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Daily, people drive a billion cars across  Daily, people drive a billion cars across  
our planet.  The Science of how  our planet.  The Science of how  
cars are made is easy to understand.cars are made is easy to understand.

Those who know Science can help improve Those who know Science can help improve 
lives; one person, one product and one planet lives; one person, one product and one planet 
at a time.at a time.
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To date, over 5 Million Free eBooks and  To date, over 5 Million Free eBooks and  
Videos given away to people in 60 Countries.Videos given away to people in 60 Countries.
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Science pours, pounds and  Science pours, pounds and  
pushes metal and plastic into  pushes metal and plastic into  
car parts.  Cars have to be made  car parts.  Cars have to be made  
before they can move us around!before they can move us around!

1)1) 2)2) 3)3)

4)4) 5)5) 6)6) 7)7)

3)  Cars3)  Cars
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a) Read - ONE PAGER - Overview Picture

A) Pour
B) Pound 
C) Cut Apart 
D) Push 
E) Spot Weld 
F) Paint
G) Put Together

Science of Cars - MAKE Summary

A) B) C)

D) E) G)F)
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Cars - in 7 StepsCars - in 7 Steps
Lesson PlanLesson Plan

PREPPREP
a) Read ONE PAGER.a) Read ONE PAGER.
b) Read EZ Lesson in Teacher Guideb) Read EZ Lesson in Teacher Guide
 Heat, Pressure, Put Together Heat, Pressure, Put Together
c) Read Cars - Lesson Planc) Read Cars - Lesson Plan
d) Copy pages for the Students.d) Copy pages for the Students.

PRESENTATIONPRESENTATION
e) e) Check what students know about Cars?Check what students know about Cars?
f) Present overview to the Students  f) Present overview to the Students  
including ONE PAGER - Cars in 7 Stepsincluding ONE PAGER - Cars in 7 Steps

g) “DO” the experiment - g) “DO” the experiment - Cookie Come-FromsCookie Come-Froms
h) “DO” the experiment, - Mold Chocolate h) “DO” the experiment, - Mold Chocolate 

POSTPOST
i) Students do “TRY THIS!” assignments.i) Students do “TRY THIS!” assignments.
j) Do “Integrate Science” Activityj) Do “Integrate Science” Activity
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0) Cars are made of Parts.0) Cars are made of Parts.

1) 1) Parts are made with Science  Parts are made with Science  
 like Heat and Pressure. like Heat and Pressure.
  
2) 2) HeatHeat  is energy that flows  is energy that flows  
 from hot to cold. from hot to cold.

3) 3) PressurePressure pushes on something. pushes on something.

4) Parts (ingredients) are  4) Parts (ingredients) are  
Put TogetherPut Together to make things   to make things  
like cookies.like cookies.

Cars in 7 StepsCars in 7 Steps
EZEZ  Lesson Overview  Lesson Overview
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DO - Cookie Come FromsDO - Cookie Come Froms
Purpose - Turn ingredients into Cookies

Materials.   - See Ingredient List
   - Bowls, Mixers, Trays, Oven

Steps:   
1) Ask a parent to make cookies by Video Call.
2) Prepare the ingredients.  Show to the class.
3) Mix together.  Notice how the batter does not  
  look like cookies yet.
4) Bake the cookies.  Talk about how heat changes  
  liquid batter into solid cookies. 
5) Bring the cookies to school.
6) Discuss the steps it takes to make cookies.
7) Eat the Cookies.
See Alford eBook - Where Cookie Come-From
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a) Get the ingredients.

b) Mix together. c) Bake.

Cookie Come Froms - continueCookie Come Froms - continue

Ingredients are made of atoms.Ingredients are made of atoms.

sugarsugar
flourflour

chocolatechocolatebutterbuttereggseggs
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Everyday Objects have Science InsideEveryday Objects have Science Inside

All around us are objects that  All around us are objects that  
are made and work because of Science.are made and work because of Science.

Before we see about cars, let’s  Before we see about cars, let’s  
look in reverse, how clothes are made.  look in reverse, how clothes are made.  

We start with the completed clothing We start with the completed clothing 
and go backwards to the cotton plant.and go backwards to the cotton plant.
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In ReverseIn Reverse
E) Clothes are made of cloth.E) Clothes are made of cloth.
D) Cut and sew pieces of cloth.D) Cut and sew pieces of cloth.
C) Weave threads into cloth. C) Weave threads into cloth. 
B) Spin fibers into threads.B) Spin fibers into threads.
A) Fibers grow on Cotton Plants.A) Fibers grow on Cotton Plants.

E)E)

D)D)

C)C)

B)B)

A)A)

Action steps that make things are called Processes.Action steps that make things are called Processes.

Clothes Come-FromsClothes Come-Froms
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HEATHEAT

Heat melts ice into liquid water.Heat melts ice into liquid water.

Heat melts metal into a liquid too.Heat melts metal into a liquid too.
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PRESSUREPRESSURE

Pressure applies force to objects.Pressure applies force to objects.

Hammer nails.Hammer nails.

Roll dough.Roll dough.

Chop veggies.Chop veggies.
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Cars have Science InsideCars have Science Inside

Note to Teacher:Note to Teacher:
Explain to the Students that  Explain to the Students that  
with cookies and clothes we see  with cookies and clothes we see  
how atoms change into parts.  how atoms change into parts.  
Then, parts are put together to make Then, parts are put together to make 
our everyday objects called prod-our everyday objects called prod-
ucts.ucts.

Next, we are going to start with Next, we are going to start with 
the finished car.  We go backwards the finished car.  We go backwards 
through the processes or set of  through the processes or set of  
actions that make cars. actions that make cars. 

Encourage the students to notice Encourage the students to notice 
how different amounts of how different amounts of heatheat    
(temperatures) and (temperatures) and pressurepressure    
(forces) are used to make cars. (forces) are used to make cars. 

To Recap, Action steps that make things are called Processes.To Recap, Action steps that make things are called Processes.
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Matter at different  
temperatures and  
pressures can be  
shaped into car parts.

