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Executive Summary
The California Polytechnic University, Pomona NASA Student Launch Initiative (USLI) Team shall be
designing, developing, and launching a reusable rocket and payload within an 8-month life cycle. In
addition, the design of the full-scale launch vehicle shall follow all the requirements put forth by the
Statement of Work (SOW). The overall design consists of two main internal modules, a tapered section
from 6 inches to 4 inches, and an L-class motor. The team consists of about 14 students, who will each
have a certain assigned focuses for the design and manufacturing of the launch vehicle. The team
decided on pursuing experiment option 2 (Req. 3.3) for the primary, and experiment option 3 (Req. 3.4)
for the secondary payload. Experiment option 2 is a roll induction and counter roll, or called the Roll
Induction System (RIS). A 1-dimensional reactionary wheel that is autonomously controlled shall induce
a roll and a counter roll and shall be capable of stabilizing the launch vehicle (See section 4.2).
Experiment option 3 consists of a fragile material protection payload; for this, the team plans to secure
the unknown material(s) in a protective shell that is suspended with elastic material to safely hold the
shell in place in any direction (See section 4.3). In order to accomplish these goals, funding sources
range from collegiate support to industrial support and intellectual support will be accessible. The
team’s progress will be updated on cpprocketry.net throughout the extent of the competition.
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1.0 General
1.1 Adult Educators
Donald L. Edberg, Ph.D.
dedber@cpp.edu
909-869-2618
Dr. Donald Edberg will be the team’s faculty advisor. With about thirty years of experience
combined in the aerospace industry and teaching, he will provide great advice on the project
overall. Dr. Edberg has been employed at General Dynamics, AeroVironment, McDonnell
Douglas, and the Jet Propulsion Laboratory. He was also formerly a Boeing Technical Fellow at
both Boeing’s Phantom Works and Boeing Information, Space and Defense Systems and also
most recently a faculty fellow at NASA Marshall Space Flight Center. Dr. Edberg has advised
numerous senior projects at his time in California Polytechnic University, Pomona for the
aerospace engineering department. In addition, he has been an advisor for the past four years
for the NASA Student Launch Initiative teams.
Rick Maschek
rick.maschek@rocketmail.com
760-953-0011
Rick Maschek will act as one of the mentors for the team. Rick is heavily experienced in rocketry
with over fifty years of flying rockets and he has built his own hybrid rockets. He holds a Tripoli
Rocketry Association Level 2 certification and his certification number is #11388. Since he holds
a certification, he will perform all handling of igniters, motors, and changes.
Todd Coburn, Ph.D.
tdcoburn@cpp.edu
Dr. Todd Coburn will act as the other mentor for the team. Dr. Coburn has been employed in Us
Technical Consultants, Boeing Commercial Airplanes, and at Boeing Defense Systems; totaling
to nearly thirty years of experience in the aerospace industry, specifically with strength analysis.
Dr. Coburn will provide much insight on the launch vehicle’s structural properties and
capabilities.

1.2 Safety Officer
Michael Nguyen
Safety Officer, Aerodynamics Engineer
mnguyen1@cpp.edu
714-261-4224

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

5

Michael Nguyen is a third year Aerospace Engineer. He served as the team lead for IREC
(Intercollegiate Rocket Engineering Competition) 2015-2016, which is the first year that Cal Poly
Pomona has participated in with the help of UMBRA (Undergraduate Missiles, Ballistics, and
Rocketry Association). He also held the position as manufacturing officer for UMBRA and is
currently the vice president. For the 2016-2017 NASA Student Launch Initiative team, he will
hold the position as safety officer and an aerodynamics engineer.

1.3 Lead Engineer
Samuel Daugherty-Saunders
Lead Engineer
sdaugherty95@gmail.com
909-373-7433
Samuel Daugherty-Saunders is a fourth year Aerospace Engineer and currently holds an
internship position at the Jet Propulsion Laboratory. Samuel participated in the 2015-2016
NASA Student Launch Initiative as a support engineer and is now serving as team lead. He was
also a manufacturing manager and upper class representative for UMBRA, fundraising chair for
the Cal Poly Pomona chapter of SEDS (Students for the Exploration and Development of Space),
and a member of Tau Beta Pi.

1.4 Participants
There is a total of fourteen students participating in the NASA Student Launch Initiative 20162017 from California State Polytechnic University, Pomona. Each team member will focus on
their assigned subgroup or position in addition to working with the whole team to accomplish
all given project requirements. The Work Breakdown Structure (WBS) in Figure 1.4-1 outlines
the specific positions and teams each member is a part of. The main positions include Lead
Engineer, Systems Engineer, Safety Officer, and sub team Leads; the main teams include
Aerodynamics, Structures, Avionics, Support, and Educators.
The Lead Engineer, Samuel, will focus on overseeing each sub-team to ensure that the research
and engineering development align with the overall project goals final launch vehicle design. In
addition, all team members report to the lead engineer with all progress and concerns. Also,
the Lead Engineer is in charge of initiating goals, concerns, meetings, and overall construction
of the rocket system.
The Systems Engineer, Shannen, will support Samuel in managing the project and will verify
that all the requirements are met for the launch vehicle, recovery system, and payload
experiment. In addition, this position is responsible for keeping track of progress, documents,
presentations, budgets, funding, schedules, timelines, and the website.

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

6

The Safety Officer, Michael, will be responsible for the compliance of every member to the
safety rules and regulations during construction, testing, and the official launch of the launch
vehicle system. This position is also in charge of handling safety checklists, MSDS, and safety
equipment.
The Aerodynamics Team includes the Lead Aerodynamics Engineer, Ricky, and two
Aerodynamics Engineers, Michael and Josh. This team will be responsible for all flight dynamics
of the launch vehicle during full trajectory and recovery. In addition, they will conduct analysis
to evaluate the performance of the design of the launch vehicle and is responsible for the
parachute recovery system.
The Structures Team includes the Lead Structural Engineer, Christian, and two Structural
Engineers, Jairo and Diran. This team is responsible for designing all structural components of
the rocket system and conducting stress, loading, and vibrations testing and computational
analysis to determine the durability and stability of the launch vehicle design. In addition, this
team will focus on the manufacturing process.
The Avionics Team includes the Lead Avionics Engineer, Drayton, and two Avionics Engineers,
Wayne and Will. The Avionics team is responsible for the assembly of necessary electrical
components for both the launch vehicle and payload experiment(s) in order to fully function
during launch, trajectory, and descent. In addition, this team is to program data acquisition and
retrieval.
The Support Team includes Support Engineers, Mark, Juan, and Eric. This team will aid team
members in need of assistance during research, development, and manufacturing.
The Educators includes the team’s advisor, Donald Edberg, Ph.D., and two of the team’s
mentors, Todd Coburn, Ph.D., and Rick Maschek. Educators are to provide professional and
educational insight on developing a better launch vehicle and payload system. Educators are
also responsible for answering concerns and providing feedback when needed.
In addition to the team, there will be task forces who focus on certain parts of the project in
addition to their sub-team responsibilities. Task Forces include and outreach, safety, RCS
(Reactionary Control System), and FMP (Fragile Material Protection) teams. Figure 1.4-2
outlines the Task Forces. Figure 1.4-3 outlines the launch vehicle main components.

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

7

Figure 1.4-1: Work Breakdown Structure (WBS)
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Figure 1.4-2: Task Forces WBS
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Figure 1.4-3: Launch Vehicle WBS

1.5 NAR/TRA Sections
The designated NAR/TRA section that the team will be working with for launch assistance is the
Southern Rocket Association (SCRA) #430. The main launch site for the team that is covered
under section #430 is at Lucerne Dry Lakebed. Martin Bowitz, SCRA president, is the main
contact for this section; below is his contact information.
Martin Bowitz
Section #430
PO Box 5165 Fullerton, CA 92838
mebowitz@earthlink.net
714-529-1598

1.6 Acronym Table
AGL = Above Ground Level
AIAA = American Institute of Aeronautics and Astronautics
CDR = Critical Design Review
CFR = Code of Federal Regulations
FAA = Federal Aviation Administration
FMP = Fragile Material Protection Payload
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dps= degree per second
FN = Foreign National
FRR = Flight Readiness Review
g = acceleration due to gravity
GPS = Global Positioning System
GUI = Graphical User Interface
IIS = Ignition Insertion System
IMU = Inertial Measurement Unit
KSI = kilo pound per square inch
LLC = Limited Liability Company
LRR = Launch Readiness Review
LSB = Least Significant Bit
LV = Launch Vehicle
MATLAB = Matrix Laboratory
MSDS = Material Safety Data Sheet
NAR = National Association of Rocketry
NASA = National Aeronautics and Space Administration
NFPA = National Fire Protection Association
PDR = Preliminary Design Review
PPE = Personal Protective Equipment
PRA = Payload Retrieval Arm
PRE = Payload Retrieval Elevator
PRS = Payload Retrieval System
RAC = Risk Assessment Codes
RCS = Reactionary Control System Payload
RAL = Rocket Assembly Laboratory
RCF = Refractory Ceramic Fiber
RIS = Roll Induction System
RSO = Range Safety Officer
SCRA = Southern California Rocket Association
SL = Student Launch
STEM = Science, Technology, Engineering, and Mathematics
TRA = Tripoli Rocketry Association
UMBRA = Undergraduate Missiles and Ballistics Rocketry Association
WBS = Work Breakdown Structure
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2.0 Facilities and Equipment
2.1 Facility, Equipment and Hours of Accessibility
Wind Tunnel Laboratory, Building 13, Room 1229
The Wind Tunnel Laboratory is a hybrid classroom and testing facility used for the support of student
design and research projects. The facility is 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 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. 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 the competition include:
●
●

Subsonic Wind tunnel
Automated data acquisition system

Figure 2.1-1: Wind tunnel test section (right) and bird's eye view schematic (left).
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Space Laboratory, Building 13, Room 1229-B
The 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 2.1-2. 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
Carbon Fiber
Mylar
Perforated film
Breather
Gum tape
Epoxy
Hardener

Figure 2.1-2: Internal view of the composite curing oven (left) and back view of the team's vacuum pump (right).

Rocket Assembly Laboratory, Building 13, Room 1229-C
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. 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
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●
●
●
●
●

Digital scales
Soldering stations
Dremel
Powered hand tools
Hand tools

Figure 2.1-3: Rocket Assembly Lab placard (left), toolbox and drill press (right)

Thermal Fluids Lab, Building 17, Room 1628
The Thermal Fluids Lab, in addition being 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 2.1-4. The testing section of has a width of 7 inches 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 inches and width of 24 inches. 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 inches and length is 18 inches. Flow analysis is performed by releasing
colored dye through various orifices on the test model at various angles of attack, to observe the
behavior of the flow at various.
The lab also offers students the ability to develop models using additive manufacturing by an Object
Alaris™30 3D printer, shown in Figure 2.1-5. The 3D Printer has an available print area of 11.81 × 7.87 ×
5.9 inches 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, 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
inches at an accuracy of 0.0039 inches.
In order to obtain the necessary permissions to operate both the Eidetics’ Flow Visualization Water
Tunnel and the Objet Alaris™30 3D printer, a technical proposal is to be provided to the department lab
technician, after being 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.
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Figure 2.1-4: Water tunnel layout and side observation window for flow visualization.

Figure 2.1-5: Front profile of the Objet Alaris™30 3D printer.

Engineering Project Laboratory, Building 17, Room 1456/1560
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 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
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finally pass a test based on the information covered. Lab assistants 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”
Acer E-Mill™
LeBlond Regal Machine Tool
FADAL5 VMC 3016 (Envelope: x=30” y=16” z=20”)
Wilton Machinery Horizontal Saw
Balder Deburring Station
Doringer D350 Circular Cold Saw
Millermatic
Republic Plaeun Machine Tool RL-1440G-TW

Alco Metal Fab
Alco Metal Fab (Figure 2.1-6) is a metal fabrication shop that has allowed the team to use their facilities
and equipment for the purposes of the competition. Their capabilities include cutting, punching,
forming, hardware, welding, deburring, machining, metal processing, and programming.
Representatives from Alco metal will handle all of the contracted services including programming,
materials acquisition, and production. Their facilities are available Monday through Friday from 6:00am
to 3:00pm. Their full staff of professional machinists is also available for advice concerning design
considerations. Major equipment items include:
●
●
●
●
●

Amada LC-F1NT Laser Cutter
Haeger 618 Insert Press
Timesaver 2211 Deburring Equipment
Fadal CNC Mill
Samsung CNC Lathe

Figure 2.1-6: Overview of metal fabrication shop (Left), laser cutting equipment (Right)
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Friends of Amateur Rocketry
The Friends of Amateur Rocketry (FAR) (Figure 2.1-7) 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 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.
In addition, the FAR site 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 facilities include:
●
●
●
●
●
●
●
●

Blockhouse viewing
Bunkers
Propellant storage
An assembly building
Workshops
Storage
Sun shade
Weather station

Notable Equipment includes:
● Static test stands
● Launch rails
● All-terrain-forklifts
● skip loaders
● Boom cranes
● Lathe
● Mill
● Drill press
● Chop saw
● Grinder
● Welder
Safety equipment includes:
● First aid
● Firefighting equipment
● An automatic defibrillator
● Oxygen
● Helipad for emergency evacuations.
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Figure 2.1-7: Demonstration of the static test stand at the FAR site

2.2 Computers and Software
The Vehicle and Systems Design Laboratory (17-2664) and the Flight Dynamics Laboratory (17-2103) are the
two primary computer laboratories available to the team. They house a combined 47 workstations with
simulation and design software for aerospace engineering students involved in senior project/design and
additional classwork. Each workstation consists of a 3.4GHz Intel Core i7-4770 processor, 16GB of RAM, and
an AMD Radeon HD 8490. These lab spaces will be primarily used to hold meetings, present, compile ideas
onto 90 square foot whiteboards, and run computer simulations. These laboratories are available daily from
6:00am to 12:00am. The available software installed at each workstation includes:
●
●
●
●
●
●
●

ANSYS – Workbench 15.0
FEMAP v11.0
LMS Imagine.Lab Amesim
MATLAB R2016b
MSC Nastran 2012.2
SolidWorks 2016
OpenRocket

Additionally all students have access to the 24 Hour Computer Laboratory, which is available 24 hours a day,
7 days a week, and 365 days a year. This lab houses 78 workstations, a scanner, two printers, and group study
tables. The specifications of the workstations are the same as those listed above for the aerospace specific
computer labs. The software contained in these workstations includes:
●
●
●
●
●
●
●
●
●
●
●

Microsoft Office Professional Plus 2013
Google Earth
Internet Explorer, Firefox, and Chrome
Aleks
SAS 9.4
SPSS 22
Statistix 10
Wolfram Mathematica 10
Eviews
Adobe Acrobat Pro
Adobe Creative Cloud
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●

Python 3.4 IDLE

2.2.1 Website Compliance
The team website is located at www.cpprocketry.net and shown in Figure 2.2.1-1. 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, link to social
media outlets, host team member pictures and bios, and contain documentation from Cal Poly Pomona
teams of past years.

