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UNIT 5: SIMPLE MACHINES I

In this unit, students will be introduced to the concepts of force and work. Students will be led to understand that simple machines are basic 
tools that make work easier by changing the magnitude or direction of force. They will build models and in the process further their knowledge 
of the mechanical advantage and real-life applications of the lever and the inclined plane.

INTRODUCTION

STANDARD NCF ALIGNMENT

• Introduction to ratios 

• Word problems involving ratios

• Idea of force-push or pull; change in speed, direction of 
objects by applying force 

• Types of simple machines; concept of levers and inclined 
planes

SCIENCE

MATHEMATICS

• To be able to organise and structure thoughts in 
reading and writing 

• To familiarize students with the process of writing

• To be aware and sensitive towards the problems of the 
physically challenged

ENGLISH LANGUAGE ARTS

ENVIRONMENTAL SCIENCES
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Unit 5: Simple Machines I

BACKGROUND

Simple Machines

Levers 
In Unit 1, you experimented with levers and 
the different classes of levers. A lever, as you 
know, is basically a rod that is fixed at a point. 
This point is called the fulcrum. Effort, or force, 
is applied on one arm of the lever. The lever 
then moves around the fulcrum so that the 
other arm can do some work. This arm is called 
the load arm.

Mechanical Advantage
Why do we use levers? A lever is a simple 
machine, and that means it should make doing 
work easier. How does it do that?

Observe the figure above. This is a Class I lever 
where the fulcrum is in between the effort and 
the load. You will find it very interesting that if 
the load is placed nearer to the fulcrum and if 
the effort is applied farther than the fulcrum, it 
becomes easier to lift the load!  
 

Since the load is nearer the fulcrum, it will be 
lifted to a lesser height. Since the effort is away 
from the fulcrum, it will have to be applied 
over a greater height. 
 
This property of levers is called the mechanical 
advantage. The mechanical advantage of a 
lever helps us lift heavy weights by applying 
less effort for a longer period of time. 
 

Boom Rides
An interesting application of levers is the Boom 
Ride. This is a carnival ride that consists of a 
horizontal pole or rod called a Boom. The word 
Boom originates from an old word meaning 
beam. 

Generally, in Boom Rides, the participant sits 
on, or is suspended from a beam that is in 
motion. In this unit you will build a model of 
a boom ride that is a Class 1 lever. In this the 
participants on either side of the beam move 
up or down in an alternating manner. This 
type of up and down motion is also seen in 
many other carnival rides.

Inclined Plane
In Unit 1, you were introduced to the simple 
machine - inclined plane. The ramp is an 
example of an inclined plane. An inclined 
plane is a plane surface that is set at an angle 
to the ground, sort of like the road going up 
a hill. It is used to move objects to higher or 
lower levels.  
 
The slope of an inclined plane is defined as 
‘rise over run’. Rise is the vertical distance that 
is travelled by the inclined plane while run is 
the length of the inclined plane. 
  
For instance, in the figure, the rise over run of 
the ramp is 1 : 10. That means that when you 
travel 10 meters on the inclined plane you also 
achieve a height of 1 meter. 
 

 

 Run 

 
Rise 

Inclined Plane

10m 1m
Ramp

Effort Load

Fulcrum
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Unit 5: Simple Machines I

BACKGROUND
Terms

Effort is the force applied on an object.

A fulcrum is the point around which a lever pivots, the point that it swivels around, the thing that it rocks up and down on, 
or the point it moves back and forth around. Where the fulcrum is positioned on the lever determines what mechanical 
advantage the lever can provide, or how much work it can help you do. 
 
A lever is a plank or bar that pivots on a fulcrum. Levers provide a mechanical advantage when lifting or prying.  
 
A load is something that must be moved or supported. 
 
Distance is how far apart two things are. Distance is measured in many different units - miles, kilometers, inches, feet, yards, 
meters, centimeters, and millimeters. You can measure the distance between two points on a map, on a globe, on the wall, 
or even on your own body.
 
Work is the effort in doing something or making something. 
 
An inclined plane is a mechanical device which reduces the effort needed to raise an object by increasing the distance 
that it moves. Inclined planes provide a mechanical advantage because it takes less force to move an object up an inclined 
plane than to just lift it. Another name for an inclined plane is a ramp. 

A ratio is a way of showing the relationship between two quantities or numbers. 

