








Educational Impact:

There were several educational goals expected of this project: 1) develop team work skills, 2)
gain appreciation for future coursework in physics, statics, dynamics, and thermodynamics, 3)
get an early understanding on the role of experimental (physical and simulated) and analytical
approaches to solve engineering problems, 4) gain practice in writing technical team reports, 5)
experience a “real life” like hands-on engineering project from start to finish, 6) learn about
rockets in general, 7) become excited about engineering and space exploration and be less likely
to drop out of engineering or college in general.

These educational goals above were either accomplished or it is too soon to tell as in the case of
goal 7 that seeks to improve retention. Team reports show that goals 1, 3, 4, and 5 were
accomplished at various levels that ranged from fair to excellent. Teams were required to meet
with the instructor and/or the graduate assistant to go over draft versions. Anonymous exit
survey taken on the last day of classes indicates that a majority (72%) of the students felt this
project was a very good learning experience for all goals above. Project and coursework related
portions of the student course evaluations received average rating of 4.32 out 5 possible points.

In addition, substantial anecdotal evidence suggests that this project had a positive impact on
student learning and retention. Positive student comments about the project were not just limited
to student exit survey and course evaluations. The instructor kept receiving positive feedback
from those who somehow heard about this project. Some of the 96 students enrolled in spring
2015 lab sections chose to enroll selectively so that they can participate in the same project
which is being repeated this time with a much larger model rocket. The majority of the students
seemed pleased and excited that the overall exercise was conducted with much experimentation
instead of traditional lecture only format. Every attempt was made to physically demonstrate the
concepts involved in model and, in some cases, real rocket science.

This project was used to teach students using a hands-on and teamwork based approach instead
of a traditional lecture. Although the main goal of the project was not to teach model rocketry,
students learned it better by doing it hands-on. Majority of the students reacted positively for
this approach, but few students thought too much time was spent on project related activities
including practice launches.  One of the main educational goals, teaching students how and
why different methods are used in a team environment to solve an engineering problem, was
accomplished.

Conclusions:

Students, overall, felt that this was a good project because it was much more than just merely
launching model rockets as some had done in middle or high school. Students learned many
skills they need later in their studies and professional practice. Teamwork is major a skill that
they acquired. They organized into a group with specialized responsibilities for the purpose of
constructing and launching their rockets and collecting data to be processed and analyzed for
writing a report. Students also learned or improved spreadsheet skills while performing data
entry and necessary mathematical calculations. Student gained an understanding for how each of
the four apogee determination methods works. They realized that results are often inconsistent.
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Other outcomes include gaining a firm belief that engineering data is precious and it must be
carefully recorded and saved for future use. All launch results, practice and project, were entered
into a spreadsheet and posted on the blackboard. Documentation of lessons learned was an
outcome also. Just as in the real practice, model rocket launches are subject to many unexpected
and surprising problems including loss of a vehicle with expensive altimeter(s) or other sensors
onboard after a successful flight. Each team carefully noted and reported the problem(s)
encountered and remedy, if any, to the instructor who entered the information to the master flight
log spreadsheet. The main assessment was the weekly group progress reports and the final team
reports on the construction and flight of a rocket. Weekly practice activities used RTF larger
rockets that had progressively bigger engines with higher average thrust. A majority of students,
even those with prior model rocket experience, found this mathematical and practical rocketry
based approach very interesting, worthwhile, and useful. Some students found this activity
highly interesting, entertaining, educational, and even inspirational. ~This project increased the
interest and enthusiasm for engineering for some students. It also increased the interest of few
who were already determined to work in aerospace area and possibly travel to space.

Recommendations:

Urban location of the campus made it difficult to find as much open space as desired to conduct
better experiments. The maximum distance from the launch pad was only 200 feet in Fall 2014.
This was not long enough for good triangulation. Many model rockets were lost. This project would
work even better if more open space were available. As a result, a parking lot was reserved and used
for project launches in Spring 2015. Drag force could be directly calculated without requiring too
much advanced mathematics. This will be tried soon. An altimeter should be used as a gold
standard if there is a high probability that it can be recovered. This probability can be increased by
simply adding additional weight as payload to cause more powerful engines provide a lower apogee.
It is always a good idea to check the accuracy of the altimeter itself first by testing it on top floor of a
tall building. It was assumed that $60 altimeter would work well.
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Appendix

Model Rocketry Safety Code [2]

Model Rocketry Safety Code of the National Association of Rocketry and the Model Rocket
Manufacturers Association is discussed in the lab before any activity starts.

