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Executive Summary
The California State Polytechnic University, Pomona NASA Student Launch Initiative
(USLI) team shall be designing, constructing, and launching a reusable rocket carrying a
payload as selected from the 2017-2018 payload experiment challenge options. All work has
been meticulously planned for completion within an 8-month life cycle and has been carefully
outlined in this report. The design of the full-scale launch vehicle shall follow all the
requirements set forth by the statement of work (SOW). The overall design consists of three
independent sections and an L-class motor that does not exceed the impulse specified in the
SOW. Participants include 22 student members of varying backgrounds. Each member has
been carefully selected and assigned specific positions to design and manufacture the launch
vehicle. The challenge option chosen for this year’s competition is payload experiment option
2 from requirement 4.5 and will be the sole payload experiment planned. A secondary payload
experiment was not chosen this year as to ensure time and resources would be devoted to only
the primary payload. Experiment option 2 is a deployable rover, which has been customized
to deploy from the launch vehicle at landing. Cal Poly Pomona plans to raise its bar for its
commitment to flight and team safety. Plans are in place to ensure all requirements will be
met with ample margins of safety. The team is excited and ready to embark on its high-quality
educational outreach missions to promote recruitment and retention of young individuals and
future members of the team. All goals set forth in this project will be accomplished by funding
through community support, local companies and private donations. In addition, Cal Poly
Pomona has 10 aerospace labs available for access. Local manufacturing sites and facilities
will provide assistance for the machining of the launch vehicle while also abiding by strict
safety regulations. A team website will be used to document the team’s progress and will drive
sustainability and recruitment. It will also increase public awareness and showcase the team’s
commitment to community outreach for increased STEM awareness.
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1.0 General
1.1 Adult Educators
Donald L. Edberg, Ph.D.
dedberg@cpp.edu
(909) 869-2618
Dr. Donald Edberg has served as the faculty advisor
for the past four years. He has about thirty years of
experience in both the aerospace industry and as a
professor of aeronautics, astronautics, propulsion,
systems engineering, astrodynamics, gas dynamics,
space environment and spacecraft design. Dr. Edberg
has advised numerous senior projects at his time in
California Polytechnic University, Pomona for the
aerospace engineering department. His expertise lies in
vehicle structural dynamics, design of aircraft, launch
vehicle, and spacecraft, and UAV operations. Dr.
Edberg has been employed at General Dynamics,
AeroVironment, McDonnell Douglas, and NASA’s Jet
Propulsion Laboratory (JPL). He was also formerly a
Boeing Technical Fellow at both Boeing’s Phantom
Works and Boeing Information, Space and Defense
Systems and a faculty fellow at NASA Marshall Space
Flight Center.

Rick Maschek
rickmasheck@rocketmail.com
(760) 953-0011
Rick Maschek will serve as the team’s Tripoli
Rocketry Association (TRA) Level 2 certified
mentor with certification #11388. He is heavily
experienced in rocketry with over fifty years of
flying experience and has built several hybrid
rockets. As the team’s mentor, he is responsible for
all handling of igniters, motors, and ejection charges.
The team is excited that he will be returning to
support Cal Poly Pomona for another project year.
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Todd Coburn, Ph.D.
tdcoburn@cpp.edu
(909) 869-2235
Dr. Todd Coburn will be assisting the team for another
year as an additional mentor. He started his career in
engineering in 1987 and has 25 years in structural
analysis of aircraft and rocket structures at U.S.
Technical Consultants, Boeing Commercial Airplanes,
and Boeing Defense Systems with responsibilities as a
stress analyst, lead, and manager. For the past five years,
he has served as a dedicated professor of the aerospace
and mechanical engineering departments at Cal Poly
Pomona. The team is pleased to have his support and
expertise in aerospace structural analysis, moisture
absorption of composites, optimization and digital image
processing.

1.2 Safety Officer
Natalie Aparicio
Safety Officer
naparicio@cpp.edu
(323) 919-0223
Natalie is currently a junior chemical engineering
student at California State Polytechnic University,
Pomona. This will be Natalie’s first season participating
in the NASA Student Launch Initiative. She is especially
interested in renewable energy and environmental
conservation. As safety officer, Natalie will proactively
administer the applicable precautions to ensure the safety
of its members, the public, and the environment. She is
thrilled to see how she will be applying her knowledge
as a chemical engineering student in a competition that
predominantly attracts those completing aerospace
majors. She hopes to be an example for future students
who wish to explore their focus in diverse industries.
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1.3 Lead Engineer
Casey K. Luna
Chief Engineer/Web Manager
ckluna@cpp.edu
(562) 299-8525
Casey Luna is a junior aerospace engineering student
who has served as the team lead for several projects
including: solid-fueled rocket performance, subsonic
wind tunnel airfoil evaluation, F-22 subsonic wind tunnel
and water tunnel evaluation, and systems engineer for the
reverse engineering of NASA’s Mars Reconnaissance
Orbiter conceptual design review. She has participated in
the NASA’s Kennedy Space Center’s Launching 2 Learn
(L2L) summer 2015 program and served as the team lead
on a Level 2 high powered rocket project. She holds a
National Association of Rocketry (NAR) Level 1
rocketry certification and plans to return for next year’s
NSL competition with her Level 2 certification. She will
be bringing her experience gained from her leadership
roles on prior engineering projects and is excited to be
the first female lead representing California State
Polytechnic University, Pomona. She is also a rising
member in their Undergraduate Missiles, Ballistics, and
Rocketry Association (UMBRA).

1.4 Team Members and Participants

There are approximately 22 students with varying technological backgrounds participating in the
NASA Student Launch Initiative 2017-2018 from California State Polytechnic University,
Pomona. A larger team was recruited this year in an effort to enhance member retention for next
year’s competition and to enhance the overall diversity on the team. The team consists mainly of
aerospace engineering students and is proud to welcome the addition of mechanical engineering,
electrical and computer engineering, chemical engineering and physics majors. To target the
specific requirements set forth in the SOW, members were carefully selected and assigned to four
different sub-teams: systems, aerodynamics, structures and payload. The team’s organization is
outlined in the Figure 1.4-1. The specific duties of these members and their sub-teams will be
discussed in the sections to follow.
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Figure 1.4-1: Team member organization chart.

1.4.1 Systems
The systems team incorporates the expertise of the lead engineer and the team deputy to satisfy all
project needs and goals. The team lead, Casey, is responsible for operations that will ensure the
success of the project, performance of all team members, and technical experience as outlined in
Figure 1.4.1-1. She will ensure that all general requirements set forth in the statement of work will
be achieved. She will assist as the outreach coordinator to enhance community involvement,
conduct web managing and compliance, promote funding, recruitment, and will ensure the
retention of team members. Casey will also act as the lead engineer by providing engineering
insight and will consult directly with the Safety Officer to give the final approval for all safety
abiding engineering designs.
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Figure 1.4.1-1: Team lead organization of duties.

The team Deputy, Megan, also serves as the team’s Systems Engineer. Megan will assume the
primary duties of focusing on requirements integration between the aerodynamics, structures and
payload sub-teams. Her focus is on the vehicle, recovery and experiment requirements set forth by
the SOW. This will be accomplished by constructing Requirements Traceability Matrices (RTM)
and risk assessment matrices for mitigation planning and strategies. She will ensure that all NASA,
NAR, TRA, and FAA requirements are met by the team’s design. The architecture and design for
every operation, function, and component of the system will be developed to satisfy these
requirements. She will also assist the team lead with any team project operations.
The duo behind the systems team will utilize their soft skills to tackle challenges and enhance the
engineering processes by streamlining collaboration between all sub-teams. Facilitating the
workflow between all sub-teams will ensure all requirements and goals set forth within the SOW
will be completed as efficiently as possible.
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1.4.2 Aerodynamics
The aerodynamics sub-team is responsible for the launch vehicle’s dual deployment recovery
system and its accompanying avionics. The sub-team will perform calculations, OpenRocket
simulations, CFD analysis, parachute drop tests, and subscale wind tunnel testing to ensure the
accuracy of the launch vehicle’s landing properties. This includes maintaining the vehicle’s drift
radius, prediction of the maximum altitude, and ensuring that the kinetic energy during drogue
descent and landing does not exceed the maximum as stipulated by the SOW. The sub-team duties
also include analysis of the propulsion system and the performance of static engine ground tests.
In addition, they will monitor the flight profiling of the launch vehicle and assess the aerodynamic
properties of the nose cone and fin designs. The aerodynamics sub-team will be led by Daniel and
includes Ryan, Andrew, Verenice, Mauricio, and Vanessa.

1.4.3 Structures
The structures sub-team is responsible for stress analysis and life prediction of the launch vehicle.
This includes computational and simulation analysis, as well as loads and vibrations testing, to
confirm the launch vehicle’s durability and stability. Duties will also consist of materials selection
and acquisition, analysis of the launch vehicle’s mass characteristics, and assistance with the
manufacturing of the vehicle. The structures sub-team will be led by Edgar. He will consult with
the Safety Officer to ensure all material handling will abide by strict safety codes. His team
includes Kevin, Priya, Cory, Isaac, Jehosavat, and Leara.

1.4.4 Payload
The payload sub-team is responsible for the design of the payload experiment and its integration
into the launch vehicle. This includes the selection, acquisition and integration of the avionics
required by the payload, payload integration testing, and manufacturing of the payload. The
payload sub-team will be led by Richard and includes Juan, Ricardo, Praneeth, and Courtney.

1.4.5 Key Technical Personnel
The educator administrators include the team’s advisor, Donald Edberg, Ph.D., and two of the
team’s mentors, Todd Coburn, Ph.D., and Rick Maschek. Dr. Coburn will provide guidance related
to structural design and analysis. Rick Maschek will be assisting the team with the purchase,
storage, and preparation of all rocket motors required for testing and launching.
Educators are responsible for providing professional and educational insight on developing a better
launch vehicle and payload system but are not directly involved in the immediate design of the
project. Educators are also responsible for answering concerns and providing feedback when
needed. Other key technical personnel that will ensure team safety in laboratory and machining
include:
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James Cesari
James Cesari is the Aerospace Laboratory Technician at Cal Poly Pomona. He will oversee the
team’s testing procedures and safety precautions when department owned apparatus are involved
in testing. He will also be present for advanced manufacturing and operation of machinery.
Clifford M. Stover, M.S.E., P.E.
Clifford Stover is a part of the Mechanical Engineering faculty and serves as the Projects Lab
Director. His expertise lies in machine design, material testing and instrumentation, performance
engineering and engineering management. He will directly supervise any advanced manufacturing
and machine use.

1.5 NAR/TRA Sections
The designated NAR/TRA section that will be supporting the team with their documentation
review and launch assistance is the Southern Rocket Association (SCRA) section #430. The main
launch site under this section is at the Lucerne Dry Lakebed in the Mojave Desert. President Martin
Bowitz of the SCRA is the main contact for this section. His contact information is as follows:
Martin Bowitz (Section #430)
PO Box 5165
Fullerton, CA 92838
mebowitz@earthlink.net
(714) 529-1598

2.0 Facilities and Equipment
2.1 Facility, Equipment and Hours of Accessibility
All laboratories and their equipment require a technical proposal to be provided to the department
lab technician and must be signed by the academic advisor for the project. Once approved by the
department lab technician, dates and times will be scheduled for the equipment operation. All
equipment will also be directly supervised by the appropriate technical personnel as outlined in
section 1.4.5.
2.1.1 Wind Tunnel Laboratories
The Wind Tunnel Laboratories at Cal Poly Pomona are a hybrid classroom and testing
facilities used for the support of student design and research projects. The facilities are
designed around a Subsonic Wind Tunnel and a Supersonic Blow-down Wind Tunnel. The
subsonic, shown in Figure 2.1-1, is a closed-circuit tunnel and subject to atmospheric
conditions with a variable airspeed of up to 200 mph and variable angle of attack and yaw.
The latter offers research testing up to Mach 3.7 with shock visualization equipment. Both
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wind tunnels offer an integrated automated data acquisition system. In order to use these
facilities, the team will require the assistance and supervision of the aerospace engineering
department’s staff technician, James Cesari. These facilities are available every day of the
week from 6:00am to 12:00am.
Major equipment that will be used for the purposes of the project include:
• Subsonic wind tunnel
• Automated data acquisition system
Major specifications for the subsonic wind tunnel include:
• Test section size of 40 x 28 x 78 in.
• Equipped with a sting-type, six-component force balance (Figure 2.1-2)
• Equipped with side-wall mount, five-component force balance
• Model support and positioning system
o Angle of attack up to 35 degrees
o Angles of yaw up to 20 degrees

Figure 2.1-1: Wind tunnel test section (right) and bird's eye view schematic
(left).
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Figure 2.1-2: Side view (top) and close view (bottom) of the subsonic wind tunnel sting &
balance.
2.1.2 Liquid Rocket Laboratory
This project strictly prohibits the use of liquid propellant. Only the facilities present in this lab will
be available for the design, construction, and testing of the launch vehicle. Team members will not
be present nor in the vicinity of any type of propellant as it is strictly prohibited by direct use in
this lab. The equipment available includes:
• Lathes
• Mills
• Weld shops
• Assembly and test area

2.1.3 Rocket Assembly Laboratory
The Rocket Assembly Laboratory is adjacent to the Wind Tunnel and Space Laboratories. The
primary purpose of this Laboratory is to support the research, design, and building of student
aerospace engineering projects by providing a facility to utilize powered and unpowered hand tools
to build components for the launch vehicle and its payload. The Rocket Assembly Laboratory
houses multitudes of various tools and equipment made available for students and is shown as
Figure 2.1.3-1. This facility is available every day of the week from 6:00am to 12:00am. Major
equipment that will be used for the purposes of this competition includes:
•
•
•
•
•

Drill press
Digital scales
Dremel
Powered hand tools, such as a Dremel
Various hand tools
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Figure 2.1.3-1: Rocket Assembly Lab placard (left), toolbox and drill press (right).

2.1.4 Aerospace Structures Laboratory
This lab will be primarily used by the structures sub-team for the testing of materials performance
and stress analysis. It will also allow the direct, hands-on construction of the launch vehicle
components with its manufacturing operations available to the team. With the help from industry
support, such as the Air Force, the equipment has been recently renovated and services include:
• Performance testing of materials under static and cyclic loading
• Component sample testing for axial, shear, torsion, and bending loads
• Strongback features to enable full-scale testing up to 20 cubic feet
• Manufacturing operations
• Sheet bending
• Composite fabrication

2.1.5 Spacecraft and Launch Vehicle Laboratory
Space Laboratory is adjacent to the Wind Tunnel Laboratory and primarily houses equipment and
supplies pertaining to the shaping and curing of composite materials. The primary equipment used
for manufacturing composite components are displayed in Figure 2.1.5-1. The space laboratory
will be used for the general research, design, and production of the rocket, and its payload.
Additionally, the laboratory will be used for fine work on the rocket including but not limited to
the construction and assembly of electronics bays. This facility is available every day of the week
from 6:00am to 12:00am. Major equipment and supplies include:
• Composite curing oven
• Composite Material Freezer
• Vacuum pump and breather
• Perforate film, carbon fiber and mylar material
• Epoxy and hardener
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Figure 2.1.5-1: Internal view of the composite curing oven (left) and back view of the
team's vacuum pump (right).
The Launch Vehicle Lab contains equipment to design, manufacture and test rockets, CubeSats,
and other space projects. The equipment available includes:
• Satellite kits from EyasSats
• PI air-breathing platforms and hemispherical air-bearing
• 6DOF hexapod trajectory simulator
• Ground simulators for CubeSat logic boards
• ECP Control moment gyro demonstrator and data acquisition
• Multiple 3D printers

2.1.6 Thermal Fluids Laboratory
The Thermal Fluids Lab, which also serves as a classroom, houses an Eidetics’ Flow Visualization
Water Tunnel. The water tunnel was provided by Rolling Hills Research Corporation based in El
Segundo, California and is shown in Figure 2.1.6-1. The testing section of has a width of 7 in. with
two observation windows. The first observation window is placed on the back of the structure
directed in the opposite direction of flow with a height of 9.5 in. and width of 24 in. The second
window is placed on the side of the test section to provide a side profile of the test model. The
height of the side observation window is 9.5 in. and the length is 18 in. Flow analysis is performed
by releasing colored dye through various orifices on the test model at various angles of attack, in
which flow phenomena behavior is then highlighted by the dyes.
This lab also offers students the ability to develop models using additive manufacturing by an
Object Alaris™30 3D printer, shown in Figure 2.1.6-2. The 3D Printer has an available print area
of 11.81 × 7.87 × 5.9 in. in five different printing materials. The four rigid opaque print materials
differ only in color but provide the material strength. The rigid print materials possess modulus of
elasticity of 290 – 435 ksi, a modulus of elasticity 11 – 16 ksi, and a flexural modulus of 320 - 465
ksi. The fifth material performs as a polypropylene with a modulus of elasticity of 145 – 175 ksi,
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a modulus of elasticity of 4.35 – 5.80 ksi, and a flexural modulus 175 – 230 ksi. The machine
prints with a layer thickness of 0.0011 in. at an accuracy of 0.0039 in.

Figure 2.1.6-1: Water tunnel layout and side observation window for flow visualization.

Figure 2.1.6-2: Front profile of the Objet Alaris™30 3D printer.

2.1.7 Engineering Project Laboratory
The Engineering Project Laboratory may be utilized to provide a large workspace for students to
use machines and equipment to work on academic projects. There are two levels of access students
must apply for before they are able to work in the lab. Each machine in the facility is labeled with
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either a strip of red or yellow tape; these colors denote the safety level, which the student must
have in order to use the equipment. The “Yellow Tag” training course consists of a lecture and
tour provided by the lab director. The students are then given an online test related to lab safety
and operation techniques for the facility. For “Red Tag” certification, the student must have taken
one of the two junior-level machining courses, attend a four-hour lecture covering all aspects of
the “Red Tag” equipment, and then pass a test based on the information covered. Lab assistants
will be available to provide help to any student in the facility, as well as keep record of the facility’s
sign-in sheet. The equipment available within the facility includes:
• Rockwell/Delta 20 in.
• Acer E-MillTM
• LeBlond Regal Machine Tool
• FADAL5 VMC 3016 (Envelope: x = 30 in., y = 16 in., z = 20 in.)
• Wilton Machinery Horizontal Saw
• Balder Deburring Station
• Doringer D350 Circular ColdSaw
• Millermatic
• Republic Plaeun Machine Tool RL-1400G-TW

2.1.8 Downey High School Engineering Building
Community support from the Downey High School (DHS) has extended access to their
engineering building for machining purposes of the project. STEM professor, Glenn Yamasaki,
has won the California Project Lead the Way Teacher of the Year Award and the American
Institute of Aeronautics and Astronautics Coaches Award in 2013, and the 2013 Claes Nobel
Educators of the Year by the National Society of High School Scholars (NSHSS). With his
support, the team has been granted supervised access to the Engineering Building. The building
is 19,500 sq. ft, which includes four labs, a regular classroom and eight work bays. The lab
equipment supports a variety of engineering and manufacturing disciplines. The facility’s
collection of machinery will allow the team to produce precise models for projects. The primary
equipment used to produce 3D models is the Robotic Solutions Kuka KR10 R1100 sixx, shown
in Figure 2.1.8-1. Its convenient design allows it to be mounted on floor, ceiling, or wall. For
purposes of this project, the robot will be mounted on a table for accessibility and has a max
payload capacity of 22.05 lb. The robots 43.3 in. radius allows one to produce various model
shapes made from plastic materials. The Epilog Helix 24 laser, shown in Figure 2.1.8-2, provides
the power to produce sheet metal parts for projects. The products’ user-friendly software allows
manufacturing designs using CNC technology. To access this equipment, the team will
collaborate with staff and administrators to ensure a safe and professional environment. Access
hours are Monday-Friday from 9am-4pm. The major equipment that may be used at this facility
will include:
•
•

Robotic Solutions Kuka KR10 R1100 sixx
Epilog Helix 24 laser
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•
•
•

Zing Laser
Torchmate X Air Plasma
GIGABOT 3

Figure 2.1.8-1: Robotic Solutions KUKA KR10 R1100 sixx mounted on a table.
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Figure 2.1.8-2: The Epilog Helix 24 Laser.

2.1.9 Friends of Amateur Rocketry
The Friends of Amateur Rocketry (FAR) site is a ten-acre static test and launch facility in the
Mojave Desert. The site is located under the R2508 controlled airspace umbrella of the Edwards
Air Force Base at the edge of a military supersonic corridor. Its FAA Waiver allows rockets up to
9,208 lbf-s total impulse. Launch peak altitudes are permitted to 18,000 ft from Monday through
Friday and 50,000 ft on Saturday and Sunday. The FAR site also has pyrotechnic operators
licensed by the California State Fire Marshal and the ATF to help safely manufacture, store,
set up, test, and launch rockets. The team will need to contact them within eight days of any
subscale of full-scale launch activity. Various facilities include:
• Blockhouse viewing (Figure 2.1.9-1)
• Bunkers
• Propellant storage
• An assembly building
• Workshops
• Storage
• Sun shade
• Weather station
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Figure 2.1.9-1: A viewing bunker at the FAR site for safety.

Equipment also includes:
• Static test stands (Figure 2.1.9-2)
• Launch rails
• All-terrain forklifts
• Skip loaders
• Boom cranes
• Lathe
• Mill
• Drill press
• Chop saw
• Grinder
• Welder

Figure 2.1.9-2: Demonstration of the static test stand at the FAR site.
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With the standard of safety very high at the FAR site, safety equipment includes:
• First aid
• Firefighting equipment
• An automatic defibrillator
• Oxygen
• Helipad for emergency evacuations

2.2 Computers and Software
The Aerospace Computer Laboratory, Vehicle and Systems Design Laboratory and the Flight
Dynamics Laboratory are the three primary computer laboratories available to the team. They
include several workstations with simulation and design software for aerospace engineering
students involved in senior project/design and additional classwork. All labs are continuously
updated as new hardware and software become available. These lab spaces will be primarily used
to hold meetings, present, compile ideas onto 90 square foot space of whiteboards, and run
computer simulations. These laboratories are available daily from 6:00am to 12:00am. The
available software installed but not limited to at each workstation includes:
• Advanced Aircraft Analysis (AAA)
• ANSYS – Workbench 17.0
• FreeFlyer
• FEMAP v11.4
• LMS Imagine.Lab Amesim
• MATLAB
• Microsoft Project & Visio
• NASA Marshall Space Transportation
• NEiNastran
• CART3D & GOCART
• Orbit Determination Toolkit
• Satellite Toolkit (AGI STK)
• SolidWorks 2017
• OpenRocket
Additionally, all students have access to the 24 Hour Computer Laboratory 24 hours per day, 7
days a week. This lab houses 78 workstations, a scanner, two printers, and group study tables. The
specifications of the workstations are continuously updated with new hardware and software. The
available software installed but not limited to at each workstation includes:
• Microsoft Office Professional Plus 2016
• Google Earth
• Internet Explorer, Firefox, and Chrome
• Aleks
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•
•
•
•
•
•
•
•

SAS 9.4
SPSS 23
Statistix 10
Wolfram Mathematica 10.4
Eviews
Adobe Acrobat Pro
Adobe Creative Cloud Suite
Python 3.4 IDLE

2.2.1 Video Conferencing
Cal Poly Pomona houses several conference facilities available on campus. This will allow the
team to meet the general requirement 1.11 by providing a computer system connected to a video
camera and speaker phone with a reliable internet connection. The Conference Services office will
be contacted prior to any video conference required throughout each phase of this project.

