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1. General Information
1.1. Adult Educators

Name: Donald L. Edberg, Ph.D.
Email: dedberg@cpp.edu
Phone: (909) 869-2618
Dr. Donald Edberg will act as the team’s faculty advisor. He has over twenty years of
experience in the aerospace industry and was formerly a Boeing Technical Fellow at both Boeing’s
Phantom Works and Boeing Information, Space and Defense Systems. Through his career Dr.
Edberg has also been employed at General Dynamics, AeroViroment, McDonnell Douglas, and
the Jet Propulsion Laboratory. Dr. Edberg has advised many senior projects for California State
Polytechnic University, Pomona’s aerospace engineering department and has stood as advisor in
the past for three other NASA Student Launch teams.

Name: Rick Maschek
Email: rick.maschek@rocketmail.com
Phone: (760) 953-0011
Rick Maschek is the mentor for the team and is Tripoli Rocketry Association Level 2 certified.
His certification number is #11388. Rick has been flying rockets for over fifty years and builds his
own hybrid rockets. Due to his certification, all handling of igniters, motors, and changes will be
performed by him.

1.2. Safety Officer
Name: Nathaniel Falwell
Email: njfalwell@cpp.edu
Phone: (858) 216-6181
Nathaniel Falwell is an Aerospace Engineering Undergraduate at California State
Polytechnic University, Pomona in his senior year. He has recently worked with NASA Armstrong
through Cal Poly Pomona on the Prandtl-M project. He will also be acting as a representative for
Cal Poly Pomona Sigma Gamma Tau, the National Honor Society in Aerospace. As Safety Officer
Nathaniel will ensure the proper guidelines are followed by all members for the safety of all
involved. After graduation he hopes to pursue a career in the aerospace industry with an emphasis
on propulsion and aerodynamics.
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1.3. Team Leader
Name: Garrett Parham
Email: ggparham@cpp.edu
Phone: (626) 914-7123
Garrett Parham is an Aerospace Engineering Undergraduate at California State Polytechnic
University, Pomona in his senior year. Garrett was on Cal Poly Pomona’s NASA Student Launch,
Centennial Challenge’s Maxi-Mars Ascent Vehicle Challenge team last year as a Support
Engineer. Garrett will be returning this year after the knowledge he gained from the challenge to
represent Cal Poly Pomona’s Team Leader. Garrett hopes to pursue research towards the orbital
mechanics of small bodies in a chaotic system.

1.4. Participants
The number of students committed to the California State Polytechnic University,
Pomona’s 2015-2016 NASA Student Launch project will total fourteen. Each team member will
fulfill a specific role within a specified work package. Garrett, the team leader, will focus on
keeping each work package (Avionics, Structures, Systems, Aerodynamics, and Safety) aligned
with overall project goals. Lead systems engineer, Joash, will support Garrett in this effort.
The Aerodynamics Work Package is led by Jeanelle, with Karim, Samuel, and Nathaniel
taking roles as aerodynamics engineers. This group will be responsible for all flight dynamics of
the launch vehicle as it moves along its trajectory, including vehicle recovery.
Jose, the Avionics Lead, will work with Justin, Will, and Ymonne to develop the necessary
electronic components for the project. Focus will be given to avionics of the launch vehicle during
flight and the necessary programming for the AGSE.
The Systems Engineering Work Package is led by Joash with Arega taking the position of
Systems Engineer. Both engineers will be responsible for organizing information about the system,
including development of a system model as a single source of truth for project design.
Sean will lead the structures team composed of Hussein and Martha. This work package
is responsible for all structural components of the AGSE, as well as, the launch vehicle. This
incudes, but is not limited to, loads and vibrations testing.
The Safety Work Package has one role, Safety lead. This position is filled by Nathaniel
who will be responsible for keeping each work package compliant with necessary safety rules and
regulations.
The following Work Breakdown Structure (WBS) (Figure 1.4-1) will give an overview the
team’s structure, including mentors and Dr. Edberg, the team advisor.
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Figure 1.4-1: Work Breakdown Structure
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1.5. NAR/TRA Sections
The designated NAR/TRA section that the team will be working with for launch assistance is the
Southern California Rocket Association (SCRA) #430. The main launch site will be at the Lucerne
Dry Lakebed, which is covered under section #430.
The contact for section #430 is Martin Bowitz.

PO Box 5165 Fullerton, CA 92838
(714) 529-1598
mebowitz@earthlink.net
Section # 430

1.6. Acronym Table
AGL = Above Ground Level
AGSE = Autonomous Ground support equipment
AIAA = American Institute of Aeronautics and Astronautics
APCP = Ammonium Perchlorate Composite Propellant
CAR = Canadian Association of Rocketry
CDR = Critical Design Review
CFR = Code of Federal Regulations
CR = Centering Rings
CTI = Cesaroni Technology Incorporated
DIY = Do It Yourself
DOF = Degrees of Freedom
FAA = Federal Aviation Administration
FN = Foreign National
FRR = Flight Readiness Review
GPS = Global Positioning System
GUI = Graphical User Interface
IIS = Ignition Insertion System
IMU = Inertial Measurement Unit
KSI = kilopound per square inch
LED = Light-Emitting Diode
LLC = Limited Liability Company
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LRR = Launch Readiness Review
LVPS = Launch Vehicle Positioning System
MATLAB = Matrix Laboratory
MAV = Mars Ascent Vehicle
MSDS = Material Safety Data Sheet
NAR = National Association of Rocketry
NASA = National Aeronautics and Space Administration
NFPA = National Fire Protection Association
NoTAM = Notice to All Airmen
PDR = Preliminary Design Review
PPE = Personal Protective Equipment
PRA = Payload Retrieval Arm
PRE = Payload Retrieval Elevator
PRS = Payload Retrieval System
RAC = Risk Assessment Codes
RAL = Rocket Assembly Laboratory
RBM = Risk-Bearing Materials
RCF = Refractory Ceramic Fiber
RSO = Range Safety Officer
SCRA = Southern California Rocket Association
SHPE = Society of Hispanic Professional Engineers
SL = Student Launch
SO = Safety Officer
SPST = Single Pole Single Throw
SSS = Static Support Structure
STEM = Science, Technology, Engineering, and Mathematics
TRA = Tripoli Rocketry Association
UMBRA = Undergraduate Missiles and Ballistics Rocketry Association
VOR = VHF Omnidirectional Range
WBS = Work Breakdown Structure
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2. Facilities and Equipment
Building 13 Facilities and Equipment
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, 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 from the aerospace
engineering department’s staff technician. 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: Wind tunnel test section (right) and bird's eye view schematic (left).
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 2-2. The space
laboratory will be used for the general research, design, and production of the rocket, its payload,
and the autonomous ground support equipment. 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
Vacuum pump
Mylar
Perforated film
Breather
Gum tape
Epoxy
Hardener
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Figure 2-2: 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 rocket and the autonomous ground support equipment. The Rocket
Assembly Laboratory houses multitudes of various tools and equipment made available for
students and is shown as Figure 2-3. 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
Digital scales
Soldering stations
Dremel
Powered hand tools
Hand tools

Figure 2-4: Rocket Assembly Lab placard (left), toolbox and drill press (right)
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Building 17 Facilities and Equipment
Vehicle and Systems Team Design Lab, Building 17, Room 2664
The Vehicle and Systems Team Design Lab houses a total of 11 workstations with
simulation and design software for aerospace engineering students involved in senior
design/project. Each workstation consists of a 3.4GHz Intel Core i7-4770 processor, 16GB of
RAM, and an AMD Radeon HD 8490. The lab space will be mainly used to hold meetings, present,
compile ideas onto a 90 square foot whiteboard, and run computer simulations. This lab is 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 R2014a
MSC Nastran 2012.2
SolidWorks 2014

Thermal Fluids Lab, 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 2-5. 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 Objet Alaris™30 3D printer, shown in Figure 2-6. 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 2-5: Water tunnel layout and side observation window for flow visualization.

Figure 2-6: Front profile of the Objet Alaris™30 3D printer.

Engineering Project Laboratory, 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 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:
California State Polytechnic University, Pomona | 13

●
●
●
●
●
●
●
●
●

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 2-7) is a metal fabrication shop that has allowed the team to
use their facilities and equipment for the purposes of our competition. Their capabilities
include cutting, punching, forming, hardware, welding, deburring, machining, metal
processing, and programming. Representatives from Alco metal will handle all of our
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 2-7: Overview of metal fabrication shop (Left), laser cutting equipment (Right)
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3. Safety
3.1.1. Safety Plan
The proper use of material and facilities will be outlined in a written safety plan. Nathaniel
Falwell, the safety officer, will strictly see that the safety plan is followed and when necessary,
mitigations will be implemented. The safety plan is as follows.

Machining:
In order to follow necessary California State Polytechnic University, Pomona guidelines,
every team member will be yellow tag certified. This entails completion of a mandatory training
course and a perfect score on an online exam given by Professor Stover, Director of the
Engineering Project Development Laboratory at Cal Poly, Pomona. This certification will allow
access to the Engineering Products Laboratory in building 17-1456/1460. Each team member will
be properly prepared should an accident occur with any machine in these buildings through proper
review of guidelines and instructions before working sessions. Each team member will be required
to wear eye protection at all times and wear clothing appropriate to working around machines
which utilize moving components. Under no circumstances will any team member be allowed to
work alone with these machines.

Composites:
The majority of our launch vehicle will be made of prepreg carbon fiber, which will
introduce both chemical and material hazards to the manufacturing process. These hazards include
skin, eye, and respiratory system irritation due to extended exposure to fumes and small airborne
particles. Each team member will be required to wear gloves, safety goggles, masks, and aprons
at all times while manufacturing with these materials. They will also be required to review the
MSDS for any hazardous materials/resins used during any manufacturing process. The safety
officer will be present for all manufacturing sessions that include these chemicals and any spills
that come in contact with bare skin will be rinsed with water immediately.

Launches:
Prior to leaving for the launch site, a checklist will be reviewed by each team member. The
checklist will outline all documented tools, materials, vehicle components and procedures required
to safely assemble and launch the launch vehicle. Weather hazards will be assessed prior to each
launch date and any launch subjected to non-ideal conditions will be postponed. Only team
members certified by NAR/TRA will be allowed to handle the rocket motor. Each prepped motor
and black powder charge will be inspected by a Range Safety Officer prior to installation into the
launch vehicle. The instructions given by the Range Safety Officer will be followed at all times
including safe distance from launch pad during launch, igniter insertions, assembly, activation,
and recovery of the launch vehicle. Prior to any launch, the Safety Officer will ensure that all team
members are accounted for and within the safe zone specified by the Range Safety Officer. In the
event of a misfire, the remote launch system will be disabled and all team members will follow the
instructions of the Range Safety Officer regarding approach and assessment of the launch vehicle.
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Safety Officer Training:
The Safety Officer will have read and understood the NRA/TRA Code for High Power
Rocketry and NFPA 1127 (Code for High Power Rocketry). The Safety Officer will instruct team
members on how best to obey these rules and regulations. MSDS sheets will be provided by the
Safety Officer for reference in all manufacturing spaces and launch sites.

NAR Safety Code Compliance:
The National Association of Rocketry outlines several guidelines that our team intends to
strictly follow. We will only fly high-powered rockets that are within the scope of our certification.
We will use only lightweight durable material for our vehicle design and take caution when dealing
with rocket motors at all times. During launch we will use a minimum of a 5-second countdown
and stand within the designated area, which will be determined by the Minimum Distance Table.
We will only launch from designated section 430 launch sites and only in the presence of a Range
Safety Officer. After misfires, we will disconnect the battery and wait 60 seconds until
approaching the launch vehicle with the Range Safety Officer’s approval. We will always check
for visible aircraft before launching our launch vehicle and comply with all Federal Aviation
Administration rules and regulations laid out for the designated launch site location. We will
design a recovery system that will return all parts of the launch vehicle to the ground safely and
within the required range of acceptable kinetic energy. Recovery of our launch vehicle will only
take place after it has safely landed on the ground.

Risk Assessment and Mitigation:
In order to properly analyze risks associated with this project, a risk matrix will be used to
organize and keep track of potential hazards, which require mitigation. Each risk will be evaluated
with two factors, likelihood and severity. Likelihood measures the probability of the hazard to
occur, and the severity is a measure of how detrimental the hazard is if it does occur. Explanations
of the likelihood and severity factors are given in Tables 3.1.1-1 and 3.1.1-2. These tables outline
the qualitative and quantitative definitions of the different Likelihood and Severity levels.