Figure 2.2.1-1: www.cpprocketry.net home page

In order to create the Cal Poly Pomona NASA Student Launch Website, the Weebly website builder was used.
Weebly allows the creator to build a website using a drag and drop interface editor. This ensures the ability
to create a clean and professional website. In addition, Weebly comes with a free hosting platform. This
cloud-based infrastructure provides fluid interaction for visitors.

2.3 Necessary Personnel
Dr. Donald Edberg
Dr. Edberg is a tenured professor in the department of Aerospace Engineering at Cal Poly Pomona. He is the
team advisor and will provide guidance and consulting with regard to the team’s designs.
Dr. Todd Coburn
Dr. Coburn is a tenured professor in the department of Aerospace Engineering at Cal Poly Pomona and will
provide additional guidance and mentorship related to structural analysis and design.
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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. Additionally
He will oversee some advanced manufacturing and operation of machinery.
Professor Clifford Stover, P.E.
Professor Stover is a professor in the Mechanical Engineering department at Cal Poly Pomona and supervises
the engineering projects lab. As such he will oversee much of the advanced manufacturing and machine use.
Rick Maschek
Rick Maschek is the team’s adult mentor. He is a avid high-powered rocketry enthusiast and has obtained his
level 2 certification through the Tripoli Rocketry Association. He will be assisting the team with the purchase,
storage, and priming of all required rocket motors.
While receiving assistance from mentors, faculty, and staff advisors, the Cal Poly Pomona NASA Student
Launch team is entirely student run. To ensure that all safety regulations are met, the team advisor, Donald
Edberg, and safety officer, Michael Nguyen, will review each step of the design process. All of the
components will be tested prior to launch with the assistance of NAR/TRA.

2.4 Accessibility Standards
The 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
All team members must adhere to the following safety plan to ensure the safety and integrity of the project.
Michael Nguyen, the safety officer, will enforce the necessary safety regulation and mitigation where it is
applicable.

3.1.1 Engineering Projects Laboratory Machine Shop
Machine operators on the team must be 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. Yellow tag allows the
team to utilize drill press, saws, belt sanders, grinders, and metal brakes while red tag certifies for lathes and
CNC utilization. Regardless of certifications, all operators must wear protective gear and avoid wear loose
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clothing and hair. Operator must be educated about the locations of safety stations throughout the lab and
against working alone.

3.1.2 Carbon Fiber Composites
The utilization of pre-impregnated carbon fiber for a strong body tube presents hazards to the
manufacturers. Prolonged exposure to carbon fiber may lead to skin and respiratory irritation and lung
disease. In addition, contact with epoxy resins can cause inflammation and conjunctivitis. Before the
manufacturing process, manufacturers must read and understand the material safety data sheets for safety
guidelines and mitigations. All members must wear protective gloves, safety goggles, respirators, and aprons
while handling composite materials. 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 the 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, activations, ejection charges, and motors, prior to the installation. The
launch vehicle must be assembled at their respective workplace away from the launch rails and other
possible hazards. Only after completing the assemblage 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 and subsequently the ignition system must be on standby. 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 safety officer determines that it is safe to approach the launch
vehicle.

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 in the laboratory and launch sites.

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
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likelihood and severity factors are given. These values are used to create the Risk Assessment Codes (RAC),
which determines the risk of each hazard. Tables 3.1.5-3 through 3.1.5-8 illustrate a color-coded chart for the
RAC and corresponding risk level.
Table 3.1.5-1: Likelihood Definitions

Description

Qualitative Definition

Quantitative Definition

A - Frequent

High likelihood to occur
immediately or continuously

B - Probable

Likely to frequently occur

0.9 ≥ Probability > 0.5

C - Occasional

Expected to occur occasionally

0.5 ≥ Probability > 0.1

D - Remote

Unlikely to occur but
reasonable to expect
occurrence at some point in
time
Very unlikely to occur with no
expect occurrence over time

0.1≥ Probability >0.01

E - Improbable

Probability > 0.9

0.01≥ Probability

Table 3.1.5-2: Severity Definitions

Description
1 - Catastrophic

Personnel Safety and
Health
Loss of Life or
permanent injury

Facility and Equipment
Loss of facility, launch
systems, and
associated hardware

2 - Critical

Severe injury

Major damage to
facility, launch systems
and associated
hardware

3 - Marginal

Minor injury

Minor damage to
facility, launch systems
and associated
hardware

4 - Negligible

Minimal first aid
required

Minimal damage to
facility, launch systems
and associated
hardware

Environmental
Irreversible severe
environmental damage
that violates laws and
regulations
Reversible
environmental damage
causing a violation of
law or regulation
Minor environmental
damage without
violation of law or
regulation where
restoration is possible
Minimal environmental
damage without
violating laws or
regulations
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Table 3.1.5-3: Risk Assessment Codes (RAC)

Likelihood

1
Catastrophic
1A
1B
1C
1D
1E

A - Frequent
B - Probable
C - Occasional
D - Remote
E - Improbable

2
Critical
2A
2B
2C
2D
2E

3
Marginal
3A
3B
3C
3D
3E

4
Negligible
4A
4B
4C
4D
4E

Table 3.1.5-4: Risk Levels Assessment

Risk Levels Assessment
Risk Levels

Risk Assessments
Highly undesirable, will lead to failure to complete
the project
Undesirable, could lead to failure of project and loss
of a severe amount of competition points
Acceptable, won’t lead to failure of project but will
result in a reduction of competition points
Acceptable, won’t lead to failure of project and will
result in only the loss of a negligible amount of
competition points

High Risk
Moderate Risk
Low Risk
Minimal Risk

Table 3.1.5-5: Launch Pad Risk Assessment

Launch Pad Risk Assessment
Hazard

Cause

Effect

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

Unstable
launch pad

• Un-level ground

• Launch vehicle
may leave
launch platform
in an
unpredictable
manner
• Launch vehicle
may not reach
the set
competition
altitude

PreMitigation
RAC
3D

Pre-Risk

Mitigation

Low

• Use correct
launch lugs
and firmly
embed them
into rocket
body

2D

Moderate

• Prior to
launch, the
launch
platform
should be
checked for
stability and
correct
alignment. All
members
present at
launch should

PostMitigation
RAC
3E

Low

3E

Low
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follow
NAR/TRA
Minimum
Distance
regulations
Table 3.1.5-6: Deadlines/Budget Risk Assessment
Deadlines/Budget Risk Assessment
Hazard

Cause

Effect

PreMitigation
RAC

Pre-Risk

Mitigation

PostMitigation
RAC

PostRisk

Failure to
meet
Proposal
deadline

• Incomplete
safety plan
• Incomplete
educational
outreach plan
• Incomplete
technical
details
• Incomplete
payload
design

• Proposal not
accepted by
officials

E1

Low

3E

Low

Failure to
meet PDR
deadline

• Inadequate
subsystem
design
• Launch
vehicle design
that does not
meet
functional
requirements
• Unacceptable
payload
integration

• Unable to pass
PDR review
with go ahead
to
manufacture

E1

Low

3E

Low

Failure to
meet CDR
deadline

• Unsuccessful
launch of subscale launch
vehicle
• Insufficient
maturity in
design since
PDR
• Unacceptable
final launch
vehicle design

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

1D

Moderate

• Weekly team
meetings
• Systematic
approach to
distribution
of work
• Immediate
response to
any activity
that does not
move the
team forward
• Well thought
out approach
to review
preparation
• Complete
organized
launch
vehicle and
subsystem
design
• Frequent
review of
requirements
to ensure
positive
design
progress
• Implement
systems
engineering
techniques to
organize
launch
vehicle and
payload
design and
keep project
on schedule

3E

Low
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Failure to
meet FRR
deadline

• Unable to
demonstrate
payload
completeness
and
correctness
via video
• Failure to
demonstrate
successful
full-scale
launch
vehicle
launch
• Failure to
present
acceptable
testing of
recovery
system and
interface with
ground
system

• Unable to pass
CDR with go
ahead to
compete in
final launch

1D

Moderate

Failure to
receive
necessary
project
funding

• Not enough
fundraising
• Not enough
community
outreach and
support
requests

• Unable to
purchase
necessary
materials
and
equipment
• Insufficient
traveling
funds

1C

High

• Constant
review of
requirements
to ensure
they are
being met by
design
components
• Analysis and
testing of key
features of
payload
experiments
• Weekly
meetings
• Complete
analysis on
critical
aerodynamic
parameters
during flight
• Top to
bottom
testing of
necessary
code for
ground
station and
avionics
• Complete
and thorough
analysis and
testing of
recovery
system
including
parachute
sizing and
material
selection
• Create a welldesigned and
thought-out
funding plan
• Develop a
welcome
package that
can be
distributed to
local
companies
requesting

3E

Low

2E

Low
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support
• Reach out to
college grants
and programs
for support

Hazard

Personnel injury
when working
with chemicals

Personnel injury
when using
power tools and
hand tools such
as hammers,
saws, and drills

Table 3.1.5-7: Lab and Machine Shop Risk Assessments
Lab and Machine Shop Risk Assessment
Cause
Effect
Pre –
Pre - Risk
Mitigation
Mitigation
RAC
3C
Moderate • MSDS will
• Chemical
• Skin, eye, and
spill/splash
lung irritation
be readily
available in
• Exposure to • Mild to serve
all labs at
chemical
skin burns
all times.
fumes
• Lung damage or
They will be
asthma
reviewed
prior to
working
with any
chemicals
• Gloves and
safety
glasses will
be worn
when
handling
hazardous
chemicals
• All
personnel
will be
familiar
with
locations of
safety
equipment
including
chemical
showers
and eye
wash
stations
2C
Moderate • All
• Improper
• Mild to severe
training in
cuts or bruises
personnel
tool and lab • Damage to tools
must be
equipment
properly
and equipment
trained in
• Damage to
tool use
launch vehicle
• All
and AGSE
personnel
components

Post –
Mitigation

Post Risk

4D

Minimal

3D

Low
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•

Personnel injury
and improperly
manufactured
components
when using lab
machines such
as mills, sanders,
or table saws

• Lack of
training in
lab machine
use

• Mild to severe
cuts and bruises
• Poorly
fabricated parts

2C

Moderate

Personnel injury
during carbon
fiber fabrication
and cutting

• Excess
exposure to
airborne
fiber
particles
• Mishandlin
g of epoxy
and resins

• Mild to severe
irritation of skin,
eyes and lungs

3D

Low

must wear
safety
glasses,
gloves and
other PPE
when using
tools
• Tools
should be
properly
stored and
taken care
of
• Appropriate
apparel
must be
worn when
working in
lab
• All
personnel
working in
lab must
receive
Yellow Tag
certification
before
using any
lab
machines
• Personnel
using more
advance
machines
must have
Red Tag
certification
• Testing and
validation
of all
manufactur
ed parts
must be
done
• Manufactur
e of carbon
fiber must
be done
outside or
in a wellventilated
lab

3D

Low

4E

Minimal
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used

Poorly
manufactured
carbon fiber
components

Hazard

• Improper
storage of
pre-preg
carbon
fiber
leading to
break down
of chemical
properties
• Leaks
during
vacuum
bagging
process
• Poor
selection in
material for
the
breather,
release
film, and
sealant
tape used
during the
vacuum
bagging
process

• Voids, wrinkles,
and
imperfections in
carbon fiber
• Structural
failure in the
carbon fiber
body tube
• Rough fin and
body surfaces
• Misalignment of
different rocket
sections

3C

Moderate

• Proper PPE
must be
worn at all
times
including
safety
mask,
goggles,
and gloves
• All vacuum
bagging
safety
procedures
must be
followed
• Vacuum debulking
should be
performed
to eliminate
wrinkles
and voids
• Vacuum
requiremen
ts must be
met prior to
heating
during the
constructio
n of carbon
fiber
• Leak checks
must be
performed
prior to
cure and
heat-up
• Testing and
validation
of all
constructed
carbon
fiber parts
must be
done

Table 3.1.5-8: Launch Vehicle and Recovery System Risk Assessment
Launch Vehicle and Recovery System Risk Assessment
Cause
Effect
Pre –Mitigation
Pre Mitigation
RAC
Risk

3D

Low

Post –
Mitigation
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Drogue or main
parachute fails to
deploy

• Black
powder
charges fail
to ignite
• Malfunction
in the ematches
• Malfunction
in altimeters
• Altimeters
fail to send
signals
• Incorrect
wiring of
avionics and
pyrotechnics

• Irreparable
damage to
launch
vehicle, its
components,
and
electronics
• Failure to
meet
reusability
requirement
• Failure to
meet landing
kinetic
energy
requirement

1B

High

• Redundant
black powder
charges,
altimeters,
and ematches
• Ground
testing of
electric
ignition
system
(igniting black
powder
charges)
• 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

2E

Low

Launch vehicle is
unstable after
leaving launch pad

• Doesn’t
reach high
enough
velocity after
leaving
launch pad
• Launch
vehicle
motor does
not have
enough
thrust
• Launch
vehicle is too
heavy
• Too much
friction
between
launch rails
and launch
vehicle

• Unpredictabl
e trajectory
that could
lead to crash
• Failure to
meet
altitude
requirement
s
• Non-ideal
launch
vehicle
position for
drogue and
main
parachute
deployment
•

3E

Low

• Create model
to determine
the launch
vehicle ’s
stability
velocity based
on fin and
launch vehicle
size
• Create model
to predict
launch
vehicle’s
launch pad
exit velocity
and use
model to
select
approximate
motor size
• Perform test
to determine

4D

Minimal
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Structural
failure/shearing of
fins during launch

• Insufficient
epoxy used
during
installation
of fins
• Epoxy used
to install fins
is improperly
cured

• Unstable
launch
vehicle,
resulting in
an
unpredictabl
e trajectory
• Possible
launch
vehicle crash
and injury to
personnel

1D

Modera
te

Failure of launch
vehicle’s internal
bulkheads

• Launch force
on
bulkheads is
larger than
they can
support
• Bulkheads
are poorly
manufacture
d

• Main and
drogue
parachutes
attached to
bulkhead will
become
useless
• Internal
components
supported
by bulkheads
will become
insecure and
could be
damaged
• Damage to
critical
avionics
systems
• Failure of
recovery
system and
loss of

1D

Modera
te

the friction
coefficient
between the
launch rail
and launch
vehicle
• Use lubricant
to reduce
launch rail
friction
• Reinforce fins
with sheets of
carbon fiber
• Examine
epoxy for any
cracks prior to
launch
• Perform test
on fin
installation
• Ensure all
personnel are
alert and are
the
appropriate
distance away
from launch
pad during
launch
• Create
prediction
models of the
force the
bulkheads will
receive during
launch
• Use model to
ensure all
bulkheads are
within a
margin of
safety
• Perform static
load test on
all bulkheads
• Perform
detailed
inspection of
all
manufactured
bulkheads
prior to

2E

Low

2E

Low
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Launch vehicle
motor fails to
ignite

• Poorly
installed ematch
• Malfunctio
n in ematch
• Defective
motor

Buckling of the
launch vehicle’s
main body tube
during launch

• Body tube
receives
greater
forces than
it can
support

launch
vehicle
• Launch
vehicle will
not launch
• Failure to
meet launch
requirement
s

• Structural
failure of
launch
vehicle
during flight
• Failure to
meet launch
vehicle
requirement
s

launch
2E

Low

1E

Low

• Follow NAR
safety guide
lines, waiting
a minimum of
60 seconds
before
approaching
launch vehicle
• Once the RSO
gives the all
clear, check
the ignition
system for
any loss of
connection or
faulty ignitors
and fix
connection or
ignitors
• If problem
continues,
replace motor
with spare
• Create
prediction
models of the
force the
body tube will
receive during
launch
• Ensure body
tube was
correctly
manufactured
with good
structural
properties
(correct
vacuum
bagging
process was
used in the
creation of
the carbon
fiber)
• Perform static
load test on
the body tube

4E

Minimal

1D

Minimal
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3.2 NAR/TRA Personnel
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 and utilized only 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 5 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
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.
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
tamper with these motors or use them for
any purposes except those recommended
by the manufacturer. I will not allow
smoking, open flames, nor heat sources

Compliance
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.
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 will use the
proper handling, outlined in the safety manual.
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4.

