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Energy Machines is part of an integrated
education program distributed nationally by
the Canadian Centre for Energy Information
(Centre for Energy). The purpose of this
~ series of current and practical petroleum

industry learning resources is to increase students, teachers’” and
parents’ understanding of petroleum and its importance to all Canadians.

Each part of the series focuses on student participation and real-world examples to help make the
petroleum industry come alive to students. Important background information and thought-provoking
questions to extend learning are woven through each activity.

The activities in Energy Machines are designed to be used in a variety of ways. Students can complete
the activities in groups or individually, or they can be directed by the teacher. In addition, an
interactive online learning activity is available in the Energy Education/EnerActivities section of www.
centreforenergy.com for students to work on individually or in pairs.

Students should have a general working knowledge of levers, pulleys and crank systems before attempting
to build the drill rig and pumpjack models.
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Canadian Centre
for Energy Information

Your Resource Source

The Canadian Centre for Energy Information (Centre for Energy) is a
non-profit organization created in 2002 to meet a growing demand
for balanced, credible information about the Canadian energy sector.
On January 1,2003, the Petroleum Communication Foundation (PCF)
became part of the Centre for Energy. Our educational materials will
build on the excellent resources published by the PCF and, over time,
cover all parts of the Canadian energy sector from oil, natural gas, coal,
thermal and hydropower to nuclear, solar, wind, fuel cell and other
alternative sources of energy.

The Centre for Energy does not take positions on issues.The Learning
Resource Series was developed using a multi-stakeholder review
process with the aim of creating fact-based, balanced documents.
Educators helped ensure that the educational materials are interesting
and applicable to students in schools across Canada.

Canadian Centre for Energy Information
Tel: 403-263-7722

Facsimile: 403-237-6286

E-mail: infoservices@centreforenergy.com

To order publications and educational materials, call toll free:
1-877-606-4636

To find out more about the Canadian Centre for Energy Information
or to find up-to-date information on petroleum issues, statistics or
Centre for Energy education resources, please visit the Centre for
Energy’s portal at: www.centreforenergy.com.
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Background Information

Teachers are encouraged to read the Centre for Energy background
information on drill rigs and pumpjacks (see below) prior to
introducing these activities. Centre for Energy classroom materials
are available free to Canadian teachers (some restrictions apply).
Other Centre for Energy publications may be purchased at a
minimal cost. Please visit the Centre for Energy bookstore at www.
centreforenergy.com for product descriptions and ordering
information. Products may also be ordered by calling the toll-free
order line at 1-877-606-4636.

«  OurPetroleum Challenge, 7th editionThis book provides a general
introduction to Canada’s crude oil and natural gas industry.
Section 1 presents an overview of the nation’s crude oil and
natural gas resources and the role they play in modern society.
Section 2 describes in more detail the steps involved in finding,
producing, processing, transporting, refining, selling and using
petroleum products. Section 3 discusses the challenges and
opportunities facing the industry in the 21st century.

TEACHING TIPS More drill rig and pumpjack information can be found at the
following websites:

The Did You Know text blocks offer

additional information, which teachers «  Background information on the petroleum industry,

educational materials and a careers section from the

can use to provide a more complete
Centre for Energy: www.centreforenergy.com

understanding of the concepts or to

encourage students to explore further. + Interactive games from the UK Institute of Petroleum:

The Hints provide the teacher with ideas http://resources.schoolscience.co.uk/exxonmobil/index.
to guide students to think through some html

of the questions and problems posed - Interactive student activities from the Alberta Energy

in the activities. Hints can be shared & Utilities Board Kidzone:

with students as needed. T,ps offer WWW.eubkidzone.gov.ab.ca/main.html

suggestions for fadilitating actvites. +  Pump jack definition and photos from Wikipedia:

http://en.wikipedia.org/wiki/Pump_jack

+  Drilling rig definition and photos from Wikipedia:
http://en.wikipedia.org/wiki/drilling-rig
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Curriculum Links and Learning Outcomes

The activities in Energy Machines are designed to fit within these
Alberta curricula and learning outcomes:

SCIENCE 4: WHEELS AND LEVERS

+ 4-6: Demonstrate a practical understanding of wheels, gears and
levers by constructing devices in which energy is transferred to
produce motion.

