, a small driver gear
is used to turn a larger driven gear. The output of the system turns more slowly,
but with greater turning force.

e Gears can also give a speed advantage. In this case, a large driver gear will turn
a smaller driven gear. The driven gear turns faster than the driver gear, but with
less turning force.

In this lesson, you will design gear systems that use both these advantages.

A design brief for a gear that gives a mechanical advantage

Look at Figure 15. It shows a winch for a tow truck. Winches are used to pull
broken-down cars onto the back of a tow truck.

Figure 15: This mechanism is a winch. It is used to pull broken-down cars onto the back of a tow truck.

A problem with this winch The word tow means to pull a
The company using this winch has found that is not  car behind a moving truck for
powerful enough to pull large vehicles. a certain distance. Tow trucks

can tow cars, but they can
also pull cars onto the back of
the truck to carry them to the
repair shop.

The company asked you to improve the winch. They
want the winch to pull large vehicles that are three
times as heavy as ordinary cars.

Write a design brief

1. Write a few short, clear sentences that summarise the problem that needs
to be solved, as well as the purpose of the proposed solution. Begin your first
sentence with the words:

I am going to design ...




2. Write a list of specifications for the new winch solution.

Remember: Specifications are lists of things that your solution must do, and
some things that it must not do.

A design for the improved winch
3. Describe how you are going to improve this winch.

4. How will you know that the winch can pull vehicles that are up to three times
heavier than an ordinary car?

5. Complete the drawing in Figure 16 to show how you will improve the winch.
Draw the driver gear on top of the motor. Then show where you will place the
winder, and draw the winder gear. Use a pitch of 7,5 mm and a depth of 5,0 mm
for the gear teeth. Label your drawing with the pitch and number of teeth on
each of the gear wheels.
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Figure 16: Use this grid to show how you will improve the winch.




Write a design brief for a gear that gives a speed advantage

Look at the system shown below. It shows the inside of a wind turbine. The
wind turns the propeller and the propeller turns an electric generator to make
electricity.

The problem with wind turbines

The blades of wind turbines turn slowly, at about 9 to 19 rpm. But the electric
generator that is driven by a wind turbine needs to turn faster. A turbine
manufacturer needs a gear system that will make the generator turn at least four
times faster than the wind turbine. Can you help?

Figure 17: Inside a wind turbine

1. Write a design brief. You need to write a few short, clear sentences that
summarise the problem that needs to be solved, and the purpose of the
proposed solution. Begin your first sentence with the words:

I am going to design ...

2. Specifications for your solution. Write a list of specifications for the gear
system solution.




A design for the improved wind turbine

1. Draw your design on the grid in Figure 18. Your design should show how you
will make the driven generator of the wind turbine move four times faster than
the driver. Use a pitch of 0,75 cm and a height of 0,50 cm for the gear teeth.

2. Label your drawing with the pitch and number of teeth on each of the gear
wheels.

Figure 18: Draw your design on this grid.
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3.3 Draw gears in three dimensions (3D)

Drawing gears in 3D is mostly about drawing circles in 3D. In this activity, you will
draw 3D gears on isometric grid paper.

If you follow the instructions step by step, your drawing will be correct.

How to draw an isometric circle

Look at the pictures in Figure 19. They show how to draw a circle on isometric
grid paper. This circle has a diameter of 2, so it is nearly the size of a small gear
wheel. Below is an outline of how it can be done.

e Step 1: Make a dot where you want the centre of the circle to be.

e Step 2: Draw a horizontal chain line going from left to right up the sloping lines
of the grid.

Step 3: Draw a vertical chain line going through your centre point up the page.

Step 4: Draw a guide box that will surround your circle. This box is shown in red
on picture A.

Step 5: Mark four dots at the centre points of the square. These dots are shown
in red in Figure 19B. These dots mark the outside points of your circle.

Step 6: Now sketch a curve joining these four dots. This shape is not a true
circle. Its actual shape is an ellipse slanting at 30°.