2.2.2 Website Compliance
The team website is located at www.cpprocketry.net and is shown in Figure 2.2.2-1. In addition to
the primary function of hosting the team’s documents, the website will keep the public up to date
on the project, inform educators of outreach opportunities, host pictures and videos of the team
and the designs, links to social media outlets, host team member pictures and bios, and contain
documentation from Cal Poly Pomona teams of past years.

Figure 2.2.2-1: Home page view of the team’s rocketry website.
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2.3 Accessibility Standards
Cal Poly Pomona NASA Student Launch Team will ensure that all team members are aware of
and abide by the laws stated in articles 1194.21, 1194.22 and 1194.26 of subpart B of section 508.
Special care will be taken to follow the guidelines in 1194.22 when creating and updating
information on the website.

3.0 Safety
3.1 Safety Plan
The role of Safety Officer for Cal Poly Pomona’s 2017-2018 NASA Student Launch Initiative
team will be filled by Natalie Aparicio. It is the responsibility of the Safety Officer to manage the
team’s activities and ensure that each member is following the safety plan outlined in this
section. It is Natalie’s mission to not only ensure that all team members are abiding by the safety
plan in place but to also set Cal Poly Pomona as the standard for safety awareness and
mitigation.
As a chemical engineering student at Cal Poly Pomona, Natalie understands the hazards posed
by various chemicals and is thoroughly familiar with MSDS sheets. She endeavors to safeguard
the team by streamlining the safety plan in a manner that can be easily implemented by all
members. This will establish a foundation for the team members to routinely practice safe habits
for any future rocketry aspirations. Compliance from the entire team will secure the integrity of
the project, as well as the safety of its members. It is the goal of the Safety Officer to also ensure
that community members and the environment are protected to the highest of standards. Natalie
will enforce the necessary safety regulations and mitigations where applicable throughout the
course of the project.
A copy of the safety acknowledgement form can be found in Appendix B. Each team member is
to review and sign the form to indicate their understanding and compliance of the materials covered
in the safety packet. Natalie has designed the packet such that it incorporates a thorough hazards
analysis, failure modes analysis, competent safety plan and procedures, PPE requirements, and
MSDS. The team will also be able to review FAA, NAR, and TRA regulations from the contents
of the safety packet. Current versions of local, state, and federal laws regarding rocketry are located
in the packet and revisions will be made and available to the team if needed.
The specific role and responsibilities of the Safety Officer are as follows but are not limited to:
● Understand the project phases and where in particular certain safety hazards and risks will
arise. This not only includes avoidance and awareness of ignitable material and chemical
hazards but also includes monitoring weather conditions and briefing those conditions to
the team prior to arriving at lab facilities and launch sites.
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● Administer a wealth of safety information in an easy-to-understand packet that includes
up-to-date hazards analysis, failure modes analysis, safety plans, backups and procedures,
personal protective equipment requirements, and materials safety data sheets.
● Information shall be administered in the form of handouts specific to any build exercises,
launch testing, and environmental or weather hazards (section 3.1.3).
● Provide the team with all necessary handbooks and manuals available from the
manufacturers of any electronics or batteries used by the launch vehicle and its payload
experiment.
● Provide the team with a safety acknowledgement form that is to be read and signed to
demonstrate each members’ understanding and agreement of the safety plan (Appendix B).
● Supervise the design, construction, and assembly of the vehicle and payload to certify all
applicable aspects of the team safety plan are being properly implemented.
● Attend all vehicle and payload ground testing, recovery test activities, and sub-scale and
full-scale launch testing. Attendance to these events will be to brief the team on safety
measures as deemed by the safety packet specific to the activity, the environmental
conditions, and the appropriate risk mitigations.
● Brief the team on FAA, NAR, and TRA regulations and ensure compliance with local,
state, and federal laws to confirm all members will abide by their regulations.
● Attend all educational engagement activities to properly educate the community and its
youth in the proper handling of high-powered rockets. Attendance to these events will also
be to brief the team on safety measures as deemed by the safety packet specific to the
activity, the environmental conditions, and the appropriate risk mitigations.
● Ensure that the vehicle configuration and payload experiment will abide by the rules of
local rocketry clubs and sites. The Safety Officer will communicate any concerns to the
RSO.
● Ensure that the team uses a launch and safety checklist that will be provided in time for the
FRR report and will be used by the team during the LRR and launch days.
3.1.1 Engineering Projects Laboratory Machine Shop
Machine operators on the team must adhere to the regulations such as the yellow and red tag set
forth by California State Polytechnic University. In order to receive the aforementioned
certifications, members must complete trainings administered by Professor Stover, the Director of
the Engineering Project Development Laboratory, which includes a lab tour, machine
demonstrations, and subsequent exam. A yellow tag certification allows the team to utilize drill
press, saws, belt sanders, grinders, and metal brakes. A red tag certification permits lathes and
CNC utilization. Regardless of certifications, all operators must wear protective gear, wear fitted
clothing, and bound hair. Operators must be educated about the locations of safety stations
throughout the lab and advised against working alone.
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3.1.2 Carbon Fiber Composites
The utilization of pre-impregnated carbon fiber for any necessary launch vehicle components
presents hazards to users in the vicinity. Prolonged exposure to carbon fiber may lead to skin and
respiratory irritation, and subsequently lung disease. In addition, contact with epoxy resins can
cause inflammation and conjunctivitis. Before the manufacturing process, all team members must
read and understand the MSDS for safety guidelines and mitigations. All members must wear
protective gloves, safety goggles, respirators, and aprons while handling composite materials.
More information on the specific PPE involved can be found in section 3.4. The Safety Officer
must be present to oversee the safety process and be prepared to handle emergency situations.

3.1.3 Launches
A checklist must be established and reviewed by the team before every launch event. This checklist
will encompass all required materials and procedures to ensure safety while assembling and
launching the launch vehicle. Before the event, the team will verify that the weather is suitable for
launch and will be postponed if the weather is deemed otherwise. The Safety Officer must inspect
and educate the process, in which designated members handle assembly and activations of launch
vehicle components. The Safety Officer will also ensure that ejection charges and motors will only
be handled by Rick Maschek. The launch vehicle must be assembled at their respective workplace
away from the launch rails and other possible hazards. Only after completing the assembly may
the team deliver the launch vehicle to the proper launch site. Fine-tuning and avionic triggers are
only allowed at the launch rail when the motor and ignition system are both unarmed. The arming
sequence must be performed only after all other adjustments have been completed. When the
preparations are finished, the igniters may be inserted into the motor and secured into place; the
ignition system must be on standby at this time. The Safety Officer will ensure that all personnel
are accounted for and under blockhouses or viewing bunkers. The launching sequence will begin
only after the launch site is clear. If a misfire occurs, the ignition system must be disabled and a
mandatory wait time must be obeyed until the designated RSO determines that it is safe to approach
the launch vehicle. More information regarding launch site compliance is in section 3.5.

3.1.4 Safety Officer Training
The Safety Officer is required to thoroughly read and comprehend the NAR/TRA Code for Higher
Power Rocketry and the NFPA 1127 Code. The Safety Officer will determine how these codes are
integrated into the project and the best method in following them. In addition, the Safety Officer
must review the MSDS sheets to ensure safe practices are demonstrated in the laboratory and
launch sites. A more detailed assessment of this method is outlined in section 3.4. In addition, the
Team Lead will directly supervise the Safety Officer and implement plans as necessary for up-todate training.
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3.1.5 Risk Assessment and Mitigation
The risk matrix will be utilized to categorize and mitigate potential hazards involved with the
project. Two factors, likelihood and severity, accompanies each risk. Tables 3.1.5-1 and 3.1.5-2
elaborate on how the likelihood and severity factors are given. These values are used to create the
Risk Assessment Codes (RAC) shown in Table 3.1.5-3, which determines the risk of each hazard
(Table 3.1.5-4). The tables for the launch pad, deadlines/budget, lab and machine shops, and the
launch vehicle and recovery system risk assessments can be found in Appendix A. These tables
illustrate a color-coded chart for the RAC and corresponding risk level.
Table 3.1.5-1: Hazard likelihood descriptions and their definitions.
Assessment
Code

Description

Definition

A

Frequent

Very likely to occur immediately or within a very short time; will
occur frequently with a probability greater than 90%.

B

Probable

Probably will occur in time or several instances over a period of
time; likely to frequently occur with a probability between 50% 90%.

C

Occasional

Possibility of occurring in time; will be expected to occur
occasionally with a probability between 10% - 50%.

D

Remote

Unlikely to occur; occurrences may come up with a probability
between 1% - 10%.

E

Improbable

No expected occurrences with a probability below 1%.
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Table 3.1.5-2: Hazard severity descriptions and their definitions.
Assessment
Code
1

Description

Definitions

Catastrophic May cause death or irreversible, disabling injuries.
100% mission failure; loss of facility/asset, launch systems, and
associated hardware.
Irreversible severe environmental damage that violates laws and
regulations.

2

Serious

May cause severe injury or illness.
75% mission failure; major damage to property, launch systems
and associated hardware.
Reversible environmental damage causing a violation of law or
regulation.

3

Moderate

May cause minor injury or illness.
50% mission failure; minor damage to property, launch systems
and associated hardware.
Minor environmental damage without violation of law or
regulation where restoration is possible.

4

Minor

May cause minimal danger to personnel safety or health (first aid
required).
25% mission failure: minimal damage to property, launch systems
and associated hardware.
Minimal environmental damage without violating laws or
regulations.
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Table 3.1.5-3: Risk Assessment Codes (RAC).

Table 3.1.5-4: Risk levels and their assessments.

3.1.5.1 Risk Assessment and Mitigation Process
1.
2.
3.
4.

Identify the potential hazards and the specific cause of the hazard.
Assess the hazards according to their likelihood and severity.
Assign a risk assessment code.
Create a mitigation scenario and assess the risk assessment code after the mitigation is in
place.
5. The Safety Officer will implement the mitigation plan and revise as necessary.
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3.2 NAR/TRA Compliance and Procedures

3.2.1 NAR Safety Code Compliance
The team must adhere to guidelines set forth by NAR. The team will only possess high power
rocket motors that are within the team’s certification. These motors will not be tampered with and
will be utilized only to power lightweight and durable rockets as recommended by the
manufacturer. Smoking, open flames, and heat sources are prohibited within 25 feet of these
motors. Launch vehicles must be launched with electrical igniters that are only installed on the
launch pad and launch systems with safety interlocks. These systems must have momentary launch
switches that shut off when released. The minimum launch countdown time is 5 seconds, during
which all personnel must be within bunkers or at a safe distance recommended by NAR’s
Minimum Distance table. The launches will only be scheduled at launch sites specified by section
430 and with the presence of the range safety officer. In misfire events, the battery must be
disconnected and the team must wait at least 60 seconds to approach the launch vehicle. The team
must always scan the air space for visible aircrafts before launch and comply with all FAA
regulations. Recovery system must be designed to return safely within the launch site’s required
range and the team may only recover the launch vehicle once it has safely landed on the ground.
3.2.2 Procedures for NAR/TRA Personnel
Rick Maschek, the team mentor, will be responsible for notifying the proper organizations prior to
the launches. The United States Air Force will be notified 7 days prior to the launch to ensure that
no aircrafts will be present during the launch time frame. The FAA will also be called 3 days prior
and a Notice to All Airmen (NoTAM) will be requested (Reqt. 4.9). Local airports will be notified
24 hours and 15 minutes prior to the launches and after the all the launches are complete. The NAR
High Powered Rocket Safety Code Compliance is shown in Table 3.2.2-1.
Table 3.2.2-1: NAR High Powered Rocket Safety Code Compliance (Effective August 2012)
NAR Code

Compliance

1. Certification. I will only fly high
power rockets or possess high power rocket
motors that are within the scope of my user
certification and required licensing.

The team mentor, Rick Maschek, or other
properly certified official will be present at all
flights and provide the launch vehicle motor
needed for launch.

2. Materials. I will use only lightweight
materials such as paper, wood, rubber, plastic,
fiberglass, or when necessary ductile metal,
for the construction of my rocket.
3. Motors. I will use only certified,
commercially made motors, and will not

The launch vehicle will contain only the listed
materials, with the addition of carbon fiber,
another lightweight composite material.
Only commercial motors will be used (Req.
1.9). All members involved with the motor
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tamper with these motors or use them for any
purposes except those recommended by the
manufacturer. I will not allow smoking, open
flames, or heat sources within 25 feet of these
motors.
4. Ignition System. I will launch my
rockets with an electrical launch system and
with electrical motor igniters that are installed
in the motor only after my rocket is at the
launch pad or in a designated prepping area.
My launch system will have a safety interlock
that is in series with the launch switch that is
not installed until my rocket is ready for
launch, and will use a launch switch that
returns to the “off” position when released.
The function of onboard energetics and firing
circuits will be inhibited except when my
rocket is in the launching position.
5. Misfires. If my rocket does not launch
when I press the button of my electrical
launch system, I will remove the launcher’s
safety interlock or disconnect its battery, and
will wait 60 seconds after the last launch
attempt before allowing anyone to approach
the rocket.
6. Launch Safety. I will use a 5-second
countdown before launch. I will ensure that a
means is available to warn participants and
spectators in the event of a problem. I will
ensure that no person is closer to the launch
pad than allowed by the accompanying
Minimum Distance Table. When arming
onboard energetics and firing circuits, I will
ensure that no person is at the pad except
safety personnel and those required for
arming and disarming operations. I will check
the stability of my rocket before flight and
will not fly it if it cannot be determined to be
stable. When conducting a simultaneous
launch of more than one high powered rocket,
I will observe the additional requirements of
NFPA 1127.
7. Launcher. I will launch my rocket
from a stable device that provides rigid
guidance until the rocket has attained a speed
that ensures a stable flight, and that is pointed

will use the proper handling outlined in the
safety manual.

An electrical ignition system in compliance
with these guidelines will be used and only
installed once on the launch pad, and all
onboard systems will be inhibited until the
launch vehicle is in the launch position (Req.
1.8).

In the event of a misfire, this defined
procedure will be followed.

All of these guidelines will be followed as
well as any further rules provided by the team
mentor and/or Range Safety Officer on site.

The AGSE will act as the launcher for the
launch vehicle. Proper design and testing will
be performed to ensure the stability and
ensure safety in the allowable launch
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to within 20 degrees of vertical. If the wind
speed exceeds 5 miles per hour I will use a
launcher length that permits the rocket to
attain a safe velocity before separation from
the launcher. I will use a blast deflector to
prevent the motor’s exhaust from hitting the
ground. I will ensure that dry grass is cleared
around each launch pad in accordance with
the accompanying Minimum Distance table,
and will increase this distance by a factor of
1.5 and clear that area of all combustible
material if the rocket motor being launched
uses titanium sponge in the propellant.
8. Size. My rocket will not contain any
combination of motors that total more than
40,960 N-sec (9208 pound-seconds) of total
impulse. My rocket will not weigh more at
liftoff than one-third of the certified average
thrust of the high power rocket motor(s)
intended to be ignited at launch.
9. Flight Safety. I will not launch my
rocket at targets, into clouds, near airplanes,
nor on trajectories that take it directly over the
heads of spectators or beyond the boundaries
of the launch site, and will not put any
flammable or explosive payload in my rocket.
I will not launch my rockets if wind speeds
exceed 20 miles per hour. I will comply with
Federal Aviation Administration airspace
regulations when flying, and will ensure that
my rocket will not exceed any applicable
altitude limit in effect at that launch site.
10. Launch Site. I will launch my rocket
outdoors, in an open area where trees, power
lines, occupied buildings, and persons not
involved in the launch do not present a
hazard, and that is at least as large on its
smallest dimension as one-half of the
maximum altitude to which rockets are
allowed to be flown at that site or 1500 feet,
whichever is greater, or 1000 feet for rockets
with a combined total impulse of less than
160 N-sec, a total liftoff weight of less than
1500 grams, and a maximum expected
altitude of less than 610 meters (2000 feet).

conditions. All necessary launcher
components will be integrated into the AGSE.
Minimum Distance requirements will be
known and followed by all team members and
any others on site (Req. 3.1).

The launch vehicle motor to be used will
comply with these guidelines. (Req. 1.9, 1.10)

These guidelines, as well as any given by the
team mentor and/or Range Safety Officer on
site, will be abided by (Req. 4.8, 4.9).

All launches will be performed at either a site
chosen by the team mentor or at official
NAR/TRA events in compliance with these
guidelines.
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11. Launcher Location. My launcher will
be 1500 feet from any occupied building or
from any public highway on which traffic
flow exceeds 10 vehicles per hour, not
including traffic flow related to the launch. It
will also be no closer than the appropriate
Minimum Personnel Distance from the
accompanying table from any boundary of the
launch site.
12. Recovery System. I will use a
recovery system such as a parachute in my
rocket so that all parts of my rocket return
safely and undamaged and can be flown
again. I will use only flame-resistant or
fireproof recovery system wadding in my
rocket.
13. Recovery Safety. I will not attempt to
recover my rocket from power lines, tall trees,
or other dangerous places, nor fly it under
conditions where it is likely to recover in
spectator areas or outside the launch site. I
will not attempt to catch it as it approaches
the ground.

All launches will be performed at either a
location chosen by the team mentor or at
official NAR/TRA events in compliance with
these guidelines.

A recovery system will be designed and tested
to ensure the safe and intact return of the
launch vehicle.

All team members and any others on site will
comply with these guidelines.

3.2.3 Hazardous Materials Handling and Operation
The team must be aware of and abide by these safety parameters while interacting with
hazardous materials. Only designated personnel may handle these materials in accordance to
state, federal, NAR, and TRA regulations.

3.3 Briefing Plan for Hazard Recognition, Accident Avoidance, and Pre-Launching
The safety officer shall hold mandatory safety meetings at the beginning of the year. The safety
officer must familiarize with the team advisors and establish redundancy and adherence to safety
standards and expectations. Attendees must sign the safety release form (Appendix B) and agree
to follow the aforementioned guidelines. In addition, the attendees will receive active
membership into Undergraduate Missiles and Ballistics Rocketry Association (UMBRA) NSL
Team. Individuals, who do not attend, without reasonable cause, will be disqualified from further
participation in the project.
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3.3.1 Hazardous Recognition and Accident Avoidance
It is the Safety Officer’s responsibility to thoroughly educate the team members with the
necessary precautions when acting on behalf of the UMBRA NSL Team. The Safety Officer
must review the safety briefings to all members before critical events, such as launches and
manufacturing processes to ensure safe practice at all times.
These briefings will instruct the members about the proper handling and good practices to keep
and maintain the collective safety of the team. When necessary, the Safety Officer will only utilize
experienced team members to demonstrate these practices. The Safety Officer will provide an
electronic copy available online and upon request, physical copies of the MSDS throughout the
aerospace labs.
When it is deemed necessary, the Safety Officer has the authority to interrupt ongoing activities
and lead impromptu safety mitigations. In the absence of the Safety Officer, the Team Lead shall
take the role of the Safety Officer and ensure that participating members must review the provided
MSDS and immediately notify the Safety Officer for documentations to prevent any further
incidents. Safety offenders who violate and continue to violate the safety protocols will face
disciplinary actions.

3.3.2 Pre-launch Briefing
All members who attend launches must attend each pre-launch briefing. The safety officer will
review all applicable rules and regulation in accordance to the launch site, FAA, NSL Safety
Regulations, NAR and TRA Code for High Power Rocketry, and federal, state, and municipal
legislation. These briefings will be unique to the specific launch and launch site and individuals
who choose not to attend will be banned from the event.

3.4 Caution Statement Plans, Procedures, and Other Working Documents
Each member engaging in activities that involve materials with potential hazards are required to
attend all necessary safety meetings prior to handling the aforementioned materials. The Safety
Officer will ensure that all members understand the proper practice and has reviewed the
corresponding MSDS. The Safety Officer will be available at all times during activities in the
instance that a team member may require assistance or clarification. In addition to these safety
protocols, all lab safety rules must be incorporated into the activity at all time. The safety
procedures are provided below.:
1. Gain permission from the safety officer for usage of hazardous materials.
a. Safety Officer must approve in writing for each member (see section 3.2.3 for
statement on hazardous materials handling and operations).
2. Verify proper attire in the lab environment as shown in Figure 3.4-1.
a. Long hair must be tied to prevent vision obstruction and tangling risks.
b. Closed-toed shoes must be worn at all times.
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3.
4.
5.
6.
7.

8.

c. Clothing must not be too loose or constricting.
d. Protective gear must be worn when handling hazardous materials as instructed by
the Safety Officer and corresponding MSDS.
Confirm the alertness of all participating members.
Prepare and keep the work area clean and free of obstruction.
Obtain and handle the hazardous materials appropriately and only when safe.
Properly dispose of the excess hazardous materials, clean and organize the lab space.
Identify and comply with all warning labels such as those most commonly used by the
Globally Harmonized System of Classification and Labeling of Chemicals (GHS) Hazard
Labels shown by Figure 3.4-1.
Become familiar with the various warning and hazards labels that may be encountered on
some of the machinery. Examples of these labels are shown by Figure 3.4-2.

Figure 3.4-1: Most commonly used GHS hazard labels.
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Figure 3.4-2: Examples of warning labels that may be encountered.

Other Working Documents and Procedures
Other working documents to be implemented by the Safety Officer include a comprehensive list
of materials/products and their associated personal protective equipment. All team members will
review and understand the procedures involved to mitigate potential health hazards and risks.
Table 3.4-1 outlines some of these hazards and the appropriate attire required.
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Table 3.4-1: Personal Protective Equipment
Product

Chemical Family

Manufacturer Hazards

PPE

1

West System
105 Epoxy
Resin

Epoxy Resin

West System
Inc.

May cause skin
irritation, eye
irritation, and
allergic reaction

Gloves, loose
clothing,
goggles, no
exposed areas

2

West System
205 Fast
Hardener

Amine

West System
Inc.

Burns to eyes and
skin; harmful if
swallowed or
ingested

Gloves, loose
clothing,
goggles, no
exposed areas,
face gear

3

Aluminosilicate Ceramic Fiber
Fiber Blankets (RCF)
(TaoFibre
Blanket)

InterSource
USA Inc.

Prolonged
exposure to dust
may cause skin,
eye, and
respiratory tract
irritation

Gloves, loose
clothing,
goggles, no
exposed areas,
protective
breathing
masks

4

Dan Tack 2028
Contact Spray
Super
Adhesive

Aerosol Adhesive

Adhesive
Solutions Inc.

May cause
headaches,
dizziness,
unconsciousness,
injury, toxicity,
skin and eye
irritation

Proper
respiratory
equipment
and other
facial gear
including
goggles

5

West System
105 Epoxy
Resin

Epoxy Resin

West System
Inc.

May cause skin
irritation, eye
irritation, and
allergic reaction.

Gloves, loose
clothing,
goggles, no
exposed areas

6

Generic
Oriented
Strand Board
Material

N/A

N/A (MSDA
provided by
Structural
Board
Association)

Inhalation and
exposure to dust
can cause
dizziness, skin
and eye irritation,
serious injury, or
even death

Ventilation,
protective
gloves,
respiratory
protection
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7

MTM49L
Epoxy Resin

Epoxy Resin

Advanced
Composites
Group Inc.

