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1.0

SUMMARY OF PDR REPORT

1.1

TEAM SUMMARY

Team Name:

FIU ASME

Mailing Address:

MME Department
10555 West Flagler Street
Miami, Florida 33174

Location:

Florida International University
Miami, FL

Team Mentor:

Joseph Coverston (TRA L2 - #12413)

1.2

LAUNCH VEHICLE SUMMARY

Size:
Mass:
Motor Choice:
Recovery System:

Milestone Flysheet:

1.3

Length: 117.125 in
Diameter:4.03 in OD
Unloaded: 13 lbs
Loaded: 15.244 lbs
Cesaroni Pro 54mm: J1520 3G
Dual deployment; black powder charges triggered by altimeters.
Drogue deploys at apogee. Main deploys at 1000 ft.
Upper Airframe and Payload are ejected with the Main, descending with
the Drogue
Appendix A

AGSE/PAYLOAD SUMMARY

Payload:

AGSE/Payload title

AGSE:

After placement of payload on the ground, the AGSE Arduino Mega be
powered on by the master power switch. An electronic pause switch will
then be activated, pausing all AGSE equipment. Once the rocket is
cleared to begin AGSE movement and all nonessential personnel have
cleared the area, the pause switch will be deactivated, and the AGSE
arm will grab the payload and then move to a position above the rocket.
The payload will then be deposited into the rocket payload bay, and the
Arduino Mega controller will close the payload door after an internal
contact switch in the payload bay is closed, indicating successful
payload insertion, or after 10 seconds, in the event that the payload
does not trigger the sensor. The Arduino Mega will then close the
payload bay door using the internal motor and rack. Once the motor
has reached the end of its travel as designated in the programming of
the Arduino, the Arduino will then activate the Linear motor to raise the
rocket into the flight ready position. The movement of the rocket will
disconnect the exterior power cable used to power the payload bay
motor. Once in the flight ready position, the Arduino will activate a
stepper motor attached to a gear to push the igniter into the rocket, and
4

then once the igniter has reached the end of its travel, an additional
motor will drive a claw to lightly clamp down on the igniter wire,
ensuring that the wire cannot be pulled out of the rocket. The rack will
then be withdrawn from the inside of the motor, and the system will
then shut down.

2.0

CHANGES MADE SINCE PROPOSAL

2.1

CHANGES MADE TO VEHICLE CRITERIA

1) The rocket airframe material was changed to Fiberglass due to issues with carbon fiber
blocking radio transmissions from the internal GPS units.
2) We will be using three parachutes instead of two. Our initial design where our drogue
doubled as our main after payload separation was infeasible because of high decent rates.
The payload bay and upper airframe will now have a dedicated main parachute.
3) We will use three trapezoidal fins instead of four. This setup resulted in a better center of
pressure and overall rocket stability in our simulations.
4) We changed our motor to a Cesaroni J1520. These resulted in a projected altitude of 3155
feet which was much closer than our original projected altitude of 4453 feet.
2.2

CHANGES MADE TO AGSE OR PAYLOAD CRITERIA

1) No changes were made
2.3

CHANGES MADE TO PROJECT PLAN

1) We replaced our safety officer Carmella Vallalta with Maryel Gonzalez. Carmella was unable
to continue with the project as she was accepted for a spring 2015 internship NASA Dryden
flight research center. Also as a result this change the Project Manager position has been
removed.
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3.0

MISSION SPECIFICATIONS

3.1

SELECTION, DESIGN, AND VERIFICATION OF LAUNCH
3.1.1

MISSION STATEMENT

FIU ASME will design and build Autonomous Ground Support Equipment (AGSE) that will
be capable of performing on-pad operations to prepare a high-powered rocket for launch
that will be capable of reaching altitudes no greater than 3000 ft above ground level. In
addition, the AGSE will recover a payload located outside the rocket’s mold line and insert
the payload into the rocket’s payload bay.
3.1.2

MISSION REQUIREMENTS

Requirement
FIU ASME will design and
build a launch vehicle in a
timely manner consistent
with guidelines specified by
NASA Student Launch
officials.

Reasoning
FIU ASME wishes to comply
with all competition
requirements and does not
want to be penalized or
disqualified from the
competition.

FIU ASME will follow and
comply with all NAR rules
when conducting any testing
and launch procedures.

FIU ASME wishes to protect
the safety of its members
present at testing and launch
events.

FIU ASME will conduct a
subscale flight test of the
launch vehicle prior to the
full-scale flight test and prior
to CDR.

FIU ASME wishes to verify
that design choices for the
vehicle are valid by testing
them on a subscale rocket
before entrusting them to the
full-scale rocket. The
subscale flight test also
serves to satisfy a
competition requirement.
In addition to verifying design
choices, the full-scale launch
will serve to satisfy NASA
Student Launch competition
requirements.

FIU ASME will complete a
full-scale test flight of the
vehicle prior to FRR in order
to validate vehicle design by
ensuring all parts function as
designed and ensure that the
vehicle can remain launchready for at least one hour.
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Verification
FIU ASME will develop and
maintain a schedule for the
design, construction, and
testing of the launch vehicle
such that all requirements
are met by specified NASA
Student Launch deadlines.
FIU ASME’s Safety Officer
will ensure that all of its team
members are educated in
safety practices and will
enforce safety in all aspects
of construction, design,
testing, and launch of the
vehicle.
FIU ASME will follow its
project schedule to ensure
that both flight tests are
conducted in a timely
manner to ensure
compliance with NASA
Student Launch competition
deadlines.
FIU ASME will contact
several local rocketry groups
to ensure that different
options are available for the
location and time of test
launches.