B

A9
o

Figure 19 A and B: How to draw an isometric circle




e Step 7: Now see if you can draw one for yourself. Copy the diagram in Figure
20 A onto the isometric grid in Figure 20 B.

A B

[ |

Figure 20 A and B: Draw your own isometric circle on grid B above.

Draw the gear system that you designed for the winch

Look at the picture in Figure 21. Two gears have been drawn in 3D using isometric
grid paper. The teeth of the gear are not shown.

1. Use the grid on the next page to help you draw the system you designed for the
winch. Draw the gears to the same size as you specified for the winch in section 3.2.

2. Add a table of information to your drawing that gives all the information
necessary for someone to make these gears.

|

driver gear

PD: 20 mm driven gear

PD: 60 mm

Figure 21: Two gears drawn in 3D using isometric paper




Draw your gear system for the winch onto the grid in Figure 22:

Figure 22: Draw your gear system for the winch in the grid above.

Next week

Next week, you will investigate a type of gear called bevel gears. You will look at
the gears on a bicycle and learn about chain and belt drives. Then you will learn
how to analyse gear systems using the systems approach.




Bevel gears, bicycles and
systems diagrams

In this chapter, you will learn how to draw bevel gears. We usually draw bevel gears from the side to
show how the driver gear changes the direction of the driven gear. Then you will look at the gears on
a bicycle. You will analyse which gears give a speed advantage, and which gears give a mechanical
advantage.

Then you will use the systems approach to draw gear systems and show how an input speed is
changed by a gear system into a different output speed.
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Figure 1: A photograph of the chain drive of a bicycle




4.1 Sketching bevel gears

Do you remember learning about bevel gears in Chapter 1? You learnt how bevel
gears were used on a hand drill. Bevel gears are used when we want to change the
direction of turning.

Look at Figure 2. It shows how you would draw two bevel gears of equal size.

When you turn the driver gear at the bottom, the driven gear rotates at the same
speed. But the direction of rotation is turned through 90°.

driven bevel Direction of rotation means
gear the direction that a gear
rotates or moves in.

yal

driver bevel gear gears mesh here

Figure 2: How to draw two bevel gears of equal size

1. Make a sketch of the system shown in Figure 2 in the space below.




Changing the speed of a bevel gear

The driver gear and the driven gear of a
bevel gear system do not have to be the
same size.

If the driver gear has a pitch diameter
of 50 mm and the driven gear has a pitch
diameter of 100 m, the driven gear will turn
slower than the driver gear. This system will
give you a mechanical advantage.

Study Figure 3 and then answer the
following questions:

1. Make a sketch of the system shown
in Figure 3 in the space below.

4

driven bevel
——

gear
driver beve
gear .

.
\
50

- -

Figure 3

100




Sketch a bevel gearbox system

Figure 4 shows a speed-reducing
gearbox that gives a mechanical force
advantage. This gear system has a
straight gear system and a bevel gear
system.

1. Make a 2D sketch of this system
in the space below. Draw the
straight gears as rectangles and
the bevel gears like those shown
in Figure 4.

driven

driver
gear

gear ratio
1:4
Figure 4: A straight and a bevel gear system

2. What is the mechanical advantage between the driver gear A and gear B?

4. Calculate the total mechanical force advantage between the driver gear and the
final driven gear.




4.2 Chain drives

In this activity, you will investigate the gears on a bicycle. You will learn about
chain drives and how they are like gear systems that have an idler gear.