Inhalation and
exposure can
cause respiratory
defects and
skin/eye
irritation, or
allergic reaction

Gloves, loose
clothing,
goggles, no
exposed areas

8

R-Matte Plus-3
(Sheathing
Insulation
Board)

Polyisocyanurate
Foam

Rmax
Operating,
LLC.

May cause skin
irritation, eye
irritation, and
allergic reaction;
known
carcinogenic
material (harmful
in overexposure)

Gloves, loose
clothing,
goggles, no
exposed areas,
proper
ventilation

9

West System
105 Epoxy
Resin

Epoxy Resin

West System
Inc.

May cause skin
irritation, eye
irritation, and
allergic reactio

Gloves, loose
clothing,
goggles, no
exposed areas

10

Aeropoxy
PH3630

Modified Amine
Mixture

Aeropoxy

May cause skin
irritation, eye
irritation, and
allergic reaction

Gloves, loose
clothing,
goggles, no
exposed areas

11

Aeropoxy
PH6228A

Epoxy Resin
Based Mixture

Aeropoxy

May cause skin
irritation, eye
irritation, and
allergic reaction

Gloves, loose
clothing,
goggles, no
exposed areas

12

Aeropoxy
PH6228B

Modified Amine
Mixture

Aeropoxy

May cause skin
irritation, eye
irritation, and
allergic reaction

Gloves, loose
clothing,
goggles, no
exposed areas

13

Aeropoxy
PH3660

Epoxy Resin
Based Mixture,
Diphenylolpropan
e

Aeropoxy

May cause skin
irritation, eye
irritation, and
allergic reaction;
liver, kidney
irritation with
overexposure

Gloves, loose
clothing,
goggles, no
exposed areas,
proper
ventilation
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14

Aeropoxy
PH3665

Modified Amine
Mixture

Aeropoxy

Skin, eye, and
lung irritation
with
overexposure;
toxicity

Gloves, loose
clothing,
goggles, no
exposed areas,
proper
ventilation

15

Aeropoxy
PR2032

Multifunctional
acrylate

Aeropoxy

Skin, eye, and
lung irritation
with
overexposure;
toxicity

Gloves, loose
clothing,
goggles, no
exposed areas,
proper
ventilation

3.5 Unmanned Rocket Launches and Motor Handling Compliance with Federal,
State & Local Laws
Each NSL member must review and acknowledge the following federal, state, and local laws and
regulations pertaining to high-powered rocketry:
● Federal Aviation Regulations 14 CFR, Subchapter F, Part 101, Subpart C; Amateur
Rockets:
http://www.ecfr.gov/cgi-bin/text-idx?rgn=div5&node=14:2.0.1.3.15#sp14.2.101.c
● Code of Federal Regulation 27 Part 5: Commerce in Explosives; and Fire Prevention
http://unh.edu/rocketcats/part55.pdf
● NFPA 1127 “Code for High Power Rocket Motors.”
http://catalog.nfpa.org/2013-NFPA-1127-Code-for-High-Power-RocketryP1410.aspx?icid=B484
The team will review and acknowledge the rules of and submit the necessary documentations for
each launch site, such as FAA waivers. The team’s launch vehicle will adhere to the maximum
altitude granted at the sites and fly only in clear and calm weather conditions.
Launches will take place at:
1. Friends of Amateur Rocketry
2. Mojave Desert Advanced Rocketry Society
3. Lucerne Dry Lakebed
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3.6 Plans for NRA/TRA Mentor Motor Acquisition
Rick Maschek, the team’s mentor, will purchase and handle the necessary commercial motors. He
possesses the necessary certifications and will, at the team’s request, obtain the motor from online
retailers or NAR/TRA venues.

3.7 Written Compliance to Safety Regulations
The team is required to individually review and acknowledge the following NASA safety
regulations. These regulations are also incorporated into the prerequisite team contract and
subsequent activities.
1. A complete safety inspection, detailed in Pre-launch Checklist, will be reviewed before
every launch and the team must abide by the determination of the inspection.
2. The range safety officer has authority to override the safety inspection and the launch if the
launch vehicle deviates from the set guidelines and is deemed unsafe.

3.8 Safety Requirements Traceability and Verification Matrix
In order to ensure a comprehensive check of the safety requirements of this project, a
requirements traceability and verification matrix was created and includes all detailed safety
requirements set forth in the statement of work. The respective team’s designated design
requirement is the plan in place to meet all safety requirements listed. The specific sections to
find the design requirement processes are listed on the right side of Table 3.8-1.

Table 3.8-1: Safety Requirements Traceability and Verification Matrix
REQ#

5.1

5.2
5.3
5.3.1
5.3.1.1
5.3.1.2

Safety Requirements
Description
Each team shall use a launch and safety
checklist. The final checklists shall be
included in the FRR report and used during
the Launch Readiness Review (LRR) and any
launch day operations.
Each team must identify a student safety
officer who shall be responsible for all items
in section 4.3.
The role and responsibilities of each safety
officer shall include, but not limited to:
Monitor team activities with an emphasis on
Safety during:
Design of vehicle and payload
Construction of vehicle and payload

Design Requirements

Section

Safety Managers and
Officers will create a
checklist prior to FRR
and LRR

3.7

Natalie Aparicio

1.2

Safety Manager
responsibilities

3.1
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5.3.1.3
5.3.1.4
5.3.1.5
5.3.1.6
5.3.1.7
5.3.1.8
5.3.1.9
5.3.2

5.3.3

Assembly of vehicle and payload
Ground testing of vehicle and payload
Sub-scale launch test(s)
Full-scale launch test(s)
Launch day
Recovery activities
Educational Engagement Activities
Implement procedures developed by the team
for construction, assembly, launch, and
recovery activities
Manage and maintain current revisions of the
team’s hazard analysis, failure modes
analysis, procedures, and MSDS/chemical
inventory data

Assist in the writing and development of the
team’s hazard analysis, failure modes
analysis, and procedures.
5.3.4

5.4

During test flights, teams shall abide by the
rules and guidance of the local rocketry club’s
RSO. The allowance of certain vehicle
configurations and/or payloads at the NASA
Student Launch Initiative does not give
explicit or implicit authority for teams to fly
those certain vehicle configurations and/or
payloads at other club launches. Teams should
communicate their intentions to the local
club’s President or Prefect and RSO before
attending any NAR or TRA launch.
Teams shall abide by all rules set forth by the
FAA.

5.5

Safety Manager and
Team Lead will lead
the team to follow all
procedures made
Safety Manager will
update the hazard,
failure, procedure, and
MSDS sheets for all
reviews in accordance
to new materials and
regulations

3.1.1

3

Safety Manager and
Safety task force are in
charge of writing
proposal section 3.0;
safety plans,
procedures, and other
documents

3

Team members will
sign a document stating
that they will abide to
these rules

3.1

Team members will
sign a document stating
that they will abide to
these rules

3.1
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4.0 Technical Design: Launch Vehicle
4.1 Structural Design
The vehicle’s structural design will be composed of three independent sections designated as
module 1, module 2, and module 3. Figure 4.1-1 below demonstrates the configuration of these
sections, which will satisfy the vehicle req. 2.7 of having four or less independent sections. Module
1 will contain the nose cone and an observation bay located directly beneath it. Module 2 will
consist of all the recovery system components required for the main parachute bay, recovery bay,
and the drogue parachute bay. Lastly, module 3 will include the payload bay and the motor bay
enveloped by the fin attachments. In the sections to follow, further information on the launch
vehicle, its stability, construction, and justification for the chosen motor will be discussed in detail
and concluded with a review of the major structural challenges and their accompanying solutions.

Figure 4.1-1: Vehicle configuration incorporating three independent sections.

4.1.1 Stability Analysis
Stability functions as one of the key components when it comes to safely and successfully
launching a rocket. In order to execute this said stability, one must ensure that the rocket’s center
of pressure is behind its center of gravity.
The rocket’s mass balance point, or center of gravity, concentrates on the resultant weight of the
rocket; mass and weight are distributed throughout the center of gravity thus causing the motion
of a rotational spin. In cases of application, finding the center of gravity gains complication as the
object’s mass strays from unison in respect to its reference location or reference line. In other
words, the more homogenous an object’s mass is distributed, the easier it is to calculate the object’s
center of gravity. To find center of gravity of the rocket, equation is shown below:
XC.G. =

Dm1 Wm1 + Dm2 Wm2 + Dm3 Wm3
Wm1 + Wm2 + Wm3
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Where:
Wm() denotes the weight of each module
Dm() denotes the distance between each module to the nose tip, and
XC.G. denotes the location of center of gravity from the nose tip

As the rocket is rotating about its center of gravity, an angle of inclination (direct to its flight path)
generates a lift force from the fins and body of the rocket. Simultaneously, aerodynamic drag is
continuous during those miniature angular inclinations. Center of pressure heavily relies on the
force lift and aerodynamic drag.
Center of pressure, or the aerodynamic balance point, on the other hand, has much in relation to
center of gravity— it is the resultant force of where the aerodynamic pressures act upon flight. In
application, stability heavily depends on center of pressure as there is much air pressure force
distributed in front of the center of pressure as there is behind it. For instance, if a rocket is tilted
to the direction it is flying, it will fly directly to air flow if undisturbed. On the contrary, a rocket
that is disturbed, for example by wind, the rocket will fly at an angle-of-attack, which can be
brought back to zero via normal force (CN). As the angle-of-attack directly affects the overall size
and shape of the normal force’s (CN) distribution, normal force (CN) consequently regulates the
location of center of pressure. This concept is pivotal to stability such that as angle-of-attack
increases, the center of pressure moves forward.
From the nose tip, the center of pressure can be calculated using this equation:

Where:

𝑋𝑋𝐶𝐶.𝑃𝑃. =

(𝐶𝐶𝑁𝑁 )𝑛𝑛 𝑋𝑋𝑛𝑛 + (𝐶𝐶𝑁𝑁 )𝑓𝑓 𝑋𝑋𝑓𝑓
(𝐶𝐶𝑁𝑁 )𝑛𝑛 + (𝐶𝐶𝑁𝑁 )𝑓𝑓

(𝐶𝐶𝑁𝑁 )𝑛𝑛 denotes the nose cone normal force
(𝐶𝐶𝑁𝑁 )𝑓𝑓 denotes the fin normal force
𝑋𝑋𝑛𝑛 denotes the distance between the nose tip and nose center of pressure location
𝑋𝑋𝑓𝑓 denotes the distance between the nose tip and fin center of pressure location

Based on the design of the nose cone, (𝐶𝐶𝑁𝑁 )𝑛𝑛 and 𝑋𝑋𝑛𝑛 are given by:
(𝐶𝐶𝑁𝑁 )𝑛𝑛 = 2

Where:

𝑋𝑋𝑛𝑛 = (. 466)𝐿𝐿𝑛𝑛
𝐿𝐿𝑛𝑛 denotes the length of the nose cone

Additionally, (𝐶𝐶𝑁𝑁 )𝑓𝑓 and 𝑋𝑋𝑓𝑓 can be found using the following equations:
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(𝐶𝐶𝑁𝑁 )𝑓𝑓 =

Where:

∆𝑋𝑋𝑓𝑓 =

𝑆𝑆
4𝑛𝑛(𝐷𝐷)2

2𝐿𝐿
1 + �1 + (𝐴𝐴 + 𝐵𝐵 )2

𝑋𝑋𝑓𝑓 = 𝑋𝑋𝑓𝑓 + ∆𝑋𝑋𝑓𝑓

𝑀𝑀(𝐴𝐴 + 2𝐵𝐵) 1
𝐴𝐴𝐴𝐴
+ (𝐴𝐴 + 𝐵𝐵 −
)
3(𝐴𝐴 + 𝐵𝐵)
6
𝐴𝐴 − 𝐵𝐵

S denotes the fin semi-span
n denotes the number of fins
A denotes the fin root chord
B denotes the fin tip chord length
L denotes the length of the fin’s half chord
D denotes the rocket’s diameter
M denotes the projected length from the front edge fin root to front edge of fin tip
𝑋𝑋𝑓𝑓 denotes the distance from nose tip to front edge of fin root

Figure 4.1.1-1 gives a visual representation of the measured sections of the fin required to calculate
of center of pressure of the fins.

Figure 4.1.1-1: Measurement to calculate the center of pressure of the fins.
Established on August 18, 1996 by James and Judith Barrowman, this formula is known as the
Barrowman Equation which is the mathematical and systematic process of determining stability
of the rocket through finding the location for the center of pressure. It is targeted to derive a
theoretical center of pressure value of a general rocket configuration. The farther the center of
pressure is behind the rocket’s center of gravity, the greater the rocket’s stability is. In further
explanation, the center of pressure has a greater distance to its center of gravity which enables it
to return to zero at a more rapid rate. The actual distance between center of pressure and center of
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gravity is called the static margin— which correlates to how stable a rocket is upon launch. To
determine the static margin of the rocket, the following equation is used:
𝑆𝑆. 𝑀𝑀 =

𝑋𝑋𝐶𝐶.𝐺𝐺 −𝑋𝑋𝐶𝐶.𝑃𝑃.
𝐷𝐷

The reference line when measuring the distance of center of gravity and center of pressure is from
the tip of the nose cone. There are certain instances where a rocket becomes “too stable” such that
the rocket’s flight path will veer directly into the wind— this phenomenon is called
weathercocking. To prevent such a phenomenon from occurring, precautions on the rocket were
taken into account by organizing the configuration of the subsections to ensure that the static
margin is greater than or equal to the diameter of the rocket. Based on the weight of each section
and the design of the rocket, the configuration was placed in an open simulator, OpenRocket,
where it resulted in an estimated static stability margin of 2.33, which satisfies vehicle req. 2.16
where it states of having a static stability margin of 2.0 or greater upon the forward rail button
detaching from the rail at launch.
4.1.2 Body Tube
The launch vehicle’s body tube will be constructed using prefabricated Blue Tube 2.0 (vulcanized
fiber). It will have an outer diameter of 6.16 in. and an inner diameter of 6.00 in. The selection of
a 6 in. diameter tube will provide enough room for the payload experiment and will weigh less
than an 8 in. diameter tube. As is, the launch vehicle is estimated to weigh around 50 lb before
burnout, and had the vehicle been designed around an 8 in. tube, the launch vehicle would have
weighed more creating more of a challenge to select a proper engine to accomplish the goal of
reaching an apogee of 5280 ft. (vehicle req. 2.1). Current designs dictate that the launch vehicle
will be 88 inches in length (7.5 ft) without the nose cone and 100 inches in length (8.5 ft) with the
nose cone. A prefabricated tube was selected to ensure superior quality and to mitigate any
potential defects arising from in-house fabrication. This will also decrease safety risks involved
when working with carbon fiber composites as deemed by the Safety Officer. A prefabricated tube
also allows for more time and resources to be implemented on other components of the launch
vehicle, especially in particular, the payload experiment. After extensive research, Blue Tube 2.0
was found to be a reliable choice with its abrasion resistance properties, compressive strength, and
Mach speed capabilities. Although the launch vehicle is prohibited from exceeding Mach 1 at any
point during its flight (vehicle req. 2.21.7), using the Blue Tube 2.0 will allow for an increase in
safety tolerance. This will effectively yield a reliable margin of safety, which will be further
assessed before the preliminary design to ensure that the vehicle will handle all structural loads
exerted during its flight. It will also ensure that it will withstand unintended hard landings and
allow for the launch vehicle to be capable of performing multiple flights, which satisfies the rocket
reusability (vehicle req. 2.6). Prior to selecting Blue Tube 2.0, a trade study was made comparing
other prefabricated 6 in. diameter tubing. Other competitors considered for the body tube material
include: G12 Fiberglass and Weaved Carbon Fiber. A trade matrix was conducted to determine
which material should be selected. Table 4.1.2-1 illustrates the manner in which the scoring was
conducted. Each figure of merit was given a value of importance and each tubing material was
ranked (R) from 3 to 1, where a value of 3 was considered to be the most favorable. Once ranked,
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it was then multiplied by the value of importance, resulting in a weighted value (W), which was
then summed to give a total weighted value for each material. It was found that Carbon Fiber and
Blue Tube 2.0 were ranked the highest. Blue Tube 2.0 was chosen as the final material due to its
increased advantage of cost effectiveness.
Table 4.1.2-1: Body tube trade matrix used determine selection.

4.1.3 Module 1
Module 1 is the forward most sub-section of the launch vehicle. As previously mentioned, Module
1 will consist of the nose cone and observation bay. While the nose cone will be made out of 3-D
printed PLA, the observation bay will be made of Blue Tube 2.0. Module 1 will be designed to
separate from Module 2 during deployment of the main parachute and will be tethered to Module
2 to ensure that the subsections are recovered together.

4.1.3.1 Nose Cone Design
The nose cone of any rocket is a critical component and directly effects its flight dynamics by
either minimizing drag or inducing it. The design of the nose cone must take into consideration
the velocity at which the launch vehicle travels and its required altitude. To satisfy requirement
2.21.7, the launch vehicle will not exceed Mach 1. The launch vehicle will be flying in subsonic
conditions where rounded nose tips have been found to be more aerodynamic than conical shapes.
A nose cone trade study was performed and deemed that the LD-Haack, also known as the Von
Karman shape, is the ideal candidate due its streamlining effect on aerodynamics properties and
minimization of drag. The shape of this nose cone is pictured in Figure 4.1.3.1-1.
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Figure 4.1.3.1-1 Illustration of the Von Karman (LD-Haack) nose cone shape.

The other nose cone candidates that were taken into consideration were the conical and elliptical
shapes. The decision criteria for the trade study include the drag coefficient, ease of manufacturing,
and volume. This is demonstrated in Table 4.1.3.1-2 where the coefficient of drag was regarded as
the most important criteria.

Table 4.1.3.1-2 Trade Study for various nose cone shapes.
Von Karman (LD
Haack)

Ellipsoid/Elliptical

Conical

Coefficient of drag

0.03

0.06

0.14

Ease of
Manufacturing

Non-geometric shape,
more complex

Moderate

Basic and simple
shape

Volume

174.2 in3

226.2 in3

113.1 in3

Selected Design
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The Von Karman had the lowest drag coefficient at 0.03 while the ellipsoid was slightly higher at
0.06. The Conical shape was the least aerodynamic in subsonic flying conditions with a coefficient
of drag of 0.14. All shapes had acceptable volumes and mass properties except for the conical nose
cone. Despite being slightly more complex in shape, the Von Karman was selected due to its low
drag coefficient.
Each shape was also 3D modeled and CFD analysis was performed. Figure 4.1.3.1-3 depicts the
nose cone candidates in subsonic flying conditions (Mach 0.6).

Figure 4.1.3.1-3 CFD Analysis for the elliptical (left), conical (middle) and the Von Karman
(right) nose cones.

The vectors represent the speed of airflow around the nose cone. Dark blue represents high speed
airflow, green represents moderate, and red represents slow. The Von Karman nose cone had the
highest average speed of airflow indicated by the constant blue vectors. The elliptical nose cone
experienced a slight decrease in air velocity compared to the Von Karman. The conical nose cone
performed the worst as the air around it experienced significant drops in velocity. The analysis
confirmed that the Von Karman shape is the best candidate for the nose cone.
A trade study was also conducted to determine the material of the nose cone. The four candidates
in the trade study include PLA, fiberglass, carbon fiber, and fiberglass reinforced PLA. The
decision criteria for the four materials include their cost, weight, ease of manufacturing, structural
integrity, and availability in Table 4.1.3.1-4.
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Table 4.1.3.1-4 Trade Study for materials to design the Von Karman (LD-Haack).
PLA (3D printed
material)

Fiberglass

Carbon Fiber

PLA Reinforced
with Fiberglass
layer (4oz)

Cost

~$50

$136 (custom
made)

$199.95

~$62

Weight

2.4 lbs

3.55 lbs

3.42 lbs

3.38 lbs

Ease of
manufacturing

Few hours
printing,
moderate time
spent

Store-bought

Store-bought

Design and
printing will be
moderate but
reinforcing it can
become complex

Structural
integrity

Slightly brittle

Strong

Strongest and
stiffest material

Strong and elastic

Availability

On campus

Limited to a
few websites

Currently out
of stock

Purchasing of kits
online

Selected Design



The best valued material was the 3D printed PLA and reinforced with fiberglass through. Carbon
fiber was very expensive and its high strength may be too excessive for this application. Fiberglass
was also expensive and finding a nose cone with the necessary specifications would be difficult,
thus requiring custom fabrication. PLA may be too weak on its own to handle the aerodynamic
loads during flight. Adding fiberglass reinforcement makes it strong enough to meet the mission
requirements. This reinforcement is achieved through vacuum bagging. This process will make
the nose cone extremely versatile, so that it can withstand extreme environments by increasing its
strength.
The nose cone will have a length of 12 in. and a diameter of approximately 6 in. The shoulder
segment to interface with the body tube will be 3 inches in length. To reduce the forward mass of
the launch vehicle, which could negatively affect the center of gravity, the nose cone will be shelled
out with a wall thickness of a 0.25 in.
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4.1.3.2 Observation Bay
To provide visual verification of a proper launch and flight, an observation bay will be
implemented to house a selected camera. The observation bay will be 12 inches in length and will
be part of the sub-section that connects to module 2 via a coupler and nylon shear pins. Half of the
coupler will be epoxied in the bottom half of the observation bay while the other half of the coupler
is exposed. That exposed portion of the coupler will have its opening end sealed by a 0.75 in. thick
plywood bulkhead with a U-bolt attached to it, which will then be tethered to module 2. Once
attached to module 2, nylon shear pins will secure the connection during flight until it comes time
to deploy the main parachute. Although the camera requires little surface area, extra length was
included to better incorporate the length of the nose cone sleeve on one end and to attach the
coupler to the other end. Dimensions will be adjusted after further analysis has been conducted for
the preliminary design. A round 0.25 in. plywood plate will be fixed slightly above the center of
the observation bay in order to house the camera and any required electronics discussed in section
5.4. Directly below this plate, a 1 in. hole will be made where a clear acrylic sheet will carefully
cover the hole to provide a window for the camera’s lens and to streamline the launch vehicle’s
aerodynamic properties. This is illustrated in Figure 4.1.3.2-1 below.

Figure 4.1.3.2-1: Observation bay illustrating the window opening and avionics plate.
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4.1.4 Module 2
Module 2 will be the center section of the launch vehicle and will house all recovery components
of the launch vehicle. This section will be comprised of the main parachute bay, recovery bay, and
drogue parachute bay, respectively. Being that module 2 is the recovery system of the launch
vehicle, it will be tethered to both module 1 and module 3 after both parachutes deploy and to
ensure all sections of the vehicle are recovered. It is for this reason that module 2 is one of the
most important section of the launch vehicle. Careful consideration and recovery analysis will be
conducted to ensure proper launch vehicle recovery and to mitigate potential safety hazards
associated with a ballistic launch vehicle (due to chute deployment failures).

4.1.4.1 Main Parachute Bay
The main parachute bay will be constructed out of Blue Tube 2.0 and will weigh approximately
0.8 lb. It will have a length of 18 in. with an inner and outer diameter of 6.16 in, and 6.00 in.,
respectively. Unlike last year’s project, a piston-style ejection system will not be implemented. It
was determined that adding a piston would add unnecessary weight to the vehicle and that the
black powder ejections charges alone shall suffice in pressurizing the cavity for the deployment of
the main chute. The top end of the main parachute bay will connect to the bottom end of the coupler
attached to the observation bay using nylon shear pins, which will satisfy the recovery system req.
3.8. When the black powder charge detonates, the pressure produced inside the bay will be strong
enough to shear the pins and deploy the main parachute without losing integrity of the tube. The
bottom portion of the main parachute bay will connect to the top half of the recovery bay using
10-32 x 0.75 in. cap screws to ensure attachment throughout the duration of the flight.

