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1.0 Introduction

The University of Alabama in Huntsville’s University Student Launch Initiative (USLI) Team,
Charger Rocket Works (CRW), puts forth this proposal for consideration in participation in the
2009-2010 University Student Launch Program. Team organization, resources, and project plans
are detailed in the following sections.

2.0 School Information

The University of Alabama in Huntsville (UAHuntsville) 2009-2010 project will be named after
Bellerophon, the great hero of Greek mythology. Bellerophon defeated many foes, such as the
Chimera, while riding his winged horse Pegasus. This name will aptly represent Charger Rocket
Works and our school mascot, the mighty charger horse.

The Team Official and the National Association of Rocketry (NAR) point of contact for the
duration of this project will be Dr. Marlow Moser. Dr. Moser is a professor in the Mechanical and
Aerospace Engineering (MAE) department at UAHuntsville and holds a High Powered Rocketry
Level 2 Certification. The team will coordinate test launches with local NAR and Tripoli rocketry
groups, including Huntsville Area Rocketry Association (HARA) and Phoenix Missile Works
(PMW).

Approximately 21 students are participating as team members over the two academic semesters
the project will cover. The Project Lead is Kristi Collins and the Assistant Project Lead is Adam
Burt. The resumes for these students have been included in Appendix C for reference purposes.
The safety officers for the 2009-2010 USLI project are Matthew, a member of the payload team,
and Brian, a member of the recovery team. These safety officers are responsible for
implementing the team safety plan and will ensure that the team adheres to the NAR guidelines.

The rest of the CRW team is broken down into four primary systems: Structures, Propulsion,
Recovery and Avionics, and Payload. Subsystems and committees have also been formed for
Systems Integration, Ground Support and Logistics, Public Outreach, and Website Design. Duties
of each system, subsystem, and committee are outlined in Table 1 below.

Table 1. System Responsibilities

System Responsibilities
Structures Design, construction, and testing of the rocket’s airframe.
> 2 Propulsion Propulsion analysis, testing, and selection.
g g Recovery Design, construction, testing, and integration of a robust recovery system,
= € | and Avionics | including flight computers.
o a Design, construction, and testing of a scientific payload experiment to include
Payload . o
multiple electronic instruments.
0 Systems System-level integration of all components; Emphasis on system interfaces,
GE) Integration efficiencies, reliability, and commonality.
Z Design and construction of launch hardware and other ground support
A Ground A :
4 components that accommodate the needs of the mission in the field, as well
o Support and S ; .
S N as coordinating the effort to unify the construction, launch, and recovery
1) Logistics SN . .
missions; Organize and load all necessary equipment for launches.
Coordinate events within the community to educate younger students in the
A Public area of rocketry and inspire a desire to pursue an education in the fields of
) Outreach Science, Technology, Engineering and Mathematics (STEMs); Seek out
€ publicity opportunities (newspaper articles, etc).
S . Design and maintenance of team website, to include accomplishments and
= Website i~ i . .
&) Desian activities of Charger Rocket Works; Forwarding events of merit on for
9 publication.
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Figure 1 shows the organizational plan the team will follow for the 2009-2010 project.
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Figure 1: Charger Rocket Works Organization

Contact information for key Charger Rocket Works is located in the table below.

Table 2: Contact Information

Position Name Email
Team Official Dr. Marlow Moser moser@eng.uah.edu
Project Lead Kristi Collins knw0001@uah.edu
Assistant Project Lead Adam Burt aob0001@uah.edu
UAH USLI Email Server | All team members sli@uah.edu
UAH USLI Website http://sli.uah.edu
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3.0 Facilities and Equipment

Charger Rocket Works is housed in a lab or “clubhouse” located in room 165-D of the Johnson
Research Center (JRC) on the UAHuntsville Campus. The JRC building has strict security in
place, including doors that are locked after business hours. These doors may be unlocked with
access codes that are given to team members. Team members are encouraged to use the code
to access the lab at any time in order to complete their tasks. Within the lab there are two first aid
kits, two fire extinguishers, and an automated external defibrillator. Team members are not to
work alone at any time in case of emergencies or accidents.

The clubhouse is divided into a classroom area and a workspace. The workspace is equipped
with several tools necessary for the construction of structural elements, as well as the electronic
devices in the recovery and payload system. The clubhouse is located in the interior of the JRC,
however it still allows for proper ventilation to provide a safe environment for students to carry out
the construction and fabrication phases of the project.