» 4-6.3: Construct devices that use wheels and axles,and demonstrate
their use in model vehicles, pulley systems and gear systems.

+ 4-6.5: Construct and explain the operation of a drive system that
transfers from one shaft to a second shaft, where the second shaft
is: parallel to the first or at a 90° angle to the first.

+ 4-6.6: Demonstrate ways to use a lever that applies a small force to
create a large force.

* 4-6.7: Predict how changes in the size of a lever or the position of
the fulcrum will affect the forces and movements involved.

SCIENCE 4: BUILDING DEVICES THAT MOVE

+ 4-7: Construct a mechanical device for a designated purpose, using
materials and design suggestions provided.

+ 4-8: Explore and evaluate variations in the design of a mechanical
device, demonstrating that control is an important element in the
design and construction of that device.

+ 4-8.1: Design and construct vehicles or devices that move or have
moving parts - linkages, wheels and axles.

+ 4-8.2: Use simple forces to power or propel a device, e.g., direct
pushes, pulls,and cranking mechanisms.

+ 4-8.6: |dentify steps to be used in constructing a device or vehicle,
and work cooperatively with other students to construct the device
or vehicle.
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TIPS

Teachers may want to invite a few older
students to help the student groups
build their models.The older students’
greater mechanical knowledge,
dexterity and patience may come in
handy! While the teacher reads out

the instructions, teams of older and
younger students can build the models
together. Or, older students could simply
be given a copy of the model-building
procedures to follow with their team.
Student helpers should be cautioned to
let the groups do as much as they can
themselves. Help or guidance should
only be given when requested.



NOTE

This set of activities is designed to
support the curriculum strands listed on
these pages, but is not a complete unit of
study designed to meet all the learning
requirements for each curriculum. Rather,
the resource is intended as a supplement
or extension to the broader lessons
included in the curriculum and therefore
covers only selected learning outcomes.

ENERGY MACHINES

INFORMATION AND COMMUNICATION TECHNOLOGY 4 to 6

F2: Understand the role of technology as it applies to self, work and
society.

P2: Organize and manipulate data.
(C5: Use technology to aid collaboration during inquiry.

C6: Use technology to investigate and/or solve problems.

Pan-Canadian Science Links

The activities in Energy Machines fit within the grade 4 to 6 general
learning outcomes from the Pan-Canadian Common Framework of
Science Learning Outcomes listed below.

#106: Describe ways that science and technology work together
in investigating questions and problems and in meeting specific
needs.

#107: Describe applications of science and technology that have
developed in response to human and environmental needs.

#207: Work collaboratively to carry out science-related activities
and communicate ideas, procedures and results.

#303: Describe forces, motion, and energy and relate them to
phenomena in their observable environment.
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Big Rig

Learning Outcomes

+ SCIENCE 4: Demonstrate a practical understanding of wheels, gears
and levers by constructing devices in which energy is transferred to
produce motion.

+ SCIENCE 4: Construct devices that use wheels and axles, and
demonstrate their use in model vehicles, pulley systems and gear
systems.

+ SCIENCE 4: Construct a mechanical device for a designated purpose,
using materials and design suggestions provided.

+ SCIENCE 4: Explore and evaluate variations in the design of a
mechanical device, demonstrating that control is an important
element in the design and construction of that device.

+ SCIENCE 4: Design and construct vehicles or devices that move or
have moving parts - linkages, wheels and axles.

+ SCIENCE 4: Use simple forces to power or propel a device, e.g., direct
pushes, pulls,and cranking mechanisms.

+ SCIENCE 4: |dentify steps to be used in constructing a device or
vehicle, and work cooperatively with other students to construct
the device or vehicle.

Materials for each Group

+ Shoebox with lid

+ 15-20 straight straws (not bendable)
* Modeling clay

* Duct tape

+ 2 large plastic-coated paper clips

+ Small empty thread spool

* 150 cm string

» Cup hooks

» Round toothpick

+ Drilling rig diagram handout (page 6)
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Procedure

Photocopy and hand out the following instructions and the drill rig
diagram to student or parent helpers. As an option, you could read
out the instructions step-by-step as students build the model drill rig
with their group members and helpers.