5.

6.

7.

within 25 feet of these motors.
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.
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.
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 power rocket I will observe
the additional requirements of NFPA 1127.
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
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

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 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).

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

35

8.

9.

10.

11.

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.
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.
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.
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).
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

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.

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.
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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, and 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, fly it
under conditions where it is likely to
recover in spectator areas or outside the
launch site, nor attempt to catch it as it
approaches the ground.

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 Operations
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 Plan for Briefing
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 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.

3.3.1 Hazard 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 the
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, 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.
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3.3.2 Pre-Launch Briefing
All members who attend launches must attend to each prior 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 involving materials with potential hazards are required to attend all
necessary safety meetings prior to handling the aforementioned materials. Any time the member is uncertain
of the proper practice, the member must review the corresponding MSDS and ask for the safety officer’s
assistance. 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
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
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
3. Confirm the alertness of all participating members
4. Prepare and keep the work area clean and free of obstruction
5. Obtain and handle the hazardous materials
6. Properly dispose of the excess hazardous materials and clean and organize the lab space
Table 3.4-1: Personal Protective Equipment

Product
West System 105
Epoxy Resin

Chemical Family
Epoxy Resin

Manufacturer
West System
Inc.

2

West System 205
Fast Hardener

Amine

West System
Inc.

3

Aluminosilicate
Fiber Blankets
(TaoFibre Blanket)

Ceramic Fiber (RCF)

InterSource
USA Inc.

1

Hazards
May cause skin
irritation, eye
irritation, and
allergic reaction.
Burns to eyes and
skin; harmful if
swallowed or
ingested.
Prolonged exposure
to dust may cause
skin, eye, and
respiratory tract
irritation.

PPE
Gloves, loose
clothing,
goggles, no
exposed areas.
Gloves, loose
clothing,
goggles, no
exposed areas,
face gear.
Gloves, loose
clothing,
goggles, no
exposed areas,
protective
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breathing
masks.
4

Dan Tack 2028
Contact Spray
Super Adhesive

Aerosol Adhesive

Adhesive
Solutions Inc.

5

West System 105
Epoxy Resin

Epoxy Resin

West System
Inc.

6

Generic Oriented
Strand Board
Material

N/A

N/A (MSDA
provided by
Structural
Board
Association)

7

MTM49L Epoxy
Resin

Epoxy Resin

Advanced
Composites
Group Inc.

8

R-Matte Plus-3
(Sheathing
Insulation Board)

Polyisocyanurate
Foam

Rmax
Operating, LLC.

9

West System 105
Epoxy Resin

Epoxy Resin

West System
Inc.

10

Aeropoxy PH3630

Modified Amine
Mixture

Aeropoxy

11

Aeropoxy
PH6228A

Epoxy Resin Based
Mixture

Aeropoxy

12

Aeropoxy
PH6228B

Modified Amine
Mixture

Aeropoxy

May cause
headaches, dizziness,
unconsciousness,
injury, and toxicity,
skin and eye
irritation.
May cause skin
irritation, eye
irritation, and
allergic reaction.
Inhalation and
exposure to dust can
cause dizziness, skin
and eye irritation,
serious injury, or
even death.
Inhalation and
exposure can cause
respiratory defects
and skin/eye
irritation, or allergic
reaction.
May cause skin
irritation, eye
irritation, and
allergic reaction;
known carcinogenic
material (harmful in
overexposure).
May cause skin
irritation, eye
irritation, and
allergic reaction
May cause skin
irritation, eye
irritation, and
allergic reaction.
May cause skin
irritation, eye
irritation, and
allergic reaction.
May cause skin
irritation, eye
irritation, and
allergic reaction.

Proper
respiratory
equipment and
other facial gear
including
goggles.
Gloves, loose
clothing,
goggles, no
exposed areas.
Ventilation,
Protective
Gloves,
Respiratory
Protection
Gloves, loose
clothing,
goggles, no
exposed areas.

Gloves, loose
clothing,
goggles, no
exposed areas,
proper
ventilation.
Gloves, loose
clothing,
goggles, no
exposed areas.
Gloves, loose
clothing,
goggles, no
exposed areas.
Gloves, loose
clothing,
goggles, no
exposed areas.
Gloves, loose
clothing,
goggles, no
exposed areas.
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13

Aeropoxy PH3660

Epoxy Resin Based
Mixture,
Diphenylolpropane

Aeropoxy

14

Aeropoxy PH3665

Modified Amine
Mixture

Aeropoxy

15

Aeropoxy PR2032

Multifunctional
acrylate

Aeropoxy

May cause skin
irritation, eye
irritation, and
allergic reaction;
liver, kidney
irritation with
overexposure.
Skin, Eye, and Lung
irritation with
overexposure;
toxicity.

Skin, Eye, and Lung
irritation with
overexposure;
toxicity.

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

3.5 Unmanned Rocket Launches and Motor Handling Compliance with Federal,
State, and Local Laws
Each UMBRA NSL member must review and acknowledge the following federal, state, and local laws and
regulations pertaining to amateur 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-Rocketry-P1410.aspx?icid=B484

The team reviews and acknowledges the rules of and submits 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

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

40

3.6 Plans for NAR/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
Table 3.8-1: Safety Requirements Traceability and Verification Matrix

REQ#

Safety Requirements
Description

SR4.1

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.

SR4.2

Each team must identify a student safety officer who
shall be responsible for all items in section 4.3.

SR4.3

The role and responsibilities of each safety officer shall
include, but not limited to:

SR4.3.1.1

Monitor team activities with an emphasis on Safety
during:
Design of vehicle and launcher

SR4.3.1.2

Construction of vehicle and launcher

SR4.3.1.3

Assembly of vehicle and launcher

SR4.3.1.4

Ground testing of vehicle and launcher

SR4.3.1.5

Sub-scale launch test(s)

SR4.3.1.6

Full-scale launch test(s)

SR4.3.1.7

Launch day

SR4.3.1.8

Recovery activities

SR4.3.1.9

Educational Engagement Activities

SR4.3.1

Design Requirements

Section

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

3.1.7

Michael Nguyen

1.2

Safety Manager
responsibilities

1.4
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SR4.3.2

Implement procedures developed by the team for
construction, assembly, launch, and recovery activities

Manage and maintain current revisions of the team’s
hazard analyses, failure modes analyses, procedures,
and MSDS/chemical inventory data
SR4.3.3

Assist in the writing and development of the team’s
hazard analyses, failure modes analyses, and
procedures.
SR4.3.4

SR4.4

Each team shall identify a “mentor.” A mentor is
defined as an adult who is included as a team member,
who will be supporting the team (or multiple teams)
throughout the project year, and may or may not be
affiliated with the school, institution, or organization.
The mentor shall maintain a current certification, and
be in good standing, through the National Association
of Rocketry (NAR) or Tripoli Rocketry Association (TRA)
for the motor impulse of the launch vehicle, and the
rocketeer shall have flown and successfully recovered
(using electronic, staged recovery) a minimum of 2
flights in this or a higher impulse class, prior to PDR.
The mentor is designated as the individual owner of
the rocket for liability purposes and must travel with
the team to launch week. One travel stipend will be
provided per mentor regardless of the number of
teams he or she supports. The stipend will only be
provided if the team passes FRR and the team and
mentor attends launch week in April.

Safety Manager and Team
Lead will lead the team to
follow all procedures made

3.1.1

Safety Manager will update
the hazard, failure,
procedure, and MSDS
sheets for all reviews in
accordance to new
materials and regulations

3

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

3

Rick Maschek

1.1
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SR4.5

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.

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

3.1.8

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

3.1.8

Teams shall abide by all rules set forth by the FAA.
SR4.6
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4.0 Technical Design
4.1 Launch Vehicle
4.1.1 Structural Design
In this section we will be discussing the structural portion of the launch vehicle. Included in this will be the
nose cone, fins, body tube, motor selection justification and any major structural technical challenges and
solutions. Specifically module one will be a detailed design of the main parachute bay, recovery bay and
drogue bay as well as module two, which will focus on the payload faring, observation bay, motor bay and fin
integration.

4.1.1.1 Nose Cone Design
The nose cone is a critical factor in the aerodynamics of the entire rocket as its contour acts a leading edge
for the entire rocket. There are many different designs to be considered as shown in the figure below. Due to
the subsonic speed requirement of the competition, the lower drag coefficients under Mach 1.0 are desirable
such as those of tangent ogive, power 0.5, and parabolic as shown in Figure 4.1.1.1-1.

Figure 4.1.1.1-1: Nose cone drag coefficient

The parabolic nose is chosen because there are strong evidences indicating toward the lowest drag
coefficient. As illustrated in figure 4.1.1.1-2, the forward region of the nose cone experiences a suction effect
from the static pressure above and below the body. These forces negate each other and reduce the drag of
the half-body to zero according to the potential theory.
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Figure 4.1.1.1-2: Pressure around nose cone

In addition to the contour, the fineness ratio also plays an important factor. The nose cone is estimated to
have a ratio of 2. Higher values do not provide many benefits as the curve’s slope approaches zero as shown
in Figure 4.1.1.1-3. Longer length reduces the drag coefficient but it also increases the skin friction drag and
the likelihood of structural failure.

Figure 4.1.1.1-3: Coefficient of drag vs L/D
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4.1.1.2 Fin Design
Three different designs were considered for the fins, which were A traditional trapezoidal, a clipped delta
design, a triangular design, and a grid fin design. Any design that extended past the body tube would result in
more drag than a design that did not, for this reason, the triangular design was disqualified early on. Also, any
fin extending aft of the body tube is liable to break on landing which would negatively impact the team’s
score. The clipped delta is more aerodynamic form of the traditional trapezoidal design thus is placed second.
Research done by last year’s team showed a clipped trapezoidal design, as shown in Figure 4.1.1.2-1, was
more efficient, aerodynamically than a trapezoidal design. This design is very simple to manufacture and
multiple teams have successfully used it in the past.

Figure 4.1.1.2-1: Example of a clipped trapezoidal fin

The fins will be constructed using either ABS or PLA plastic with a fiber-glass reinforcement done via vacuum
bagging. This method will allow for rapid prototyping and testing of different airfoils. The optimal airfoil will
be selected from existing NACA airfoils. 3-D printing also allows the teams to save time on construction in
turn allowing the team to devote more time to other areas. CFD analysis will be conducted on various airfoils
until the best options are found which will then be printed and tested.

4.1.1.3 Body Tube
The body of the launch vehicle will be made out of prefabricated Blue Tube 2.0 (Vulcanized Fiber). It will have
a 6.079 inches outer diameter and a 5.973 inches inner diameter. The total length of the rocket will be
finalized with PDR, preliminary designs show the approximate length will be 100 inches. A prefabricated tube
was chosen due to the increased quality over manufacturing one in house, well as saving time and materials
that will be put into other parts of the launch vehicle. The increase in quality will ensure that the launch
vehicle will maintain its structure even after several test fires and launches, satisfying requirement 1.4. A 6inch diameter tube was chosen over a 4-inch tube for ease of use and the increased efficiency in relation to
the roll induction system (RIS) being implemented. A transition from a 6-inch body tube to a 4 inch will also
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be implemented above the motor bay, which will contain the observation bay. The 4-inch tube will be blue
tube instead of carbon fiber due to the cost being close to equivalent and for uniformity of materials. The
transition piece between the 6 inch and 4 inch body tube will be made out of carbon fiber using a 3D printed
mold for maximum customization since it will be holding observation equipment. It will also allow structural
stability since the transition will be a high-stress point along the airframe. This design choice is being made
after simulations in OpenRocket showed a large increase in performance using the transition due to the
reduced skin friction drag and weight. With the whole system, OpenRocket simulations proved over 2.0 static
stability margin at the exit, satisfying requirement 1.14.
The rocket will be made up of three independent sections, satisfying requirement 1.5. The first independent
section will be the nosecone, tethered to the Main Parachute Bay. The second independent section will
contain the Main Parachute Bay and the Recovery Bay. The third independent section, which is the main
section of the rocket, will contain the Drogue Parachute Bay, Main Payload Bay, Secondary Payload Bay,
Observation Bay and Motor Bay with fin integration.
The main portion of the airframe will be made out of blue tube; however, high stress points along the tube
will be made out of carbon fiber. Although blue tube can handle the majority of loads, the large acceleration
at the beginning of launch will cause certain areas, such as the main payload bay, to require a stronger, stiffer
and more reliable material to prevent critical failure.
In Table 4.1.1.1-1 the trade study can be seen where the prefabricated 6-inch tube was compared to custom
made 4 inch, 6 inch and an 8-inch carbon fiber tube manufactured at Cal Poly Pomona. For all criteria chosen
blue tube was either greater than or equal to the carbon fiber tubes. The only area Blue Tube fell below was
manufacturing & cost, however, the increased quality is well worth the additional cost.
Table 4.1.1.1-1: Trade Study for Launch Vehicle Body Tube

Body Tube Trade Study
Rocket Body
Dimension (in)

Strength (1)

Manufacturing
& Cost (2)

Practicality
(3)

Material Usage (1)

Weight (1)

Total

Blue Tube 6"

10

8

8

5

8.5

61.5

Carbon Fiber 4"

8

8

8

7

6

56

Carbon Fiber 6"

6

6

7.5

6

8.5

57

Carbon Fiber 8"

4

4

7

5

6

43

4.1.1.3.1 Module 1
Module 1 is the forward airframe of the rocket consisting of three subsections; Main Parachute Bay,
Recovery Bay, and Drogue Parachute Bay. The layout of module 1 can be seeing in Figure 4.1.1.3.1-1. The
structures team will construct Module 1's airframe from prefabricated blue tube. The use of blue tube will
save a significant amount of time manufacturing the airframe, while having the structural strength and
affordability needed as was discuss in section 4.1.1.3. Module 1 will be 23 inches long with an outer and inner
diameter of 6.079 and 5.973 inches, respectively. Module 1 is also designed to attach the nose cone, Main
Parachute Bay and Drogue Parachute Bay, satisfying the removable shear pin requirement (Req. 2.10). The
subsections are connected via bulkhead using # 10-32 zinc-plated alloy steel flat-head screws, placed
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symmetrically around the circumference. Based on last year’s team the #10-32 screws prove to withstand the
impulse force acquired by the parachute during deployment and have the least perturbation on the launch
vehicle’s body. Still, proper testing will be necessary to guarantee the strength of the bulkheads and the
security the launch vehicle.