The rise run ratio of an inclined plane is the ratio of the height of the inclined plane and the length of the inclined plane.

EFFORT

FULCRUM 
 
 
 
LEVER

LOAD 
 
DISTANCE
 
 
 
WORK
 
INCLINED PLANE

RATIO

RISE RUN RATIO

1. A very famous ancient scientist and philosopher said, “Give me a lever long enough and a fulcrum on which to place it, and I shall move the 
earth”. Have a class discussion on this statement. Find out whose words these are and debate about what this statement means.

‘WOW’ Exercise
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Unit 5: Simple Machines I

PROJECT 1: BLOCKFLIPPER

3

2

1

To the center Building 
Block 15 with Bore, 
attach horizontally three 
Building Block 30s.

Fix a Building Block 15 
with Bore between the 
two columns with a Clip 
Axle 45.

To build the 
Blockflipper, place two 
Building Block 30s 
vertically in the ninth 
slot from the near 
end of the Base Plate 
120x60.  
 
Mount Building Block 
15 with Bore on each 
of the Building Block 
30s. This is the frame 
that will support the 
fulcrum.

3 - Spring 
Cam

3 - Building 
Block 15 with 

Bore

7 - Building 
Block 30

2 - Building 
Block 15

2 - Building Block 
15x30x5 with 

Groove and Pin

1 - Clip Axle 
45

1 - Base 
Plate 120x60

1 - Building 
Plate 15x30x5 

with 3 Grooves

Materials

Build

In this project, you will build a model of a Blockflipper, which 
is a Class 1 Lever.
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Unit 5: Simple Machines I

6

5 8

4 7

Carefully place a Building 
Block 15 onto the 
launch platform of the 
Blockflipper.  
 
Gently push down on the 
extended end of the lever 
while holding the base 
plate down with your other 
hand. 
 
The hand pushing on the 
lever is acting as the effort, 
the two columns in the 
center are the fulcrum, and 
the Building Block 15 is the 
load in this first class lever.  
 
Flip the block several times 
to get a sense of how far it 
travels.  
 

Fix one Spring 
Cam on each of the 
two Building Block 
15x30x5s with Groove 
and Pin.

Place two Building 
Block 15x30x5s with 
Groove and Pin 90 
degrees to the already 
fixed Building Plate 
15x30x5 with three 
Grooves.  
 
This will be the launch 
platform for the lever’s 
load. 

With the help of 
the Spring Cam, 
attach a Building 
Plate 15x30x5 with 
3 Grooves to the 
Building Block 15.

On the other side of 
the center Building 
Block 15 with Bore, 
attach two Building 
Block 30s and then a 
Building Block 15.

PROJECT 1: BLOCKFLIPPER
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Unit 5: Simple Machines I

JOURNAL

Blockflipper

5. Think about class 1 levers. Where might you find a real 
world example of a Blockflipper? Identify one practical 
application of the Blockflipper. 

1. The Blockflipper is a first-class lever. Conduct the following 
experiment with the lever by modifying the position of the 
fulcrum. 
First, predict the effect of moving the fulcrum. Will changing 
the position of the fulcrum affect the distance the Building 
Block 15 travels when flipped?   

2. Reconstruct the lever arm so that 
the Building Block 15 with Bore is 
one Building Block 30 away from the 
launch platform, and flip the block. 
Does moving the fulcrum change 
where the block lands? Did the block 
land farther, closer, or at the same 
distance?  

3. Rebuild the lever arm so that the 
Building Block 15 with Bore is three 
Building Block 30s away from the 
launch platform and flip the block. 
Compared to the last trial, did the 
block land farther, closer or at the 
same distance? 

4. Based on your observations from questions 1 to 3, explain 
the relationship between the amount of effort required and 
its distance from the fulcrum.
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Unit 5: Simple Machines I

PROJECT 2: RAMPS & WORK

Place a Base Plate 120x60 
on a table. On each of the 
two left-hand corners of 
Base Plate 120x60, place a 
Building Block 30.  
 
Add a Building Block 15 
with Bore to each of the 
Building Block 30s.