Explain that to make a moving machine with so many parts, students
will need to follow each step carefully and correctly. Encourage them
to take their time! If a part they build isn’t quite right, have them take
it apart and start over. Make sure students look at the numbers on the
diagram to help them as they build the drill rig.

1.
2,
Cardboard
3.
Figure 3
4,

Drilling platform. First, remove the lid from the shoe box and
put it away. Place the box upside down. In the centre of the
bottom of the box, cut out a round hole about 5 cm in diameter.
Then cut a big square window in the middle of one long side of
the box so you can see inside. This is your drilling rig platform.

Rig frame. Now take two straws and tape them together to
form one long straw. Do this until you have four long straws all
together. Make four small balls out of modeling clay and stick
them in a square on your drilling platform around the hole. The
balls of modeling clay should be about 10 cm apart. Stick the four
straws into the modeling clay so they stand up straight up on the
drilling platform.You may want to tape the straws and clay down
to keep everything steady. These straws will be the frame for your
drill rig.

Crown. Cut a 5 cm square of cardboard from your shoe box lid.
This will be the crown of your rig. Tape the cardboard crown to
each of the four straws at the very top, so it lays flat on top of the
straws, like figure 3 at left. To do this, you will have to make the
straws lean inwards a little so your drill rig will be wider at the
bottom and narrower at the top.

Rig frame cross bars. Now you need to strengthen the rig frame.
To do that, cut some pieces of straws to use as cross bars on the
frame. Decide together where the cross bars should go and how
many you need, and tape them onto the straw frame. You may
have to experiment a little to figure out how long to cut the
straws for the cross bars. The cross bars can be taped straight
across the frame or on an angle.You will know your drill rig frame
is strong enough when it doesn’t wobble.
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10.

LEARNING RESOURCE SERIES

Draw works base. Peel the paper off the ends of an empty thread
spool.Take a large paper clip and unbend it by pulling the middle
towards you to form an L shape.The longest part of the paper clip
should be on your left as you pull the middle towards you. Open
the bottom of the L into a triangle shape to form a base. Now
bend the short end up and straight out. It should stand up, like in
figure 5 at right. Poke the straight end of the paper clip through
the centre of the spool.

Draw works. Tape the base of the paper clip to one side of your
drilling platform, so the spool is raised above the platform and
turns freely. Make sure the spool unwinds facing the drill rig, not
sideways to it.If your spool falls over, try to figure out how to bend
the end of the paper clip to make it into a stronger base to keep
your spool upright. This is your draw works, which will raise and
lower the drill pipe.

Draw works crank. Cut a straw in half and fold in the last 2 cm of
one end in. Wedge the folded part tightly into one of the spaces
at the end of the thread spool, but not in the centre hole.Bend the
rest of the straw into two right angles to form a crank system, like
the one in figure 7 at right.

Cable. Cut a piece of string about 150 cm long. Tape one end of
the string securely to the draw works spool. Wrap almost all the
string around the spool.

Crown block. Straighten another paper clip.Now bend itintoa U
shape and then bend the ends of the paper clip in towards each
other, like figure 9 at right. Hook the two ends of the paper clip
over the top of the cardboard crown, so the U shape hangs down
inside the drill rig, like a swing. Make sure the U shape can swing
towards the draw works rather than swinging sideways to it. Tape
the ends of the paper clip to the top of the crown to make sure it
doesn't fall off.

Hoisting system. Now unravel some of the string from the draw
works and loop it over the U shaped paper clip. Pull the end of
the string down into the centre of the drill rig.Tie a cup hook onto
the end.Wrap some tape around the string and hook to make the
knot more secure and make the hook heavier.This is your hoisting
system, which will lower the drill bit down under the ground and
raise it up again.

Paper clip

Figure 5

Figure 7

~— Paper
clip

Figure 9
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Did you know?

When the drill pipe is not
securely attached to the
hoisting system, the pipe

can drop down to the
bottom of the hole. Then

rig workers have to go
"fishing" to try to get the
pipe back up again. This is
very hard to do, since no
one can see into the hole,

which can be up to
5 km deep!