Heat & Pressure

Heat Pressure
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b) Watch Video
Cars - with 7 MAKE StepsCars - with 7 MAKE Steps

Free VIDEO
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Car “Make Steps” in Reverse Order

A)B)C)D)

E)G) F)

G) Put Together 
F) Paint 
E) Spot Weld
D) Push 
C) Cut Apart
B) Pound
A) Pour

Let’s look at the Steps that make cars (in reverse).
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Completed cars are put together 
by machines and people working  
together.

G) Put Together

G) RobotsG) Robots

G) PeopleG) People

G) Assemble MachineG) Assemble Machine
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F) Paint

Paint gives cars  
the colors that we see.

Remember that Atoms have two parts,  
positive and negative.  Paint molecule  
are negatively charged.  They attract  
to the positively charged Body Frame.

Atom

1515Teacher - CarsTeacher - Cars



The frame assembly is made by Robots.
The different pieces are spot welded together.

Robots

E) Frame Assembly

1616 Teacher - CarsTeacher - Cars



Spot weld uses electricity to melt 
points in metal parts.  The hot spots  
of very hot liquid metal, cool and  
join the frame parts together.

E) Spot Weld
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The frame parts are 
formed in molds with 
pressure.

D) Push Form-Frame Parts
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Engine Energy

Cars go because of Engines.  Let’s 
pause and see how Engines work.

fire
Piston 
Rod

Cran
k S

haf
t

Engi
ne Asse

mbly

Piston 
Head

end view

Gas burns and gives off heat  
and pressure.  Fire bursts push  
the Pistons down.  The Pistons  
turn the Crank Shaft. Gears  
transmit turning to the tires.
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Gears change the amount and 
speed of pressures (forces).  
Tools cut apart chips similar  
to a knife cutting an apple. 

C) Cut Apart - Gears
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Wedge shape cutting tools, cut  
apart from pieces of room  
temperature metal to make gears.

tool

gear

C) Cut Gears
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B) Pound - Crankshaft
Crankshafts are made by giant tools  
like hammers that press on hot metal. 

crankshaftcrankshaft
(in work)(in work)

top tooltop tool

under toolunder tool

top tooltop tool

under toolunder tool

PressPress
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This process is called pound or  
hammer forge.  It presses hot  
metal into shapes.  In the  
past, hand tools, swords and  
horse shoes are made this way.

B) Pound - Forge
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A) Pour - Engine Block

mold

The Engine Block is made by pouring very 
hot liquid metal into a mold.  The metal 
cools into a solid the shape of the engine.
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DO - Mold ChocolateDO - Mold Chocolate
Purpose - Mold hot liquid in different shapes

Materials.   - Chocolate & Molds
   - Heat Source, Containers

Steps:   
1) Ask a parent to make mold  
chocolate by Video Call.
2) Carefully, slowly melt the chocolate.
Teacher points out that things melt with heat.
3) Pour into liquid chocolate into molds.
4) Teacher discusses that it takes lots of heat 
to melt metal.  Liquid Iron or Aluminum are 
poured into molds to make car Engines.  
5) Eat the Chocolates.
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A) _______

Question?
TRY THIS! - Car Key Words

Cut Apart
Paint  
Pound

Match the Key Word with right picture.

Pour
Push
Put Together  
Spot Weld

B) _______ C) _______

D) ______ E) ______ F) ______ G) ______

2626 Teacher - CarsTeacher - Cars



TRY THIS! - Car Key Words

Answers

Match the Key Word with right picture.
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Science is in every step to make cars. 
Pour the engine with heat.  Pound crankshafts 
with pressure until groups of atoms line up.  
Cut Apart gears with triangle tools.  Push 
sheet metal into molds with pressure to form, 
frame parts. Spot Weld the frame assembly 
with many small circles of electric heat. 
Paint with charged spray.  Finally, Put  
Together the car with twisting torque  
and pressing parts together.   
Simply said, Science with parts,  
processes, machines and people make cars. 

Conclusion
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Recap,
Cars- with 7 Make Steps

0) Heat and Pressure are important 0) Heat and Pressure are important 
to how cars are made.to how cars are made.

1) Heat melts the metal that is 1) Heat melts the metal that is 
PouredPoured into molds to make Engines. into molds to make Engines.

2) Pressure 2) Pressure PoundsPounds Hot   Hot  
metal to make Crankshafts.metal to make Crankshafts.

3)  Wedge-shaped tools 3)  Wedge-shaped tools Cut-ApartCut-Apart  
Gears from room temp metal.Gears from room temp metal.

4) Pressure 4) Pressure PushesPushes sheets of flat,  sheets of flat, 
thin metal between Tools to make thin metal between Tools to make 
Body Frame Parts.Body Frame Parts.
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5) Electricity heats spots of frame 5) Electricity heats spots of frame 
pieces to pieces to Spot WeldSpot Weld them together. them together.

6) Negatively charged 6) Negatively charged PaintPaint is   is  
attracted to the positively  attracted to the positively  
charged frame assembly.charged frame assembly.

7) All the pieces are 7) All the pieces are Put TogetherPut Together    
to complete the Car.to complete the Car.

8) Cars go because Gas burns in  8) Cars go because Gas burns in  
the Engine.  This causes heat and the Engine.  This causes heat and 
pressure.  As the gas burns it puts pressure.  As the gas burns it puts 
pressure on pistons that turn the pressure on pistons that turn the 
crankshaft.  Gears transmit the crankshaft.  Gears transmit the 
turning to the tires. turning to the tires. 

Recap,
Cars- with 7 Make Steps
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scI-Q Summary
Cars - in 7 Steps

Heat melts the metal that turns into engine  
parts.  With internal combustion, gas burns  
in the engine to push the piston and turn the  
crankshaft.  Through gears and shafts the  
turning is transmitted to the tires to make  

the car move.  DC electricity in car batteries,  
turns into electromagnets that power motors  
|to make electric cars move.  AC electricity  

charges DC batteries to power our computers.

engineengine
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Science of Cars!
- 7 MAKE Steps

This book explains the science of how to make 
cars.  The steps are: pour, pound,  
cut apart, push form, spot weld, paint and 
finally put together the parts.  See inside, as 
science and actions are turned into cars.