3.1.3

MISSION SUCCESS CRITERIA

The vehicle’s mission will be considered to be a success if the following criteria are met:
1. The vehicle’s apogee does not exceed 5000 ft above ground level.
2. The payload is ejected at 1000 ft.
3. The vehicle’s descent is controlled and does not result in damage to itself,
property, or people.
4. No safety violations occur.
4.0

VEHICLE CRITERIA

4.1

DESIGNS AT A SYSTEM LEVEL
Review the design at a system level, going through each system’s functional requirements
(includes sketches of options, selection rationale, selected concept, and characteristics).
4.1.1.1 NOSECONE

Nose Cone Material
Property
Strength
Cost
Manufacturability
Weight
Contains interior
Payload bay

Weighing
Factor
6
4
2
1
3

Unit of
measure
High Med
Low
$
Easy-Hard
oz
Y/N

PML Plastic
Intellicone Nosecone

Fiberglassed PML
Plastic Nosecone

Shockwave Rocketry
Fiberglass Nosecone

Value

Score

Total

Value

Score

Total

Value

Score

Total

Low

2

12

High

10

60

High

10

60

$25.0
Easy
10oz
Yes

10
10
10
10

40
40
10
30

$30.0
Medium
25oz
Yes

8
5
5
10

32
10
5
30

$56.0
Hard
15.1oz
No

5
0
7
0

20
0
7
0

Total

87

Total

132

Figure 1: Intellicone electronics bay
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Total

137

4.1.1.1.1 SELECTION RATIONALE
The Intellicone from Public Missiles Ltd. was a starting point for our team’s
design, as it is only marginally more expensive than a standard 3.9”
nosecone, and it contains a premade payload bay. This payload bay
placement allows for a shorter overall rocket design, reducing the weight of
the rocket, which is an overall consideration. A pure fiberglass nosecone
would have decreased the overall weight of the rocket, with respect to the
nosecone, but the choice of either integrating a payload bay into the
airframe or into the nosecone would require more manufacturing time and
also add back enough weight to make the fiberglass nosecone weigh only
slightly less than the fiberglassed plastic nosecone. In addition, the airframe
is constructed of fiberglassed phenolic tubing, and the plastic nosecone
outer diameter is meant to integrate seamlessly with the phenolic tubing,
leaving a fraction of an inch step in between a fiberglassed airframe and a
plain plastic nosecone. With the addition of fiberglass to the nosecone, this
step is eliminated, decreasing drag.
4.1.1.1.2 SELECTED CONCEPT
A fiberglassed Plastic Intellicone is our selected concept. The payload bay
that comes pre-fabricated into the nose cone has a dimension of 2.1”
diameter, and 14” of length.
4.1.1.1.3 CHARACTERISTICS
The nosecone will be roughed and chemically primed before it is
fiberglassed, to ensure proper bonding of the epoxy to the outer section of
the nosecone. The payload bay will be retained into place by 4 nylon
setscrews that extend from the wooden bulkhead inside of the rocket to the
outer airframe. The setscrews will ensure that ejection events push the
parachute out of the upper airframe tube away from the nosecone, rather
than simply pushing the nosecone off of the rocket.
4.1.1.2 AIRFRAME
Airframe Material
Property

PML Phenolic

Strength

Weighing
Factor
4

Cost
Manufacturability
Weight

4
2
1

Unit of
measure
High Med
Low
$
Easy-Hard
oz

Fiberglassed PML
Phenolic

Giant Leap Fiberglass
Tubes

Value

Score

Total

Value

Score

Total

Value

Score

Total

low

3

12

High

10

40

High

10

40

23.50
Easy
20.4oz

10
10
10
Total

40
20
10
82

$35.0
Hard
40oz

9
4
5

36
8
5
89

$97.28
Easy
30oz

4
10
7
Total

16
20
7
83

Total

4.1.1.2.1 SELECTION RATIONALE
Fiberglassed Phenolic maintains the easy usability of phenolic sections, with
pre-made bulkheads and coupler sections, and the strength and toughness
of fiberglass. Phenolic has brittleness and strength issues that are
addressed by fiberglassing. Pure fiberglass tubes are a good option, but the
increased cost of both couplers and the airframe causes it to rank poorly in
our choice of materials.
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4.1.1.2.2 SELECTED CONCEPT
Manufacturing the fiberglass in house also enables the team to reduce the
cost of the airframe while still maintaining a high level of strength.
4.1.1.2.3 CHARACTERISTICS
Fiberglassed phenolic is very strong and resistant to hard landings.
Replacement couplers, centering rings and bulkheads are all readily
available at low prices.
4.1.2

PAYLOAD BAY

Figure 2: Payload Bay

4.1.2.1

SELECTION RATIONALE

The intended function of the payload bay is to autonomously open, accept an inserted
payload, and close again. Its job is then to securely contain the payload during launch,
flight, ejection events, and landing.
The payload bay may be in the open position initially. The important aspect of this
phase is that the opening in air frame and means of supporting the payload are large
enough to accommodate it. Once the payload is inserted, the payload bay must
autonomously close, retaining the payload for the duration of the mission. During flight
the payload bay must remain closed and able to withstand the axial forces of thrust
due to the engine, blasts from the ejection charges, and negative jolt force due to the
shock cord during parachute deployment. It also must be able to withstand landing at
any angle. Once on the ground the payload bay should be able to be easily opened for
payload retrieval.

4.1.2.2

SELECTED CONCEPT

To achieve these goals we decided to split our payload bay body tube into two
sections, denoted as upper and lower. To open the payload bay for payload insertion
these sections would split apart in the axial direction (along the launch rail), revealing
9

another, smaller, tube with the top portion cut off. This tube is where the payload will
reside and is called the payload carriage.
The payload carriage will have bulkheads on both ends. The top side bulkhead will be
directly mounted to a bulkhead on the upper body tube. It will be connected to the
lower body tube via two extending drawer rails, allowing for it to movement in the axial
direction. In the closed position the payload carriage will be completely contained by
the lower body tube. In the open position it will be extended far enough out to allow for
the payload to be inserted. To secure the payload bay in the closed position a latching
system will be utilized. One side of the latch will be mounted to the back end bulkhead
of the payload carriage which will mate with the other side on a bulkhead in the lower
body tube. The lower body tube will have a small hole which will allow a pin to be
inserted to disengage the latch.
To open and close it a stepper motor with a small pinion will be mounted to the lower
side bulkhead on the payload carriage and will work in conjunction with a rack which
will be mounted to the inside, bottom of the lower body tube. The rack will be thin
enough that it has enough clearance for the payload carriage to travel over it while
opening and closing. The stepper motor will be powered externally by our AGSE. To
accomplish this we will be running a wire from the motor, through the bottom of the
payload carriage, through the upper body tube bulkhead and ending in a terminal
embedded in the side of the upper body tube. This terminal will be initially connected
to our AGSE by a magnetic quick disconnect, which will be automatically disconnected
when the launch rail is being erected the motion causes the wire to be pulled out.