TIP

Students might try locking up the draw
works with tape or attaching a block
on the cable to keep if from running
through the crown block.

TIP

This is doubly challenging. Students
have to find a way to stop the cable
from slipping back and keep the pipe
from dropping into the hole, before
the cable and pipe are detached from
each other.

11.

12.

ENERGY MACHINES

Kelly and drill bit. Wrap duct tape all around one straw to make
it into a heavy pipe, called a kelly.On one end of the pipe, cut out
pointy triangles to make it look like sharp teeth. This will be the
drill bit that is attached to the end of the pipe and drills into the
rock. Tape the other end of the straw to the hook on the hoisting
system, making sure the pipe hangs straight down. The pipe
should be able to drop into the hole you cut into the drilling
platform.

Flag.Finally,use a toothpick to poke a small hole in the cardboard
crown at the top of your rig. Cut a small rectangle from a piece of
white paper. Draw the Canadian flag on both sides of the paper.
Glue the flag to the top of the toothpick and stick the toothpick
back into the hole in the crown.

Summary

Congratulate the students on having built a working model of a drill
rig! Ask them to try cranking the draw works to see if they can raise
the pipe up and lower it down.

Extensions

1.
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Explain that because drill bits cut into hard rock, they get dull
after a while and have to be changed. Ask students to turn the
crank to raise their pipe (straw) out of the ground high enough to
show the drill bit at the bottom. Ask them to suggest ways they
could adapt their drill rig to keep the pipe up in the air.

Explain that as a well is drilled, the pipe has to go deeper and
deeper into the ground. Ask: What happens when you run out of
pipe? How could you add more pipe (straws) to the top of the
pipe string so you don't have to pull the pipe out of the ground?
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STUDENT HANDOUT

@ Flag

Drill Rig Diagram

© Crown block

(D Hoisting system

@ Kelly and
drill bit

@® Draw works

@ Draw works base

O Rig frame
cross bars

@ Drilling
platform

10 LEARNING RESOURCE SERIES CANADIAN CENTRE FOR ENERGY INFORMATION | WWW.CENTREFORENERGY.COM



ENERGY MACHINES

STUDENT ACTIVITY 2

Pump It Up

Learning Outcomes

+ SCIENCE 4: Demonstrate a practical understanding of wheels, gears
and levers by constructing devices in which energy is transferred to
produce motion.

+ SCIENCE 4: Construct and explain the operation of a drive system
that transfers from one shaft to a second shaft, where the second
shaft is: parallel to the first or at a 90° angle to the first.

+ SCIENCE 4: Demonstrate ways to use a lever that applies a small
force to create a large force.

+ SCIENCE 4: Predict how changes in the size of a lever or the position
of the fulcrum will affect the forces and movements involved.

* SCIENCE 4: Construct a mechanical device for a designated purpose,
using materials and design suggestions provided.

+ SCIENCE 4: Explore and evaluate variations in the design of a
mechanical device, demonstrating that control is an important
element in the design and construction of that device.

+ SCIENCE 4: Identify steps to be used in constructing a device or
vehicle, and work cooperatively with other students to construct
the device or vehicle.

Materials for each Group

+ Two pieces of heavy cardboard

+ Hole punch

+ Modeling clay

+ Duct tape

+ 20 cm string

+ 4 straws each 15 cm long

+ 3 nuts and bolts or 3 brass paper fasteners
+ Small empty thread spool

+ 2 large plastic-coated paper clips

+ Pumpjack diagram handout (page 11)
+ Tracing forms handout (page12)

Procedure

Photocopy and hand out the following instructions and the pumpjack
diagram to student or parent helpers.As an option, you could read out
the instructions step-by-step as students build the model pumpjack
with their group members and helpers.
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Explain that to make a moving machine with so many parts, students
will need to follow each step carefully and correctly. Encourage them
to take their time! If a part they build isn’t quite right, have them take
it apart and start over. Make sure students look at the numbers on the
diagram to help them as they build the pumpjack.

1. Walking beam. On a piece of cardboard, trace two walking
beams from the form on the tracing page. Cut them out carefully.
Tape them together to make one strong piece. This will be the
walking beam that pivots at the top of the pumpjack. Punch a
hole in the very centre of the beam. Punch another hole at one
end of the beam.

