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Bring STEM Concepts to Life
with this New Remote-Control
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100% EMPLOYEE OWNED ObjeCtiveS of the Webinar

e Learn the parts and pieces of the Realityworks RC
Tractor Pull Challenge

* Learn how STEM and CTE work together through hands
on learning opportunities

e Review methods for implementing this training tool to
address key STEM concepts

* Acquire free resources for your classroom
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Discussion with Nathan Anderson
on using the RC Tractor Pull Challenge
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Driving toward STEM Education

What is STEM? .

S

SCIENCE

Observing,
experimenting,
making
predictions,
asking
questions
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TECHNOLOGY

Being inventive,
using tools,
making things
work, identifying
issues, using
computers
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ENGINEERING MATH
Solving Patterning,
problems, sequencing, ®

using materials, exploring shapes,
designing numbers,
and creating, volume and
building size
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through CTE

Helping to create critical thinking and problem
solving to your classroom

Bringing competition into your learning helps
grow skill and understanding
Engages learning in a new format and arena

ADVANCE »CTE o
State Leaders Connecting Learning to Work O epnf =}

About Us ~ Career Technical Education ~ Federal Policy ~ Promote CTE + Initiatives + Resource Center News & Events ~

Science, Technology, Engineering & Mathematics

This Career Cluster® is focused on planning, managing and providing scientific research and professional and technical services (e.g., physical [
science, social science, engineering) including laboratory and testing services, and research and development services. Science, Te
Engineering & Mathematics
STEM Career Cluster
Common Career Technical Core standards with performance elements (PDF)
Knowledge & skills Statements (PDF, Excel)
Plan of Study (PDF, Excel)
Career Cluster Frame (PDF): provides a broad overview for each Career Cluster, including Essential Knowledge and Skills, the types of educational topics studied
within a particular Career Pathway. and a listing of sample Career Specialties or occupations.
Engineering & Technology Pathway
* Knowledge &skills Statements (PDF, Excel)
* Plan of Study (PDF, Excel)
Science & Mathematics Pathway
* Knowledge & Skills Statements (PDF, Excel)
* Plan of Study (PDF, Excel)
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Classroom Set of Tractors

5 Tractors

Paired remotes

Adjustable weight
distribution

5 tractors with
unique hood
designs included

Pulling sled
Hitch rope 9

RC tractor batteries and chargers

Tractor handle
S Removable hood £

Power switch \ %

2 rear tire sizes

. and adjustable
2 pinion gears and axle haight
3 spur gears for
. | adjustable ratios Sled weights and

weight box

Adjustable
hitch height

//\\ Tools

RC Tractor Pull Challenge (5-pack)

with Pulling Sled

Additional features and functions:

- Downloadable CAD drawing enables students
to 3D print their own tractor cover

« 1 pulling sled

5 RC Remotes (1 per tractor)
5 batteries (1 per tractor)
Tractor weights (60 per tractor)
Pinion gears (2 per tractor)
Spur gears (3 per tractor)
Tractor Covers (1 per tractor)

12 sled weights per tractor

Price: $2,999
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100% EMPLOYEE OWNED Each Tractor Includes Multiple Variables

Parts identification:

Tractor
1. Washer weights 7. Pinion gear 12. Tractor on/off switch
2.  Weight post 8. Spurgear 13. Tractor cover removal button
3. Weight post nut 9. Tow hitch 14. Battery location
4. Adjustablerearaxle  10. Reartire 15. Handle
5. Axle bushing 11. Reartirebolt 16. Motor rod
6. Axlelocking collar and washer 17. Motor mount adjustment screw

www.realityworks.com
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Curriculum & Competition



Rules of Engagement

 Learn about STEM concepts
like:

RC Tractor Pu " * Getting set up, identifying the parts of the tractor o S C i e n tifi C P rO CeSS

*  Weight distribution on the tractor (washer weight

Cha"enge movement — 3 weight positions)

. * Drive gears, wheel gears and hitch height Y T & P
Curriculum . Varibie toing orque ower
* Lesson 2: Tractor Pull Testing
* 5 lessons on Tractor * First Pulls & Pulling Hypothesis . .