4.1.2.3

CHARACTERISTICS

The payload bay must be strong enough to withstand the forces of launch, ejection
events, and landing, and large enough to accommodate the payload, along with all
necessary devices for opening and closing. To accomplish this we will be using
phenolic body tubes wrapped in fiberglass. The outer diameter will be 4.03 inches with
an inner diameter of 3.9 inches. Fiberglass provides a significant amount of strength
and stiffness which is required by our payload bay. To help seal the payload bay in
closed position the upper body tube will overhang it’s bulkhead by 3 inches and the
lower body tube will be lined with a long couple that will protrude 3 inches from the
body tube. This will allow for a tight seal when the payload bay is in closed position.
The fiberglass body will help prevent any flexing by which will throw off the bodycoupler alignment by increasing stiffness.
The payload carriage will be created using a phenolic tube wrapped in fiberglass. The
tube will be 9 inches long, have an outer diameter of 3.16 inches and an inner
diameter of 3 inches. A 0.1875 inch thick plywood bulkhead will be placed at both
ends. The top of the payload carriage will be removed in a 5.5 inch long section
starting 0.5 inches from the lower bulkhead. This will allow enough room for the
payload to be dropped in. The payload carriage’s upper bulkhead will be glued to the
upper body tube’s bulkhead with epoxy.
Attached to the bottom of the payload carriage will be the top side of 2 linear sliding
drawer rails. These rails will be approximately one inch wide by 0.25 inches thick and
oriented at 90 degrees from each other to provide maximum lateral support. They will
be allowed to slide in and out of their housing which will be attached to the inside
bottom of the lower body tube extended coupler. These rails will be the primary means
of support for the two sections while the payload bay is in open position. They will be
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able to extend at least 9 inches in order to fully extend the carriage to accept the
payload.
To power the opening and closing mechanism we will use a vex robotics 2 wire motor
with a max torque of 8.6 in-lbs. Its dimensions are approximately two 2 x 2 x 4 inches.
This will drive a downward facing 0.125 in shaft connected to a pinion which will mate
to a gear rack running the entire 11 inch length of the lower body tube, up to the lower
body tube coupler. This is enough space for the payload bay to fully close and still
have clearance for the rear-mounted motor.

4.1.3

LOWER ELECTRONICS BAY

Figure 3: Lower Electronics Bay

4.1.3.1

SELECTION RATIONALE

Our lower electronics bay’s function is to safely house flight electronics used to record
flight data during launch and landing and perform ejection events at specified
altitudes. Due to our need for redundancy it will need to house two flight computers
and a GPS unit along with the required power for each.
On the top side of our electronics bay 4 ejection charges will need to be mounted with
enough power to fully separate the payload bay upper rocket section from the lower
airframe and eject two main parachutes; one for each section. During ejection the
payload bay will be first subjected to high pressure and axial forces due to the blast
followed by axial forces in the opposite direction due to parachute deployment.
In addition to strength requirements our electronics bay must be easily accessible and
removable for electronics maintenance and charge reloading
11

4.1.3.2

SELECTED CONCEPT

To accomplish these requirements we’ve chosen to integrate our electronics bay into
our lower airframe, rather than using the standard separate section constructed inside
a coupler. The lower airframe will have a bulkhead directly on top of the motor mount
tube which will serve as not only a thrust plate for the motor, but as a base plate for
the lower electronics bay, which will be situated directly on top of it. The walls from
the lower airframe will also serve as the walls for the electronics bay.
To seal the electronics bay and also provide the mechanism of electronics removal
we will use a PVC cleanout plug. The outer ring of the plug will be glued to the inner
wall of the lower airframe tube. This will have inner threads with which the inner plug
will screw in to.
The plug will have 3 holes drilled through it. One in the center will have an eye bolt
attached, with the eye sticking out from the top. This will serve as our method for
shock cord attachment and as a grip to unscrew the plug. The other two holes will
have bolts attached to the top and hanging a distance below. Attached to the bolts
below will be two g10 fiberglass disks which will serve as our electronics mounting
plates. The wires for the charges will also require small holes be created in the PVC
cap and will reach the charge cups which will be mounted on top of the plug. To
increase safety we will be using a special tool to screw and unscrew the plug from a
safe distance outside of the body tube.
4.1.3.3

CHARACTERISTICS

The Lower electronics bay houses two 9 volt batteries, one for each PerfectFlight
Stratologger computer. A TK102 Mini GPS unit is also contained in this bay to aid in
recovery of the rocket. The lower electronics bay is constructed from G10 plates that
are held in position by 2 threaded 3/8” rods. The upper end of the bay is mated to a 3”
PVC cleanout plug, to allow for easy access of the bay and also to seal the bay from
the ejection charges. An eyebolt is mounted to the middle of the plug to allow for the
attachment of a Kevlar shock cord which will connect the payload bay and the lower
airframe to the parachute upon deployment of the recovery system. The large threads
on the PVC will enable the shock of the rocket to be absorbed over a wide area.
4.1.4

LOWER AIRFRAME AND MOTOR

Figure 4: Lower Airframe/Booster Section
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4.1.4.1

SELECTION RATIONALE

The lower air frame consists of the lower body tube, the motor mount and the fins.
This portion of the rocket will be exposed to the largest forces of any rocket section.
As a result an emphasis must be placed on obtaining the strongest and sturdiest
design possible.

4.1.4.2

SELECTED CONCEPT

We will be using an extra-long body tube as it will not only house the motor mount but
the lower electronics bay and a dual parachute bay as well. The motor mount will be
positioned within the body tube using 3 centering rings and an upper thrust plate at
the top, sealing it off. We will place one centering ring directly behind the fins, one
directly ahead of the fins, and one mounted to the upper bulkhead/thrust plate. We
will have a total of 3 trapezoidal fins mounted through the body directly to the motor
mount and to the upper and lower centering rings.
On the base of motor mount we will install a screw on engine retainer.
4.1.4.3

CHARACTERISTICS

We will be using 3 trapezoidal G10 fiberglass fins. They will have a root cord length of
4 inches, a tip cord length of 1.75 inches, a sweep angle of 14.324 degrees, and a
thickness of 0.063 inches. We will be using a Cesaroni J1520 motor.

4.2

REQUIRED SUBSYSTEMS FOR MISSION SUCCESS

4.2.1

RECOVERY SYSTEM

Figure 5: Recovery System schematic

We will be using 3 parachutes. A 12 inch drogue parachute will first deploy at apogee
followed by the double deployment of the 44 inch PML lower airframe main parachute and
54 inch PML payload bay main parachute. These two parachutes will be initially located in
the lower air frame and separated by a piston. A black powder charge located on the lower
electronics bay will both separate the lower airframe from the payload bay whilst ejecting
both main parachutes.
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4.3

PERFORMANCE CHARACTERISTICS

System
Payload bay
Robot Arm

AGSE Linear Motor

Rocket Motor

Recovery system

4.4

Performance
Characteristics
Speed of payload
insertion
Successful
acquisition of
payload
How quickly and
smoothly the motor
can lift the rocket to
the vertical position.
Must perform
according the
manufacturers
specifications

Evaluation

Verification Metrics

Time, in seconds

Must deploy
parachutes

Multiple tests will
determine the
repeatability and
reliability of the
parachute
deployment system.