3232 Teacher - CarsTeacher - Cars

Next, Read the Book
Science of Cars

Focus on the Science in the 7 steps or  Focus on the Science in the 7 steps or  
processes to make cars.  Help students relate  processes to make cars.  Help students relate  
to each step.  Also, emphasize that all the  to each step.  Also, emphasize that all the  
parts are integrated to make the final car.parts are integrated to make the final car.



CarsCars

Science pours, pounds and  Science pours, pounds and  
pushes metal and plastic into  pushes metal and plastic into  
car parts.  Cars have to be made car parts.  Cars have to be made 
before they can move us around!before they can move us around!

1)1) 2)2) 3)3)

4)4) 5)5) 6)6) 7)7)
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This is the true story of 
how science makes cars.
. From Atoms
. Then Piece Parts  
. To the Complete Car

Cars
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A) Pour
B) Pound 
C) Cut Apart 
D) Push 
E) Spot Weld 
F) Paint
G) Put Together

Science of Cars  
- MAKE Summary
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Start Small

1

Before we make cars,  
here is some simple  
Science.  Parts are made  
of very tiny atoms. 
As a matter of fact.
anything made of  
atoms is called "matter."

matter

Cars
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Charges

Inside atoms are two charges. 
Positive (+) centers, circled  
by negative (-) electrons. 
Electrons flow to make  
electricity. 
Next, we learn more about  
atoms, molecules and mixes. 

Cars
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Atoms

Different atoms  
are made of different 
numbers of positive  
and negative parts. 
Atoms that are all  
the same are called  
elements.  Iron is  
an example. 

This model is the lithium atom. 

Cars
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Here are some more atoms.

Carbon atoms 
have 6 + and  
6 - parts.

Iron atoms 
have 26 + and  
26 - parts.

Atoms can join together.

Neutrons are not talked about in this book.

Cars
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Molecules

Different atoms join  
together to make molecules. 
Water is an example.  Two 
hydrogen atoms join with  
one oxygen atom to make  
one water molecule. 

Water is also 
called H2O. 

Cars



Mixes

Atoms also mix together  
like a fruit salad to make  
new materials.  Steel is a  
mixture of separate iron  
and carbon atoms.

6

Fe C 

Cars
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Matter

Atoms, molecules and  
mixes, are all matter. 
Matter comes three ways: 
solid, liquid, and gas.  
It depends on how much 
heat it has.  For example: 
Cold solid ice; Warm liquid 
water and Hot gas steam. 

cold
warm

hot

Cars
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Gas & Liquid

In a gas, atoms have space  
between them.  Air is a gas.  
It is a mixture of mostly  
Nitrogen and Oxygen. 
In a liquid, atoms are closer 
together.  Liquids flow.   
Tap water is a liquid.   
So is molten metal. 

Cars
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Solid

When liquid atoms 
cool, they line up  
into a solid.
Ice cubes and metal 
coins are examples. 

Actual atoms are too small to see.

Cars
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Matter at different  
temperatures and  
pressures can be  
shaped into car parts.

Heat & Pressure

Heat Pressure

Cars



Now, we are ready  
to drive on and see  
how to make cars!

11

Make

Cars



Cars are made of matter.  
Cars are made by people and 
machines including robots.

12Cars



Let`s learn about  
science and the seven 
steps or processes to 
make cars.
A)  Pour
B)  Pound
C)  Cut Apart
D)  Push Form 
E)  Spot Weld
F)  Paint
G)  Put together

13

Processes

Cars



A) Pour - Cast

14

Pour or cast, very hot  
liquid metal into a mold.

Cars



To make the engine, pour 
hot metal into a mold. The 
metal cools into a solid  
rough shape of the engine.

15

A) Engine

mold

Cars



Heat changes matter.  
Water can be ice, liquid or 
steam.  Same with metals  
but with higher temperatures.
Liquid metal cools into the solid 
engine shape.  Remove the mold 
and it looks like this.

A) Heat

16

Big holes are for pistons.  
Other holes, are for the cooling system.

Cars



Other car parts are cast too.

A) More Cast Parts

17

wheels gear case

Many plastic parts like 
this steering wheel are 

made by injection  
molding which is similar 
to casting.  Hot liquid 
plastic is pushed into 
molds.  It cools into  

the shape of the part.

Cars



Next, piston holes in the  
engine casting are polished  
to just the right size. 

Polish

Tool

Engine

Casting makes parts of many shapes and sizes. 
Castings are not strong enough to twist. 
A new process is needed for parts that turn. 

Hold the engine in place.Hold the engine in place.
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Pound or hammer forge  
hot metal into the shape.

B) Pound - Forge

Cars



B) Crank Shaft

The top tool pounds hot 
metal into the under tool.   
This shapes the metal  
into a crankshaft. 

top tool

crankshaft
(in work)

under tool

Tools forge the crankshaft.Tools forge the crankshaft.

20Cars



B) Stronger Grains

Grains are groups of atoms.  
They form when liquid metal 
cools into a solid.  In a casting, 
atoms cool fast.  The grains are 
small and unaligned.
Forging, forces groups of  
metal atoms called grains to 
flow into the shape of the  
part.  The aligned atoms  
make the forged part stronger.

21 Cars
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B) More Forged Parts

Piston Rods are forged.

Piston Heads  
are forged too.

Cars
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The engine parts are put together 
or sub-assembled.  This includes  
the cast engine block; forged  
piston heads, rods, crank shaft  
and other parts; 

Engine Assembly

engine block not shown 

Piston
Heads

Piston  

Rods

Crank Shaft

Cars



Engine Action

24

Before we make more parts, 
let us see how an Engine works. 
Gas burns in the engine.  The 
small, brief fires push the  
Pistons down.  The Pistons  
turn the Crank Shaft.

fire
Piston 
Rod

Cran
k S

haf
t

Engi
ne Asse

mbly

Piston 
Head

More parts are needed to get  
the turning power to the tires.

end view

Cars
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Gears, change or transmit 
turning.  Gears are circles 
with teeth.  Tools cut apart 
chips to make gear teeth.  
This is similar to scissors 
cutting paper and a knife 
peeling an apple. 