Figure 4.1.1.3.1 -1: Module Configuration of Launch Vehicle.

4.1.1.3.1.2 Main Parachute Bay
The Main Parachute Bay will be constructed out of Blue Tube. The Main Parachute Bay will have a length of
18 inches in length and an inner and outer diameter of 6.079 and 5.973 inches, respectively. The fore section
on the Main Parachute Bay will allow the nose cone shoulder to be attached using shear pins. This will create
the separation point between the Main Parachute Bay and the nose cone and allow the Main Parachute to be
deployed satisfying (Req. 2.1).
The Main Parachute Bay will also house a Piston Recovery System. The main goal of the Piston Recovery
System is to keep the Main Parachute Bay pressurized. As the ejection charges fire, the piston moves forward
compressing the parachute and pushing the parachute out along with the nose cone before the bay loses
pressure. As well, the Piston Recovery System will provide proper protection for the parachute from the hot
gasses caused by the ejection charge. One issue the 2015 – 2016 NSL team had was the body tube was not
strong enough to contain the pressure created by the blast of the black powder charges. With the help of the
piston, the team will be able to decrease the amount of black powder necessary to eject the main parachute
preventing any ruptures on the vehicle's airframe thus increasing the safety factor. The team has not tested
this new ejection method and as such the team will have to do multiple tests in order to validate the accuracy
and reliability of the system. Various sized diameters of the piston will be tested before flight to ensure the
stability and proper size to avoid the piston from getting jammed and prevent deployment. If the tests show
that the system is impractical or unreliable, we will return to the previous method that has shown to work.
The piston dimensions are as follows, 4-inches in length, and 5.90-inch in diameter, a simple design is shown
in Figure B. As shown both the fore and aft section of the piston will have a U-bolt, the fore section will
connect the shroud lines of the main parachute via a quick link and aft section of the piston will connect the
shock cord to the Recovery Bay.
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Figure 4.1.1.3.1.2-1: Example of a Piston Recovery System.

The Main Parachute internal components, such as the bulkheads and centering rings will be constructed
using plywood with two layers of carbon fiber, for reinforcement. The bulkheads will connect to the coupler,
any openings will be sealed using epoxy to prevent damage during recovery system ejection charge.
4.1.1.3.1.3 Recovery Bay
The Recovery Bay will be constructed out of blue tube, with 7 inch in length and an outer and inner diameter
of 5.973 and 5.827 inches, respectively. The Recovery bay will be inserted into the lower section of the Main
Parachute Bay and secured to the launch vehicle through a bulkhead with 4 #10-32 zinc-plated alloy steel
flat-head screws placed symmetrically around its circumference. The Recovery Bay will also serve as a coupler
and allow section 2 to connect to section 3. The bulkheads on each end of the bay support a U-bolt, along
with a 4-position terminal block and two charge canister made from PVC pipe. The shock cords and shroud
lines will connect to the launch vehicle via quick links and U-bolt. The U-bolt will be fastened to the bulkheads
using epoxy for additional strength. The aft bulkhead is a major component in the launch vehicle and will
experience the majority of the impulse force from the main parachute deployment, thus will be designed to
handle the loads from the deployment. Several drop tests will be designed to ensure the bulkhead and shock
cord can withstand the impulse force.
The Recovery Bay will also house the communication electronics; a major component of the launch vehicle.
To ensure the safety of the electronics, careful consideration of the interior design will be made. The current
design has been successfully launched in previous flights and was used in the 2015-2016 NSL competition.
The design will be scaled to a 6-inch body tube as opposed to a 4-inch tube used in last year's competition.
The Recovery Bay will have the following dimensions; a 7-inch length tube with an outer and inner diameter
of 5.973 and 5.827 inches, respectively. A 1.5-inch strip will be made using carbon fiber. This center section,
known as the collar, allows the launch vehicle to maintain a constant outer diameter, keeping the outer body
flushed between section 2 and 3. The collar will also have two .5 inch holes drilled to allow the installment of
two key lock switches, which will activate the altimeters from the outside once the launch vehicle is in launch
position, satisfying requirement 2.7. Also, 0.125-inch vent holes will be drilled symmetrically around the
collar to allow the altimeter to make pressure readings.
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For the Interior design, four centering rings will be epoxied symmetrically around the inside of the frame. It
will be used to hold the sled containing the avionic electronics and ensure the components remain functional
when experiencing forces and vibrations during launch, as well to keeping the masses along the centerline of
the launch vehicle. Lastly, they will also act as a guide to allow the avionics sled to be inserted in and out of
the bay. Other designs will also be considered to make assembly easier when attaching the altimeter and
electronics to the sled. Although this system has been reliable, it has presented a minor problem of not
having full accessibility and freedom for insertion and removal.
4.1.1.3.1.4 Drogue Parachute Bay
The Drogue Parachute Bay will be constructed using the same material as the Main Parachute Bay, blue tube.
It will have an 18-inch length and a constant inner and outer diameter, 5.973 and 6.079 inches, respectively.
The forward section of the Drogue Parachute Bay will connect to the Recovery Bay using shear pins to allow
the drogue parachute to deploy. As the name implies, it will house the drogue parachute in the lower
airframe of Module 1. The initial separation will occur at the link between the bulkhead of the Recovery Bay
and the lower airframe connected to Module 2.

4.1.1.3.2 Module 2
Module 2 will consist of three sections of the high powered rocket including the Payload Faring, Observation
Bay and Motor Bay; these sections will be located aft of module 2 as can be seen in figure 4.1.1.3.2-1.

Figure 4.1.1.3.2-1: Module Configuration of Rocket

The Payload Fairing will hold the scientific payload and instrumentations needed to complete requirement
3.2 “Roll Induction and Counter Roll”. The Observation Bay houses the camera and video recording
equipment for visual verification of proper rocket function through flight as well as a secondary verification
to requirement 3.3.1.3 “Teams shall provide proof of controlled roll and successful counter roll.” The Motor
Bay will house the chosen motor used for the rocket as well as the fin integration with the body tube. This
section has to be the most structurally sound area of the rocket due to it having the highest stress
concentrations caused by the rocket engine.
4.1.1.3.2.1 Payload Fairing
The payload fairing will be made out of Blue Tube and will be approximately 6 inches in diameter and will
house all of the important experimental payload for controlling the roll induction and counter roll of the
rocket. The payload will be complicated and since the principles of moment of inertia are used in the design,
the mass will be larger than most other scientific payloads in the past. This mass and the large acceleration of
the rocket at take-off will need to be evaluated at a structural level to insure safe and competent design. In
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past CPP NSL teams, birch wood (plywood) vacuum bagged with carbon fiber composite material as a
sandwich material as seen in figure 4.1.1.3.2.1-1.

Figure 4.1.1.3.2.1-1: Example of a Bulkhead

This has been used very successfully and therefore this will be one of the core structural elements in the
bulkhead designs in order to attach key structural elements to the body tube of the rocket.
4.1.1.3.2.2 Observation Bay
The purpose of the Observation Bay is for visual verification of proper rocket functions through flight as well
as a secondary verification to requirement 3.3.1.3. For CPP NSL team 2015-2016 the Observation Bay was
responsible for critical failures due to the aerodynamics of the camera’s protrusion from the side of the
rocket causing vortexes. These vortexes ran down the side of the rocket and induced a side-wash force on
one side of the fins causing the rocket to spin and therefore a disturbance in air pressure was created. This
disturbance of air pressure and rotational moment caused the rockets onboard electronics to malfunction
and therefore the drogue parachute never ejected. To eliminate this as a factor we plan to house the video
camera inside the rocket allowing for a window view and reduced risk of any aerodynamic forces on the
Observation Bay that could be a problem later on. The Observation Bay will also be located in the transition
from the 6-inch body tube to the 4-inch body tube, this will also allow a better perspective when viewing the
outside.
The transition piece will be made out of carbon fiber using a custom 3D printed mold designed by the
structures team. The carbon fiber will allow greater loads to be handled at the transition point. In addition
aluminum spars will be added to the transition for extra support to prevent against crippling. The
approximate length of the transition piece will be 6 inches. A finalized design will be made once additional
stress analysis and rocket simulations to determine the correct stability margin and optimum performance.
4.1.1.3.2.3 Motor Bay
The motor bay is the location of the motor casing, which houses the motor and fin integration, which will be
discussed in 4.1.1.3.2.4. Multiple bulkhead rings will be attached from the motor casing to the interior of the
rocket’s airframe to prevent the motor casing from shearing on the inside of the airframe. Past teams have
used exclusively carbon fiber for the body tubes, however, this year we plan on switching to blue tube to cut
down on the time on creating body tubes but plan to make certain sections out of carbon fiber for added
strength on high stress areas. The Motor Bay will be strengthened using carbon fiber composite material and
epoxy resin which will strengthen the section as well as increase the factor of safety for shear stress.
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4.1.1.3.2.4 Fin Integration
Most amateur rocket designs have fin integration with the outer rocket body tube. While this can be a great
design choice in most cases, the choice to integrate the fins with the motor casing will be used instead.
According to requirement 1.4, “The launch vehicle shall 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 fins
breaking or being damaged upon touch down would disqualify the team entirely. Having a strong and steady
fin design will make or break this requirement and although the payload might function perfectly and have a
great landing, if the rocket’s fins were to be damaged in any way then all is for nothing. This year we are
deciding to 3D print the fins with, a still yet to be chosen, airfoil design in order to make the manufacturing of
fins easier, allowing the fins to have a very precise airfoil design to allow maximum aerodynamics flow over
them, and duplicate each fin within at least a 100-micron accuracy. To strengthen the fins, and also to make
them as smooth as possible, layers of either carbon fiber or fiber-glass will be applied. This will allow the fins
to have added stiffness in compression, tension, shear, as well as heat management properties. Calculations
as well as structural tests will show the best material, layer amount, and epoxy amount to be added in order
to reach desired strengths to ensure proper factor of safety. The manufacturing process used will most likely
implement a vacuum bagging application with a bleeder cloth to maximize the weight and levels of epoxy in
the material.

4.1.1.4 Motor Selection Justification
Aerotech L 1150R-P was chosen because it fulfills the need to deliver the 14.12-kilogram launch vehicle to the
designated 1-mile altitude while adhering to the velocity requirement. As shown in the illustrations below,
the burn has a fairly flat slope that allows for a longer burn time and better nozzle utilization. This also
reduces the strains on the payload and the structure of the rocket.

Figure 4.1.1.4-1: Thrust Profile
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Table 4.1.1.4-1: Aerotech 1150 R-P Specifications

Aerotech 1150 R-P Specifications
Motor Weight: 3.673 kg
Average Thrust: 1100 N
Peak Thrust 1309 N
Total Impulse: 3488 Ns
Burn Time: 3.1700 s

4.1.1.5 Major Structural Technical Challenges and Solutions
Table 4.1.1.5-1: Major Structural Technical Challenges and Solutions

Challenges

Solution

Main Parachute breaking U-bolts that are
attached to the bulkhead.

Increasing the size of the drogue to have a slower descent.
Reinforcing bulkhead with carbon fiber

Fins breaking off during flight or landing.

Adding a layer of carbon fiber to 3D printer fins to reinforce
and strengthen them. Testing different fill-percentages
when 3D printing to optimize strength to weight ratios

Maintaining body tube pressurization for
proper ejection of the Main Parachute.

Piston Recovery system will help maintain pressure inside
and aid in ejecting the main parachute completely out.

Having an aerodynamically efficient fin
design while maintaining structural integrity.

Use a trapezoidal fin with a symmetrical airfoil profile that
maintains max thickness.

Proper fin alignment.

A fin Alignment system will be design to hold fins in proper
place with the motor mount.

The Roll Induction System (RIS) causing
instabilities in key connection points to the
airframe.

A section of Blue Tube will be replaced with carbon fiber in
the Main Payload Bay for structural stiffness to safeguard
against instable rolling moments.

Shear pins not breaking with ejection charge. Multiple tests conducted to verify number of shear pins
needed.
Roll Induction System causing rocket stability
issues.

Go with high RPM, low weight system. Ensure system is
positioned along the center line of rocket. Flywheel is
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perfectly symmetric

4.1.2 Avionics Design
The Avionics design for The Launch vehicle has been broken into three individual sections. The recovery bay,
positioned between the two parachutes, will house the two Stratologgers and commercial GPS unit for
recovery. The Roll Induction System (RIS) is located aft of the drogue parachute and contains the Arduino
Mega, 10-DOF breakout sensor, GPS unit, XBEE transmitter, antenna, motor, and flywheel. The observation
Bay will house a camera and recording hardware to observe the effectiveness of the RIS. Described below is
the proposed layout of each system and their function.

4.1.2.1 Avionics Trade Studies
4.1.2.1.1 Altimeter
The Stratologger, AIM USB, and RRC3 were commercially available altimeters that can be used for the rocket.
They were most analyzed using a qualitative analysis based on previous experience, suggestions from various
sources, and availability.
The Stratologger has been a staple in previous year’s rockets and a few team members have had experience
working with the Stratologger. It is also a simple system to integrate and the required hardware is more
accessible. The Stratologger is the cheapest of the three altimeters and offers 9 minutes of flight time data.
(Table 4.1.2.1.1-1)
The AIM USB is a system. The AIM USB is the most expensive altimeters of the three altimeters. The firmware
can be upgraded. Additionally it allows for a longer flight time of over 30 minutes while recording data.
The RRC3 allows for the team to personalize the hardware more than the other two altimeters. It also has an
output of real time data to an onboard flight controller. The RRC3 has the ability to track a total of 15 28minute flights. May allow for ease of customization in terms of programming.
Table 4.1.2.1.1-1: Altimeter Price Comparisons

Altimeter

Price

Stratologger

$59.00

AIM USB

$117.00

RRC3

$72.00

4.1.2.1.2 GPS System
Trackimo GPS, TeleGPS, and the ADAFruit Ultimate GPS breakout board are the three GPS systems that were
chosen as options for the avionics systems dedicated GPS.
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The Trackimo GPS uses GSM to push data to the Internet and makes it available to a multitude of devices.
Yet, it has to have service to transmit over GSM. The Trackimo GPS has a simple interface and is selfpowered.
The ADAFruit Ultimate GPS breakout board requires an Arduino system to hook into and programmed to
operate the GPS. Yet, most of the data collection is done via the breakout board and doesn’t require much
programming beyond initialization. It also allows for flexibility in various antennas that can be used. It is the
cheapest of the four units, but it also requires that extra hardware.
TeleGPS has software that can be used to track the GPS in real time, but requires an extra $107.00
TeleDongle. Therefore, setup is fairly simple and can be done quickly. TeleGPS is a low risk option because
most of the firmware and software is already setup and can be used on most computers. Yet, the TeleGPS is
the most expensive of the three GPS systems without the added dongle. (Table 4.1.2.1.2-2)
Table 4.1.2.1.2-2: GPS Price Comparisons

GPS

Price

Trackimo GPS

$140.00

ADAFruit Ultimate GPS breakout board

$40.00 (without add-on hardware)

TeleGPS

$214.00

4.1.2.2 Avionics Bay
The Primary Payload Bay (see figure xxx) of the launch vehicle will contain the Preliminary Avionics Package
(PAP) and controlling hardware for the primary Roll Induction payload. The PAP will:
•
•

Record and transmit real time flight data such as acceleration, orientation, GPS position, etc. (Req.
2.11)
Control the primary Roll Induction and Counter Roll experiment (Req. 3.3)

Data will be received in flight by the ground station software, allowing real time tracking of the rocket’s
position, attitude, and overall status.
The Preliminary Avionics Package (PAP) will consist of:
1.
2.
3.
4.
5.

