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Introduction

* Provide GK-12 Physics Educational Systems with a low-cost alternative to
Physics Education

* Smart and integrated projectile launcher utilizing micro-controlled
actuators and sensors

* Integrates three commonly taught Physics experiments into one device
» 2D Projectile Motion
e Hooke's Spring Law
» Conservation of Energy




Mathematical Background

Hooke's Law:

F= —kx

Conservation of Energy:

1

1
Ekxz = Emvz

Horizontal Distance:

vcos 6

d = p (vsin9+\/(vsin9)2+29yo)




Current Technology

Reference: American 3B

.

U10360 Projectile Launcher

eLaunchangle: 0° - 9o°
eLaunchDistances: 1.1 m, 2.3 mand 4.5 m
eLaunchHeight: 146 mm
eLaunchSpeed: 0-6 m/s

*Steel Ball Diameter: 25 mm
*Steel Ball Mass: 7 g

*No Internal Photogate
eDimensions: 205 X 65X 60 mMm
*Mass: 480 ¢

*Clamp Attachment

*Price: $408.00



Current Technology

Reference:VernierTechnology
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il

Vernier Projectile Launcher

eLaunchangle: 0° - 70°

Maximum Launch Distance: 2.5 m
eLaunchHeight: 146 mm
eLaunchSpeed: 0-6 m/s

*Steel Ball Diameter: 17.46 mm
Steel Ball Mass: 21.8 g

Internal Photogate

*Price $289



Current Technology

Reference: Abra-Electronics

PHo340 Projectile Launcher

*Spring Loaded Gun
eLaunchangle: 15° - 90°
Maximum Launch Distance: 3 m
eLaunchHeight: ---
eLaunchSpeed: ---

*Steel Ball Diameter: 17.46 mm
*Steel Ball Mass: 21.8 g

*No Internal Photogate

*Clamp Attachment

*Price $199.95



Mechanical Design
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Mechanical Design

Compression Spring at Equilibrium

Compression Spring Fully Compressed




Mechanical Design

Customizable Launch Angles
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Mechanical Design
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User Interface
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Sensors
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Final Product




Electronic Circuit

o

PING))}
Vdd

o

Farallax LCD

Red Button

470 Q

Green LED 5
Blue Button |_‘




Bill Of Material
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Prototype Cost/Cost Analysis For Mass
Production

* The total construction cost for the came to an estimate total of $220.30.

» The greater bulk of the total cost:
e Parallax Board of Education Development Board
e Parallax 2x16 Serial LCD
* PING)))UItrasonic Distance Sensor

e Mass Production
e Estimated Cost: $150
» Estimations based upon 1/3 decrease in printing circuitry cost
e Cheaper costin hardware build material when purchased in bulk




Analysis/Calculations

Theoretical Dist. Measured Dist. (Inches) | Percent Difference

(Inches)




Advantages

e Ultilizes the intelligence of micro-controlled actuators and
sensors to characterize and execute projectile motion

* Integratesthree key physics experiments into one device:
e 2D Projectile Motion
e Hooke's Spring Law
* Conservation of Energy

e Provides a low-cost alternative to teaching projectile motion in
the GK-12 classrooms




Disadvantages

* No automated projectile release mechanism
* Fixatedlaunch angles
* Spring loaded

» Safety Precautions

* However, dismantle switch is provided




Future Recommendations/Updates

e Userinput and automated launch angle adjustment
e Automated Launch Release Mechanism

e Additional safety features:
e Protective mechanism to prevent premature launch
release
* Protective mechanism to prevent hook/string
throwback after release

* More GK-12 aesthetically appealing




PBASIC Code
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PBASIC Code
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Conclusion

The final prototype of the projectile launcher
produced accurate results with a low percent
difference between the theoretical and measured
values. The prototype design was cheap to
manufacture and simple to operate, with little user
training required. There are various design
improvementsthat could be implemented to further
enhance the projectile launcher experience, such as
fully automating the release and pull back
mechanism. The prototype projectile launch will help
teach and enforce basic Newtonian physics in the K-12
classroom.
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