A stopwatch will be used to
time the system
If the arm successfully
loads the payload into the
bay it will pass.
An accelerometer on the
flight computers will be
used to test the jolt of the
linear motor.
A flight altimeter will
measure both the
acceleration of the rocket
and the maximum altitude
that is reached.
A statistical analysis of the
multiple deployments of the
recovery system will
determine the overall
reliability of the recovery
system.

Pass or fail

Time, in seconds

Altitude, in feet

REQUIREMENTS AND VERIFICATION

Req.
Number

Requirement

1.1

The vehicle shall deliver the payload to,
but not exceeding, an apogee altitude of
3,000 feet above ground level (AGL).

1.2

The vehicle shall carry one commercially
available, barometric altimeter for
recording the official altitude used in the
competition scoring.

1.3

The launch vehicle shall be designed to be
recoverable and reusable

1.4
1.5

Design Feature

The launch vehicle shall have a
maximum of four (4) independent
sections.
The launch vehicle shall be limited to a
single stage.

1.6

The launch vehicle shall be capable of
being prepared for flight at the launch
site within 2 hours.

1.7

The launch vehicle shall be capable of

14

A J-class motor will be used
to ensure the vehicle will
stay in proximity to the
desired altitude.
Multiple altimeters will be
placed in the rocket in
separate electronic bays.
The lower electronic bay will
carry an additional altimeter
for redundancy.
All parts will be made to
easily be put together on the
launch field, requiring
minimal tool use.
The team’s launch vehicle
will have three independent
sections.
A single J-class motor will be
used to propel the rocket.
FIU ASME will host a launch
preparation procedures for
its members and practice
assembling the rocket before
launch day.
FIU ASME will ensure that

Verification
Method
Analysis
Testing

Inspection

Testing
Inspection

Inspection
Testing
Inspection

Test

Test

remaining in launch-ready configuration
at the pad for a minimum of 1 hour
without losing the functionality of any
critical on-board component.

1.8

1.9

1.12

all battery power sources are
fully charged prior to launch,
and will test the ability of the
vehicle to remain launchready for at least an hour
prior to launch day.
The vehicle is developed to
be launched by a standard
12 volt direct current firing
system.

The launch vehicle shall be capable of
being launched by a standard 12 volt
direct current firing system.
The launch vehicle shall use a
commercially available solid motor
propulsion system using ammonium
perchlorate composite propellant (APCP)
which is approved and certified by the
National Association of Rocketry (NAR),
Tripoli Rocketry Association (TRA),
and/or the Canadian Association of
Rocketry (CAR).
Pressure vessels on the vehicle shall be
approved by the RSO.

1.13

All teams shall successfully launch and
recover a subscale model of their fullscale rocket prior to CDR.

1.14

All teams shall successfully launch and
recover their full-scale rocket prior to
FRR in its final flight configuration.

2.1

The launch vehicle shall stage the
deployment of its recovery devices,
where a drogue parachute is deployed at
apogee and a main parachute is
deployed at a much lower altitude.

2.2

Teams must perform a successful
ground ejection test for both the drogue
and main parachutes.

2.3

At landing, each independent section of
the launch vehicle shall have a maximum
kinetic energy of 75 ft-lbf.

2.4

The recovery system electrical circuits
shall be completely independent of any
payload electrical circuits.

2.5

The recovery system shall contain
redundant, commercially available
altimeters.

2.6

A dedicated arming switch shall arm
each altimeter, which is accessible from
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The team shall purchase
and use a commercially
available solid K-class
motor.

There are no pressure
vessels on the vehicle
A subscale flight test with a
scaled down vehicle is
scheduled for January 10,
2014.
A full-scale launch with all
vehicle and payload
components is scheduled for
March 7, 2015.
The vehicle will deploy its
drogue parachute at apogee.
At 1000 ft, the upper
airframe will be ejected with
the drogue, simultaneously
deploying its own main
parachute. The lower
airframe / booster section
will deploy its own main
parachute.
Ground ejection tests will be
conducted prior to the fullscale launch.
Simulations concerning
mass and descent rates will
be done to ensure the
impact kinetic energy is less
than 75 ft-lbf.
Each electronics bay will
have separate 9V power
sources.
Each electronics bay will
contain an altimeter each.
The lower electronics bay
will contain a redundant
altimeter to assure main
parachute ejection.
Two arming switches will be
located on the exterior of the

Inspection

Inspection

Motor chosen

Inspection

Testing

Testing

Analysis
Testing

Testing

Analysis
Testing

Inspection

Testing
Inspection

Testing
Inspection

2.7
2.8

2.9

2.10

2.10.1

2.11.1

2.11.2

2.11.3

2.11.4

the exterior of the rocket airframe when
the rocket is in the launch configuration
on the launch pad.
Each altimeter shall have a dedicated
power supply.
Each arming switch shall be capable of
being locked in the ON position for
launch.
Removable shear pins shall be used for
both the main parachute compartment
and the drogue parachute compartment.
An electronic tracking device shall be
installed in the launch vehicle and shall
transmit the position of the tethered
vehicle or any independent section to a
ground receiver.
Any rocket section, or payload
component, which lands untethered to
the launch vehicle shall also carry an
active electronic tracking device.
The recovery system altimeters shall be
physically located in a separate
compartment within the vehicle from any
other radio frequency transmitting device
and/or magnetic wave producing device.
The recovery system electronics shall be
shielded from all onboard transmitting
devices, to avoid inadvertent excitation
of the recovery system electronics.
The recovery system electronics shall be
shielded from all onboard devices which
may generate magnetic waves (such as
generators, solenoid valves, and Tesla
coils) to avoid inadvertent excitation of
the recovery system.
The recovery system electronics shall be
shielded from any other onboard devices
which may adversely affect the proper
operation of the recovery system
electronics.
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rocket. One switch will be
placed on each electronics
bay.
Each electronics bay will
have a 9V power source.
An internal spring will lock
the switch to the ON position
for launch.
Removable shear pins will
be included to maintain
structural rigidity of the
vehicle.
GPS units will be installed in
each electronic bay
(representing the two
airframe groups that will
come independently).