Look at Figure 5. It
shows the gear system
on a modern bicycle.
When you ride a
bicycle, you pedal. The
pedals push the cranks
up and down. The cogs
cranks force the chain
wheel to turn.
back gear
Attached to the shifter
chain wheel is the
chain. When a cyclist
pedals, the chain is
pulled around in a
clockwise direction.
The chain meshes with the gears on the cogs, which are attached to the back
wheel. The gears make the back wheel turn and the bike move forwards.

front gear
shifter

chain wheel or
front sprocket

Figure 5: The gear system on a modern bicycle

Questions

1. What do you call the large gear wheels at the front that are turned by the
pedals?




Investigating the chain drive of a bicycle

Bring a bicycle with gears into your classroom. Turn it upside down so that you
can investigate how the gears work. Stick a piece of tape somewhere on the wheel.
This will help you to count how far the wheel rotates for each pedal rotation.

Use the front gear shifter to put the chain onto the smallest gear of the chain
wheel. Use the back gear shifter to put the chain on the biggest cog at the back.

1. Count the number of teeth on the smallest gear of the chain wheel and write it
down.

2. Use the back-gear shifter to put the chain onto the largest cog on the back
wheel. Now count the number of teeth on this gear and write it down.

3. If you rotate the crank by exactly one revolution, how many revolutions does
the wheel make?

Advantages of using a chain drive rather than spur gears

e Chain drives can easily and cheaply connect gears that are far away from each
other.

e A chain can be adjusted easily if the distance between the axles of the two gears
changes.

e With spur gears, the axles need to be aligned precisely, so that the gears mesh
well but without too much resistance. With a chain drive, the axles do not have
to be aligned precisely because the chain can bend sideways a little.




4.3 Gear systems diagrams

Sometimes a diagram of a mechanical system can be very complicated. Systems
diagrams are simpler diagrams. A systems diagram does not explain how the
system works. Rather, a systems diagram describes the input, process and output
of a system. Have a look at Figure 6 below. It is a systems diagram for a bicycle.

Input Process Output
pedalling force speed
|
pedalling speed force
Bicycle

Figure 6: A systems diagram for a bicycle

Input, process, output

Have another look at Figure 6 and read the information below. It tells you how this
systems diagram for a bicycle works.

On the left, there is the input to the bicycle. The
input is what you put into a bicycle when you ride
it. It is the pedalling force and the pedalling speed.
In the process box in the middle is the bicycle.

The chain drive of the bicycle changes the input
pedalling force and pedalling speed into an output.
On the right is the output. This is what you get out
of a bicycle, which is speed.

A system diagram shows how a system will change inputs into outputs. The
process changes the inputs into outputs.

When you change the pedalling force or the pedalling speed on a bicycle, the
output speed will change. The systems diagram will help you to work out how
these will change.




Draw systems diagrams of gears and drives
You can use systems diagrams to represent gear systems instead of drawing them.

Look at the systems diagram in Figure 7. It shows a belt drive system for a car’s
alternator.

Input Process output

rotational speed of
the driven gear

—

rotational speed of
the driver gear

>

3:1
Bicycle chain drive

Figure 7: A systems diagram for gears

The system in Figure 7 gives a speed advantage of 3. You can use the diagram to
work out what the output speed will be if the input speed should change.

If the input speed from the car’s engine on the driver side is 500 rpm, then the
alternator speed will be 1 500 rpm.

A winch for a mine

A winch is used for a lift in
a mine. The winch consists
of an electrical motor and
a winch drum on which
cable is wound.

The winch must be
able to lift 10 000 kg of
mined rock. If the motor
is connected directly to
the winch drum, without a

wheel on mine headgear

: connect
gear system, the winch can a drive
lift a maximum of 2 000 kg. system

\ here
mine
lift — [

10t

Figure 8: A winch for a mine




1. Calculate the mechanical advantage needed from a gear or chain-drive system
to enable the winch to lift the load of mined rock.

2. Sketch a drive system in the box below to show how the motor will make the
winch turn. You do not have to sketch it to scale.

motor winder

|
-
B
|

Figure 9




Next week

Next week, you will research a topic about the impact of mining on people and the
environment, and give a presentation on that topic. Your teacher will divide you
into teams today, and give each team a topic. There will not be a lot of time next
week to prepare for your presentation, so it is very important that you start your
preparation now. Read the article on your team’s topic in Chapter 5 during the
weekend.




