Experiment

with the airplane’s wings

As you have already learnt pilots can make
manoeuvres with the help of the airplane
wings. Pilots use levers and buttons to
change the yaw, pitch and roll of the plane.
They use a control wheel to raise or lower the
ailerons and the elevators. At the same time
pedals are used to move the rudder to the
right or to the left.

Learning about: Pulleys & Cranks
Airplane’s wings
Pilots control the rotation in three dimensions (the yaw,
pitch and roll) to achieve a flight. Become a pilot and
control the elevators of your plane, make them move
upwards and downwards.

Materials Needed:
®
- Engino (STH31).
- String 55cm long.

The ailerons cause the plane to roll when
they are raised on one wing and lowered on
the other. Meanwhile, the elevators control
the pitch of the plane. When they are lowered
the plane is descending and when raised the
plane is climbing. The yaw of the plane is
controlled by the rudder. When it is turned to
the right or to the left the plane moves
respectively. Therefore, when the rudder and
the ailerons are moved together the plane
turns. Airplanes also have wind flaps which
are used for landing. They move downwards
to help the plane slow down.

Discover:
What is a pulley?
What is a crank?
What is torque?

1. In which of the three positions was it easier to lift
the wings up? Circle the correct words in the
following paragraph.

Procedure:
1. Find the instructions and build the
Airplane’s wings model until step 8.

A

2. Note that in each case the wings
should be elevated in a small height.
3. Hold the model with one hand and
elevate the wings with the other one
from three different positions as it is
shown on the right. Test the amount
of effort you need to apply in order to
elevate the wings and indicate in
which position it was easier in
exercise 1.
- How is the motion transferred from the
cockpit to the wings?
- How is the control wheel connected with the
elevators?
- How do wings move upwards or
downwards, to the right or to the left?

Are you ready to ﬁnd out how pilots ﬂy
airplanes?
Let’s conduct the next page’s experiment to
discover how the airplane’s wings operate.
Let’s check how the elevators control the
plane’s pitch and how they are raised or
lowered.
Get ready to learn about pulleys and cranks.
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4. Pilots don’t use their hands to
move the airplane wings for sure! In
this case we are going to simulate
how pilots control the elevators. Place
the wings in the vertical (raised)
position and follow the rest steps of
the instructions to create a
mechanism that will be used to raise
and lower the wings! Then do
exercise 2.

C

B

It was much easier to elevate the wings from position
A / B / C. This is because it is closer to/ further from
the point of rotation and more / less force is needed
to rotate the wings. This is called torque.
2. Place the wings in the lower position. You will need
to tie and wrap the string on both pulleys a few times
so it will be stretched.
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Procedure:
5. There are two cranks on the model,
the forward and the rear one (see the
picture below).

3. Complete the gaps in the sentences using the
words from the box.
raised, opposite, lowered, same

Deﬁnition of pulley drive

When the forward crank rotates clockwise the wings
raised
same
are .......................
and they move in the ...................
direction as the crank. Meanwhile when the rear

rear
crank
forward
crank
6. Rotate the forward crank and then
the rear crank, both of them
clockwise ( ). Observe what is
happening and complete exercise 3.
7. Elevate the wings vertically and
reverse the two cranks. This way an X
shape is created on the string. Rotate
the forward crank and then the rear
one, both of them clockwise ( ). Do
exercise 4.
8. For each case we are going to
change the position of the handles (as
indicated in the picture below). For
case 1 the handle is already
positioned in the first hole. Turn the
forward crank clockwise and the real
one anticlockwise to feel the force
applied.
1

lowered
crank rotates clockwise the wings are .....................
opposite direction .
and they rotate in the ......................
4. What do you observe now? What can you indicate
about the direction of the wings and the direction of
the cranks? Compare the direction of the wings with
the previous task.

When we pull the rope, which passes from a
pulley’s groove, the force we apply is
transferred up to the pulley and down to the
load, so that the weight is lifted upwards
while we pull downwards. This is best shown
in the picture above where an elevator is
operating with the help of a large pulley.

same
direction as the rear crank
............................................................
and
in the opposite direction from
............................................................
the
forward crank. The direction of
............................................................
the
wings is reversed compared
............................................................