Arduino MEGA 2560 (Fig. 4.1.2.2-1)
Arduino XBee Shield (Fig. 4.1.2.2- 2)
XBee Pro 900 RPSMA (Fig. 4.1.2.2- 3)
Adafruit 10DOF IMU (Fig. 4.1.2.2-4)
Adafruit Ultimate GPS Module (Fig. 4.1.2.2-5)

An Arduino MEGA 2560, as shown on Fig. 4.1.2.2-1, will serve as a
microcontroller for primary data collection operations, as well as

Figure 4.1.2.2-1: Arduino Mega 2560
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the control hardware for the roll induction experiment. The MEGA is one of the more powerful boards
Arduino offers, featuring an ATmega2560 chip with 256 kilobytes of flash memory. This relatively large
amount of programming memory is required if we are to collect, store, and transmit all of the intended
parameters.
An Arduino XBee shield, Figure 4.1.2.2-2, will allow the PAP to
transmit data to the ground station. Use of the XBee shield
yields several advantages:
• Since
it
contains an on-board microSD slot it eliminates the need
for a separate data logging component
• Close
proximity of components makes the most of limited space
• Overall circuit
Figure 4.1.2.2-2: Arduino XBee Shield
simplification leads to increased durability
Data will be transmitted using an XBee Pro 900 RPSMA wireless
module Figure 4.1.2.2-3. The XBee Pro 900 has an operational
frequency of 900MHz and 156 Kilobyte-per-second data rate.
Coupled with a high gain antenna, the module has a maximum
line of sight range of 6 miles. The high range, fast data rate, and
Arduino-friendly Serial data protocol makes this module suitable
for the application of in-flight data transmission.
Figure 4.1.2.2-3: XBee Pro 900 RPSMA

Figure 4.1.2.2-4: Adafruit 10DOF Breakout
Sensor

Figure 4.1.2.2-5: Adafruit Ultimate GPS
Module

Flight characteristic data will be obtained using Adafruit’s
10DOF IMU Breakout Sensor, Figure 4.1.2.2-4. This all-in-one
sensor
combines
an
accurate
LSM303DLHC
accelerometer/magnetometer, L3DG20H gyroscope, and
BMP180 barometer in one compact package. The small profile,
high accuracy, and ease of i2c data protocol makes this sensor
ideal for use with the Arduino MEGA.
Tracking of the rocket’s position will be made possible by an
Adafruit Ultimate GPS Breakout module, Figure 4.1.2.2-5. The
module uses a MTK3339 chipset, which is capable of tracking
22 satellites on 66 different channels with 10 location updates
per second. An active 28 dB external antenna will be utilized
for a quicker location fix.

The PAP will be powered by an 11.1V Lithium Polymer battery
source, with a capacity of at least 2200 milliamp hours.
Empirical power usage testing will be required to determine
exact current draw of the system and appropriate battery
capacity. An operational flowchart of the PAP is located below
in Figure 4.1.2.2-6.
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Figure 4.1.2.2-6: PAP Operational Flowchart
Table 4.1.2.2-1: Precision of Instrumentation and Repeatability of Measurement
10DOF IMU Sensor Specifications

Sensor

Function

Precision

Measurement Range

L3GD20H

Gyroscope

8.75/17.50/70.00 mdps

±245/±500/±2000 dps (Selectable)

LSM303

Compass

205-1100 LSB/gauss

±1.3/±1.9/±2.5/±4.0/±4.7/±5.6/±8.gauss (Selectable)

LSM303

Accelerometer

1/2/4/12 mg/LSB

±2g/±4g/±8g/±16g (Selectable)

BMP180

Barometer/
Temperature

.03hPa; .17m; ±2 °C

-40 to 185 °F; 0.30 to 1.09 atm (-1640ft to 29528ft)
-40 to 85 °C, 300 - 1100hPa range

Sensor precision values were located via respective sensor manufacturer datasheets. These values are
adequate for the application; the quality of flight data is more likely to be affected by sample rate. We will
consider 10 samples per second to be the minimum, while considering a rate of 15 samples per second to be
optimum.
Measurement repeatability is expected to be within 90% of norm since expected accelerations will be well
within manufacturer-designated maximums. Empirical testing will be required to verify this.
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4.1.2.3 Observation Bay
The Observation Bays function is to record video of the rockets flight and rotational performance during
flight. To perform this task the Bay will house two independent Raspberry Pi cameras, shown in figure
4.1.2.3-1 below. The cameras dimensions and weight are 25mm x 20mm x 9mm and 3 grams
respectively. The camera also has an 8-megapixel sensor to capture HD video of the entire launch. A
dedicated raspberry Pi2 Model B, seen in figure 4.1.2.3-2 below, will separately control each camera.
The video recording will be stored on two SD cards. Both camera systems will be mounted inside the
tapered section near the aft of the rocket. Each camera will be able to view out of two windows cut out
of the rocket taper, facing the fins. To sufficiently power the system and ensure a long enough battery
life once powered on, an 11.1V Lithium-Polymer battery will power each camera system. To allow power
to be turned on or off externally two Schurter rotary switches will be attached to each Pi 2.

Figure 4.1.2.3-1: Raspberry Pi camera

Figure 4.1.2.3-2: Raspberry Pi2 model B

4.1.2.4 Major Avionics Technical Challenges and Solutions
4.1.2.4-1: Major Avionics Technical Challenges and Solutions

Challenges

Solution

Verifying 2 complete rocket rolls and a counter
roll

Log accelerometer data to SD card for recovery along
with visual confirmation from onboard camera system

Determining burnout to initiate the rocket roll

Track accelerometer data and attempt to use
thresholds to verify different phases of ascent and
descent

Communication of the GPS system to the ground
station

Integrating a commercial GPS system with a
commercial transmitter as back up
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Tracking vehicle position to verify proper main
parachute deployment to keep the rocket 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
stay within required radius

Survivability of electronics

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

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 placing it
within the nose cone.

Programming of RIS for successful performance
on launch day

Follow a logical, progressive sequence of prototyping
and testing. Then test some more.

4.1.3 Parachute Recovery System
The recovery system is being designed with a dual parachute deployment regime to satisfy requirement 2.1.
Once the rocket reaches apogee at approximately 5280 ft., the recovery bay altimeters trigger the aft
parachute bay ejection charges and the drogue parachute will begin deployment. Once the drogue parachute
has inflated the rocket will ride the drogue until roughly 200 ft. to ensure landing at roughly 12.5 ft/s. The
forward bay altimeter will then trigger the main parachute bay ejection charge and the main parachute will
begin deployment to ensure that requirement 2.3, a max kinetic energy of 75 ft-lbf on landing of each section
is met. A general mission overview can be seen in figure 4.1.3-1.

Figure 4.1.3-1: Flight overview
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4.1.3.1 Drogue Parachute Design
The drogue parachute will deploy at an apogee around 5280 ft. Since it will be housed in the aft
parachute bay, the parachute will be responsible for stabilizing and decreasing the kinetic energy at
impact of the experimental payload. Since the fragile material bay will be riding the drogue for a
majority of the descent, a cruciform parachute was chosen due to its stability. Several parachute types
were looked into for the drogue chute, but a cruciform is the best trade of drag, complexity, packed
volume, and stability as shown in Table 4.1.3.1-1. To construct a parachute, two rectangles will be cut
out of nylon. They are stitched together, reinforced, and shock cords are inlayed as shown in figure
4.1.3.1-1.
Table 4.1.3.1-1: Drogue Parachute Trade Study

Drogue Parachute Trade Study
Type

Drag Coefficient
(2)

Stability
(3)

Predicted Packed Volume
(1)

Complexity(2) Total

Toroid

10

8

10

2

58

Cruciform

6

10

8

10

70

Elliptical

7

6

6

6

50

Hemispherical 6

5

4

10

51

Figure 4.1.3.1-1: Cruciform parachute flat layout with suspension line placement.
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4.1.3.2 Main Parachute Design
The main parachute will deploy at roughly 200 ft. to ensure requirement 2.3 is met while maximizing stability
of the fragile material bay. As the design moves into PDR and CDR the energy will be recalculated and kept to
a safety margin of 1.5 to ensure the landing will not cause failure of the rocket or any rocket components.
The main parachute design will be a toroidal-shape due to its efficiency of drag, stability, complexity, and
most importantly its packed volume as seen in table 4.1.3.2-1. While the parachute will be complex to
manufacture, the great drag coefficient, usually between 2.0-2.2, as well as its ability to be packed tightly due
to its donut shape is the reason behind this design decision. This parachute will occupy the least amount of
space possible in the main parachute bay allowing for more room to be allocated to the fragile material
payload system. The difficulty of the toroidal parachute construction is due to the suspension line placement
near the spill hole creating the 3d shape that gives it the advantageous CD and stability. The individual gores
will have trapezoidal shapes and will be hand-stitched together.

Figure 4.1.3.2-1: Toroidal suspension line diagram

Table 4.1.3.2-1: Main Parachute Trade Study

Main Parachute Trade Study
Type

Drag Coefficient (3)

Stability (2)

Predicted Packed Volume (3)

Complexity(1)

Total

Toroid

10

8

10

2

78

Cruciform

6

10

8

10

72

Elliptical

7

6

6

6

57

Hemispherical

6

5

4

10

50
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4.1.3.4 Stratologgers (Primary and Secondary), Rotary Switch
The recovery Bay housing will contain two StratologgerCFs, shown in figure 4.1.3.4-1 (Req. 1.2, 2.4, 2.5). The
Stratologgers were selected because they are known to be reliable and well known among amateur
rocketeers. The Altimeters will be mounted on an individual sled to keep them apart from any transmitting
equipment, furthermore, they will be enveloped by a faraday cage to eliminate the chance of electronic
excitement from the GPS transmitting. Each altimeter will be powered by their own 11.1V commercially
available Lithium-Polymer battery to ensure the Stratologgers do not exceed their firing circuit max
amperages of 6A (Req. 1.3, 2.8). The altimeters will also have a dedicated arming switch each, Schurter
0033.4501 rotary cam switch. The switches will be installed such that they are accessible from the outside of
the rocket with a flat tool such as a screwdriver (Req. 2.7). Both altimeters will work in parallel as two
independent systems. The primary and secondary altimeters will have the same function of firing the drogue
and main charges. The purpose of the secondary altimeter is to ensure the deployment of the recovery
system, in case the primary fails. One of the Stratologers will be selected as the official altimeter for the
competition flight.

4.1.3.5 Major Recovery Technical Challenges and Solutions
Table 4.1.3.5-1: Major Recovery Technical Challenges and Solutions

Challenges

Solutions

Pendulum effect while riding toroidal, elliptical,
and hemispherical, etc. Shaped parachutes during
descent.

Cruciform parachute selected due to stability for
protection of fragile materials.

Limited space for main parachute in main
parachute bay.

Toroidal parachute selected due to packing efficiency
and high drag coefficient.

Ensuring the vehicle does not exceed 12.5 ft/s to
meet requirement 2.3.

Toroidal parachute selected due to high drag
coefficient.

Ejection charge may ignite parachute during
deployment.

Kevlar bag used to prevent any hot gases or flames
from igniting parachute.

Insufficient pressure may cause parachute to not
deploy.

Main parachute uses piston mechanism increase
pressure and break shear pins.
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4.1.3.6 Recovery System Requirements Traceability Matrix
Table 4.1.3.6-1: Recovery System Requirements Traceability Matrix

Recovery System Requirements
REQ#
Description
RSR2.1
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.
RSR2.2
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.
RSR2.3

RSR2.4

RSR2.5

RSR2.6

RSR2.7

At landing, each independent
sections of the launch vehicle shall
have a maximum kinetic energy of
75-ft-lbf.
The recovery system electrical
circuits shall be completely
independent of any payload
electrical circuits.

The recovery system shall contain
redundant, commercially available
altimeters. The term “altimeters”
includes both simple altimeters and
more sophisticated flight computers.
Motor ejection is not a permissible
form of primary or secondary
deployment.
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 shall arm each altimeter.

Design Requirements

Section

Piston ejection system for main
parachute and black powder
ignition for drogue deployment

4.1.3

Recovery tests and ejection tests
done on 12/3/2016 for subscale
and 2/4/2017 for full scale

6.1

Custom drogue parachute and
custom main parachute

4.1.3

Recovery bay will house recovery
system electrical circuits in
between main and drogue bay
while payload electrical circuits will
be housed in payload bay below
the drogue bay

4.1.1.3.1

Perfectflite Stratologger
AltimeterCF will be used to
measure the rockets altitude and
set off the deploy charges at
programmed altitude

4.1.1.3.1.3

N/A

N/A

There will be hatches to access the
altimeters in the recovery bay for
both subscale and full scale

4

RSR2.8

Each altimeter shall have a dedicated
power supply.

11.1V Lipo Batteries will provide
power

4.1.1.3.1.3

RSR2.9

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

Rotary Switch

4.1.1.3.1.3
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RSR2.10

RSR2.11

RSR2.11.1

RSR2.11.2

RSR2.12

RSR2.12.1

RSR2.12.2

RSR2.12.3

RSR2.12.4

Removable shear pins shall be used
for both the main parachute
compartment and the drogue
parachute compartment.
An electronic tracking device shall be
installed in the launch vehicle and
shall transmit the position of the
tethered vehicle or any independent
section to a ground receiver.

Parachute Bay

4.1.1.3.1.2,
4.1.1.3.1.4

TELEGPS will be used to send real
time gps data to ensure rocket
recovery and the TELEGPS Starter
pack with dongle will plug into a
laptop to receive data

4.1.2.1.2

TELEGPS will be used to send real
time gps data to ensure rocket
recovery and the TELEGPS Starter
pack with dongle will plug into a
laptop to receive data

4.1.2.1.2

The electronic tracking device shall
be fully functional during the official
flight on launch day.

Tests will be done with the GPS
prior to launch day

4.1.1.3.1.3

Any other on-board electronic
devices shall not adversely affect the
recovery system electronics during
flight (from launch until landing).