The manufacturing of CRW'’s rocket, Bellerophon, will require a variety of tools including simple
hand-operated tools, standard shop equipment, and even some highly specialized equipment.
The majority of the tools needed for Bellerophon are located in the clubhouse; however, some are
located in the MAE Department’s machine shop, located a short distance from the JRC in
Technology Hall. The machine shop is a secure area and is available to students that possess an
access card. The access cards have various permissions for different student ability levels. The
machinist in the shop, Mr. Steve Collins, determines the level of expertise a student has in order
to grant them access to the shop either with or without his supervision. This access allows team
members to use the tools and equipment in the shop and to store materials in a secure
environment.

The clubhouse’s classroom area is outfitted with three computers with the standard Microsoft
Office software package, RockSim, and internet access. CRW will utilize Microsoft Word and
PowerPoint to create all review documents. Microscoft Excel and RockSim will be used for
calculations and analysis. The team website is hosted by Google and may be edited online from
any computer. The MAE computer labs located in Technology Hall are also available to the team
and offer access to Solid Edge, a Computer Aided Drafting (CAD) software.

A Google group and email list server have been arranged for communication between current
team members, past members, and mentors. Teleconferencing will be accomplished using the
VSEE software, a webcam, and a speaker phone.

4.0 Safety and Mission Assurance

Dr. Marlow Moser will be the NAR mentor for Charger Rocket Works. He currently holds a Level 2
Certification and will be overseeing all operations and attending all launches. In addition to Dr.
Moser, two team members are NAR Level 2 certified. Several more students are currently
working towards earning their Level 1 and Level 2 certifications from NAR. Having additional
team members certified will help provide more knowledge and expertise in the handling of high
powered rocket motors, and help increase the safety of the team. CRW will be attending NAR
sanctioned launches sponsored by HARA or PMW where the appropriate Federal Aviation
Administration (FAA) clearances are obtained to fly high powered rockets. All members attending
these launches will have read over the NAR rules and regulations for high powered rocketry and
will abide by these rules at all times.

Two safety officers have been elected this year. Their responsibilities are to ensure that all team
members are using proper Personal Protection Equipment (PPE) when using power tools or any
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other potentially dangerous equipment, and to ensure that team members working with
hazardous materials are aware of the Material Safety Data Sheets (MSDS) that are posted in the
lab. The safety officers are also responsible for ensuring that all regulations are followed on
launch day by performing pre-launch briefings to all team members, alerting them to the rules
outlined by NAR. These rules include guidelines for:

¢ Only flying motors for which the proper certifications have been obtained

e Using lightweight materials such as paper, wood, rubber, plastic, fiberglass, or when
necessary ductile metal, for the construction

e Only using certified, commercially available motors

e Using an electrical launch system with safety interlocks

¢ Handling motor misfires by disconnecting the battery and waiting 60 seconds before
approaching the rocket

e The use of a 5 second countdown before launching the rocket and verifying with the
minimum distance table that everyone is at a safe distance for the rocket that is flying

e A total impulse that will not exceed 40,960 N-sec

¢ Launch equipment that will provide rigid guidance until rocket has achieved stable
flight

e Not directing the rocket toward any target and complying with FAA regulations

e Launch sites will be places where the smallest dimension will be no less than half of
the highest altitude intended or 1500 ft, whichever is greater

e The rocket must have a recovery system to ensure that the rocket will return safely to
the earth without damage

e Safe recovery practices such as not trying to retrieve a rocket from power lines or very
tall trees or attempt to catch the rocket as it descends

In addition to pre-launch briefings, a rigorous launch day checklist is being developed so that no
safety considerations are overlooked out of haste or carelessness. On launch days, CRW wiill
present the rocket to the local Range Safety Office (RSO) for inspection. Once the RSO approves
the rocket, system team leads will carry the rocket onto the launch area and prepare it according
to the launch checkilists.

Failure Modes and Effects Charts have been developed for each system to help identify and
provide solutions to possible failure modes and safety issues. These charts can be viewed in
Appendix A as Tables A-1 through A-5. These charts will continue to be updated as the design
process progresses to ensure that all possible preventative safety measures are being taken. An
overall Risk and Mitigation Chart is currently being developed and will incorporate these individual
failure modes.

The students and faculty involved in the USLI competition have researched and verified that the
team complies to the city, state, and federal laws concerning the use of explosives and the flight
of high powered rockets, including the regulations of FAA and the United Sates Bureau of
Alcohol, Tobacco, Firearms, and Explosives (BATFE). UAHuntsville is a state school, and
therefore it is exempt from the requirement of having a Low Explosives Users Permit (LEUP) to
purchase rocket propellant.