9. Move the handle one hole closer to
the axis (case 2) for both cranks. Turn
the cranks in the same way as before
and feel the force. Finally repeat the
same procedure for case 3 and
complete the table in exercise 5.

Many times instead of pulling the rope we
wrap it around a shaft or an axle which can
be turned by a crank more easily, similar to
the fishing reel. In the following images you
can see some more examples of pulley
applications.

with
the previous task since the
............................................................
string
was reversed.
............................................................
5. Tick √ the correct boxes in the following table
comparing the force applied on the cranks in order
for the wings to be lifted and lowered.

Case
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A pulley drive is a wheel with a grooved rim,
rotating about its center. It is one of the six
simple machines among the lever, wheel and
axle, inclined plane, wedge and screw. Pulleys
like all simple machines, have the ability to
multiply the applied force. A rope or a cable
runs through the wheel’s groove in order to
transfer the force from one position to
another. By pulling the rope we can lift a
heavy object easily, without stressing our
back. This means that pulleys can actually
use the rope to transfer force from one
position to another, that is from our hand to
the load.

The
wings are rotating in the
............................................................

Types of pulley drives

Force
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Theory

Ηandle’s
Position

(difficulty in rotation)
Easy

Medium

Difficult

√

1.

√

2.

3.

√
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A fixed pulley is rotated
around a rigid axle which
is located at a fixed point.
However, fixed pulleys
are not directly
attached to the load.
This type of pulley
enables us to pull the
string downwards in
order to lift the load upwards, without
any mechanical advantage.

A moveable pulley is
directly connected
to the load and
moves
simultaneously with
it. In order to lift the
load, the string
should be pulled
upwards. This type of
pulley offers a
mechanical advantage.
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Uses of pulley drives

Quiz

Pulleys can be appropriate in cases where
there is a need to either transfer rotational
motion or change the direction and speed
of rotation. To do this a belt drive is used
instead of a rope, which enables 2 pulleys to
work together, with the one driving the other.
Pulleys are ideal for changing the axle’s
direction. In fact, the first picture of a crossshaped belt is a change in direction by 180
degrees. In the second picture you can see a
change of 90 degrees. As a matter of fact,
pulleys can be used for any angle without
affecting their performance. In order to
change the direction of rotation of a pulley
system, we have to change the belt so as to
create an X shape (see the third picture).

Exercise 1

1

Complete the diagram using the words in the box.

ﬁxed point

eﬀort, load, rope, ﬁxed point, pulley

2

rope

pulley

eﬀort

3
load

Cranks
The earliest and most common application of
the crank is that of a handle positioned offset
of the axis of rotation in order to help us
rotate things. The first machine created by
humans was the handmill, and then this
technology was applied to wells for lifting
water. Nowadays, if you observe carefully you
will find many manually driven machines and
devices that use the crank in a similar way.
The crank is also a vital part of the “winch”
mechanism which is used to wind up and
store rope. Winches are used in sailing ships,
cranes and elevators.

Exercise 2
A force is applied on a pepper grinder’s crank on three different positions (A, B and C) as it is
shown in the picture below. Can you indicate in which position it is easier to rotate the crank? In
which case is the torque greater?
It is easier to rotate the crank from position C
......................................................................................
since it is further from the point of rotation.
......................................................................................
This way less force is needed to rotate the crank.
......................................................................................

Force A B C

The torque is greater in case 3.
......................................................................................
......................................................................................
......................................................................................

Torque
Torque is the tendency of a force to rotate
objects. When a force, perpendicular to the
radius, is applied on a pulley it creates
torque. In order to rotate an object, we have
to apply enough torque to overcome the
load. If we apply the force closer to the
center, then the radius of the circular motion
is smaller and hence a large force is required.
If we apply the force further from the center,
the radius is bigger and the force required to
create the same torque is less.

Knowledge check: check what you have learned.
What is a pulley drive?
Which are the two types of pulleys?
What is the pulley used for?
What is the use of a crank?
What is torque?
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