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1 SUMMARY OF CDR REPORT
1.1 TEAM SUMMARY
1.1.1

Summary

The student section of the American Society of American Engineers (ASME) at Florida
International University (FIU) is participating in the 2014-2015 NASA Student Launch competition
and intends to continue in the Maxi-MAV portion of the competition. As this is the first year in
which FIU is participating in the competition, the active goal is to continue establishing a rocketry
group and foster interest in the field of rocketry among the FIU student community.

1.1.2 Faculty Adviser

Dr. Benjamin Boesl
Assistant Professor, Mechanical Eng., PhD
bboesl@fiu.edu
(305) 348-3028

Florida International University
MME Department
10555 West Flagler Street
Miami, Florida 33174

1.1.3 Team Participants
Team Leader

Safety Officer

Chief Engineer

Team Mentor

Giancarlo Lombardi
BS Mechanical Engineering – Senior
NAR Member – Level 1 Certified
glomb002@fiu.edu
(305)632-8584

Maryel Gonzalez
BS Mechanical Engineering – Senior
NAR Member – Level 1 Certified
mgonz219@gmail.com
(786)712-3155

Christopher Hayes
BS Mechanical Engineering – Senior
NAR Member – Level 1 Certified
chaye001@fiu.edu
(305)905-4301

Joseph Coverston
BS Mechanical Engineering – Junior
TRA Member (#12413) – Level 2 Certified
jcove010@fiu.edu
(407)754-6572

Members
Name

Major

Standing

Juan T.

Mechanical Eng.

Junior

Shane C.

Mechanical Eng.

Junior

Jonathan P.

Mechanical Eng.

Junior

Jorge D.

Mechanical Eng.

Sophomore

Daniella B.

Mechanical Eng.

Sophomore

Jorge L.

Mechanical Eng.

Freshman
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1.2 LAUNCH VEHICLE SUMMARY
Size:

Total length = 9.4 feet
Outer diameter = 4 inches

Mass:

Total mass of rocket = 294.3 oz (with motor)

Motor Choice:

Cesaroni K2045 Vmax reload kit with a 4 grain Cesaroni case.

Recovery System

Rail Size

The recovery system will consist of two PerfectFlite StratologgerCF
altimeters for parachute ejection, 2 GPS units, and 3 parachutes. The GPS
units will be located in two separate electronics bays, forward and rear,
which will each contain only a GPS unit and its power source. The two
flight computers will be located in a central electronics bay along with their
power sources. Both flight computers will be programmed to deploy the
drogue parachute at apogee, located in the lower parachute bay. The upper
parachute bay will consist of two untethered parachutes. One will be
attached to the lower airframe and the other to the payload bay and
nosecone with a piston in between them to ensure separation. One
altimeter will be set to eject both parachutes at 1000 ft. The second
altimeter will be set for ejection at 900 feet for redundancy.
The rocket will use Acme conformal rail guides on a 1.5 inch 80/20
aluminum rail.

1.3 AGSE/PAYLOAD SUMMARY
Payload:
AGSE:

PVC Payload Provided by NASA
After placement of payload on the ground, the AGSE Arduino Mega will
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. 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 rack to push the igniter
into the rocket, and 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.
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2 CHANGES MADE SINCE PDR
2.1 CHANGES MADE TO VEHICLE CRITERIA
•
•
•
•
•
•
•
•
•

The vehicle now has a shorter, redesigned payload bay.
There is now a lower PVC electronics bay, containing a GPS unit, located in front of the
motor bulkhead.
The ejection of the main parachutes now is towards the rear of the rocket, instead of in the
middle of the rocket.
Drogue parachute size is now 18” (due to observation that 12” was too small during subscale
flight test – did not sufficiently open during descent)
Only two flight computers are used, and they are located in the redesigned middle section of
the rocket.
Kevlar cord is now directly attached to the nosecone, instead of using a metal plate
Piston is now attached to the lower section of the rocket, instead of the middle.
The long airframe tube section which contains both main parachutes now has removable
bolts for easy access to the ejection charges.
GPS units are now located in the nosecone and lower airframe of the rocket, away from the
altimeters to prevent interference, and to increase the resolution of GPS tracking by placing
the transmitters more than 6 feet apart from each other.

2.2 CHANGES MADE TO AGSE/PAYLOAD CRITERIA
•
•

The AGSE has a servo motor driving the main robotic arm instead of a stepper motor.
The launch pad will be constructed from scratch rather than modifying a previous pad
owned by FIU.

2.3 CHANGES MADE TO PROJECT PLAN
•

No changes have been made to the project plan.
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3 MISSION SPECIFICATIONS
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. The rocket
will be capable of reaching altitudes no greater than 5000 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 Requirements

Requirement

Reasoning

Verification

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

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

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 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’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 develop an
AGSE compatible with the
launch vehicle such that the
payload is safely captured and
contained.

Competition requirements
state that the payload must be
captured and contained
autonomously.

Rigorous testing will be
conducted to ensure the
AGSE is calibrated with the
rocket geometry to ensure safe
operation.

FIU ASME will conduct a
subscale flight test of the
launch vehicle prior to the fullscale 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.

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.
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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.

In addition to verifying design
choices, the full-scale launch
will serve to satisfy NASA
Student Launch competition
requirements.

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 mission will be considered to be a success if the following criteria are met:
1.
2.
3.
4.

The AGSE safely captures and contains the payload within the launch vehicle.
The launch vehicle’s apogee does not exceed 5000 ft above ground level.
The payload is ejected at 1000 ft.
The launch vehicle’s descent is controlled and does not result in damage to itself, property,
or people.
5. No safety violations occur.

3.1.4 Major Milestone Schedule

The team’s GANTT chart is located on this report’s appendix.
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4 VEHICLE CRITERIA
4.1 DESIGN AND VERIFICATION OF LAUNCH VEHICLE
4.1.1 System Level Designs

The following is a breakdown of all the subsystems comprising the full-scale launch vehicle. A fully
assembled representation of the vehicle can be seen in Figure 1.

Figure 1: Full scale vehicle

4.1.1.1

Nosecone and Upper Electronics Bay

Figure 2: Nosecone and Upper Electronics Bay
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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.
The nosecone will contain within it the upper electronics bay which will house the dedicated GPS
unit for the payload section of the rocket. The GPS unit will be mounted to a sled which fits snuggly
inside the upper electronics bay. Securing the sled inside the bay will be a plate tightened down with
wing nuts onto two threaded rods which are connected to the nose cone.

4.1.1.2

Payload Bay

Figure 3: Payload Bay

The payload bay is composed of a section of body tube and a coupler tube. It will have a door that is
opened and closed by a stepper motor inside a motor bay located directly behind the payload
compartment. This will be separated by a bulkhead. The payload compartment walls will have a
reinforced door frame created from wood beams to support the increased force during launch and
landings. The door will also be similarly reinforced. To ensure the door remains closed, a magnetic
strip on the edge will mate with one on the edge of the door frame. In addition, the stepper motor
will include a gearbox with a locking worm gear. From the gearbox a shaft will penetrate the
13

bulkhead. Mounted on the other side will be a pinion which will mate with a vertically oriented rack.
The rack will be connected to the door using brackets, pins, and a link so that it’s rising and falling
will open and close the door respectively. A quick disconnect power port will be located on the
opposite side of the payload bay opening. This port will provide power to the motor which will
open/close the payload bay opening during AGSE operation. Upon lifting the rail, the quick
disconnect power port is located beneath the rocket ensuring that pulling force is only applied in
one direction (opposite the direction of travel). Though the port will be able to sufficiently support
itself while it is in operation, the tension of the wire during rail lift will not be enough to move or
harm the rocket in any way.