Recovery system electronics shall
have independent components

4.1.1.3.1.3

Recovery system altimeters shall
be in the recover bay, separate
from other devices that can
interfere with it

4.1.1.3.1.3

Recovery system bay

4.1.1.3.1.3

Recovery system bay

4.1.1.3.1.3

Recovery system bay

4.1.1.3.1.3

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

The recovery system altimeters shall
be physically located in a separate
compartment within the vehicle from
any other radio frequency
transmitting device and/or magnetic
wave producing device.
The recovery system electronics shall
be shielded from all onboard
transmitting devices, to avoid
inadvertent excitation of the
recovery system electronics.
The recovery system electronics shall
be shielded from all onboard devices
which may generate magnetic waves
(such as generators, solenoid valves,
and Tesla coils) to avoid inadvertent
excitation of the recovery system.
The recovery system electronics shall
be shielded from any other onboard
devices which may adversely affect
the proper operation of the recovery
system electronics.

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

64

4.1.4 Projected Altitude
To satisfy vehicle requirement 1.2 the rocket must fly 5280 ft. exactly. To ensure this requirement is met, all
sub teams are working carefully together to design the vehicle to efficiently meet the altitude while
designating enough mass and payload space to the scientific experiment. During each stage of development
the open software toolkit, OpenRocket, will be used to simulate and predict altitude to verify design changes
meeting the 5280 ft. requirement. OpenRocket will also be checked with a team-build simulation system
being written in Julia. Having the two methods of altitude verification will allow for a more accurate
prediction of max altitude during design.

The built simulation makes a few critical assumptions for simplicity. The major assumptions currently being
made are that the rocket flies at a constant angle of attack, no wind cases, uniform, constant gravity, and
constant air density.
The physics outline for the ascent simulation Julia code are derived as follows:

Initially, the average mass, 𝑚! , during the thrust phase must be calculated using Eqn. 1

𝑚! = 𝑚! + 𝑚! −

!!
!

(Eq. 1)

Where 𝑚! is the dry mass of the rocket, 𝑚! is the motor mass and 𝑚! is the mass of the
Propellant. Drag is taken into account in equation 2
!

𝐷 =

!

𝜌𝐶! 𝐴𝑣 !

(Eq. 2)

where 𝜌 is being assumed as a constant 2.378E-3 slugs / ft3 at sea level, 𝐶! is the constant drag coefficient of
the rocket, A is the cross sectional area of the rocket, and v is the velocity of the rocket. But, to calculate the
drag of the launch vehicle without the velocity being known, the common approach of using a burnout
velocity coefficient, k, must be used as seen in equation 3.
𝑘 =

!
!!

!

= 𝜌𝐶! 𝐴
!

(Eq. 3)

where k is in slugs / ft. Equation 3 can then be used to calculate a burnout velocity constant, 𝑞! , in equation 4
𝑞! =

!!!! !
!

(Eq. 4)

Where q has units of velocity, ft/s. Constants k and 𝑞! are used in equation 5 to find the velocity delay
coefficient, 𝑥! , which has units of 1/s (Hz).

𝑥! =

!!"
!!

(Eq. 5)
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Burnout time must be calculated using the selected rocket engine’s impulse (I) and thrust (T) using equation 6
𝑡 =

!

(Eq. 6)

!

Burnout velocity may now be calculated using equation 7.
𝑣! = 𝑞!

!!! (!!! !)

(Eq. 7)

!!! (!!! !)

Which leads to the altitude at burnout, 𝑦! calculated in equation 8
𝑦! =

!!!
!!

𝑙𝑛(

!!!! !!!!!!
!!!! !

)

(Eq. 8)

Now, the coasting phase velocity must be calculated. To do so, new constants with the burnout mass must be
equated. Starting with coasting mass, 𝑚! ,
𝑚! = 𝑚! + 𝑚! − 𝑚!

(Eq. 9)

Now, calculating the coasting velocity coefficient, 𝑞!
𝑞! =

!!!! !

(Eq. 10)

!

As well as the new velocity decay coefficient, 𝑥! ,
!!"

𝑥! =

(Eq. 11)

!!

To find the coasting velocity, 𝑣!
𝑣! = 𝑞!

!!! (!!! !)

(Eq. 12)

!!! (!!! !)

Which lastly is used to find the additional altitude the rocket flies during the coasting phase, 𝑦!

𝑦! =

!!!
!!

𝑙𝑛(

!!!! !!!!!!
!!!! !

)

(Eq. 13)

Adding the two altitudes, 𝑦! and 𝑦! to achieve maximum theoretical altitude.
𝑦! = 𝑦! + 𝑦!

(Eq. 13)
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These equations will be written into a Julia script and possibly a MATLAB script to keep a range of theoretical
maximum altitudes within 5280 ft. to ensure requirement 1.2 is met as closely as possible.

4.1.5 Vehicle Requirements Traceability Matrix
Table 4.1.5-1: Vehicle Requirements Traceability Matrix

Vehicle Requirements (VR)
Description

Design Requirements

Section

VR1.1

The vehicle shall deliver the science or
engineering payload to an apogee altitude of
5,280 feet above AGL

Combination of
aerodynamics from
the tapered
Trapezoidal fins and
parabolic nose cone,
as well as the L-class
motor selection for
weight design

4.1.3

VR1.2

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

Primary Perfect Flight
StratoLogger

4.1.2.1.1

VR1.2.1

The official scoring altimeter shall report the
official competition altitude via a series of beeps
to be checked after the competition flight.

Primary Perfect Flight
StratoLogger

4.1.2.1.1

VR1.2.2

Teams may have additional altimeters to control
vehicle electronics and payload experiment(s).

Aim USB Altimeter
and RRC3 altimeters
are also used

4.1.2.1.1

VR1.2.3

At the LRR, a NASA official will mark the altimeter
that will be used for the official scoring.

Team will be on site to
provide the altimeter
to the NASA official

N/A

VR1.2.4

At the launch field, a NASA official will obtain the
altitude by listening to the audible beeps reported
by the official competition, marked altimeter.

After touch-down of
rocket, the team will
be available to provide
the NASA official with
the necessary
altimeter

N/A

VR1.2.5

At the launch field, to aid in determination of the
vehicle’s apogee, all audible electronics, except
for the official altitude-determining altimeter shall
be capable of being turned off.

All electronics will be
capable of being shut
down by
disconnecting
batteries

4.1.2.2

REQ#
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Commercially available batteries shall power all
recovery electronics.

11.1V LIPO Batteries

4.1.2

VR1.4

The launch vehicle shall be designed to be
recoverable and reusable.

Main parachutes will
allow the launch
vehicle to become
recoverable and all
structures and
electronics will be
capable of being
reusable

4.1

VR1.5

The launch vehicle shall 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.

There will be two
sections in total;
Module 1 and Module
2

4.1.1

VR1.6

The launch vehicle shall be limited to a single
stage.

Only one stage will be
implemented with an
L-class motor located
in the motor bay

4.1.1.4

VR1.7

The launch vehicle shall be capable of being
prepared for flight at the launch site within 4
hours, from the time the Federal Aviation
Administration flight waiver opens.

Launch vehicle will be
fully assembled and
structurally sound
beforehand, preflight
tests and safety tests
will take minimal time

4.1.2

VR1.8

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

On board electronics
will be powered by
commercially available
batteries which will
allow the rocket to
attain functionality for
hours

4.1.2

VR1.9

The launch vehicle shall be capable of being
launched by a standard 12-volt direct current
firing system. The NASA-designated Range
Services Provider will provide the firing system.

Aerotech L1150 rocket
motor

4.1.2

VR1.10

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

The only firing system
used will be the one
provided by NASA
Range Services
Provider

N/A

VR1.3
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VR1.11

VR1.12

VR1.12.1

VR1.12.2
VR1.12.3

VR1.12.4

VR1.13

The launch vehicle shall use a commercially
available solid motor propulsion system using
ammonium perchlorate composite propellant
(APCP) which is approved and certified by the
National Association of Rocketry (NAR), Tripoli
Rocketry Association (TRA), and/or the Canadian
Association of Rocketry (CAR).
Pressure vessels on the vehicle shall be approved
by the RSO and shall meet the following criteria:
The minimum factor of safety (Burst or Ultimate
pressure versus Max Expected Operating
Pressure) shall be 4:1 with supporting design
documentation included in all milestone reviews.
The low-cycle fatigue life shall be a minimum of
4:1.
Each pressure vessel shall include a solenoid
pressure relief valve that sees the full pressure of
the tank.
Full pedigree of the tank shall 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, by
whom, and when.
The total impulse provided by a Middle and/or
High School launch vehicle shall not exceed 5,120
Newton-seconds (L-class).

Aerotech L1150 rocket
motor

4.1.1.4

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

4.1

VR1.14

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

Preliminary
OpenRocket
simulations show a
static stability margin
above 2.0

VR1.15

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

A large thrust to
Weight Ratio will
provide the necessary
velocity

4.1

VR1.16

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

A subscale model is
planned for a 1:2 ratio

6.1

VR1.16.1

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

A subscale model is
planned for a 1:2 ratio

4.1

VR1.16.2

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

Primary Perfect Flight
StratoLogger

4.1.1.4
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VR1.17

All teams shall 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.

VR1.17.1

The vehicle and recovery system shall have
functioned as designed.

VR1.17.2

VR1.17.3

VR1.17.4

VR1.17.5

VR1.17.6

VR1.17.7

The payload does not have to be flown during the
full-scale test flight. The following requirements
still apply: (1) If the payload is not flown, mass
simulators shall be used to simulate the payload
mass. (2) The mass simulators shall be located in
the same approximate location on the rocket as
the missing payload mass.
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 shall be active during the
full-scale demonstration flight.

The full-scale motor does not have to be flown
during the full-scale test flight.

The vehicle shall be flown in its fully ballasted
configuration during the full-scale test flight.
After successfully completing the full-scale
demonstration flight, the launch vehicle or any of
its components shall not be modified without the
concurrence of the NASA Range Safety Officer
(RSO).
Full scale flights must be completed by the start of
FRRs (March 6th, 2016). If the Student Launch
office determines that a re-flight is necessary,
than an extension to March 24th, 2016 will be
granted. This extension is only valid for re-flights;
not first time flights.

VR1.18

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

VR1.19

Vehicle Prohibitions

VR1.19.1

The launch vehicle shall not utilize forward

Gantt Chart shows a
schedule of when this
will be accomplished

6.1

TBD on flight day

N/A

TBD on flight day

N/A

There will be no
changes to the
external surfaces of
the rocket

6.1

A smaller motor will
most likely be used to
save on cost, but the
same type of motor
might still be
implemented

N/A

TBD on flight day

N/A

TBD on flight day

N/A

Gantt Chart shows a
schedule of when this
will be accomplished

6.1

There will be no
changes to the
external surfaces of
the rocket

4.1

This section has been
read and understood

4.1

There are none

4.1
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VR1.19.2
VR1.19.3

canards.
The launch vehicle shall not utilize forward firing
motors.
The launch vehicle shall not utilize motors that
expel titanium sponges (Sparky, Skidmark,
MetalStorm, etc.)

There are none

4.1

Aerotech L1150 rocket
motor does not utilize
those features

4.1

VR1.19.4

The launch vehicle shall not utilize hybrid motors.

Aerotech L1150 rocket
motor is a solid motor

4.1

VR1.19.5

The launch vehicle shall not utilize a cluster of
motors.

Only one motor will be
used

4.1

VR1.19.6

The launch vehicle shall not utilize friction fitting
for motors.

Bulkheads and motor
casing will be securely
fastening into place
and not friction fit

4.1

VR1.19.7

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

From OpenRocket
simulations, Mach 1
will not be reached

4.1

VR1.19.8

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

TBD on flight day

4.1

4.2 Payload Experiment Design, Primary
According to requirement 3.3.1.” Teams shall design a system capable of controlling launch vehicle roll
post motor burnout.” Many methods were introduced as options to this guideline, but the Roll Induction
System was ultimately chosen as the best option to control the launch vehicle roll. This design was
chosen because of its implementation in rotating satellites in space without using mass flow rate from
rocket fuel or other reactionary devices. An electric motor mounted within the rocket will induce a
torque on the flywheel with a large moment of inertia changing the angular acceleration of the flywheel,
and therefore the rocket will counter-roll proportionately. This is an ideal solution to this requirement
because the reaction wheel will only rotate the rocket about its center of gravity line.
Generally speaking, the moment of inertia of a point mass is denoted by equation 4.2.1-1.
𝐼 = 𝑚𝑟 !

Eq. 4.2.1-1

Where m is denoted by the mass and r is denoted by the radius of the object as seen in figure 4.2.1-1.
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Figure 4.2.1-1: Moment of Inertia of a Point Mass

Since Flywheels are usually cylindrical in shape and design since the large mass is focused at a large
radius away from the center, the more accurate form of the moment of inertia of a real flywheel would
be represented by equation 4.2.1-2 and figure 4.2.1-2.
𝐼 = 𝜋𝜌ℎ 2 (𝑟!! − 𝑟!! )

Eq. 4.2.1-2

Figure 4.2.1-2: Moment of inertia of a Thick-Walled Cylindrical Tube

Applying Newton’s second law for rotation equation 4.2.1-3,
𝜏 = 𝐼𝛼

Eq. 4.2.1-3

We see that the torque of the motor can be expressed as the moment of inertia of the flywheel times
the angular acceleration of the flywheel, which means the reactionary torque acts on the entire rocket
and is equal to the moment of inertia of the entire rocket times the angular acceleration of the entire
rocket. These action and reactionary moments can be seen in equation 4.2.1-4.
𝐼!"#$!!!" 𝛼!"#$!!!" = 𝜏!"#"$ = 𝐼!"#$%& 𝛼!"#$%&

Eq. 4.2.1-4

From these concepts and real life examples it can be reasonably assured that the same approach for a
reaction wheel can be used on a high powered rocket in order to control the launch vehicle’s roll.
Requirement 3.3.1.1. “The systems shall first induce at least two rotations around the roll axis of the
launch vehicle” and requirement 3.3.1.2. “After the system has induced two rotations, it must induce a
counter rolling moment to halt all rolling motion for the remainder of launch vehicle ascent.” Which can
be seen in figure 4.2.1-3.
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Figure 4.2.1-3: Maneuver Window for req. 3.3.1.1 and 3.3.1.2

This can be accomplished by using a coupled flywheel design as seen is Figure 4.2.1-4. Since the flywheel
must rotate both clockwise and counterclockwise to accomplish such a maneuver, a two flywheel design
would better be suited for this purpose. Although motors can be powerful and very reactive, the
likelihood of an electric motor being able to switch rotational directions within a small timeframe and
retain full functionality while also carrying a substantial mass is too much of a hazard and the risk on
such a maneuver would compromise the safety of the rocket as well as people around it. Two flywheels
that have the ability to slow-down or speed-up without the limiting factor of stopping completely would
allow more maneuverability with the rocket’s net angular acceleration about its roll axis while also
eliminating the safety hazard of burning out a motor during flight due too high stresses.
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Figure 4.2.1-4: Proposal Concept for Flywheel Design

4.2.1 Payload Experiment Design: Structures
The roll maneuvers defined by requirements 3.3.1.1 and 3.3.1.2 can be accomplished by using a coupled
flywheel design as seen is figure 4.2.1-4. Since the flywheel must rotate both clockwise and counterclockwise
to accomplish such a maneuver, a two-flywheel design would better be suited for this purpose. Although
motors can be powerful and very reactive, the likelihood of an electric motor being able to switch rotational
directions within a small timeframe and retain full functionality while also carrying a substantial mass is too
much of a hazard and the risk on such a maneuver would compromise the safety of the rocket as well as
people around it. Two flywheels that have the ability to slow-down or speed-up without the limiting factor of
stopping completely would allow more maneuverability with the rocket’s net angular acceleration about its
roll axis while also eliminating the safety hazard of burning out a motor during flight due to too high stresses.
Special design consideration will have to be taken for the housing frame of the IRS, as well as the launch
vehicle structure located underneath the RIS module. With an expected mass of five pounds for the IRS
module alone, the launch vehicle’s structure will endure substantial axial stress during liftoff. Structural
reinforcement of the frame will be necessary to avoid catastrophic failure.