4.1.4.2 Recovery Bay
The recovery bay will be constructed out of a 10.5 in. long Blue Tube 2.0 coupler with an inner
and outer diameter of 5.976 in. and 5.835 in., respectively. 0.75 in. plywood bulkheads will cover
each end of the recovery bay and a #516-5/16 in. x 1-0.375 in. x 3-0.75 in. U-bolt will be attached
to each bulkhead using 0.5 in. -10 thread size hex nuts. To keep the recovery bay enclosed, two
threaded rods will go through the bulkheads and run through the inside of the recovery bay where
they will be fastened using hex nuts steel washers at each end. Each bulkhead will support two
charge canisters made out of PVC pipe to hold the black powder needed to deploy both parachutes
at different altitudes. The recovery bay will serve as a coupler between the main parachute bay and
the drogue parachute bay connecting them using 10-32 x 0.75 in. cap screws. It is important to
note that the bulkheads will be experiencing the greatest amount of stress during deployment. Each
bulkhead and U-bolt will undergo stress analysis to ensure they stay intact throughout the
deployment process.
Being an important subsection of module 2, the recovery bay will house the electronics necessary
to ensure the recovery of the launch vehicle. Two altimeters will be attached to a 3-D printed plate
to keep them undamaged. Redundancy is in place to mitigate the failure of an altimeter. Each of
the electronics will have their own power supply that will keep them running throughout the
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launch, which will satisfy vehicle req. 2.4. The avionics plate will go through two centering rings
with slits fixed inside the bay to keep the plate, and more importantly the electronics, in place. A
2 in. collar made out of Blue Tube 2.0 will be attached at the center of the recovery bay where it
will lay flush with the rest of the airframe. Two 0.5 in. diameter holes will be drilled through the
collar and coupler that will allow for the altimeters to be controlled from the outside. Controlling
the flight electronics externally will satisfy the vehicle req. 2.3. Figure 4.1.4.2-1 illustrates the
recovery bay.

Figure 4.1.4.2-1: Recovery bay assembly and dimensions.
4.1.4.3 Drogue Parachute Bay
The drogue parachute bay will be constructed out of the same material as the main parachute bay,
Blue Tube 2.0, and will weigh approximately 0.3 lb without the parachute. It will have a length of
6.0 in. with an inner and outer diameter of 6.00 in. and 6.16 in., respectively. The front section of
the drogue parachute bay will connect to the bottom portion of the recovery bay using 10-32 0.5
in. cap screws. The lower section of the drogue will attach to the payload bay of module 3 with
nylon shear pins, satisfying the use of shear pins for the drogue parachute compartment (recovery
system req. 3.8). This subsection will separate from the payload bay at apogee, where it will deploy
the drogue parachute to reduce the launch vehicle’s descent velocity and will also reduce the
momentum forces that could negatively affect the main parachute deployment.
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4.1.5 Module 3
Module 3 will be the aft most section of the launch vehicle and houses two of the most important
components to complete the payload challenge: the payload bay and the motor bay. Having
selected the rover challenge, the payload bay will hold and secure the rover, whereas the motor
bay will house the motor assembly with the Cesaroni L1115 motor attached. As previously
mentioned, module 3 will be attached to module 2 during launch using nylon shear pins and
tethered to module 2 during recovery.

4.1.5.1 Payload Bay
The payload bay design required the most innovation, and thus will also require adjustments by
the preliminary design. The main consideration is the manner in which the rover shall be deployed
after the launch vehicle touches down. The payload bay has been designed to contain one open
end. The open end will provide a way for the rover to autonomously maneuver out of the bay
despite whatever orientation the launch vehicle will land in. A gyroscope fitted into the payload
bay will further assist the rover to correct proper orientation at landing. Further details on the
gyroscope and rover will be discussed in section 7.1.1.
The payload bay will be constructed out of a 12 in. length Blue Tube 2.0 coupler with an inner
diameter of 5.835 in. and an outer diameter of 5.976 in. On the outside center of the coupler, a
wider 2 in. section of Blue Tube 2.0 will be epoxied to create a collar which will lay flush with the
rest of the airframe. A plywood bulkhead will seal the bottom end of the payload bay to separate
it from the motor bay. A hollowed plywood bulkhead will then be placed at the top end of the
payload bay to allow the rover to exit the vehicle. The hollowed bulkhead will have an inner
diameter of 4.7 in. with a 4.85 in. diameter slot drilled 0.25 in. deep to allow for a 3-D printed PLA
plug to temporarily seal and cover the opening prior to the drogue parachute deployment. The
purpose of the plug is to pressurize the cavity so that the ejection charges will properly ignite and
deploy the drogue chute successfully. Once the drogue chute is deployed, a routing eyebolt (with
no open ends) will be screwed on top of the plug to connect to the drogue chute and allow it to
pull the plug off and keep attached to the vehicle. A U-bolt will then be bolted to the rim of the
hollowed bulkhead to allow one end of the drogue shock cord to connect to it. Figure 4.1.5.1-1
shows the assembly of how the payload bay will look after construction. Stress analysis will be
conducted to ensure that the hollowed bulkhead will support loads experienced throughout all
phases of the vehicle’s flight. Testing will also be done on the closed eyebolt and U-bolt to ensure
the proper selection of the materials and to mitigate potential hazards involved with stress failure.
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Figure 4.1.5.1-1: Payload bay design with hollowed bulkhead.

4.1.5.2 Motor Bay
The motor bay in the launch vehicle design is the aft most section and is purposed to provide an
assembly to mount both the motor and fins. The design process for this section was to determine
the main requirements of each component of the motor bay, which are the motor mount assembly
and fin mounts, and then create an assembly that satisfies all accompanying requirements.
For the motor mount assembly, the first design requirement consideration is to ensure that the
motor will provide an efficient thrust without failure to module 3. Another consideration is to
design the motor mount assembly in a manner that will secure the motor throughout its flight and
avoid friction fitting (satisfying vehicle req. 2.21.6). A secondary requirement is that the motor
must be easily removable in the instance that the motor must be serviced or replaced within a
short timeframe, and thus will ensure that the vehicle must be recoverable and reusable (req.
2.6). This requirement is also the main consideration for the fin attachment method.
To mitigate potential damages to the fins during transportation of the launch vehicle and during
the launch vehicle’s flight, a fin system has been designed so that any damaged parts may be easily
replaced. The attachments for the fin system will be rigid as stipulated by the statement of work.
This will prevent the fins from experiencing any flutter that could lead to instability or structural
failure to any components of module 3.
With all requirements and potential failure modes considered, the motor mount assembly has
been designed as shown in Figure 4.1.5.2-1.
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Figure 4.1.5.2-1: Motor mount assembly with rigid fin attachments.

This assembly will be scaled to fit into the 6 in. diameter motor bay tube made from Blue Tube
2.0, which will contain three evenly cut slits to allow the fins to slide into place and house a
Cesaroni L1115 motor. The fin system includes a total of five centering rings that will be
permanently attached to a 3.11 in. motor mount tube designed to hold a commercial motor casing
similar to that shown in Figure 4.1.5.2-2. This system will allow the transferring of the thrust force
from the motor to the body tube without hindering structural stability and integrity. By increasing
the number of centering rings, which are typically limited to only two rings on most launch
vehicles, the stress loads will be evenly distributed across all five to reduce the force per ring and
will mitigate the likelihood of centering ring failure or shearing of the rings at the body tube and
motor mount attachment points. This satisfies the first motor mount assembly requirement. The
additional spacing between the ends of the motor tube and the aft-most centering rings will allow
for the implementation of a retaining system. This will provide secure mounting of the motor
casing using threaded retainers that can easily and quickly be removed. It will also mitigate the
risk of the motor getting kicked out and avoidance of safety hazards associated with this type of
failure.

Figure 4.1.5.2-2: Commercial motor casing (Cesaroni P75-HS).
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Centering rings 2-5 (1 = foremost, 5 = aft most), are specially designed to serve as a mounting
assembly for the fins as well as load transfer. Shown in Figure 4.1.5.2-3 is the motor mount
assembly partly disassembled to show the fin integration method. Each fin will be manufactured
with a fin rail that will be integrated with the centering rings to ensure the fins will lock in place.
Once inserted, two bolts are passed through centering rings 2 and 5 for each fin and screwed into
the respective fin rail ends. These bolts are highly accessible with the motor mount assembly
removed from the body tube and are the only retainment of the fins, making it possible for quick
replacement of the fins. This allows the interchangeability for various flight characteristics and
performance of quick repairs to any damaged fins. Another design feature is the two slots in the
fin rail that mesh with slots on centering rings 3 and 4. The meshing of the two slots will be a very
precise fit acting as a rigid attachment point. This will restrict the movement of the fins in all
directions reducing vibrations and supporting any loads in flight, satisfying the fin mount
requirements and the last of the motor assembly requirements.

Figure 4.1.5.2-3: Modeling of the fin integration method.

4.1.5.3 Fin Design
The purpose of the fins is to provide the rocket with stability during flight. The fins were designed
to give the rocket the optimal location for center of gravity and center of pressure.

Fin Trade Study
Three different fin designs were considered for the trade study. These designs included grid fins,
trapezoidal fins, and clipped delta fins. The designs were assessed on their stability, weight, ease
of implementation, and reliability. Table 4.1.5.3-1 placed the greatest emphasis on stability and
reliability with a weight factor of three. Ease of implementation was second most important and
had a weight factor of two. Weight was the least important parameter and was unweighted.
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Table 4.1.5.3-1: Fin Design Trade Study
Grid Fins

Trapezoidal

Clipped Delta

6

7

9

4

10

10

4

7

9

4

8

8

42

73

83

Schematic

Stability
(x3)
Reliability
(x3)
Ease of
Implementation
(x2)
Weight
(x1)
Total
(max of 90)
Selected Design



The clipped delta design was selected due to its high score in the trade study. It achieved the highest
score in stability because its swept back shape shifts the center of pressure towards the rear and
away from the center of gravity. This increases the caliber of the rocket. Additionally, the clipped
delta fins are static and fixed to the rocket. The lack of moving parts ensures reliable function for
each launch. Due to its simple geometry, calculations and manufacturing are much easier. The
trapezoidal shape performed slightly worse than the clipped delta. The trapezoidal shape can be
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seen as a modification to the clipped delta but swept forward. Its sweep shifts the center of pressure
slightly forward towards the center of gravity. This results in slightly lower caliber and less
stability for the rocket. The grid fin design performed the poorest in the trade study. Grid fins are
complex and rely on actuators to deploy. This results in significantly lower reliability than fixed
designs. A failure to deploy for a single fin can result in a catastrophic failure. Additionally,
implementation for grid fins require significant and robust electronic and mechanical systems.
Grid fins would not be a viable design for this mission.

Fin Material Trade Study
A trade study was conducted to determine the appropriate material for the fins. Four different
materials were considered for the trade study on Table 4.1.5.3-2. The materials included PLA,
fiberglass, carbon fiber, and a composite of PLA and fiberglass.

Table 4.1.5.3-2: Fin Material Trade Study
PLA

Fiberglass

(Poly Lactic Acid)
Structural
Integrity

Weight

Carbon
Fiber

PLA reinforced
with layer of
fiberglass (4 oz)

Lowest tensile
strength

Moderate tensile
strength

Highest
tensile
strength

Moderate tensile
strength

2.64

2.2

2.0

2.70

45.65

In house estimated
at 100

In house
estimated at
150+

~60.00

Readily Available
at facilities and
CPP, can be
purchased online

Weave and Epoxy
can be purchased
at major hardware
stores and online
distributors

Can be found
online but it
is regulated

Materials found at
facilities, CPP,
online, or major
hardware stores

(lb)
Cost
(USD)
Availability

Selected
Design
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Carbon fiber was the superior material in terms of structural integrity, yet its price was excessive.
Its price did not make it a viable option for the mission. Fiberglass was moderately priced and has
an extensive track record of being used in aerospace applications. However, its manufacturing
process required more man hours than the PLA. PLA was the most cost efficient material of the
candidates and its manufacturing is much less involved. 3D printing allows for the manufacturing
of complex shapes in a very convenient manner. Developing a CAD file and allowing a machine
to print minimizes human involvement and error, and increases reproducibility. However, PLA
alone can be structurally weak by itself. To strengthen PLA, a layer of fiberglass can be added.
During flight, the fins experience aerodynamic load and fin flutter can occur. Because PLA is
structurally weak compared to the other candidates, fin flutter was a concern. The reinforcement
of fiberglass will mitigate flutter experienced by the fins and increase structural integrity. Due to
fiberglass being moderately priced, the reinforcement would only marginally increase the price of
each fin. Due to its reasonable price, cost, and ease of manufacturing, the fins will be constructed
using PLA and fiberglass composite.

Fin Integration
Three fins will be utilized on the rocket to minimize drag and weight. Through-the-wall (TTW)
fins will be implemented to allow for easy repairs and prevent fin shearing during acceleration.
The fins extend past the body tube and connect to the motor mount via a slot in the body tube. An
example of one of these slots is pictured in Figure 4.1.5.3-1.

Figure 4.1.5.3-1: TTW Fin slot on the body tube.

The body tube shrouds the mounting mechanism. Gaps or seams between the fins and body tube
can lead to unwanted drag and turbulence. The design of the fins ensures there are no gaps between
the fins and body tube. The fins contour to the body tube seamlessly. Figure 4.1.5.3-2 is an
isometric view of an assembly containing the fins, centering rings, and motor mount. To add
clarity, the body tube is not pictured.
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Figure 4.1.5.3-2: Through-the-wall fins fixed to centering rings.
The fins are mechanically attached to the end centering rings via bolts. The bolts used are 1/4”-20
threaded with a length of 1.5 inches. The bolts will have a nylon patch added to increase friction
and resist loosening from vibration. The centering rings on the end will have through holes that
will be tapped and threaded to the same specification. The centering rings in the middle will have
notches that interface with notches on the fins. Figure 4.1.5.3-3 gives greater clarity on the notches
and holes on the centering rings and fins.

Figure 4.1.5.3-3: Depiction of notches and threaded holes on centering rings.
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Figure 4.1.5.3-4 depicts the exploded view of the TTW fin assembly. The assembly consists of 3
fins, 4 centering rings, and 6 bolts.

Figure 4.1.5.3-4: Exploded view of TTW fin integration (body tube not pictured).

The final design and dimensions of the fins are shown in figure 4.1.5.3-5

Figure 4.1.5.3-5: Front and side view of the fin with dimensions.
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4.1.5.4 Motor Selection and Justification
The Cesaroni L1115 is currently the top candidate that fulfills the launch requirements for the 41
lb launch vehicle. The Aerotech L1120W is another viable candidate, but is currently not available
for purchase. These motors were simulated on OpenRocket and Excel. They were found to deliver
the payload to approximately 5,280 ft and meet the minimum rail exit velocity of 52 ft/s. The team
chose motors which exceed the apogee altitude requirement to allow for construction flexibility.
The team will further define motor selection as more data becomes available. A trade study of the
two motors can be seen in Table 4.1.5.4-1.

Table 4.1.5.4-1: Trade study for motor selection and justification.
Cesaroni L1115
Motor Cost (x1)
Motor Availability
Casing Cost (x1)

Casing Availability
Advantages

Altitude Estimates

Aerotech L1120W

$259.30

$300.00

Online retail

Currently out of stock

$189.95 (Pro75-4G)

$417.30
(RMS-75/5120
Casing w/ forward seal disk)

Online retail

Limited

Flatter burn slope allowing Shorter burn time means
for better nozzle utilization
better rocket stabilization as
at rail exit
~ 5240 ft.

~ 4900 ft.

~ (5519 ft. - 5650 ft.)

~ (5436 ft. - 5563 ft.)

(OpenRocket)
Altitude Range Estimates
(Excel)
Selected Motor
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According to the OpenRocket model, the Cesaroni L1115 yields a better apogee altitude than the
Aerotech L1120W. At an apogee of 5,240 ft, the estimate is within 0.7% of the intended goal.
However, simulations are not always accurate. Additional computation must be done to aid the
motor selection. An Excel model was made to calculate apogee values for different motors.
According to the Excel calculations in Table 4.1.5.4-4, the calculations reveal that the motors have
sufficient thrust to reach intended altitude, which can be beneficial in case the rocket turns out to
be overweight. The Cesaroni L1115 was more cost efficient than the Aerotech L1120W in regard
to the motor and casing. Availability issues make the Aerotech L1120W less desirable.
Both the Cesarani L1115 and Aerotech L1120W offer a longer burn time and feature a descending
burn slope as shown in the thrust profiles in Figure 4.1.5.4-2.

Figure 4.1.5.4-2 Cesaroni L1115 and Aerotech L1120W thrust profiles.

This descending burn slope infers that drag may reduce as the rocket approaches MECO. However,
it is noted that the Cesaroni L1115 has a flatter burn slope, which provides better nozzle utilization.
The specifications of the Cesaroni are represented in the following Table 4.1.5.4-3.
Table 4.1.5.4 – 3 Cesaroni L1115 specifications.
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Table 4.1.5.4-4 shows the altitude calculations for the Cesaroni L1115 made in Excel. These
calculations show the estimated altitudes for a light launch vehicle and a heavy launch vehicle.
The weight of the “light” launch vehicle was calculated by adding 10% structural mass to the 41
lb OpenRocket model. The “heavy” launch vehicle was calculated by adding an additional 20%
mass onto the OpenRocket model. This method of calculation was used due to the fact that the
mass is not clearly defined at this stage and is expected to change. Calculating an apogee value for
a light and heavy vehicle yielded a range. If the final vehicle weight lies between the light and
heavy vehicle, its calculated apogee can be expected to fall within that range. The total weight
estimate of the rocket including the motor is 52 lb. The drag coefficient used was found to be 0.52
since it conforms with previous team estimates of the rocket body.
However, the excel calculations were not very conservative. Major simplifications and
assumptions were made to make the calculations manageable. The major assumptions made are
that the rocket flies at a constant angle of attack, no wind cases, uniform, constant gravity, and
constant air density. As a result, the rocket motor performance is overestimated. This is confirmed
by the high values for apogee. The validity of these calculations can be tested via sub-scale and
full-scale rocket launches.
Table 4.1.5.4 -4 Cesaroni L1115 motor altitude range for light and heavy launch
vehicle configurations.
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4.2 Major Structural Technical Challenges and Solutions
The Structures sub-team has carefully considered various aspects of the launch vehicle’s build.
The primary goal is to ensure that the launch vehicle will be able to complete its tasked mission
of safely landing, being recoverable, and allowing for the deployment of the rover payload
experiment. Table 4.2-1 outlines some technical challenges and solutions. The team will
constantly update this list throughout the project’s life-cycle when necessary.
Table 4.2-1: Major structural technical challenges and solutions.
Challenges

Solutions

Fin detachment during
flight due to drag
forces

Screws will attach the fins to the motor assembly for added support.
Stress analysis of the fin attachment system will be conducted to
ensure loads will not reduce structural integrity.

Fluttering of fins

Additional centering rings have been added (a total of five) that will
hold fins in place and reduce flutter. Stress analysis will confirm
acceptable levels of fluttering will occur during flight.

Misalignment of fins

A fin jigsaw will be used to properly align fins to the motor
assembly. Key technical personnel will be available to assist team
members during launch vehicle construction to avoid improper
construction. Precise measurements will also be taken to ensure
proper alignment.

U-bolt breaks off of the Thicker plywood bulkheads will be used or structurally reinforced if
avionics and payload
necessary and U-bolts capable of withstanding higher forces will be
bay bulkheads
purchased
Launch vehicle being
under stable or over
stable

The vehicle will be designed to have the CP aft of the CG and each
component properly configured for an appropriate static margin.
Mass properties of the vehicle will be carefully monitored and
communicated to all sub-teams.

The launch vehicle will A Cesaroni L1115 will provide enough thrust to carry the launch
be limited to a single
vehicle to an apogee of 5,280 feet. A second motor will not be
stage
needed nor be used in the future.
The launch vehicle will The launch vehicle will be made of Blue Tube 2.0 capable of
need to be reusable
withstanding hard landings and drag forces. The Structures sub-team
has been tasked to ensure structural stability will be sustained
throughout all phases of the launch vehicle’s flight.
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4.3 Vehicle Requirements Traceability Matrix
All requirements as listed in the statement of work are listed below with their accompanying
design description. Table 6.8-1 outlines the technical manner in which the team will ensure that
all requirements for the launch vehicle system will be met. The specific section in the report that
describes the engineering plan to meet the requirement is referenced on the right edge of the
table.
Table 4.3-1: Vehicle requirements traceability matrix.
Vehicle Requirement

Design Requirement

Section

REQ#

Description

2.1

The vehicle will deliver the payload
to an apogee altitude of 5,280 feet
above ground level (AGL).

OpenRocket simulations and
other calculations will be used
to make sure the correct motor
will be selected.

6.6

2.2

The vehicle will carry one
commercially available, barometric
altimeter for recording the official
altitude used in determining the
altitude award winner.

A PerfectFlite StratoLogger CF
altimeter will be used to record
the altitude of the launch
vehicle.

5.3

2.3

Each altimeter will be armed by a
dedicated arming switch that is
accessible from the exterior of the
rocket airframe when the rocket is in
the launch configuration on the
launch pad.

The altimeter will be accessible
from the outside of the launch
vehicle via arming switch.

4.1.4.2

2.4

Each altimeter will have a dedicated
power supply

Each altimeter will be powered
by a 9V battery.

5.3

2.5

Each arming switch will be capable
of being locked in the ON position
for launch (i.e. cannot be disarmed
due to flight forces).

The arming switch will be
strong enough to withstand the
flight forces without switching
to OFF.

5.3
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2.6

The launch vehicle will be designed
to be recoverable and reusable.
Reusable is defined as being able to
launch again on the same day without
repairs or modifications.

The launch vehicle will be
4.1.2
strong enough to withstand
launch, flight and landing forces
without receiving any damage.
The launch vehicle will also
have parachutes to slow the
launch vehicle so it lands with
each section below the
maximum kinetic energy
required.

2.7

The launch vehicle will have a
maximum of four (4) independent
sections. An independent section is
defined as a section that is either
tethered to the main vehicle or is
recovered separately from the main
vehicle using its own parachute.

The launch vehicle will have
four independent sections
consisting of the nose cone,
observation bay, avionics bay,
and the rest of the launch
vehicle which contains the
payload and motor bays.

4.1

2.8

The launch vehicle will be limited to
a single stage

The launch vehicle will be
designed to reach the target
apogee altitude with only a
single stage through engine
choice and rocket design.

4.1.5.4

2.9

The launch vehicle will be capable of
being prepared for flight at the
launch site within 3 hours of the time
the Federal Aviation Administration
flight waiver opens

The launch vehicle will be
prepared to fly within three
hours by the team once all
components of the launch
vehicle is ready and attached.

TBD

2.10

The launch vehicle will be capable of
remaining in launch-ready
configuration at the pad for a
minimum of 1 hour without losing
the functionality of any critical onboard components.

The launch vehicle will be able
to remain in launch-ready
configuration by making sure
the power supplies being used
will be able to power critical
on-board components for as
long as possible.