“1. Materials -My model rocket will be made of lightweight materials such as paper, wood,
rubber, and plastic suitable for the power used and the performance of my model rocket. 1 will
not use any metal for the nose cone, body, or fins of a model rocket.

2. Engines/Motors -1 will use only commercially-made NAR certified model rocket engines in
the manner recommended by the manufacturer. I will not alter the model rocket engine, its parts,
or its ingredients in any way.

3. Recovery -1 will always use a recovery system in my model rocket that will return it safely to
the ground so it may be flown again. I will use only flame resistant recovery wadding if required.
4. Weight and Power Limits -My model rocket will weigh no more than 1,500 grams (53
ounces) at liftoff, and its rocket engines will produce no more than 320 Newton-seconds (4.45 N
equal 1.0 pound) of total impulse. My model rocket will weigh no more than the engine
manufacturer's recommended maximum liftoff weight for the engines use, or | will use engines
recommended by the manufacturer for my model rocket.

5. Stability -1 will check the stability of my model rocket before its first flight, except when
launching a model rocket of already proven stability.

6. Payloads -Except for insects, my model rocket will never carry live animals or a payload that
is intended to be flammable, explosive, or harmful.

7. Launch Site -1 will launch my model rocket outdoors in a cleared area, free of tall trees,
power lines, building and dry brush and grass. My launch site will be a least as large as that
recommended in the following table.

8. Launcher -1 will launch my model rocket from a stable launch device that provides rigid
guidance until the model rocket has reached a speed adequate to ensure a safe flight path. To
prevent accidental eye injury, I will always place the launcher so the end of the rod is above eye
level or | will cap the end of the rod when approaching it. I will cap or disassemble my launch
rod when not in use, and | will never store it in an upright position. My launcher will have a jet
deflector device to prevent the engine exhaust from hitting the ground directly. I will always
clear the area around my launch device of brown grass, dry weeds, or other easy-to-burn
materials.

9. Ignition System -The system | use to launch my model rocket will be remotely controlled and
electrically operated. It will contain a launching switch that will return to "off' when released.
The system will contain removable safety interlock in series with the launch switch. All persons
will remain at least 15 feet (5 meters) from the model rocket when | am igniting model rocket
engines totaling 30 newton-seconds of less of total impulse. I will use only electrical igniters
recommended by the engine manufacturer that will ignite model rocket engine(s) within one
second of actuation of the launching switch.
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10. Launch Safety -1 will ensure that people in the launch area are aware of the pending model
rocket launch and can see the model rocket's liftoff before I begin my audible five- second
countdown. | will not launch a model rocket using it as a weapon. If my model rocket suffers a
misfire, 1 will not allow anyone to approach it or the launcher until | have made certain that the
safety interlock has been removed or that the battery has been disconnected from the ignition
system. | will wait one minute after a misfire before allowing anyone to approach the launcher.
11. Flying Conditions -1 will launch my model rocket only when the wind is less than 20 miles
(30 kilometers) an hour. I will not launch my model rocket so it flies into clouds, near aircraft in
fight, or in a manner that is hazardous to people or property.

12. Pre-Launch Test -When conducting research activities with unproven model rocket designs
or methods | will, when possible, determine the reliability of my model rocket by pre-launch
tests. 1 will conduct the launching of an unproven design in complete isolation from persons not
participating in the actual launching.

13. Launching Angle -My launch device will be pointed within 30 degrees of vertical. I will
never use model rocket engines to propel any device horizontally.

14. Recovery Hazards -If a model rocket becomes entangled in a power line or other dangerous
place, | will not attempt to retrieve it.”

The rest of the appendix shows various launch related pictures and simulation results for the two
models used in Fall 2014.
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Figure A.1 Skytrax launch pictures taken from the launch pad base.
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Figure A.2. E16-6 Engines being installed in Big Dog CFK model rockets (Spring 2015)
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Figure A.3. Big D gleK model rocket flown on a 512-5 Engine (Spring 2015)
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A-4. Big Dog CFK model rocket demonstration event on 3/28/2015
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Figure A-5. Various launch preparation activities (Spring 2015)
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Figure A-6. Big Dog CFK mod

el rocket clears the launch pad
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Figure A-7. Big Dog CFK model rocket accelerates toward to the burnout point
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