Inspection
Inspection

Inspection

Inspection

The upper and lower
electronic bays will each be
equipped with a GPS unit.

Inspection

A bulkhead will be installed
in each electronics bay in
between the altimeters and
GPS unit.

Inspection

The bulkhead that will
separate each electronics
bay will be lined with
aluminum foil tape so as to
insulate the altimeter
electromagnetically.

Testing
Inspection

There will be no onboard
devices that generate
magnetic waves.

inspection

Other considerations will be
made to prevent any
disruption of the altimeter
performance.

Testing

4.5

RISK ANALYSIS

Risk
Late completion of
Reports and
Presentations

Likelihood
Medium

Impact
High

Late completion of
rocket and/or AGSE
construction

Medium

High

Team member
decides not to
continue working on
project

High

Medium

Required budget is
not met

Medium

High

Full scale rocket test
failure

Low

Medium

AGSE system fails to
perform required
function

Low

High

4.6

Mitigation
Simultaneously
design rocket and
write report to keep
updated
documentation at all
times.
Order parts and test
components early to
identify potential
problems and allow
for time to rectify
them.
Continuously recruit
and educate students
who are interested in
rocketry and the
NASA Student
Launch competition
Set fundraising goals
higher than necessary
to account for any
possible setbacks we
may encounter
Follow mission
performance criteria
checklist prior to
launch
Perform extensive
testing of AGSE
before final launch

MANUFACTURING

The airframe will be constructed by pulling a carbon fiber sleeve over the entire phenolic
airframe tube. Moisture and UV proof Epoxy lamination resin will then be applied to wet out the
entirety of the carbon fabric. Specially-treated heat shrink tubing will be pulled over the carbon
and phenolic and will be subjected to 500-700 degrees Fahrenheit from the center of the tube
outwards, shrinking the tube in a circumferential manner slowly expanding from the center. The
payload bay section will be constructed in the same manner, with the substitution of Blue
Texalium Electrical glass instead of carbon fiber. The plastic nosecone will be laminated with
carbon fiber by a hand layup. After the airframe has cured, 3 centering rings will be attached to
a 54mm/ 2.14inch phenolic motor mount tube, and will then be filleted with JB weld and then
hand laid up with fiberglass, such that a right angle no longer exists from the axial face of the
tube to the centering rings. The motor mount tube will protrude 0.5 inches from the face of the
lowest centering ring, and a space of 20 inches will exist between the middle centering ring and
the lowest ring. The motor mount will then be inserted into the bottom of the airframe such that
the centering ring is 0.125 inches up from the lowest edge of the airframe.
17

A G10 fiberglass centering ring will then be laminated onto the bottom of the centering ring, and
carbon fiber will be hand laid up over the centering ring. A motor mount tube will then be
installed on the end of the 2.14 inch tube using JB weld. Fin channels will then be marked on
the side of the airframe using a rotary table at 118 degree angles. The bottom cut will be .75
inches from the bottom of the airframe, and will be 20 inches long. A commercial foam product
will be inserted into the newly generated slits in the airframe, and then the fins will be inserted
into the slits. A jig will be constructed around the lower section of the rocket in order to ensure
that the fins maintain a 120 degree angles from each other, and so that the fins maintain contact
with the inner 2.14 inch motor mount tube of the rocket. After the fins are installed, JB weld will
be used to create a fillet in between the fins and the airframe, and then carbon fiber will be laid
up over the entirety of the fins, fillet and airframe in 3 separate sections, so that each 120
degree section of the rocket has a separate piece of carbon fiber.
A solid bulkhead will be pushed from the top of the lower airframe to provide closure to the top
of the 2.14 inch motor mount tube. The electronics bay will be fitted in a coupler tube that sits in
between the lower airframe and the upper airframe section. The main parachute will be located
in between the lower airframe and the electronics payload bay, and will be attached by steel
0.25 inch eye bolts to the lower airframe and electronics bay. The upper airframe will consist of
a length of carbon laminated phenolic tubing that simply connects the electronics bay to the
nosecone. The upper airframe will contain a parachute that will act as the rocket drogue and
payload parachute. Kevlar shock cord will be used to connect the nosecone to the payload bay,
electronics, and parachute. A separate Kevlar shock cord will be used to connect the lower
airframe to the main parachute.
4.7

CONFIDENCE AND MATURITY OF DESIGN

This design has never been flown before, and has a number of unique designs that are unusual
and may not perform as expected. In particular the piston design that pushes out a large
parachute and deploys a smaller parachute is not a design that has been tested before, and
may have issues with either tangling or failing to deploy. The lower flight computer bay is also a
unique design that has not been tested, and the structural limitations of PVC have not been
investigated fully by the team. Further testing on the maximum amount of force that will be
transmitted through the 3/8” eyebolt to the PVC cleanout cap is needed in order for this design.
4.8

DIMENSIONAL DRAWINGS

Figure 6: Total Vehicle Length

18

Figure 7: Upper Airframe length

Figure 8: Payload Bay length - closed

Figure 9: Payload bay length - open

Figure 10: Lower airframe length
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4.9

MASS STATEMENT

The mass of the entire vehicle as it is designed is 187.3oz, with a 20oz overage available for
extra mass while still hitting a target altitude of 3000ft. The motor mount on the rocket is
designed to contain up to a 5 grain Cesaroni rocket motor, allowing for up to 1500Ns to be
added to the vehicle in the event of an increase of vehicle mass. The mass data for the rocket
was obtained by using both empirically measured parts from the Rocksim database, which
includes components from Public Missiles and Giant Leap Rocketry. The payload bay and other
custom components have estimated masses that are generated from SolidWorks models, using
know material density data.
4.10

RECOVERY SUBSYSTEM

Rocksim was used to determine the minimum parachute size for the two independently
recovered sections of the rocket. The Recovery system contains a 60” and a 44” parachute
manufactured by Public Missiles LTD to withstand normal use in a rocket. The 60” parachute
will be attached to the eyebolt on the bottom of the payloadbay. The 44” parachute will be
attached to a 3/8” eyebolt that is bolted to the top of the lower electronics bay. A piston will
separate the shroud lines of the 44” and 60” parachutes, and will assist in shearing the nylon
pins.
4.10.1 ELECTRICAL SCHEMATICS

Figure 11: Recovery Electrical Schematics – (left) lower electronics bay, (right) upper electronics bay
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4.11

MISSION PERFORMANCE PREDICTIONS

4.11.1 MISSION PERFORMANCE CRITERIA
The mission will be considered a successful flight if the vehicle adheres to the following:
1.
2.
3.
4.
5.
6.
7.
8.