TBD

2.11

The launch vehicle will be capable of
being launched by a standard 12-volt

The launch vehicle will be
compatible with being launched

4.1.5.4
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direct current firing system. The
firing system will be provided by the
NASA-designated Range Services
Provider.

via 12-volt direct current firing
system.

2.12

The launch vehicle will require no
external circuitry or special ground
support equipment to initiate launch
(other than what is provided by
Range Services).

The launch vehicle will be
designed to not require any
other equipment than the ones
provided by Range Services.

2.13

The launch vehicle will 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 launch vehicle will be using 4.1.5.4
a Cesaroni L1115 which is
NAR, TRA, and CAR certified.

2.13.1

Final motor choices must be made by The final motor choice will be
the Critical Design Review (CDR).
made by the Critical Design
Review (CDR).

2.13.2

Any motor changes after CDR must
be approved by the NASA Range
Safety Officer (RSO), and will only
be approved if the change is for the
sole purpose of increasing the safety

4.1.5.4

TBD

Any changes to the motor
TBD
choice after will be approved by
the RSO and the change will
only be for safety purposes.

margin.
2.14

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

Pressure vessels will be made to TBD
be under the required amount of
pressure to ensure its approval
by the RSO.

2.14.1

The minimum factor of safety (Burst
or Ultimate pressure versus Max

The pressure vessel will have a
minimum factor of safety of 4:1

TBD
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Expected Operating Pressure) will be
4:1 with supporting design
documentation included in all
milestone reviews.

(Burst or Ultimate pressure
versus Max Expected Operating
Pressure).

2.14.2

Each pressure vessel will include a
pressure relief valve that sees the full
pressure of the valve that is capable
of withstanding the maximum
pressure and flow rate of the tank.

Each pressure vessel will
include a pressure relief valve
that will see the full pressure of
the valve that is capable of
withstanding the maximum
pressure and flow rate of tank.

2.14.3

Full pedigree of the tank will be
described, including the application
for which the tank was designed, and
the history of the tank, including the
number of pressure cycles put on the
tank,

The full pedigree of the tank
4.1.3,
will be described, including the 4.1.4,
application, history, and number 4.1.5
of cycles by whom, and when of
the tank.

TBD

by whom, and when.
2.15

The total impulse provided by a
College and/or University launch
vehicle will not exceed 5,120
Newton-seconds (L-class).

Cesaroni L1115 with a total
impulse of 5015 Newtonseconds.

4.1.5.4

2.16

The launch vehicle will have a
minimum static stability margin of
2.0 at the point of rail exit.

The launch vehicle will be
4.1.1
designed to have a static
stability margin of at least 2.0 at
the point of rail exit.

2.17

The launch vehicle will accelerate to
a minimum velocity of 52 fps at rail
exit.

The launch vehicle will be
4.1.5.4
designed and have an engine
that will meet and exceed the
minimum rail exit velocity of 52
ft/s.
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2.18

All teams will successfully launch
and recover a subscale model of their
rocket prior to CDR. Subscales are
not required to be high power
rockets.

The team will design a subscale
model that will be launched and
recovered prior to CDR.

9.1

2.18.1

The subscale model should resemble
and perform as similarly as possible
to the full-scale model, however, the
full-scale will not be used as the
subscale model.

The subscale model will
resemble and perform as much
as the full-scale model but the
full-scale model will not be
used as the subscale model.

TBD

2.18.2

The subscale model will carry an
altimeter capable of reporting the
model’s apogee altitude.

The sub-scale model will have
an altimeter capable of
reporting the subscale models
altitude.

TBD

2.19

All teams will successfully launch
and recover their full-scale rocket
prior to FRR in its final flight
configuration. The rocket flown at
FRR must be the same rocket to be
flown on launch day.

The team will launch and
recover the full-scale rocket
prior to FRR to test and
configure the rocket to meet the
design needs.

9.1

2.19.1

The vehicle and recovery system will
have functioned as designed.

The vehicle and recovery
system will function as it was
designed.

TBD

2.19.2

The payload does not have to be
flown during the full-scale test flight.
The following requirements still
apply:

The following requirements will TBD
be met.

2.19.2.1

If the payload is not flown, mass
simulators will be used to simulate
the payload mass.

If the rover cannot be integrated TBD
into the sub-scale model, a mass
simulator will be used in its
place.
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2.19.2.1.1 The mass simulators will be located
in the same approximate location on
the rocket as the missing payload
mass.

The mass simulators will be in
the approximate location on the
rocket as the missing rover
mass.

TBD

2.19.3

If the payload changes the external
surfaces of the rocket (such as with
camera housings or external probes)
or manages the total energy of the
vehicle, those systems will be active
during the full-scale demonstration
flight.

If the payload changes any the
external surfaces of the rocket
or manages the total energy of
the vehicle, then these systems
will be active during full-scale
demonstration flight.

TBD

2.19.4

The full-scale motor does not have to
be flown during the full-scale test
flight. However, it is recommended
that the full-scale motor be used to
demonstrate full flight readiness and
altitude verification. If the full-scale
motor is not flown during the fullscale flight, it is desired that the
motor simulates, as closely as
possible, the predicted maximum
velocity and maximum acceleration
of the launch day flight.

If the full-scale motor is not
flown during the full-scale
flight, a motor that will closely
simulate the predicted
maximum velocity and
acceleration of the launch day
flight will be used in its place.

TBD

2.19.5

The vehicle must be flown in its fully The vehicle will be flown in its
ballasted configuration during the
fully ballasted configuration
full-scale test flight.
during the full-scale test flight.
Additional ballast will not be
Fully ballasted refers to the same
added without re-flight of the
amount of ballast that will be flown
full-scale launch vehicle.
during the launch day flight.
Additional ballast may not be added
without a re-flight of the full-scale
launch vehicle.

TBD

2.19.6

After successfully completing the
full-scale demonstration flight, the
launch vehicle or any of its
components will not be modified

TBD

After completing the full-scale
demonstration flight, no part of
the launch vehicle or
components will be modified
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without the concurrence of the
NASA Range Safety Officer (RSO).

without concurrence of the
NASA Range Safety Officer
(RSO).

2.19.7

Full scale flights must be completed
by the start of FRRs (March 6th,
2018). If the Student Launch office
determines that a re-flight is
necessary, then an extension to
March 28th, 2018 will be granted.
This extension is only valid for reflights; not first-time flights.

Full-scale flights will be
completed by the start of FRRs.

9.1

2.20

Any structural protuberance on the
rocket will be located aft of the
burnout center of gravity

Only the fins will protrude from
the rocket.

4.1.5.1

2.21

Vehicle Prohibitions:

The launch vehicle will meet
the prohibition requirements.

N/A

2.21.1

The launch vehicle will not utilize
forward canards.

Forward canards will not be
used.

4.1.1

2.21.2

The launch vehicle will not utilize
forward firing motors.

Forward firing motors will not
be used.

4.1.5.4

2.21.3

The launch vehicle will not utilize
motors that expel titanium sponges
(Sparky, Skidmark,

Motors that expel titanium
sponges will not be used.

4.1.5.4

MetalStorm, etc.).
2.21.4

The launch vehicle will not utilize
hybrid motors.

Hybrid motors will not be used.

4.1.5.4

2.21.5

The launch vehicle will not utilize a
cluster of motors.

A cluster of motors will not be
used.

4.1.5.4
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2.21.6

The launch vehicle will not utilize
friction fitting for motors.

The launch vehicle will not
have friction fitting for motors.

4.1.5.2

2.21.7

The launch vehicle will not exceed
Mach 1 at any point during flight.

The launch vehicle will not
exceed Mach 1 at any point in
flight.

4.1.5.4

2.21.8

Vehicle ballast will not exceed 10%
of the total weight of the rocket.

No ballast has been included
thus far in the design, but if
utilized in the future, it will not
exceed 10% of total launch
vehicle weight.

TBD

5.0 Technical Design: Avionics
5.1 Avionics Description
All avionics of the launch vehicle will be broken into 3 components: observation bay, recovery
bay, and payload bay. The observation bay will house the Arducam OV5647 camera to provide
visual analysis after every launch. The recovery bay will house two PerfectFlite StratoLogger CF
altimeters and the Eggfinder GPS along with their own battery supplies. Lastly, the payload bay
will house the rover and all electronics required to deploy the rover. In the sections to follow, only
the avionics of the observation bay and recovery bay will be discussed, whereas the payload bay’s
avionics will be discussed in section 7.1.2.

5.2 Avionics Trade Studies
The purpose of the avionics is to track the altitude of the rocket, deploy the parachutes during
flight, and locate the rocket. Altimeters and GPS systems are critical components of the avionics.
Altimeters record telemetry during flight and initiate parachute deployment at the appropriate
altitude. GPS Systems record the coordinates of the rocket and assist in finding its location after
touchdown.

5.2.1 Altimeter Trade Study
Because there are two parachutes on the rocket, dual deployment altimeters will be used for the
mission. The altimeters selected for the trade study are the Missile Works RRC2+, Missile Works
RRC3, and PerfectFlite StratoLogger CF. The Missile Works RRC2+ has the simplest interface
and operating procedure out of the three. It is programmable via DIP switches located directly on
the board. It has the capability of deploying the main parachute at preprogrammed altitudes at 300,
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500, 800, or 1000 feet AGL. The Missile Works RRC3 is an upgrade from the RRC2+ due to its
added features. It has a programmable auxiliary output which allows for real time data streaming.
Its sophisticated features result in a higher price tag. The PerfectFlite StratoLogger CF is the
smallest of the three altimeters at around the size of two postage stamps. It is able to collect
information such as altitude, temperature, and battery voltage during flight. The data can then be
downloaded onto a computer. Peak altitude and maximum velocity can be reported directly from
the board via a sequence of beeps. A built-in voltmeter assesses battery health on startup to prevent
battery failures mid-flight.
A comparison of the three altimeters can be seen on the trade study in Table 5.2.1-1
Table 5.2.1-1: Altimeter trade study.
Missile Works
RRC2+

Missile Works
RRC3

PerfectFlite
StratoLogger CF

$49.99

$72.99

$57.50

Reports post flight
peak altitude only

Timestamp, altitude,
velocity, temperature,
events (at 20Hz for
altitude/velocity and
1Hz for
temperature/battery
voltage)

Altitude, temperature,
and battery voltage at
20Hz

N/A

15 flights at 28
minutes each

16 flights at 18
minutes each

Range is
programmable by
user- specifics not
available on website

Range of 100 feet 9,999 feet at 1 foot
increments

Price
Data Recording
Capabilities

Data Storage

Main Chute
Preprogrammed at
Deployment altitude 300, 500, 800, or
capabilities
1,000 feet
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5.2.2 GPS Trade Study
The GPS tracking systems selected as candidates for the trade study include the Eggfinder,
TeleGPS, and Telemetrum. The Eggfinder is a low-cost tracking system that streams GPS/RF data
from the rocket to a ground device in real time. It is compatible with cell phones, computers, etc.
The transmitter operates on the license free 900 MHz band so there are no monthly fees. It can be
used in conjunction with mapping software to locate a rocket with ease. The TeleGPS acts as a
GPS tracker and logger. Unlike the Eggfinder, it requires a HAM radio call sign for use in the
USA. Proprietary software that comes with the unit is used to communicate with the hardware. In
order for the TeleGPS to send data to a phone or computer, a TeleDongle must be purchased.
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Telemetrum is a complete flight computer incorporating a barometric recording altimeter,
accelerometer, telemetry transmitter, and a GPS tracker. Just like the TeleGPS, it requires a HAM
radio callsign. The included software AltosUI is able to generate KML files for viewing flights in
Google Earth. A TeleDongle Starter set is required to act as a ground station.
A comparison of the three GPS systems can be seen in Table 5.2.2-1.
Table 5.2.2-1: GPS trade study.
Eggfinder
Cost

Under $100 for
whole kit

TeleGPS

Telemetrum

$214 (TeleGPS)

$321(Telemetrum)

+ $107 (TeleDongle)

+ $107 (TeleDongle)

+ HAM Radio license + HAM Radio license
Ease of Integration

Hardware can be
upgradeable, Good

Requires licensing,

Requires licensing,

Good software

Superior software

software
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5.3 Recovery Bay Avionics
5.3.1 Altimeters
A total of two altimeters are required for the recovery system to meet requirement 3.6. One will
act as the primary altimeter that will initiate ejection charges for the drogue and main parachute.
The secondary altimeter acts as a redundant unit and will initiate secondary charges in case of
deployment failures. One of the altimeters will be selected as the official altimeter for the
competition.
The altimeters chosen for the recovery system are two PerfectFlite StratoLogger CF’s. The
StratoLogger CF was chosen due to its great value and proven track record. It is regarded as one
of the most reliable altimeters on the market. The Cal Poly Pomona UMBRA NSL teams in the
past have used the StratoLogger and have had many successful launches. If technical issues arise,
there are many people on campus who can assist in troubleshooting. Despite having a low-price,
it still is able to record vital data such as altitude, temperature, and battery voltage at 20 Hz. Its
recording time is more than adequate for the required launches; flight time is expected to be less
than two minutes. Lastly, it has a very small footprint at the size of 2 postage stamps. Each
StratoLogger CF will have its own dedicated power supply (9 volt battery) and each will have its
own arming switch. The arming switches prevent accidental turn offs and increase accessibility.
The StratoLogger CF can be seen in Figure 5.3.1-1.
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Figure 5.3.1-1: PerfectFlite StratoLogger CF
5.3.2 GPS System
The GPS system will give aid in locating the rocket after flight. A major concern is that the launch
vehicle may drift very far from the launch site. GPS systems are necessary when visual contact
with the rocket is lost.
The GPS system that will be used in the recovery system is the Eggfinder GPS. It was selected due
to its low price and its simplicity. Other GPS systems require the purchase of separate components
to become functional. The Eggfinder is sold as a kit and does not require any kind of special
licensing. The data from the GPS module can be fed in real time to a computer. It consists of 2
kits: the RX receiver module and TX transmitter module. The RX module plugs into a computer
via USB and turns on automatically. Once the GPS data has been recorded, the information can be
put into free software such as Google Earth to map the flight path. The TX module is placed in the
recovery sled and powered by a 7.4V LiPo battery. It is very lightweight at only 0.71 ounces. The
TX and RX module can be seen in figure 5.3.2-1

Figure 5.3.2-1: Eggfinder RX module (above) and TX module (below).
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5.4 Observation Bay Avionics
After comparing the three cameras by their metric unit specifications in Table 5.4-1 below, the
Arducam OV5647 was selected as the camera for this project. The Arducam OV5647 has similar
specifications to the other cameras excluding weight and price. Although it is the heaviest
camera out of the three compared, it offers similar video modes and still resolutions for a lower
price when taking the price of the computer board into consideration. The small size, low weight,
and the ability to support video modes similar to those of higher priced cameras make the
Arducam OV5647 the most appropriate camera for this project.
Table 5.4-1: Camera trade study.
Camera

Banana Pi
Camera Module

Raspberry Pi Camera
Module V2

Arducam
OV5647

Dimensions

36mm x 32mm x
10mm

25mm x 23mm x 9mm

25mm x 24mm

Weight

5g

3g

8.5g

Video Modes
(maximum)

1080p30

1080p30

1080p30

Still Resolution

5MP

8MP

5MP

Price (not including
computer board)

$14.25

$29.45

$14.99

Computer Board

Banana Pi Pro

Any Raspberry Pi
Platform

Any Raspberry Pi
Platform

Computer Board Prices

Banana Pi Pro
($47.99)

Raspberry Pi 3
($35.00)

Raspberry Pi 3
($35.00)
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*Note: Metric units are used for ease of manufacturer specification comparisons.
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The Arducam OV5647 shown in Figure 5.4-1 is a 25mm x 24mm camera that weighs 8.5 grams,
and is compatible with any Raspberry Pi Platform. It supports 1080p30, 720p60, and
640x480p60/90 video, and has a 5 megapixel resolution sensor. The camera can also capture still
pictures with a resolution of 2592 x 1944 pixels, and has a fixed-focus lens.

Figure 5.4-1: Arducam OV5647

5.5 Major Avionics Technical Challenges and Solutions
Due to the sensitive nature of all on-board electrical components of the launch vehicle, careful
consideration must be placed on the types of challenges that may arise. Some challenges have
been considered throughout the phase of this report and are listed but not limited to the list in
Table 5.5-1. This list is expected to increase as additional issues are posed throughout the eightmonth life-cycle of the project. Additional technical challenges and solutions that concern some
of the avionics integrated for the payload experiment are listed in section 7.2.
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Table 5.5-1 Avionics Technical Challenges and Solutions
Challenges

Solutions

Communication of the GPS system to the
ground station.

Integrating a commercial GPS system with a
commercial transmitter as back up.

Tracking vehicle position to verify proper
main parachute deployment to keep the
launch vehicle within required radius in
unknown wind conditions and launch
positions.

Track GPS system data in close to real time
and have the system determine the best time
to deploy the parachute to meet the
maximum kinetic energy and to not exceed
the drift radius.

Survivability of electronics.

Create electronics bays that are durable and
shock absorbent with room for small
flexibilities in wiring.

Reliability of power sources for all
electronics.

All necessary batteries will be provided by
either Energizer or Duracell; name-brands
of which have an outstanding track record
for maintaining avionics during consecutive
high-powered rocketry flying.

Optimal placement of the GPS transmitter
with regards to the possibility of
interference with other electronics.

Separating GPS transmitter to minimize
possible interference between other
electronics by assessing various placements
by the preliminary design.

Programming of all avionics for successful Follow a logical, progressive sequence of
performance on launch day.
testing. Ensure redundancies are also
functional. Then test some more.

6.0 Technical Design: Recovery System
6.1 Drogue Parachute Design
The main role of the drogue parachute is to stabilize the rocket during descent. It will be deployed
immediately after apogee at 5,280 ft. In order to minimize the amount of drift due to wind, the
drogue will allow the rocket to descend at a rate of 75 ft/s until the main parachute deploys.
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6.1.1 Drogue Parachute Trade Study
The four parachute designs considered for the drogue include the cruciform, ribbon canopy,
toroidal, and hemispherical shapes. The trade study in Table 6.1.1-1 assessed the designs based on
drag coefficient, stabilization, stowing capability, and ease of manufacturing.
Table 6.1.1-1 Drogue parachute trade study.
Cruciform/
Cross

Ribbon Canopy

Toroidal

Hemispherical

Coefficient of
Drag (x2)

7

5

10

7

Stabilization
(x3)

8

7

7

2

Stowing
Capability (x2)

7

2

5

6

Ease of
Manufacturing

6

1

6

8

Total

58

36

57

40

Top View

(max of 80)
Selected Design



The cross design will be used for the drogue parachute due to its high score on the trade study. In
particular, it excelled in stabilization and stowing capabilities. Conversely, the ribbon canopy
design did poorly in this study due to its intricate design and complications. The ribbon canopy
design carries the risk of getting tangled during stowing and deployment. It performed the worst
out of all the candidates. The toroidal design came in second place in this study. Despite being on
the higher end of the coefficient of drag, it was outperformed in stabilization and stowing
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capabilities by the cross design. The hemispherical design had a high coefficient of drag and was
the easiest to manufacturer out of the four, but was inadequate in stabilization. Lack of stabilization
could result in a loss of the payload experiment.

6.1.2 Drogue Parachute Dimensions
To get the desired descent rate of 75 ft/s after apogee, the area of the drogue parachute must be
optimized. The area of the parachute can be determined with the following relationships. While in
descent, there are only two forces affecting the rocket.
𝛴𝛴𝛴𝛴 = 𝑚𝑚𝑚𝑚 = 𝐷𝐷 + 𝑊𝑊 = 0

(Eq. 1)

Where m is the mass of the rocket; a is acceleration; D is the drag force; and W is the weight of
the rocket. The weight of the rocket can be rewritten in the following expression:
𝑊𝑊 = 𝑚𝑚𝑚𝑚

(Eq. 2)

Where g is acceleration due to gravity; g = 32.2 ft/s2 . The drag force can be found using the
following expression:
1

𝐷𝐷 = 2 𝜌𝜌𝑣𝑣 2 𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒 𝐶𝐶𝑑𝑑

(Eq. 3)

Where, Cd is the coefficient of drag of the parachute; 𝜌𝜌 is the density at sea level; 𝜌𝜌= 0.002377
slug/ft3; Aeff is the effective area of the parachute; and V is the desired descent velocity. Combining
Equation 2 and 3 produces the following expression:
𝑚𝑚×𝑔𝑔

𝐶𝐶𝑑𝑑 = 0.5×𝜌𝜌×𝑉𝑉 2 𝐴𝐴

𝑒𝑒𝑒𝑒𝑒𝑒

(Eq. 4)

Equation 4 can be rewritten to solve for effective area. The effective area for a cross parachute
with identically shaped gores can be expressed by:
𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒 = 2𝑎𝑎𝑎𝑎 − 𝑎𝑎2

(Eq. 5)

Where a is the thickness of the gore; and b is the length of the gore (seen in Figure 6.1.2-1).
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Figure 6.1.2-1: Dimensions of cross parachute in terms of a and b.

The coefficient of drag for a cross shaped parachute generally lies within the range of 0.6-0.85.
Substituting in 0.6 for the drag coefficient and the desired descent rate of 75 ft/s into Equation 4,
the Aeff for the drogue parachute becomes 11.3 ft2. Parachute drop tests will be scheduled to test
the validity of these calculations.

6.1.3 Drogue Parachute Materials
The drogue parachute will be constructed by the students of Cal Poly Pomona using Mil-spec 1.1
oz ripstop nylon. This nylon fabric was chosen instead of silk and terylene for its low weight. In
addition, it is more durable and affordable as shown in the trade study below in Table 6.1.3-1.
Using ripstop nylon will help prevent tears and will stop them from spreading if they do occur.
The seams connecting the gores will be sewn twice to increase the durability of the parachute. The
shroud lines and bridle will also be made out of nylon material. The shroud lines will have a tensile
strength of about 400 lb. Each will be attached to parachute using an extra nylon ribbon and will
be sewn twice. This will ensure that the lines are strong and secured. The bridle will be sewn three
separate times to add strength and it will also be attached via a barrel swivel to prevent the
parachute from twisting easily.
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Table 6.1.3-1: Drogue parachute trade study for fabrics.
Nylon

Silk

Terylene

Cost

$4.40/yard

$29.98/yard

$6.25/yard

Weight

1.1 oz/yd2

1.75 oz/yd2

1.1 oz/yd2

Light, elastic, and
strong

Light and strong

Very strong and heat
resistant

Structural integrity

Selected Design



6.2 Main Parachute Design
The purpose of the main parachute is to safely land the components of the rocket under the 75 ftlbf of kinetic energy requirement. In addition, the recovery area is limited to a radius of 2,500 ft
away from the launch pad. To minimize wind drift and abide by the maximum kinetic energy
requirement, the main parachute will be deployed at an altitude of 300 ft. This value was found to
be slightly lower than usual and will be adjusted after calculations are further evaluated and
recovery system testing has been completed. Confirmation of the drag coefficient of the chute will
improve the accuracy of the selected main chute deployment altitude.