4.2.2 Payload Experiment Design: Avionic
Flight operation of the RIS will be governed by real time data obtained from the L3GD20H gyroscope and
LSM303 accelerometer components of the 10DOF sensor of the Preliminary Avionics Package
The RIS will have three separate operational modes:
1. Roll Stabilization: The RIS will compensate for any natural roll detected by the gyroscope by adjusting
the flywheels’ angular velocities appropriately.
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2. Roll Command: Following accelerometer detection of engine burn out; a pre-programmed roll
command will execute in compliance with Reqs. 3.3.1.1 and 3.3.1.2.
3. Off Command: Following detection of apogee and drogue deployment, the motors will power down.
As illustrated in figure 4.2.2-1, the RIS will function as a roll stabilizer during engine burn, and execute the roll
command promptly on engine burn out. It will then return to its primary mode of counteracting any natural
roll motion of the rocket for the remainder of the rocket’s ascent. Following detection of apogee and drogue
deployment, the motors will power down.

Figure 4.2.2-1: RIS Flight Operation Profile

Operation of the RIS will be monitored in real time by the team’s ground station (see section 4.2.2). A 3-D
visual representation of the rocket will display the rocket’s orientation and attitude, and will allow the team
to view the execution of the roll command as it happens. Accelerometer and gyroscope data will also be
saved to the ground station for post-launch analysis. This data, along with the recorded video from the
Observation Bay system (see section 4.1.2.3), will provide definite verification of the roll/counter-roll
execution in compliance with Req. 3.3.1.3.
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4.2.3 Experiment Requirements (Option 2) Traceability Matrix
Table 4.2.3-1: Experiment Requirements (Option 2) Traceability Matrix

General Experiment Requirements
REQ#
Description
Each team shall choose one
design experiment option from
ER3.1.1
the following list.
ER3.1.2

ER3.1.3

Additional experiments (limit of
1) are encouraged, and may be
flown, but they will not
contribute to scoring.
If the team chooses to fly
additional experiments, they
shall provide the appropriate
documentation in all design
reports so experiments may be
reviewed for flight safety.

Design Requirements

Section

experiment 3.3 and 3.4

4.2, 4.3

experiment 3.4

4.2

Results of additional
experiments in PDR and CDR
and LRR

6.1

Experiment Requirements Option 2
REQ#
Description
ER3.3
Roll induction and counter roll
Teams shall design a system
capable of controlling launch
ER3.3.1
vehicle roll post motor burnout.

Design Requirements

Section

Reactionary wheel system to
rotate in 1D in order to create
a rolling mechanism

4.2

The systems shall first induce at
ER3.3.1.1 least two rotations around the
roll axis of the launch vehicle.

Reactionary wheel system will
have a built in code of inducing
at least two rotations

4.2

After the system has induced
two rotations, it must induce a
counter rolling moment to halt
ER3.3.1.2
all rolling motion for the
remainder of launch vehicle
ascent.

(1) Counter roll of second
reactionary wheel (2) Electric
control and mechanical
braking system for redundancy
and control rolling as needed

4.2.2

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

76

Teams shall provide proof of
controlled roll and successful
ER3.3.1.3 counter roll.

ER3.3.2

ER3.3.3

Teams shall not intentionally
design a launch vehicle with a
fixed geometry that can create a
passive roll effect.
Teams shall only use mechanical
devices for rolling procedures.

Redundant data retrieval: live
accelerometer data for visual
representation, recorded
footage post launch

4.2.2

Reactionary wheel system to
rotate in 1D in order to create
a rolling mechanism

4.2.1

Reactionary wheel system to
rotate in 1D in order to create
a rolling mechanism

4.2.1

4.3 Payload Experiment Design, Secondary
The team has decided to undertake payload option 3, fragile material protection, along with roll induction
and counter roll, as the secondary payload experiment. Fragile material protection involves protecting a
fragile item from launch of the rocket to its landing.

4.3.1 Payload Trade Studies
From the NSL University Handbook, the object(s) in need of protection will be able to fit in a cylinder 3.5” in
diameter and 6” in height. The object(s) will have a max total weight of 4oz. The payload is being designed
with the intention of decreasing any acceleration experienced by the object(s). To do this we have designed a
system where an internal cylindrical, foam-padded, “pill shaped” shell will contain the object(s). The shell
itself will be surrounded in strands of surgical tubing, strong elastic latex tubes, suspending the shell. The
basics of this design can be seen below in Figure 4.3.1-1.
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Figure 4.3.1-1: Fragile Material Protection Design

This design will allow the shell to safely hold the object inside while moving in any direction caused by the
forces the rocket experiences. The surgical tubing will resist movement and decrease any acceleration the
fragile object experiences. We went with this idea after considering others such as: placing the object(s) in a
non-Newtonian fluid, suspending the above described shell directly through attachment points built into the
shell and to the internal walls of the rocket body. The chosen design is simple, cost and time efficient, and
theorized to be very effective.

4.3.2 Experiment Requirements (Option 3) Traceability Matrix
4.3.2-1: Experiment Requirement (Option 3) Traceability Matrix

Experiment Requirements Option 3
REQ#
Description
Fragile material protection
ER3.4
Teams shall design a container
capable of protecting an object of
ER3.4.1
an unknown material and of
unknown size and shape.
There may be multiple of the
ER3.4.1.1 object, but all copies shall be exact
replicas.
The object(s) shall survive
ER3.4.1.2 throughout the entirety of the
flight.

Design Requirements

Section

Usage of (1) soft material such as
egg carton foam and (2)
encasing device to secure such
as a suspended box

4.3

N/A

N/A

The usage of a soft material will
allow for load absorption and
the encasing device will secure

4.3

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

78

the object in place

Teams shall be given the object(s)
ER3.4.1.3 at the team check in table on
launch day.
Teams may not add supplemental
material to the protection system
after receiving the object(s). Once
ER3.4.1.4 the object(s) have been provided,
they must be sealed within their
container until after launch.
The provided object can be any
size and shape, but will be able to
ER3.4.1.5 fit inside an imaginary cylinder
3.5” in diameter, and 6” in height.
The object(s) shall have a
ER3.4.1.6 maximum combined weight of
approximately 4 ounces.

N/A

N/A

Usage of (1) soft material such as
egg carton foam and (2)
encasing device to secure such
as a suspended box

4.3

Box dimensions fit imaginary
cylinder of 3.5" diameter and 6"
in height

4.3

Container shall be able to
withstand 4 ounces

4.3
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5.0 Educational Engagement Plan
CPP NSL plans to take part in numerous multiple educational events with in the local community and
other various schools that team members have relations to, all of which are mentioned below. Outreach
includes grades ranging from K-12 in addition to underclassmen college students through the
connection with UMBRA (Undergraduate Missiles, Ballistics, and Rocketry Organization). These activities
are aimed to engage the students into a different atmosphere aside from a classroom setting and
encourage them to pursue a STEM career.
Table 5.1-1: Potential Schools for Educational Engagement

Potential Schools
Cal Poly Pomona
Ipoly
La Verne Science and Technology Charter School
Pantera Elementary School
Lopez Elementary School
Antelope Valley College
Tustin High School Engineering Academy
Christian’s elementary
Mark Keppel Magnet School

Area
Pomona
Pomona
Pomona
Pomona
Pomona
Lancaster
Tustin
Santa Clarita
Glendale

Group Range
4 Year College
High School
Grade K-6
Grade K-6
Grade K-6
Community College
High School
Grade K-6
Grade K-5

Year Long Projects
Yearlong projects are a set of activities that engage the student to build and launch a (1) model rocket or
a (2) water bottle rocket. These projects will be aimed toward schools in the Pomona district for
convenience and accessibility. Team members will visit the school every one or two weeks until the end
of the year with presentations or activities to further their project. For each activity, students will be set
up into groups to compete for the best performance rocket. These yearlong projects will teach the
students about rocketry, teamwork, and also life-long lessons such as patience and perseverance.
One-Day Activities
Activities done in one day will begin with a short lecture about the fundamental science behind it
followed by an activity that demonstrates the application. Activities include (1) Egg Drop and (2)
Measuring Rocket Thrust. The Egg Drop activity will teach them about drag forces and they will
experiment with different parachute sizes and shapes to enable a safe landing of the egg from a high
height. Measuring Rocket Thrust activity will teach the students about calculating thrust forces by taking
measurements of the thrust a small rocket motor generates using a conventional scale. These activities
will teach students about creating experiments by showing them the importance of conducting multiple
tests and understanding the fundamental science.
Lectures and Booth Presentations
Team members will engage students in lectures and booth presentations to provide awareness of STEM
careers and foster an interest in the fields of rocketry by showcasing NASA, NASA Student Launch and
related activities and organizations.
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6.0 Project Plan
6.1 Schedules and Timeline

Figure 6.1-1: Gantt chart

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

81

Table 6.1-1: Website Updates Schedule

Website Updates
9/10/2016 - 4/24/2017
Date
10-Sep
30-Oct
30-Oct
20-Dec
12-Jan
1-Mar
5-Mar
4-Apr
23-Apr

Subtask
Establish domain and host
Upload Team Roster and Info
Upload PDR
Upload Subscale Launch Results
Upload CDR
Upload Full Scale Launch Results
Upload FRR
Upload LRR
Upload PLAR
Table 6.1-2: Materials Purchasing Schedule

Materials Purchasing
10/13/2016 - 11/18/2016
Date
13-Oct
1-Nov
12-Nov
18-Nov
20-Jan

Subtask
Purchase all prototype materials
Purchase all manufacturing materials
Purchase subscale motor
Purchase leftover materials
Purchase full scale motor(s)
Table 6.1-3: Subscale Schedule

Subscale LV Design and Manufacturing
10/19/2016 - 12/3/2016
Date
19-Oct
30-Oct
7-Nov
12-Nov
13-Nov
19-Nov
26-Nov
3-Dec

Subtask
Begin subscale prototype manufacturing
Conduct tests and analysis
Compile subscale design draft
Finalize subscale design
Begin Subscale Manufacturing
Conduct tests and analysis
Incorporate recovery system and avionics
End Subscale Manufacturing
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Table 6.1-4 :Payload Schedule

Payload Design and Manufacturing
10/19/2016 -1/27/2017
Date

Subtask
19-Oct Begin payload prototype manufacturing
30-Oct Conduct tests and analysis
7-Nov Compile payload design draft
12-Nov Finalize payload design
13-Nov Begin payload manufacturing
10-Dec Conduct tests and analysis
27-Jan End payload manufacturing
Table 6.1-5: Full Scale Schedule

Full Scale LV Design and Manufacturing
10/19/2016 - 2/10/2017
Date
19-Oct
30-Oct
7-Nov
12-Nov
13-Nov
19-Nov
3-Dec
28-Jan
4-Feb
10-Feb

Subtask
Begin subscale prototype manufacturing
Conduct tests and analysis
Compile subscale design draft
Finalize subscale design
Begin Subscale Manufacturing
Conduct tests and analysis
Incorporate recovery system and avionics
Incorporate payload
Test connections and systems
End Subscale Manufacturing

6.2 Budget
Table 6.2-1: Overall Budget

Overall Budget

Cost

Launch Vehicle Structure Budget
1389.55
Subscale Launch Vehicle Structure Budget
892.98
Recovery System Budget
1655.16
Payload Experiment(s) Budget
1134.47
Educational Engagement Budget
361.36
Other Budget
96
Travel Budget
9204.329
TOTAL Full Scale Launch Vehicle cost
3351.6
TOTAL Sub Scale Launch Vehicle cost 1720.56
TOTAL ALL 14733.85
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Table 6.2-2: Launch Vehicle Structure Budget

Launch Vehicle Structure Budget
Purpose
Motor

Observation Bay

Use to connect
bulkhead to parachute

Component
Propellant
Motor Casing w/
forward seal disk
Aft Closure
Retainer

Description
Aerotech L1150
54/5120
75mm
75mm Flanged

Lube

Super Lube Grease 3oz

Raspberry Pi 2 Mod. B Microcontroller for
camera
Adafruit Raspberry Pi Camera for flight
camera
footage
U-bolt
5/16" x 1.375" x 2.5"

Mass (g)
1018
5

Supplier
siriusrocketry
apogee

Qty
3
1

Unit Price Total Price
$169.99 $199.99
$417.30 $417.30

5
5

siriusrocketry
apogee

1
1

$63.00
$53.50

$63.00
$53.50

0

siriusrocketry

1

$5.99

$5.99

76

Adafruit

2

$40.00

$80.00

20

Adafruit

2

$30.00

$60.00

30

home depot

4

$1.30

$5.20

Used to connect
modules before
ejection charge
separation
Recovery bay Flange
connection device
Provides structural
support for bulkheads

Nylon Shear Pins (20
pack)

0.02

Apogee Components

1

$2.95

$2.95

PVC screws connector 1-1/2 in x 1-1/4in, ABS

39.5

Home Depot

2

$2.48

$4.96

L-Brackets

210

Stanley-National via
Lowes

14

$1.78

$24.92

Used for the transition
piece/ observation
bay
Support for transition
piece
Used for transparent
window for camera

3D printer filliment

100

Amazon

1

$19.95

$19.95

113

mcmaster

1

$33.28

$33.28

1

$2.98

$2.98

Sealing the window to
the body tube
Body tube pre
transition
Body tube post
transition
Connecting ring for
modules
The screws used to
connect various
components

silicon gel

1

$7.98

$7.98

1

$105.95

$105.95

1

$38.95

$38.95

1

$19.95

$19.95

1

$1.69

$1.69

2

$7.78

$15.56

1
1

$99.99
$47.99

$99.99
$47.99

1

$50.00

$50.00

1

$27.47

$27.47

Aluminum sheet
metal
plexiglass sheet

72", 6" blue tube
48", 4" blue tube
6" blue tube coupler
Screws

securing devices used Nuts
to hold screws in place
Epoxy used to join
material together

Epoxy
Hardener

Used to strengthen
parts and materials
Used as a structural
support for the main
body tube

Carbon Fiber
Bulkheads

Stanley-National
Hardware 2-Pack 1.5in Metallic Corner
Braces
3D Printer Filament
Black PLA 1.75mm 1kg
Spool
24" x 24" sheet

