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SYSTEMS AND CONTROL
Mechanical Systems

Mechanisms create movement:

All machines, however basic or complex, are made of simple mechanisms. A mechanism has a lot to do
with movement. It is a device which changes an input motion and force, into a desired output motion and
force.

Input .
motion and |———» MECHANISM [———» Output motion
force and force

In grade 6 we have learned how simple machines used mechanisms to move and how mechanisms
change a specific input into a specific output by using a specific process, e.g. the use of a bicycle:

Lﬂ -~ F _|— al e |

When you are riding, you press

down on the pedal (input), the

chain passes your forces along

Y e <Y LI i, AT . the chain to the back wheel

fi- 2 — (=] f'.'-';l;‘) | —= ik 3 (process), and the bicycle goes
. -* i forward (output)

Mechanisms also help us to change one type of force into another. Mechanisms changes forces, but
they also change one type of motion into another, e.g.

Mechanism Type of input motion Type of output motion
Rotary motion: Linear motion:
To open or close a tap, one downwards; the rubber valve
has to turn the handle moves up (to open — water

flows) and down (to close —
water stops flowing

Systems diagrams are graphic representations of what machines do, showing the various stages, which
are interlinked to make up the whole. Let’s look at an example of a system diagram of a washing

machine.
INPUT ) PROCESS ) OUTPUT
Electric ener Washing cycle Clean clothes

At the input stage, a kind of movement, either by a person or a ~ -'—7—.:1-5-.." il -

computer or timing switch, is observed. The energy which is e TN

used the washing machine is also called the input. Without the 'L':r-f W S ey

energy input, no movement of the mechanical parts will take ! : :_-:_”, | P

place. LS e
T —

The process is the transfer of energy which results in something (e gow e gt

moving or happening. This is when you see the mechanical parts Ry~ _-_1 =

doing their thing. e F

The result of this energy input is called output which in this b4
case is clean clothes coming out of the washing machine. &




WHEELS WITH DIFFERENT SHAPES

Activity 1: Assignment (informal) — Watching wheels work

Look at the pictures above and discuss the answers to the following questions:

a. How many wheels does the toy truck have?
b. Describe and draw the shapes of the wheels. How does the shapes of the wheels differ?

c. Identify the axle and hole of each of the wheels. Are all the wheels fixed in the same
position? Does the axle go through the centre of the wheel?

d. What do you think will happen when the wheels turn?

e. How do you think the camel’s head moves up and down? Where does the movement
takes place?

f. Identify which parts move.

Special kinds of wheels

We think of wheels being round, but sometimes
. . P fc:-ffawer
they are made in special ways to do specific jobs.
An example of such a wheel is a cam. The wheel i i
that makes the camel move up and down in the 3 e
toy is a cam.
T?zzs is the distance

A cam is a mechanical component that is fixed to
an axle or shaft. It has a special shape and it
always turns in a circular motion.

the followear will it

A cam always has a follower which moves up and down as it follows the shape of the cam.
The circular motion of the cam is ~

changed into a linear motion
(moving in a straight line) F == —

This is an important feature follower {moves with reciprocating guide [keeps the cam {moves with
of mechanisms. mation/up-down movement) folicwer stalle] circular maticn)




Mechanisms can change the direction of movement

INPUT PROCESS ouTPUT
. The follower "| The follower moves up and
The cam turns in a
R follows the shape down
clockwise direction . . .
of the cam (reciprocating motion

How an engine works:

Old and new cars have pistons and cams in their engines.

As the cams in an engine turn, the followers move up and down. This action opens and
closes the valves leading into the piston. There are two valves: the inlet valve and the

outlet valve.

1. The valve opens: a
spark makes the petrol
and air mixture explode
in the cylinder

2. The explosion forces
the piston to move down.
This makes the crank
shaft turn.

3. The crank shaft
provides the force that
makes the wheels turn

4. the fumes then leave
the outlet valve an go to
the exhaust pipe

camshaft {moves
with circular motion)

follower (moves with
reciprocating motion/
up-down movement)

valves

-—— spark to
sparkplug

piston

crankshaft <~

A cam can also be an off-centre wheel. The hole for an axle on which the wheek turns is not
in the centre. This causes a special turning movement that makes other parts in the

mechanism move in a special way.

N

zummg el

The word eccentric means away from the
centre. So an eccentric wheel is a wheel
with an axle that is not in the centre.

