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Meta Description

How do elevators work? What makes them safe? Learn all about elevator operation by building
your own model and carrying out a hands-on investigation.

Learning Objectives

e Understanding the mechanisms behind traditional lift systems through hands-on
experience.

e Observation of a counterweight system.

e Awareness of the braking and safety mechanisms in an elevator system.

Key Terms

Brake
A mechanism used to stop the movement of the elevator cab.

Cab
The elevator box where passengers or goods are carried.

Cable
Steel rope.

Counterweight
A steel frame containing a number of weights, usually amounting to half the weight of a full cab.

Sheave
A wheel attached to the shaft of the elevator motor which forms a pulley system to move the cab.

Speed governor
A flywheel system which regulates elevator speed.
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Method

Step 1
Use the cardboard box to make the elevator car. This can be done by cutting five 15 cm by 15 cm
squares from the cardboard and taping them together to form an open topped box.

Step 2
Thread a string through the top of the box to form a small loop. Repeat at the bottom of the box.

Step 3

Arrange the six spindles on the plywood as shown in Figure 1. Leave approximately 10 cm between
spindles in the same line. Try to align the spindles.
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Step 4
Fix the spindles to the wood using the nails.

Step 5
Place the box on the board as shown in Figure 1.

Step 6

Tie a string to the loop at the bottom of the elevator car. Pass the string under spindles 5 and 6 and
over the tops of spindles 1 and 2. Wind the string twice around spindle 2. Tie the end of the string to
the loop at the top of the box. The arrows in Figure 2 can be used as a guide.
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Step 7
Tie another piece of string to the loop at the top of the box. Pass the string over spindles 3 and 4.
Leave a long length of string hanging over spindle 4. The arrows in Figure 2 can be used as a guide.

Step 8
Tie the counterweight to the end of the string at spindle 4.
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Step 9
Ensure that all the spindles are firmly in place and that all the cables are tight and secure.

Step 10

Use your hand to turn spindle 2. In which direction does the elevator car move? How does turning
the spindle in the opposite direction affect the motion of the elevator? How does the counterweight
influence operation?

Alternative Method

A small box could be used for the elevator cab, instead of constructing a box from scratch using
pieces of cardboard.

Thread or baker’s twine could be used instead of string.

Precautions

1. An adult should hammer the nails into the board if younger children are carrying out the
experiment.

2. When hammering nails into the board, keep fingers out of the way of the hammer. Use firm,
precise blows.

3. Be careful not to strike the spindle. If the spindle cracks its fragments may hit your eyes.

Narrative

Imagine a seesaw. If a heavy boulder which weighed more than you were placed on the opposite
end of the seesaw, it would hold one side of the plank on the ground. Even if you climbed up onto
the other end, jumped on it even, you wouldn’t be able to lift the boulder off the ground.

Now, imagine a second boulder with half the weight of the first is placed on the side which you have
been sitting on. Now, the weight from the second boulder, paired with some extra force from you, is
enough to start moving the grounded end of the seesaw. Once the seesaw is moving, it has
momentum, and so it requires relatively little effort on your part to continue moving until it reaches
the top position. Once it reaches the top position, extra force must be used to keep it there. Possibly
your friend could join you in holding down the end of the seesaw, so the combined force on the
newly grounded end of the plank is enough to keep the heavier boulder at the maximum point.
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Lifts work a lot like seesaws. The heavy boulder represents the passengers (load) in the cab. The
second boulder on the opposite end represents the counterweight. You represent the motor, which
provides extra force to move the boulder. Your friend represents the brakes, which come into action
to stop the cab from moving once it reaches the desired floor. The plank of the seesaw represents
the cables connecting the cab to the counterweight.

Questions

What happens if the cables snap?
The speed governor activates the emergency brake.

If the elevator is in freefall, will jJumping before you hit the ground save your life?
Probably not.

What happens if the governor doesn’t work?
There are additional braking features and absorption mechanisms at the bottom of the lift shaft.

How does the motor move the elevator?
The motor rotates the shaft, which turns the sheave.

Why does the sheave have grooves?
Grooves create friction to hold the cables in place.

Why is a counterweight needed?
To reduce power required from the motor.

Do lifts have brakes?
Lifts have a number of braking systems.

How heavy is the counterweight?
Usually half the weight of a full cab.

Brief Explanation

Elevator movement is driven by an electric motor found at the top of the elevator shaft. (Video)

. A special wheel called a sheave is attached to the shaft of the motor. Steel cables are passed over
the sheave. The cab, which carries passengers, is attached to one end of the cables while a
counterweight is attached to the other end. Together, the sheave and cables form a pulley system.
The sheave has a number of grooves which hold the cables in place through friction.

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License


https://van.physics.illinois.edu/qa/listing.php?id=139
https://www.youtube.com/watch?v=6gxFp1x65Vo&feature=youtu.be
http://steamexperiments.com/experiment/lift-model/
http://steamexperiments.com
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/

Lift Model - STEAM Experiments - Page 6

http://steamexperiments.com

The counterweight is a steel frame full of weights.It offsets the weight of the cab. This means that
the force which needs to be produced by the motor in order to move the elevator is equivalent to the
difference between the weight of the cab and the counterweight. Thus, the counterweight reduces
the power required from the motor and reduces wear on the moving systems. Typically the
counterweight would be half the weight of a full cab.

The motor controls the movements of the cab and counterweights. When it rotates in one direction,
the cab ascends and the counterweight descends. When it rotates in the opposite direction, the
movement is reversed. Lifts are installed with a number of braking systems and failsafe protection
mechanisms.