Table 3.1.1-1: Likelihood Definitions
Description
A - Frequent

B - Probable
C - Occasional

Likelihood Definitions
Qualitative Definition
High likelihood to occur
immediately or
continuously
Likely to frequently occur
Expected to occur
occasionally

Quantitative Definition
Probability > 0.9

0.9 ≥ Probability > 0.5
0.5 ≥ Probability > 0.1
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D - Remote

Unlikely to occur but
reasonable to expect
occurrence at some point in
time

0.1≥ Probability >0.01

E - Improbable

Very unlikely to occur with
no expect occurrence over
time

0.01≥ Probability

Table 3.1.1-2: Severity Definitions
Severity Definitions
Description

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

1 - Catastrophic

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

A combination of the two safety factors described above are used to create the Risk
Assessment Codes (RAC). These RACs are used to determine the risk of each potential project
hazard. Explanations of our RACs and how they are used to assess risk are shown in the Tables
3.1.1-3 and 3.1.1-4. Table 3.1.1-3 shows a risk matrix, displaying the created RAC and its
associated risk level. Table 3.1.1-4 displays the definition of each risk level and its corresponding
color code.
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Table 3.1.1-3: Risk Assessment Codes
Likelihood
A - Frequent
B - Probable
C - Occasional
D - Remote
E - Improbable

RAC Table
2
Critical
2A
2B
2C
2D
2E

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

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

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

Table 3.1.1-4: Risk Levels Assessment
Risk Levels Assessment
Risk Levels
High Risk
Moderate Risk

Low Risk

Minimal Risk

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

To properly organize and assess risks to our project’s success, we created a series of risk
assessment tables that outline the necessary mitigations which will diminish the severity and
likelihood of each risk. For our project, we determined four high risk areas that we will encounter
over the project lifecycle. For each of these areas, a risk assessment table was developed and is
shown in Tables 3.1.1-5 through 3.1.1-8 below. In the development of these tables, first a hazard
was defined, then the hazards cause and effects were determined. Using this information, the RAC
and risk level of the hazard was ascertained by means of the RAC table and the safety factor
definitions described in the tables above. Mitigations to reduce the RAC and risk level of the
hazards were determined and applied to each. Thus, the likelihood and severity factors decreased
which brought the hazard into an acceptable range.
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Table 3.1.1-5: Launch Pad Risk Assessment
Hazard

Cause

Effect

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

 Misalignment in
launch rail (80/20
1010-72 t-slotted
extrusion) causing
guidance pins to
break or get stuck

 Instability of
launch vehicle
during launch

 Un-level ground
or inaccurate
AGSE design

Collapse of
AGSE during
launch vehicle
lifting stage

 Failure of
materials, bolts
and other critical
design supports

 Launch vehicle
may leave
launch platform
in an
unpredictable
manner
 Launch vehicle
may not reach
the set
competition
altitude
 Launch vehicle
may fall back to
starting position
after ascent
stage has begun
 Failure of
AGSE portion
of the project

Launch Pad Risk Assessment
PrePre-Risk
Mitigation
Mitigation
RAC
3D
Low
 Design AGSE launch rail to use
a single piece of 80/20 t-slotted
extrusion

Post-Risk

PostMitigation
RAC
3E

Low

2D

Moderate

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

3E

Low

1D

Moderate

 AGSE design will include
structural analysis on all critical
joints and materials used in
manufacturing

1E

Low
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Table 3.1.1-6: Deadlines/Budget Risk Assessment
Deadlines/Budget Risk Assessment
Hazard

Cause

Effect

PreMitigation
RAC

Pre-Risk

Mitigation

PostMitigation
RAC

Post-Risk

Failure to meet
Sept. 11
Proposal
deadline

 Incomplete launch
vehicle and
AGSE design.
 Incomplete safety
plan
 Incomplete
educational
outreach plan

 Inadequate
subsystem design
 Launch vehicle
design that does
not meet
functional
requirements
 Unacceptable
payload
integration
 Unsuccessful
launch of subscale launch
vehicle
 Insufficient
maturity in design
since PDR
 Unacceptable
final launch
vehicle design
 Unable to
demonstrate
AGSE
completeness and


Proposal
not accepted by
officials

E1

Low

 Weekly team meetings
 Systematic approach to
distribution of work
 Immediate response to any
activity that does not move the
team forward

3E

Low


Unable
to pass PDR
review with go
ahead to
manufacture

E1

Low

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

3E

Low


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

1D

Moderate

3E

Low


Unable
to pass CDR with
go ahead to

1D

Moderate

 Implement systems engineering
techniques to organize launch
vehicle/AGSE design and keep
project on schedule
 Constant review of requirements
to ensure they are being met by
design components
 Analysis and testing of key
features of recovery system and
AGSE
 Complete analysis on critical
aerodynamic parameters during
flight

3E

Low

Failure to meet
Nov. 9-20 PDR
deadline

Failure to meet
Jan. 19-29
CDR deadline

Failure to meet
Mar. 17-30
FRR deadline
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Failure to
receive
necessary
project funding

correctness via
video
 Failure to
demonstrate
successful fullscale launch
vehicle launch
 Failure to present
acceptable testing
of recovery
system and
interface with
ground system
 Not enough
fundraising
 Not enough
community
outreach and
support requests

 Top to bottom testing of
necessary code for ground station
and AGSE avionics
 Complete and thorough analysis
and testing of recovery system
including parachute sizing and
material selection

compete in final
launch

 Unable to
purchase
necessary
materials and
equipment
 Insufficient
traveling funds

1C

High

 Create a well-designed and
thought-out funding plan
 Develop a welcome package that
can be distributed to local
companies requesting support

2E

Low

Table 3.1.1-7: Lab and Machine Shop Risk Assessments
Hazard

Personnel
injury when
working with
chemicals

Cause

 Chemical
spill/splash
 Exposure to
chemical fumes

Lab and Machine Shop Risk Assessment
Pre –
Pre - Risk
Mitigation
Mitigation
RAC
Moderate
3C
 Skin, eye, and
 MSDS will be readily available
lung irritation
in all labs at all times. They will
be reviewed prior to working
 Mild to serve
with any chemicals
skin burns
 Gloves and safety glasses will be
 Lung damage or
worn when handling hazardous
asthma
chemicals
 All personnel will be familiar
with locations of safety
equipment including chemical
showers and eye wash stations
Effect

Post –
Mitigation
4D

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

 Improper training
in tool and lab
equipment

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

 Lack of training
in lab machine
use

Personnel
injury during
carbon fiber
fabrication and
cutting

 Excess exposure
to airborne fiber
particles
 Mishandling of
epoxy and resins
used

Poorly
manufactured
carbon fiber
components

 Improper storage
of prepreg carbon
fiber leading to
break down of
chemical
properties
 Leaks during
vacuum bagging
process

 Mild to severe
cuts or bruises
 Damage to tools
and equipment
 Damage to
launch vehicle
and AGSE
components

 Mild to severe
cuts and bruises
 Poorly
fabricated parts
 Failure in
Launch vehicle
or AGSE
structure
 Failure in
Launch vehicle
or AGSE
components
 Mild to severe
irritation of skin,
eyes and lungs

2C

Moderate

2C

Moderate

3D

Low

 Voids, wrinkles,
and
imperfections in
carbon fiber
 Structural
failure in the
carbon fiber
body tube
 Rough fin and
body surfaces

3C

Moderate

 All personnel must be properly
trained in tool use
 All personnel 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
manufactured parts must be
done

3D

Low

3D

Low

 Manufacture of carbon fiber must
be done outside or in a wellventilated lab
 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 requirements must be
met prior to heating during the
construction of carbon fiber
 Leak checks must be performed
prior to cure and heat-up

4E

Minimal

3D

Low
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 Poor selection in
material for the
breather, release
film, and sealant
tape used during
the vacuum
bagging process

 Misalignment of
different rocket
sections

 Testing and validation of all
constructed carbon fiber parts
must be done

Table 3.1.1-8: Launch Vehicle and Recovery System Risk Assessment
Launch Vehicle and Recovery System Risk Assessment
Effect
Pre –
Pre - Risk
Mitigation
Mitigation
RAC

Hazard

Cause

Drogue or main
parachute fails
to deploy

 Black powder
charges fail to
ignite
 Malfunction in
the e-matches
 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

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

 Unpredictable
trajectory that
could lead to
crash
 Failure to meet
altitude
requirements
 Non-ideal
launch vehicle
position for
drogue and main

3E

Low

 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

 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 the
friction coefficient between the
launch rail and launch vehicle

Post –
Mitigation

Post Risk

2E

Low

4D

Minimal
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Structural
failure/shearing
of fins during
launch

Failure of
launch vehicle’s
internal
bulkheads

Launch vehicle
motor fails to
ignite

 Too much
friction between
launch rails and
launch vehicle
 Insufficient
epoxy used
during
installation of
fins
 Epoxy used to
install fins is
improperly cured
 Launch force on
bulkheads is
larger than they
can support
 Bulkheads are
poorly
manufactured

 Poorly installed
e-match
 Malfunction in
e-match
 Defective
motor

 Use lubricant to reduce launch
rail friction

parachute
deployment

 Unstable launch
vehicle,
resulting in an
unpredictable
trajectory
 Possible launch
vehicle crash
and injury to
personnel
 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
launch vehicle
 Launch vehicle
will not launch
 Failure to meet
launch
requirements

1D

Moderate

 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

2E

Low

1D

Moderate

 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
launch

2E

Low

2E

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

4E

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

 Body tube
receives greater
forces than it
can support

 Structural
failure of launch
vehicle during
flight
 Failure to meet
launch vehicle
requirements

1E

Low

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

1D

Minimal
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3.1.2. Procedures for NAR/TRA Personnel
The team mentor, Rick Maschek, and/or the proper launch vehicle event NAR/TRA
personnel will be responsible for the following procedure prior to launch vehicle launches. The
United States Air Force will be notified 5-days prior to launch day to ensure no aircraft will be in
the area. The FAA will be called 3-days prior to launch day and a Notice to All Airmen (NoTAM)
will be requested (Reqt. 4.9). All local airports will be notified 24-hours prior to launch day. As a
courtesy, before non-event launches, local airports will again be notified at least 15-minutes before
launch as well as after the entire flight is complete. During the day of launch, all safety procedures
will be adhered to by all those present at the launch site.

NAR Safety Code Compliance
Table 3.1.2.1-1: NAR High Powered Rocket Safety Code Compliance (Effective August 2012)
NAR Code
Compliance
1. Certification. I will only fly high
The team mentor, Rick Maschek, or other
power rockets or possess high power
properly certified official will be present at all
rocket motors that are within the scope flights and provide the launch vehicle motor
of my user certification and required
needed for launch.
licensing.
2. Materials. I will use only lightweight
The launch vehicle will contain only the listed
materials such as paper, wood, rubber, materials, with the addition of carbon fiber,
plastic, fiberglass, or when necessary
another lightweight composite material.
ductile metal, for the construction of
my rocket.
3. Motors. I will use only certified,
Only commercial motors will be used (Reqt.
commercially made motors, and will
1.9). The proper handling, outlined in the
not tamper with these motors or use
safety manual, will be used by all members
them for any purposes except those
involved with the motor.
recommended by the manufacturer. I
will not allow smoking, open flames,
nor heat sources within 25 feet of
these motors.
4. Ignition System. I will launch my
An electrical ignition system in compliance
rockets with an electrical launch
with these guidelines will be used and only
system, and with electrical motor
installed once on the launch pad, and all
igniters that are installed in the motor onboard systems will be inhibited until the
only after my rocket is at the launch
launch vehicle is in the launch position (Reqt.
pad or in a designated prepping area.
1.8).
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.
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5. Misfires. If my rocket does not launch
when I press the button of my
electrical launch system, I will remove
the launcher’s safety interlock or
disconnect its battery, and will wait 60
seconds after the last launch attempt
before allowing anyone to approach
the rocket.
6. Launch Safety. I will use a 5-second
countdown before launch. I will
ensure that a means is available to
warn participants and spectators in the
event of a problem. I will ensure that
no person is closer to the launch pad
than allowed by the accompanying
Minimum Distance Table. When
arming onboard energetics and firing
circuits I will ensure that no person is
at the pad except safety personnel and
those required for arming and
disarming operations. I will check the
stability of my rocket before flight and
will not fly it if it cannot be
determined to be stable. When
conducting a simultaneous launch of
more than one high power rocket I
will observe the additional
requirements of NFPA 1127.
7. Launcher. I will launch my rocket
from a stable device that provides
rigid guidance until the rocket has
attained a speed that ensures a stable
flight, and that is pointed to within 20
degrees of vertical. If the wind speed
exceeds 5 miles per hour I will use a
launcher length that permits the rocket
to attain a safe velocity before
separation from the launcher. I will
use a blast deflector to prevent the
motor’s exhaust from hitting the
ground. I will ensure that dry grass is
cleared around each launch pad in
accordance with the accompanying
Minimum Distance table, and will
increase this distance by a factor of
1.5 and clear that area of all
combustible material if the rocket
motor being launched uses titanium
sponge in the propellant.

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 (Reqt. 3.1).
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8. Size. My rocket will not contain any
combination of motors that total more
than 40,960 N-sec (9208 poundseconds) of total impulse. My rocket
will not weigh more at liftoff than
one-third of the certified average
thrust of the high power rocket
motor(s) intended to be ignited at
launch.
9. Flight Safety. I will not launch my
rocket at targets, into clouds, near
airplanes, nor on trajectories that take
it directly over the heads of spectators
or beyond the boundaries of the
launch site, and will not put any
flammable or explosive payload in my
rocket. I will not launch my rockets if
wind speeds exceed 20 miles per hour.
I will comply with Federal Aviation
Administration airspace regulations
when flying, and will ensure that my
rocket will not exceed any applicable
altitude limit in effect at that launch
site.
10. Launch Site. I will launch my rocket
outdoors, in an open area where trees,
power lines, occupied buildings, and
persons not involved in the launch do
not present a hazard, and that is at
least as large on its smallest dimension
as one-half of the maximum altitude to
which rockets are allowed to be flown
at that site or 1500 feet, whichever is
greater, or 1000 feet for rockets with a
combined total impulse of less than
160 N-sec, a total liftoff weight of less
than 1500 grams, and a maximum
expected altitude of less than 610
meters (2000 feet).
11. Launcher Location. My launcher will
be 1500 feet from any occupied
building or from any public highway
on which traffic flow exceeds 10
vehicles per hour, not including traffic
flow related to the launch. It will also
be no closer than the appropriate
Minimum Personnel Distance from
the accompanying table from any
boundary of the launch site.

The launch vehicle motor to be used will
comply with these guidelines. (Reqt. 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 (Reqt. 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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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.

These guidelines will be complied with by all
team members and any others on site.

Hazardous Materials Handling and Operations
All hazardous materials will be handled by the proper personnel in accordance with
NAR/TRA regulations as well as any applicable state and federal regulations. All members will
be aware of, and abide by these safety parameters during any interaction with hazardous
materials.

3.1.3. Plan for Briefing
Team members, both new and renewing, will attend a mandatory safety meeting held by
the Safety Officer at the start of each academic year. The Safety Officer must be familiar with the
current and previous years’ team advisor(s) in order to guarantee redundancy and also establish a
greater adherence to the standards and expectations for the safety rules and procedures. Attendance
to this meeting will serve as a prerequisite for membership and participation in the Undergraduate
Missiles and Ballistics Rocketry Association (UMBRA) NSL Team, thus preventing selected
candidates, renewing and incoming, who do not choose to attend for any reason - without
justifiable cause (i.e. medical or family emergency, accident, etc.) – from further participation in
any team-related activity. Candidates who have satisfied all preemptive safety requirements will
thus be prompted to sign the Safety Release Form (Appendix C) in order to promote their status
from active candidacy to active membership on the UMBRA NSL Team.