C) Cut Apart - Chips

chip

Cars
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C) Wedge Splits

The secret is triangle,  
wedge shaped tools.  Can 
openers, pizza cutters 
and axes are examples.

Cars
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Using wedge shape cutting tools, 
Gears are cut apart from pieces  
of room temperature metal.

tool

gear

C) Cut Gears

Cars
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These gears change the 
power and speed output 
from the engine.

C) More Cut Gears

Cars
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C) Change Direction

These gears change the 
turning direction ninety  
degrees.  That is, they 
change the power from  
the engine into power  
for the tires.

But first we have to make the tires.

differential

Cars
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Layers of rubber, steel wire  
and cloth are pressed together 
in a mold to make hollow tires.

Press Tires

Cars
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Cars, ride on tires full of 
air pressure.  It makes 
the bumps in the road  
feel smoother to riders.
Now, the car has parts 
that move.  We need  
to make parts that  
stop the car. 

Air Pressure

Cars

air
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Brakes stop the car.  The 
brake system includes: 
pedal; pipes; piston;  
brake fluid; pads and discs.

Brakes

disc

Cars
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Press on the brake pedal 
to put pressure on a liquid 
in pipes and tubes.    
The pressure moves from 
the pedal to the brakes  
to stop the car.

Next, we need a frame  
to hold all the car parts.

disc brake drum brake

Brake Pedal

Cars



34

Form is to push sheet 
metal pieces into tools 
shaped like car parts.

D) Push Form-Frame Parts

Cars
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D) Sheet Metal Parts

The top tool, quickly presses  
the warm sheet metal into the  
under tool.  This forms frame  
and other car parts like doors.

top

under

part

Cars
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The machine that makes big 
frame parts uses the weight 
of a  1,000  elephants.  

D) Pressure

Pressure pushes the sheet metal  
into molds to make the frame parts.

Cars
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D) More Pressed Parts
About half of the car`s  
weight is made of press 
formed parts.  

Cars
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 Next, we need to  
join the frame pieces.

Cars
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Spot weld uses electricity  
to melt points in metal parts.
The liquid hot spots, cool  
and join the frame parts.

E) Spot Weld

Cars
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Robots, spot weld sheet metal parts  
together to make the frame assembly.

Robots

E) Frame Assembly

Cars
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That is, robots with finger-like 
tools, clamp the sheet metal 
parts.  Electricity flows and 
melts spots to join pieces  
together.  
Robots make thousands of  
spot welds to join formed  
parts into one frame assembly.

frame assembly

Electricity flows through robot weld heads.

Cars



E) Electrical Heat

42

Flowing electricity also 
makes heat.  The electric 
heater, toaster and this 
light bulb are examples.

Cars



E) More Spot Welds

43

Other sheet metal parts  
like doors assemblies are  
spot welded too.

Next, the frame needs color.

Close-up ofClose-up of
spot weldsspot welds

Cars
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F) Paint
Paint the car in  
three steps: 1) Under;  
2) Middle and 3) Top Coats.

Cars
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Paint is applied onto  
the car in many layers.
First, the car is dipped 
into undercoating. This 
helps the car not corrode.

F) Under Layer

Cars
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Next, the middle coat  
is sprayed onto the car.  
This step fills in any  
places that are not smooth.

F) Middle Layer

Cars
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 Last, several layers  
of the top coat are 
painted onto the car. 

Remember, inside atoms are two charges?

F) Top Coat

Cars



The paint is negatively 
charged.  The car  
frame is positively  
charged.  That way,  
tiny drops of paint  
stick to the frame  
at a smooth thickness. 
The wet paint dries. 
Excess paint is recycled.

F) Charges

48

The "-" paint is  
attracted to the "+" frame.

Cars
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Colors make cars look 
nice.  Paint is also a  
protective coating for 
cars.   It keeps iron in 
the sheet metal from 
rusting.  

Next, we need somewhere  
to sit inside the car.

Cars



Seats are made this way. First, 
weave strong fibers into cloth 
fabrics. Second, cut the colored 
cloth into pieces.

Seats

50

weave
(close-up)

cut
Cars
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Third, sew the fabric  
pieces and stuffing together  
to make high-wear chairs.

sew

Cars
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Other Systems

Wiring connects the battery  
to the Engine, lights & interior. 

The Cooling System keeps the 
Engine from getting too hot.

Next, make the other systems.  This  
includes: Wiring, Cooling & Suspension.

Cars
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The Suspension System keep the 
ride smooth even over bumpy roads. 

Shock
Absorber

Next, join the car parts 
to make the complete car!

Cars



54

Put together or assemble  
the car using a balance of  
humans and machines.  This 
automated assembly tool  
installs the major systems.

G) Put Together

Cars
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Robots do heavy lifting 
and strong assembling.

G) Robots

Cars
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People do the delicate work  
like installing windshields.
The windshield is glued in place.

G) People

Cars



Let`s look more at the science  
of assembly.  Parts like the 
engine, seats and wheels are  
joined together or fastened  
with nuts and bolts.  
Twisting together the nuts and 
bolts is called torque.  Tight torque 
is what keeps the parts together.

G) Torque Turns

57 Cars



G) More Torque
Nuts and bolts join parts 
together.  They are  
stronger than spot welds.

58Cars



Next, test the car`s quality.

Nuts and Bolts are also 
used to join parts that  
will need to be taken on 
and off again like wheels.

59 Cars



The car is tested to make sure  
all the systems work properly. 

Pass Test

60Cars
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Now, the car is 
complete!  It is 
ready for us to 
buy and drive!

Done

Cars
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Science is in every step to make cars. 
Pour the engine with heat.  Pound 
crank shafts until groups of atoms 
line up.  Cut Apart gears with trian-
gle tools.  Push sheet metal into molds 
with pressure to form, frame parts. 
Spot Weld the frame assembly with 
many small circles of electric heat. 
Paint with charged spray.  Finally, 
Put Together the car with twisting 
torque.  Simply said, Science of  
parts, processes, machines  
and people make cars. 