Successful motor ignition with successful lift-off
Vehicle reaches apogee at 3,000 ft.
Proper ejection of recovery systems at all three stages
Parachute descent is stable
Descent speeds at 23ft/s for upper section and 28ft/s for lower section achieved
If vehicle and all compartments reach a soft landing with minimal drift
Full recovery of vehicle and its corresponding parts
If vehicle receives no flight damage

4.11.2 FLIGHT PROFILE SIMULATIONS
Flight Profile simulation from Rocksim. Altitude is 3117.2 ft, drift is 76 ft. The rocket body is
made from fiberglassed phenolic tubing with 3/8” eyebolts attaching Kevlar shock cords.
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4.11.2.1

ALTITUDE PREDICTION

Our Predicted altitude is 3155 feet
4.11.3 STATIC STABILITY

Figure 12: Static stability

4.11.4 KINETIC ENERGY AT LANDING
Section
Mass
Maximum Descent Rate
Calculated Descent Rate
Parachute size
Drogue Size

Upper Section
128oz
24.5 ft/s
23 ft/s
60”
12”

Lower Section
79.30z
31.2 ft/s
28 ft/s
44”
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4.11.5 CROSSWIND DRIFT
Wind Speed
Feet drift

4.12

0
30ft

5mph
200ft

10mph
300ft

15mph
400ft

20mph
475

INTERFACES AND INTEGRATION

4.12.1 PAYLOAD INTEGRATION
Our payload will be dropped from a robotic arm into a cradle in between two body sections.
The body sections will be opened and closed using a stepper motor and rack gear. Our
AGSE will be used to control the entire opening and closing of the payload bay.
4.12.2 INTERNAL INTERFACES
Between compartments on the launch vehicle will be wooden bulkheads to physically
separate them. This is to prevent any shock to the electronics due to ejection events and
also helps to strengthen the overall structure. The payload bay and upper electronics bay
will be connected by a shock which is also attached to the drogue parachute.
4.12.3 VEHICLE TO GROUND INTERFACES
To control our payload bay’s opening and closing we will have a quick disconnect wire
attached from the motor inside the payload bay to our AGSE microcontroller and fully
integrated with the AGSE procedure.
4.12.4 LAUNCH SYSTEM INTERFACES
Our launch vehicle will be mounted on an 8 ft launch rail. A rounded rack will be used with
a stepper motor to insert the igniter into the rocket motor.

4.13

SAFETY

4.13.1 TEAM SAFETY OFFICER
Safety Officer: Maryel Gonzalez (NAR – Level 1 Certified)
4.13.2 FINAL ASSEMBLY CHECKLIST
1.
2.
3.
4.
5.
6.

Make sure all glue and paint is completely dry on model
Make sure motor mount is secured without any loose parts
Make sure bulkhead is attached to motor tube
Examine all shock cords for soot, frayed, or burnt fibers
Firmly tug on ends of shock cords and verify they are firmly attached and not moving
Inspect recovery device, shroud lines must be firmly attached, equal in length and not
tangled
7. Check to see if parachutes are strong without tears or rips
8. Recovery device must be firmly attached to lower payload bay, airframe, and nosecone
sections respectively
9. Check if eye bolt spins, if it does apply blue Loctite
10. Check is nylon bolts are properly attached to nosecone
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11. Properly align all fins
12. Inspect fins and entire model for any cracks or deformations
13. Wiggle fins to check for delamination
14. Verify that linear launch lugs are securely attached to rocket
15. Check to see that linear launch lugs will not bind on launch rail
4.13.3 LAUNCH PROCEDURES CHECKLIST
1. Arrive at the Huntsville, Alabama launch site
2. Choose location for launch pad with lowest level of flammable materials
3. Ready rocket for inspection
4. Once approved, transfer rocket to launch pad
5. Check straightness of launch rail
6. Carefully slide rocket onto rail so as not to displace the linear rail lugs
7. Perform load test on batteries with voltmeter
8. Manually attach the igniter leads to the launch controller
9. Ask for a continuity check
10. If continuity exists, inform the range safety officer that “the pad is hot”
11. Retreat designated launch area and to AGSE controller box
12. Inform the range safety officer that you are ready to fire
13. Once launch clearance is received, commence countdown
14. After saying “one” press and hold ignition switch until successful ignition of rocket motor
15. Recover all three sections of rocket (CAUTION: MOTOR CASING WILL BE HOT!)
16. Insure all parts are fully recovered and in working order
17. Bring altimeter to NASA official for altimeter reading verification
18. Carefully unload payload and obtain recorded data
19. After motor casing has cooled, remove motor and dispose the contents of the motor
responsibly.
4.13.4 PERSONNEL HAZARDS
Source of Hazard

Hazard

Mitigation

Black Powder

Explosive if contained
improperly

Insure proper storage. Keep away
from sparks, heat, and open
flame. DO NOT arm altimeters
until ready.

Motor Handling

Unexpected combustion

Igniter Handling

Burns if ignited

Fiberglass

When sanding: eye and skin
irritant and inhalation hazard

Belt Sander

Particles may be dispersed
into the air, may enter a
member’s eyes or respiratory
system

Proper storage. Keep away from
sparks, heat, and open flame. DO
NOT install igniter until on launch
pad.
Keep away from static charge,
extreme temperatures, and
Utilize ventilation masks, long
sleeves, and latex gloves while
sanding. Sand in a well-ventilated
area
Utilize protective eyewear and
ventilation masks. DO NOT wear
gloves or long sleeves. Sand in a
well-ventilated area.

Epoxy

Toxic fumes;
Skin irritant

Utilize ventilation masks and latex
gloves. Use in a well-ventilated
area.
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4.13.5 FAILURE MODES
Potential Failure
Mode

Parachute Failure

Launch Failure

Cause

Consequence

Mitigation

Parachute burns due to
ejection charge

Improper installation of
Kevlar blanket

Parachute detaches
from shock chord

Vehicle has
uncontrolled descent
leading to catastrophic
failure

Igniter fails to ignite

Motor will not combust;
rocket will not launch
Rocket will not launch;
Catastrophic damage
to vehicle and AGSE
Signals are not sent to
ejection charges;
uncontrolled descent of
vehicle
Ejection charges do not
activate; uncontrolled
descent of vehicle

Ensure blanket
completely wraps
around parachute
Securely tie the
parachutes to the
shock chords; multiple
people will check know
strength
Ensure continuity;
Properly store igniters
Proper storage of motor

Motor explodes

Leads break free

Altimeter Failure

Altimeter runs out of
battery power

Rocket has an
undesirable trajectory.