2. Horse head. On a piece of cardboard, trace two horse heads from
the form on the tracing page. Cut them out carefully. Punch a
hole where the mouth of the horse would be. Find the end of the
walking beam with no hole.Tape one horse head onto one side of
that end of the walking beam, so the round part faces out and the
hole is at the bottom.Tape the other horse head to the other side
of the beam, so the two heads match up.Tie a string through the
hole.Imagine that the string is a pipe that will be lowered into the
ground and pulled back up again by the pumpjack. This up and
down motion pumps oil from under the ground, into the pipe
and up to the surface, kind of like an old-fashioned water pump.
Put the walking beam with the horse heads aside for now.

3. Samson posts. On a piece of cardboard, trace two squares from
the form on the tracing page. Cut them out carefully. Wrap each
square separately in duct tape to make them strong.Punch a hole
near the top of one side of each square. Lay one square on the
table and place two straws on top of it, so the ends of the straws
form the top of a triangle, under the hole you punched.The straws
should not cover the hole. Tape the straws onto the square. Do
the same thing for the other square and straws. Each one should
look like figure 3 at right. These straws will form the Samson posts,
which hold up the pumpjack.

4. Walking beam joint. Now you are going to join the samson posts
with the walking beam.Poke a bolt or paper fastener through the
hole in one of the squares, starting from the plain side without the
straws like figure 4 at right. Now poke the bolt or paper fastener
through the hole in the centre of the walking beam. Finally, poke
the bolt or paper fastener through the hole in the second set of
samson posts, making sure all the straws are facing inside. Attach
a nut to the bolt or close the paper fastener loosely.

square

Straws
+

Figure 3

Cardboard
square

Figure 4
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5. Pumpjack base. Make four small balls from modeling clay.Place
the clay balls on a cardboard mat in a square about 5 cm wide.
Stick the four samson posts (straws) into the modeling clay,
making sure the horse head is near one end of the cardboard
mat. You may want to tape the straws and clay down to keep
everything steady.

6. Pitman.On a piece of cardboard, trace a pitman from the forms
on the tracing page. Cut it out carefully. Punch a hole in each end.
Attach this piece to the walking beam by poking a bolt or paper
fastener through both pieces. Close the fastener loosely or attach
a nut to the end of the bolt.

7. Crank. On a piece of cardboard, trace a crank from the form on
the tracing page. Cut it out carefully. Tape one end securely to the
end of an empty thread spool. Punch a hole in the other end of
the cardboard.This will be your crank.

8. Crank base. Unbend two large paper clips and tape them
together to make one piece about 20 cm long. Fold one end
over about 3 cm and slip the empty thread spool onto that end.
Now bend the rest of the paper clip down to form a right angle.
This part of the paper clip should be about 8 cm long. Bend the
last part of the paper clip at a right angle again and make it into
a base by bending it into a V shape. It should look like figure 8 at
left.Tape the V shape securely to the cardboard mat so the thread
spool is to one side of the pumpjack and the cardboard crank is
right below the end of the walking beam.

Figure 8

9. Crank joint. Use a bolt or paper fastener to join the crank with
the piece of cardboard hanging from the walking beam. Make
sure the crank and walking beam can turn in a complete circle. If
it doesn’t turn easily, you may have to adjust the crank a little.

Summary

Congratulate students on having built a working model pumpjack!
Ask them to try turning the crank to see if they can make the horse
head go up and down. See if they can make it go backwards too.

Have students look carefully at the crank system in the pumpjack
model. Ask them to explain how their pumpjack’s small crank system
can push heavy pipe deep into the ground.

CANADIAN CENTRE FOR ENERGY INFORMATION | WWW.CENTREFORENERGY.COM LEARNING RESOURCE SERIES
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Extensions

1.

LEARNING RESOURCE SERIES

Point out that the pumpjack model has the samson posts joined
to the walking beam in the centre. Ask the students to investigate
what would happen if the samson posts were attached farther
down the beam. Give them some time to punch a hole closer to
the end of their walking beam and rejoin the samson posts. Ask
students if their crank still works. Ask them to explain why or why
not.