Conclusion

Cars
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For most of our history,  
we humans walk, ride on  
horses or drive horse pulled  
carts to get around on land. 
With Science, separate parts  
join together to make a self- 
moving car called an automobile. 
Cars give us freedom to go  
anywhere there are roads and 
maybe one day, places without 
roads. 

Cars
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Cars  VIDEO

Cars

Technology, Cars
Science of Cars!

- 7 MAKE Steps

This book explains the science of how to 
make cars.  The steps are: pour, pound,  
cut apart, push form, spot weld, paint and 
finally put together the parts.  See inside, 
as science and actions are turned into cars.

Alford   Books

eBook Video

When you watch this video, keep in mind 
what are the  7 Steps to make Cars?
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Cars - VIDEO Script
i-1 Our world is so complex.
i-2 But the basic science is easy to understand
i-3 There are a billion cars and trucks on our world.
i-4 Let`s see the science to make CARS in 7 easy steps.
1) Pour
2) Pound
3) Cut Apart
4) Push Form
5) Spot Weld
6) Paint
7) Put together

1-1) POUR or Cast very hot liquid  
metal into a mold.
1-2 This makes the engine.
The liquid metal cools into solid shape
Big holes are for pistons.
Other holes are for cooling.
1-3  The liquid metal has more heat.
Just like how Water can be ice, liquid or steam.
1-4  How hot is the liquid metal?
Iron melts at 5 time the heat to cook pizza.
1-5  Wheels and cases are cast too.
Many plastic parts like this steering wheel  
are cast also.
1-6  Next, engine piston holes are polished  
to just the right size.
1-7  Casting is ok for the engine block but
casting is not strong enough for parts that turn fast.
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2-1  Pound or forge hot metal into shapes.
2-2  Hot metal is hammered between tools to make  
the crankshaft.  The shaft will turn thousands of times  
a second.  The crankshaft needs to be strong.
The secret science is in groups of atoms called grains.
2-3 For example, Wood grows with grains.
When liquid metal cools, it has unordered random grains.
2-4  Forging forces the grains to all line up in the same
direction. It makes pounded parts stronger. This includes
piston - rods and heads.
2-6  Engine parts are put together or sub-assembled.
2-7  In a engine, gas burns. the brief fire pushes the piston
down to turn the crankshaft.
2-8  We need more parts to get the turning to the tires.
3-1  Gears change or transmit turning. Gears are circles with
teeth.  Triangle tools, cut apart chips to make the gear teeth.
This is like scissors cutting paper and a knife peeling an
apple.
3-2  Can openers, pizza cutters and axes are all examples.
3-3  Triangle shaped tools, cut apart pieces of warm metal  
to make gears.
3-4  Other gears change the amount of power and speed
output from the engine (zoom).
3-5  These gears change the turning direction from the  
engine to the perpendicular tires.
3-5-5  Before we make the tires, we need to understand
pressure.  Pressure is the amount of force, that pushes  
on something.
3-7  For tires, layers of rubber and wire are pressed  
together and heated in a mold to make hollow tires.
3-8  Cars ride on tires full of air pressure.
3-9  Brakes stop the car with pressure on brake fluid  
in tubes that press on the wheels.
3-10  Next, our car needs a frame for support and shape.

Cars - VIDEO Script
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Cars - VIDEO Script
4-1  Push warm sheet metal between tools to form frame parts.  
4-2  This huge machine makes frame parts that uses pressure,
like the weight of over 1,000 elephants. That’s a lot!
4-3  About 1/2 of the car`s weight is made of press formed parts.  
This includes the frame, roof and doors.
4-4  Next, we need to join the frame pieces together
5-1  Spot weld uses heat from electricity to melt small points.
The liquid hot spots, cool and join the frame parts together.
5-2  Robots make thousands of spot welds to assemble the frame.
5-4  Flowing electricity makes heat.
This heater, toaster and light bulb are examples.
5-5  Doors are spot welded too.
6-1  Next, we paint the car.
6-2  First, the car is dipped into the undercoat.
This keeps the car from rusting or corroding.
6-3  Next, the middle coat is sprayed onto the car.
This fills in places that are not smooth.
6-4  Last, the top coat is painted onto the car.
6-5  This is like how static electricity zaps door knobs
or lightning flows from sky to earth.
Negative paint flows to the positive frame
This is called electrostatic painting.
6-6  Next, we need somewhere to sit down.
First, weave threads into cloth.
Second, cut the colored cloth into pieces.
Third, sew the fabric pieces and stuffing  
together to make high wear chairs.
7-1  Last, we put together or assemble all the car parts.
This automated assembly tool installs major systems.
7-2  Robots do heavy lifting and strong assembling.
7-3  People do delicate work like installing windshields.
The windshield is glued in place.
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Cars - VIDEO Script
7-4  Nuts and bolts twisted or torqued  
to hold parts together.
7-5  They make a stronger joint than spot weld.
7-6  Also nuts and bolts are great for 
removable parts.
7-7  We feel torque when we twist open a jar.
8-0 Next, The car is tested to make sure  
all systems work properly.
8-1 Now the Car is ready for us to drive.  
Almost over,
C-1 Science is in all the steps that make cars.
C-2 Pour the Engine with heat.
C-3 Pound Crankshafts until groups 
of grains line up.
C-4 Cut Apart gears with triangles tools.
C-5 Push sheet metal into molds  
with pressure to form frame parts.
C-6 Spot Weld the Frame Assembly with  
thousands of small circles of electric heat.
C-7 Paint with negatively charged spray  
onto a positively charged parts.
C-8 Finally, Put the car all together with  
twisting torque and other ways to assemble.
C-9 Cars look very complex.
C-10 But the Basic Science inside is so easy  
to understand.  Those who know science  
go farther in life.



This book explains the science of how to 
make cars.  The steps are: pour, pound,  
cut apart, push form, spot weld, paint and 
finally put together the parts.  See inside, 
as science and actions are turned into cars.

Cars71



5) Factory i-1

Manu-FACTORYManu-FACTORY
- Clay to Cars- Clay to Cars

Science connects  Science connects  
Factories from Factories from 
ancient clay  ancient clay  
soldiers to  soldiers to  
modern self  modern self  
driving cars.driving cars.

