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Ready, Set, GO!
Introduction

The goal for this learning cycle is to
have students explore the concept
of torque and gear trains. They will
begin to understand gear ratios
and how to increase and decrease
the torque of a small electric motor.
After completing this learning cycle,
students will be ready to work for
the remainder of the nine-week
period on their solutions to the
Primary Challenge.

Objectives and
Essential Questions

After completing this learning cycle,
students will be able to:

1. Design gear systems to increase

and decrease the torque of an 5

electric motor.

Introduction

HREOUGHOUT THIS LEARNING UMIT, you have learned how to calcu-
Tlamd:ﬁtanm. comstrict structural suspension systems, and create cartage

systems. This learming eyele will allow you to explore some hasic conoepts
related to propulsion. Propulsion is the act of moving an object and main-
taining s motion. Propulsion s an integral parl of transportation devices.
Aber vou complete this learning cycle, you will be ready bo devobe your full
attention to solving the Primary Chialienge.

Objectives
Atter completing this learming cycle, you will be able to:

1. Design gear systems to increase and decrease the torgque of an electric
abor,
2. Evaluate the relationship between speed, torque, and divection of power,
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Essential Question 9a: How are
technologies used to control
devices or systems and provide

information to humans?

Transportation Technologies
Learning Cycle Five Concept Map

risk/benefit
analysis Constraints/

Trade-offs

key
factors

communicating

2. Evaluate the relationship
between speed, torque, and Thava | Feauating el Neatonships
direction of power.
Essential Question 7f: How can the procese! : ubsystems
establishment of relationships, Transportation
controlling variables, catego- Technological TEChn0|0gIES commuricating
Progression

rizing techniques, and making
inferences aid in the develop-
ment of new technological
designs?
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Technological
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new designs
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Equipment and Materials

Exploration

Based on a class of 28 students:

45 feet of 2" PVC pipe

(9) 2" PVC T-connectors

2
- Exploration

Hack saw

Wit 12 forguee?

1,000 gram weight (e.g., bucket

Exploration | of water or sand, stack of metal

Torque is the force needed to cause an object like a door or wheel o rotate. A

i i ’ washers)
good example of lorque I8 when you use a weench o tighten lug mits. When .

you apply toree to the handle, this creates borque on the hug nut and farns it

Your instructor will assign you o teams to collect torque-related data. Follow
the steps below to complete the assignment. PVC glue
1. Obtain the necessary materials from your instructor to construct a .
torque bar from PYC pipe like the one in Figure 1. (9) Gear BOX and MOtOI‘ KltS -
iy providing multiple gear box
17 P Bandles . .
T p— configurations
Flong )
Safety i~ .
Sl s v (9) AA batteries
Gl juinls using
rrgm-r. Torgue bar g PVC glue, Be sure
Mot Dravang is not o scale, tor aise the gloe ina
Py r el (9) AA battery holders

(38) Wheels — 138" diameter

Read, S, GO 8 (38) Wheels — 3" diameter

(9) Slide switches - 0.5A DC/3A

- . AC - 36" of 1¥%" welding rod for
Facility Requirements wheel axles

Explorations I and Il work best in classrooms with tables large (9) V4" eye screws

enough jco‘allow student? to work in small teams. Tbe Engagfe- (9) Spring scales ( with a capacity

ment activity works best in a general laboratory equipped with of 5 Newtons)

basic tools and equipment such as hand tools, drill press, table

saw, band saw, etc. Various materials specified by
design solutions in the Engage-

ment activity.
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Suggested Daily Qutline

Day One Day Two
Introduction, Exploration I
Exploration I Reflection

Day Three Day Four
Exploration 11 EZZZZ;Z” I
Day Five Day Six
Engagement Engagement

Estimated Number of 50-
minute class periods: 6
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Exploration

Safety

Bie careful mat o
drop the weight
on your boes!

vt
s
oo

Loghoak 5.1

2 Mark " Increments along the 1 meter pipe. Using a Ale, cul small
notches in the pipe to prevent the hanging weight from slipping on the
plpe when lesting.

3 Crestea 25 pound weight to hang on the long, arm of the torgue bar.
This can be constructed from a variety of things such as a can filled with
sand, @ jup of water, or a stack of metal washers, Verify that your weight

equals 1.5 pounds before collecting any data,

=

Each team member should take a turn at holding the torque bar directly
in front of them using the handles while a member of their team places
the weight at each marked location (hold handles with palms down).
After a short period of time, the weight should be moved up the long,
arm to each of the marks, How far away can you place the weight before
the torque is too great to hold up the torque bar?