Hazard Recognition and Accident Avoidance
The Safety Officer will provide all incoming and renewing members with thorough
briefings of the necessary precautions (hazard awareness, personal protective equipment, etc.) that
must be taken while acting on behalf of the UMBRA NSL Team. Along with the aforementioned
mandatory safety briefing (Section 3.1.2), the Safety Officer will engage all team members in PreLaunch Briefings (Section 3.1.2.2) in order to review all proper safety rules and procedures for
each respective launch without disregarding any overarching precedence of safety standards and
expectations. Furthermore, the Safety Officer maintains the authority to lead any impromptu safety
briefings if he/she deems it necessary to do so during regular team activity.
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The Safety Officer-led briefings serve to instruct all team members on the proper handling
of all materials and practices that potentially pose risk to both the individual and collective safety
of the team and its respective members. However, in the event that two or more persons are
required for the purpose of demonstration, it is critical to reserve all product-handling and other
safety demonstrations for, first, the Safety Officer, followed by experienced team members only.
Furthermore, all safety documents (MSDS and Safety Release Forms) will be readily available for
all team members as PDF files on a team-shared cloud storage device. Moreover, it is the Safety
Officer’s duty to provide hard copies of all safety documents upon a team member’s request and
in easily-accessible binders in all locations where participating members engage in team activities
– including but not limited to the following rooms wherein team members have card access: 131114, 13-1114G, 13-1229B, 13-1229C, 17-1628, and 17-2664.

In an event of observable risk, the Safety Officer maintains executive authority over team
members, with the responsibility of both partaking in and delegating appropriately tasked efforts
aimed towards risk mitigation, assessment, and resolution. The Safety Officer must be notified
immediately when he/she is not in proximity of said event of observable risk in order to handle the
situation with haste and efficiency. All incidents – whether procedural or not – will be recorded
and duly corrected in order to maintain quality control and prevent any further accident occurrence.
Disciplinary action in the form of a safety-review briefing will be taken in the event that any person
or party is at offense for the accident at hand.

Pre-Launching Briefing
Prior to each launch, all team members are required to attend Pre-Launch Briefings. Each
briefing will provide an overview of the safety rules and procedures that apply specifically to any
individual launch, without disregarding any precedence in the overall team awareness of safety
standards and expectations. The Safety Officer will lead the safety section of the pre-launch
briefing, and as Section (3.1.2.2) states, all required safety demonstrations will be reserved for the
Safety Officer and experienced team members only. Pre-Launch Briefings will further include
reviews of any and all applicable rules and regulations that team members must adhere to in
accordance with the particular launch site, the Federal Aviation Administration (FAA), NASA SL
Safety Regulations, NAR and TRA Code for High Power Rocketry, and federal, state, and
municipal legislation. Attendance to the pre-launch briefings will serve as a prerequisite for
participation in the launch, thus barring those team members who choose to not attend for any
reason - without justifiable cause (i.e. medical or family emergency, accident, etc.) – from further
participation in any team activities involving the respective launch.

3.1.4. Caution Statement Plans, Procedures, and Other Working Documents
Any individual team member or group of team members engaging in activity that involves
the handling of materials with observable risk (i.e. machinery, equipment, chemicals, etc.) must
first attend all necessary safety briefings prior to any usage of said materials. If any of the
aforementioned team member(s) remain in doubt of proper handling of risk-bearing materials
(RBMs), those team members are encouraged to ask the Safety Officer prior to usage of said
materials, and are required to review all available safety documents per each respective RBM in
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question. Furthermore, all rules of general lab safety must be taken into consideration when
participating in any team-related activity:

1. Gain permission from the Safety Officer for usage of RBM
a. The Safety Officer must sign-off on permission to access RBM per team
member, per usage
2. Check that personal attire is suitable for the lab environment:
a. Team members with medium-to-long hair must tie it back, away from the face.
b. Team members must wear close-toed shoes. Exposed feet are NOT allowed.
c. Team members will not wear clothing that is too tight, or constricting, as it may
potentially put said team members at risk while working in the lab.
d. Protective eyewear and/or facial gear will be required as deemed necessary by
the Safety Officer and supporting MSDS document for all team members when
working with RBMs in the lab.
e. Gloves will be required as deemed necessary by the Safety Officer and
supporting MSDS documents for all team members when working with RBMs
in the lab.
3. Ensure that every participating team member is alert and focused – as it is necessary to
be both when working in the lab.
4. Prior to acquiring RBM (with Safety Officer’s permission), ensure that lab space is
clean, organized, and ready for further work with said RBM.
5. Acquire RBM – adhere to all rules and safety procedures as mentioned in previous
sections, in MSDS documents, and by Safety Officer.
6. Upon finishing work with RBM, make sure that all necessary pieces/parts are placed
back where they were taken from; check-in RBM with Safety Officer.
7. Make sure that the lab space is clean, organized, and safe for next user.
Personal Protective Equipment (PPE)
Table 3.1.4.1-1: Personal Protective Equipment
Product
West System
105 Epoxy
Resin

Chemical Family
Epoxy Resin

Manufacturer Hazards
West System
May cause skin
Inc.
irritation, eye
irritation, and
allergic reaction.

2

West System
205 Fast
Hardener

Amine

West System
Inc.

3

Aluminosilicate
Fiber Blankets
(TaoFibre
Blanket)

Ceramic Fiber
(RCF)

InterSource
USA Inc.

1

PPE
Gloves,
loose
clothing,
goggles, no
exposed
areas.
Burns to eyes
Gloves,
and skin; harmful loose
if swallowed or
clothing,
ingested.
goggles, no
exposed
areas, face
gear.
Prolonged
Gloves,
exposure to dust loose
may cause skin,
clothing,
eye, and
goggles, no
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respiratory tract
irritation.

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.

Modified Amine
Mixture

Aeropoxy

10 Aeropoxy
PH3630

exposed
areas,
protective
breathing
masks.
May cause
Proper
headaches,
respiratory
dizziness,
equipment
unconsciousness, and other
injury, and
facial gear
toxicity, skin and including
eye irritation.
goggles.
May cause skin
Gloves,
irritation, eye
loose
irritation, and
clothing,
allergic reaction. goggles, no
exposed
areas.
Inhalation and
Ventilation,
exposure to dust Protective
can cause
Gloves,
dizziness, skin
Respiratory
and eye irritation, Protection
serious injury, or
even death.
Inhalation and
Gloves,
exposure can
loose
cause respiratory clothing,
defects and
goggles, no
skin/eye
exposed
irritation, or
areas.
allergic reaction.
May cause skin
Gloves,
irritation, eye
loose
irritation, and
clothing,
allergic reaction; goggles, no
known
exposed
carcinogenic
areas,
material (harmful proper
in overexposure). ventilation.
May cause skin
Gloves,
irritation, eye
loose
irritation, and
clothing,
allergic reaction
goggles, no
exposed
areas.
May cause skin
Gloves,
irritation, eye
loose
irritation, and
clothing,
allergic reaction. goggles, no
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11 Aeropoxy
PH6228A

Epoxy Resin
Based Mixture

Aeropoxy

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

12 Aeropoxy
PH6228B

Modified Amine
Mixture

Aeropoxy

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

13 Aeropoxy
PH3660

Epoxy Resin
Aeropoxy
Based Mixture,
Diphenylolpropane

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

14 Aeropoxy
PH3665

Modified Amine
Mixture

Aeropoxy

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

15 Aeropoxy
PR2032

Multifunctional
acrylate

Aeropoxy

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

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

3.1.5. Unmanned Rocket Launches and Motor Handling Compliance with Federal,
State, and Local Laws
All members of the UMBRA NSL Team have reviewed and acknowledged the following
Federal, State and local laws and regulations regarding amateur rocketry (Reqt. 4.9). Additionally,
each member has access to the laws and regulations to review.


Federal Aviation Regulations 14 CFR, Subchapter F, Part 101, Subpart C; Amateur
Rockets



Code of Federal Regulation 27 Part 55: Commerce in Explosives; and fire prevention
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NFPA 1127 “Code for High Power Rocket Motors.”

The team will launch at the following locations:


Mojave Desert Advanced Rocketry Society



Friends of Amateur Rocketry



Lucerne Dry Lakebed

All locations have the necessary FAA waivers to launch high-powered rockets. The team
has reviewed and acknowledged the rules of each launch site. Additionally, the team will not fly a
launch vehicle that will exceed or approach the maximum granted altitude by the FAA at the listed
launch sites. The team will fly only in safe weather conditions, which include good visibility and
low wind speed.

3.1.6. Plan for NAR/TRA Mentor of Purchasing, Storage, Transportation, and Use
of Rocket Motors and Energetic Devices
The purchase and possession of rocket motors and energetic devices will be handled and
assigned to the team’s mentor, Rick Maschek. The team can ask the mentor to purchase said rocket
motors from an online retail store or, to avoid hazard mailing transportation costs, purchase the
motor from one of the Saturday rocket events held by NAR/TRA.

3.1.7. Written Statement of Team Members’ Compliance to Safety Regulations
All members of the UMBRA NSL Team are required to review and acknowledge the
following safety regulations declared by NASA (Reqt. 4.9). The following regulations are included
in the team safety contract that all members are required to sign in order to participate in any team
activities, which includes launch vehicle builds or launches.
1. Before each launch, a full range safety inspection as outlined in the Pre-Launch Checklist
will be performed. The team shall comply with the determination of the safety inspection.
2. The Range Safety Officer (RSO) has final say on all launch vehicle safety issues and has
the right to deny the launch of the launch vehicle for safety reasons.
3. Failure to comply with the safety requirements for launch will result in the team not
being allowed to launch their launch vehicle.

4. Technical Design
The following sections outline the technical design proposed by the UMBRA NSL Team
to meet the requirements of the 2015-2016 NASA Student Launch Competition. The team’s design
was carefully crafted to address the requirements of their stakeholders with efficiency and
reliability. Each section was written to establish the purpose for individual aspects of each system.
The requirements established for this year’s competition are listed in Tables A-1 through
A-6 in Appendix A. Each table addressed a specific part of the project and its allocated
requirements. Throughout the following descriptions of the technical design, the requirement
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numbers from the tables were referenced in order to demonstrate the traceability of particular
system components and behaviors to the requirements they satisfied. This tracking process assured
each requirement was logged and built directly into the system. Along with tracing the necessary
requirements, the sections presented below will describe the purpose of each aspect of the systems
and present the justification for each component.
4.1. Launch Vehicle Design Summary
The design of the launch vehicle takes direct aim at meeting several major requirements.
Specifically, delivery of a competition payload to 5,280 feet (Reqt. 1.1) and data collection during
launch and landing (Reqt. 1.2). In order to achieve these results, the launch vehicle was designed
with light, strong materials, fitted with aerodynamically tuned fins and a Cesaroni Technology Pro
54 K1440 motor.
4.1.1. Structural Design
The launch vehicle structure proposed in the next sections is broken into three independent
sections the Nose Cone, Module 1, and Module 2. The Nose Cone contains the antenna and
avionics bay. Module 1 is composed of the Main Parachute Bay, Recovery Bay, and Drogue
Parachute Bay. Module 2 houses the Payload Fairing, Observation Bay, and the Motor Bay. Each
section of the launch vehicle is outlined and discussed in detail.
Nose Cone
The nose cone will provide the launch vehicle with minimum aerodynamic resistance
which will aid the launch vehicle in achieving the target altitude (Reqt 1.1). Since the launch
vehicle will be traveling at speeds well within the subsonic flow regime, the wetted frontal surface
of the launch vehicle will primarily experience skin friction drag effects. Three different
configurations were examined to see which would give the vehicle optimal aerodynamic
performance. The nose cones in consideration are the parabolic, elliptical and tangent ogive due
to their performance in the subsonic regime. Figure 4.1.1.1-1 shows the flow over the three
considered designs. Due to its performance in subsonic speeds, the ellipsoid nose cone was chosen.
The smooth, round nose and tangent base of this particular nose cone will allow the flow over the
launch vehicle to be smooth and thus, aerodynamically efficient. This air flow is shown through
preliminary simulation shown in Figure 4.1.1.1-1. Based on extensive research, the nose cone
fineness ratio, which is, the nose cone length to the base diameter, is approximately 2; with a nose
cone length of 8 inches, and a base diameter to match the outside diameter of the launch vehicle.
Since the nose cone will be utilized as the antenna mount, it was decided to 3D print the nose cone
in two hollow parts using PLA plastic. The two parts will comprise of a front portion and an aft
portion. The aft portion will have a shoulder that screws into the collar in the front portion, shown
in Figure 4.1.1.1-2. This will provide access to the antenna and the Avionics Bay housed in the
nose cone. The nose cone will have a 4 inch collar on the aft portion that will be shear-pinned to
the main parachute bay and connected to the main shock cord with an eye-bolt mounted to the base
of the collar.
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Figure 4.1.1.1-1: Flow over nose cone configurations at Mach 0.5.

Figure 4.1.1.1-2: Nose Cone front and aft portions.

Carbon Fiber Body Tube
The launch vehicle, except for the nose cone and certain internal components, will be
constructed of tubing made of carbon fiber. Carbon fiber will be used because of its high strengthto-weight ratio and durability. Its structural properties will ensure that the launch vehicle will be
able to withstand all launch forces and will meet reusability requirements (Reqt. 1.3). The tubing
will be made using Cycom 5320, a dual weave toughened epoxy prepreg system. This system is
designed for out-of-autoclave manufacturing of primary structural applications. The benefits of
this system is that it allows carbon fiber components to be vacuum-bag cured in a standard oven
instead of an autoclave while still producing autoclave quality parts. The system also includes
several other benefits including very low void content, low cost tooling, suitable for producing
complex parts, and has flexible cure cycles. Using this prepreg system will keep manufacturing
cost low and will help the team maintain the launch vehicle manufacturing schedule. The carbon
fiber tubing will be constructed using 4 layers of Cycom 5320. This will give the tubing an
approximate thickness of 0.085 inches and the desired strength needed.
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4.1.1.2.1. Module 1
Module 1 is the upper section of the launch vehicle and will consist of 3 major subsections
which are the Main Parachute Bay, Recovery Bay, and Drogue Parachute Bay. These sections are
fitted together using #10-32 zinc-plated alloy steel flat-head cap screws. Module 1 is designed to
remain as a single piece during the duration of the flight and will be connected to the nose cone
and to Module 2 using shear pins. This connection is made using shear pins to ensure that the
launch vehicle can separate into its 3 independent sections during flight, thus allowing the recovery
system to be deployed. This also ensures the launch vehicle satisfies the removable shear pin
requirement (Reqt 2.10) and the maximum number of independent sections requirement (Reqt.
1.4).