The cab starts to move because there is a resultant force upwards or downwards. This resultant
force causes the cab to accelerate. Equation 1 summarises the relationship between the resultant
force, F, the mass of the cab, m, and the acceleration, a. A heavier cab will accelerate less for the
same resultant force.

F=ma
(Eq 1)

In order to move the cab upwards, the resultant upward force must exceed the downward forces
produced by the weight of the cab structure and passengers. When the cab moves downwards, the
weight the cab and passengers produces a downwards force, and the motor can apply a braking
force to control the speed of the cab.

Detailed Explanation

The counterweight plays an important role in elevator operation. The counterweight makes it easier
to move the car. The motor only needs to supply a force equivalent to the weight difference between
the cab and the counterweight and some extra force to overcome friction in the pulleys. Since the
motor has to do less work against gravity in order to move the cab, less power is expended by the
motor, reducing the motor specifications and energy expenditure. Reducing the force decreases the
strain in the cables, decreasing wear and adding an extra layer of safety. The counterweight
mechanism makes it easier to control the speed of the lift. It also decreases the braking forces
required in the case of an emergency.

Lifts contain a number of safety features. Guides are used to control and stabilize the movements of
the cab and counterweight. They also provide backup brakes. If the motor malfunctions, hydraulic
fluid is cut off and primary emergency brakes near the motor act on the cables to cease motion.

In general, a number of cables are used. Theoretically, a single cable would be adequate to support
the weight of the cab and counterweight. The additional cables add an extra factor of safety.
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In the case that all the cables are cut and the lift goes into freefall, the speed governor activates the
primary emergency brakes. The speed governor is an independent speed control system, usually
housed near the elevator motor. It consists of a heavy flywheel with two flyweights (mechanical
‘arms’) at the centre. The movement of the governor is coupled with the cab’s movement. If the
governor’s speed increases beyond a safe threshold, the flyweights spring out and trigger the
emergency brakes.

Spring or hydraulic buffers are usually placed at the bottom of a lift shaft to increase the impulse of a
falling cab once it reaches the bottom, thus reducing the damage sustained to the structure.

A stationary cab will move in the direction of the resultant force acting on it. Equation 1 summarises
the general relationship between the resultant force, mass and acceleration. When the lift moves
upwards, the combined force produced by the motor, Fmand the counterweight, Fc, exceeds the
downward force due to the weight of the cab and passengers, W. When the cab moves downwards,
W exceeds the combined force (Fm+ Fc). The upward force produced by (Fm+ Fc) produces a
braking action which controls the speed of the cab. Equation 2 expresses the relationship between
these forces and the resultant force, Fr.

Fr=Fm +Fc- W
Eq 2

When the cab is stationary or moving at a constant speed, the upward and downward forces are
equally balanced and there is no resultant force acting on the cab.

Applications and Research

Applications

Without lifts, skyscrapers and high-rise buildings could not be built, because people wouldn’t have a
way to get to the top floors without climbing hundreds of stairs. Many modern skyscrapers make use
of double-deck lifts. These lifts have two cabs attached on top of each other. This not only increases
the carrying capacity of the lift, but also reduces waiting times. These lifts have been installed at the
Eiffel Tower in Paris and The Shard in London.

Research

Thyssenkrupp, a German company, is developing new elevator technology which could pave the
way for lateral as well as vertical elevator movement. This is achieved by removing traditional
cabling systems and replacing them with linear motors. Special guides enable cabs to make 900
turns.

Investigation

e Add a weight to the cab to represent the weight of the passengers. For this you could use a

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License


http://www.bbc.co.uk/schools/gcsebitesize/science/add_aqa_pre_2011/forces/forcemassrev1.shtml
https://en.wikipedia.org/wiki/Double-deck_elevator
http://www.elevatordesigninfo.com/double-deck-elevators-improve-efficiency
https://multi.thyssenkrupp-elevator.com/en/
http://steamexperiments.com/experiment/lift-model/
http://steamexperiments.com
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/

- - Page 8

http://steamexperiments.com

small pebble or a little bag of sand. Observe how operation is affected.

e Experiment with different counterweights. How does operation change with heavier or lighter
counterweights?

e Experiment with various scenarios, varying both the passenger load and the counterweight.

Subjects

Education
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Time Required

~1 hour

Preparation: 45 minutes
Conducting: 20 minutes
Clean Up: 15 minutes

Cost

0-10€

Recommended Age

6-9
10 -12
13-16

Number of People

1 participant

Supervision

Required

Location

Indoors
Outdoors
Festivals
Laboratory
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Materials

A sheet of plywood or other suitable wood
Cardboard box

Hammer

Pencil

Ruler

Scissors

Six empty spindles

Six nails

Small weight (e.g. heavy key, nut, small pebble)

String

Tape
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Double-Deck Elevators Improve Efficiency
Elevators

Force, Mass and Acceleration

Science Experiment — Make a Model Elevator

The World'’s first rope-free elevator

Additional Content

Article: How do Elevators Work? (Beginner)
Could you Survive a Falling Elevator? (Beginner)

Our World: How Elevators Operate (Beginner)

How Elevator Works (Intermediate)
This Elevator Could Shape the Cities of the Future (Intermediate)
Development of a Building Elevator System (Advanced)

Elevator Plunges are Rare because Brakes and Cables Provide Fail Safe Protections
(Advanced)

People are Still Trying to Build a Space Elevator (Advanced)
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