OPTIX 0.08-in x 8-in x
5
lowes
10-in Clear Acrylic
Sheet
GE Iron Grip Silicone
5
lowes
Adhesive - Clear
Blue Tube 2.0 57"
1411.9375 alwaysreadyrocketry
Length
Blue Tube 2.0 23"
347.395833 alwaysreadyrocketry
Length
Blue Tube 2.0 12"
297.25
alwaysreadyrocketry
Length
Zinc-Plated Alloy Steel
28
Bolt Depot
Flat-Head Cap Screw,
#10-32 Thread, 3/4"
Length (25 pack)
Hex machine screw
40
McMaster-Carr
nuts, Zinc plated steel,
#10-32
105 Resin (126.6 fl oz)
100
West Marine
207 Hardener (27.5 fl
20
West Marine
oz)
CYCOM®5320 Epoxy
50
Cytec
Resin Prepreg System
1/4 in x 4 ft x 8 ft Birch
600
Lowes
Plywood
Total Mass 4526.10333 grams

Total Cost $1,389.55
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Table 6.2-3: Subscale Launch Vehicle Structure Budget

Subscale Launch Vehicle Structure Budget
Purpose
Motor

Component
Propellant
Motor Casing w/
forward seal disk
Aft Closure
Retainer
Lube

Use to connect
Eye-bolt
bulkhead to parachute

Used to connect
modules before
ejection charge
separation
Recovery bay Flange
connection device
Provides structural
support for bulkheads

Nylon Shear Pins (20
pack)

Used for the transition
piece/ observation
bay
Support for transition
piece
Body tube pre
transition
Body tube post
transition
Connecting ring for
modules
The screws used to
connect various
components

3D printer filliment

L-Brackets

Aluminum sheet
metal
48", 3" blue tube
48", 2.15" blue tube
3" blue tube coupler
Screws

Bulkheads

Mass (g)
1018
5

Supplier
siriusrocketry
apogee

Qty
2
1

Unit Price
$169.99
$417.30

Total Price
$199.99
$417.30

75mm
75mm Flanged
Super Lube Grease 3oz

5
5
0

siriusrocketry
apogee
siriusrocketry

1
1
1

$63.00
$53.50
$5.99

$63.00
$53.50
$5.99

Stanley-National
Hardware 3/8-in to 8 x
3.875-in Zinc-Plated
Plain Eye Bolt
Use from full scale
pack

10

lowes

4

$0.95

$3.80

Apogee Components

1

$0.00

$0.00

Home Depot

2

$1.87

$3.74

14

$1.78

$24.92

1

$19.95

$19.95

1

$0.00

$0.00

1

$29.95

$29.95

1

$23.95

$23.95

1

$9.95

$9.95

1

$1.69

$1.69

1

$7.78

$7.78

1

$27.47

$27.47

PVC screws connector 1-1/2 in x 1-1/4in, ABS

securing devices used Nuts
to hold screws in place
Used as a structural
support for the main
body tube

Description
Aerotech L1150
54/5120

0.02

20

Stanley-National
210
Stanley-National via
Hardware 2-Pack 1.5Lowes
in Metallic Corner
Braces
3D Printer Filament
50
Amazon
Black PLA 1.75mm 1kg
Spool
Use from full scale
56.5
mcmaster
piece
Blue Tube 2.0 28.5"
338.4375 alwaysreadyrocketry
Length
Blue Tube 2.0 11.5"
98.2291667 alwaysreadyrocketry
Length
Blue Tube 2.0 8"
78.4
alwaysreadyrocketry
Length
Zinc-Plated Alloy Steel
14
bolt depot
Flat-Head Cap Screw,
#10-32 Thread, 3/4"
Length (25 pack)
Hex machine screw
20
mcmaster
nuts, Zinc plated steel,
#10-32
1/4 in x 4 ft x 8 ft Birch
300
lowes
Plywood
Total Mass 1195.58667 grams

Total Cost

$892.98
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Table 6.2-4: Recovery System Budget

Recovery System Budget
Purpose

Component

Description

Mass (g) Supplier

Qty Unit Price Total Price

Full Scale
Parachute
Firewall

Recovery
Parachute
System

Recovery
Avionics

3000 Denier 63'' wide kevlar
550 Paracord Vengance
1.1 Oz Nylon Rip stop
1.1 Oz Nylon Rip stop
5/8'' shock cord
1/4 inch stainless steel
quicklink
1500lb Rosco Swivel
TELEGPS
TELEGPS Starter pack with
dongle
Perfectflite stratologger
AltimeterCF
11.1V Lipo Batteries

Parachute
Firewall

Recovery
Parachute
System

Recovery
Avionics

90

TELEGPS Starter pack with
dongle
Perfectflite stratologger
AltimeterCF
11.1V Lipo Batteries

2

$24.99

$12.00

2
25
25
20
1

$4.99
$4.40
$4.40
$1.50
$5.00

$9.98
$110.00
$110.00
$30.00
$5.00

Nylon wound 550 paracord
Foliage Green
Blaze Yellow
5/8'' option, ideal for 30lbs
up to 1200lb

17
45
45
5
22.4

paracord galaxy
ripstopbytheroll
ripstopbytheroll
fruitychutes
fruitychutes

up to 1500lb, set of 3
To send real time gps data
to ensure rocket recovery
Plug into laptop to receive
data transmitted by Telegps

90
12.5

fruitychutes
1
Apogee rockets 1

$12.00
$214.00

$12.00
$214.00

5

Apogee rockets 1

$107.00

$107.00

12

Apogee rockets 2

$58.80

$117.60

50

Amazon

5

$20.00

$100.00

90

ebay

2

$24.99

$12.00

2
25
25
20
1

$4.99
$4.40
$4.40
$1.50
$5.00

$9.98
$110.00
$110.00
$30.00
$5.00

measure the rockets
altitude and set off the
deploy charges at
Power Source for Avionics
Package
Sub Scale

3000 Denier 63'' wide kevlar
550 Paracord Vengance
1.1 Oz Nylon Rip stop
1.1 Oz Nylon Rip stop
5/8'' shock cord
1/4 inch stainless steel
quicklink
1500lb Rosco Swivel
TELEGPS

Ebay

Nylon wound 550 paracord
Foliage Green
Blaze Yellow
5/8'' option, ideal for 30lbs
up to 1200lb

17
45
45
5
22.4

paracord galaxy
ripstopbytheroll
ripstopbytheroll
fruitychutes
fruitychutes

up to 1500lb, set of 3
To send real time gps data
to ensure rocket recovery
Plug into laptop to receive
data transmitted by Telegps

90
12.5

fruitychutes
1
Apogee rockets 1

$12.00
$214.00

$12.00
$214.00

5

Apogee rockets 1

$107.00

$107.00

12

Apogee rockets 2

$58.80

$117.60

50

Amazon

$20.00

$100.00

measure the rockets
altitude and set off the
deploy charges at
programmed
Power
Sourcealtitude
for Avionics

5

Package
Total Mass 787.8

grams

Total Cost $1,655.16
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Table 6.2-5: Payload Experiment Budget

Payload Experiment(s) Budget
Purpose

Component
Surgical Tubing
White Printer Filament

FMP

Egg Crate Foam
Plywood
PERFECTFLITE USB DATA
TRANSFER KIT

Arduino Mega

Adafruit 10-DOF IMU
breakout sensor
XBee Shield
Adafruit Ultimate GPS
module
RCS Avionics

GPS Antenna 28dB active
XBee Pro 900 RPSMA
11.1V Lipo Batteries
900 Mhz XBee Antenna
24V Lipo Batteries
Hall effect sensor
Small magnets
RIS Motors (24V; ~10 oz-in
torque)
Kapton Tape

Used for weight support of
Lazy Susan bearings flywheel
Steel Tube
Aluminum plate

Used for the flywheel
Rotate flywheel

Description
Strong tubing to secure FMP
box in place
Filament used for printing
case
firm cushion to hold FMP in
place
secure tubing and maintain
shape
to interface with
thealtimeter and test,adjust
altitude deployment, and
recover data.

Mass (g)
91

Supplier
Amazon

Qty Unit Price
1
$22.81

Total Price
$22.81

50

Amazon

1

$22.99

$22.99

10

Samys

1

$20.00

$20.00

100

Home Depot

4

$0.40

$1.60

0

Apogee rockets 1

$34.61

$34.61

actively computes inputs
37
and sends out signals to
motors and antennas
to measure the roll and
2.8
acceleration of the rocket
Arduino - XBee interface
22
(includes SD card slot)
Recieves signal from GPS
8.5
satellites and triangulates
coordinates
Allows the GPS Module to 35
receive GPS signal
Flight data transmitter
8.5
Power Source for Avionics 300
Package
Range extender for XBee
13
Power Source for Roll
60
Induction System
Independent
RPM
1
measurement of RIS
RPM measurment of RIS
2
Propell the reaction wheels - 1800
BLY17MDA2S-24V-4000-2W

adafruit

1

$45.95

$45.95

Adafruit

1

$30.00

$30.00

Arduino

1

$14.00

$14.00

Adafruit

1

$30.00

$30.00

Adafruit

1

$13.00

$13.00

Adafruit
Amazon

1
5

$40.00
$20.00

$40.00
$100.00

Sparkfun
Amainhobbies
Robotshop

1
2
4

$7.95
$163.00
$0.95

$7.95
$326.00
$3.80

Robotshop
Anaheim
automation

4
2

$0.95
$124.00

$3.80
$248.00

fastening and electrical
insulator
5.9" OD 3.9" ID

0

Amazon

1

$12.00

$12.00

589.6

amazon

2

$10.37

$20.74

1
1

$130.00
$7.22

$130.00
$7.22

5.5" OD 4.5" ID 1' Long
4600
mcmaster
6" x 6" Sheet cut into 3"
78.1874976 mcmaster
diameter cog
Total Mass 7808.5875 grams

Total Cost

$1,134.47
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Table 6.2-6: Educational Engagement Budget

Educational Engagement Budget
Purpose

Component
Rocket Kit (24
Pack)
Rocket
Motors (3 Pack)
Activity
Sky Complete
Launch System
Eggs
Nylon Fabric
Egg Drop
string
Scissors
Presentations trifold board

Description
Beginner rocket model
kit
B4-4 Motor
Launch Pad and
Controller
18 ct
white, by the yard
cotton twine
kid safe
white

Supplier

Qty

Unit Price Total Price

Apogee Rockets
Apogee Rockets

1
8

$184.75
$11.55

$184.75
$92.40

Apogee Rockets
Ralphs
Amazon
Amazon
dollar store
Staples

1
2
4
2
10
1

$25.94
$4.99
$5.11
$4.93
$1.00
$7.99
Total Cost

$25.94
$9.98
$20.44
$9.86
$10.00
$7.99
$361.36

Table 6.2-7: Other Budget

Other Budget
Purpose Description
Website website for CPP NSL

Supplier Website Qty
weebly weebly

Unit Price Total Price
1
$96.00
$96.00
Total Cost
$96.00

Table 6.2-8: Travel Budget

Travel Budget
Purpose
Description
Delta Airplane Tickets 4/5/2016-4/10/2016
6 days, Embassy Suites and Spa,
Hotel Double Room
Huntsville, AL
4/2/2016-4/10/2016 Driving for 2 cars;
Gas
1982 miles

Qty Unit Price Total Price
8 $503.20 $4,025.60
5

$143.00

$4,290.00

2

$0.11

$888.73

Total Cost $9,204.33
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6.3 Funding Plan
The NSL CPP Team plans to acquire funds in order to pay for all expenses. All funding sources from
previous years will be pursued once more for the 2016-2017 project. Potential funding sources are listed
below in table 6.3-1. A great amount of funding will be through the college.
Table 6.3-1: Funding Sources and Support

Funding Source
Cal Poly Pomona Associated Students Incorporated (ASI) Grant
Cal Poly Pomona Engineering Council Special Projects Funding
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

These funds do not provide for all the expenses, therefore the team will reach out to local businesses
and organizations for support as mentioned in 6.4. Brochures will be provided for these potential
sponsors in hopes to gain their interest in the project.

6.4 Community Support
CPP NSL will plan to reach out to local aerospace industries for additional financial support or material
donations. The target aerospace industries are Vector Aerospace Helicopter, UTC Aerospace Systems,
NMC Aerospace, Hamilton Sundstran Space Systems International, and Jaco Industrials. The team will
also be planning to work with local machine shops such as Juel Machine Co Inc, Valley Tool & Machine
Co, Beonca Machine Co, and Mfg Precision. It is important for the team to reach out to these machine
shops for complex manufacturing processes that are not possible on campus.
Some of the team downloaded free student licenses for Autodesk Inventor. This 3D modeling software
will be used mainly for structural designs and stress analysis.

6.5 Sustainability and Recruitment Plan
6.5.1 Sustainability
Sustainability of the rocketry program is an important asset for the aerospace engineering department
and is also a gateway for future participation in high-powered rocketry at Cal Poly Pomona. The CPP NSL
Teams from this year and previous years follow a foundational plan that is further developed each year.
This plan will ensure the sustainability of the rocket program by defining and maintaining three pillars:
Engagement, Recognition and Partnership.

California Polytechnic University, Pomona NASA Student Launch Initiative Proposal

89

Engagement
•UMBRA club focuses on
providing the resources to
conduct hands on rocketry
projects
•Educazonal engagement
outreach program for K-12
focused on pursing
careers in STEM ﬁelds

Recognizon

Partnership
•teaming up with othercal
poly pomona clubs such as
AIAA, SHPE, SWE
•maintaining past
sponsorships
•gaining new sponsorships
with local industries

•info sessions, booths, and
demonstrazons to Cal
Poly Pomona students
during events
•Aerospace Banquet and
events presentazons
•Research and project
symposiums

Figure 6.5.1-1: Sustainability and Recruitment Plan

6.5.2 Recruitment
Students who have participated in the NASA Student Launch Initiative have received senior project
credit through the aerospace engineering department at Cal Poly Pomona. This provides a higher
incentive for members to join and perform better. Senior projects are mandatory for all aerospace
students in order to graduate, which makes participation in NSL, high in demand. NSL is also known to
be the most rigorous and intense senior project as it requires full time and effort from each member to
follow through with all the reviews, regulations, meetings, and overall engineering design and
manufacturing.
Applications are handed out to all students during the last quarter of the previous competition year. The
applications are then turned into the team lead by the end of each previous year for approval. Only the
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team lead decides on the 10-15 members they wish to bring onto the NSL Team. Recruitment is mainly
through the UMBRA club on campus and various aerospace engineering events such as the aerospace
banquet and engineering symposiums. Students who are a part of UMBRA join to gain experience in
rocketry through hands on projects, therefore it attracts the most determined of students.
All members of this year’s team are aerospace engineering undergraduates, in both their junior and
senior years; with most of the team with aerodynamics, structures, controls, thermodynamics,
propulsion, flight mechanics, and systems engineering coursework under their belt. Also, the team’s
additional combined background ranges expertise in structures, materials science, electrical
engineering, microbiology, chemical engineering, and UAVs. The variety of experience and knowledge of
different subjects makes this team a great fit, filling in each other’s weaknesses and helping improve
strengths. Having this difference in expertise and experience, provides great sustainability among the
team members and future members as it generates seniority and a drive to keep improving.
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