ToTo Manufacture is to make something. Manufacture is to make something.
Where things are made is called a  Where things are made is called a  

Manu-Factory or just Factory for short.Manu-Factory or just Factory for short.



5) Factory

Part  Description             
i)   Intro 
1)    ONE, Clay 
2)    TWO, China Ceramics
3)   THREE, Changeable Parts
4)   FOUR, Create Machines
5)    FIVE, Cloth
6)    SIX, Clocks+
7)    SEVEN, Cars
C)   Conclusion

Table of Contents

i-2

Without Production,
We produce only a few products.

With Science, we build from scarcity to  
a surplus of everyday objects for everyone!

Manu-FACTORY
- Clay to Cars



Welcome To Tech Links  
with Factory Production!

i-35) Factory

From a time when most people are 
farmers with just enough to eat to a 
world full of mass produced objects.



We look at the origins  
of objects to better  

understand our lives today. 

i-4 5) Factory

Our word, “tech” comes from the Greek 
word, téchnē which means art and skill.   

Today, our factories, balance human  
creativity and craft with the controlled  

muscles and movements of machines.

Do Science!



This is the true tale about  
Factories that produce  

our tech products. 

i-55) Factory

Technology is to apply Science to  
produce practical, useful objects.



Also, our Tech Connects  
with Factories from ancient  

Clay Soldiers to Modern Cars. 

i-6 5) Factory

TECH
 LINKS

From 

   Clay
to  Cars 

5 - 

1 - 

2 - 

6 - 6 - 

7 - 7 - 

3 - 3 - 

4 - 



We often think of factories and  
mass production as being modern.  

Actually, our true story starts  
over 2 thousand years ago. 

i-75) Factory



In the year, 221 BCE,  
China is a bunch of different  
warring kingdoms.  Each with  

a separate, war-lord king. 

1-1 5) Factory



Qin Shi Huagdi wants to unite 
the country under one  

Emperor.  Him of course.

1-25) Factory



He builds factories to hand  
make lots of weapons like bows 
and arrows, spears and swords. 

1-3 5) Factory

Bronze crossbow triggers  
are mass produced in  

ceramic molds.



His factories make enough  
weapons to equip his 100  

thousand soldiers.   Over the next  
20 years, Emperor Qin (Chin) 
conquers the whole country.   

He names it after himself, China. 

1-45) Factory



ONE, Clay Army 
He likes being Emperor  

so much, he want to keep  
the job forever!  He has a  

plan to rule in the afterlife too.  

1-5 5) Factory



1-65) Factory

He builds more factories to hand  
make lots of clay soldiers and supplies.  

Over half a million people work 30 
years to make Qin`s Tomb and 10  
thousand clay warriors & weapons.



1-7 5) Factory

Think of all the efforts & costs to  
mix the clay, shape into soldiers, oven  
bake the figures and then paint them.   

Some molds are used but most of  
the clay soldiers are made by hand.   



1-85) Factory

The Emperor believes the clay  
soldiers are real.  Somehow the  
clay army, animates & will fight  

his wars in the afterlife. 



1-9 5) Factory

After Emperor Qin`s death,  
Chinese factories continue  
to make silks and ceramics.  

As for Emperor Qin, he drinks what  
he thinks is an elixir of eternal life.   

It contains mercury and slowly kills him. 



TWO,  Clay China
China silks and clay ceramics  

are popular but expensive.  They  
are shipped in wooden ships to  

other countries around the world.

2-15) Factory



2-2

 Next, people in Europe make their  
own copies of the clay ceramics. 

5) Factory

Dutch Delftware



Later, In England, Josiah  
Wedgwood uses science  

to figure out how to make  
his own ceramics at less cost. 

2-35) Factory



2-4

He experiments with what  
materials and production  

processes to use. 
Also, he discovers how to  

control oven heat consistently  
to make quality ceramics.

5) Factory

 A Fire Meter measures temperature  
based on how much the clay shrinks.



2-5

He makes popular ceramic  
dinnerware & tea sets. 

5) Factory



He also makes these fancy  
products called Wedgwood.

2-6 5) Factory



Today, in the West, we still  
call clay ceramics “China”  

after where they first come from. 
2-75) Factory

Ceramics are made in factories. 

bottle kilnbottle kiln



THREE,  Consistent Parts
In 1785, most things like  
guns are still made one  
by one by human hands.

3-1 5) Factory



3-25) Factory

In France, this guy gets an idea. 
Painfully, he has gun parts  

hand made that are all  
the same size.  This is called  

“inter-changeable parts”. 

Honore  Honore  
Le BlancLe Blanc



3-3 5) Factory

He puts on a big show  
for important people.  In  

front of the crowd, he puts  
together, random gun parts. 



3-45) Factory

At least one person is  
impressed.  He is the US  
Ambassador to France,  

named Thomas Jefferson. 



3-5 5) Factory

Suddenly, in France, a  
revolution happens.  Society  

unravels into chaos.  Heads roll.

The French lose interest in the
idea of Interchangeable Parts.



FOUR, Create Machines
Mr Jefferson, who later  

becomes President Jefferson, 
takes the idea of Interchangeable 

Parts to the USA. 

4-15) Factory



Eli Whitney and team design
 new, water-powered machines  

to help make muskets.  
It takes 10 years to make  
10 thousand muskets with  

some interchangeable parts. 

4-2 5) Factory



In 1808, England is making  
lots of wooden warships  

preparing for war with Napoleon. 

4-35) Factory



There is a Problem.   There  
are Not enough pulley blocks  

to control the cloth, wind sails  
that power the Navy ships.

4-4 5) Factory



Engineer Marc Brunel gets the idea 
to create a production line  

to make lots of wooden pulley 
blocks.  He designs machines but 

needs someone make to them.

4-55) Factory

Interestingly, he left France during the 
French revolution and moved to England.



4-6

Henry Maudslay designs the  
machines to produce the pulleys.  It  

takes 6 years to make the 45 machines 
that are powered by steam engines. 

5) Factory



Next, one hundred thousand  
pulley blocks are made per 

year with the new machines.

4-7

Automation impacts people at the  
pulley factory.  Ten people &  

machines replace 110 skilled workers. 