4.1.1.3

Central Electronics Bay

Figure 4: Central Electronics Bay

The central electronics bay is constructed from a 3” PVC drainout cap that has 2 ejection canisters
attached to the top of the cap for main parachute ejection. Inside the bay are 2 PerfectFlite
Stratologger CF altimeters, set for dual deployment. A .131” hole is drilled on opposite sides of the
flight computer bay through the airframe to allow for air to enter the bay. Two additional holes of
equal diameter will be placed orthogonal to the other holes. These will allow a metal rod to be
inserted into the payload bay to disarm the flight computers using a switch, as recommended by the
manufacturer. 6 nylon screws attach the long parachute tube that contains both main parachutes to
the plastic section of the payload bay.

14

4.1.1.4

Lower Airframe and Electronics Bay

Figure 5: Lower Airframe and Electronics Bay

A GPS unit is contained in the lower airframe. A PVC 3” drain out cap retains the GPS unit and 2
9V batteries which are padded by aerospace grade polystyrene foam. Metal washers and nylon
locknuts retain and spread the load of a 3/8” welded eyebolt located used for recovery and retention
of the lower airframe.

4.1.1.5

Parachute Bays

The drogue parachute bay will be located immediately between the lower airframe body and the
central electronics bay. The drogue will be 12” in diameter and deployed at apogee.
Two main parachutes will be located in the main parachute bay. There will be 54” and 60”
parachutes attached to the lower airframe section and the payload/nosecone sections, respectively.
A coupler piston assembly will be located between the two parachutes to ensure that the parachutes
do not become entangled with each other.
A detailed display of parachute bay lengths is shown in Section 4.1.9.5.
15

4.1.2 Final Motor Selection

We have selected the Cessaroni 2045 Vmax 4 grain engine as our final motor.

4.1.3 System Level Functional Requirements and Fulfilment
Req.
Number

Requirement

Design Feature

1.1

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

A K-class motor will be used to
ensure the vehicle will stay in
proximity to the desired altitude.

1.2

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

Multiple altimeters will be placed
in the rocket in separate
electronic bays. The rear
electronic bay will carry an
additional altimeter for
redundancy.

1.3

The launch vehicle shall be designed to be
recoverable and reusable

All parts will be made to easily
be put together on the launch
field, requiring minimal tool use.

1.4

The launch vehicle shall have a maximum of
four (4) independent sections.

The team’s launch vehicle will
have three independent sections.

1.5

The launch vehicle shall be limited to a single
stage.

A single K-class motor will be
used to propel the rocket.

1.6

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

FIU ASME will host a launch
preparation procedures for its
members and practice
assembling the rocket before
launch day.

1.7

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

FIU ASME will ensure that all
battery power sources are fully
charged prior to launch, and will
test the ability of the vehicle to
remain launch-ready for at least
an hour prior to launch day.

1.8

The launch vehicle shall be capable of being
launched by a standard 12 volt direct current
firing system.

The vehicle is developed to be
launched by a standard 12 volt
direct current firing system.

Inspection

1.9

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).

The team shall purchase and use
a commercially available solid Kclass motor.

Motor chosen
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Verification
Method
Analysis
Testing

Inspection

Testing
Inspection
Inspection
Testing
Inspection

Test

Test
Inspection

1.12

Pressure vessels on the vehicle shall be
approved by the RSO.

There are no pressure vessels on
the vehicle

Inspection

1.13

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

The subscale model was flown
on January 10, 2015.

Testing

1.14

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

A full-scale launch with all
vehicle and payload components
is scheduled for March 7, 2015.

Testing

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.

The vehicle will deploy its
drogue parachute at apogee. At
1000 ft, the forward airframe will
be ejected with the drogue,
simultaneously deploying its own
main parachute. The lower
airframe / booster section will
deploy its own main parachute.

2.2

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

Ground ejection tests will be
conducted prior to the full-scale
launch.

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.

Simulations concerning mass
and descent rates will be done to
ensure the impact kinetic energy
is less than 75 ft-lbf.

2.5

The recovery system shall contain redundant,
commercially available altimeters.

The central electronics bay will
contain two altimeters (one
main, one redundant).

2.6

A dedicated arming switch shall arm each
altimeter, which is accessible from the exterior
of the rocket airframe when the rocket is in the
launch configuration on the launch pad.

The two altimeters located in the
central electronics bay shall each
have a dedicated arming switch
that will be accessible from the
exterior of the rocket.

2.7

Each altimeter shall have a dedicated power
supply.

Each altimeter will have a 9V
power source.

Inspection

2.8

Each arming switch shall be capable of being
locked in the ON position for launch.

An internal spring will lock the
switch to the ON position for
launch.

Inspection

2.9

Removable shear pins shall be used for both
the main parachute compartment and the
drogue parachute compartment.

Removable shear pins will be
included to maintain structural
rigidity of the vehicle.

Inspection

2.10

An electronic tracking device shall be installed
in the launch vehicle and shall transmit the
position of the tethered vehicle or any

GPS units will be installed in
each electronic bay (representing
the two airframe groups that will

Inspection
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Each electronics bay will have
separate 9V power sources.

Analysis
Testing

Testing
Analysis
Testing
Inspection
Testing
Inspection
Testing
Inspection

independent section to a ground receiver.

come independently).

2.10.1

Any rocket section, or payload component,
which lands untethered to the launch vehicle
shall also carry an active electronic tracking
device.

The forward and rear electronic
bays will each be equipped with
a GPS unit.

Inspection

2.11.1

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 redundant altimeters will be
located in the central electronic
bay. One GPS unit will be
located in the forward and rear
electronics bay each.

Inspection

2.11.2

The recovery system electronics shall be
shielded from all onboard transmitting devices,
to avoid inadvertent excitation of the recovery
system electronics.

The bulkhead that will separate
each electronics bay will be lined
with aluminum foil tape so as to
isolate the altimeters from any
transmitting devices.

2.11.3

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.

There will be no onboard
devices that generate magnetic
waves.

Inspection

2.11.4

The recovery system electronics shall be
shielded from any other onboard devices
which may adversely affect the proper
operation of the recovery system electronics.

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

Testing

4.1.4 Relation of Workmanship to Mission Success

Testing
Inspection

It is crucial to maintain high standards of workmanship when building and assembling all the parts
and structures that go into the launch vehicle in order to ensure the vehicle behaves as planned and
ultimately the mission is successful. Due to the strong forces at work on the vehicle during flight,
low quality workmanship can lead to failure of the vehicle in many different ways. In the case of the
exterior of the rocket, the flight properties can be vastly changed if time and care are not taken when
applying protective fiberglass coatings. Poor workmanship when applying fiberglass coatings result
in irregular surface roughness and topography. This can alter the flight away from a predictable path
and make it unsafe for those present at launch. Furthermore, within the rocket, there are many
sensitive instruments that need proper protection in order to continue to function throughout the
flight. These instruments are located near to black powder charges meant to release parachutes in
order to allow the rocket to descend slowly. If the instruments are not carefully mounted and
protected, they could easily break on either take off, if the instruments were not properly secured, or
upon the ignition of the charge, if care was not taken to protect them from the blast. In either case,
this leads to the malfunctioning of the either the flight computers, meaning the parachutes will not
deploy and the rocket will suffer a crash landing, or the failure of the GPS units, which will
potentially make the rocket unrecoverable due to it being lost in an unknown location. Alternately, if
structures built within the rocket come loose during flight they could potentially tear up the internals
of the rocket and tangle up the chutes, making the rocket crash land and fail in both cases.
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4.1.5 Planned Testing

The electronic bays of the rocket require further testing in their new configuration as per the design
change from sub-scale to full scale to prove that they remain reliable and functioning under the
various stress conditions of a flight. Furthermore, additional ejection charge tests will need to be
conducted to ensure that the new design can safely and consistently eject the chutes at the preset
intervals without getting tangled and failing.