Investigate aspects of
mining in South Africa

The mining industry is one of the most important contributors to the economy in South Africa. In this
chapter, you will learn about the history of mining in South Africa, as well as the impact that mining
has on communities, social life and the environment.

Four topics about mining are discussed in this chapter. You will work in teams, and each team will
investigate only one of these topics, then give an oral report to the class on your topic. You will work
in teams of three or four, and there must be at least one boy and one girl in each team.

5.1 Background information on different mining tOPICS ......cccuvviieeee e, 6l
5.2 Team discussions and preparation of rePOtS........coooieiiiiiiiiii e 76
5.3 Presentation Of rePOMS .. ..uviiiie e 84

Figure 1: The oldest iron mine in the world - Lion Cave in Swaziland




Notes to the teacher

Learners will present their research on different topics as teams in the last 60 minutes of the
week. Ensure that teams are an appropriate size so that there will be at least four minutes for
each team to present their research. This means that there cannot be more than 15 teams (15
x 4 minutes = 60 minutes).

Different teams will present research on different topics. There are four different topics. Assign
a topic to each team, rather than letting learners choose for themselves. Letting them choose
would mean that learners will take time to make their choices (there is no time to waste time
during this week’s work), and might result in certain topics being left out or not presented
properly.

5.1 Background information on different mining topics (30 minutes)

Learners should read and make summarising and comprehension notes on the topic they were
assigned. This is individual work. Thirty minutes is not enough time to do this, which is why
learners were given homework at the end of the previous chapter to read the articles on their
assigned topic. Important: This means that you will have to assign topics to teams at the end
of the previous week.

If you have access to the internet and/or books and/or video material, you should use this to
make more information available to learners on the different topics. For example, you may make
a list of appropriate websites to consult, or may make photocopies for learners of newspaper
articles that have to do with the topics.

5.2 Team discussions and preparation of reports (30 minutes)

Learners should work together in

their teams to prepare their reports.
Comprehesion questions are given to guide
them through their topics.

For homework, learners also have to

read the articles on the other topics. This
is crucial as teams will be required to

ask questions of other teams after each
presentation. Reading the articles on all the
topics will ensure that the teams can ask
informative questions.

5.3 Presentation of reports

Ensure that the teams adhere to the time
limit for each presentation. Also allow time
for the class to ask questions of each
presenting team, which the team should
answer.

Figure 2



5.1 Background information on different mining topics

Your teacher will divide your class into different teams, and tell each team which
topic they need to investigate during this week. Each team will only investigate
one of the following topics:

e The impact of mining on the environment: Acid mine drainage

e The impact of mining on the environment: Dust pollution

e Indigenous mining in South Africa before the modern era

e The equality or inequality of job opportunities in mining for men and women

In this lesson, you will work individually and read an article about the topic that
your team will investigate. After reading the article, you should make notes in the
space provided. Write down the points that you think are most important, as well
as the points on which you would like to get more information. For homework, you
should find out more about these topics, for example by looking in books, asking
older people and looking on the internet.

The four different articles are given below. Remember that you should only read
the one article that is about the topic your team will investigate.

Topic A: The impact of mining on the environment:
acid mine drainage

Mining is very important to South Africa. The mining An ore is a type of rock that
industry has led to our country becoming very contains important minerals,
important as a provider of metals and ores. South including metals. These ores
Africa is one of the biggest producers of precious are mined and then refined to
metals such as gold and platinum, and the country extract the valuable material.

also has large amounts of iron, zinc, chrome and
copper ore that are very important to many of our
factories. Coal is also mined and this mineral provides
the energy for many of our power stations.

Because mining is such a large industry, it also provides employment for large
numbers of people, both skilled and unskilled.