An appropriate Type-4 explosives storage magazine is currently used for storage of propellant
and black powder. A list of explosives and quantities is placed within the magazine at all times for
identification of its contents. The box is locked and only authorized team members trained in the
handling of the explosives are allowed access. On launch days an appropriate Type-3 storage
box is used to transport the propellants to and from the desired launch site. Because a majority
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of the research done at UAHuntsville involves propellants, the professors and students are well
versed in the restrictions of the Type-3 and Type-4 storage devices. All other flammable liquids
(spray paint, epoxy, etc.) are stored in a flame proof cabinet that is appropriately marked and has
a list of the cabinet’s contents and quantity placed on the front.

5.0 Technical Design

Charger Rocket Works has developed a detailed technical design to meet the requirements for
the 2009-2010 USLI competition. Each system of the rocket is described and illustrated with
appropriate figures in the sections below, a table summarizing the initial dimensions, weight, and
cost of each component can be seen in Table A-5 of Appendix A.

5.1 Structures

Bellerophon has an overall length of 102 inches and an airframe diameter of 6 inches. The nose
cone is 30 inches long, with a 6 inch diameter and a 4 inch shoulder. The airframe design of
Bellerophon is 72 inches long with a 6 inch diameter. The overall rocket design can be seen in
Figure 2 below.

REVISION HISTORY
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Figure 2: Overall Rocket Dimensions

The material for the airframe and fins is a carbon fiber that will be manufactured in-house. The
nose cone is a Commercial Off-the-Shelf (COTS) fiberglass ogive model. This COTS nose cone
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is advantageous to the team because one is currently available in the CRW inventory. The hollow
fiberglass construction has a relatively low weight of 1.2 pounds.

To stabilize the rocket’s flight, 4 fins are connected to the aft end. The fin design features a
clipped delta shape and a thickness of 0.25 inch. The root chord length of the fin shape is 15
inches with a leading edge sweep of 45 degrees. This will give a total surface area of eighteen
square inches for each fin. The span diameter of this fin design is 18 inches. These dimensions
are illustrated in Figure 3. A through-the-wall construction method will be used to connect the fins
to the motor tube and ensure that a secure bond is made.

_t
_L.:EC N

=] SOLIDEDGE

UGS - The PLM Company
= Fin

Figure 3: Fin Design

The motor tube will be constructed out of phenolic tubing and have an overall length of
approximately 24 inches and a diameter of 75mm. The motor tube design incorporates two
phenolic centering rings to hold it in place.

A coupler is designed to house the avionics, and several shear pins are used to the hold the
coupler in place during flight. The coupler is a phenolic tube with an outside diameter of 5.8
inches, to account for the thickness of the airframe, and is 1 foot in length.

Several centering rings and bulkplates will also be used in the Bellerophon design. These
components are made of 1 inch thick birch plywood and will increase the rocket’s structural
integrity.

The overall weight of the vehicle including the motor, payload, and recovery systems is
approximately 36 pounds.

This vehicle design was modeled in RockSim to obtain the center of pressure, the center of
gravity, and from those, the stability margin. RockSim modeled the center of gravity to be at 62
inches from the tip of the nose cone, and calculated the center of pressure to be 73 inches from
the tip of the nose cone. This gives a stability margin of 1.81. The target range for the stability
margin is 1.5 to 2.0. The calculated stability margin falls well within this range.
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5.2 Propulsion and Predicted Vehicle Performance

Several requirements were taken into consideration when choosing a motor for Bellerphon.
Primary requirements included minimum thrust-to-weight ratio and maximum altitude achieved.

Several motor choices were analyzed using RockSim software to evaluate the vehicle
performance. All RockSim simulations were conducted with the following parameters: rocket
design as described above, calm wind around 2 miles per hour, and a drag coefficient of 0.24.
Data will be collected during a sub-scale test launch that will aid in a more accurate estimation of
the drag coefficient.

The minimum thrust-to-weight ratio appropriate for this rocket design is approximately 5.0. This
ratio will allow the rocket's momentum to produce sufficient velocity as it leaves the launch pad.
Having a velocity around 50 feet per second at the time the rocket leaves the launch rail will
ensure a stable flight. Based on heritage data, an average thrust-to-weight ratio of 6.5 has been
successful for CRW in previous competitions.

Considering the requirements listed above, CRW examined three different motor choices:
Aerotech L850W, Cesaroni L995, and the Aerotech L1150R. The characteristics of these motors®
are detailed in the table below.