Table 1. Torque bar tnals

Trial Distance (in) Faree (1B} Torgee (Biin)

1 em 25
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Exploration |

The Exploration I phase has the students construct a device

(Figure 1) that will allow them to kinesthetically experience the

concept of torque.

Teaching

)

Assign students to small teams of three or four and

allow them to construct the torque bar following the

illustration in the student text. Encourage each student

to experience this activity. Remind students to record the
data in Table 1 in the student text.




Exploration

L
5. Use Table 1 on the previous
|,._ o _,_IH page to record .\-wlur data as 1129 PyC
you move the welght up the
Torque = Force X DiStance  torque bar. Use the ilhustration 1 meterlong
r:i";ixm:?‘r:l:: in Figure 2 and the formula for
torque to determine the tomue 12" PVC handles

applied to the handle at each lncrement. Record this data in the column
labeled “Torque.”

(pivot point)
20 cm long (x 2)

=

. Graph the data from Table 1 in the space provided when you have

completed vour caloulations,
plehed 3 Small slots

(e’ 127 pyC
T- Connector
o™

Lagbock 5.2 Figure 1.Torque bar

Note: Drawing is not to scale.

heady, ot GO} 45 |<— D —>| F

Torque = Force x Distance

Figure 2. Measuring torque

Table 1. Note: Drawing is not to scale.

Torque bar trials

Trial Distance (cm) Force (g) Torque (g.cm)

1 0 cm 1000
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Reflection

Students are asked to write the
answers to the following ques-
tions in the Inventor’s Logbook
spaces provided and be prepared to
discuss them as a class.

Reflection

)
«?

Reflection

Write the answers to the following questions in the Inventor’s Logbook space
provided and prepare bo discuss them as a class.

1. Why did the torque bar become oo hard to hold as the weight moved

IM‘ aweay from the pivot peint?
Lo

Laghoak 5.3

2 What was the highest forque you could hold?

3. What would the torque be at the 80 cm point of the
torque bar?

46 Proect ProBase * Tramsportation Technulogies
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Why did the torque bar become too hard to hold up as the
weight moved away from the pivot point?
Because torque increases as the distance increases (T = fd).

. What was the highest torque you could hold up?

Student answers will vary.

What would the torque be at the 90 cm point of the torque bar?
90,000 g.cm

What would the torque be at 2 meters if you could extend
the torque bar?
200,000 g.cm




Reflection

4. What would the torque be at 2 meters 1 vou could extend the torgue bar?

Ready, Sat. GO! ar

Notes:
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Exploration I

In Exploration 11, students explore

torque as it relates to gear trains

using a gear box kit.

98

Teaching

| Students are provided

P directions for assem-

§ bling several gear trains
and for calculating the

torque for each arrangement.

Assign your students to
three-person teams. Remove
the directions from the gear
box kits and photocopy the
front page only. Provide this
as reference material for the
teams. The directions on
the front page will provide
the necessary information
for them to put the gear box

together.

Exploration |l

In the previous Explomtion, you were able to feel the foroe (forgque) of a 1000+
gram weight being transmitted from a kever arm to the pivot point (axle), You
were also able to calculate the variance as the weight moved further from
wour hands. The torgue applied to the teeth of 2 gear works in much the same
way a5 the lever arm on the torque bar,

Torgue can be transmitted from the axle of a driver gear (the gear on the shaft
m of the motor or power source), through the force on the gear’s teeth, to the axle
of a driven gear. Gears are used in many mechanical devices bo transmit and
control torque. Two or more gear wheals that mesh are called a gear train. The
following activity will show you how torque can be increased and decreased

using a series of gears. Follow the directions on the following pages.

e I

Drriver Gear

‘\— Diriven Gear

Lever Arms Figuawrs T. Gean Dewth
Murte: Drarming & nit bo scale

8 Proect ProBase * Tramsportation Technulogies

The motors will not be used until the Engagement activity. You
may want to put these away in a secure area until they are

needed.
Driver Gear
Figure 3. Gearteeth | |ever Arms Driven Gear
Note: Drawing is not to scale
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Exploration

1. Create the gear train illustrated in Figure 3 using bwo gears of the same

sizee and the gear box plates provided in your gear box kit

Tums of Driven Gear Teath of Driven Gear

Gear Ratio = =
Turns of Driver Gear Teath of Driver Gear

Figirve 4. Farmaila for cal ulating gear rani

2. Use the formula found in Figure 4 to calculate the gear ratio for this setup.
fark a spot on the gear as a reference point and turmn the driver gear one
full revolution. Count the number of times the driven gear turns. Record y
et

this information in the Inventor's Logbook space provided,

Logbook 54

Ready, Sat. GO! i1

Notes:

Turns of Driven Gear Teeth of Driven Gear

Gear Ratio = =

Turns of Driver Gear Teeth of Driver Gear

Figure 4. Formula for calculating gear ratio

Ready, Set, GO!
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Notes: o

3 Use one grey gear, one red gear, and gear box plabes 1o sel up a similar
configuration. Skelch this configuration in the lnventor's Logbook space
provided. Calculate the gear ratlo and record the ratio in the Inventor's
Logbook space provided. Turen the driver gear one full revolution and
ceunt the number of Hines that the driven gear turns. Record this infor-

mation below.