But, like any industry, it is also a cause of problems due to the way the ore is
being mined. Before you investigate these problems, you need to understand a
little about the mines themselves. Some mines are known as opencast or surface
mines. These are mines where the workers do not have to go underground, but
instead dig a very large hole to remove the ore after stripping off the surface
material. These mines are easier to work on. Coal mines and iron-ore mines are
often opencast mines, as coal and iron ore are closer to the surface than precious
metal ores, such as gold.

Figure 3: An opencast or surface mine. Note the water collecting in the hole.

Underground mines are mines where
shafts and tunnels have to be dug to reach
the supply of ore that is being mined. All of
South Africa’s gold mines are underground
mines, with shafts that are sometimes
kilometres deep. The deepest mine in the
world is the TauTona mine in Carletonville,
South Africa: it is nearly four kilometres
deep! Mining is dangerous work, and there
are very strict safety precautions on all
mines.

Figure 4: The headgear of an underground
mine. The shaft goes straight down

into the ground under the wheels of the
headgear, sometimes kilometres deep.




One of the problems with mining is that eventually the ore, or metal, will run
out. When this happens to a very big mine, what is left are many kilometres of
underground tunnels. It is impossible to fill these tunnels because the ore that
was mined has been processed to remove the valuable mineral. What happens
normally is that the mine entrance is sealed and the tunnels are left as they were
during mining. But they don’t stay empty.

If you have ever dug a hole in the ground near a The water table is the level
river, or on a beach, you will know that water soon in the ground where enough
starts gathering at the bottom. This happens when water is present to flow.

you have dug beyond the water table.

All mines that are underground will
be dug beyond the water table. While
miners are working underground,
large pumps are constantly pumping
the water that gathers in the tunnels
out of the mine. But once the mine is
abandoned, the pumps are removed and
the water starts to build up, exactly as it
would in the hole you dug.

It would be fine if this water just filled
the mine, but a chemical reaction occurs

as the water drains through the rocks
into the mine. The water reacts with Figure 5: Holes dug in the ground often go below

chemicals in the ground that contained the water table, and then the hole fills with water.
the ore, and turns into an acid. Acids can
be very destructive in the wrong

environment. A chemical reaction takes
You come across mild acids every day. Try this place when materials react
experiment: with other chemicals and

a change occurs to the
molecules of the materials,
forming new substances.

At home, pour yourself a glass of water, and then

add one teaspoon of vinegar and stir. Take a sip. It is
healthy, but for most people it tastes too strong, as if it
1s burning your mouth and throat.

Now pour yourself another glass of water. This time, add three teaspoons of
vinegar to it and stir. Now drink a little bit from this glass as well. Could you taste
the difference? Scientists would say that the first glass of water was slightly acidic,
and that the second glass of water was more acidic.




The acid that is produced in mines is a lot stronger Acidic liquids are very
than your vinegar water! The water has mixed with corrosive. They can destroy
sulphides and can eat away solid metals and stone. It solid materials.
is very poisonous to plants and animals.

It would be less harmful if the acid water stayed in the mine, but due to many
reasons the acidic liquid often leaks out. In some cases, the water level in the
mine rises to the level of the surrounding water table, and then the acid pollutes
all the water in that area. In other cases, the surface of the mine is higher than
surrounding areas. Remember that most of the gold mines in Johannesburg were
on a ridge. The acidic liquid will flow out of gaps in the rock like an ordinary
spring, and pollute the rivers and streams it enters, killing fish, animals and
plants.

Figure 6: Acid mine drainage is ugly, poisonous and smells bad.

When large mines, such as the gold mines in The gold mines in Gauteng are
Gauteng, are closed, acid leaking from the mines JOEEIEEE @ e AT En,
can cause a lot of problems to the surrounding or the “White Water Ridge”.
environment. These problems have to be solved TS 1LY £/ D el

iti ide of this ri nd ar
before communities have to be removed to escape the 3|de_ of tiisinage, and are
effects easily polluted.