Table 3: Motor Characteristics

Motor | Manufacturer Average Max Total B_urn Thrust—to—_
Thrust Thrust Impulse Time Weight Ratio
L85OW | Aerotech | o b0 | 20 1b8) | @a0lberg) | 44 5.3
Loo5 | Cesaoni | i | totbs) | @13k | 36 6.2
L1150R |  Aerotech (%ég?sz) <§§§?b§,) (ggﬂg:z) 31s 7.2

After reviewing the information above, the Aerotech L1150R has been chosen for the Bellerophon
design. This motor will be housed in an Aerotech 75/3840 reloadable motor casing. This
propellant is composed of solid composite ammonium perchlorate. The Aerotech L1150R motor
and the current vehicle weight provide a thrust-to-weight ratio of 7.2, which is similar to data from
previous years. According to RockSim simulations, this thrust-to-weight ratio provides a velocity
off the pad of 60 feet per second. Also for primary consideration was the maximum altitude
achieved by the rocket. With the Aerotech L1150R motor an apogee of 5280 feet above ground
level (AGL) is easily achieved.

A thrust curve! for this motor is shown in Figure 4 on the following page.

! Data obtained from http://www.thrustcurve.org



Charger Rocket Works
2009-2010 Proposal

AgroTech L1150, RockSim format ThrustCurve org 2009
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Figure 4: AeroTech L1150R Thrust Curve

5.3 Payload

Charger Rocket Works considered three scientific payload concepts for the 2009-2010
competition. These three concepts, an automated deployable lander, a micro-gravity experiment,
and a hybrid lander, were evaluated based on several figures of merit (FOMs). The FOMs
included safety, scientific data, design simplicity, risk tolerance, ease of manufacturing, cost
effectiveness, and aesthetics. This selection process is well documented in the Mission Concept
Review. Information on the Mission Concept Review can be found in Appendix B.

The payload experiment to be launched in Bellerphon is a hybrid lander. The hybrid lander design
includes an autonomous recovery system that will guide the upper portion of the rocket into a
target landing area in a safe location on the ground. The aft end of the rocket will descend on a
traditional parachute, while the upper airframe and nose cone will descend on a parafoil. The
payload and recovery systems are working closely together to combine expertise to accomplish
this mission. The following paragraphs will describe the payload experiment, and the recovery
aspect will be covered in the next section.

The primary data to be recorded during launch is the force characteristics that the parafoil and
parachute exhibit when ejecting. The goal of this data is to characterize an environment similar to
what a deployable Unmanned Aerial Vehicle (UAV) would experience if deployed from a rocket.
To accomplish this, the upper airframe will have several sensors to measure pressure,
temperature, force, and vibration. Also present in the upper airframe will be a global position
system (GPS) device, a five-hole probe, and an altimeter. Data from the GPS, along with Google
Earth, will allow the flight path to be represented graphically in 3 dimensions. The five-hole probe
will be used to measure the angle of attack of the rocket during flight. The aft end payload will
contain a load cell that will measure the ejection force of the parachute as well as a flight
computer that will record data.

Once the recovery devices are deployed, the upper portion of the rocket will be autonomously
guided to a pre-determined location on the ground. This location will be determined on launch day
to ensure a safe distance from spectators. A microcontroller unit and GPS will be used to control
the descent of the parafoil.

10
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This payload design will incur rigorous testing to ensure its reliability, performance, and safety.
Testing plans are discussed later in this document in Section 5.5.

5.4 Recovery

To accomplish the hybrid lander mission described in the payload section, a variation of a dual
deploy recovery system will be used. The rocket will completely separate at apogee, with drogue
parachutes slowing the descent of the aft end and the upper airframe to approximately 60 feet per
second. A parachute will be attached to the aft end of the rocket, while the upper airframe and
nose cone will descend on a parafoil.

The main parachute will be deployed at 500 ft AGL and will allow the aft end of the rocket to be
recovered safely without aid from a control system. The parachute used in this design has a 7
foot diameter and is made of rip-stop nylon. The main parachute will lower the aft end of the
rocket with a descent rate of approximately 15 feet per second.

A parafoil will be deployed at 700 ft AGL to allow safe recovery of the nose cone and attached
upper airframe. From this point, the parafoil will have an autonomously guided descent into the
target landing area. The parafoil has a cross section in the shape of an airfoil which allows it to
create lift. This capability differentiates it from a conventional parachute, which is used to simply
create drag. The parafoil will be very stable due to a pendulum effect created by the mass of the
nose cone and airframe suspended significantly below the canopy. This allows the aircraft to
maintain a safe roll attitude and effectively turn in a coordinated manner when the control system
is engaged. The parafoil model for this design is a Magma 2.0 Quad Line Stunt Kite. The
Magma 2.0 is constructed of rip-stop nylon, and has a span of 8 feet and 3 inches and a width of
3 feet. This provides an overall surface area of 24.75 feet and an aspect ratio of 2.75. These
characteristics will safely lower the upper portion of the rocket to the ground at approximately 15
feet per second.

Two PerflectFlite altimeters are used to control deployment of all recovery devices. These
altimeters will provide a completely redundant flight computer system and will be powered by
independent power sources. The batteries used for avionics are 12 volt lithium polymer batteries
that will provide non-critical devices one hour of power sitting on the pad and over two hours for
critical devices such as altimeters and sensors taking data.