4.1.1.2.1.1. Main Parachute Bay
The Main Parachute Bay will be constructed out of carbon fiber tubing which will be 20
inches in length and have constant inner and outer diameters of 4 and 4.17 inches, respectively.
The upper section of the Main Parachute Bay will contain an area where the shoulder of the nose
cone can be inserted and connected using shear pins. This will create the separation point between
the Main Parachute Bay and the nose cone and will allow the Main Parachute to be deployed. The
Recovery Bay will be inserted into the lower section of the Main Parachute Bay and connected
using #10-32 zinc-plated alloy steel flat-head cap screws. The black powder charges that will be
used for the Main Parachute deployment will be mounted on the fore bulkhead of the Recovery
Bay. This bulkhead will also have a steel eye bolt where the Main Parachute shock cord will be
attached using a quick link. The central section of the Main Parachute Bay will store the Main
Parachute and its shock cord.

4.1.1.2.1.2. Recovery Bay
The Recovery Bay, shown in Figure 4.1.1.2.1.2-1, will also be constructed out of carbon
fiber tubing

Figure 4.1.1.2.1.2-1: Recovery Bay
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and will be 9.5 inches long. First, a 9.5-inch tube with an inner diameter of 3.8 inches and an outer
diameter of 4 inches will be constructed. Then, a 1.5-inch section, 4 inches from the edge will be
built up using additional carbon fiber to an outer diameter of 4.17 inches. The reason for having
the top and bottom regions at 4-inch outer diameter is to allow the Recovery Bay to be inserted
and connected to the adjacent bays using #10-32 zinc-plated alloy steel flat-head cap screws. The
center section, known as the collar, allows the launch vehicle to maintain a constant outer diameter,
therefore keeping outside skin between all sections flush. The collar will also have two 0.5 inch
holes drilled in it that will allow for the installation of Schurter 0033.450 S switches that will
activate the altimeters from the outside of the launch vehicle once it is in launch position (Reqt.
2.7). Four 0.125 inch vent holes will be drilled symmetrically around the collar that allow the
altimeters to make pressure readings.
Inside the Recovery Bay, four centering rings will be epoxied in place that will be used to
hold the sled containing the avionics. These centering rings, shown in Figure 4.1.1.2.1.2-2, will be
made out of 0.25-inch thick Birch plywood and will be designed to ensure that the sled holding
the avionics will be held secure so the components remain functional when experiencing forces
and vibrations during launch as well as keep the masses along the centerline of the launch vehicle.
They will also act as a guide that allows the avionics sled to be easily inserted in and pulled out of
the bay (Reqt. 1.6).

Figure 4.1.1.2.1.2-2: Recovery and Observation Bay Centering Ring

On both ends of the Recovery Bay there will be bulkheads attached to act as barriers
between the different sections. They will protect the internal electronics from launch forces and
black powder charge blasts in the adjacent Parachute Bay.

4.1.1.2.1.3. Drogue Parachute Bay
California State Polytechnic University, Pomona | 38

The Drogue Parachute Bay will be the same material as the Main Parachute Bay as well as
have the same dimensions, 20-inch length and constant inner and outer diameters, 4 and 4.17
inches, respectively. The fore section of the Drogue Parachute Bay will allow for the insertion of
the aft section of the Recovery Bay. The aft bulkhead of the Recovery Bay will be mounted with
the black powder charges used for the deployment of the Drogue Parachute. This bulkhead will
also have a steel eye bolt to which the Drogue Parachute shock cord will be connected via quick
link. The sleeve of the Payload Fairing will be inserted into the Drogue Parachute Bay’s aft section
and will be attached using shear pins. This will create the separation point between Module 1 and
2 and will allow the Drogue Parachute to be deployed. The Drogue Parachute and its shock cords
will be stored in the center section of the Drogue Parachute Bay.

4.1.1.2.2. Module 2
Module 2 will include all the lower subsections of the launch vehicle, including the Payload
Fairing, Observation Bay, and the Motor Bay. This will be the second independent section of the
launch vehicle and will separated from Module 1 at apogee when the Drogue Parachute is
deployed. Module 2 is designed to remain as a solid piece throughout the duration of the flight and
all of its subsections will be connected using #10-32 zinc-plated alloy steel flat-head cap screws.

4.1.1.2.2.1. Payload Fairing
The Payload Fairing, which can be seen in Figure 4.1.1.2.2.1-1, will also be made of
carbon fiber tubing and will be 16.5 inches long.

Figure 4.1.1.2.2.1-1: Payload Fairing
First, a 12.5-inch tube with an inner diameter of 3.8 inches and an outer diameter of 4
inches will be constructed. Then, a 12.5-inch section, 4 inches from the front edge will be built up
using additional carbon fiber to an outer diameter of 4.17 inches. The fore section with an outer
diameter of 4 inches will be inserted into the Drogue Parachute Bay using shear pins. At the front
of this section, a bulkhead will be epoxied in place, creating a barrier between the Payload Fairing
and Drogue Parachute Bay. This bulkhead will be fitted with a steel eye bolt for the connection of
the Drogue Parachute shock cord. The 8.5-inch central section will have an outer diameter of 4.17
inches and an inner diameter of 3.8 inches. This section will have a 6 by 2.5-inch door which will
allow access to where the payload will be inserted and stored. The door will be hinged and kept
closed after the insertion of the payload with magnets. Inside of the payload compartment will be
two layers of egg crate foam. The Payload Retrieval Arm (PRA) will insert the payload in between
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these layers of egg crate foam, and the egg crate foam will enclose and secure the payload once it
is released by the PRA. On each end of this section, bulkheads will be epoxied in place to secure
each end of the payload compartment. These bulkheads will be made out of two layers 0.25-inch
birch plywood laminated with carbon fiber on each end. This can be seen in Figure 4.1.1.2.2.1-2.

The remaining 4 inches of the Payload Fairing
will have inner and outer diameters of 4 and 4.17
inches, respectively. This inner diameter will allow for
the insertion and connection of the fore end of the
Observation Bay.

Figure 4.1.1.2.2.1-2: Payload Fairing Bulkheads

4.1.1.2.2.2. Observation Bay
The Observation Bay, seen in Figure 4.1.1.2.2.2-1, will be located aft of the Payload
Fairing. Similar to the Recovery Bay, this will be constructed by carbon fiber tubing and will span
a length of 12.5 inches. First, a 12.5-inch tube with an inner diameter of 3.8 inches and an outer
diameter of 4 inches will be constructed. Then, a 4.5-inch section, 4 inches from the edge will be
built up using additional carbon fiber to an outer diameter of 4.17 inches. The Observation Bay
will have a longer collar of 4.5 inches to provide room for two 1-inch holes that will be drilled
symmetrically in it to serve as ‘windows’ for the cameras inside the bay. These ‘windows’ will be
covered with aerodynamic fairings that will be made of clear casting epoxy. Mirrors will be
mounted in these fairings to allow viewing of the fore and aft of the launch vehicle from the inside
of the bay. The bay will also house 4 centering rings, made of 0.25-inch thick birch plywood that

Figure 4.1.1.2.2.2-1: Observation Bay
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will support the sled mounted with avionics, ensuring they remain stable within the launch vehicle
during flight. The centering used will be the same used in the recovery bay. The Observation Bay
will be encased between two bulkheads for added support.

4.1.1.2.2.3. Motor Bay
The motor bay will house the motor tube assembly and an engine as well as act as a
connection point for the aft rail button. The motor tube assembly will contain the motor and act as
the attachment point for the fins. The selected motor will be the Cesaroni Technology Incorporated
(CTI) Pro54 2372K1440-17A reloadable motor. The specifications of the motor and thrust curve
can be found below in Table 4.1.1.2.2.3-1 and Figure 4.1.1.2.2.3-1, respectively.
Table 4.1.1.2.2.3-1: CTI Pro54 2372K1440-17A Motor Data
Manufacturer

CTI

Average Thrust (lb)

322.9

Motor Dimensions
(in.)

2.13 x 22.52

Maximum Thrust (lb)

411

Loaded Weight (lb)

4.17

Total Impulse (lb-s)

533

Propellant Weight (lb)

2.49

Isp (s)

214.1

Burnout Weight (lb)

1.61

Burntime (s)

1.65

Color

White Thunder

Class

85% K

Figure 4.1.1.2.2.3-1: CTI Pro54 2372K1440-17A Thrust Curve
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This motor was chosen in order for the launch vehicle to reach the target altitude (Reqt 1.1)
as well as for the short burn time, allowing for a shorter launch rail without reduction in launch
stability which reduces the weight of the AGSE (Reqt. 3.6).
The motor will be contained in the CTI Pro54-6G motor casing, which will then be inserted
into the motor tube assembly and held in place with a motor retention ring. The motor tube
assembly will transfer the force of the motor to the launch vehicle and will consist of a motor
sheath, five centering rings, and four fins as seen in Figure 4.1.1.2.2.3-2.

Figure 4.1.1.2.2.3-2: Motor Tube Assembly
The motor sheath will be constructed of 4 layers of Cycom 5320 with an inner diameter of
2.125 inches and a length of 23.12 inches to accommodate the motor casing. The motor sheath
will be aligned in the motor bay with five centering rings. The centering rings will be designated
as CR1-5, number counted from fore to aft as shown in Figure 4.1.1.2.2.3-3.

Figure 4.1.1.2.2.3-3: Centering Ring Designations
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Each centering ring will be constructed of 2 layers of laser cut 0.25-inch birch plywood
and then laminated with 1 sheet of Cycom 5320 on each side for addition structural integrity. There
will be 4 different centering ring profiles. These profiles and the corresponding centering ring(s)
are in Figure 4.1.1.2.2.3-4.

CR1-4 are notched to ensure clearance of the aft rail button mounting bolt. CR3-5 act as
the attachment points for the four fins to the motor tube assembly. The center notch on the fin is
inserted into the fin notch on CR4 and then CR3 and CR5 are slid over the fore and aft
extensions of the fin. This is demonstrated in Figure 4.1.1.2.2.3-5. The entire assembly will be
epoxied together to ensure structural integrity.

CR1 and CR2

CR3

CR4

CR5
Figure 4.1.1.2.2.3-4: Centering Ring Profiles
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Figure 4.1.1.2.2.3-5: Fin Attachment
The motor tube assembly is then inserted into the motor bay fuselage. The motor bay
fuselage will have a 4-inch inner diameter and be constructed of 4 layers of Cycom 5320 and a
length of 30 inches. Four slots will be cut into the aft of the fuselage for the fins to slot into. There
will be a 1-inch thick engine block constructed of 4 layers of 0.25-inch birch plywood and then
layered with 1 sheet of Cycom 5320 located 23.12 inches from the aft of the fuselage for the motor
tube assembly to rest against. The motor tube assembly will then be secured to the motor bay
fuselage using 0.75 inch #10-32 zinc plated alloy steel flat-head cap screws. Two sets of 4 equally
spaced screws will be secured at CR1 and CR3 in line with the fins while a third set of 4 equally
spaced screws will be secured at CR5 midway between the fins. The motor bay will be attached
with another set of 4 screws to the aft portion of Observation Bay.
By mounting the fins to the motor centering rings and inserting the entire assembly into
the motor fuselage the fin alignment is more exact and in the event of a fin failure, the fin
replacement will not require the fuselage to be refabricated.

4.1.1.2.2.4. Fin Design
The purpose of the fins are to provide stability and aerodynamic efficiency to the launch
vehicle, and will allow the launch vehicle to reach the target altitude (Reqt 1.1). Prior to choosing
a fin design, research was performed in order to determine the fin shape, count, and any additional
aerodynamic features that will produce an optimal fin design. The optimal fin will minimize drag,
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maintain structural integrity, as well as provide static stability by creating a corrective moment
when the launch vehicle is at various angles of attack. Taking these into account, the projected fin
design for the launch vehicle will implement a swept trapezoidal planform design, where the angle
of sweep at the leading edge is significantly larger than the forward sweep at the trailing edge,
which can be seen in Figure 4.1.1.2.2.4-1. This design will be more effective aerodynamically than
a basic unswept trapezoidal design as also shown in Figure 4.1.1.2.2.4-1.

Figure 4.1.1.2.2.4-1: Unswept trapezoidal fin vs. streamlined swept trapezoidal fin airflow
comparison.

The right trapezoidal shape of the fin will provide aerodynamic efficiency to the launch
vehicle by its performance in the subsonic flow regime, and it is also commonly used for low-drag,
high performance launch vehicles. Since the launch vehicle is traveling within subsonic speeds,
the trapezoidal planform is ideal for minimizing drag. The fins will also optimize altitude granted
the aspect ratio is well balanced. The forward sweep on the trailing edge was also added to decrease
the possibility of any fins breaking upon ground impact. The root chord length will be 8 inches
and the tip chord length will be 3 inches. The aspect ratio and the sweep angles will be further
researched through the use of computational fluid dynamics and wind tunnel analysis to determine
an optimal design that will reach the target altitude as well as provide a good balance between
strength requirements and aerodynamic efficiency.
For stability, a total of four fins will be utilized and aligned symmetrically from each other.
The fins will also utilize an airfoil shape in order to increase static stability by creating significant
corrective moments that will return the launch vehicle to its vertical flight path when external
forces act on the launch vehicle. The addition of the airfoil will also decrease the drag profile by
creating a smooth laminar streamlined flow over the fin, satisfying the Kutta-Joukowski condition
at the trailing edge as shown in Figure 4.1.1.2.2.4-1. The airfoil type will be symmetric to further
increase stability since it creates zero lift at zero angle of attack. However, in order to increase the
strength while still maintaining an aerodynamic advantage, the maximum thickness of the airfoil
will occur at 25% of the chord and extend to 50% of the chord, which can be seen in Figure
4.1.1.2.2.4-2. This shape enables the fin to provide a low drag profile while still maintaining its
structural integrity by extending the thickness over a longer portion of the airfoil.
The fins will be constructed with 3D printed PLA plastic cores, include slots for carbon
fiber spars and then laminated with carbon fiber for additional strength.
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Figure 4.1.1.2.2.4-2: 3-view drawing of proposed fin design.

4.1.2. Avionics Design
The avionics design for the launch vehicle was broken into three sections. The Nose Cone
contains the Arduino Mega with the GPS unit, the 10-DOF IMU, XBEE transmitter, and
antenna. The Recovery Bay houses the necessary components to address the maximum altitude
requirements which includes the Stratologgers. The Observation Bay is equipped with
components that allow for on board photography during flight and data storage. The descriptions
below cover the proposed layout of the components and their functions.
Avionics Bay
The Avionics Bay will contain the comprehensive flight data collection and transmission
package. Electronics contained therein will collect and wirelessly transmit flight data, and will also
relay the position of the launch vehicle with an on-board GPS module.
An Arduino MEGA 2560 (Figure 4.1.2.1-1)
will serve as microcontroller for all data collection
operations. The MEGA is one of the more powerful
boards Arduino offers, featuring an ATmega1250
chip with 128 Kilobytes of flash memory. This
relatively large amount of programming memory is
required if we are to collect, store, and transmit all of
our intended parameters. The MEGA also features
additional serial interface pins, which will be
necessary for the GPS and microSD modules.