4.1.6 Remaining Manufacturing and Assembly

As we proceed to the full scale rocket, a new phenolic tube must be obtained and modified to the
final design specifications. The tube itself will be further reinforced with a single-layer woven bi-axial
carbon fiber sleeve. This is done to help the full scale rocket stand up to the increased forces born
from a stronger motor being used for the full scale design. Slits must be cut into the tube and 3 G10
fins must be manufactured from Carbon fiber and secured to the body of the rocket. A payload bay
must be manufactured from a section of the tubing and fitted with a motor-gear assembly that will
serve the function of opening and closing the door of the bay, and holding it secure. This bay must
be reinforced and fitted with an individual power supply to isolate it from the other electronics of
the rocket and ensure reliability of the mechanism. A new motor mount tube and centering rings will
be assembled to fit the new motor. The rocket will then incorporate the different electronics bays
already built, as well as the Intellicone and will be assembled as per the design. The rocket will be
divided into 3 sections, the upper payload/ nose cone sections will have a main parachute attached
by Kevlar rope and protected by a Kevlar wrap that will lower the section individually. The central
sections will have a piston separating the central section from the upper payload section. This
section will have a main parachute attached by Kevlar rope and protected by a Kevlar wrap. The
central section will also be attached to the lower drogue section by Kevlar rope and the lower
section will have its own drogue chute to help offset the weight of the two sections being attached
to one another.

4.1.7 Design Integrity
4.1.7.1 Fin Shape and Style

We are using trapezoidal fins for this mission. This fins are made of G10 fiberglass and give a
stability of 5 calibers or greater for a payload and airframe combined weight of 12-20 lbs. The fins
are 0.093” thick, and are firmly secured to both the inner motor mount and airframe to reduce the
vibrations that occur in high speed flight. As the motor selected generates greater than 2000N within
the first tenth of a second after ignition, our fins are made of an extremely strong material. This
allows for a large airspeed to be maintained by the rocket with only a minimal amount of fin flutter.

4.1.7.2 Material Selection of Fins, bulkheads, and structural elements

G10 fiberglass is an extremely strong core material. The G10 fins are 0.093" thick, and are extremely
durable. They are attached to the rocket with an inner fillet of epoxy glue. The interior wall of the
airframe also has an epoxy fillet that connects to the fins. Prior to adhesion, all surfaces are roughed
with 400 grit sandpaper to ensure proper bonding occurs. The exterior fillet that connects the
airframe to the fins is made from JB KWIK, which was chosen for its exceptional adhesive
properties and high viscosity.
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The PVC bulkheads are constructed with a metal fender washer to spread the point load of an
eyebolt to the entire inner surface of the bulkhead.
The wooden bulkheads are attached to the rocket with epoxy adhesive. The wooden bulkheads have
a metal fender washer on either side of the eyebolt. Nylon lock nuts are located on the opposite side
of the bulkhead to the eyebolt to prevent the nuts from shaking loose. All bolts are tightened to 75
ft-lbs and non-locking bolts are coated with red Loctite.

4.1.7.3 Assembly Procedures

All parts have been sanded or chemically prepared to ensure that the specified bonding strength is
achieved. PVC sections were roughed to 120 grit and a .002 clearance to the couplers tubes they are
mounted in. Coupler sections use thin masking tape and 400 grit sand paper to achieve a proper
limited slip fit, before having shear pins inserted. The rocket uses marked and indexed attachment
points for the removable and shear pins.
The rocket is assembled by attaching 6 steel screws into the upper airframe tube to retain the tube
against the electronics bay. The parachutes are then loaded into the tube from above, and 4 shear
pins are inserted into the forward section of the tube. The drogue is then inserted into the lower
tube and 4 shear pins are inserted into the rearmost section of the tube, attaching into the PVC
holes in the lower electronics bay.

4.1.7.4 Motor Mounting and Retention

The Cesaroni motor mounting is done by a motor mount tube that is secured by centering rings that
are JB welded to the 54mm motor mount tube. A G10 centering ring is placed under the aluminum
motor retainer to spread the load from the motor to the airframe. An Aeropack 54mm anodized
aluminum retainer is used to retain the Cesaroni motor.

4.1.7.5 Status of verification

The rocket airframe has been verified to be structurally sound under flight, and is durable enough to
be recoverable despite hard landings. During the test flight, the rocket landed directly onto a G10 fin
in a hard landing. Upon inspection after the flight, it was determined that the G10 fin and
surrounding rocket airframe had suffered no damage, despite landing at a less than favorable angle.

4.1.7.6 Launch Vehicle, Subsystems, and Major Component Drawings
All dimensions are given in inches.

Figure 6: Full-scale outer dimensions
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Figure 7: Nosecone/upper electronics bay dimensions

Figure 8: Payload Bay dimensions
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Figure 9: Central Electronics Bay dimensions

Figure 10: Lower Airframe and lower elctronics bay dimensions
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4.1.7.7 Mass Statement

Section
Nosecone/Upper Electronics
Bay
Payload Bay

Weight (oz)

16.8
42

Central Electronics Bay
Parachute Bays

22.4
64.5

Lower Body/Lower Electronics
Bay

102.4

Additional Carbon Fiber Weight

46

Total Weight

294.1

Description
Measured weight including
electronics
Estimated weight using current
materials and Solidworks mass
simulation
Measured weight
Measured combined weight
including parachutes and shock
cords
Measured Weight including
electronics, motor casing and
motor.
Estimated 2mm carbon fiber
weight, as discussed below
(without motor loaded)

Figure 11: Upper Airframe independent section

The payload section when fully assembled is estimated to weigh 58.8 oz + the weight of carbon fiber
in a Rocksim analysis of mass. Rocksim was used to sum to the total mass of the section because it
has a library of manufacturers parts pre-weighed. The manufacturers provided weight for
components in the rocket are very accurate, as we do not anticipate more than a 5% deviation in the
measured mass from the given values.

Figure 12: Lower Airframe independent section
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The lower section is expected to weigh in at 166.4 oz based off of both a Rocksim analysis and the
measured weight of the subscale rocket. The accuracy of this estimate is fairly high, as the majority
of the miscellaneous weight in the lower section of the rocket, such as adhesive, hardware, shock
cord, and flame suppression weight has already been accurately measured. The possible expected
mass growth for this section is 10oz, due to the possibility of reinforcement or alterations to the
very basic GPS electronics and the possibility of heavier than expected composite layup on the fin
can.
The estimate for a carbon fiber composite layup of our phenolic airframe was done by creating an
exterior tube of carbon fiber around our existing airframe with a thickness of 2mm, which we
consider to be an over estimate of both weight and size for our layup. This estimate was generated
from a sample of 3” Phenolic magnaframe airframe that had been previously laid up with 12K
carbon sleeve and compressed using a large heat shrink tubing, and was finally gel coated using West
Systems epoxy. The known thickness of the layup is 1.2mm, so our estimate of 2mm will give a
“worst case” scenario for weight on our rocket.

Figure 13: Necessary Carbon Fiber thickness for 3.9” airframe

The anticipated mass growth between the CDR and final delivery is expected to be no more than
10oz. This mass growth would mostly be the result of increased complexity of our payload bay
systems, with the remaining mass growth occurring from issues surrounding the carbon fiber
airframe.
Due our currently very high (above 24:1) thrust to weight ratio of our rocket, the amount of mass
that would have to be added to the rocket to make it too heavy to launch is quite large. 5-10 extra
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pounds would not prove to be a challenge for our rocket system, but the added weight would lower
our altitude from the expected goal of 3000ft.

4.1.8 Safety and Failure Analysis
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
Rocket has an
undesirable trajectory.

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

Motor explodes

Leads break free

Altimeter Failure

Altimeter runs out of
battery power
Rail button separates
while on launch rail.

External Structural
Failure

Internal Structural
Failure

Proper storage of
motor
Install thicker gauge
wire
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.