Fins break during flight
due to drag force.

Rocket is unstable
during flight

Upper electronics bay
hatch detaches in flight.

Damage to electronics.
Rocket has unstable
flight.

Construction of the
electronics bay hatch
will ensure a smooth
contour and will be
firmly attached.

Internal components
shift during initial thrust.

Rocket’s center of
gravity shifts, resulting
in an unstable flight.

Apply enough epoxy to
secure internal
components.

Couplers fail from being
too short.

Body tube connections
are weak. Rocket
breaks apart during
liftoff.
Motor flies through the
rocket and damages
components. Rocket
flight is unstable.
Pressure increase is
not sufficient to eject
airframe components.
Uncontrolled descent of
vehicle.

Ensure couplers are at
least one tube diameter
in length to hold the
rocket together.
Make the forward motor
mount bulkhead thick
enough

Motor Mount fails

Ejection charges fail to
ignite
Ejection Charge Failure

Put a new battery in
each altimeter before
each launch; ensure
they are fully charged
Proper installation,
alignment, and location
of rail buttons.
Use proper materials
and construction
techniques for fins.

Rail button separates
while on launch rail.

External Structural
Failure

Internal Structural
Failure

Install thicker gauge
wire
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Ground ejection test

Ejection charge too
large

Separation Failure

Premature separation
of rocket components

Potential damage to
internal and external
components of vehicle
Damage to rocket due
to unforeseen forces
acting on the vehicle

Ground ejection test

Ensure connections are
strong and do not
easily shift around

4.13.6 ENVIRONMENTAL CONCERNS
The vehicle will put out a small amount of HCL acid that separates from the APCP propellant.
The AGSE system will also contain sealed batteries that could affect the environment if they are
improperly disposed of. The AGSE will use commercial motors that are all sealed and
weatherproofed. Flexible conduit will connect the power systems to the motor, ensuring that not
cords can be short circuited and that the environment will not corrode any terminals.

5.0

AGSE CRITERIA

5.1

DESIGNS AT A SYSTEM LEVEL

Figure 13: AGSE ground schematic

5.1.1

LAUNCH RAIL

The launch rail is constructed from an 8 ft. long 1” 80/20 rail, and our rocket uses Acme
Conformal rail guilds to align the rocket to the rails. The rail will be lifted from the horizontal
to the vertical position using a 180 lbs thrust linear actuator. A 1” 80/20 “foot” located
beneath the rail will serve to counteract the moment generated by the rocket sitting on the
rail. In addition, the bottom foot will support the linear actuator when pushing on the rail.
5.1.2

IGNITER INSERT

The igniter is inserted by a circular rack that is driven by a stepper motor. The igniter is
inserted and then a clamp holds the igniter wire once it has been inserted. The circular rack
is then withdrawn from the motor allowing the motor to safely be launched.
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5.1.3

ROBOT ARM

The robot arm is constructed of a plastic arm with dual claws at the end. The arm is attached
to a base, and the arm rotates in a plane perpendicular to the length of the rocket. This
allows the arm to rotate to the ground, close the claws, and acquire the payload. Once the
payload has been captured by the claws, the arm then rotates till it is directly above the
open payload bay, and then drops the payload into the open bay. The arm then rotates
away from the rocket, allowing the AGSE procedures to continue.

5.2

REQUIRED SUBSYSTEMS FOR MISSION SUCCESS
5.2.1

POWER

12 volt power is required to drive all of the AGSE equipment. The power is controlled by a
master switch, and by an intermediary relay attached to a pause switch.
5.3

PERFORMANCE CHARACTERISTICS

The power system must deliver 12 volts of power and have a significant amount of power
stored. If the power source does not deliver 12 volts and a necessary amount of amps to the
motors, they will not have enough power to accomplish the main mission. The evaluation of the
power system will be done by testing the system after having it switched into the “pause”
condition for one hour. If the fully charged battery is able to fulfill the mission after an hour of
“pause” and still maintains a voltage of no less than 11.9Volts it will be considered to “pass” the
evaluation.
5.4

REQUIREMENTS AND VERIFICATION

Req.
Number
3.2.1.1
3.2.1.2

3.2.1.3

3.2.1.6

3.2.1.7

Requirement

Design Feature

Teams will position their launch vehicle
horizontally on the AGSE.
A master switch will be activated to
power on all autonomous procedures
and subroutines.
After the master switch is turned on, a
pause switch will be activated,
temporarily halting all AGSE procedure
and subroutines.
Once the pause switch is deactivated,
the AGSE will progress through all
subroutines starting with the capture
and containment of the payload, then
erection of the launch platform, and
lastly the insertion of the motor igniter.
The launch platform must be erected to
an angle of 5 degrees off vertical
pointed away from the spectators.
The one team member will arm all
recovery electronics.
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The launch rail will begin in
the horizontal position.
A master switch will be
included in the Launch
Controller.
A pause switch will be
incorporated to the Launch
Controller.
A robot arm will grip the
payload and drop into the
vehicle. The launch rail will be
raised using a linear actuator
at the base. The igniter will be
attached to a rack and will be
raised using a small stepper
motor, inserting the igniter
into the motor.
An exterior arming switch will
located outside each
electronics bay to turn on the
altimeters.

Verification
Method
Inspection
Inspection

Inspection

Analysis
Testing

Testing

3.2.1.8

Once the launch services official has
inspected the launch vehicle and
declares that the system is eligible for
launch, he/she will activate a master
arming switch to enable ignition
procedures.

A master arming switch will
be included in the Launch
Controller to enable the
ignition of the motor.

Inspection

3.2.2.2

All AGSE systems shall be fully
autonomous.

The AGSE will be fully
commanded through an
Arduino Mega microcontroller
board.

Inspection

No pressure vessels will be
used in the AGSE.

Inspection

3.2.2.3

3.2.4.1

Any pressure vessel used in the AGSE
will follow all regulations set by
requirement 1.12.
Each launch vehicle must have the
space to contain a cylindrical payload
approximately 3/4 inch in diameter and
4.75 inches in length.

3.2.4.3

The payload will not contain any hooks
or other means to grab it.

3.2.4.4

The payload may be placed anywhere
in the launch area for insertion, as long
as it is outside the mold line of the
launch vehicle when placed in the
horizontal position on the AGSE.

3.2.4.5

The payload container must utilize a
parachute for recovery and contain a
GPS or radio locator.