Figure 4.1.2.1-1: Arduino MEGA 2560
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Flight characteristic data will be obtained using
the Adafruit’s 10-DOF IMU Breakout Sensor board
(Figure 4.1.2.1-2). 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.
Figure 4.1.2.1-2: 10DOF IMU
Breakout Sensor
All data collected will be stored on board with the
use of Adafruit’s microSD module (Figure 4.1.2.1-3)
and a 16GB microSD card. The module utilizes highbandwidth SPI data protocol, making it suitable for high
sampling rate applications.

Figure 4.1.2.1-3: Adafruit
MicroSD Breakout Board

Figure 4.1.2.1-4: XBee Pro 900 RPSMA

Data will also be transmitted using the XBee Pro
900 RPSMA wireless module (Figure 4.1.2.1-4). The
XBee Pro 900 has an operational frequency of 900MHz
and 156 Kilobyte-per-second data rate. Coupled with a
high gain antenna (Figure 4.1.2.1-5), 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 our application of inflight data transmission.

Figure 4.1.2.1-5: High Gain 900MHz Antenna

Tracking the position of the launch vehicle will be made possible by an Adafruit Ultimate
GPS Breakout module (Figure 4.1.2.1-6) (Reqt. 2.11). 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 (Figure 4.1.2.1-7) will be utilized for a quicker location
fix.
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Figure 4.1.2.1-6: Adafruit Ultimate
GPS Module

Figure 4.1.2.1-7: 28 dB Active
GPS Antenna

Observation Bay
The main function of the Observation Bay will be to record visual flight data of the launch
vehicle during flight. To do this, the bay will utilize two Raspberry Pi Cameras seen in Figure
4.1.2.2-1 below. The cameras were chosen because each camera is 25mm x 20mm x 9mm and
only weighs 3 grams, which is an optimal size and weight to fit within the launch vehicle. The
cameras also have a 5 megapixel resolution to capture high definition video of the entire launch
sequence. Each camera will have a dedicated Raspberry Pi 2 Model B to process each camera’s
high definition video, which will be stored on an onboard 64 GB SD card. The Raspberry Pi 2
Model B can be seen in Figure 4.1.2.2-2 below. Each camera along with their respective Raspberry
Pi will be mounted on either side of an electronics sled.

Figure 4.1.2.2-1: Raspberry Pi
Camera

Figure 4.1.2.2-2: Raspberry Pi 2
Model B

Each camera will be able to see out of the launch vehicle by means of two windows (refer
to Section 4.1.1.1.2.2), which will utilize mirrors that will be angled to allow viewing fore and aft
of the launch vehicle. Each Raspberry Pi will be powered by an individual 11.1V Li-Po Battery
which will be mounted using zip-ties. Li-Po batteries have been chosen due to their reliability,
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durability, and reusability. To easily power on the Raspberry Pi, two access holes will be drilled
into the Observation Bay collar and Schurter rotary switches will be inserted into the holes.

Recovery System Design
In order to satisfy the requirements specified for building a reusable launch vehicle (Reqt
1.3), a proficient recovery system design was needed to return the launch vehicle modules to the
ground with kinetic energy under 75 ft-lbf (Reqt. 2.3). Additionally the launch vehicle cannot drift
more than 5,280 feet away from the launch site. Once the launch vehicle reaches apogee after
launch, altimeters in the recovery bay will fire the aft ejection charges to release the drogue
parachute (Reqt. 2.1). Once the drogue has sufficiently stabilized and decelerated the descending
launch vehicle, the altimeter will then fire the fore ejection charges at a much lower altitude in
order to release the main parachute (Reqt. 2.1). The main parachute bay compartment is located
directly behind the nose cone so that the sensitive electronics within will be the last to hit the
ground and therefore have the least kinetic energy upon impact. The main parachute ensures that
the terminal velocity of the launch vehicle does not exceed the maximum kinetic energy laid out
in the requirements and that it descends safely without compromising the structure or onboard
electronics. Finally the shock cords connecting the main and drogue parachutes to the sections of
the launch vehicle will be 12 and 10 feet respectively. These lengths ensure that the individual
sections do not collide when descending. Also, it was necessary to incorporate GPS into the system
to provide tracking and locating capabilities for the launch vehicle (Reqt. 2.11).
4.1.2.3.1.

Parachutes

The main parachute must be designed such that each independent section of the launch
vehicle does not exceed a maximum kinetic energy of 75 ft-lbf (Reqt. 2.3). To that effect, a toroidal
shape has been chosen for the main parachute due its relatively large value for its estimated drag
coefficient. While estimates put the drag coefficient at 2.2, this will be verified through analysis
and testing. The large value for the drag coefficient allows the team to fabricate an optimized
parachute where the least amount of material can be used to the greatest effect. The diameter of
the main parachute will be determined by using the weight of the most massive separate section
of the launch vehicle with the following relationships.
1

𝐾𝐸 = 𝑚𝑣 2
2

𝐶𝑑 = 1

𝑊

𝜌𝑣 2 𝐴𝑒𝑓𝑓
2

𝐴𝑒𝑓𝑓 = 𝜋(

𝑑𝑒𝑓𝑓 2
)
2

𝑑 = 𝑑𝑒𝑓𝑓 ∗ 1.4

(1)

(2)

(3)

(4)
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Where, KE is the maximum kinetic energy of the descending launch vehicle as
allowed by the requirements; m is the post-burn mass of the launch vehicle; v is the terminal
velocity of the launch vehicle; W is the weight of the heaviest separate section of the postburn launch vehicle; 𝐶𝑑 is the drag coefficient of the main parachute; ρ is the English air
density at sea level, 𝜌 = 0.00238

𝑠𝑙𝑢𝑔𝑠
𝑓𝑡 3

; 𝐴𝑒𝑓𝑓 is the open area of the parachute; 𝑑𝑒𝑓𝑓 is the

open diameter of the parachute; and d is the flattened diameter of the parachute.

Since the most massive section of the launch vehicle has a mass of 0.36 slugs, and using
the constraint that its kinetic energy cannot exceed 75 ft-lbf, we determine its maximum accepted
terminal velocity to be roughly 20.3 fps. To allow for a more reasonable margin of success, the
team desires a terminal velocity of roughly 17 fps. Using this desired velocity and using a drag
coefficient of 2.2, the effective (open) area of the parachute was calculated to be 15.27 ft 2 , which
corresponds to a 4.5-foot effective (open) diameter. Assuming that the flattened diameter is 140
percent the length of the effective diameter, the diameter of the main parachute will be 6.3 feet.
Furthermore the diameter of the spill hole in the main parachute will be 20 percent of the effective
diameter for the entire main parachute so that the area of the spill hole only occupies 4 percent of
the total effective area of the parachute. Therefore the diameter of the spill hole will be 1.26 feet,
which corresponds to a 1.76-foot flattened diameter. This size for the spill hole ensures that the
parachute will remain stable without significantly decreasing the drag necessary to meet the 75 ftlbf requirement.
The purpose of the drogue parachute is to provide stability upon descent and adequate drag
so that the main parachute can be deployed safely and effectively. To that effect the drogue can be
more simply designed with a hemispherical shape. Hemispherical parachutes have an estimated
drag coefficient of 1.75, which is less than that of a toroidal parachute. This shape should be more
than sufficient to provide adequate descent stability and drag. The drogue parachute will be sized
with respect to the main parachute; its effective diameter will be 25 percent of the effective
diameter of the main, which comes out to roughly a 0.9-foot diameter drogue parachute with a
flattened diameter of 1.4 feet. Additionally the drogue will have a spill hole, which will be sized
to 20 percent of its entire effective diameter. This comes out to 0.18 feet, which corresponds to a
0.252-foot flattened diameter.
Both the main and the drogue parachutes will be handmade and constructed from
lightweight 1.1-ounce calendared rip stop nylon fabric. The sheets of fabric will be cut into a
tessellated pattern of trapezoids, called gores (as seen in Figure 4.1.2.3.1-1), that will be sewn at
the edges using a flat-felled seam. Being double-stitched and having 4 layers of material that form
the parachute and its spill hole, is advantageous because it will provide for a sturdier connection.
The main parachute will be composed of 16 gores, while the much smaller drogue will be
composed of 8 gores. Additionally shroud lines, made from 550 Paracord Type III 7 Strand MilSpec Parachute Cord, will be sewn onto the parachutes. The length of the shroud lines will be 115
percent of the effective diameter of the parachute to which the respective shroud lines are
connected. The shroud lines connected to the main parachute will be 4.83 feet long and the shroud
lines connected to the drogue parachute will be 1.04 feet long. For the main parachute, shroud lines
will be sewn onto both the edge and the spill hole in order to achieve the toroidal shape. The shroud
lines for each parachute will be connected to a high strength bridle, which in turn will be connected
to the shock cords leading to the bulkheads of the launch vehicle. All connections use quick links.
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Figure 4.1.2.3.1-1: Dimensions for the trapezoidal gores of the main (left) and drogue (right)
parachutes

4.1.2.3.1.1. Parachute Bay Packing Method
Both the main and the drogue parachutes will be folded using the same method. First the
parachutes will be laid flat on the ground ensuring that the shroud lines do not become tangled.
Next the individual panels, or gores, of the parachutes will be folded onto each other. Then the
shroud lines will be placed onto the center of the folded parachute with a small portion of the
shroud lines hanging off. Finally the parachute will be folded from the top down in three folds so
that the shroud lines are secure within the folding. The shroud lines will then be attached to the
bridle, which has been sewn to the flame retardant Nomex blanket. The folded parachute will be
wrapped completely inside the flame retardant blanket and the bridle will be connected to its
respective 0.5-inch 1500-pound Kevlar shock cords. The main parachute will be connected to a 5foot shock cord leading to the nose cone. In the other direction the main parachute will be
connected to a 10-foot shock cord leading to an eyebolt on the fore section of the Recovery Bay.
The drogue parachute will be connected to a 5-foot shock cord leading to the aft eyebolt on the
Recovery Bay bulkhead. In the other direction, the drogue will be connected to a 12-foot shock
cord leading to the payload faring and the rest of the lower section of the launch vehicle. The main
and drogue parachutes will be packed into separate compartments. In each compartment the shock
cords leading to the Recovery Bay will be packed first. The folded parachute wrapped within the
fire retardant blanket will be packed on top of the shock cords. The final step in packing the
parachute bays includes packing the final length of shock cord on top of the folded parachute and
sealing the bays with bulkheads and the nose cone.
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4.1.2.3.1.2. Trajectory Sequence

Event 1

Event 2

Event 3

Figure 4.1.2.3.1.2.-1: Trajectory Sequence Diagram

Table 4.1.2.3.1.2.-1: Recovery events and descriptions
Event
1

Altitude (ft.)
5,280

2

1,000

3

0

Description
Apogee. Aft ejection
charges fire and drogue
parachute is released.
Fore ejection charges fire.
Nose cone ejected and main
parachute released.
Touchdown. Launch
vehicle has landed safely
and is ready to be retrieved
by the team.
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4.1.2.3.2. Ejection Design
The ejection charges will ensure that the main parachute and drogue parachute are fully
ejected from their respective bays. This will be done using redundant charges with sufficient black
powder in each charge to shear the shear pins and deploy the parachutes. The primary ejection
charges will be triggered by the primary altimeter at the designated altitude. The secondary ejection
charge will be triggered by the secondary altimeter with a 3 second delay. This will allow for the
deployment of the parachutes in the event of primary altimeter or charge failure without a double
charge explosion when all systems work.

4.1.2.3.2.1. Black Powder Charge Description
The black powder charges shall consist of a spent shotgun shell shortened and filled with
FFFFg black powder. The charges used for drogue parachute deployment will contain 1.5 grams
of black powder each. The main parachute deployment charges will contain 2.5 grams of black
powder each. The black powder will be compacted using “Dog Barf” Recovery Wadding and
contained with masking tape. An e-match will be mounted in the base of the shell from the side
and the leads will be connected to a wire connector position barrier terminal block. The leads from
the primary and secondary altimeters will be connected to the terminal block allowing the
altimeters to fire their respective charges.

4.1.2.3.2.2. Charge Location
The drogue deployment charges will be inserted into PVC tubing mounted to the aft
bulkhead of the Recovery Bay on either side of the steel eye bolt. The main parachute charges will
be mounted in the same fashion to the forward bulkhead of the Recovery Bay.