5.5 Developmental Testing Plans

Numerous tests will be performed on all of Bellerphon’s systems. A preliminary outline of
developmental testing is outlined below.

5.5.1 Structures Testing

The structures system team will be perfecting the carbon fiber fabrication process by
practicing the technique several times, as well as attempting alternative techniques if any
are thought to have a benefit over the current process. The products of these attempts
will be tested for structural properties, such as yield stress, and other parameters to make
sure that the structural limits are well understood.

5.5.2 Propulsion Testing

The propulsion system team will be performing at least one static firing of the AeroTech
L1150R to verify the performance models quoted by the manufacturer. The team will also
be conducting a static test firing of another motor manufactured by Cesaroni. The goal of
these tests is to determine which company is providing more accurate performance

11
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statistics for their motors, as well as check other performance parameters that could be of
concern when the vehicle is ready for flight.

5.5.3 Payload and Recovery Testing

The payload team is currently developing a manual test rig that can be dropped from a
building rooftop and controlled with a radio controller. This test rig will test different
configurations of the parafoil and provide test data before it is placed into an autonomous
system. The first autonomous flight will be conducted during a sub-scale test launch.

5.54 Sub-scale Testing

A sub-scale test launch is planned for fall 2009 and will test a rocket that is geometrically
and dynamically similar to the Bellerophon design. This test launch will serve as a proof of
concept for the design. The sub-scale rocket will be manufactured in the same manner as
the full scale model and will have a nearly complete model of the payload. The target
launch date for the sub-scale launch is November 14, 2009 as is outlined in the activity
plan provided.

5.5.5 Full Scale Testing

Currently there are two full scale launches planned. These launches will provide
adequate testing of the various systems, as well as provide data before the final launch. A
complete payload system will be tested to ensure safety and reliability. Analyzing the
payload and recovery data collected during full scale test launches will allow for more
accurate results at the competition launch.

6.0 Educational Engagement

The UAHuntsville Charger Rocket Works team plans to engage the Huntsville community in
various ways throughout the year. Alabama Space Grant Consortium (ASGC) and the
UAHuntsville College of Engineering will be supporting our team financially, as well as various
other cooperate corporate sponsors yet to be determined.

The team has also found industry volunteers that are willing to lend their expert advice and
mentorship to the team. Mr. William Bradshaw is retired from the U.S. Military and has extensive
rocketry experience. He holds various certifications from Tripoli and will advise in all aspects of
the project. Mr. Jason Winningham is an experienced electrical engineer and will assist the
payload and recovery team in the design and configuration of all avionics and electronic
components. Mr. Carey Huff and Huff Performance will be CRW’s primary motor vendor and will
often make discounts available to the team for large orders.

The 2009-2010 Charger Rocket Works team has an extensive plan in place to reach out to the
surrounding community through interacting with different age groups. Throughout the public
outreach efforts of the Charger Rocket Works team, we will receive support and guidance from
the UAHuntsville Admissions Office and engineering faculty. Several events have already been
completed this year, including the NASA Apollo 40™ Anniversary Event and a Career Day at a
local school. Examples of other events currently being coordinated include a Team America
Rocketry Challenge (TARC) test launch, UAHuntsville campus events, and the North Alabama
Regional Science and Engineering Fair (NARSEF). Live video feed capabilities are being
arranged with the College of Engineering to allow live broadcast on campus of CRW rocket
launches. This new and exciting opportunity will be implemented this fall at a Campus Visit Day
for prospective students.

12
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CRW also plans to visit local schools to conduct demonstrations, lectures, and rocket building
workshops with students ranging in age, from elementary to high school. One such event is
being coordinated with Covenant Christian Academy for later this year. This event will last for
several days and will allow students to learn about the basics of rocketry, on an age appropriate
level, as well as build their own small rocket that they will then be able to launch and recover.

Charger Rocket Works strives to interact with the community and promote the study of Science,
Technology, Engineering, and Mathematics (STEM), and specifically the area of rocketry. The
resources and opportunities available to the team will allow team members to nurture a passion
for learning in younger generations.

7.0 Project Plan

Charger Rocket Works has a clear understanding of the project requirements for 2009-2010 and
has constructed a Gantt chart to ensure the timely completion of all competition deliverables. This
chart is found in Figure A-1 in Appendix A. The overall project deadlines can be seen under the
Bellerophon section. Each system has itemized tasks under individual headings that provide a
graphical view of how each task will affect the whole project.

A summary of key dates is listed in the table below for easy reference.