Explain that the pipe that is attached to a pumpjack’s horse head
is very heavy. Ask students to suggest what might happen if a
very heavy weight were suspended from the horse head of their
pumpjack model. Then have students find something small but
heavy to hang from the horse head, and have them observe and
record what happens to their model. Ask students to find a way
for their model to accommodate the heavy weight, and to explain
why their solution works.

Ask students to explain why the length of the pitman (the rod that
connects the crank to the walking beam) is important. Challenge
them to experiment to discover the shortest and longest pitman
they can construct that still works in their pumpjack model.

Did you know?

Underground, a pumpjack
works a bit like an eye
dropper — when you
squeeze the top of the
eye dropper into a glass
of water, all the air gets
released. When you let go,
water gets pulled up into
the eye dropper and stays
there until you let it out.
Pumpjacks do the same
thing with oil, by helping
bring oil that’s under the
ground up to the surface.
Every time the horse head
of a pumpjack goes down,
it pushes on a pipe deep
in the ground. When the
horse head pulls back up,
the bottom of the pipe
fills with oil, and that oil
gradually gets pushed up
the pipe to the surface.
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Online Resource

A complementary online learning resource on energy machines can
be found in the EnerActivities section of the Centre for Energy portal
at: www.centreforenergy.com.

The online resource allows students to explore how a pumpjack
works (and how to fix it when it doesn’t work) by participating in an
interactive, story-based activity.

Students can play alone or with a partner. Background information for
teachers, including an answer key, can be downloaded and printed
from the EnerActivities introductory page.

The online resource supports the following learning outcomes:

SCIENCE 4: Demonstrate a practical understanding of wheels,
gears and levers by constructing devices in which energy is
transferred to produce motion.

SCIENCE 4: Predict how changes in the size of a lever or the
position of the fulcrum will affect the forces and movements
involved.

SCIENCE 4: Explore and evaluate variations in the design of a
mechanical device, demonstrating that control is an important
element in the design and construction of that device.

SCIENCE 4: Identify steps to be used in constructing a device or
vehicle, and work cooperatively with other students to construct
the device or vehicle.

ICT 4TO 6: Understand the role of technology as it applies to self,
work and society.

ICT 4TO 6: Organize and manipulate data.
ICT 4TO 6: Use technology to aid collaboration during inquiry.

ICT 4TO 6: Use technology to investigate and/or solve problems.

CANADIAN CENTRE FOR ENERGY INFORMATION | WWW.CENTREFORENERGY.COM LEARNING RESOURCE SERIES
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STUDENT HANDOUT

Pump Jack

@ Walking beam joint
Diagram

© Horse head

@© Connecting rod (Pitman)
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STUDENT HANDOUT

Tracing Sheets
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Canadian Centre
for Energy Information

Please help us improve this resource by providing feedback on the
following areas. You may complete and fax this review form to the
Centre for Energy at403-237-6286, or by mail to 1600, 800 6th
Avenue SW, Calgary, AB T2P 3G3.You may also e-mail your comments
to infoservices@centreforenergy.com

Did you find the resource useful for your class?

[ ]Yes [ INo

Would you use it again and/or recommend it to other teachers?
[1Yes [INo

Which of the activities did you and your students complete?

L] #1. BigRig
[] #2. PumpItUp
] Energy Machines — Online Resource

Of the activities you completed, which ones did you and your students
find the most interesting? Please list your top three:

TEACHER STUDENTS
1 1
2 2
3 3
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ENERGY MACHINES RESOURCE REVIEW (cont.) ENERGY MACHINES

Please rate this resource in the following categories:

Curriculum fit [ Good fit [] Some fit [] No fit
Age level ] Too old [JTooyoung [ Justright
Activities [[] Too many [[] Too few [[] Just right

Time required [[]Too long [ ] Too short []Just right

Please offer your suggestions for improving this resource. Feel
free to expand on your responses given above and/or continue
on a separate page if necessary.

Thank you! Your input is appreciated. We invite you to complete
the following information so we can send you a token of our
appreciation.

Name:

School:

Street address:

City:
Province:
Postal code:
Please indicate if you Phone:
would like to be added Fax:
to our mailing list
IYes  [INo E-mail:
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