3.2.4.6

3.2.5.1.3

3.2.1.5.4

5.5

Each team will be given 10 minutes to
autonomously capture, place, and seal
the payload within their rocket, and
erect the rocket to a vertical launch
position five degrees off vertical.
Insertion of igniter and activation for
launch are also included in this time.
A safety light that indicates that the
AGSE power is turned on. The light
must be amber/orange in color. It will
flash at a frequency of 1 Hz when the
AGSE is powered on, and will be solid
in color when the AGSE is paused
while power is still supplied.
An all systems go light to verify all
systems have passed safety
verifications and the rocket system is
ready to launch.

A payload bay has been
designed to comfortably
contain the payload within its
bounds.
The payload will not be
altered by the team. The
AGSE robot arm will be
tasked with gripping and
capturing the payload.
The team will determine the
exact distance required for
the robot arm to grasp the
payload and insert it into the
vehicle.
The payload section will be
deployed with the upper
airframe of the vehicle,
containing the drogue and a
main parachute and a GPS
unit.

Analysis
Testing

Analysis
Testing

Analysis
Testing

Inspection

Trial runs will be conducted to
validate the total run time
from start to launch.

Testing

A safety light will be
incorporated on the side of
the launch rail to show that
power is ON.

Inspection

A green light will be
incorporated on the side of
the launch rail and turned ON
when the LCO activates the
master arming switch.

Inspection

PRELIMINARY INTEGRATION PLAN

The AGSE power system will be integrated through a series of relays and switched that are
diagramed below. The 12V power provided will be through a seal AGM car battery, rated for
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over 1000 CCA, and the lesser 3V low amp power source will be provided by 2 AA batteries in
series. Separating the relay power source from the main power source enables a high level of
safety for stopping the AGSE in the case of an unplanned event.

5.6

AGSE ELECTRICAL SCHEMATIC

Figure 14: AGSE electrical schematic

5.7

KEY COMPONENTS

The AGSE will have an arm that drops the payload into the payload bay. The arm will then
rotate away from the rocket and the payload bay will close.
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5.8

AGSE/PAYLOAD CONCEPT FEATURES AND DEFINITION

The main features of our design and where we felt we will stand out from others is our payload
bay design and robotic payload retrieval arm.
The payload bay is going to be a huge challenge for us as it requires tight tolerances and is
unique in that it can be opened and closed completely autonomously.
When designing our robotic arm our goal was to simplify it at much as possible including
optimizing it to incorporate the least amount of joints and reduce distance of travel. This is
significant in that it reduces our upfront as well as maintenance costs. This portion of the project
is also a huge challenge for us as none of our team members have any experience in robotics.
5.9

SCIENCE VALUE

5.9.1

AGSE OBJECTIVES

The objective of our AGSE is to autonomously open the launch vehicle payload bay,
retrieve the payload from the ground, place the payload inside the launch vehicle, and
close the payload bay. It will then raise the launch rail to 15 degrees off vertical position
and insert the igniter into the motor.

5.9.2

AGSE SUCCESS CRITERIA

AGSE must perform all intended functions to insure successful vehicle launch and
recovery.

5.9.3

EXPERIMENTAL LOGIC, APPROACH, AND METHOD OF
INVESTIGATION

The AGSE will be tested and measurements will be taken to ensure that it performs to
expectations. The data collected will be very relevant as it will be a real test of the AGSE
system. The Arduino Mega will be used to implement basic programming functions on the
robot arm.
6.0

PROJECT PLAN

6.1

BUDGET PLAN

By The end of November we will have contacted 10 sponsors, and have obtained 500$ for our
educational outreach program. In December, we will contact multiple grant organizations and
continue to seek both monetary and physical donations from businesses.
6.2

FUNDING PLAN

We plan to use our rocket and team to feature businesses in the community. Both ASME and
FIU have donated to the project, and we hope to continue to gather support.
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6.3

TIMELINE

September
6
11
October
6
10
17
18
31
November
5
6
10
14
19
21
29
December
3
13
January
6
16
21-31
February
1-4
March
7
16
18
April
7
7
8
9
10
12
29

Start Recruiting new members
Request for Proposal (RFP) goes out to all teams.
Proposal due to NASA
Start Vehicle design
Awarded proposals announced
Start AGSE design
Team web presence established
Preliminary Design Review (PDR) report due
Start ordering parts for subscale vehicle
Begin fundraising efforts by contacting company sponsors
Start constructing AGSE components
PDR video teleconference
Begin constructing subscale vehicle
Ground ejection test
Begin constructing full scale rocket
Subscale flight test
AGSE testing
Critical Design Review (CDR) report due
CDR video teleconferences
CDR video teleconferences
Full-scale flight test
Flight Readiness Review (FRR) report due
FRR video teleconferences
Team travels to Huntsville, AL
Launch Readiness Reviews (LRR)
LRR’s and safety briefing
Rocket Fair and Tours of MSFC
Mini/Maxi MAV Launch day, Banquet
Backup launch day
Post-Launch Assessment Review (PLAR) posted

31

6.4

EDUCATIONAL ENGAGEMENT PLAN AND STATUS

The goal of the FIU ASME team is to teach middle school-aged students the basics of rocketry
and potentially interest them in pursuing a career in science, technology, engineering, and
mathematics. The area around Florida International University has many middle schools with
minority students that would not normally pursue higher education. With that in mind, the rocket
team has partnered with FIU’s new community outreach called “Engineers On Wheels”. This
program was created with the intent of providing local K-12 students with fun and interactive
presentations on varying fields of engineering.
The team will be traveling to at a minimum of four schools (or the same school multiple times)
and presenting to a minimum of 60 new students per school. Thus, the team will have
educationally engaged a minimum of 240 students from grades six through eight.
The presentation will be three-part, beginning with a PowerPoint slideshow with basic theoretical
concepts of rocketry, a show and tell of real high-powered rockets (owned by the team
members) immediately following, and an outdoors water bottle rocket launch activity where the
students will get to have hands-on experience in selecting components for their own waterpropelled bottle rockets. The PowerPoint presentation will cover topics such as: key
components in a rocket’s geometry, basic principles behind its propulsion (Newton’s Third Law),
and determine the forces present acting on a rocket during flight. In addition, key terms will be
identified (e.g. apogee, thrust, flight event) so that the students will have a working knowledge of
the field of model rocketry.
Planning has already begun to visit the first school by mid-December. The PowerPoint
presentation has already been started and is almost completed. It will be submitted to the
Program Coordinator for review and confirmation that the team is ready to present.
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