Table 4: Key Dates

Deliverable/Activity Date
Proposal Oct 8, 2009
Web Presence Established Nov 12,2009
Sub-Scale Test Launch Nov 14, 2009
Preliminary Design Review Due Dec 4, 2009
Critical Design Review Due Jan 20, 2010
Critical Design Review Presentations Jan 29-Feb 5, 2010
Full Scale Test Launch #1 Feb 13, 2010
Flight Readiness Review Mar 17, 2010
Flight Readiness Review Presentations | Mar 25-Apr 2, 2010
Full Scale Test Launch #2 Mar 27, 2010
Competition Launch Apr 19, 2010
Post-Launch Assessment Review May 7, 2010

Charger Rocket Works will construct the Bellerophon rocket while adhering to the budget dictated
by the USLI competition. A detailed list of component prices can be found in Table A-5 in
Appendix A. The current projected cost for the project is $4679, which is well below the $5000
budget. CRW will be funded by ASGC and the UAHuntsville College of Engineering.

8.0 Sustainability

The University of Alabama in Huntsville has gained new excitement and strength in a completely
new way of offering USLI as a two semester senior-level design course. The course is being
offered as an alternative to the current curriculum of MAE490: Intro to Senior Design and MAE
491/492: Mechanical/Aerospace Design. This new arrangement has encouraged additional
students to participate and earn academic credit towards graduation. As a senior-level design
course, students receive instructions in the areas of systems engineering, technical writing, and
integrated product design.

UAHuntsville Faculty and Staff have continued their support for the CRW team and their
endeavors as a competitor in this competition. Dr. Phillip Farrington, UAHuntsville’s Dean of
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Engineering, has chosen to work closely with the 2009-2010 Charger Rocket Works team in order
to better educate the student body, as well as assist the team by supporting them financially,
educationally, and offering any other resources needed by the team. Dean Farrington has also
expressed an interest in using Charger Rocket Works and the USLI competition as a means of
increasing freshman enroliment in the engineering curriculum. Continued funding will be made
possible through the support of UAHuntsville by annual reapplication of Alabama Space Grant
Consortium Funding, as well as seeking other industry and community partners. With the
assistance of Dean Farrinton, and a great interest in the outreach program from local schools, the
outreach program has endless opportunities for growth and excitement.

Charger Rocket Works is composed of 21 students, all brand new to the team. Team members
are being mentored by Leslie Bunt, who was the Assistant Project Lead for the 2008-2009 CRW
Team. This set of new team members allowed for great creativity and innovation in vehicle and
payload concepts.

In order to ensure that no preliminary design concerns are overlooked, the team has adopted a
new process of internal review based on real-world review conducted by NASA. Each system
conducted individual System Requirements Reviews that were presented to entire team for
comments and suggestions. A Mission Concept Review was also conducted and aided in the
selection of many design components. These reviews can be found on the UAHuntsville Charger
Rocket Works’ website. The team is reviewing the successes and failures of previous teams to
improve the thought process and chance for success in the 2009-2010 competition.
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Appendix A: Supporting Figures and Tables

Table A-1: Structures Failure Modes and Effects Charts

Function Failure Effects of Failure Failure Prevention
1 Buckling of airframe Unstable fl|ght, failure of other Selection of strong materials
components in rocket
. : Unstable flight, failure of other Strong enough materials to
2 Shearing of airframe . .
components in rocket prevent shearing
3 Premature airframe Unstable flight, recovery failure Correct selection of shear
separation unable to reach target altitude pins
4 Fin failure Unstable flight Corrept Constr'uctlon .
techniques, stiff materials
5 Center ring failure Stability of structure decreased Correct rng size a_nd
construction techniques
6 Bulkhead failure Damage to subsystems, unstable Corrept construction
flight technigues
7 Nose cone failure Inability to reuse nose cone fg:‘eectlon of strong nose
Table A-2: Payload Failure Modes and Effects Chart
Function Failure Effects of Failure Failure Prevention

Automated guidance

Test of the automatic guidance system

1 systems does not work at |Leaves operational area
all and a manual back up control system
Automated guidance . .