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.
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Couplers fail from
being too short.

Body tube
connections are weak.
Rocket breaks apart
during liftoff.

Motor Mount fails

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

Ejection charges fail
to ignite
Ejection Charge
Failure

Separation Failure

Ejection charge too
large
Premature separation
of rocket components

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

Ground ejection test
Ensure connections
are strong and do not
easily shift around

4.2 SUBSCALE FLIGHT RESULTS
4.2.1 Flight Data

Figure 14: Upper Altimeter Results (Full Resolution at end of document)
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Figure 15: Lower Altimeter (Full Resolution at end of document)

4.2.2 Comparison of Predicted Model to Actual Flight

The subscale vehicle used for the test flight was 7’4” in length and 9.4lb in weight. The motor used
was an Aerotech J270W. The data obtained from the flight computer on the subscale flight test gave
a maximum altitude of 1600ft. The vehicle landed approximately 500ft from the launch site. The
parachute system deployed as expected. Drogue deployed successfully at apogee using a 2g black
powder charge. The payload bay successfully separated at 1000ft with a dual deployment event of
two main parachutes using a 4g black powder charge. The GPS worked as expected, it accurately
registered the coordinates of the vehicle within just a few feet of error.
Our simulations indicated that for a high level of wind the payload and rocket would have a high
amount of drift. Our test flight revealed that we have a final descent rate of 23 ft/s compared to our
predicted 22 ft/s, and that our estimate for the amount of drift for this rocket may have been an
under estimate. The higher than expected descent rate as it affects our 75 ft lbs maximum landing
energy has been addressed by using a larger parachute for the heavy lower rocket section on the final
rocket.

4.2.3 Impact of Subscale Flight Data on Full-scale Launch Vehicle

The results obtained from the subscale test flight indicate that a more powerful motor will have to
be used to achieve the 3000ft height goal. It was also found that the rear electronics bay, though still
accessible, proved to be difficult to reach due to its distance from the airframe opening. As a result,
the internal arrangement of the rocket’s electronic bays was altered so as to provide a configuration
that allowed for easier assembly and maintenance.
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4.3 RECOVERY SUBSYSTEM
4.3.1 Parachute, Harnesses, Bulkheads, and Attachment Hardware

Figure 16: Parachute Configuration

An 18” nylon parachute will be used for the drogue, a 54” nylon parachute will be used for the
payload bay and a 60” nylon parachute will be used for the lower airframe. The harnesses are made
of Kevlar threads. The parachutes were secured to the vehicle using forged steel eyebolts, backed on
both sides by fender washers. A non-lock nut is coated with red Loctite and threaded lightly against
the top of the eyebolt ring so that it rests on top of a fender washer. This is then inserted into the
bulkhead, and an additional fender washer is placed on the opposite side and is secured with a nylon
washer. All of the eyebolts are continuous 3/8” forged steel with no gaps in the eye.
The ideal gas law states that PV=NRT, with P= 15 psi, V=pi*(D/2)2 *L N=Gunpowder mass
R=266in lbf/lbm, which reduces to N=.006*D2/L. The main parachute section is 20” long for
parachute, and the diameter of the rocket is 3.9”, giving an estimated gunpowder charge of 1.8
grams. 4 grams was selected based off of our ejection test, with 1.8 grams used as a starting point
and black powder was added in increments of 0.5 grams until a proper energetic ejection was
observed.

Figure 17: Nylon 6/6 Shear Pin

3 Nylon 6/6 shear pins will be used for the drogue section, and 3 will be used for the main section
to prevent drag separation of the rocket.
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4.3.2 Recovery Electronics

Two GPS units will be used to locate the two separate parts of the rocket. The GPS units transmit
on the frequencies 850/900/1800/1900MHz at .264 watts.

Figure 18: GPS unit

The rocket payload bay has 2 PerfectFlite StratologgerCF altimeters with dual deployment. Both of
the flight computers will be in the middle electronics bay, with Altimeter #1 having an apogee delay
of 0 seconds, and a main deployment altitude of 1000 ft. Altimeter #2 will have an apogee delay of 2
seconds, and a main deployment of 900 ft. The drogue section of the rocket, located in the lower
part of the airframe will be separated at apogee. The flight altimeters are mounted to opposite sides
of a wooden panel, and have separate 9V batteries and switches. The switches used are normally
open switches, and are disarmed on the pad by an inserted metal rod, as recommended by the
manufacturer. The altimeter bay has 4 x 0.151” holes 90 degrees apart from each other for air
pressure to permeate the payload bay.

Figure 19: Arming switch for Altimeters
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Figure 20: PerfectFlite StratologgerCF altimeter

4.3.3 Drawings/Sketches, Block Diagrams, and Electrical Schematics

Figure 21: Upper electronics bay configuration
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Figure 22: Central electronics bay configuration (double-sided)

Figure 23: Lower Electronics Bay configuration
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4.3.4 Kinetic Energy at Significant Mission Phases

The calculated kinetic energy of the payload section at landing is 61.9 ft-lbs, and the lower section of
the rocket is 74.2 ft –lbs.
The test rocket had a descent rate per section of 22 ft/s giving it a kinetic energy per section of 45
ft-lbs for the upper payload section, and 68 ft-lbs for the lower section of the rocket.

4.4 MISSION PERFORMANCE PREDICTIONS
4.4.1 Mission Performance Criteria.

The mission will be deemed successful if the following criteria are met during launch:
1. Drogue parachute is deployed at apogee.
2. Payload bay is ejected at 1000 ft.
3. Both main parachutes are deployed at the same time as the payload ejection.
4. All sections remain attached together through the Kevlar harnesses.

4.4.2 Flight Profile Simulations, Altitude Predictions

Our maximum weight for the rocket is 294oz, with an expected altitude of 3179 ft.

Figure 24: Simulated Flight Profile
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The motor thrust curve for a Cesaroni K2045 motor is shown below.

Figure 25: Cesaroni K2045 Motor Thrust Curve

4.4.3 Stability Margin, CP and CG Relationship and Locations.

Figure 26: Rocksim model

CG is located 66.3” away from the tip of the nosecone, CP is located 92.9” from the tip. Our
predicted Reynolds number at maximum velocity is 64,917.
This margin is created from our worst case scenario for mass of the rocket. So far our construction
efforts on the payload bay, which has a center of mass 26” away from the tip of the nosecone, are
proving that the actual mass of the payload bay will be 2lbs lighter than our worst case predictions,
leaving the rocket with a stability margin closer to 6.6. In light of our CDR review, we have
considered removing material from the span of our fins to drive the CP forward, and lower our
stability margin to 5 calibers.
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4.5 AGSE/PAYLOAD INTEGRATION
4.5.1 Description Integration Plan.

The AGSE has a system of fixed 8020 rails that are arraigned precisely to fix distances between the
robotic arm and the payload bay. There is a retainer for the rocket motor retainer that holds the
motor retainer of the rocket in a concentric mount, and also determines the distance that the rocket
sits forward or rearward on the launch rail. The Payload section of the rocket is fixed to the rocket
itself, and thus has a fixed position on the rail. The robot arm is attached to a counterbalancing rail
at a 90 degree angle so that its position is fixed in 3 dimensions. This allows for our AGSE
electronics system to precisely know where each of the components of the AGSE and payload
system are located by setting al distances to a known accurate and precise value. This also allows for
a high level of repeatability even in inclement weather such as wind and rain, as well as in low
visibility environments.
The Payload bay door is opened and shut by a linkage that is driven by a nut traveling along an
ACME screw. This allows for the AGSE computer to be in control of when the door is open and
shut, and allows for the payload bay door to be locked with a large amount of force. The simplicity
of using an ACME screw for both the actuation and retention of the payload bay door gives us a
high ease of integration.