Loghoak 5.5

The example in Figure 5 has three gears meshed together. Each place where
the gears mesh defines a gear ratio. One gear has 10 teeth, one has 5 teeth and
ome has 30 teeth. This gear train ratio
can be calculated in a variety of ways
For example, the formula in Figure 4
can be used o calculate the gear ratio
by following these steps:

a Wrilea gear ratio fraction that repre-

sends each paie of reshing gears

AR W e, F0, S tecth
10 50

Figure 5, 3 gear configuration

0 Proect ProBase * Tramsportation Technuologies
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Exploration

b. 1f possible, simplify the fractions AB -2 pe= 2
1 3
. Multiply the numerators and denominators 1i b %

d. Write the product b
5

e If possible, simplify the gear ratio =3 to 1

4. Add a third gear to the configuration in Step 3 to create a gear train.
Sketch this configuration in the Inventor’s Logbook space provided
below, Caleulate the gear ratio for each place that the gears mesh,
Multiply the ratios o caleulabe the total gear ratio, like the example
provided, and record your answer below:
Turm the driver gear one full revolution and count the number of times
that the last driven gear turns, Record all of this information in the
Inventor's Loghook space provided .I"gﬁ5
Loghnok 5.6
a. Write a gear ratio fraction
that represents each pair of
meshing gears.
heady, St GO} 91 50 30
AB=—— BC= —
10 50
b. If possible, simplify the frac-
tions.
10 _teeth AB=— B:C= 5

¢. Multiply the numerators and

i
) denominators.
5 3
—_— X —_—
1 5
d. Write the product.
. 15
50 teeth il _
5

Figure 5. 3-gear configuration

e. Simplify if possible.

Gearratio=3to 1
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Exploration

5. Take turns among your team members creating different configurations
using at least five gears (make sure that each team member creales at
least three different configurations). Have your team members:

a. Predict the final direction that the last driven gear in the gear

chain will rotate and then dheck to determing accuracy.
b. Calculate the total gear ratio for your configuration.

c. Test predictions by having someone tum the driver gear while
observing the last driven gear in the gear chain. How many Himes
did the last driven gear turn for each revolution of the driver gear?

d. Mace your predictions, caleulations, and resulis in the Inventor’s
Lexgbook speoe provided below.

ety
Log

Loghaok 5.7

9 Proect ProBase + Tramsportation Technulogies
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Reflection
wefectipo
0
o
Reflection
Find the answers to the following questions and welte them in the Invenlor's
Logbook spaces provided. Be prepared to discuss your answers with the class,

1. What is the relationship between the torque bar and the teeth on a gear?

et
B!

. How would you configure a gear train bo have the driven gear go as fast L[IEHIJ"[ e

3

as possible? Sketch your answer below,

7

. How would you configure a gear traln o produce the most ioeque on
the driven gear? Skeich your answer below.

Ready, Sat. GO! 113

Reflection

Students are asked to find the answers to the following ques-
tions and write them in the Inventor’s Logbook spaces provided.

1. What is the relationship between the torque bar and the
teeth on a gear?
Torque is applied to the teeth of a gear much like it is applied to the
torque bar.

2. How would you configure a gear train to have the driven
gear go as fast as possible?
Place the big gear on the motor shaft and have it drive a smaller
gear. Students are asked to sketch their solutions.

3. How would you configure
a gear train to produce the
most torque on the driven
gear?
Place the smallest gear on the
motor shaft and drive a series of
larger gears. Students are asked
to sketch their solutions.

Engagement

The Engagement phase of this
learning cycle allows students to
apply what they have explored
about torque and gear trains

as they design and construct a
vehicle to pull as much force as
possible on a spring scale.

Ready, Set, GO! 103
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Teaching
I Assign students to teams
of three for this design

§ challenge. Students

are asked to solve the
following design chal-
lenge: design and construct
a vehicle that pulls the
greatest possible force.

Their vehicles must be able
to connect to a spring scale
at the height that you tell
them. You will need to build
a small test stand to hold the
spring scale. This can be as
simple as placing the scale
on top of a board clamped
to a table. It is important to
anchor the spring scale down
so that it fairly tests the force

pulled by the vehicle.