4.1.2.3.3. Stratologgers
The Recovery Bay will house the two PerfectFlite StratoLogger flight altimeters, shown in
Figure 4.1.2.3.3-1 (Reqt. 2.15). These altimeters have been selected as the team has had previous
flight experience with these altimeters, as well as being the industry standard for reliability. The
altimeters will be shielded with a faraday cage to prevent any electronic excitement from any
onboard electronic devices (Reqt. 2.14, 2.16, & 2.17). The altimeters will be located in a single
purpose electronic sled in the Recovery Bay, thus rendering them independent of any other
electrical circuits (Reqt. 2.4). Each of the altimeters will have their own dedicated power supply,
a 7.4V Rhino Lipoly battery (Reqt. 2.8). Each of the altimeters will have dedicated arming switch,
Schurter 0033.4501 rotary cam switch, installed and located on the outside of the Recovery Bay
to arm the altimeters to the ON position for launch (Reqt. 2.7 & 2.9). The primary altimeter will
deploy the drogue parachute at apogee and the main parachute at a designated altitude (Reqt. 2.1).
A secondary altimeter will serve as redundant altimeter in the event that the primary altimeter
should malfunction (Reqt. 2.5). One of the altimeters within the Recovery Bay will be selected to
serve as the official altimeter for competition. (Reqt. 1.2)
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Figure 4.1.2.3.3-1: PerfectFlite StratoLogger

Projected Altitude Analysis
For this year’s NASA Student Launch competition, the target altitude is restricted to 5,280
feet AGL (Reqt 1.1). Based on this required altitude, the aerodynamic design, estimated masses,
and the motor selection were explored to determine an overall optimal launch vehicle design. The
fin and nose cone designs will provide maximum aerodynamic efficiency by minimizing drag
effects, and the initial masses were estimated based on the materials used, the proposed dimensions
of Module 1 and Module 2, as well as the masses of all internal avionics components. Large
consideration was made in determining the motor size, impulse, and average thrust values to ensure
that the motor selection is appropriate for the size of the proposed launch vehicle design. Based on
these parameters, the estimated mass of the launch vehicle was found to be approximately 20 lbs.
In order to calculate the projected peak altitude for the launch vehicle, the estimated initial masses,
the motor average thrust and motor impulse were inputted in the following series of equations,
which are only compatible with SI units; all English values were converted to SI units, then reconverted back to English units. For verification purposes, the open source software, OpenRocket,
was utilized to validate the projected altitude by modelling the proposed structural design,
inputting mass estimations, and selecting the proposed motor.
To calculate the projected peak altitude, the average mass of the launch vehicle, in
kilograms, is first computed by
𝑚𝑎 = 𝑚𝑟 + 𝑚 𝑒 −

𝑚𝑝
2

(Eqn. 1)

where 𝑚𝑟 is the launch vehicle mass without the motor, 𝑚𝑒 is the mass of the motor, and 𝑚𝑝 is the
propellant mass. Then to calculate the drag force without knowing the velocity of the launch
vehicle, the popular drag equation, shown in Equation 2, must be manipulated to include the
remaining known parameters by dividing the squared velocity term over as follows
1

𝐷 = 𝜌𝐶𝐷 𝐴𝑣 2
2

𝐷
𝑣2

1

= 𝑘 = 𝜌𝐶𝐷 𝐴
2

(2)
(3)

The new drag term, or the wind resistance coefficient, is computed as 𝑘 in kilograms per meter,
where the air density at sea level 𝜌 is 1.225 kg/m3, 𝐶𝐷 is the drag coefficient of the launch vehicle,
and 𝐴 is the cross-sectional area (m2). Using Equations 1 and 3, the burnout velocity coefficient
(m/s) can be calculated by
𝑇−𝑚𝑎 𝑔

𝑞1 = √

𝑘

(4)

where 𝑇 is the thrust of the motor and 𝑔 is the standard gravitational constant at 9.81 m/s2. Then
by using the wind resistance coefficient, burnout velocity coefficient, and the average mass from
Equations 3, 4, and 1, respectively, the burnout velocity decay coefficient (Hz) is calculated by
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2𝑘𝑞1

𝑥1 =

(5)

𝑚𝑎

Next, to take the motor selection into account, the motor burnout time, 𝑡, in seconds, is calculated
by dividing the motor thrust by its impulse. Using the burnout time, the burnout velocity (m/s)
shown in Equation 7 can be calculated using Equations 4 and 5. The burnout velocity indicates the
average velocity the launch vehicle is traveling at while the motor is burning out.
𝑡=
𝑣1 = 𝑞1

𝐼

(6)

𝑇

1−𝑒 −𝑥1 𝑡

(7)

1+𝑒 −𝑥1 𝑡

The burnout velocity can now compute the maximum burnout altitude, shown in Equation 8, where
the motor completely burns out its propellant, leaving the remaining trajectory to be influenced
purely by gravity.
𝑦1 =

−𝑚1
2𝑘

𝑇−𝑚𝑎 𝑔−𝑘𝑣12

𝑙𝑛(

𝑇−𝑚𝑎 𝑔

)

(8)

To calculate the coasting distance to the peak altitude of the trajectory, similar calculation steps
are used. Since the propellant mass has been burned out, a coasting mass is calculated by
𝑚𝑐 = 𝑚𝑟 + 𝑚𝑒 − 𝑚𝑝
(9)
The coasting mass essentially substitutes the average mass in the velocity coefficient equations
shown in 4 and 5, and thus results in the calculation of the coasting velocity coefficient and the
coasting velocity decay coefficient shown below.
𝑇−𝑚𝑐 𝑔

𝑞𝑐 = √
𝑥𝑐 =

(10)

𝑘

2𝑘𝑞𝑐

(11)

𝑚𝑐

The coasting velocity (m/s) of the launch vehicle can then be calculated using Equations 10 and
11 by
𝑣𝑐 = 𝑞𝑐

1−𝑒 −𝑥𝑐 𝑡

(12)

1+𝑒 −𝑥𝑐 𝑡

With this, the coasting distance is calculated by
𝑦𝑐 =

𝑚𝑐
2𝑘

𝑚𝑐 𝑔+𝑘𝑣 2

𝑙𝑛(

𝑇−𝑚𝑐 𝑔

)

(13)

The peak altitude can now be calculated by adding the burnout distance and the coasting distance,
shown below
𝑃𝑒𝑎𝑘 𝐴𝑙𝑡𝑖𝑡𝑢𝑑𝑒 = 𝑦𝑏 + 𝑦𝑐
(14)
A MATLAB code, which can be seen in Appendix B, was developed to simply run these
calculations by implementing a user input for the launch vehicle mass without the motor, the motor
mass, the propellant mass, the motor average thrust, and the motor impulse. Through trial and
error, the ideal motor was chosen based on the outputs of our MATLAB code, which gave an
altitude of 5,800 feet. A mockup of the launch vehicle was then inputted into The OpenRocket
simulation produced a peak altitude of 5,300 feet. The peak altitude calculated in MATLAB is
assumed to be an overestimate due to drag effects and density changes that are not accurately
accounted for. The OpenRocket simulation is a more appropriate estimation since drag and density
changes are modeled. All masses are subject to minor changes which will allow for peak altitude
optimization to hit the target altitude of 5,280 feet AGL.
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4.2. Autonomous Ground Support Equipment (AGSE) Description
The UMBRA NSL Team chose to participate in the Centennial Challenge for the 20152016 NASA NSL competition. This decision entails additional requirements that address the
design and manufacturing of an automated ground system, which will be capable of retrieving a
specific payload and placing it inside the launch vehicle Payload Fairing. Once the Payload Fairing
is sealed, the launch vehicle will be raised to 5.0 degrees off vertical and the motor igniter inserted
(Reqt. 3.20). Since these functions must be performed autonomously and within a certain time
period (Reqt. 3.20), the design of the AGSE needed to be organized in a systematic fashion, with
an emphasis on structural analysis and payload retrieval effectiveness. Separating the full AGSE
into five isolated systems and then integrating these systems together, allowed each requirement
to be analyzed within a smaller “system of systems” context. Thus, resulting in a complete overall
system design focused on satisfying stakeholder requirements.

4.2.1. Static Support Structure (SSS) Design
The Static Support Structure is the core component of the AGSE. The central purpose for
this system is to provide stability to the launch vehicle while it is being rotated to the final launch
position. To fulfill this purpose, the structure will be made of 80/20 15 Series aluminum extrusion.
This material is lightweight and provides the necessary qualities to withstand the forces placed on
it by the launch vehicle and other components. Two other design criteria taken into consideration
were the positioning of the Payload Retrieval System (PRS) and the location of the fins when the
launch rail is raised to 5 degrees from vertical (Reqt. 3.20). In order to accommodate a four-fin
design, the launch rail supports will need to be able to fit between two fins. This will be
accomplished by allowing the launch vehicle to pivot on a small portion of the SSS while balancing
any side moments with lateral supports. The SSS design is shown in Figure 4.2.1-1 below. The
position of the PRS will need to accommodate the location of the Payload Fairing and the

Figure 4.2.1-2 Static Support Structure
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requirement for the payload to be 12 inches from the mold line of the launch vehicle and the
structure of the AGSE (Reqt. 3.18). The PRS will be comprised of an elevator and double jointed
arm. The mechanics of the double jointed arm and the vertical translation of the elevator will allow
the system to retrieve a payload in an arbitrary location within a defined area. These same
mechanics allow the arm to place the payload in the payload fairing. The overall dimensions of
the static structure are 7 x 3.2 x 5.1 feet, with an estimated weight of 81.17 pounds.

Most joints will be attached together by aluminum
L-brackets that will be fastened with flanged button head
socket cap screws with t-nuts, depicted in Figure 4.2.1-2.
Having L brackets also allows for damaged parts to be easily
replaced when needed while making the SSS easily portable
and able to be quickly assembled on site, helping to satisfy
the assembly time requirement (Reqt. 1.6).
Figure 4.2.1-2 Aluminum LBrackets
4.2.2. Payload Retrieval System (PRS) Design
As stated in Requirement 3.1, the AGSE must be capable of autonomously capturing a
sample payload and loading it into the Payload Fairing of the launch vehicle. This functionality
required the design of a system that could operate computer-controlled elements, and support their
autonomous movement. All of these needs were considered when designing the PRS, as well as,
the integration into the Static Support Structure. In much the same way that a 3D printer traverses
along a single axis, the PRS will incorporate a sliding elevator system that will support a robotic
arm. The Payload Retrieval Arm (PRA) will utilize a specialized camera and mechanical arm
equipped with a motorized clamp. These components working together will allow the payload to
be placed within the Payload Fairing. The structure and dynamics of this system will be discussed
in great detail below.

Structural Design
The Payload Retrieval System will comprise of two main components; the Payload Retrieval Arm
and the Payload Retrieval Elevator. The PRE will be made of an 80/20 aluminum plate to which
the PRE will be attached. This plate will be attached to the 56-inch 80/20 1530 aluminum extrusion
on the SSS. This setup will be located 24 inches behind the pivot point and 6 inches to the right of
the horizontal support on the SSS. The wider 1530 extrusion was chosen as it will be used to hoist
up the PRE and PRA, together with the payload, which will be delivered to the payload fairing on
the launch vehicle.
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4.2.2.1.1. Integration into the SSS
The structural design of the Payload Retrieval System will fulfill two purposes. First, it is
meant to be strong enough to support the Payload Retrieval Elevator (PRE) and Payload Retrieval
Arm (PRA) as it moves to the location of the payload, collects the sample, and returns it to the
launch vehicle. Second, this structure will be created in such a way that the payload could be placed
in a recovery field, which would keep it 12 inches from the launch vehicle, as well as, the AGSE
itself (Reqt. 3.18). The PRS structure will be integrated into the SSS by securing the PRE to a
double extrusion support. Referring to Figure 4.2.2.1.1-1 below, points A and B on the diagram
represents the top and bottom of this support.
A

B

Figure 4.2.2.1.1-1: Payload Retrieval Elevator
Diagram
Two stainless steel tubes will provide guidance for the Payload Retrieval Elevator and will
be inserted into 3D printed cap and sleeve components shown in Figures 4.2.2.1.1-2 and 4.2.2.1.13. The cap and sleeve can be seen on the SSS in Figure 4.2.2.1.1-1 above at points A and B. These
custom 3D printed pieces will be designed to tightly slide on the top and bottom of the double
80/20-aluminum extrusion. Each piece will be fitted with the appropriately-sized hole for the
stainless steel support tubes to slide into. The main justification for this design is to allow for ease
of assembly and disassembly.

Figure 4.2.2.1.1-2: 3-D Printed Cap

Figure 4.2.2.1.1-3: 3-D Printed
Sleeve
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4.2.2.1.2. Mechanics of the Payload Retrieval System Support
The mechanics of the PRS will be organized in such a way to
efficiently move the Retrieval Arm to the necessary location to
collect the payload and place it into the launch vehicle. The system
will have two main mechanical components. The first is the Payload
Retrieval Elevator (PRE). This system will be composed of two
NEMA17 stepper motors 48N-cm (70oz-inch), two 608 bearings,
four LM8UU linear bearings, nylon zip ties, motor cables and
connectors, 20 feet of GT2 belt, 3D printed parts, double flange
linear bearing, and two .31x.039in 25.6in aluminum rods. Figure
4.2.2.1.2-1 portrays these elements in their functional locations in the
PRS. Two stepper motors will be located at point B and are shown
in green. These motors will move the Retrieval Elevator on a linear
path along the Z-axis. The motors will be attached to the 3D printed
sleeve, shown in red, which will be placed at the bottom of the double
extrusion Retrieval Elevator central support and zip tied to the
foundation piece of extrusion. The two 10-ft GT2 belts run from both
motors through the Retrieval Elevator Carriage and around the
bearings at point C which will be attached to a 3D printed cap
positioned at the top of the central support. The Elevator Retrieval
Carriage, shown in Figure 4.2.2.1.2-2, will be composed of a double
flange linear bearing which will slide along the double extrusion
support and four LM8UU linear bearings that will slide along the
aluminum guide rails.

B

Figure 4.2.2.1.2-1: Payload
Retrieval Elevator

Figure 4.2.2.1.2-2: Front and Back Views of the Retrieval Elevator Carriage
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The justification for this type of setup is that it will provide the necessary force to lift the
Retrieval Elevator Carriage with the Retrieval Arm and payload up the double aluminum slider
support tubes traversing the Z-axis, thus, fulfilling the purpose of this part of the PRS.
The second major component is the Payload Retrieval Arm (PRA) which will be attached
to the PRE and is shown in Figure 4.2.2.1.2-3.