6.2.1 Main Parachute Trade Study
The three parachute designs considered for the main chute trade study include the cruciform,
toroidal, and hemispherical shape. For this trade study, more emphasis was placed on the design’s
ability to slow the rocket down and stabilize it for landing. As a result, the drag coefficient and
stabilization criteria have a weight factor of 3 while stowing capability only has a weight factor of
1.
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Table 6.2.1-1: Main parachute trade study.
Cross

Toroidal

Hemispherical

Coefficient of
Drag (x3)

7

10

7

Stabilization
(x3)

8

7

2

Stowing
Capability (x1)

7

5

6

Total

52

56

33

(max of 70)
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The Toroidal shape will be used for the main parachute due its high score in the trade study. Its
high drag coefficient ensures the rocket will decelerate to meet the maximum kinetic energy
requirement. Favorable stabilization capabilities prevent unwanted oscillation during descent.
Despite having better stabilization, the cross design was removed to its lower drag coefficient.
While the hemispherical design had an acceptable drag coefficient, its inability to stabilize the
rocket during descent resulted in a poor score.

6.2.2 Main Parachute Dimensions
Each component of the launch vehicle must land under a maximum kinetic energy of 75 ft-lbf.
According to the following relationships, the heaviest section of the rocket will have the highest
kinetic energy. Additionally, the following relationships will be used to calculate the area of the
parachute needed to minimize the kinetic energy of the heaviest section:
1

𝐾𝐾𝐾𝐾 = 2 𝑚𝑚𝑣𝑣 2

(Eq. 6)

where KE is the kinetic energy of the rocket. Rewriting Equation 4 allows for the computation of
effective area:
2×𝑔𝑔×𝑚𝑚

𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒 = 𝜌𝜌×𝐶𝐶

𝑑𝑑 ×𝑣𝑣

2

(Eq. 7)
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The section of the launch vehicle that will contribute to most of its mass properties is the motor
bay with a mass of 0.64 slugs. The maximum kinetic energy this section may sustain during landing
is 75 ft-lbf. Equation 6 allows for the computation of the desired descent rate using the main
parachute. To satisfy the kinetic energy requirement, the main parachute must decelerate the
payload bay to 13.6 ft/s. Inputting the descent rate of 13.6 ft/s and the total mass of the rocket (1.41
slugs) into Equation 7 yields an effective area of 94.1 ft2. This is the minimum area required to
meet the 75 ft-lbf kinetic energy requirement. To increase the chances of success, a larger
parachute is desired. Parachute drop tests will be conducted in the future to analyze the validity of
these calculations. Recovery tests will also be conducted prior to any sub-scale and full-scale
launches to ensure that the parachute system will work accordingly.

6.2.3 Main Parachute Materials
The main parachute will also be constructed with the same materials as the drogue parachute. The
team will be using Mil-spec 1.1 oz ripstop nylon for the canopy. Each of the gores will be sewn to
each other twice. As previously mentioned, this fabric was chosen because it is durable,
lightweight, strong, cost efficient, and has favorable elastic properties. It costs $4.40/yard as shown
in the trade study for the drogue parachute (Table 6.1.3-1). The nylon shroud lines will be sewn
twice to a nylon strip, which will then be sewn twice onto the parachute. A ball bearing swivel will
be used at the end of the parachute to mitigate lines twisting. This will make the parachute more
stable during descent.

6.2.4 Parachute Packing
The drogue and the main parachute of the launch vehicle will be packed in the same manner. This
packing method is used in applications where a parachute needs to deploy rapidly. A checklist
complete with diagrams will be made to ensure reproducibility when stowing the parachute. This
will eliminate any packing deviances and discrepancies that could potentially hinder recovery
system test data. The method for packing the parachutes is outlined:
1. Each parachute will be extended to its fullest length.
2. Pick up shroud lines with both hands, start from the bridle and walk backwards towards
the canopy, untangling the lines while walking backwards.
3. Once all the lines are untangled, starting back the bridle pick up the first two lines (one in
each hand) then walk backwards towards the canopy. Extend the parachute to check for
tangles.
4. Fold the parachute to get all sides one by one until the canopy is folded into half panel,
making sure all the lines are stacked evenly.
5. Carefully “S” fold the lines on top of the canopy ending towards the bridle.
6. “S” fold the canopy over the lines, approximately the size of the compartment
7. Each parachute will then be attached to U-bolts using a quick link onto the avionics bay.
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8. The shock cords connecting each module will have a 24 in. Nomex parachute for protection
from ejection charge gases. The Nomex protector will have a button-hole slot on one
corner. The shock cord is then attached through this slot. Then, push the chute protector
down into the body tube.
9. Ensure that Nomex protector is properly placed and then pack the parachutes carefully, and
not too tightly, tucked into its separate compartments.
6.2.5 Trajectory Sequence
The recovery system for the launch vehicle will consist of a dual deployment system to ensure that
the launch vehicle will land safely and will be reusable. Once the launch vehicle reaches an altitude
of 5,280 ft, the drogue parachute will deploy promptly. To avoid drifting, the main parachute will
then deploy at 300 ft (subject to change after testing verification). The recovery procedure is shown
below in Table 6.2.5-1 with a diagram in Figure 6.2.5-1. Both deployments will have a second
black powder charge about 3 seconds after the initial charge as a precaution.

Figure 6.2.5-1: Overview of the recovery system trajectory sequence.
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Table 6.2.5-1: Recovery events and procedures.
Event

Altitude

Phase

Description

1

5,280 ft.

Drogue
Deployment

The drogue parachute will deploy at apogee via black
powder charge and separate the payload bay from the
upper section of the launch vehicle while all still being
attached by a shock cord.

2

300 ft.

Main
Deployment

The main parachute will deploy at an altitude of 300 ft
through a black powder charge. This deployment will
then separate the observation bay from the rest of the
launch vehicle while still being held together by a
shock cord.

3

0 ft.

Touchdown

The deployment of the main parachute will assure that
the rocket will not exceed 75 ft-lbf of kinetic energy
when landing. The descent speed will be approximately
13 ft/s.

6.3. Ejection Design
6.3.1 Ejection Design Overview
The purpose of the ejection system is to deploy the drogue and main parachute during flight. Black
powder charges will be used to initiate ejection. In order to drive the drogue and main parachute
out of their bays, sufficient black powder must be used. In addition, the ejection charges must
overcome the force needed to separate the shear ties holding the modules together. The black
powder is ignited by the altimeter during apogee for the drogue and a specified altitude for the
main. Each parachute will have redundancy in place with back-up charges for a total of 2 charges
each. In the event of an emergency, the back-up charge will be triggered by a secondary altimeter
2 or 3 seconds after the initial charge. The placement of the black powder charges for the drogue
on the avionics bay can be seen in Figure 6.3.1-1. The bottom side of the avionics bay contains a
set of black powder charges for the main (not pictured in Figure 6.3.1-1).
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Figure 6.3.1-1: Avionics bay and placement of black powder charges.
The black powder will be stored in PVC mortars and capped to prevent spilling during flight. A
Nomex fire resistant blanket will be used to separate the parachute and the black powder charges.
This will prevent the parachutes from catching fire during ejection. Handling of the black powder
charges will be provided by the team’s mentor, Rick. Team members will only be responsible for
determining the amount of black powder needed. Once calculated, the amount will be validated by
Rick and adjusted as necessary. Figure 6.3.1-2 is a cross sectional view adding clarity to the
deployment system.
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Figure 6.3.1-2: Diagram of ejection system for drogue parachute.

6.4 Major Recovery Technical Challenges and Solutions
The major technical challenges for the recovery system have been assessed and outlined by their
accompanying solutions. The Aerodynamics sub-team will continuously update this list when
necessary. These challenges and solutions include but are not limited to:
Table 6.4-1: Major recovery technical challenges and solutions.
Challenges

Solutions

Loss of power to altimeters due to battery
disconnect

Battery contacts will be oriented and secured
to prevent disconnect during acceleration

Altimeter settings can change via switch
movement during acceleration

Electronics with rotary switches will be used.
Use of DIP switches will be kept to a
minimum. Those are that are used will be
secured

Ejection charge does not properly deploy
drogue or main parachute during launch

Black powder charge will be optimized via a
series of ground tests
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Shock cords can tear leading to unstable
descent

Parachute gores and shock cords will be
visually inspected before each flight

Parachute gets tangled during ejection

A standard operating procedure will be made
for properly folding and stowing the parachute

Ejection charge ignites the parachute during
deployment

Sufficient layers of Nomex blanket will be
used to prevent burning of the parachute

Unwanted oscillation can occur during
descent and lead to complications for
parachute and payload

Cross parachute design is very stable during
descent. Expected range of oscillation is very
minimal at 0 to -3 degrees.

Launch vehicle hits the ground at a high rate
of speed

Main toroidal parachute with high coefficient
of drag will slow the launch vehicle to a safe
speed

6.5 Recovery System Requirements Traceability and Verification Matrix
All requirements as listed in the statement of work are listed below with their accompanying
design description. Table 6.5-1 outlines the technical manner in which the team will ensure that
all requirements for the recovery system will be met. The specific section in the report that
describes the engineering plan to meet the requirement is referenced on the right edge of the
table.
Table 6.5-1: Recovery System Requirements Traceability Matrix
Recovery System Requirements
REQ#

Description

3.1

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.

Design Requirements

Black powder ejection will be in
place for the main parachute and
for the drogue deployment, which
will be activated by altimeters
programmed at specified altitudes.

Section

6.3
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3.2

3.3

3.4

3.5

3.6

Each team must perform a
successful ground ejection test for
both the drogue and main
parachutes. This must be done prior
to the initial subscale and full-scale
launches.

Recovery system and ejection tests
are planned on 11/18/2017 for the
subscale and 1/27/2018 for fullscale

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

A custom drogue chute and main
chute will be designed. Various
calculations, OpenRocket
simulations, and wind tunnel
testing will ensure accuracy of the
maximum kinetic energy.

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

The recovery bay is in module 2 in
between the main chute bay and
the drogue chute bay; module 2 is
independent of the payload
electrical circuits, which are in
module 3.

All recovery electronics will be
The PerfectFlite StratoLogger CF
powered by commercially available will use a 9V Energizer battery
batteries.
and the Eggfinder GPS will use a
7.4V LiPo battery
The recovery system will contain
PerfectFlite StratoLogger CF
redundant, commercially available altimeters will be configured in
altimeters. The term “altimeters”
redundancy to measure the launch
includes both simple altimeters and vehicle’s altitude and will set off
more sophisticated flight computers. the ejection charges at specified
altitudes.

9.1

6.6

4.1.2

5.3

5.3

3.7

Motor ejection is not a permissible Motor ejection will not be used as
form of primary or secondary
a form of deployment.
deployment.

4.1.5.2

3.8

Removable shear pins shall be used The recovery bay is in module 2
for both the main parachute
and designed with the use of shear
compartment and the drogue
pins.
parachute compartment.

4.1.4
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3.9

3.10

3.10.1

3.10.2

3.11

Recovery area will be limited to a Various calculations, OpenRocket
2,500 ft radius from the launch pads. simulations, and subscale wind
tunnel testing will ensure accuracy
of the drift radius.
An electronic tracking device will be The Eggfinder GPS will be used to
installed in the launch vehicle and send real time GPS data to ensure
will transmit the position of the
recovery of the launch vehicle.
tethered vehicle or any independent The TX board contains the GPS
section to a ground receiver.
module and will be housed in the
launch vehicle. It will transmit
data to the RX receiver, which will
be displayed by computer or
tablet.
Any rocket section, or payload
component, which lands untethered
to the launch vehicle, will also carry
an active electronic tracking device.

The Adafruit Ultimate GPS
Breakout will be on board the
payload experiment to stream data
in real time and assist with the
recovery of the rover (experiment
option 2).

The electronic tracking device shall The Eggfinder GPS will be
be fully functional during the official periodically inspected and tested
flight on launch day.
prior to launching. A manual from
the manufacturer (Eggtimer
Rocketry) will be provided to all
team members for awareness of
handling procedures.
The recovery system electronics will The recovery system electronics
not be adversely affected by any
will be in module 2 and
other on-board electronic devices
independent from other sections;
during flight (from launch until
the payload experiment will be in
landing).
module 3 and the observation bay
in module 1.

6.6

5.3

7.1.2

5.3

5.1
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3.11.1

3.11.2

3.11.3

3.11.4

The recovery system altimeters will
be physically located in a separate
compartment within the vehicle
from any other radio frequency
transmitting device and/or magnetic
wave producing device.

The recovery system altimeters
will be in the recover bay, which is
separate from other devices used
by the payload experiment that
could potentially interfere with it.

The recovery system electronics will The recovery system bay will
be shielded from all onboard
house the electronics away from
transmitting devices, to avoid
all onboard transmitting devices.
inadvertent excitation of the
recovery system electronics.
The recovery system electronics will The recovery system bay will
be shielded from all onboard devices house the electronics away from
which may generate magnetic waves all onboard devices which may
(such as generators, solenoid valves, generate magnetic waves.
and Tesla coils) to avoid inadvertent
excitation of the recovery system.
The recovery system electronics will The recovery system bay will
be shielded from any other onboard house the electronics away from
devices which may adversely affect any devices that could potentially
the proper operation of the recovery harm the electronics.
system electronics.

5.1

4.1.4.2

4.1.4.2

4.1.4.2

6.6 Projected Maximum Altitude
The vehicle requirements underlying the statement of work considered in this section include: a
payload experiment must be delivered to an altitude of 5,280 ft, the total impulse of the rocket
shall not exceed 5,120 N-s, and the minimal velocity shall be 52 ft/s at rail exit. For the projection
of the maximum altitude, it is assumed that the vehicle weight will not exceed 51 lb and that the
total drag coefficient will be approximately 0.5. These assumptions will be further investigated to
accurately reflect real-time launch vehicle flight profiling to account for a 10% thrust variance, air
density changes with increasing altitude, launch vehicle stability and mass variance as the
propellant is expended throughout its flight. Considering the values as specified by the
requirements and the assumptions of the launch vehicle, a set of equations using the laws of physics
will be derived to calculate the maximum altitude.
To calculate the maximum altitude, the thrust equation will be utilized and is given by:
1

𝐷𝐷𝐷𝐷

𝑇𝑇 − 𝐶𝐶𝐷𝐷 𝐴𝐴 2 𝜌𝜌𝑉𝑉 2 − 𝑊𝑊 = 𝑀𝑀 𝐷𝐷𝐷𝐷

(Eq. 1)
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𝑑𝑑𝑑𝑑 = 𝑚𝑚

𝑑𝑑𝑑𝑑

(Eq. 2)

1
2

𝑇𝑇−𝑊𝑊−𝐶𝐶𝐷𝐷 𝐴𝐴 𝑉𝑉 2𝜌𝜌

Equation 1 is then integrated with the limit of integration set from time at zero to time t and velocity
at zero to final velocity V. By consulting an integration table, the following equation for burnout
velocity is as follows:
𝑉𝑉𝐵𝐵 = �

𝑊𝑊

1
𝐶𝐶𝐷𝐷 𝐴𝐴 𝜌𝜌
2

1

𝐶𝐶𝐷𝐷 𝐴𝐴 𝜌𝜌𝑉𝑉
𝑇𝑇
(𝑊𝑊 − 1)𝑡𝑡𝑡𝑡𝑡𝑡(𝑔𝑔𝑡𝑡𝐵𝐵 �(𝑊𝑊 − 1) 𝑊𝑊2
𝑇𝑇

2

(Eq. 3)

where W is the weight of the rocket, T is the average thrust, Cd is the total drag coefficient, g is
the gravitational constant where g = 32.2 ft/s, A is the cross-sectional area of the rocket, and ρ is
the air density.
The burnout velocity is in respect to time and is integrated once again to derive an equation for the
burnout altitude:
𝑊𝑊

𝑆𝑆𝐵𝐵 = 2𝑔𝑔𝑔𝑔𝐶𝐶

𝐷𝐷

𝑙𝑙𝑙𝑙(1 +
𝜌𝜌

1
2

𝐶𝐶𝐷𝐷 𝐴𝐴 𝑉𝑉 2 𝜌𝜌
𝑊𝑊

)

(Eq. 4)

This equation will allow the determination of the altitude at which all the propellant in the motor
has been expended (motor burnout).

6.6.1 Coasting altitude
Next, an equation for the coasting altitude will be derived (the distance traveled once the motor
burns out). Using physics to study a free body diagram of the rocket under no thrust, with the force
of gravity and drag being the only forces acting, the following equation is derived:

1

𝑑𝑑𝑑𝑑

−𝐶𝐶𝐷𝐷 𝐴𝐴 2 𝑉𝑉 2 𝜌𝜌 − 𝑊𝑊 = 𝑚𝑚 𝑑𝑑𝑑𝑑

(Eq. 5)

Using a similar process in the derivation for burnout velocity, integration will be done twice to
yield an equation for the coasting altitude:
𝑊𝑊

𝑆𝑆𝐶𝐶0 = 𝑔𝑔𝑔𝑔𝐶𝐶

𝐷𝐷

𝑙𝑙𝑙𝑙(1 +
𝜌𝜌

1
2

𝐶𝐶𝐷𝐷 𝐴𝐴 𝜌𝜌𝑉𝑉𝐵𝐵 2
𝑊𝑊

)

(Eq. 6)

Next, to determine the coasting time, the time the launch vehicle will continue its trajectory until
it has an upward velocity of V = 0, integration will be completed once more. The equation is as
follows:
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1

𝑡𝑡𝑐𝑐0 = 𝑔𝑔 �
𝐶𝐶

𝑊𝑊

1
𝐷𝐷 𝐴𝐴2𝜌𝜌

1
2

𝐶𝐶𝐷𝐷 𝐴𝐴 𝑉𝑉 2 𝜌𝜌

𝑡𝑡𝑡𝑡𝑛𝑛−1 (�

𝑊𝑊

)

(Eq. 7)

The maximum altitude can be calculated by adding the two values derived:
𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑆𝑆𝐵𝐵 + 𝑆𝑆𝐶𝐶0

(Eq. 8)

6.7 Launch Vehicle Drift
Due to safety concerns, the launch vehicle must undertake a controlled descent within a radius
smaller than 2,500 ft. The rocket will not exceed a kinetic energy of 75 ft-lbf at landing. In this
section, the time and altitude to deploy the main parachute will be analyzed in order for the launch
vehicle to stay within the landing radius. Different scenarios and their assumed values will be
evaluated through an Excel program by looking at increasing wind speeds at 5 mph intervals. It is
assumed that the drogue chute will deploy at apogee (5,280 ft). The selected drogue design is cross
shaped with typical drag coefficients of 0.6-0.85. The value assumed for the calculations is 0.6.
The terminal velocity of the drogue will also be considered so that the time to deployment of the
main parachute can be found using the following equation:
𝑇𝑇𝐷𝐷 =

𝐻𝐻𝐴𝐴 −𝐻𝐻𝐷𝐷𝐷𝐷
𝑉𝑉𝐷𝐷𝐷𝐷

(Eq. 9)

where 𝑇𝑇𝐷𝐷 is the time to main parachute deployment, 𝐻𝐻𝐴𝐴 is the apogee altitude, 𝐻𝐻𝐷𝐷𝐷𝐷 is the altitude
at which the main will be deployed and 𝑉𝑉𝐷𝐷𝐷𝐷 is the terminal velocity of the drogue, which will be
assumed to be 80 ft/s.
Once the launch vehicle decreases its velocity to 80 ft/s, the main parachute will deploy, and thus
slowing the launch vehicle to 13.6 ft/s. This is a conservative value that will yield the maximum
allowable kinetic energy at touchdown.
With the following equation applied, an estimate of the drift away from the launch site can be
found:
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑉𝑉𝑊𝑊 (𝑇𝑇𝐷𝐷 + 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 )

(Eq. 10)

where 𝑉𝑉𝑊𝑊 is the wind velocity and 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 is the time of the main parachute descent. With these
conditions and assumptions, Table 6.7-1 below shows the drift distance from the launch site. The
maximum altitude for the main deployment that would allow the landing to be within the maximum
radius at wind speeds of up to 20 mph is 300 ft (see section 6.8 for calculation verification
statement).
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Table 6.7-1: Drift results for trial calculations.
Wind speed (mph)

Drift distance (ft)

0

0

5

618.3

10

1236.5

15

1854.8

20

2473.1

6.8 Verification of Recovery System Calculations
Due to the various assumptions made for all trial calculations regarding the launch vehicle’s
recovery system, the validity of these results will be further investigated for the preliminary
design. The team endeavors to safeguard accurate deployment of the main chute, which is
expected to increase in value. The drag coefficient of the drogue chute and the launch vehicle
will be further investigated through subscale wind tunnel testing at Cal Poly Pomona to allow for
an accurate calculation of impact kinetic energy. The flight profiles of the launch vehicle and
their accompanying altitude and mass variations will also be analyzed through open source
simulation, such as OpenRocket, and later validated by sub-scale modeling and full-scale testing
to improve accuracy.

7.0 Technical Design: Payload Experiment
7.1 Payload Experiment Design
The team’s goal is to design a rover that will complete all payload experiment requirements as
outlined in the statement of work but to do so with simplicity in mind. Several designs have been
considered but a more simplistic choice has been decided on in order to minimize failure of the
payload experiment from overly-complicated systems. It will utilize tracks for mobility and to
overcome rough terrain with certain limitations that will be addressed by the preliminary design.
The terrain of all local launch sites and that of the launch day competition have been considered.
The frame of the rover will hold the computer, servo board, power source, servo, and solar panels.
California State Polytechnic University, Pomona | 2017-2018 NSL

103

Both tracks will be driven together, which will only allow the rover to drive in a straight path from
the launch vehicle. The design may be updated to include a track and wheel system that may move
in any direction to avoid any potential obstacles on the rover’s path. The solar panels will be folded
on top and spring loaded. An actuator will allow the panels to deploy after the rover achieves its
travel distance. The computer to be used will be equipped with a receiver to allow the team to
remotely initiate the rover's mission once the launch vehicle has landed from a remote transmitter
with a range of 1.2 miles (within the 2,500 ft drift radius).
The rover will be held in place within the launch vehicle on a cradle. The cradle will not allow the
rover to move in any direction. The cradle will be mounted on the inside of a gyro, allowing it to
drive out of the launch vehicle when being deployed regardless of the vehicle's final orientation.
The gyro will be permanently mounted to the internal structure of the launch vehicle. To avoid
instability during flight, the gyro will be held in place by a linear servo and released during descent
allowing the gyro to freely spin. The gyro and cradle will be 3D printed using PLA.
The cradle holding the rover steady during flight will have a spring loaded, foldable ramp at the
rover’s front side. After the launch vehicle has landed and movement is confirmed to have ended,
a linear servo will release the ramp allowing it to open. This will provide the rover a smooth path
out of the launch vehicle.
The rover will record data via an accelerometer to confirm its movement after leaving the launch
vehicle. The rover will also have a camera mounted to record video footage of the rover’s mission,
including the deployment of the solar panels.

7.1.1 Payload Experiment Design: Structures
The deployment of the rover will be implemented into the launch vehicle as a ramp and hatch door
mounted onto a gyro system. This system will deploy the rover via an actuator that shall release
the hatch door which acts as a ramp, and thus securing the rover during the descent of the launch
vehicle and allowing it to exit in a simplistic manner. The Figure 7.1.1-1 and Figure 7.1.1-2
illustrate the gyro and ramp system.
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Figure 7.1.1-1: Proposed design of the gyro system that will house the rover.