Figure 7: This illustration shows how water in the water table can fill up mines when they aren’t being
pumped dry.

Notes: Acid mine drainage
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CHAPTER 5: INVESTIGATE ASPECTS OF

MINING IN SOUTH AFRICA




Topic B: The impact of mining on the environment:
dust pollution

Anyone who has been to Johannesburg will know the mountains of yellow and
white sand that comes from the mines. These are called mine dumps. What are
these dumps actually made of, and why do they exist?

Ore has to be crushed and then treated with chemicals before the metal in it
can be dissolved. After this the chemical that contains the dissolved metal is
separated from the waste material, then more chemicals are added and the metal
1s recovered. The metal is then melted and poured into large ingots, or bricks, of
metal that can be transported to the factories that will use them.

But what remains? All the crushed ore and chemicals that have been used to
extract the metal become waste material that has to be stored. It can’t be put
back into the mine since people are still working there, so it is either put into
large dams, or piled in dumps. The waste material is normally a mixture of water,
dissolved chemicals, and finely ground dust or small particles. This is called
“slurry”. The slurry has to dry in the open air. A ton of gold ore only produces a
gram or two of gold, so a lot of slurry is left after extracting the gold.

Many of the chemicals added to extract gold are still in the slurry, and some of
them are very poisonous, such as cyanide.

The compounds in the slurry are ground to fine sand. Once the water dries, it
leaves a layer of tiny particles that can easily be blown around.

When gold mines in Johannesburg first started producing waste material, the
slurry was pumped into storage dams. After a while, as the slurry dried and more
waste material was produced, the dams grew upwards into dumps. The centre of
these dumps was lower than the outside, so that more slurry could be pumped
into the middle. The slurry was then pushed out towards the edges as it dried,
leaving more space in the middle. These dumps grew into the huge mine dumps
that line the mining areas of Johannesburg.

It is not just gold that produces mine dumps. However, since the old gold mine
dumps in Johannesburg are so close to communities living there, it is a very
noticeable problem. Other mining towns and cities have similar problems. When
new mines start, people working at the mines often build houses nearby, and often
a whole town develops around a mine.




Figure 8: Dust blowing off mine dumps can affect people and the environment.

In the early days of
mining, the impact of
mine dumps on the
environment was not
known. Once people
became aware of the
negative effects of the
dust that comes off these
mine dumps, they started
looking for a solution to
this problem. First, trees
and grass were planted
on the mine dumps to
prevent the wind from
blowing the dry dust into
the towns.

Figure 9: A mine dump planted with trees and grass to
reduce dust pollution.

But because of the toxic chemicals in the dumps, the trees and grass did not
grow very well. Later, mining companies started to extract any remaining gold
from the waste material in these mine dumps. Since the process used to extract
gold a hundred years ago was not very effective, a lot of gold remained in the
waste material. Once they processed these mine dumps to extract any remaining
gold, they removed the dumps altogether. The remaining waste material was then
stored where it could not be blown into nearby towns or cities.




Notes: Dust pollution from mine dumps

Topic C: Indigenous mining in South Africa before the
modern era

The history of South Africa is closely linked to mining. Gold and diamond mining
has generated much wealth for the country over the last 150 years. The mines in
South Africa today produce gold, diamonds, silver, platinum, chromium and many
other minerals. In 2010, South Africa produced 15% of the world’s gold, and 78% of
the world’s platinum supply.

But of equal importance to our history was the
ability to make iron tools and implements. This period . ic melted in a very hot
1s known as the Iron Age. The ability to smelt ore and oven called a “furnace”, to
make iron tools was discovered in North Africa. Some  geparate the iron from the rest
of these communities moved southwards to find of the ore.
better rainfall and more productive land to provide
Crops.

Smelting is the process where
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Figure 10: Locations of a few mining sites in South Africa during the Iron Age.