Figure 4.2.2.1.2-3: Payload Retrieval Arm

This system is designed based off of the concept of the SCARA robotic arm which has two
rotatory joints that rotate in the X and Y axis. These two joints will act as shoulder and elbow
joints of the arm. The joints and the forearm will be made out of aluminum. These joints will be
designed with a knuckle joint in mind. The shoulder joint consists of a NEMA 23 stepper motor
with a 287oz-in holding torque. The stepper motor will be bolted onto the top of the fork. In
between the eye connector and the fork connector, there will be two thrust-needle roller bearings
of 2.19-inch diameter. The bearings were chosen to minimize friction between the faces of the
joints and allow the stepper motor to rotate the arm with ease. Connected to the drive shaft of the
stepper motor will be an extension-shaft couple with a hex-shaped outer diameter. The inner shaft
of the fork will be circular while the inner shaft of the eye will be hex-shaped. This will allow the
stepper motor to rotate the eye without interference from the fork thus causing the arm to rotate.
The elbow and wrist joint will be identical in design. The only difference will be the size of the
joints to allow for the smaller stepper motors which are NEMA 17’s with a 28oz-in holding torque.
The bearings in these joints will have a 1.56-inch diameter. The arm will have a maximum reach
of about 28 inches. The distance from the shoulder joint to the elbow joint will be roughly 14
inches while the distance from the elbow joint to the tip of the claw will around 13 inches in length.
The two rotary joints will allow the arm to rotate 360°.
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Electronics and Control of the Payload Retrieval System
The electronics of the payload retrieval system
comprises of six stepper motors, a pixy camera, and an
Arduino Mega. The payload may be placed anywhere within
the designated area that is, at minimum, 12 inches away from
the AGSE (Reqt. 3.18) and autonomously captured (Reqt.
3.5). The recognition system will then be activated. This
system will consist of a Pixy (CMUcam5) camera (Figure
4.2.2.2-1) connected to an Arduino Mega (Figure 4.2.2.2-2).
An Arduino mega was chosen for this application due to its
ability to command multiple steppers motors as well as the
Figure 4.2.2.2-1: Pixy Camera
Pixy camera. It is the only Arduino microcontroller that can
handle the processing power required for this application. The
Arduino mega will be powered by an 11.1V Rhino Li-Po battery. The Pixy camera has an
integrated recognition software than can track multiple objects. The camera can be programmed
to track specific objects. The camera was chosen for its light weight, and ability to spot and feed
vital information to the Arduino. The camera
will be situated on the end of the arm and
claw. Once the pixy locates the payload, it
will feed the coordinates, and orientation of
the payload to the Arduino which will then
command the stepper motors controlling the
shoulder and elbow joints to orientate
directly above the payload. Once above the
payload, the elevator motors will lower the
arm and claw down towards the payload.
The claw will then secure the payload. The
Figure 4.2.2.2-2: Arduino Mega
claw will have a wrist joint that can rotate to
match the orientation of the payload. The payload will be captured by the claw using a stepper
motor that will control one finger. After securing the payload, the arm and claw now with the
payload, will return back to its initial position. The next step will be to insert the payload into the
launch vehicle (Reqt. 3.1). This will be accomplished
by raising the elevator above the launch vehicle. The
elbow joint motor will then command the arm to rotate
90°. At this point the claw with the payload will be
directly above the payload fairing. The payload will
then be inserted into the fairing. The six stepper motors
will be controlled with the Arduino Mega and a
SainSmart 3D print controller board pictured in Figure
4.2.2.2-3. With the SainSmart controller, the Arduino
has the ability to control more than six stepper motors
which is more than the required amount for this
Figure 4.2.2.2-3: SainSmart 3D
application. The PRS will be designed in such a way
print controller
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that allows for the payload to be captured quickly enough so that the rest of the autonomous
functions of the AGSE will have time to finish their subroutines within 10 minutes (Reqt. 3.20).

4.2.3. Launch Vehicle Positioning System (LVPS) Design
Based on Requirement 3.20, the launch vehicle’s final position at the end of the AGSE’s
autonomous processes is five degrees off vertical. This requires a system that can produce enough
torque to raise the launch vehicle, or a system to control the fall of the launch vehicle around its
center of gravity. The LVPS described below is a combination of both these systems. Positioning
the launch vehicle the correct distance above the ground to take advantage of gravity, and utilizing
a simple motor to initialize rotation of the launch vehicle, the LVPS can safely and efficiently
bring the launch vehicle to the correct angle. Outlined below are the necessary components and
computers to bring these ideas into fruition and integrate the LVPS with the SSS.

Structural Design
The Launch Vehicle Positioning System will be designed to complete two objectives. The
first will be to hold the launch vehicle in a horizontal position as the Payload Retrieval System
inserts the payload into the Payload Fairing. The second will be to rotate the launch vehicle from
its horizontal position to launching position, 5 degrees from the vertical (Reqt. 3.20). The launch
vehicle will be sitting on a rail system that will stabilize and guide it during launch. The launch
rail will be integrated into the SSS using custom-made steel components. The component, called
the Pivot Mount, shown in Figure 4.2.3.1-1, will be bolted to the launch rail using two 5/16-18 x
11/16 inch FBHSCS & Econ T-Nuts. Using this type of
bolt to secure the Pivot Mount to the launch rail
increases efficiency during assembly and eliminates the
need for welding. This particular custom piece will be
welded to a 1-inch diameter steel rod. At the center of
the rod there are two steel gears that are welded in place.
A double strain roller chain will be fitted around the
gears, thus giving a connection between the pivot joint
and the motor. The pulling of the chain by the motor
Figure 4.2.3.1-1: Pivot Mount
will allow the launch vehicle to be rotated.

4.2.3.1.1. Integration into the SSS
The welded 1-inch rod will be allowed to rotate between two 1-inch pillow block mounted
bearings, shown in Figure 4.2.3.1-2. Both bearings will then be bolted onto two custom steel
components that are designed to secure the 80/20 extrusion supports at the pivot joint. This
structure can be seen in Figure 4.2.3.1-3. This setup will be heated, forcing it to expand while the
steel rod from Figure 4.2.3.1-1 will be cooled forcing it to shrink. The cooled rod will then be put
inside the steel ball bearing and the system will be brought to reach room temperature causing a
friction fitting.
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Figure 4.2.3.1-2: Pillow Block Mounted Bearings

Figure 4.2.3.1-3: Ball Bearing Cap

The front of the launch vehicle and launch rail will sit on a small vertical support at the
front of the static structure AGSE, which can be seen in Figure 4.2.3.1-4. This will keep the launch
vehicle and rail horizontally level and will retain the center of gravity of the launch rail, attached
components and launch vehicle slightly in front of the welded steel rod to prevent the launch
vehicle from rotating on its own. By placing the center of gravity very close to the pivot point, the
amount of force needed to rotate the launch vehicle will be relatively small.

Vertical Support

Pivot
Mount
Figure 4.2.3.1-4: LVPS in Horizontal Position

4.2.3.1.2. Mechanics of the LVPS
The LVPS is an extremely critical system due to the extent of the forces it must endure
over an extended range of motion. As the launch vehicle rotates about the pivot point, its motion
must be continuously controlled. This condition is met by using a motor attached to a gearbox
using a coupler. The drive shaft of the gearbox will be secured to a 19.25 inch keyed drive shaft
utilizing another keyway coupler. The gearbox is equipped with a worm-gear which acts as a
ratchet. This will allow the position of the launch vehicle to be held at any point during the lifting
phase if LVPS receives the signal to pause all motion (Reqt 3.4). The final length of the keyed
drive shaft will pass through two pillow block mounted bearings and a 2.23-inch diameter double
strand sprocket. The assembly can be seen in Figure 4.2.3.1.2-1 below.
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Roller
Chain Gear
AC Motor

Keyway
Gear Box Coupler

Keyed Shaft
Pillow Block
Mounted Bearing
Figure 4.2.3.1.2-1: LVPS Motor Assembly
By utilizing the same size gears connected with a double strain roller chain, the speed at
which the launch vehicle rotates will match the speed of the motor drive shaft. Through
observation, the launch vehicle will take approximately 8.5 seconds to rotate 85 degrees. The
power provided to the system will be drawn from a 12-volt car battery mounted on the Ground
Control Station.
Electronics of the LVPS
The sole function of the Launch Vehicle Positioning System (LVPS) is to precisely erect
the launch vehicle five degrees from a perfect vertical within the 10 minute time limit (Reqt. 3.20).
After notification of the payload release and the payload bay door being closed, the aforementioned
Arduino Mega (Section 4.2.2.2) will activate a relay, which will in turn switch on an AC motor
via an inverter. The motor runs at 115 volt and 60 Hz; furthermore, it will be connected to a 60:1
ratio gearbox in order to increase the holding torque of the motor. The inverter will be connected
to a 12.6-volt standard car battery. The primary consideration for this assembly focuses on the ease
of communication amongst each of the respective segments of the individual autonomous
functionalities.

4.2.4. Ignition Insertion System (IIS) Design
The Ignition Insertion System is not as complex as the PRS; however, its location
introduces significant constraints that needed to be considered. For example, Requirement 3.2
states that the igniter insertion takes place once the launch vehicle is in the final upright position,
the IIS will need to be located somewhere in the blast zone of the launch vehicle motor in order to
meet this requirement. The ideas proposed in the following sections will outline planned solutions,
which will address these constraints and maintain a system that satisfies the necessary
requirements. Also, the integration of the IIS to the LVPS will be discussed.
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Structural Design
The housing shall act as both the mount for the insertion mechanism as well as the blast
plate of the launch vehicle. It will be constructed of 11 gauge sheet. The base of the housing shall
be 9.5 x 4.5 inches with a 2 x 2 inch extension set in the middle of the 9.5 inch side. This extension
will be fitted with a section of 1.5-inch square steel tubing mounted at a 95 degree angle from the
base. The launch rail will be inserted into and secured to the square steel tubing. This will ensure
that when the base plate sits flat, the launch rail will be 5 degrees from vertical (Reqt. 3.20) when
in launch position. To protect the insertion mechanism and divert the motor exhaust outwards, a
16 x 4.5 inch 11 gauge steel sheet will be bent to a 60 degree angle and mounted at a 95 degree
angle to the base plate. To allow the insertion mechanism to feed the igniter into the motor, a hole
will be drilled into the vertex of the bent steel 2 inches from its edge. This hole will be fitted with
round steel tubing to guide the igniter into the motor. This structure can be seen in Figure 4.2.4.11.

Figure 4.2.4.1-1: Ignition Insertion System Blast Plate

4.2.4.1.1.

Mechanics of the IIS

Once the launch vehicle has been raised to 5 degrees from the vertical, the ignition wire
will be fed into the launch vehicle via Bowden-style extruder (Reqt. 3.2). The two points of
rotation, one being the filament drive gear attached to the stepper motor the second being a shaft
fixed to the center or a radial ball bearing, must have a force lightly applied to one another to cause
the igniter double stranded wire to induce a force normal to the notched face of the extruder drive
gear. The increase of force onto the igniter, normal to the extruder drive gear, will cause the igniter
to translate vertically into the steel tubing.
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Electronics of the Ignition Insertion System
The electronics of the Ignition Insertion System (IIS) resembles a Bowden-style extruder
that is typically used for 3-D printers. The extruder design calls for a stepper motor that will guide
the flexible igniter into the motor of the launch vehicle. A 32 step, 1/16th geared down Small
Reduction Stepper Motor (Figure 4.2.4.2-1) from Adafruit will be used for the extruder design as
it does not call for a motor with high torque. An MK8 filament drive gear (Figure 4.2.4.2-2) will
be attached to the stepper motor and will be the main directional path guidance for the igniter to
follow.

Figure 4.2.4.2-1: Stepper Motor by
Adafruit

Figure 4.2.4.2-2: MK8 Filament Drive Gear

The igniter will be compressed with a radial ball bearing so that it follows the correct path.
The Bowden style extruder will be mounted onto the blast plate of the LVPS. As per Requirement
3.2, the IIS will only be capable of activating once the LVPS has finished its run sequence and the
launch rail is 5 degrees off the vertical. The IIS will be activated by an Arduino Mega that controls
the whole AGSE which is located at the ground station.

4.2.5. Ground Station Design
The requirements placed on the ground station, are not expansive, however, very important.
This system must be able to stop all autonomous functions at any point (Reqt. 3.15) and receive
live data during and after launch. To support this functionality, the Ground Station will be equipped
with extensive electronic capabilities.

Housing Design
The Ground Station will be located away from the launch site and comprised of a computer,
a central Arduino MEGA and the Yagi Antenna. The Ground Station will also have a Graphical
User Interface (GUI) designed in such a way to understand the status of the AGSE. The Ground
Station will also house the electronics capable of interacting with the AGSE and its components.

Electronics of the Ground Station
The Ground Station (GS) will be the last checkpoint before the launch vehicle will be
launched. The GS will be comprised of the electronics necessary to pause and resume all of the
activities conducted by the AGSE and also ignite the motor for the launch. The GS will be
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responsible for accomplishing three main functions. The first is presenting the status of the AGSE.
It is necessary to be able to understand the current actions of the AGSE and halt it if necessary. A
safety light, an orange LED from Radio Shack, which flashes at 1 Hz when the AGSE is powered
on will be installed into the GS. The safety light will also be capable of being a solid color when
the AGSE is paused (Reqt. 3.16). An All Systems Go (ASG) light, a green LED from Radio Shack,
will be installed into the GS. The ASG light will ensure that all safety verifications have been
completed and that the launch vehicle is ready for launch (Reqt. 3.17). Thus, the lights will serve
the main purpose of signaling the team if the AGSE is running, paused and when the launch vehicle
is ready for launch. The second function is allowing for human interaction with the AGSE. A
stainless steel momentary push button will be designated as the master switch that will be capable
of cutting all power leading to the AGSE (Reqt. 3.3 and 3.14). A similar push button will be used
to pause and resume all autonomous procedures and subroutines of the AGSE (Reqt. 3.4 and 3.15).
The pause switch will be used in the event that the RSO needs to temporarily halt all autonomous
procedures and subroutines of the AGSE or if a safety hazard was to present itself. The AGSE will
be able to continue where it left off after the pause switch has been disengaged. Lastly, the AGSE
will be capable of receiving live transmitted data from the launch vehicle before, during and after
launch. This will be accomplished by the electronics assembly in the Avionics Bay. The positional
data will be stored on the on-board MicroSD card that is on the breakout board (ADMega2650)
which is attached to the Arduino Mega. The data will then be transmitted via the XBee Pro 900
with a connected Duck Antenna (GSM-09 SMA PLUG RP) which exerts a 900 MHz signal as a
serial stream of data. The data will then be transmitted to a 900 MHz 12 dBi Yagi Antenna by LCom. The serial data will then be gathered and translated into an understandable format on a
computer that has the LabView System Design software installed by National Instruments. The
data received will be used to visually understand how the launch vehicle performed during the
flight.
4.2.6. Fully Assembled AGSE
The fully assembled AGSE with the launch vehicle in the prelaunch horizontal position
and vertical launching position is shown in Figure 4.2.6-1. Figure 4.2.6-1 displays all of the
AGSE’s components in their working positions.

Figure 4.2.6-1: Fully Assembled AGSE and Launch Vehicle
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From Figure A, the location of where all the AGSE components will be integrated on the
SSS can be seen. The PRS is positioned two feet behind the pivot point on the SSS structure. This
allows the PRS to retrieve a payload in a location field in front the PRE that is also 12-inches away
from the mold line of the launch vehicle and AGSE (Reqt. 3.18). The Pivot Mount of the LVPS is
integrated on the double extrusions on the upper middle portion of the SSS. This is where the
launch rail is attached to the AGSE and is the pivot point about which the launch rail and launch
vehicle will be rotated. The AC motor that will be used power the LVPS is mounted on the steel
plate near the edge of the SSS. The IIS will be attached the end of the launch rail behind the launch
vehicle.

4.2.7. Technical Challenges and Solutions

Launch Vehicle
Challenges

Solutions

Printing a nose cone with total length of 12
inches on a 3D print area of 7.8 x 7.8 x 7.8
inches

Printing the nose cone in 2 separate pieces.