4.5.2 Compatibility of Elements.

The robotic arm has fixed spline wheel attached to it that allows it to be rotated with a servo motor.
The servo motor is mounted inside of a aluminum box that is mounted to the 8020 rail so that it can
be fixed to a single point with no freedom of motion except in a single plane.
The payload bay door is opened by the ACME screw and traveling nut. This allows for the
computer to know the position of both the robotic arm and the opened status of the payload bay
door. Since all of the mechanisms are controlled from a single microcontroller, the system as a
whole has a high level of inter-compatibility with itself.

4.5.3 Simplicity of Integration Procedure.

All of the servos for the AGSE and payload bay are controlled from a single microcontroller and are
fixed to the same 8020 rail system. This allows for a very simple, non-compensating solution for the
insertion of the payload into the rocket payload bay.

4.5.4 Changes in the AGSE or Payload Resulting from the Subscale Test.

After reviewing potential design challenges from using a rack and pinion gear as well as a locking
mechanism, the design of the payload bay has changed to a traveling nut and ACME screw design.
Although this design takes up more space inside of the payload bay, the ease of integration of the
traveling nut system was viewed as a superior idea.
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4.6 LAUNCH CONCERNS AND OPERATION PROCEDURES
4.6.1 Final Assembly and Launch Procedures
4.6.1.1 Recovery Preparation
•

Fold all parachutes according to the PML guide

Figure 27: Parachute Loading Schematic
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•

Tie all rigging to the welded steel eyebolts using the Water Knot

Figure 28: Water Knot

•
•
•
•
•
•
•
•

Assemble the Flight computers and insert the disarm switch into both computers
Attach the black powder charges to the terminal blocks on both sides of the central
electronics bay
Install both airframe tubes and their respective removable pins
Insert Kevlar shield into main airframe tube, and load the main parachute on top of the
shield.
Install the piston above the main parachute and load the payload parachute on top of the
piston
Install drogue chute into airframe
Connect all separation points with shear pins, checking that the pins are flush with the our
airframe using a .1mm feeler gauge
Slide rocket onto launch rail

4.6.1.2 Motor Preparation.
•
•

Check motor casing for any defects, paying close attention to the lower screw of the
Cessaroni casing
Use razor blade to carefully cut open Cessaroni reload
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•
•
•

Using non-flammable silicone lubricate the o-ring seals so that they slide easily into the
casing, taking care to compress the O-rings, and watch for snags or tears in the material
Secure and check that the reload is firmly into the Cessaroni casing, and that the nozzle will
be flush with the steel nozzle retainer
Insert the motor into the retainer on the rocket, taking care to properly tighten both the
motors nozzle retainer and the motor retainer on the rocket

4.6.1.3 Setup on Launcher.
•
•
•
•
•
•
•
•
•
•

Choose location for launch pad with lowest level of flammable materials
Ready rocket for inspection
Once approved, transfer rocket to launch pad
Check straightness of launch rail
Carefully slide rocket onto rail so as not to displace the linear rail guides
Perform load test on batteries with voltmeter
Manually attach the igniter leads to the launch controller
Ask for a continuity check
If continuity exists, inform the range safety officer that “the pad is hot”
Retreat designated launch area and to AGSE controller box

4.6.1.4 Igniter Installation.

The nozzle of our selected motor has been measured to be .75” wide. The collapsible insertion
system that is utilized by the AGSE has a diameter of .3” by itself without the attached pyrogenic
igniter. The insertion system is constructed of a .3” extending rod that is backed by a flexible rack
that extends as a result of a geared motor. The DC motor reaches the end of its travel and stops as a
result of internal limit switches. The limit switches are set to the pre-determined depth of Cessaroni
reload plus the height of the Cessaroni engine above the thrust plate that the inserter is mounted on.
The igniter will be bent over so that the tip faces downward, and the insertion rod will extend into
the motor. The rod will the reach the end of its travel, and a servo will clamp a plastic claw on the
igniter wire below the thrust plate. The rod will then retract, with the bent over igniter acting like a
hook inside of the motor. There will also be a slight amount of force generated by fixing the base of
the igniter wire with the servo claw, which will also assist in retaining the igniter in the motor.

4.6.1.5 Troubleshooting
•
•

Power cycle the flight computers, re-check for continuity and listen for error codes
Take apart the airframe using the removable pins and check for good contact between the
black powder charges and the terminal blocks. Clean blocks of corrosion if necessary.

4.6.1.6 Post-flight Inspection.
•
•
•
•
•

Recover all three sections of rocket (CAUTION: MOTOR CASING WILL BE HOT!)
Insure all parts are fully recovered and in working order
Bring altimeter to NASA official for altimeter reading verification
Carefully unload payload and obtain recorded data
After motor casing has cooled, remove motor and dispose the contents of the motor
responsibly.
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4.7 SAFETY AND ENVIRONMENT
4.7.1 Preliminary Analysis of Failure Modes
Potential Failure
Mode
Parachute Failure

Launch Failure

Cause

Consequence

Mitigation

Parachute burns due to
ejection charge
Parachute detaches from
shock chord

Improper installation of
Kevlar blanket
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

External Structural Failure

Internal Structural Failure

Altimeter runs out of
battery power

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.

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 Mount fails

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.
Potential damage to
internal and external
components 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

Ejection charges fail to
ignite
Ejection Charge Failure

Install thicker gauge wire

Ejection charge too large

38

Ground ejection test

Ground ejection test

Separation Failure

Premature separation of
rocket components

Damage to rocket due to
unforeseen forces acting
on the vehicle

4.7.2 Personnel Hazards and Mitigation

Ensure connections are
strong and do not easily
shift around

Source of Hazard

Hazard

Mitigation

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 wellventilated area.

Epoxy

Toxic fumes;
Skin irritant

Black Powder

Explosive if contained improperly

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

Utilize ventilation masks and latex
gloves. Use in a well-ventilated area.

4.7.3 Environmental Concerns

Many environmental factors can affect the integrity of the launch vehicle. First and foremost, wind
speeds directly impact its flight when off the launch rail. If the vehicle has not attained an
appropriate velocity such that it is “stable”, winds could weathercock the vehicle and cause it to fly
into the direction of the incoming wind. This could pose a threat to the crowd below if a severe
degree of inclination is attained as a result of the wind. Upon descent, if wind speeds prove great
enough, the rocket could drift far beyond the confines of the launch range, landing on property not
protected by the NASA Student Launch. In addition to the wind, the range must be clear of any
weather events (namely, precipitation). This is to ensure that none of the onboard and AGSE
electronics are harmed as a result of precipitation.
Serious measures must be taken so that the vehicle has minimal impact to the environment.
One measure that will be taken will be to not use any motors that expel titanium sponges, enforced
by Requirement 1.16.3 of the competition Handbook. This will be done so as to minimize the
probability of fire starting on the ground beneath the launch pad upon motor ignition. The pad will
be verified to not have any wildlife in the surrounding area so as to ensure there is no danger to life
due to the vehicle’s motor ignition.
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5 AGSE/PAYLOAD CRITERIA
5.1 TESTING AND DESIGN OF AGSE/PAYLOAD EQUIPMENT
5.1.1 Overview

The AGSE will use a linear actuator to lift the launch rail to an angle of 5 degrees past 90. The team
is confident in this angle, as the actuator has limit switches that only activate at the end of the linear
motors travel. The linear motor will be controlled so that it will either use a potentiometer to gauge
the distance from 90 degrees that the rail is located at, or it will reach the end of its travel and stop.
A bolted in mechanical stop will be installed in the 180 degree channel that the launch rail is
mounted in so that the rail cannot extend past 90 degrees. The angle of the linear motor is also
controlled so that when it reaches maximum extension the angle between the 8020 foot on the
ground that the linear motor is attached to and the launch rail will be 95 degrees.