2
Put in place two Building 
Block 15s with Bore 
between the columns 
with the help of a Clip 
Axle 60.

1

Materials

Build

2 - Hinged 
Block Claw

1 - Building Block 
15x30x5 with 

Groove and Pin

1 - Building Plate 
15x30x5 with 3 

Grooves

2 - Bearing 
Sleeve

19 - Building 
Block 30

6 - Building 
Block 15 

with Bore

2 - Clip Axle 60

2 - Spring 
Cam

2 - Clip 5

1 - Mounting 
Plate 15x30

1 - String 1 - Scissors1 - Pencil

1 - Base Plate 
120x60

In this project, you will practice using the inclined plane as a simple 
machine by building one  pulling a load up the ramp.
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Unit 5: Simple Machines I

PROJECT 2: RAMPS & WORK

Build a load block by 
placing a Building Block 
15x30x5 with Groove 
and Pin over a horizontally 
placed Building Block 30.  
 
Center a Hinged Block 
Claw to the Building Block 
15x30x5 with Groove and 
Pin. 
 
Insert a Bearing Sleeve 
into the Hinged Block 
Claw.

Insert a Clip Axle 60 
through one of the 
Building Block 15s with 
Bore and slide two Clip 5s 
over the Clip Axle 60. Set 
the model aside.

Mount a Building Block 
30 and a Building Block 
15 with Bore onto each of 
the two vertical columns. 
 
Fix two Spring Cams on 
the lower edge of the 
blocks which form the 
ramp.  
 
Attach a Mounting Plate 
15x30 beneath the sixth 
Building Block 30 of the 
columns.

Create two columns of six 
Building Block 30s. Add 
the columns side by side 
to the two center Building 
Block 15s with Bore. Be 
sure all edges are even.

5

4

3

6
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Unit 5: Simple Machines I

PROJECT 2: RAMPS & WORK

Tie a string to the Bearing Sleeve of the second block and 
attach it to the first block (Follow the journal directions to try 
the experiment). Here is what the finished experiments will 
look like.

Recall that an inclined 
plane is a slanted surface 
used to raise objects to 
higher places. Using an 
inclined plane increases 
the distance over which 
the load is lifted, while 
decreasing the effort to 
perform the same amount 
of work.

8 9

Finished!
7

Build a second load block 
by placing a Building Plate 
15x30x5 with 3 Grooves 
over a two vertically placed 
Building Block 30s. Attach 
a Hinged Block Claw to the 
Building Plate 15x30x5 with 3 
Grooves.  
 
Insert a Bearing Sleeve into 
the Hinged Block Claw.
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Unit 5: Simple Machines I

JOURNAL

1. Center the string on a pencil, and lift the two block stacks in 
the air. Observe what happens. Does the heavier stack pull 
the lighter stack? 

2. Place the inclined model near the edge of a table. Put the 
two block (heavier) load on the inclined plane, and let the 
single block (lighter) load dangle off of the upper Clip Axle 
60. Observe what happens. Does the lighter load pull the 
heavier load up the ramp? 

3. With the model you have built, try pulling the load block to 
the highest point of the inclined plane. Now try lifting the 
block directly to that height. 
 
a. Which one was easier? 
 
b. Which one took a longer time? 
 
c. In which case was more work done? 

4. If the lighter load was able to pull the heavier load, explain 
the reasons why. 

5. Describe a situation where an inclined plane would be 
useful. 

6. What is the rise run ratio of your model? How did you 
calculate it? 

Ramps & Work
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Unit 5: Simple Machines I

PROJECT 3: SUPER BOOM RIDE

1 - Base Plate 
120x60

2 - Bearing Sleeve

2 - Clip Axle 45

1 - Clip Axle 75

4 - I Strut 75 
with Bore

10  - Building 
Block 30

11 - Building 
Block 15

8 - Angle 
Block 60

2 - Angle 
Block 30

2 - Hinged 
Block Claw 

2 - Adapter 
Girth

4 - Strut 
Adapter 

2 - Seat

4 - Clip 52 - Mounting 
Plate 15x45

1 - Mounting 
Plate 15x15

1 - Mounting 
Plate 15x602 - Single Rivet 4

5 - Building 
Block 7.5 4 - Axle Coupling

3 - Building 
Block 15 with 

Bore

2 - Building 
Block 15 with 

2 Pins

3 - Building Block 
15x30x5 with Groove 

and Pin

2 - Angle 
Girder 60

2 - Angle 
Girder 120

Materials

Start the base of the 
Super Boom. Stack three 
Building Block 30s in the 
central  groove and flush 
against the side of a Base 
Plate 120x60.  