Figure 7.1.1-2: Exploded view of the gyro system.
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In order to control the orientation of the rover once the launch vehicle lands, a gyro will be
incorporated into and permanently attached to the internal structure of the launch vehicle. This will
ensure that the rover’s orientation is not affected by the launch vehicle’s landing position. The
gyro will stabilize the rover by allowing it to correct itself into an upright position (solar panels
upright) using its own weight as the driving force. This will allow the team to meet requirement
4.5.4, which requires that the rover deploy foldable solar panels. The gyro will consist of two outer
shells, an inner gyro, steel ball bearings, and grease. Attached to the inner gyro will be a platform
that secures the rover in place while in flight and is shown in Figure 7.1.1-3. To prevent weight
instability during flight, the gyro will be held in place by a pin, which will be pulled out by a linear
servo after the launch vehicle has begun its decent and signaled by an altimeter.
The gyro and platform will be constructed from PLA using a 3D printer. The PLA is rigid and will
structurally support the rover. The Payload sub-team will communicate closely with the Structures
sub-team to ensure that appropriate stress analysis will be conducted. Several tests will be
performed to ensure that the rover will sustain its structural integrity and that the gyro will be able
to support the rover. Using 3D printed PLA also reduces the overall mass of the launch vehicle,
cost and eases manufacturing. The steel ball bearings used to allow the gyro to spin will be 0.25
in. and will be coated in white lithium grease to reduce friction.

Figure 7.1.1-3: Side view of the inner portion of the gyro (locks the rover inside).

After the launch vehicle has landed and is confirmed to be stationary via an accelerometer, the
same linear servo will retract further; unlocking the ramp and allowing the rover to exit properly.
The rover will be able to drive away from the cradle via the ramp shown in Figure 7.1.1-4 and out
of the launch vehicle.
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Figure 7.1.1-4: Side view of the gyro platform in the open position.

The rover will be compact in size so that it may fit within the gyro (3 x 3 x 6 in footprint) and
allow the weight to be off set, which will allow gravity to force the gyro to spin. The rover frame
will be made from PLA material, using a 3D printer, for the same benefits as mentioned for the
gyro. A track and wheel assembly, made from plastic and rubber, will be used for the rover's
mobility to allow it to overcome small obstacles it may face. The terrain is expected to have small
peaks and valleys, which will require the rover to have excellent traction. One servo will drive
both tracks together via a gear drive system. This will allow the rover to only drive straight from
the launch vehicle. Later designs may be concerned in order to enhance this track and wheel system
so that the rover may have the ability to maneuver away from terrain obstacles.
The top of the rover shall hold two solar panels which will be folded into their closed positions.
Both panels will be loaded using torsion springs and held into place by a rotating lock as seen in
Figure 7.1.1-5 and Figure 7.1.1-6. A secondary servo will release the lock when the rover’s drive
code completes, when it has reached its destination, and will allow the solar panels to deploy.
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Figure 7.1.1-5: Side view of the proposed design of the solar panel deployment system.

Figure 7.1.1-6: Top view of the proposed design of the solar panel deployment system.
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7.1.2 Payload Experiment Design: Avionics
Upon impact with the ground and total loss of launch vehicle acceleration, the following process
will unfold:
1. Remote controlled activation of the rover: A remote transmitter from a Raspberry Pi at the
team base will send a signal to a receiver located inside the rover’s Raspberry Pi.
2. Movement commencement: As the hatch door opens, the motorized tracks will move the
rover forward off the ramp at a speed of 6 in/s for a period of 15 seconds. This fulfills the
5 ft destination requirement (blocking code).
3. Accelerometer data collection: As the rover is moving off the gyroscope ramp and towards
its position at least five feet away from the launch vehicle, an accelerometer on the rover
will collect data and transmit it back to the team (non-blocking code).
4. Solar panel deployment protocol: After 15 seconds of rover movement has elapsed, a
second servo motor will rotate, thus releasing a hinge holding down the two spring-locked
solar panel sets (blocking code).
The electronic components inside the rover, such as the Raspberry PI, servos, receiver, and camera
will be powered by a simple combination of two 9V batteries held in a pack together. This should
supply more than enough steady voltage to allow the entire system to run its code. No additional
power sources should be required other than the main battery responsible for operating the main
two wheels. The transmitter and receiver may require their own personal arduino boards, which
enable the functionality of the receiver. The Raspberry PI will have bluetooth capabilities, which
will allow the team to remotely initiate the rover's mission after the launch vehicle has landed. The
software running the drive servo will be programmed to allow the vehicle to drive for 15 seconds
to ensure it will reach the 5 ft mark if traction is lost for a small period of time.
The camera on the rover will begin recording once the rover begins its mission via an external
drive through the micro USB port on the Raspberry Pi. It will be mounted on the front of the rover
facing to the rear and will witness the rover’s travel and solar panel deployment.
The linear servo used to unlock the gyro and ramp will be controlled by the existing flight
computer, utilizing the altimeter already installed. After the parachutes are deployed during
recovery, the linear actuator will retract 0.5 in. to unlock the gyro. After the launch vehicle has
landed, the servo will be retracted another 0.5 in. which will unlock the ramp allowing it to open.
All payload electronics are completely separate from the recovery system electronics.
Accelerometer data received during the moving phase of the rover, as well as the video footage
received during the moving phase of the rover, will be transmitted to a micro USB port located on
the Raspberry Pi to be collected and presented as proof of the payload experiment success.
The rover will have an Adafruit Ultimate GPS Breakout, which will stream data back to the team
in real time. It will begin streaming its position one the launch vehicle is ready to launch. The data
gathered on the ground by the team will be able to use the position data to determine the exact
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location of the rover. This will satisfy the requirement that all untethered components from the
launch vehicle must have a GPS.

7.1.2.1 Gyroscope Avionics
The gyroscope holding the rover will run on its own set of code to release the rover. It will require
its own Raspberry Pi and execute the following set of commands:
1. As the launch vehicle approaches the ground, it will track accelerometer and altimeter data
in a feedback loop. The refresh rate on both devices will activate a set of redundancies and
the lack of movement from the rocket will force the loop to jump out and unlock the ramp.
2. Upon the loop jumping out of the code, a servo will push down on a lever and release the
ramp thus allowing the rover to deploy itself.
3. A camera located inside the launch vehicle will verify that the gyroscope’s ramp deployed
and will allow the team to initiate the rover’s sequence.

7.2 Experiment Technical Challenges and Solutions
To ensure the success of the payload experiment, careful consideration must be placed on the types
of challenges that may arise. Some challenges have been considered throughout the phase of this
report and are listed but not limited to the list in Table 7.2-1. This list is expected to increase as
additional issues are experienced by the Payload sub-team throughout the eight-month life-cycle
of the project. Additional technical challenges and solutions that concern some of the avionics
integrated for the payload experiment are also considered.
Table 7.2-1: Experiment technical challenges and solutions.
Challenges

Solutions

Timing of the remote-controlled
activation of the rover; when movement
commencement should occur.

Accelerometer and altimeter data will be
tracked in a feedback loop. Lack of
movement from the launch vehicle will force
the loop to jump out and unlock the ramp
housing the rover. A Raspberry Pi will verify
that the gyroscope’s ramp deployed, and thus
remote-controlled activation may commence.

Possibility of movement from the launch
vehicle after landing from external sources;
preventing the rover from trying to move
while the launch vehicle is moving.

Programming of the accelerometer, servos
and the altimeter data will know when to
activate the ramp to release the rover.
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Launch vehicle landing position is on an
inclined surface; may prevent rover from
moving to its 5 ft destination.

High-grip track and wheel system
will be implemented on the rover.
Stress analysis on rover will be
conducted to ensure structural
integrity will be maintained if
drops from an inclined surface
occur.

Obstructions on the launch field may be
present; may prevent the rover from
moving to its 5 ft destination.

Autonomous system for this
purpose will be analyzed by the
preliminary design phase; includes
possible target detection and
avoidance.

Preventing ramp and hatch door failure
due to electronics malfunction.

Set redundancy for the altimeter
that sends the actuator’s secondary
input.

Deployment of solar panels.

Actuator can be operated in two
ways: rotation and pop up. Primary
being rotation. Secondary method
of operation is used if primary
method fails.
Follow a logical, progressive sequence of
prototyping and testing. Then test some more.

Programming of the rover for successful
performance on launch day.

7.3 Experiment Requirements Traceability Matrix
All requirements as listed in the statement of work are listed below with their accompanying design
description. Table 7.3-1 outlines the technical manner in which the team will ensure that all
requirements for the payload experiment system will be met. The specific section in the report that
describes the engineering plan to meet the requirement is referenced on the right edge of the table.
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Table 7.3-1: Experiment requirements traceability matrix.
General Experiment Requirements
Design Requirements

Section

4.1

Each team will choose one design
experiment option from the
following list.

The chosen experiment will be
deploying a rover from the launch
vehicle, which will deploy solar
panels.

7.1

3.10.1

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

The rover will have an Adafruit
GPS onboard to send its real-time
position to the team.

7.1.2

4.5.1

Teams will design a custom rover
that will deploy from the internal
structure of the launch vehicle.

The rover will be secured inside
the launch vehicle and able to exit
upon vehicle landing.

7.1.1

4.5.2

At landing, the team will remotely
activate a trigger to deploy the rover
from the rocket.

The rover will implement a
transmitter/receiver device to allow
remote initiation of the rover's
movement.

7.1.2

4.5.3

After deployment, the rover will
autonomously move at least 5 ft from
the launch vehicle.

The rover will be programmed to
move 10 ft to ensure it reaches its
minimum goal.

7.1.2

4.5.4

Once the rover has reached its
destination, it will deploy a set of
foldable solar cell panels.

Two solar panels will be folded
atop the rover and deployed after
the rover reaches its destination.

7.1.1

REQ# Description

Option 2 Experiment Requirements

8.0 Educational Engagement
8.1 Educational Engagement Plan
Cal Poly Pomona’s NSL team is proud to implement its educational campaign this year; its
foundation is derived from the mission to nurture and cultivate all minds into the STEM
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disciplines. The team has targeted specific educational institutions including: elementary, high
school, and community colleges with relations to members on the team. These targeted schools
are in districts serving underrepresented, underserved and many first-generation college students.
It is the team’s mission to target and to promote STEM awareness in the community of not only
the minds of the young but to inspire the parents, the caretakers, and those who could potentially
support these students with the pursuit of a STEM career. The goal underlying the team’s
educational engagement plan is to enhance the retention of these students into the STEM pipeline.
The plan includes the creation of informational packets that will be distributed during events.
These packets will include flyers and brochures with carefully selected resources, both financial
and mentoring, so that students know it is possible to overcome daunting obstacles.
Another goal underlying the team’s plan is to focus on the quality of outreach given to the targeted
schools and events (listed below). Evaluations will be given to participants so that the team will
understand how best to improve the quality of the engagements. This will involve the careful
coordination, time management, proper allocation of funds, and all NSL team member
participation in each event to maximize STEM engagement with one-on-one individual attention.
The team is striving this year to establish the legacy that Cal Poly Pomona is not merely about
award recognizing engineering but an all-inclusive educational institution with community pride
and commitments to STEM sustainability.
Educational outreach events that will be coordinated to actively engage 200+ participants:
• Onizuka Space Science Day at El Camino College
• El Camino College MESA events, such as their Airplane Contest
• Joining alongside to support the Engineering Council and other engineering clubs on
campus, such as the Society of Hispanic Professional Engineers (SHPE), UMBRA,
American Institute of Aeronautics and Astronautics (AIAA) and Society of Women
Engineers (SWE) to educate the CPP college community as well.
• Downey High School events guided by Glen Yamasaki
• Paramount High School
• Partnering with Cal Poly Pomona’s Femineer Program
Specific plans during outreach activities are as follows:
Presentations will be conducted to review the history of rocketry, the importance of center of
pressure and center of gravity when determining rocketry stability, the fundamental equations of
physics as they pertain to rocketry, and propulsions basics. Workshops will consist of basic
scientific laws, the math and science behind rockets, and followed by hands-on build exercises and
demonstration of Cal Poly Pomona’s past rockets. All activities will abide by all safety measures
set forth by the Safety Officer. The team will document educational engagement activities by
completing activity reports within two weeks after an event has been completed. In addition, all
events will occur between the official project acceptance date and before the FRR is due.
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9.0 Project Plan
9.1 Schedules and Timeline

Figure 9.1-1: Project timeline outlining the 8-month life-cycle.
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Table 9.1-1: Website maintenance schedule.
Website Updates
9/10/2017 - 4/25/2018
Date

Subtask
9/10/2017 Establish domain and host
9/23/2017 Upload Team Roster and Info
11/1/2017 Upload PDR: Report, presentation slides, and flysheet
Team website should be established (send URL to project office)

12/20/2017 Upload Subscale Launch Results
*Subject to change depending on weather conditions
1/10/2018 Upload CDR: Report, presentation slides, and flysheet
2/27/2018 Upload Full Scale Launch Results
*Subject to change depending on weather conditions
3/2/2018 Upload FRR: Report, presentation slides, and flysheet
4/2/2018 Upload LRR
4/25/2018 Upload PLAR
9/10/2016 - 4/25/2017 Upload outreach photos and information as needed

Table 9.1-2: Materials purchasing schedule.
Materials Purchasing
10/7/2017 - 11/11/2017
Date
10/7/2017
11/1/2017
11/11/2017
11/11/2017
1/20/2018

Subtask
Purchase all prototype materials
Purchase all manufacturing materials
Purchase subscale motor
Purchase leftover materials
Purchase full scale motor(s)

Table 9.1-3: Launch vehicle subscale design and manufacturing.
Subscale LV Design and Manufacturing
10/14/2017 - 11/27/2017
Date
10/14/2017
11/2/2017
11/10/2017
11/14/2017
11/15/2017

Subtask
Begin subscale prototype manufacturing
Conduct tests and analysis
Compile subscale design draft
Finalize subscale design
Begin Subscale Manufacturing

California State Polytechnic University, Pomona | 2017-2018 NSL

115

11/18/2017
11/26/2017
11/27/2017

Conduct tests and analysis
Incorporate recovery system and avionics
End Subscale Manufacturing

Table 9.1-4: Rover experiment design and manufacturing.
Payload Design and Manufacturing
10/14/2017 -1/6/2017
Date
10/14/2017
10/24/2017
11/1/2017
11/14/2017
11/15/2017
12/2/2017
1/6/2017

Subtask
Begin payload prototype manufacturing
Conduct tests and analysis
Compile payload design draft
Finalize payload design
Begin payload manufacturing
Conduct tests and analysis
End payload manufacturing

Table 9.1-5: Launch vehicle full-scale design and manufacturing.
Full-Scale LV Design and Manufacturing
10/14/2017 - 2/2/2018
Date
10/14/2017
10/24/2017
11/1/2017
11/14/2017
11/15/2017
11/17/2017
11/18/2017
1/20/2018
1/27/2018
2/2/2018

Subtask
Begin full-scale prototype manufacturing
Conduct tests and analysis
Compile full-scale design draft
Finalize full-scale design
Begin full-scale Manufacturing
Conduct tests and analysis
Incorporate recovery system and avionics
Incorporate payload
Test connections and systems
End full-scale Manufacturing
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9.2 Budget
The funds required for the manufacturing of the subscale and full-scale launch vehicles, payload experiment, any necessary
components, and operational expenses are outlined in detail in this section. The following tables are listed:
• Table 9.2-1: Full-scale launch vehicle budget; includes all sub-sections and sub-components.
• Table 9.2-2: Full-scale payload experiment budget.
• Table 9.2-3: Sub-scale launch vehicle budge; includes all sub-sections and sub-components.
• Table 9.2-4: Other expenses; travel and launch fees.
• Table 9.2-5: Overall budget for required by the project.
Table 9.2-1: Full-scale launch vehicle budget; includes all sub-sections and sub-components.
Full-Scale Launch Vehicle Budget
Purpose

Component
Blue Tube 2.0 Airframe

Vehicle Structure

Blue Tube 2.0 Coupler
Zinc-plated U-bolt, 3/8" 16 Thread, 1-1/4" ID
10-32 Alloy Steel Hex
Flat Head Screw (100pk)
PVC white pipe
3/4'' Birch Plywood
Routing Eye bolt (Trade
size 114)
Clear Acrylic Sheet

Weight
(oz)

Unit
Price

Qty

Total
Price

ARR

52

$66.95

2

$133.90

Description
6'' x 0.074'' wall x 48'' Body
Tube
6" x 0.077'' wall x 48"
coupler

Supplier

ARR

44

$66.95

1

$66.95

Used to connect Parachutes

McMaster-Carr

0.4

$1.03

4

$4.12

McMaster-Carr

0.144

$10.65

1

$10.65

Home Depot

24

$2.28

1

$2.28

Home Depot

2

$49.98

1

$49.98

McMaster-Carr

0

$5.14

1

$5.14

0

$3.19

1

$3.19

Used to connect
components during flight
1/2'' x 10ft. Used to house
deployment black powder
To construct bulkheads
For payload plug

For observation bay window Lowe's
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Nylon Shear Pins (25pk)
Threaded Rod- 1/2"-10
Thread, 12" long
Silicone Adhesive

Used to attach recovery
system with other sections
prior to deployment
Connects avionics bay
bulkheads
To attach observation bay
window

Hex Nut - 1/2"-10 Thread
To hold Rods in place
size
1/2" screw size Stainless To be placed under Hex
steel washer (25pk)
nuts
Epoxy Resin

For joining material

Motor

Aerodynamics

Hardener
Rail buttons

For joining material
Used for 1010 rail guide
3-D printing. 2.85 mm
PLA Filament
dimension
Used to reinforce the nose
4 oz. Fiberglass Weave
cone and fins. Sold in 50 in
wide rolls by the yard
Agent used to bond the
PC-Clear Epoxy
fiberglass weave to the nose
cone and fins
1/4"-20 Bolt 1.5 inch Bolt connecting the fins and
length
centering rings
Motor Tube
3'' x 48'' Blue Tube 2.0
Motor Retainer
75mm Retainer
Motor Casing

Pro75 4G Cesaroni

Lube

Super lube grease 3 oz

Apogee
Components

0

$3.10

2

$6.20

1.12

$16.38

2

$32.76

0

$7.98

1

$7.98

McMaster-Carr

0.144

$2.60

8

$20.80

McMaster-Carr

0

$8.82

1

$8.82

West Marine

0

1

$102.99

1
1

$94.99
$3.22

McMaster-Carr
Lowe's

0
0.07

$102.9
9
$94.99
$3.22

80

$95.00

3

$285.00

3.68

$12.05

1

$12.05

Home Depot

16

$32.91

1

$32.91

McMaster Carr

0

$10.66

1

$10.66

ARR
Apogee Rockets
Off We Go
Rocketry
siriusrocketry

20
4.1

$29.95
$47.08
$309.9
5
$5.99

1
1

$29.95
$47.08

1

$309.95

1

$5.99

West Marine
Apogee Rockets
re3D
Fiberglast

70.35
0
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Cesaroni L1115

Recovery
Parachute System

Recovery Avionics

PerfectFlite StratoLogger
CF

Solid fuel

Altimeter used for dual
deployment system
Additional mounting
Mounting Hardware hardware for StratoLogger.
StratoLogger CF
Includes 4-40 standoffs,
screws, nuts, and washers
USB cable to connect the
Stratologger to computer.
USB data transfer kit
Transfers data and stores it
on hard drive
GPS System consisting of
Eggfinder GPS
TX transmitter and RX
receiver
Duracell 9 V Battery (2 Power supply for the
pack)
StratoLoggers
Power Supply for the
2S 7.4 2200mAh LiPo
Eggfinder
Connects to altimeters to
increase accessibility.
Electronics Rotary Switch
Allows for simple operation
of the altimeter
Powder used for the
Pyrodex Powder
parachute deployment
system
Material of the gores on the
main and drogue parachute.
1.1 oz. Ripstop Nylon
Sold in 60 in. rolls by the
yard

Chris' Rocket
Suplies

83.79

$246.9
5

3

$740.85

PerfectFlite

0.96

$57.50

2

$115.00

PerfectFlite

0

$1.99

2

$3.98

PerfectFlite

0

$24.95

1

$24.95

Eggtimer
Rocketry

0.8

$70.00

1

$70.00

Staples

6.4

$9.79

1

$9.79

Amazon

4

$17.99

1

$17.99

Apogee Rockets

4.8

$9.93

2

$19.86

Cabela's

16

$19.99

1

$19.99

13.92

$4.40

10

$44.00

RipstopByTheR
oll
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Parachute
Protection

Connects the Parachute to
Med Shock Cord
the rocket. 5/8" size and
1800lb tested
Connection between the U
Koch Quick Link 1/4in.
bolt and shock cord. Load
capacity of 880 lb.
Nylon Paracord capable of
550 Type III MIL-C-5040 550 lb. tensile strength.
Paracord
Used for suspension lines.
250 foot spool
1 inch wide with a tensile
strength of 4000lb. This
Tubular Nylon
material will be used for the
bridle. Sold by the yard
Swivel for drogue and main
SW-1000 Swivel
parachute. Tested at 1000
lbs.