5.1.2 Drawings and Specifications
5.1.2.1 Launch Pad and Lift Mechanism

Figure 29: Launch Pad Horizontal Position

The AGSE will use a linear actuator to lift the launch rail to an angle of 5 degrees past 90. The team
is confident in this angle, as the actuator has limit switches that only activate at the end of the linear
motors travel. The linear motor will be controlled so that it will either use a potentiometer to gauge
the distance from 90 degrees that the rail is located at, or it will reach the end of its travel and stop.
A bolted in mechanical stop will be installed in the 180 degree channel that the launch rail is
mounted in so that the rail cannot extend past 90 degrees. The angle of the linear motor is also
controlled so that when it reaches maximum extension the angle between the 8020 foot on the
ground that the linear motor is attached to and the launch rail will be 95 degrees.
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Figure 30: Launch Pad Vertical Position
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Figure 31: Forces of Linear Actuator on Rail

The angle of the motor in relation to the rail at horizontal position is 71.98 degrees. The reason for
this angle is because the linear actuator in closed position is slightly longer than the distance between
the launch rail and lower leg rail, so it is necessary to angle is slightly to in order to fit. The actuator
will be connected to the launch rail 13.66 inches from the hinge and will support the combined load
of the rocket and launch rail. At this point, the force was found to be 121.5 lb. From this value the
component forces and resultant force were found as shown above in Figure 31. The axial force on
the rod is found to be 39.5 lb which was found small enough to be acceptable. The resultant force
which the linear actuator will be subjected to is 127.8 lbs. The linear actuator being used is rated for
220 lb giving the system a factor of safety of 1.72.
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5.1.2.2 Payload Grabber

Figure 32: Retrieving Payload from Ground

The payload grabber, shown above in Figure 32 consists of robotic arm and claw. The claw will be
oriented at a 30 degree angle in relation to the arm. This will allow the claw to rotate down in open
position on top of the payload grab the payload and rotate approximately 240 degrees to its position
in front of the payload bay. At this point the 30 degree angle is oriented upwards but the wide
opening of the claw will still allow for the payload to roll into the bay. To assure accurate payload
insertion, a small rail will be attached to the launch rail stop which will act as a stop for the arm.
To save weight we used a 0.75 x 0.75 inch square acrylic rod as our arm and small lightweight claws
to grab the payload.
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Figure 33: Payload Placement in Payload Bay

5.1.2.3 Igniter Insertion

Figure 34: Rocket Alignment Holder

The igniter insertion system consists of a thrust plate, rocket alignment holder, linear actuator, and
claw.
Shown in Figure 34 is the rocket alignment holder which will be attached approximately 6 inches
above the thrust plate. The Acme rail guides being used to attach the rocket to the rail allow for
some play in the alignment position of the rocket on the rail. For igniter insertion the rocket must be
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in a precise fixed position and for this purpose the holder will be used. It is designed with two ring
diameters, the top one being just wide enough to hold the rocket’s motor retainer in a fixed position
but loose enough that it won’t cause the rocket to hang up when launched. The lower ring is smaller
and will bear the weight of the rocket while in vertical position. It will be machined from an
aluminum cylinder and will be attached to the launch rail using standard 80/20 mounting hardware.

Figure 35: Igniter Wire Claw

Figure 35 shows the claw that will be used to clamp the igniter wire. The wire needs to be clamped
upon complete insertion to provide an additional measure of protection against it falling out. It is
made from plastic so as to not cause a short circuit in the case that it breaks the wire’s sleeve and is
also easily replaceable in the case of damage from exhaust gases.

Figure 36: Igniter Inserter
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The igniter inserter itself, shown in figure 36, is a commercial radio antenna used on cars. This
design was chosen to provide a large ratio between extended and retracted positions. Due to the fact
that the igniter inserter is positioned in line with the rail, using a standard rack would resulting in
having to raise the initial position of the rocket by the length of rack required for complete insertion,
approximately 23 inches. The device has a flexible internal rack which will raise a segmented rod to
insert the igniter to the top of the motor’s combustion chamber. The igniter wire will be bent over
the top of the rod so that it will stay connected while being inserted. Once it reaches the topmost
point it will hook inside the motor, at which point the claw will clamp the wire under the thrust plate
and the inserter will be retracted.

Figure 37: Thrust Plate Assembly

Shown above in figure 37 is the complete thrust plate assembly including the thrust plate, its
attachment bracket, igniter inserter, and igniter claw. The thrust plate itself will be a 12 inch square
of ¼ inch thick aluminum plate. It will be attached to the launch rail by a bracket attached on its top
side. Attached below this plate will be the igniter inserter and claw. The igniter itself will pass
through a ¼ hole during insertion.
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5.1.3 Analysis Results

Currently the AGSE system has not been tested, and as a result only the system design has been
analyzed.

5.1.4 Test Results

All AGSE components have to be tested (including rail lift, robot arm, and igniter inserter).The
motor ignition inserter system must be tested to ensure consistent results at the time of launch. The
pause switch system remains to be tested. The soft pause system serves the function of digitally
switching off the motors via a command sent to an Arduino. This system must be tested to ensure
the Arduino does not suffer from any errors in the code and fails to shut off the motors. The hard
pause system serves to break the continuity to all the motors and serve as an end all be all safety
switch to stop the motors from continuing. This system must be tested for a reliable break in the
continuity that must meet the highest possible standards as this will be the final safety for the
system.

5.1.5 Integrity of Design

We are confident in the integrity of the AGSE launch rail lifting system design due to the use of our
specific linear motor in the field of solar tracking. The accuracy of travel given by the manufacturer
is within .5 degrees, which we consider to be an acceptable level of accuracy for a rocket launch.
Other factors such as the clearance required between the launch rail and the aluminum rail guilds
installed on the rocket have proven to be a much larger source of inaccurate launches than the
launch rail itself, so any half degree deviations on the side of the linear motor can be viewed as
negligible in comparison.

5.1.6 System-Level Functional Requirements Fulfillment
Req.
Number

Requirement

Design Feature

Verification
Method

3.2.1.1

Teams will position their launch vehicle
horizontally on the AGSE.

The launch rail will begin in the
horizontal position.

Inspection

3.2.1.2

A master switch will be activated to power
on all autonomous procedures and
subroutines.

A master switch will be included
in the Launch Controller.

Inspection

3.2.1.3

After the master switch is turned on, a pause
switch will be activated, temporarily halting
all AGSE procedure and subroutines.

A pause switch will be
incorporated to the Launch
Controller.

Inspection

3.2.1.6

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.

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.
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Analysis
Testing

3.2.1.7

The one team member will arm all recovery
electronics.

An exterior arming switch will
located outside each electronics
bay to turn on the altimeters.

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

3.2.2.3

Any pressure vessel used in the AGSE will
follow all regulations set by requirement
1.12.

No pressure vessels will be used
in the AGSE.

Inspection

3.2.4.1

Each launch vehicle must have the space to
contain a cylindrical payload approximately
3/4 inch in diameter and 4.75 inches in
length.

A payload bay has been designed
to comfortably contain the
payload within its bounds.

3.2.4.3

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

The payload will not be altered by
the team. The AGSE robot arm
will be tasked with gripping and
capturing the payload.

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.

The team will determine the exact
distance required for the robot
arm to grasp the payload and
insert it into the vehicle.

3.2.4.5

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

The payload section will be
deployed with the upper airframe
of the vehicle, containing the
drogue and a main parachute and
a GPS unit.

Inspection

3.2.4.6

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.

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

Testing

3.2.5.1.3

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.

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

Inspection
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Testing
Analysis
Testing

Analysis
Testing

3.2.1.5.4

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

An all systems go light to verify all systems
have passed safety verifications and the
rocket system is ready to launch.