1

BuildIn this project you will build a model of a super boom ride! A 
boom ride is a carnival ride in which the participant sits on or is 
suspended from a beam, which is in motion. The boom ride is an 
example of a class 1 lever.
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Unit 5: Simple Machines I

PROJECT 3: SUPER BOOM RIDE
Begin a support by adding an 
Angle Block 60 near the top, 
left side of the central post, 
and an Angle Block 30 into 
the second slot of the Base 
Plate from the rear, left side.  

Create a second support on 
the other side of the center 
post using an Angle Block 
60, Angle Block 30, two 
Building Block 30s, and a 
Building Block 15 with 2 
Pins. 

Add a Building Block 30 
onto each pin of a Building 
Block 15 with 2 Pins, and 
slide the assembly between 
the two Angle Blocks. 

Add an Angle Girder 60 
and a Building Block 30 to 
the top of the center post. 

Add a Building Block 
15 onto the center post. 
Insert a Bearing Sleeve 
into a Hinged Block Claw 
and slide the claw into the 
groove of the top Building 
Block 15. Set the base 
assembly aside. 

Begin the boom arm by 
inserting a Bearing Sleeve 
into a Hinged Block Claw. 
Center the claw on the side 
of a Building Block 30.  Add 
an Angle Girder 120 onto 
the left  end of the Building 
Block 30 and an Angle 
Girder 60 onto the right 
end. 

3 6

2 5

4
7
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Unit 5: Simple Machines I

PROJECT 3: SUPER BOOM RIDE
Add a Building Block 7.5 
onto the Angle Girder 120 of 
the boom arm. Add an Angle 
Girder 120 on the opposing 
end of the boom.  

Line up the two Bearing 
Sleeve and Hinged Block 
Claw assemblies, and join the 
boom arm to the base with 
a Clip Axle 45. Secure the 
axle in place with two Axle 
Couplings. Set the model 
aside. 

Slide a Building Block 30 
onto the near end of the 
boom. On each side, add two 
Strut Adapters. Cap the end 
of the Building Block 30 with 
a Mounting Plate 15x15. 

Begin the passenger assembly 
by sliding two Building Block 
15x30x5 with Groove and 
Pins onto the two center pins 
of a Mounting Plate 15x60. 
Orient the block’s pins to 
the outside edge. Add two 
Building Block 7.5s to the 
Mounting Plate 15x60’s end 
pins. 

Make two passenger chairs 
by sliding a Seat onto a 
Building Block 7.5, and 
sliding the block onto the 
Building Block 15x30x5 with 
Groove and Pins. Slide two 
Adapter Girths onto the 
Building Block 7.5s located 
on the ends of the Mounting 
Plate.

Attach an I Strut 75 with 
Bore onto each Adapter 
Girth with a Single Rivet 4. 

9 12

8 11

10 13
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Unit 5: Simple Machines I

PROJECT 3: SUPER BOOM RIDE
Insert a Clip Axle 75 through 
the top holes of the I Strut with 
Bore 75, sliding the axle into the 
groove of a Building Block 15 
with Bore between the struts.  
Fix the block in place with two 
Clip 5s. Fix the Clip Axle 75 in 
place with two Axle Couplings.  

Begin the counterweight 
assembly by connecting two 
Mounting Plate 15x45s with 
a Building Block 15 and a 
Building Block 15 with Bore. 

Insert a Clip Axle 45 into the 
Building Block 15 with Bore. 
Attach the ends of two I Strut 
75s with Bore to either end of 
the Clip Axle and fix them with 
Clip 5. Connect the other ends 
of the I Strut 75s to the Strut 
Adapters on the near end of the 
boom.

Starting with the Building 
Block 15 located in the 
assembly, attach a series 
of six Angle Block 60s and 
five Building Block 15s to 
create a roughly circular 
shape. 

Attach four Building Block 
15s onto the extended pins 
of the four lower Angle 
Block 60s. 

Slide the counterweight 
assembly onto the arm of 
the model opposite to the 
passenger assembly. Fix a 
Building Block 15x30x5 
with Groove and Pin onto 
the end of the Angle Girder 
120 to prevent the assembly 
from sliding off the model. 