2 systems cannot fight the |Leaves operational area Deploy the pa_1raf0|l a_t a lower altitude
Winds on day with higher wind speeds
Manual control system . Deploy the parafoil at a lower altitude

3 Leaves operational area

does not work

on day with higher wind speeds
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Table A-3: Propulsion Failure Modes and Effects Chart

Function Failure Effects of Failure Failure Prevention
1 Motor igniter fails to ignite Rocket does not fly Proper igniter selection setup;
proper power source
2 Propellant fails to ignite Rocket does not fly Proper ignition system selection
and setup
Propellant ignites but Des_tru.ctlon of motor Proper motor/propellant setup;
3 . casing; catastrophic L g
causes explosion : adequate verification testing
failure of system
Loss of thrust; loss of Verification testing of motor
Propellant burns through L . .
4 . stability; catastrophic casing and propellant
motor casing ; N -
failure of system combinations; static fire tests
Motor mounting fails and Catastrophic failure of Proper motor mount construction;
5 motor launches through :
subsystems adequate load testing
rocket
6 Premature burnout of Rocket does not reach Proper propellant grain loading;
propellant desired height multiple static fire tests
. . Rocket does not reach : .
7 Motor separation during desired height: motor Properly designed motor retention
flight o system
becomes projectile
Cracks, voids, or material LO.SS of motor pressure, Visual inspection of material,
8 failure to reach desired ;
defects . raised metal, and sharp edges
altitude
Undesired flight Follow Assembly instruction
Improper Assembly 2 T
9 . performance; failure to provided; train team members on
techniques : : .
reach desired altitude proper technique
Transportation and Undesired flight Properly s.tore hardvye}re and
10 Handling Damage erformance; propellant, only certified
9 9 P ' members handle flight hardware
Table A-4: Recovery Failure Modes and Effects Chart
Function Potential Failure Mode Potential Effects of Failure Failure Prevention
1 Parachute breakaway Loss of flight article Design robust retention system
2 E:{E?gme deployment Loss of flight article Ground test deployment system
3 Descent rate too High D_amagq on landing; Loss of U_se larger parachute; Drop test
flight article flight hardware
4 Parachute melt Damagg on landing; Loss of Use flame retardant shroud
flight article
5 Parachute tear Qamagg on landing; Loss of Inspect parachute _materlal prior
flight article to launch preparation
Descent rate too high; Damage |Correctly pack parachute;
6 Parachute tangle on landing; Loss of flight article |Ground test deployment system
. . Descent rate too high; Damage [Test black powder charges;
7 Rocket separation failure o . . .
on landing; Loss of flight article [Vacuum test altimeters
8 Parafoil tangle Descen} rgte too high; Damage [Correctly p_ack parafoil; Drop
on landing; Loss of nose cone |test parafoll
9 Parafoil tear Descent rate too high; Damage |Inspect parafoil material prior to

on landing; Loss of nose cone

launch preparation

16




Charger Rocket Works

2009-2010 Proposal

Table A-5: Overall Vehicle Parameters

Overall Vehicle Parameters

Subsystem Component Weight (Ibs) Dimension Cost (dollars)
Carbon Fiber Sock 3.9 72inlong 500.00]
Nosecone 1.2 30inlong 80.00|
Structures fins (all four) 0.2 18 inA2 150.00|
Other Costs NA NA 200.00|
Estimated Subtotal 5.3| 102in long, 6 in diameter 930.00
Motor Hardware 2.6 20in 500.00]
Propulsion Motor (J1150R) 8.1 20in 231.00|
Estimated Subtotal 10.7 20in 731.00
MCU 20.31
RF Transmitter 77.50]
GPS 78.50]
IMU 449.95
PCB 50.00]
Data Logger 75.90|
Data storage 14.60|
Vibration Sensor 35.00|
5 Hole Probe 300.00}
Payload Servos 28.00|
Pressure Sensor 20.00|
Temperature Sensor 16.00|
Load Cell 600.00
Load Cell Amplifier 29.98
Camera 38.97
Data Storage for Camera 119.00]
Battery 83.94
Frame structure 100.00]
Misc M v 60.00]|
Estimated Subtotal 10.0 6in diameter 2197.65
Main parachute 200.00]
Parafoil 200.00}
misc 2.40
Recovery hardware 200.00]
shock cord 18.00I
perfect flight v v 200.00|
Estimated Subtotal 10.0 820.40
Overall Totals Belleraphon 36.0| 102 in long, 6 in diameter 4679.05
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Figure A-1: Project Plan
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Appendix B: Internal Reviews

Charger Rocket Works conducted two internal reviews to prepare for the 2009-2019 USLI competition.
Both reviews were based on the NASA Procedural Requirements Document.
<http://www.goes-r.gov/procurement/flight_documents/NPR_7123_001A.pdf>

System Requirements Review (SRR): (Presentation) The SRR examines the functional and performance
requirements defined for the project. This review is used to ensure that all project requirements are clearly
stated and that each system has a clear understanding of what they are expected to do. Each system will
complete its own individual SRR. All team members will be required to read project reviews completed
during the 2008-2009 competition and compile a list of pertinent information that can be applied to improve
the outcome of the 2009-2010 competition.

Mission Concept Review (MCR): (Presentation) The MCR is a review that outlines the initial concept for the
project. All systems will work together for this review. Concepts for the launch vehicle and payload design
should be presented. A budget and timeline should be included.