Inspection

5.1.7 Approach to Workmanship as it Relates to Mission Success

In the case of the AGSE and payload delivery mechanism, high standards of workmanship play a
principal role in the successful launch of the rocket. The AGSE needs to be built to withstand the
weight of the rocket fully erect, and at an angle. Due to the length of the rail required, the base of
the AGSE must be built especially strong. If built poorly the AGSE could, at the worst, fail from the
weight of the rocket alone, or it may not withstand the forces acting upon it during launch. If either
case proves true, especially the latter, it could endanger those present at launch by sending the rocket
horizontally in an unintended direction, leading both to potential personal harm and the potential
destruction of the rocket. The payload delivery mechanism needs to be built with strong enough
joints that will support the weight of both the payload and the arms of the mechanism. The
mechanism needs to be able to overcome the inertial force of the payload and load it successfully
into the rocket. If it is poorly built the payload could very easily fail to load into the rocket. If it does
overcome all the inertial forces and successfully load the payload into the bay the next potential
point of failure due to low quality workmanship lies in the payload bay door mechanism. Being an
internal component of the rocket there is the potential for it to come apart if improperly secured
and cause damage to the rocket internally. There is also the potential of failure if the bay is
improperly protected from the forces of the charges meant to release the parachutes. Furthermore if
the mechanism itself is poorly built the door could remain open during flight and potentially rip off.
In this instance this would structurally compromise the rocket at that point and lead to a
catastrophic midflight failure of the rocket, as well as loss of the payload.

5.1.8 Planned Component Testing, Functional Testing, and Static Testing

The AGSE Linear motor will be tested with a fully loaded rocket weight of 20lbs to test for wind
load issues. The electronics section of the AGSE will commence once the remaining servo motors
and controller arrive on the 20th of February. Static testing of the AGSE framework has already
occurred, and the result was that the launch rail and launch rail foot assembly is able to withstand
200lbs of static force downwards.

5.1.9 Status and Plans of Remaining Manufacturing and Assembly

The remaining AGSE equipment to be manufactured is the linear motor system, and all of the
electronic components of the AGSE. The frame of the AGSE has been constructed, and the
electronic parts for the control systems are arriving within the week of the 20th of February.

5.1.10 Integration Plan

The AGSE will be developed simultaneous to the launch vehicle. This is done in order to address
problems in each system as they arise. Developing both systems at the same time allows for greater
flexibility in modifying designs. Interfaces between the launch vehicle and AGSE are limited so that
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problems between the two systems are minimized. Particularly, the quick-disconnect power interface
for the payload bay will be the sole interface with the AGSE. This power source will control the
motion of the motor in the payload bay that will close the hatch once the payload has been captured
and contained. Rigorous testing of this interface will be performed to ensure that the on-the-pad
operations are executed as desired.

5.1.11 Precision of Instrumentation and Repeatability of Measurement

The AGSE system is very precise due to its construction out of extruded series 15 8020 rails. The
measurements of the servo positions that the AGSE will take in order to execute autonomous
operation will vary by 5-10 degrees, depending on placement of the motor, since the high level of
torque required to move the varying parts of the AGSE will alter the real position of the servo
motor from the reported position. We do not consider this to be a hindrance to the repeatability of
the servo motors, as the entire system of servos is designed to move from one end of travel to
another and then to be electronically limited, rather than operated from a specific angle to a different
angle. This will allow us to maintain a high level of repeatability, despite the inaccuracies that arise
due to the use of high moment parts with comparatively low torque servo motors.

5.1.12 AGSE/Payload Schematics
5.1.12.1 Complete Rocket and AGSE

Figure 38: Complete Assembly Erected Drawing
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5.1.12.2 Launch Pad and Components

Figure 39: 80/20 Rail Cross section Dimension Drawing

Figure 40: Launch Rail Horizonal Position Dimensions
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Figure 41: Launch Rail Back View Drawing

Figure 42: Launch Rail Erect Drawing
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Figure 43: Launch Rail Top View Drawing
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5.1.12.3 Payload Grabber

Figure 44: Payload Claw Drawing

5.1.12.4 Igniter Insertion

Figure 45: Rocket Alignment Fixture Drawing
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Figure 46: Igniter Wire Claw Drawing

Figure 47: Igniter Inserter Drawing
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Figure 48: Thrust Plate Top View Drawing

5.1.12.5 Block Diagram

Figure 49: AGSE electrical schematic
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5.1.12.6 Batteries/Power

The dual pause switch design of the AGSE is very reliably, allowing for both a computer based and
physical “off” switch for all of the AGSE operations. 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. A digital voltmeter will be connected to the main 12V battery,
and readings will be taken from the battery before and during AGSE operations. All switches for the
AGSE system will be automotive grade, capable of 15W. A control panel with both pause switches
and a fault indicator light will control the AGSEs automation.

5.1.12.7 Switch and Indicator Wattage and Location

All switches used will be 120 Watt automotive grade switches. They will be located on an aluminum
control panel that resides 50 feet from the AGSE main electrical control and relay box.

5.1.12.8 Test Plans

The AGSE will be tested with by loading the subscale rocket onto the rail, and using a dummy
motor with a fabricated nozzle that matches the diameter of the 2045 Cesaroni. The AGSE will also
be loaded with a 6lb rocket for initial testing, moving over to the full maximum load of 20lbs once
stability of the base and basic operations are assured.

5.1.13 Safety and Failure Analysis.
Potential Failure
Mode

Payload Capture
Failure

Payload Containment
Failure

Rail Lift Failure

Cause

Consequence

Robot arm does not
locate the payload.

Payload is not
captured by AGSE.

Claw at end of robot
arm fails to grip the
payload.

Payload bay hatch
does not close
entirely.

Payload is not
captured by the
AGSE.
Payload is not
contained within the
rocket’s payload bay.
AGSE operations are
aborted and must
restart.
AGSE containment
procedure is aborted
and must start over.

Rail does not reach a
vertical configuration

Rocket has an
undesirable trajectory.

Once payload is
captured, failure to
place payload within
rocket’s payload bay.
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Mitigation
Testing calibration will
determine correct
starting distance of the
payload relative to the
rocket.
Payload will be
oriented perpendicular
to claws
Testing and
calibration

Rigorous testing and
software
Appropriate and
sufficient testing will
be done to verify all
launch procedures go

Igniter Insertion
Failure

Igniter is not inserted
sufficiently into the
motor.

Rocket does not
launch.

Premature ignition of
the igniter outside of
the rocket motor.

Possible fire hazard.

as planned.
Testing will ensure the
appropriate length of
igniter is used. Also,
testing will
Igniter will be isolated
from team-developed
electronics. RSO will
have sole control over
ignition of igniter.

5.2 AGSE/PAYLOAD CONCEPT FEATURES AND DEFINITION
5.2.1 Creativity and Originality

We believe our design to be fairly creative, as single degree of freedom arm grabbing a payload is a
fairly geometrical task, and this design requires a great deal of insight into elegant designs.

5.2.2 Uniqueness and Significance

This design is unique and significant because it allows for a single, inexpensive system to be used, in
lieu of more costly alternatives. We believe that many other groups will use less repeatable, more
expensive systems, and have therefore prioritized a reliable design over a complex system that could
potentially rival a Goldberg machine.

5.2.3 Suitable level of Challenge

This system is not extremely challenging, as it only requires coordination of electric motors to basic
geometry.

5.3 SCIENCE VALUE

The objectives of the AGSE is to successfully and safely deliver the payload into the payload bay of
our rocket while utilizing the simplest yet highly efficient design.

5.3.1 AGSE/Payload Objectives.

The primary objective of the AGSE is to successfully and safely deliver the payload into the payload
bay of the rocket while utilizing the simplest yet highly efficient autonomous design. The AGSE will
autonomously open the launch vehicle payload bay, retrieve the payload from the ground, safely
deposit the payload into the launch vehicle, and shut the payload bay. The AGSE will then raise the
launch rail to 15 degrees, pending weather conditions, and insert the igniter into the motor.