15 18

14 17

16 19
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Unit 5: Simple Machines I

PROJECT 3: SUPER BOOM RIDE

Finished!
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Unit 5: Simple Machines I

JOURNAL

1. Gently press down one end of the boom arm. Observe and 
describe what happens. 

2. Try slowly moving the counterweight up and down the 
boom arm. Describe what happens. 

3. Identify the parts of the lever in the picture of the super 
boom ride. 

4. What happens in the boom ride when the counterweight is 
near the fulcrum?

Super Boom Ride
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Unit 5: Simple Machines I

CHALLENGE

Challenge 1 

1. Brainstorm with your group on how to solve the problem. Write down your idea(s).

Ideate

Your older brother and you visit the park. The see-saw looks like fun. But it’s not – your brother weighs 60 kg and you weigh 20 kg. He’s always going 
down and you’re left hanging in the air!
 
You are now determined to design a see-saw that can correctly balance both your brother and you. If it is a good design that works well, all the kids 
who visit parks everywhere and who face the same problem will thank you for it!

So let’s get started!

2. Sketch the model of the seesaw that you are planning to build and label the different parts of the seesaw. Identify the different parts 
of a lever in the sketch if possible. 

3. Write down the list of materials you require to build the seesaw. 

4. Explain how you are going to build a seesaw that you and your brother could properly use.

Prototype

5. How did you test your model to check if it works as you wanted it to? (What weights did you use to see that it works?) 

6. Did your model work as intended? If not, explain the reasons why.

Evaluate Sam
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Unit 5: Simple Machines I

CHALLENGE

7. Which part of this challenge was the most difficult for you and your team and why? How did you deal with this? 

Reflect
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Unit 5: Simple Machines I

CHALLENGE

1. Brainstorm with your group on how to solve the problem. Write down your idea(s).

Ideate

There’s a new Kids Mall in the city, with stores full of toys, books and fun for children! But wait; the only way to enter the mall is by climbing a flight of 
stairs!

That’s not fair for all those children who have to use wheelchairs. You have decided to conduct research, design and build a ramp that handicapped 
people (especially those who use wheelchairs) can use to enter the mall.

So let’s get started!

2. Sketch the design of your model and label the different parts. Try and show the rise and run of the model in your sketch. 

3. How do you plan to get the exact rise and run in the model you are building. Explain in your own words? 

4. Write down the list of materials that you think you will need to build your prototype.

Prototype

Challenge 2 

5. Calculate the rise run ratio of the model that you have built. Is the ratio the same as the one you described in your design? 

6. Is your final model different from your design? Explain the reason for the changes.

Evaluate Sam
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Unit 5: Simple Machines I

CHALLENGE

7. What do you think is the best rise run ratio for a handicapped accessible inclined plane? Explain your answer. 

8. Which part of this challenge was the most difficult for you and your team and why? How did you deal with this?

Reflect

9. Did you conduct any research while attempting this challenge? Briefly list down your sources.

Research
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Unit 5: Simple Machines I

CAPSTONE

1. Read the challenge statement and discuss it with your group. What do you have to do in this challenge? Explain briefly in your own 
words. 

2. Brainstorm with your group and describe the fort that you are planning to attack, its surroundings and other factors that will affect 
the design of your machine. 

Define

3. Brainstorm with your group and come up with ideas for solving this challenge. Write down your ideas. 

4. Discuss with your group and select one idea. Write down the idea and explain why you selected the idea.  

Ideate

You are the commander of a large army that has been directed to attack a famous fort. After consulting with your generals, you decide that one way 
to bring down the walls of the fort is by using siege machines. You and your team have to design and build a prototype of a siege machine that can be 
used to attack and take over the fort.

So let’s get started!

5. Sketch the model of the machine that you are planning to build and label the parts. 

6. Write down the list of materials that you would require to build the model. 

7. What are the concepts (from the projects and challenges) that you are using to design and build the war machine?

Prototype

Sam
ple

 C
urr

icu
lum

 - C
op

yri
gh

t p
rot

ec
ted



123

Unit 5: Simple Machines I

8. Did your model work as you wanted it to? Did it fulfill the purpose of the challenge? Briefly explain.

Evaluate

9. Which part of this challenge was easy? What was difficult? Describe in your own words.

Reflect

10. Did you conduct any research during this challenge? What sources did you use?  

11. What are some of the important things you learnt from your research?

Research

CAPSTONE
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