5) Factory



FIVE, Cloth
Next,  based on the success  
of the pulley block factory,  

more machine tools are made. 

5-1 5) Factory



These machine tools make  
other machines to produce parts.

5-25) Factory



Here are examples of machines 
that power cloth factories. 

5-3 5) Factory



Machines prepare the cotton.   
Carding, lines up the fibers. 

5-45) Factory

Hand Carding

Machine CardingMachine Carding



5-5

Other machines, spin threads.

5) Factory

Spinning pulls fibers thinner and twists 
them together to make threads.  Can  

we even image a time, when people, with 
much effort made their own clothes?

Hand SpinningHand Spinning

Machine SpinningMachine Spinning



 More powered machines,  
weave lots of cloth.

5-65) Factory

Machines like these make products  
better and cheaper. But they cost the  
jobs & change life styles of workers  
who once made cloth in their homes. 



SIX, Clocks+
Machines also make steam  

engines & more machine tools. 

6-1 5) Factory



 Steam engines power  
machines in factories. 

6-25) Factory



The numbers of  
factories explodes. 

There is an Industrial  
Revolution of changes as  

workers move from farms  
in small rural villages to  

factories in crowded cities.

6-3 5) Factory



In the 1820`s this guy makes  
a factory to make hundreds  

of thousands of Clocks. 

6-45) Factory

He lowers the price  
of brass clock from $20 to $2.

Chauncey JeromeChauncey Jerome



In the 1850`s, this guy combines  
his own ideas with the patents of 4  
others to design a sewing machine.

He builds factories and cleverly  
sells the sewing machines on credit.

6-5 5) Factory

The needle pushes the 1st thread down that  
a hook loops around a 2nd thread to make a stitch.

Isaac SingerIsaac Singer



At this time, Steam Engines power 
boats & ships all made in factories. 

6-65) Factory

Mississippi SteamboatMississippi Steamboat

Notice the smokestacks are similar to the train called “Rocket”.Notice the smokestacks are similar to the train called “Rocket”.
Both powered by steam.Both powered by steam.



Later, Factories also build equipment  
to make and distribute electricity. 

6-7 5) Factory

Electric motors power more  
machines and factories. 



SEVEN,  Cars
In 1908, Henry Ford designs  
a simple but effective car.  
After many tries, he calls  
his invention the Model T. 

7-15) Factory



Car pieces are made,  
all the same size called  
Interchangeable Parts. 

7-2 5) Factory



He uses machine tools and a moving  
assembly line to make lots of cars.

7-35) Factory



He pays his workers a fair  
wage.  Workers can afford  
to buy the cars they make. 

7-4 5) Factory



In Ford’s factory, 
30,000 machines help people  

make 15 Million cars in 20 years.  

7-55) Factory



Ford’s efficient production line,  
lowers the price of a car from $850  

in 1909 to under $300 in 1927.

7-6 5) Factory



Soon there are lots of  
factories that make cars  

and all kinds of other objects. 

7-75) Factory



8-1

Today, factories make almost all  
of our everyday objects.  Paper  

and plastic products are examples.

5) Factory



8-2

Factories, shape  
and bake clay ceramics too.

5) Factory



8-3

They cut and sew  
clothes I wear. 

5) Factory



8-4

Much of what I eat and  
drink comes from factories.

5) Factory



8-5

Smartphones are made in  
factories before they can  

do calls, selfies and searches.  

5) Factory



8-6

Today, Industrial Robots,  
programmed by people, do many of  

the difficult processes to make cars.

5) Factory



8-7 5) Factory

Our everyday objects don`t  
grow in nature.  They are made  

by people and machines.  Factories  
that make microprocessor chips  
are amazingly complex.  Human  

designs and automated production  
machines change sand into silicon chips.  

These microprocessors, empower  
our everyday digital devices. 



5) Factory 8-8

Human brain cells connect to  
think.  Chip transistors link to  

enable electronic data flows.  They 
energize our digital devices today  
and the emerging AI of tomorrow.



To Close, 
Wow!  Production Factories  

- From Clay Armies to  
Colorful Cars in 7 steps. 

C-1 5) Factory

TECH
 LINKS

From 

   Clay
to  Cars 

5 - Cloth

1 - Clay

2 - 

6 -6 -ClocksClocks

7 - Cars7 - Cars

3 - 3 - ChangeableChangeable
Parts

4 - 
Create

Machines

ChinaChina



Ancient Clay soldiers in China,  
show us how early factories  
equip huge ancient armies. 

C-25) Factory



Next, Chinese factories make 
lots of ceramics.   They are 
traded around the world. 

C-3 5) Factory



Later, Europeans make  
Ceramics too.  New Science and  
production steps are discovered. 

C-45) Factory



A guy in France comes up  
with interchangeable parts. 

Chaos stops production  
progress in his country. 

C-5 5) Factory



President Jefferson takes  
the ideas of machine tools  
and factories to the USA  

to make same size muskets.

C-65) Factory

www.eliwhitney.orgwww.eliwhitney.org



Then, England invents new  
machine tools.  First to make 

wooden pulleys for ships  
then other factories.

C-7 5) Factory



Next, the powered, controlled 
machines turn tons of  

cotton into cloth.  The textiles  
are sold around the world. 

C-85) Factory

            Arkwright`s Water Frame            Arkwright`s Water Frame



Later, the Ford Factory  
uses machines, same size  

parts and a moving assembly  
line to make millions of cars. 

C-9 5) Factory



Before factories, most people  
are poor.  The rich 1% own the  

land where the other 99% work.
Factories improve economies.   

Sadly, they create pollution and  
use up world resources too.  Also,  

many factory workers, often  
dislike the repetitive jobs. 