5.3.2 AGSE/Payload Success Criteria.

The AGSE must be able to flawlessly perform all proposed objectives while utilizing minimal
amount of electronic power and time. More specifically, the robotic arm must be able to successfully
grip and un-grip the payload without fully relying on friction forces to either hold it in place while
transporting the payload or completely dropping it into the launch vehicle.
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5.3.3 Experimental Logic, Approach, and Method of Investigation.

The approach and experimental logic towards the AGSE design is to utilize the simplest design
while improving efficiency by means of power and time dedicated to securing the payload into its
housing and safely preparing the rocket for a successful and safe launch. By utilizing momentum and
gravitational force to autonomously unload the payload into the launch vehicle, a great amount or
resources and power will be spared.

5.3.4 Test and Measurement, Variables, and Controls.

We have measured the AGSE to have very close tolerances on the materials used. The main variable
that we are seeking to currently mitigate is the high amount of wind that may be present on the
Huntsville launch field. Stiffness and moment studies are currently being conducted on the AGSE in
an attempt to minimize any bending or jolt that may occur from a high wind environment.

5.3.5 Relevance of Expected Data and Accuracy/Error Analysis.

The data that we will collect from the AGSE system will be very relevant to research concerning the
retrieval of objects that have been previously attached to a system and must be recovered. It is our
design intent of our AGSE system to create a repeatable loading arm that can be used for many
applications, including loading soil or chemical probes into a launch vehicle.
The Errors that may occur while using our AGSE system will be a result of misaligned electronic
angle control motors. In our analysis, we have determined that the only steps we can take to avoid
this would be to switch from using lower torque servo motors to higher torque micro stepper
motors.

5.3.6 Experiment Process Procedures.

In order to accurately perform experimental testing on the AGSE, controlled and variable testing
took place. The controlled test was performed under pristine weather conditions with minimal to
zero wind speed. Measurements were taken for time, power distribution, and successful completion
of its objectives. Variable tests were performed under different wind speeds, between 5 mph to 10
mph, to locate performance differences such as stability and timing. During each test the AGSE
successfully performed unchangingly. Under the variable wind speeds the timing of completion
changed by a diminishing factor.
AGSE COMPLETION TIMES
Payload Loading
Bay Door Closing
Rail Lift
Igniter Insertion

approx. 60 seconds
approx. 30 seconds
approx. 120 seconds
approx. 45 seconds

The robotic arm was also tested for loading at different angles. The objective was to obtain an angle
that would successfully load the payload without the payload slipping and the claw successfully
injecting the payload into the launch vehicle. The critical and optimal angle tested to be 30 degrees.
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6 PROJECT PLAN
6.1 BUDGET PLAN
Component Costs

Part
Phenolic Tubing and Couplers
Electronics
GPS Units + SIM Cards + Activation
Ejection Canisters + Ematches
Composites
Adhesives and Binders
Resin
Heat Shrink-wrap
1.5” 80/20 rail
Stepper Motor
Fiberglass rods
Aluminum parts
Machine Work
Black Powder
Safety Casing
Pro54 4 Grain Casing P54-4G
Pro54 C-STAR 4 Grain Reload Kit
Pro54 Blue Streak 4 Grain Reload Kit
Total

Units
X
1
2
15
20
5
1
14
5 ft. x2
3
4
5
20
1
1
1
2
1

Unit Price ($)
X
300
45.89
2.5
30/ft
15
140
6.59/ft
10 + Shipping
130.59
7.99
20
35/hr
39.99
21.00
83.11
115.04
115.04

Price ($)
400
300
91.78
37.5
600
75
140
92.26
120.19
391.77
31.96
100
700
39.99
21.00
Donated
230.08
115.04
3486.57

INCOME
Benefactor
FIU ASME
Florida International University
College of Engineering and Computing
GoFundMe.com

Amount
$2000.00
$500.00
$300.00

6.2 FUNDING PLAN

In order to raise funds for the rocket we plan to execute a multi-pronged plan that will bring in
funds from multiple sources. We set up an online funding page that will serve the purpose of
bringing in funds from online supporters and make it easy for local supporters to donate. We will be
selling food stuffs and merchandise at tables around the FIU campus to bring in funds from the
student body. Our team has also reached out to local sponsors as well as applied for the local Space
Grant to secure further funds. Lastly we plan on reaching out to local restaurants to set up a family
and friend night that will bring in a percentage of the profits as funds for the team.
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6.3 TIMELINE
September
6

Start Recruiting new members

11

Request for Proposal (RFP) goes out to all teams.

October
6

Proposal due to NASA

10

Start Vehicle design

17

Awarded proposals announced

18

Start AGSE design

31

Team web presence established

November
5

Preliminary Design Review (PDR) report due

6

Start ordering parts for subscale vehicle

10

Begin fundraising efforts by contacting company sponsors

19

PDR video teleconference

21

Begin constructing subscale vehicle

29

Ground ejection test

December
20

Start ordering parts for AGSE

January
10

Subscale flight test

16

Critical Design Review (CDR) report due

24

Start construction of AGSE

28

CDR video teleconference

February
2

Start testing AGSE

March
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14

Full-scale flight test

16

Flight Readiness Review (FRR) report due

18

FRR video teleconferences

April
7

Team travels to Huntsville, AL

7

Launch Readiness Reviews (LRR)

8

LRR’s and safety briefing

9

Rocket Fair and Tours of MSFC

10

Mini/Maxi MAV Launch day, Banquet

12

Backup launch day

29

Post-Launch Assessment Review (PLAR) posted

6.4 EDUCATIONAL ENGAGEMENT PLAN AND STATUS

As our educational engagement we have reached out to FIU’s Engineers on Wheels program to
bring rocketry to local high schools. We will introduce students to the basics of aeronautics through
an interactive series of presentations in which the students will be able to conceptualize the theories
that go into making a rocket fly with the help of visual aids and props. This methodology of
teaching will both achieve memorability with the students and give them a tangible understanding of
the science. Afterwards the students will be able to apply the knowledge they have gain by
participating in a bottle rocket workshop in which they will have the opportunity to split into teams
and construct their own rockets from 2 liter soda bottles that will be powered by air pressure. The
students will then be able to fly their rockets and see their knowledge take flight. We are currently
gathering supplies for rockets, and are in the process of clearing the outreach program with the local
schools. The program is progressing as scheduled and we plan to execute the program in March.
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PLAN
PLAN
ACTUAL
ACTUAL
PERCENT
START DURATION START DURATION COMPLETE

FIU-ASME NASA Maxi-MAV
ACTIVITY

System Design & Reviews
Critical Design Review Report
Critical Design Review Video Conf.
Flight Readiness Review Reports
Flight Readiness Review Video Conf.
Launch Readiness Review
Safety Briefing
Post-Launch Assessment Review
Manufacturing & Parts
Vehicle Construction
Composite Layup of Airframe
Payload Bay Modifications
Upper Electronics Bay
Lower Electronics Bay
AGSE Construction
Launch Pad
Payload Capturing System
Develop and Integrate Power System
Programming
Develop Wireless Communications
Assembly and Modifications of AGSE
Fiberglass and Secure Trapezoidal Fins
Testing & Analysis
Ground Ejection Test
Subscale Flight Test
Full Scale Flight Test
Payload Bay Door Mechanism
AGSE Motor, Ignition, Switches, Mobility
Launching
Team Travels to Hunstville Alabama
Mini/Maxi MAV Launch Day

2

3

4

5

Period Highlight:

1

PERIODS

#

6

7

8

Plan
Actual

% Complete

Actual (beyond plan)

% Complete (beyond plan)

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
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Drift simulation
(Mph and ft)
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4
AVG
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3062
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