Teaching

| You may want to simu-

P late a tractor pull compe-

§ tition to find out which
team constructed the most

powerful vehicle.

Engagement

Wit is the relabionstnp betoesn forguee,

speedd, arut distance?

Engagement

Gear trains are used in many machines b control the power of the engine or
modor. In this activity, your instructor will assign you bo a leam that, together,
will apply the concepts vou explored to create a vehicke that

ﬁ pulls with the greatest possible force.
Dresign Challenge

Using materials supplied
by yomr instructor, design
and construct a vehicle J
that pulls with the
preatest possible foree,

Criteria/Constraints

1. Your vehicle must be able to connect 1o a spring scale at the height indi-
cated by your instructor fo measure the force.

L Your team can only use the gear kit supplied by your instructor. Addi-

tional gears, motors, or baleries are not permitied.

3. You may use materials you find to create the struchure for your vehicle.

W Proect ProBase + Tramsportation Technulogies

Example set up for
tractor pull

height of board is determined
by radius of tractor wheel used

Students should only
use the gears and motor
supplied in the gear box kit.
They may not add extra batteries or

attach hook
to rear of tractor

additional gears. The additional materials

needed for the vehicle construction will vary by team.
Students should sketch, draw, or use appropriate computer
applications to design solutions and prepare a list of required
material. Designs and materials lists should be checked before teams

begin construction.
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. 3. Find a discarded device that
e contains gears and take it
apart. Using reverse engi-
neering, find out why gears
were used in the device and

what the gear ratios were for

each gear train.
Expansion

Select one of the following Expansion activities to engage in and follow the

directions

Set up an experiment to measure the torque produced by a bicycle in
various “gears.”

2

. Prepare a presentation about torque and gear chains suitable for a
middle school technology, mathematics, or science class and volunteer to
make a presentation in one of those classes

. Find a discarded device that containg gears and take it apart. Using
peverse engineering, find out why gears were used in the device and

what the gear ratios were for each gear train.

AREER
OMNECTIONS

careers related 1o
e For more mioe-

the Uniged States
of Labar's Cleou-
pational Oulook Handbook at:
ST ——

Ready, Sat. GO! "%

Expansion

Although not required, these Expansion activities are designed
to cause teams to delve deeper into the concepts explored in this
learning cycle.

1. Set up an experiment to measure the torque produced by a
bicycle in various “gears.”

2. Prepare a presentation about torque and gear trains suitable
for a middle school technology, mathematics, or science
class and volunteer to make a presentation in one of those
classes.
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Preparing for the Challenge —

Students are asked to reflect on
the requirements of the Primary
Challenge and identify what ques-
tions they now have answers to,

o

Duh

and what questions have yet to === —T?—_-ﬁ Within your Prinary Challenge teams, reflect back to the

Preparing ™ = ruqui Primery Challrnge e ideacify wh
. squirements for the Primary Challenge and identify what
be answered to SO].Ve the Prlmury for the Chal enge you now know and what you still need to know to design a
solution o the challenge. Begin o kentify plausible solutions for
miowing yeur vehicle. Sketch several idens in the space provided and share

them with your keam members,

Challenge. Allow some time for the
students to get into their assigned

Primary Challenge teams and brain- et
storm possible power sources for @

their solutions. Loghook 59

Student Assessment

An assessment rubric has been
developed for the Exploration and
Engagement activities. Feel free to
change this rubric to better suit

your needs.

% Proect ProBase * Tramsportation Technulogies
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Name:

Ready, Set, Go!

Date:

Element

Criteria

4

3

1

Points

Design work for

Exceptional
design work to

Above average
design work to

Average amount
of design work

Limited design

Engagement increase vehicle increase vehicle to increase work on vehicle.
torque. torque. vehicle torque.
Exceptional Above average Average Below average
documentation documentation documentation documentation
Documentation of design; more of design; 7-9 of design; 4-6 of design; 1-3
than 10 logbook logbook entries/ logbook entries/ | logbook entries/
entries/sketches. sketches. sketches. sketches.
Exceptional Above average Average Below average
D g’eativit.y a1.1d qeativit.y ar}d g‘eativit.y a1.1d (.:reativit.y ar}d
Innovation in innovation in innovation in Innovation in
design. design. design. design.
Fully Identifies and Identifies and Does not
. identifies and comprehends comprehends identify or
Exploration comprehends most of the some of the comprehend
floicine the concept of concept of concept of the concept of
torque. torque. torque. torque.
. F.u.lly Identifies and Identifies and .Does. not
Gear Ratio identifies and comprehends comprehends identify or
comprehends P . some gear comprehend
. most gear ratios. . .
gear ratios. ratios. gear ratios.

Total Points
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