These reviews can be found online at:
<http://sites.google.com/site/chargerrocketworks/rocket/presentation>.

Appendix C: Team Leadership Resumes

On the following two pages are resumes for Kristi Collins, Project Lead, and Adam Burt, Assistant
Project Lead.
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Kristi Collins
409 Walton Rd. ,Madison, AL 35758
knw0001@uah.edu , 334-447-3386
Experience

August 2009-Present
Teaching Assistant/Grader
UAHuntsville, Huntsville AL 35808
Supervisor: Brad Hembree

Responsible for the grading of numerical methods assignments twice a week completed in both MathCAD and
MatLab.
May-August 2006; May- August 2007; May-August 2008
Flight Test Engineer Intern
U.S. Army Aviation Technical Test Center, Attack/Recon Division
Supervisor: Win Miller 334-255-8295

Basic duties of a flight test Engineer consist of assisting in flight test planning, testing, and report writing. During
testing, it is the responsibility of the Flight Test Engineer Intern to prepare the flight cards, attend and/or run the flight brief,
verify weight and balance, and oversee any calibrations necessary for that particular flight. During the flight, the
Engineers take data, either onboard in flight or real time via telemetry. Post flight, the data needs to be reviewed via
software manipulation; plotting of the data prepares the information gathered for placing it into a report. Within these
responsibilities as a flight test engineer intern | participated on several tests including the UH-60 Engine Inlet Barrier Filter
Testing, CH-47F CAAS Coupled Flight Director Testing, helped in preparation of the OH-58D Flight Load Survey Test,
and data reduction of the Common Missile Warning System (CMWS) on board the CH-47F, UH-60, and the OH-58D. In
addition, | tufted the UC-35 in order to analyze the aerodynamic effects of the new Common Missile Warning System
(CMWS).
August 07-May 08
Hostess and Carside Server
Carrabba’s Italian Grill, Huntsville, AL
Supervisor: Marc Nesselrote 256-288-1333
July 2004-May 2006
Lab Attendant/Tutor
Austin Peay State University, Clarksville, TN
Supervisor: Martin Golson 931-221-6550

Troubleshooting Computers

Tutoring in Physics, Chemistry, and Math
June 2003-May 2004
Orthodontic Hygienist
The Brace Place, Dothan, AL
Supervisor: Dr. Brent McFarland 334-793-6060

Education

Jan-08- Present
University Of Alabama in Huntsville, AL

Mechanical/Aerospace Engineering Bachelors concentrating in Aerospace in progress

Projected Graduation: August 2010
MAE 490- Introduction to Engineering Design- designed and manufactured a flight test control fixture for the US Army
Aviation Technical Test Center using a common format of reporting including PDR, PDS, CDR, and PRR.
USLI-University Student Launch Initiative sponsored by NASA, currently performing duties as team lead of the project as
outlined by NASA. The project is to design, build, and fly a rocket with a scientific payload to one mile in altitude using
common documentation and presentation formats laid out by NASA.
July 2007
NASA Ames, San Francisco, CA

A week of training in the Virtual Motion Simulator and classroom to understand rotor wing handling qualities test
techniques using ADS-33, taught by Chris Blanken.

Skills
e MatLab e LATEX e National Association of
e MathCAD e ADAPS Rocketry Level 2 Certified for
e Solid Edge ¢ RockSim High Power Rocketry
e  Microsoft Office Applications
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Adam Burt
273 Waters Edge Lane
Madison, Alabama 35758
aob0001@uah.edu
205-616-3959

Objective
To gain experience in the professional workforce as well as to work in the aeronautics and
astronautics technology research and development field

Education
Working towards a B.S.E in Aerospace Engineering with a minor in Astrophysics
The University of Alabama in Huntsville
Current Cumulative GPA 3.86; Current Concentration GPA 3.89
Undergraduate Dean’s List 2008
Advanced diploma
Hoover High School
Enrolled in the AP program
Cumulative GPA 3.6

Work Experience
NASA
Undergraduate Student Research Program
September 2009 to December 2009
Providing support for the lunar habitat research and development at Marshall Space Flight
Center

Aerospace Testing Alliance

Co-op Engineering Technician |

January 2008 to May 2008; August 2008 to January 2009

Worked in the Propulsion Wind Tunnel facility at Arnold Engineering development Center

Related Activities
Member of Tau Beta Pi Engineering Honor Society since February 2009
Reviewer for American Society of Mechanical Engineers conference papers
National Association of Rocketry Level 1 certification for high powered rocket motors

Skills
Microsoft Office Suite Applications
Computer aided drafting applications Solid Edge and Nx
MathCAD
MATLAB
Experience with C++
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