Pull +  Weight distribution & data collection ¢ F rl Ctl O n
+  Weight pulling — different amounts and distance
* Lesson 3: Testing the Data

* What data patterns come forward? ® FO rCe

* What variables matter?
*+ Science behind drive gears, wheel gears, and tire

A « Balance & Equilibrium

* Force — where is it coming from?
* Resistance changes and pulling due to angles

- Fictoan e et e om « Center of Gravity

* Lesson 5: Tractor Pull Challenge
* Use the data to create the best pulling tractor

ot el et * Gear Ratios
« Data Collection

10



Newton’s 39 Law

Live it. d Learn it." » When the tractor pushes against the

www.realityworks.com RC Tr actor ground (F), the ground pushes against the
tractor (F,). F4 (push) = F, (friction)

« It's technically the friction pushing back on
the tire that moves the tractor. Without
enouah friction, more force is useless.

Realityworks

Gravity and Normal Force > are only 6 N of friction and 20 N of
The total weight of the tractor is about 5 N split om the motor, we Only max out at 6
unevenly between the lighter front and heavier rear. sh against the grou nd because

Il the friction will allow

www.realityworks.com

Realityworks

How Much - 3
Difference Do the The weightin the

Weights Make? middle (blue) also
' works like a lever, with

the fulcrum at the front force (Fy) pushes up
tire. This downward F) pulls down.
force appliesasmall |4
Ry downward force

: (orange) on the rear
tires, slightly increasing
the normal force

Is your data consistent with this (purple).
explanation? Answer questions 1-2 on
the worksheet

www.realityworks.com

ractor Pull HEﬂI"qu.lnrks'
Live it. d Learn it

www.realityworks.com

< Presentation title here > 11

*
Physics of the Tractor Pull HEﬂJl'!l] hlllﬂ!]!ki'
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* Tires come in two
sizes, small and
large

» Adjust with the
largest hex key

A: 2 pinion
gears adjusted
with the small

hex key §
i
B: 3 spur gears o 2
(small and S = . : :
large) adjusted === A i - www.realityworks.com

with the small
hex key

C: Gently slide
the gears on the
motor rod and
axle

*
Physics of the Tractor Pull HEUI"IJ[UUI’I‘S’
Live it. # Learn it

www.realityworks.com

* .
Physics of the Tractor Pull HEll|Ifl:|ullll'|iS
Live it. J Learn it”
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Mechanical Advantage

* The wheel/axle
mechanical advantage

* MA=— (r=resistance)
2

* These will all be < 1,

so not technically an
advantage

* Calculate MA for each
combo on worksheet

Gears

Pinion Spur

Complete question 1 on
the Gears and Wheels
worksheet.

Physics of the Tractor Pull

Teeth on spur gear

MA = Teeth on pinion gear
Example: A spur gear has
36 teeth. Which has a
bigger MA (mechanical
advantage), a 9-tooth or
12-tooth pinion gear?
MA= =4
MA===3

The 10-tooth pinion gear
has the larger MA,
meaning it will multiply
the force more.

www.realityworks.com

Realityworks

Live ir.

www.realityworks.com

Realityworks

Physics of the Tractor Pull

13
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A: 2 posts for
weights in the front
B: 2 posts for
weights in the
middle

For the Tractor + 60 weights total

* Keep the tractor

Now, the balanced (left to
urple line is right)
EroEen into C: Use the nuts to

secure the weights

green (down),
which adds to

the F4 and
requires Fy

www.realityworks.com

*
Physics of the Tractor Pull HEﬂ"TI]UJUI’kS’
Live it. # Learn it.”

to increase by the same amount. This
increases F, (Friction) and the F, (the push
forward). S —

%
Physics of the Tractor Pull HEU"TIJUIUT ks
Live it. J Learn it
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i realityworks.com Data Collection & Data Analysis