Nomex Blanket

18in x 18in flame resistant
blanket to be used as
recovery wadding

Rocketarium

30.4

$19.00

2

$38.00

Walmart

6.4

$1.27

2

$2.54

West Coast
Paracord

17.6

$11.95

1

$11.95

0

$2.00

2

$4.00

Top Flight
Recovery LLC

0.8

$4.50

2

$9.00

Amazon

16

$10.49

2

$20.98

ParaGear

Total Weight =

519.878
oz

Total
$2,440.44
Cost =
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Table 9.2-2: Full-scale payload experiment budget.
Payload Budget
Purpose

Component
9V Battery

Rover Electronics

Arduino Mega

Raspberry PI Camera

Stepper Motor
Transmitter and
Receiver Kit
Micro Mini Solar
Panels

Rover
Hardware

Adafruit Ultimate GPS
Axel Gear Box
(w/Motor)
Track and Wheel set

Description
This battery will be used
to supply power to the
Arduino.
This will actively compute inputs
and send out signals to the motors
camera’s and receiver
The purpose of this camera is to
show the movement of the rover and
the extending of the solar panels
This product will theoretically be
used to rotate and unlock a hinge
holding down the foldable solar
panels
This kit would be used to trigger the
entire mobile process of the rover
These solar panels fulfil the project
requirement of deploying solar
panels
Will provide ground team with the
rovers location
Provides thrust to rover’s tracks
Gives rover mobility

Supplier

Weight
(oz)

Unit
price

Qty

Total
price

Amazon

0.282

$1.85

8

$14.80

Adafruit

0.035

$38.50

1

$38.50

Amazon

0.035

$29.45

1

$29.45

Amazon

0.176

$2.80

5

$14.00

Amazon

0.035

$7.71

1

$7.71

Amazon

0.141

$10.88

4

$43.52

Adafruit

0.035

$39.95

1

$39.95

Roboshop

TBD

$6.95

1

$6.95

Roboshop

TBD

$6.39

1

$6.39
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Gyro Hardware

Screws
Nuts
Washers
Steel Balls (100 pk)
White LithiumGrease
(1.5oz)
PLA Filament

For gyro assembly
For gyro assembly
For gyro assembly
For gyro movement
For steel bearings

Bolt Depot
Bolt Depot
Bolt Depot
VXB

TBD
TBD
TBD
TBD

$0.23
$0.06
$0.05
$4.95

10
10
10
1

$2.30
$0.60
$0.50
$4.95

Walmart

TBD

$3.61

1

$3.61

For gyro construction

Monoprice
TBD
Total
0.739
Weigh =

$19.99

1
Total
Cost =

$19.99

oz

$233.22

Table 9.2-3: Sub-scale launch vehicle budget; includes all sub-sections and sub-components.
Sub-Scale Launch Vehicle Budget
Purpose

Vehicle
Structure

Component
Description
Blue Tube 2.0 Airframe 3'' x 48" Airframe
Blue Tube 2.0 Coupler 3" x 48'' Coupler
3/8" to 8 x 3.875''
Eye-bolt
Zinc-plated
Nylon Shear Pins
Use from full scale
PVC pipe
Use from full scale
PLA filament
Use from full scale
10-32 Alloy Steel Hex Connect
various
Flat
Head
Screw components
(100pk)
Used to secure Eye
10-32 zinc plated nuts
bolts

1
1

Total
price
$29.95
$31.95

$0.95

4

$3.80

0
24
80

$0.00
$0.00
$0.00

0
0
0

$0.00
$0.00
$0.00

McMaster carr

0.144

$10.65

1

$10.65

McMaster carr

0.7

$7.78

1

$7.78

Supplier
ARR
ARR
Lowes
Apogee Components
Home Depot
re3D

Weight
(oz)
20
17

Unit
price
$29.95
$31.95

0.353

Qty
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Used
to
create
Home Depot
bulkheads
For joining material
Epoxy Resin
West Marine
Used with Epoxy
Hardner
West Marine
Resin
Pro75
Cesaroni
Motor Casing
Off We Go Rocketry
Casing
75mm Retainer
Retainer
Sirius Rocketry
Super lube grease 3 oz siriusrocketry
Lube
Aerotech L1150
Solid Propellant
Sirius Rocketry
Altimeter used for
Perfectflite Stratologger
dual
deployment PerfectFlite
CF
system
Additional mounting
hardware
for
Mounting Hardware - Stratologger. Includes
PerfectFlite
Stratologger CF
4-40
standoffs,
screws, nuts, and
washers
USB cable to connect
the Stratologger to
USB data transfer kit
computer. Transfers PerfectFlite
data and stores it on
hard drive
GPS
System
consisting of TX
Eggfinder GPS
Eggtimer Rocketry
transmitter and RX
receiver
Duracell 9 V Battery (2 Power supply for the
Staples
pack)
Stratologgers
3/4'' Birch Plywood

Motor

Recovery
Avionics

2

$49.98

1

$49.98

0

$0.00

0

$0.00

0

$0.00

0

$0.00

40

$309.95

1

$309.95

4.1
0
35.9

$47.08
$5.99
$169.99

1
1
2

$47.08
$5.99
$339.98

0.96

$57.50

2

$115.00

0

$1.99

2

$3.98

0

$24.95

1

$24.95

0.8

$70.00

1

$70.00

6.4

$9.79

1

$9.79
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Power Supply for the
Eggfinder
Connects to altimeters
to
increase
Electronics
Rotary
accessibility. Allows
Switch
for simple operation
of the altimeter
Powder used for the
Pyrodex Powder
parachute deployment
system
Material of the gores
on the main and
1.1 oz. Ripstop Nylon
drogue
parachute.
Sold in 60 in. rolls by
the yard
Connects
the
Parachute to the
Med Shock Cord
rocket. 5/8" size and
1800lb tested
Connection between
U bolt and shock cord.
Koch Quick Link 1/4in.
Load Capacity of 880
lb.
Nylon
Paracord
capable of 550 lb.
550 Type III MIL-Ctensile strength. Used
5040 Paracord
for suspension lines.
250 foot spool
2S 7.4 2200mAh Lipo

Recovery
Parachute
System

Amazon

4

$17.99

1

$17.99

Apogee Rockets

4.8

$9.93

2

$19.86

Cabela's

16

$19.99

1

$19.99

RipstopByTheRoll

13.92

$4.40

10

$44.00

Rocketarium

30.4

$19.00

2

$38.00

Walmart

6.4

$1.27

2

$2.54

West Coast Paracord

17.6

$11.95

1

$11.95
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Tubular Nylon

SW-1000 Swivel

Parachute
Firewall

Nomex Blanket

1 inch wide with a
tensile strength of
4000lb. This material
will be used for the
bridle. Sold by the
yard.
Swivel for drogue and
main
parachute.
Tested at 1000 lbs.
18in x 18in flame
resistant blanket to be
used as recovery
wadding

ParaGear

Top Flight Recovery
LLC

Amazon

Total Weight =

0

$2.00

2

$4.00

0.05

$4.50

2

$9.00

16

$10.49

2

$20.98

341.527

oz

Total
$1,249.14
Cost =
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Purpose

Travel
Test
Launch

Table 9.2-4: Other expenses; travel and launch fees.
Other Expenses
Unit
Description
Supplier
Qty
price
Flight + Hotel. 4/4-4/9
Priceline
$551
15
Transportation
$40
15
Food
$100
15
Subscale & Full-scale
F.A.R.
$10
38
Launches
Total Cost =

Total
price
$8,265
$600
$1,500
$380
$10,745

Table 9.2-5: Overall budget required by the project.

Purpose
Full-Scale Launch Vehicle
Payload
Sub-Scale Launch Vehicle
Other Expenses

Overall Budget
Description

Budget

Launch Vehicle For competition

$2,440.44

Rover and Gyro
Scaled down vehicle
Travel, Lodging, etc.
Total Budget =

$233.22
$1,249.14
$10,745.00
$14,667.80

9.3 Funding
Cal Poly Pomona’s NSL team plans to acquire funds in a variety of ways. This consists of fostering
community support, contacting local companies for sponsorship, and attaining University specific
grants. This year’s team is much larger and more diverse with a total of 22 members (compared to
the 14 members from last year). With a crew of varying backgrounds on board, the team plans on
pursuing networking opportunities to establish long-term relationships that could also secure
support for future teams representing Cal Poly Pomona. Their outreach commitments will enhance
community support and bring exposure to the team.
In addition, Cal Poly Pomona is known for its esteemed engineering faculty with many resources
and connections to local aerospace industries. Online funding accounts will be setup to secure
private donations, in which distinguished alumni have been proud to donate in support of the
team’s mission. Cal Poly Pomona is located in Southern California, which is a hub for the
aerospace industry and many other technology and engineering based companies. Many local
companies, such as SpaceX, have provided sponsorship and continue to support the team. The
team also plans on submitting proposals and applications for additional grants and sponsorship
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through Northrop Grumman, ASHRAE Undergraduate Program Equipment Grants, and the
DiscoverE Collaboration Grant.
Cal Poly Pomona also has several resources for project funding. The team partners directly with
the high-powered rocketry club, UMBRA, and plans on using its partnership to secure further
funding. The bulk of the team’s funding will be provided by generous grants awarded from the
team’s University. These grants are outlined in Table 9.3-1. The specific plan for community
engagement is further outlined in section 9.4.
Table 9.3-1 Funding sources from Cal Poly Pomona and their potential support.
Funding Source
Cal Poly Pomona Associated Students Incorporated (ASI) Grant
Cal Poly Pomona Engineering Council Special Projects Funding
California Space Grant
Cal Poly Pomona Research and Project Grants
Total

Potential Support
$5,000.00
$800.00
$4,000.00
$1,000.00
$10,800

9.4 Community Support
The team from Cal Poly Pomona is backed by a diverse community in the Los Angeles county.
With this community spirit, it is the team’s mission to fully engage in high-quality educational
engagement. In response, local industries have sparked attention in supporting the team. The
team’s community support enhancement plan will consist of a three-step approach. First, a list of
suitable local industries will be made with the focus being on any company that can donate
materials, offer services/machines, and provide monetary support. The list will include phone
numbers, addresses and the type of support each company/school could potentially contribute.
The second step will be a systematic process of contacting the members of the list via phone or in
person as a team. During this outreach process, each company/school will be informed of the
competition requirements and how the NSL team plans on addressing them. This will include
discussing the launch vehicle and payload experiment design and how any support given will help
the team attain its engineering and educational goals. This will also increase community exposure
to the team by securing additional educational engagement opportunities.
The third part of this approach would be to continually update the companies/schools on the
progress of the project. This will involve informing them of major project updates and the
successful completion of project milestones. This approach will keep supporters involved and
continuously exposed to the team for the duration of the project and will help retain them as
supporters of future Cal Poly Pomona NSL projects.
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9.5 Sustainability and Recruitment Plan
9.5.1 Sustainability
The sustainability of this project is an important task set forth by all team members. With a sense
of community and school pride, the team aims to secure the future of high-powered rocketry at
Cal Poly Pomona. The sustainability of this project can be defined as: commitment to educational
outreach, university discovery, and industry partnership. By focusing on inspiring young students
in pursuing a career in the STEM field, relationships with schools and nonprofit educational
organizations will also be fostered.
The plan behind university discovery includes the team introducing and strengthening the
knowledge of rocketry to the students of Cal Poly Pomona. This is accomplished by teaming up
with other engineering clubs and student chapters, such as the AIAA, SHPE, SWE, and UMBRA.
Working alongside these clubs will help the team educate and inform engineering and nonengineering students about high-powered rocketry, its role at Cal Poly Pomona, and its connection
to the NASA Student Launch Initiative. Info sessions regarding high-powered rocketry will be
held during club fairs and engineering fairs to better increase awareness of the rocketry project and
promote the recruiting of future team members.
The team will secure industry partnership by establishing and fortifying relationships with
companies. Sponsorship is a main source of funding and acquiring resources for the manufacturing
of rockets and its components. A welcome package and proposals that define the rocketry project
will be designed to establish new sponsors and to anchor previous sponsors. Each team member
will assist the team lead in acquiring new sponsorship this year by being assigned to establish a
new sponsor. This will also help team members gain valuable experience in networking with
companies.

9.5.2 Recruitment
For the past four years, Cal Poly Pomona’s team has continued to expand. The number of team
members has increased from 9 to 14 participants from last year and now 22. Part of this year’s
recruitment plan is outlined by three foundational steps; to learn, identify and inspire.
1. Learn from past errors and determine appropriate solutions:
Team formation usually requires a highly selective process involving the submission of
applications and resumes to be reviewed months in advance by the team lead. Although welcome
to all students, the selection process has always targeted students with experience and junior or
senior level status. This year’s approach aims to foster a sense of openness for those willing to
fully commit to the project.
2. Identify potential issues that would prevent members from participating in future projects:
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Inexperienced, yet promising members, were chosen to work alongside the more experienced
members based on their specific interest in the four sub-teams available: systems, aerodynamics,
structures and payload. When students are backed by mentorship and guidance, a large project
of this nature no longer seems a formidable task. This will cultivate an inclusive environment
and will promote the retention of members for next year’s NASA Student Launch Initiative.
3. Inspire the campus and local community.
Following the above recruitment and retention plan will increase Cal Poly Pomona’s exposure
to its campus and local community to invite members of all experience levels. The experienced
members will gain leadership skills while also working towards senior project credit to satisfy
coursework at Cal Poly Pomona. This will spark the interest of experienced students to take part
in the team.
Usually, many of the same students do not return for participation in the next year’s project. With
a new team each year, the project poses a larger learning curve in comparison to having a team
with returning members. Fostering a sense of growth for current members on the team will increase
the likelihood of member retention. This will be completed by:
• Each member being tasked with a specific portion of the project.
• Sub-teams will work directly with supporting members and provide progress checks.
• Members with specific skills, such as machining experience, will be teaching those who
have not yet gained any exposure under the presence of the Safety Officer.
• By the research-intensive nature of this project, members will be highly encouraged to
work with adult educators for guidance.

10.0 Conclusion
Cal Poly Pomona’s NASA Student Launch Initiative has grown larger this year with more
members than before and is excited to contribute more than just engineering efforts. The team is
committed to educational engagement with the direct focus being on the quality of the educational
experiences led by the team and not merely the quantity. Educational outreach events are in place
and will be coordinated through various networking outlets. The team representing Cal Poly
Pomona this year endeavors to rise above the competition, demonstrate inspiration to young
individuals and their caregivers, and recruit members for sustainment of future project goals. In
addition, funding plans will be expanded by going above and beyond to secure funding for next
year’s team. The team plans to build strong relations with the community and organizations so that
future teams will have a recognizable and esteemed position within the community. This widespread support and recognition would further increase the retention of current members on the
team and enhance the interest of potential ones. This year’s team is heavily committed to increasing
its safety standards and supported by a Safety Officer who is committed to ensuring that members
will continue to practice safe habits for future rocketry endeavors. The team is also committed to
the recruitment and retention of team member’s so that Cal Poly Pomona can return each year with
repeating members devoted to enhancing the overall engineering design of the project.
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Appendix A: Risk Assessments and Mitigations
Table A-1: Launch pad risk assessment; to be expanded throughout the project.
Launch Pad Risk Assessment
Hazard

Cause

Effect

PreRAC

Mitigation

PostRAC

PostRisk

Failure of launch
vehicle to meet
stability velocity
before leaving launch
rail

Misalignment in launch
rail causing guidance pins
to break or get stuck

Instability of launch
vehicle during launch

3D

Use correct launch lugs and
firmly embed them into rocket
body

3E

Low

Unstable launch pad

Un-level ground

1. Launch vehicle may
leave launch platform in
an unpredictable manner

2D

Prior to launch, the launch
platform should be checked for
stability and correct alignment.
All members present at launch
should follow NAR/TRA
Minimum Distance regulations

3E

Low

2. Launch vehicle may
not reach the set
competition altitude
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Table A-2: Deadlines/budget risk assessment; to be expanded throughout the project.
Deadlines/Budget Risk Assessment
Hazard

Cause

Effect

PreRAC

Mitigation

PostRAC

PostRisk

Failure to meet
Proposal deadline

1. Incomplete safety plan
2. Incomplete educational
outreach plan
3. Incomplete technical
details
4. Incomplete payload
design

Proposal not accepted
by officials

E1

1. Weekly team meetings
3E
2. Systematic approach to distribution
of work
3. Immediate response to any activity
that does not move the team forward

Low

Failure to meet
PDR deadline

1. Inadequate subsystem
design
2. Launch vehicle design
that does not meet
functional requirements
3. Unacceptable payload
integration

Unable to pass PDR
review with go ahead to
manufacture

E1

1. Well thought out approach to
review preparation
2. Complete organized launch
vehicle and subsystem design
3. Frequent review of requirements
to ensure positive design progress

3E

Low

Failure to meet
CDR deadline

1. Unsuccessful launch of
subscale launch vehicle
2. Insufficient maturity in
design since PDR
3. Unacceptable final launch
vehicle design

Unable to pass CDR
Review with go ahead to
test launch full-scale
launch vehicle

1D

1. Implement systems engineering
3E
techniques to organize launch vehicle
and payload design and keep project
on schedule
2. Constant review of requirements to
ensure they are being met by design
components
3. Analysis and testing of key
features of payload experiments
4. Weekly meetings

Low
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Failure to meet FRR 1. Unable to demonstrate
deadline
payload completeness and
correctness via video
2. Failure to demonstrate
successful full-scale launch
vehicle launch
3. Failure to present
acceptable testing of
recovery system and
interface with ground
system

Unable to pass FRR
with go ahead to
compete in final launch

1D

1. Complete analysis on critical
3E
aerodynamic parameters during flight
2. Top to bottom testing of necessary
code for ground station and avionics
3. Complete and thorough analysis
and testing of recovery system
including parachute sizing and
material selection

Low

Failure to receive
necessary project
funding

1. Unable to purchase
necessary materials and
equipment
2. Insufficient traveling
funds

1C

1. Create a well-designed and
2E
thought-out funding plan
2. Develop a welcome package that
can be distributed to local companies
requesting support
3. Reach out to college grants and
programs for support

Low

1. Not enough fundraising
2. Not enough community
outreach and support
requests
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Table A-3: Lab and machine shop risk assessment; to be expanded throughout the project.
Hazard

Cause

Lab and Machine Shop Risk Assessment
Effect
Mitigation
Pre –
RAC

Post RAC

Post Risk

1. Chemical spill/splash
2. Exposure to chemical
fumes

1. Skin, eye, and lung
irritation
2. Mild to severe skin burns
3. Lung damage or asthma

3C

1. MSDS will be readily available in
all labs at all times. They will be
reviewed prior to working with any
chemicals
2. Gloves and safety glasses will be
worn when handling hazardous
chemicals
3. All personnel will be familiar with
locations of safety equipment
including chemical showers and
eyewash stations

4D

Minimal

Personnel injury
Improper training in
when using power
tool and lab equipment
tools and hand tools
such as hammers,
saws, and drills

1. Mild to severe cuts or
bruises
2. Damage to tools and
equipment
3. Damage to launch vehicle
and components

2C

1. All personnel must be properly
trained in tool use
2. All personnel must wear safety
glasses, gloves, and other PPE when
using tools
3. Tools should be properly stored and
taken care of
4. Appropriate apparel must be worn
when working in lab

3D

Low

Personnel injury
when working with
chemicals

Personnel injury and
Lack of training in lab
improperly
machine use
manufactured
components when using
lab machines such as
mills, sanders, or table
saws

1. Mild to severe cuts and
bruises
2. Poorly fabricated parts

2C

1. All personnel working in lab must
3D
receive Yellow Tag certification before
using any lab machines
2. Personnel using more advanced
machines must have Red Tag
certification
3. Testing and validation of all
manufactured parts must be done
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Personnel injury during 1. Excess exposure to
carbon fiber fabrication airborne fiber particles
and cutting
2. Mishandling of
epoxy and resins used

Mild to severe irritation of
skin, eyes and lungs

3D

1. Manufacture of carbon fiber must be 4E
done outside or in a well-ventilated lab
2. Proper PPE must be worn at all times
including safety mask, goggles, and
gloves
3. All vacuum bagging safety
procedures must be followed

Minimal

Poorly manufactured
carbon fiber
components

1. Voids, wrinkles, and
3C
imperfections in carbon fiber
2. Structural failure in the
carbon fiber body tube
3. Rough fin and body surfaces
4. Misalignment of different
rocket sections

1. Vacuum debulking should be
3D
performed to eliminate wrinkles and
voids
2. Vacuum requirements must be met
prior to heating during the construction
of carbon fiber
3. Leak checks must be performed prior
to cure and heat-up
4. Testing and validation of all
constructed carbon fiber parts must be
done

Low

1. Improper storage of
pre-preg carbon fiber
leading to break down of
chemical properties
2. Leaks during vacuum
bagging process
3. Poor selection in
material for the breather,
release film, and sealant
tape used during the
vacuum bagging process
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Table A-4: Launch vehicle and recovery system risk assessment; to be expanded throughout the project.
Hazard

Cause

Launch Vehicle and Recovery System Risk Assessment
Effect
Mitigation
Pre –
RAC

Post – Post RAC
Risk

1. Black powder charges
fail to ignite
2. Malfunction in the ematches
3. Malfunction in
altimeters
4. Altimeters fail to send
signals
5. Incorrect wiring of
avionics and
pyrotechnics
Launch vehicle is
1. Doesn’t reach high
unstable after leaving enough velocity after
launch pad
leaving launch pad
2. Launch vehicle motor
does not have enough
thrust
3. Launch vehicle is too
heavy
4. Too much friction
between launch rails and
launch vehicle

1B
1. Irreparable damage to
launch vehicle, its
components, and electronics
2. Failure to meet reusability
requirement
3. Failure to meet landing
kinetic energy requirement

1. Redundant black powder charges, 2E
altimeters, and e-matches
2. Ground testing of electric ignition
system (igniting black powder
charges)
3. Detailed launch procedure check
list, that includes all the procedures of
properly installing all avionics and
pyrotechnics in the launch vehicle,
will be created and followed

Low

1. Unpredictable trajectory 3E
that could lead to crash
2. Failure to meet altitude
requirements
3. Non-ideal launch vehicle
position for drogue and main
parachute deployment

1. Create model to determine the
4D
launch vehicle’s stability velocity
based on fin and launch vehicle size
2. Create model to predict launch
vehicle’s launch pad exit velocity and
use model to select approximate
motor size
3. Perform test to determine the
friction coefficient between the
launch rail and launch vehicle
4. Use lubricant to reduce launch rail
friction

Minimal

Structural
1. Insufficient epoxy
failure/shearing of fins used during installation
during launch
of fins
2. Epoxy used to install
fins is improperly cured

1. Unstable launch vehicle, 1D
resulting in an unpredictable
trajectory
2. Possible launch vehicle
crash and injury to personnel

1. Reinforce fins with sheets of
2E
carbon fiber
2. Examine epoxy for any cracks prior
to launch
3. Perform test on fin installation
4. Ensure all personnel are alert and
are the appropriate distance away
from launch pad during launch

Low

Drogue or main
parachute fails to
deploy
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Failure of launch
vehicle’s internal
bulkheads

1. Launch force on
bulkheads is larger than
they can support
2. Bulkheads are poorly
manufactured

1. Main and drogue
1D
parachutes attached to
bulkhead will become useless
2. Internal components
supported by bulkheads will
become insecure and could
be damaged
3. Damage to critical
avionics systems
4. Failure of recovery system
and loss of launch vehicle
1. Launch vehicle will not
2E
launch
2. Failure to meet launch
requirements

1. Create prediction models of the
2E
force the bulkheads will receive
during launch
2. Use model to ensure all bulkheads
are within a margin of safety
3. Perform static load test on all
bulkheads
4. Perform detailed inspection of all
manufactured bulkheads prior to
launch

Low

1. Follow NAR safety guide lines,
4E
waiting a minimum of 60 seconds
before approaching launch vehicle
2. Once the RSO gives the all clear,
check the ignition system for any loss
of connection or faulty igniters and
fix connection or igniters
3. If problem continues, replace motor
with spare

Minimal

Buckling of the launch Body tube receives
1. Structural failure of launch 1E
vehicle’s main body greater forces than it can vehicle during flight
tube during launch
support
2. Failure to meet launch
vehicle requirements

1. Create prediction models of the
1D
force the body tube will receive
during launch
2. Ensure body tube was correctly
manufactured with good structural
properties (correct vacuum bagging
process was used in the creation of
the carbon fiber)
3. Perform static load test on the body
tube

Minimal

Launch vehicle motor 1. Poorly installed efails to ignite
match
2. Malfunction in ematch
3. Defective motor
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Appendix B: Safety Acknowledgement Form
Safety Acknowledgement Form
CALIFORNIA STATE POLYTECHNIC UNIVERSITY, POMONA
2017-2018 NASA Student Launch (NSL) Initiative, Deployable Rover Project

AGREEMENT TO ABIDE BY SAFETY REGULATIONS

I,__________________________ understand and agree to abide by the following safety
regulations.
Full range safety inspections of the rocket as listed in the Pre-Launch Checklist shall be
performed before each rocket launch. The team shall comply with the determination of the safety
inspection.
I will abide by the judgments of the Range Safety Officer (RSO). I agree that the Range
Safety Officer has the final say on all rocket safety issues and that the Range Safety Officer has
the right to deny launch of a rocket for any safety reason.
I understand that not complying with safety regulations will result in the team not being
allowed to launch our rocket.
I understand that high powered rocketry is an inherently dangerous activity and I will
abide by all safety policies regarding construction and flight of high powered rockets set forth by
the RSO and NSL Safety Officer.

____________________________________
Team Member Printed Name

____________________________________

__________________

Team Member Signature

Date

_______________________________________________

__________________

NASA Student Launch Safety Officer Acknowledgement

Date
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