As soon as we use an eccentric wheel with
a follower, we call it an eccentric cam.




Windscreen wiper mechanisms

Have you ever looked at the wipers moving across the windscreen and asked yourself: “How
did they do that?”
The best way for you to find out is to make it yourself.

Activity 2: (Make and investigate) Make windscreen wipers

(Work in groups) You will need
e corrugated cardboard
e cutting knives/scissors
e paper fasteners (these can be used for fixed and loose pivots)

Make this crank and slide mechanism using the materials. Turn the mechanism clockwise.

crank mechanism loase pivot shding mechamsm

wheel azle auide wood block base

1. Describe the motion in the crank mechanism
2. Describe the motion in the sliding mechanism
3. Copy and complete the systems diagram below:

INPUT PROCESS OouTPUT

» »
L >

Use the same mechanism to complete the windscreen wiper mechanism:

Note:

loose pivot
fixed pivot

® O
Il

(Fixed pivots are
attached to the base)

1. The input of the crank is a circular clockwise motion. Now describe the output
(wipers).
2. copy and complete the systems diagram for the wiper mechanism of a motor vehicle.

INPUT PROCESS OuUTPUT

The wiper motor activates
the crank mechanism in a
clockwise direction.

A 4

A 4




How can these people make their
work easier to do?

By using levers! The screw
driver, bottle opener and trolley
are all examples of levers.

Levers were probably the first mechanism to be used ,f'r_wx‘;
by humans — long before the wheel was invented. 5
People in the Stone Age used the lever principle to .
move heavy stones, as in the cartoon.

A long firm object like a stick or pole pivots on a
smaller stone. The pivot is known as the fulerum and
the big stone as the load, while someone has to put in

the effort to move the stone. P
-l.l.#_-

3 VS
e = |

Today this type of lever has been modified into many :
things, like crowbars and bottle openers. :

The door handle of your class room, the scissors you use and a fishing rod are all levers. Three
things can be identified when a lever is used:

= An effort (the push or the pull) — the input force
» A fulcrum (the point around which the load and the effort turn or rotate) — the pivot

» The load (the thing that resists the pushing or the pulling) — the output

Let’s look once again at our first three examples of levers. Can you identify the input (or
effort), fulcrum and the load? Make use of arrows to indicate those three things.




Levers can be divided into three classes. The position of the fulcrum, load and effort are
different in each of the classes of levers.

Class one levers:
In class one levers, the fulcrum (pivot) is between the effort and the load.

IR [T iy -‘-\-\;:'}\_I‘:\:._;ﬂ'
Effort Faelcrum freat
Loved

Class two levers:

In class two levers, the load is between the effort and the fulcrum (pivot), with the fulcrum on
the outside.

Class three levers:
In class three levers, the effort (input) is between the load and the fulcrum (fulcrum).

=

‘ﬁ:ll (:

Symbolic representation

- (Mass § fever 1z Load Effe Catdid Exfng
Il n Iy 1T 1

Lavad FAY Effore
Iy h - b
P {fwss 2 fever {lase | ddias

'.|"_I|'|rn'.'.|'|'.'|ll Fi frrum Fulidieer




Activity 3: Summative Assessment:

Below are examples of different classes of levers used in everyday mechanism and tools. Name
the tool/mechanism, describe the load and represent it symbolically as shown in the table. Each
lever must be classified into a class type.

I I

Garden shears cutting a branch. foad £ gﬁlu
The branch is the load £

‘Fulirum

Class 1 lever




Activity 4: (group discussion) Case Study — Informal assessment
Compare these two South African families:

.:;?3.32 ,.:__\_,;.-_.I' _,.;.-'.d':\_-z;l;! :-..J-l-l'.. ___E:r.l T

-‘-:'-

S o
ffZ f?f///’?;w #ﬂ f’fu-'}f i

1. Here is a list of some mechanisms:
wheels and axles; pulleys; gears; cranks; cams; levers

List examples of products using mechanisms outside the home of each family in the
picture. Write down the mechanism these products use.

2, Choose two products from Family 1 and say how they affect the quality of lives.

3. Read this quote from a newspaper article: “All South Africans are equal because all of us
can afford any technological products.”

Do you agree with the quote? Are certain families disadvantaged or favoured by
technological products?

Use the example of Family 2 to help you answer this question.