Phyzics of the Tractor Pull Carricolom
Mame: Class:
Phrysics of the Tractar Pull Curricalum Gea rs a nd Ti res Physics of the Tractor Pull Curricolum
Name: Class: Directions: Solve each problem as directad in the presentation. 3. After slide 10, calculate the MA for each of our tire and axle combinations, using the data
- . from lesson one.
DIVId e a nd CO n q uer — Data Ta b I e 1. After slide 5, calculate the mechaniczl advantage for each of the possible gear combinations
from lesson two using the data you collected in lesson one. Show your work. E'ir:mml' g?:;:::rr n: —DuD
Directions: Place your data from all experiments in the table below. — — -
Pinion Gear | Spur Gear Mechanical Advantage Small Small
Tires Pinion Spur Hitch Weights | Pull (m) and comments Emall Small -
Small Medium
Gear Gear
Emall Medium Small Larze
Large Small Small Low Even
Emall Large Large Emall
small* | small Small Low Even & #
Large Medium
Large Large?® Small Low Even Large Small
— Large Larze
Large Small Medium?® | Low Even Large Medium
Large Small Large? Low Even Large Larze 4. After slide 12, if your small spur gear was turning with and edge speed of 0.25 meters per
Large small small Medium® Even :EEDI'Id and 4.0 M of force, [z} how fast and (b} with how much force would the small tire turn?
Large small small High® Even 2. After slide 7, if your electric motor spun at 180 rpm and 10 N of force, how fast (rpm) and b
forceful (N} would it turn the spur gear for each combination below? Show your work. .
Large Small Small Low Eront ., L. After slide 15, (a) what is the MA for each of the combinations below? If the force applied
max® Pinion Spur Gear | MAfrom | Force RPM
Gear al Force.. = MA x Force,, Speedu, = Speedi,/MA 'l‘r\cnn'::: pin;;n i::,: w:s g N_a :d it spun at 3.0 mys, (b) how much force and (¢} how fast
woul = 2dge e tire spin -
i Small 3mall
Large Small Small Low Middle ms m= PFinian SpurGear | Tire (2) MA total (&) Force out [c) Spesdout
max® Gear MAT = MA; - WA Fo = Fin * MAr S = Gin/MAT
Emall Larze Large Medium Large
Large Small Small Low Mone®
Large Emall Small Large Small
Small* | Small Small High Even
Large Large?® Small High Even
Large Small Medium® | High Even
Large Small Large® High Even
25 48
47
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STEM Concepts

Force Diagram of Sled: Start

Forces before

FResist
e

Feun

The sled starts moving initially because the
> Forces = Fp; — Fresist > 0. Or more simply,

Force Required To Pull the
Sled at Various Distances

Fpui > FRresist

www.realityworks.com

Force (N) Force (N) Force (N)

forllo  for5lb  for10lb

weight weight weight 1z
0 0.35 22 4 10 y=04643+3,9833- 9
709 6 72
14 14 5.2 10.5

) Force Needed vs. Distance For Sled
Distance pulled

(feet)

Force required (N)
o

4 .
P S
e @ersensernsenns W7 0.0820%+0.275--0
0 &
0 2 4 6 8 10 1 “
Distance (feet)
o 1lbweight e 5lbweight e 101bweight
""""" Linear (10 1b weight) -+~ Lingar (5 1o welght) -~ Linear (1 Io weight}

the Tractor Pull

Realifyworks

Physics of the Tractor Pull

www.realityworks.com

Realifyworks

What Is Friction?

* I:Friction = |:Normal X |~|
Technically, this is 2 different equations, 1
for static friction and 1 for kinetic friction.

I:Static Friction = |:Normal X ”s

I:Kinetic Friction = |:Normal X “k
For the tractor, we want to maximize
friction (a.k.a. traction).

For the sled, friction is our enemy (it slows
the tractor down).

www.realityworks.com

Physics of the Tractor Pull

Realifyworks

16
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Realityworks | Parts of the Model: Sled
www.realityworks.com P u | I | n g SI ed .

How Does the Sled Change Its

Resistance?
As the weight box The sled touches the ground at 2
(purple) moves up points: The skid plate (black) and
the rails, it increases  the wheel (blue) : "
the amount of A: Weight box (it moves towards B as the

downward force (red)
on he kid pae l tractor pulls the sled)
B: Rope

= C: Skid plate

www.realityworks.com

Realityworks

Physics of the Tractor Pull HEEI“TI]UJUI"{S
How Does the Sled Change Its tvt ot

Resistance? .. :
mesidpae  Thewheeshaeveyitiericion, | CFe@te competition by understanding the data and

(black) has friction ~ making the sled easy to pull with

ond s the weight._the Wt bon(purle] when ver applying it to real world situations
« Help students learn through problem solving and

over the skid plate,
friction increases. l
E goal setting activities

wwew.realityworks.com 17
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minnesotaagteacher
Nathan Anderson

Discussion with Nathan Anderson,
minnesotaagteacher



https://youtu.be/VUAU-1103bk

Realityworks


https://youtu.be/VUAU-11Q3bk
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* Check out our product at: e
. m RC Tractor Pull Challenge 5-Pack with Pullmg Sled and cu... © ~
www.realityworks.com =g " TR e
 View our promotional video % ‘,, ‘

https://www.youtube.com/embed/VUAU-1103bk

Free lesson on Tractor Pull at:

https://www.realityworks.com/product/rc-
tractor-pull-challenge-5-pack-with-pulling-sled/

Watch on (28 YouTube

https://www.youtube.com/embed/VUAU-11Q3bk

22
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