C-10C-105) Factory5) Factory



5) FactoryC-11

Today, positively, many people  
around the world are middle class.   
But huge - education, income and  

opportunity - inequalities still exist.
May easy Inde Ed Project Science help  

cure the global un-equalness.  We  
need the wisdom as we create our  
tech filled and AI enabled future!
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5) FactoryC-13

5 - Factory
-Clay to Cars  VIDEO

Main Points
1) Clay

2) China
3) Changeable Parts
4) Create Machines

5) Cloth
6) Clocks
7) Cars

FactoryFactory



5) Factory C-14

i-1) Welcome To Tech Links  From this ….. to these !
i-2) We look at object origins to better understand our lives today.
i-3) This is the true tale about Factories.
i-4) Also, how Tech Connects from Clay Soldiers to Modern Cars.
i-5) Our story starts Two thousand plus years ago.
1-1) At this time, China is a bunch of different warring kingdoms. Each with a 
separate, warlord king.
1-2) This guy Qin (pronounced “Chin”) Shi Huang wants to unite China under one 
King or Emperor. Him of course.
1-3) He builds factories to hand-make weapons like bows and arrows, spears and swords.
1-4) His factories make enough weapons to equip his 100 thousand soldiers
Emperor Qin (Chin) conquers the whole country. He names the united country 
after himself, — China!
1-5) He likes being top King so much, he wants to keep it forever! He has a plan to 
rule in the afterlife too.
He builds more factories to hand-make 10 thousand clay soldiers and weapons.
It is because of these clay soldiers, that we know about his ancient army.
1-6) As for Emperor Qin, he drinks what he thinks is an elixir of eternal life. It has 
mercury in it. It slowly kills him.
1-7) In China, factories continue to make silks and ceramics. China ships them all over the world.
2-1) Chinese ceramics are expensive because they are shipped around the world.
2-2) Next, People in Europe copy making clay ceramics
2-3) Later, In England, this guy uses science to figure out how to make his own 
ceramics at less cost.
2-4) He experiments what materials to use.
Also, how to control oven heat consistently.
2-5) He makes plates, dinnerware and popular Tea sets.
2-6) He also makes these… that he names after himself.
2-7) Today, In the West, we still call clay ceramics “China” after where they first came from.
3-1) Next, At a time when most things like guns are made one by one by human hands,
3-2) In France, this guy gets an idea.
3-3) Painfully, he has gun parts hand made that are all the same size. This is called 
“interchangeable parts”.
3-4) He puts on a show for crowds as he assembles random gun parts together.
3-5) At least one person is impressed. He is the US Ambassador to France, named Thomas Jefferson.
3-6) Suddenly, In France, the revolution happens. Heads roll!
3-7)The French lose interest in Blanc’s Idea.
4-1) Mr Jefferson, who later becomes President Jefferson, takes the idea of 
changeable parts to the USA.
4-2) It takes years but this guy makes 10 thousand muskets. With help from water 
powered machines, the hand made gun parts are nearly the same size.
4-3) At this time, England is making lots of wooden ships to fight this guy.
4-4) There is a Problem. Not enough pulley blocks to move the cloth sails for the ships.
4-5) This guy get the idea to make a production line to make the wooden pulley blocks.
4-7) This guy makes the machines. Next, one hundred thousand pulleys are made per year.
4-8) Automation impacts people at the pulley factory. Ten people and machines replace 110 skilled workers.

5 - Factory
-Clay to Cars  VIDEO! - Script



5) FactoryC-15

5-1) Next, based on the success of the pulley block factory, more machine tools are made.
5-2) These machine tools make more machines. 5-3) These machines enable cloth factories.
5-4) These Machines prepare the cotton
5-5) These machines, called spinning mules, spin threads
5-6) Other powered machines, weave lots of cloth
5-7) Machines like these make products better and cheaper. But they cost the 
jobs and change life styles of cottage workers.
6-1) Machine Tools also make steam engines.
6-2) Steam engines power machines in factories.
6-3) The numbers of factories explodes.
There is a revolution of changes as workers move from farms in small villages 
to factories in crowded cities.
6-4) This guy makes a factory to make Hundreds of thousands of Clocks.
6-5) This guy builds factories to make sewing machines.
6-6) Steam engines also power trains. Trains and rails are made in factories.
6-7) Later, Factories also build equipment to make and to distribute electricity.
Electric motors power more machines and factories.
7-1) This guy designs a simple but effective car after many tries. He calls it the model T.
7-2) Car parts are made, all the same size.
7-3) He uses machine tools and a moving assembly line to make lots and lots of cars.
7-4) He pays his workers a fair wage. Workers can afford to buy the cars they make.
7-5) In Ford’s factory, 30,000 machines help people make 15 Million cars in 20 years
7-6) Ford’s efficient production line, lowers the price of a car from $850 … To $360 dollars
7-7) Soon there are lots of factories that make cars and all kinds of other objects.
8-1 Today, factories make almost all of our everyday things.
8-2) Factories: shape and bake clay ceramics
8-3) They cut and sew clothes I wear
8-4) Factories process and pack the food I eat
8-5) They put together smartphones for my calls, selfies and searches.
8-6) Factories still assemble autos too.
8-7) Aha! People and machines in Factories make most of the objects around me.
C-1) To Close, Wow! From Clay to Cars in 7 steps.
C-2) Ancient Clay soldiers in China, show us how early factories equipped huge ancient armies.
C-3) Next, Chinese factories make lots of ceramics called China. They are 
traded around the world.
C-4) Later, the English make Ceramics. New science and production steps are discovered.
C-5) Then, this guy demos inter-changeable parts.
But guillotines stop production progress in his country.
C-6) President Jefferson takes the Ideas to the USA to make muskets
C-7) Then, England invents new machine tools. First to make pulleys for ships.
C-8) Next, the powered, controlled machines turn TONS of cotton into cloth. 
These are sold around the world. C-9) Later, the Ford Factory uses machines, 
same size parts and a moving assembly line to make millions of cars.
C-10) With our modern factories, we connect where things come from to better 
understand our tech objects, today.
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This book is Car Science for 3rd to 6th  This book is Car Science for 3rd to 6th  
Grade Teachers.  We see the Science inside  Grade Teachers.  We see the Science inside  
the billion cars that are in use on our planet. the billion cars that are in use on our planet. 
With Science, people, pour, pound and push  With Science, people, pour, pound and push  

to make car parts.  Science enables us to work  to make car parts.  Science enables us to work  
together to make future cars green and fly!together to make future cars green and fly!