About 1800 years ago, the areas where people
coming from the north would settle in was influenced
by the discovery of iron-ore deposits. Even nomads
would settle near a source of iron ore and plant crops
such as ground beans, sorghum and millet.

This would lead to an increase in cattle and other stock animals, and often the
community would grow and prosper in that area. They would stop their nomadic
lifestyle and stay in one place to build a community. However, sometimes they
would have to move to a different area due to drought or poor soil. Other groups
were not as fortunate to find deposits of iron ore, and so continued moving south
as well. With these groups of people continually moving south, the knowledge
of how to smelt iron came to the country that is now known as South Africa.
Historians and geologists have found many places in our country where Iron Age
settlers lived and built their smelting ovens. Studying these places has helped us
to learn more about the history of these people.

Nomads are people who have
no fixed homes, and move
from place to place in search
of water and food.




The Iron Age people also knew how to make pottery by baking clay. The styles
of pots and artwork found at these Iron Age sites have helped historians to
determine the general date when these sites were occupied. The Iron Age people
built huts and cattle kraals as well, and these ruins have been studied in places
right across the country, from Mpumalanga to the Kei River.

Figure 11: Typical Iron Age tools: simple but efficient

Initially, iron-ore deposits were discovered by the Iron Age settlers as the
deposits were exposed by soil erosion. Soon the settlers learnt how to find sources
of iron ore by studying the different types of rock in the area and comparing it to
other sites where they had found iron ore. About 1300 years ago, holes and shafts
were being dug to produce the ore. A lot of trees were required near the iron-ore
deposits, as the smelting process required a lot of charcoal to provide enough heat.
A supply of fresh water was also important.

The process of smelting ore was regarded as a secret to be kept by the older men
of the community. They would build a clay oven that had a small hole at the top as
a chimney, and three or four other holes on the side where air could be blown in.
To smelt the ore, it would be put into the oven in layers of ore and charcoal, then
the charcoal would be set alight and a lid would be placed over the burning fire.




Figure 12: lllustration of how an early iron smelter was constructed and used

The men used “bellows” made of soft goat’s or sheep’s skin to continually blow
air into the oven to create the high temperature needed to smelt the ore. This
could take many hours, often a whole day or night. When the charcoal was finally
burnt out, the oven would be opened and a lump of iron removed.

This lump would be heated over another fire and hammered into the shape of
the tool or implement required. It was a difficult process, but it changed the way
the people lived at that time, and so it is one of the most important eras in our
history.

Notes: Iron Age technology




Topic D: The equality or inequality of job opportunities in
mining for women and men

Discrimination against women has been an ongoing struggle across the globe for
centuries. Women were, and in some countries are still, mostly seen as second-
class citizens under the control of their fathers, husbands or other male members
of their family. Women were expected to stay at home, clean and cook for the
family, and raise the children, often without any help from men. Very few women
received a proper education or were allowed to work for money. Those who did
work, mostly did only part-time jobs and for little money. They often got married
and/or had children at a young age, before they could study to qualify for higher-
paying jobs.

There were many women who fought hard for the rights of all women, including
the right for women to vote in elections. In many countries, women were first
allowed to vote only about 80 to 100 years ago, because many men thought women
were not clever enough to vote. Many of the protesting women were put in jail and
even mistreated for their actions.

For us to understand gender bias, we have to understand that it develops from
a very young age. Girls are often taught that they cannot do what boys can, but is
this the truth? For instance, boys play with toy cars and girls play with dolls. This
often leads to the mistaken ideas people have about adult men and women. Many
people still think that women are more emotional than men, have to be pretty,
have to be willing to have children and have to care for their families. And many
people still think that only men can be physically strong, that only men are clever
and hard-working enough to do jobs with a lot of responsibility, that a real man
does not show his emotions and that a husband has to only contribute financially
to his family.

But what is gender bias in work situations? It is when one gender is perceived
to be superior to another, and this gender is given more or better employment
opportunities as a result. During the twentieth century, a lot of research was done