Being able to access the avionics housed in
the nose cone.

Printing the nose cone in 2 separate pieces
with a hollow sections to house the avionics.

Having a single parachute bay for both the
main and drogue parachutes would cause
difficulty with their ejection and tangling of
shock cords.

Creating an individual parachute bay for each
the drogue and main parachutes.

Determining the geometry of the individual
gores on the main and drogue parachutes.

Calculating the angles and side lengths of
isosceles trapezoids when combined into
hexadecagons and octagons.

Sizing the main and drogue parachutes such
that the launch vehicle does not drift more
than a mile away from the launch site.

Running OpenRocket simulations to
determine the drift distance for specific
parachute sizes.

Deceleration caused by inflation of main
parachute possibly breaking eyebolts attached
to bulkheads.

Increasing the size of the drogue parachute.

Having an aerodynamically efficient fin
design while maintaining structural integrity.

Use a swept trapezoidal planform fin with a
symmetric airfoil profile that maintains max
thickness from 0.25 to 0.5 chord.

A motor that will allow for an apogee of 5280
± 500 feet without having to increase the

Running simulations on available AeroTech
and CTI motors that met the requirements
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diameter of the launch vehicle and having a
burn time less than 2 seconds.

while varying fin and mass of the launch
vehicle.

Realizing the Raspberry Pi Microcontrollers
only have 1 port for the Raspberry Pi camera.
The team requires two cameras to be used

Adding an additional Raspberry Pi to the
Observation Bay.

Failure of the Arduino Uno to supporting GPS In order to handle the processing power
as well as data telemetry from the 10 DOF
needed, the team will use an Arduino Mega
IMU.
instead of the Uno.
Difficulty to transmit data through a carbon
fiber body tube.

The team re-arranged the location of the
Avionics Bay to the nose cone which is 3D
printed with PLA.
AGSE

Challenges

Solutions

Collision of the launch vehicle’s fins against
the AGSE during the raising of the launch
vehicle

Designing the static structure of the AGSE to
have two 80/20 1515 extrusions holding the
pivot mount in between the location two fins,
once the launch vehicle is placed on it

Failure of the PRA to clear the payload fairing Designing the 80/20 1530 extrusion holding
door on the launch vehicle so as to close it
the PRA to be 58 inches tall, 12.8 inches
above the top surface of the launch vehicle
when it is oriented horizontally
Unable to rotate launch vehicle to 85 degrees
due to collision with ground or other AGSE
components

Having the SSS pivot point at a height of 39.5
inches

Ensuring that the launch rail, once rotated to
launch-ready position, will fit between the
80/20 extrusions holding the pivot mount

Widening the distance between the 80/20
1515 extrusions to 4 inches

Failure of the PRA to both obtain the payload
and deliver it to the payload fairing on the
launch vehicle due to distance constraints.

Design the 80/20 1530 extrusion acting as the
elevator to be 2 feet behind the pivot point
and 0.5 inches away from the horizontal
support of the SSS, enabling the 2.5 foot arm
to both obtain payload and deliver it to the
fairing.

Initial design of the base of the PRA was
determined to be incapable of handing the
moment caused by the arm.

Re-designed the base to an I-beam profile to
handle the moment of the arm.

Initial design of the PRA was determined the
torque required to rotate the arm was greater
than the output of the stepper motors.

Bearings were added to the joints to minimize
friction and allow the arms to rotate.
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5. Educational Engagement

5.1. Plans and Evaluation Criteria for Required Educational Engagement Activities
The UMBRA NSL team plans to implement multiple educational activities as a way to engage
the community (Reqt. 5.6). The team’s main intent is to nurture and cultivate young minds into
the STEM fields. These events will be held mainly in middle schools and will be executed in a
series of 2-day events. They will be structured in such a way that the students attend a series of
workshops in which scientific laws will be taught and demonstrated. The students will then
participate in hands-on activities and friendly competitions.
Possible educational outreach activities include but are not limited to the following:
Blessed Sacrament School 7th Grade Rocket Launch
The team will help Blessed Sacrament School’s 7th grade class with their annual model
rocket launch. This will include several appearances at the school in which the team will give the
class lectures on rocketry and its basic governing equations, give a demonstration of team’s NSL
rocket, assist the class in the construction of their small Estes rockets, and finally help students in
the setup and launch of their rockets. The team will work closely with the 7th grade class’ teacher,
Mr. Seizbert, during this activity to make sure all education requirements are met. The team will
also make sure all students understand the proper launch safety procedures and will get proper
clearance from the city and local fire department prior to launch.
3..2..1..Blast off!
The team will teach the students the history of rockets, engaging them with questions along
the way to help them understand their uses and needs today. This will be followed by a lesson on
the major parts of a rocket. They will then participate in a water bottle rocket friendly competition
that will have been previously assembled by the team.
Why Fins?
The team will teach the students the importance of fins on a rocket. They will also learn
about different types of fin designs and the advantages associated with them. The students will
then be engaged in paper rocket construction, wherein they will attach the fins and blow off a straw
to enhance their understanding.
What a Drag!
The students will learn about the effects of air resistance. This will be demonstrated through
an activity where they will be given paper and a set of keys. They will initially drop them both at
the same time and see which of the two will land first. The team will then explain how air creates
frictional drag on any moving object and eventually slows the object down. The students will then
have to come up with a way to make the keys and the paper land at the same time. Afterwards,
they will assemble their own parachute using paper, string and a small weight accounted for by
washers, which they will then use to compete by trying to land them on a specified target.
Gravity
The students will learn about gravity and how the scientist, Isaac Newton, discovered its
properties. The team will demonstrate how a ball in horizontal projectile motion, ejected from a
spring system, will land at the same time as that in vertical motion released from the same height.
The students will also be shown two differently sized balls, and determine which ball will reach
the ground first when dropped at the same time from the same height.
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Newton’s Laws of Motion
The students will learn about the three laws of motion; inertia, acceleration and
action/reaction forces. The first law will be demonstrated by placing a coin on a card which is then
placed on a cup. The students will have to try to get the coin to fall into the cup without touching
either the coin or the cup. The team will then demonstrate acceleration using a simple pendulum
and the action/reaction forces using a video of a rotating sprinkler system. This will end with the
students assembling and racing a balloon rocket car that will demonstrate all three laws.
Leaning Towers of Pasta
The team will teach students the engineering design process in formulating an idea and
then developing it into a practical invention. The students will be divided into teams of three and
using spaghetti, marshmallows, tape, and scissors, will compete to construct the tallest and most
stable structure within a limited time. The team will also touch on trusses and their importance in
structural designs.
In addition to visiting middle schools, the team will reach out to other small educational
organizations such as the DIY Girls Foundation to assist with their afterschool programs by
teaching basic coding lessons and even offer a simple introduction to circuitry to K-12 students.
Moreover, the team plans to work together with the Engineering Council alongside other
engineering clubs on campus such as the Society of Hispanic Professional Engineers (SHPE),
Undergraduate Missiles and Ballistics Rocketry Association (UMBRA), American Institute of
Aeronautics and Astronautics (AIAA) and Society of Women Engineers (SWE) to educate the
college community as well.
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6. Project Plan
6.1. Development Timeline and Schedule
6.1.1. Development Timeline
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6.1.2. Development Schedule
September 12th


Begin printing methods for nose cone and fins



Purchase:
o

550 Paracord 250’

o #10-32 x 1/2” fasteners/nuts (min. of x16 sets)
o PerfectFlite Stratologgers (x2)
o 4 eye bolts
o L Brackets
o Quick Links (1500 lb)
o Rosco Swivels (3x of 600lb)
o Rosco Swivels (3x of 1000lb)
o 13” Nomex Blanket
o 9” Nomex Blanket
o Shear Pins
o Rail Buttons
o Purchase “Dog Barf”
o All of Avionics Bay’s Budget


Distribute assignments for PDR



File metal “lip” off the empty shells for charges

September 19th


Update website



Begin parachute fabrication



Place Birchwood laser cut order



Purchase motor casing, motor, and closures

September 26th


Begin fabrication of 4”-ID body tubes (x3)



Begin fabrication of 4”-OD electronics bays (x3)



Begin fabrication of motor tube



Begin fabrication of laminated bulkheads
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October 3rd


Begin lamination of fins



Progress check on individuals’ assignments



Test black powder charges



Perform load tests on bulkheads to simulate the impulse created from the main parachute.
o Obtain simulation values for comparison or compare calculated value at which
failure should occur to the performed test

October 10th


Launch vehicle recovery system test

October 11th


Compile test data for analysis in the report



Have plots and figures generated



Distribute assignments to discuss each result

October 12th – 29th


Finish up PDR



Educational Outreach #1



Relaunch

October 30th


Sections for PDR due (Prepare for PDR Presentation)



Begin Prints of Fins and Nose cone (Subscale)



Determine Sub Scale Motor/Mount/Tube



Begin AGSE SSS and LVPS component purchases

November 8th


Distribute assignments for CDR

November 9th – 20th


Begin same manufacturing process for Subscale model during PDR Conference week

November 14th


Avionics - Start of control board modules and ground station downlink debugging

November 21st
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Progress check on individuals’ assignments

December 5th


Launch subscale



Finalize AGSE combined mass

December 12th and 19th


Back up subscale launch days

January 2nd


Individuals’ portions due for CDR (Prepare for CDR Presentation)
o NO AGSE analysis or modeling, focus on the LV

January 9th


Full assembly and testing of the AGSE

January 23rd


Every portion of the CDR which pertains to the LV is due
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6.2. Budget

Launch Vehicle Structure Budget
Launch
Vehicle
Structure

Component
Nose Cone
and Fins
Prepreg
Carbon Fiber
Prepreg
Uniweave
Carbon Fiber
Centering
Rings
Bulkheads

Component
Description
1.75mm PLA Plastic
Printer Filament Spool
CYCOM®5320 Epoxy
Resin Prepreg System
CYCOM® 977-3
Epoxy Resin System
1/4 in x 4 ft x 8 ft Birch
Plywood
1/4 in x 4 ft x 8 ft Birch
Plywood
0.45mm Copper
Fireworks Firing
System Igniters

Electric
Matches
Payload
Fairing Hatch
Hinges
1-in Zinc-Plated
Hardware
4-40 Flat-Head Socket
Screw
Cap Screw (50 pack)
Airfoiled Rail Button,
Rail Button
15 series, pair

Launch
vehicle
Mass Rollup
(g)

Company/Supplier

Qty Per Unit
.
Cost

Price

460

Hatchbox via Amazon

1

$13.80

$22.00

1071

Cytec

10

$50.00

$500.00

2651.7

Cytec

2

$40.00

$80.00

162.8

Lowe's

1

$28.47

$28.47

662.7

Lowe's

1

$28.47

$28.47

0.02

chinafireworksfiringsyst
em via Ebay

1

$19.80

$19.80

130

Gate House

1

$1.97

$1.97

45.4

McMaster-Carr

1

$9.72

$9.72

9.6

Giant Leap Rocketry

1

$10.50

$10.50
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Black
Powder
Black
Powder
Canisters

1 lb. Black Powder

Emptied Shotgun
Shells (25 pack)
"Dog Barf" Recovery
Wadding
Wadding
Nylon Shear Pins (20
Shear Pins
pack)
1/4"-20 thread size, 1"
thread length, 3/4" eye
Steel Eyebolt dia.
Zinc-Plated Alloy Steel
Flat-Head Cap Screw,
Bulkheads
#10-32 Thread, 3/4"
Screws
Length (25 pack)
Motor Casing CTI Pro54-6G Casing
CTI Pro54 Rear
Rear Closure Closure
CTI Pro54 2372K1440Motor
17A
Camera
Castin' Craft® Clear
Fairings/"Win Polyester Casting
dows"
Resin
1/2 inch Square
Mirrors
Mirrors
2-mm Aero-Mat "Soric
Aero Mat
XF"

8

Walker '47

1

$23.00

$23.00

Walmart

1

$5.00

$5.00

Rockets R' Us

2

$7.00

$14.00

0.02

Apogee Components

3

$2.95

$8.85

4.5

McMaster-Carr

3

$3.01

$9.03

McMaster-Carr
CTI via Wildman
Rocketry
CTI via Wildman
Rocketry
CTI via Wildman
Rocketry

2

$7.78

$15.54

1

$89.10

$89.10

1

$35.96

$35.96

1

$142.16

$142.16

40

dickblick.com

1

$21.30

$21.30

10

Consumer Crafts

1

$0.67

$0.67

15

ACP Composites

1

$17.80

$17.80

15.6
15

219
100
1891.48
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L-Brackets

#10-32 Nuts
Foam
Rubber

Wood
Screws
Eye Screws
General
Supplies

Epoxy
Hardener

Stanley-National
Hardware 2-Pack 1.5in Metallic Corner
Braces
Hex machine screw
nuts, Zinc plated steel,
#10-32
Eggcrate Foam
Mattress Pad
Rubber, Neoprene, 1/8
In Thick, 12 x 12 In
#5 x 1/2" Flat Head
Phillips Drive Sharp
Point Zinc Finish
Furniture Screw
Stanley-National
Hardware Eye Bolt
105 Resin (126.6 fl oz)
207 Hardener (27.5 fl
oz)

Total Weight

210

Stanley-National via
Lowes

10

$1.78

$17.80

28

Bolt Depot

1

$1.69

$1.69

15

McKenson

1

$10.95

$10.95

50

Value Brand

1

$3.79

$3.79

60

Fastenal

40

$0.03

$1.39

30

Stanley-National

3

$0.88

$2.64

320

West Marine

2

$99.99

$199.98

80

West Marine

2

$47.99

$95.98

8304.82

grams

Total Cost

$1,417.56

Sub Scale Launch Vehicle Budget
Component

Prepreg Carbon Fiber

Component Description

CYCOM®5320 Epoxy Resin Prepreg System

Launch
vehicle
Mass Company/Supplier Qty. Per Unit Cost
Rollup
(g)
535.5

Cytec

1

$50.00

Price

$375.00
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Prepreg Uniweave
Carbon Fiber
Centering Rings and
Bulkheads

CYCOM® 977-3 Epoxy Resin System

1325.9 Cytec

1

$40.00

$300.00

1/4 in x 4 ft x 8 ft Birch Plywood
1/4"-20 thread size, 1" thread length, 3/4" eye
dia.

412.8

Lowe's

1

$28.47

$28.47

4.5

McMaster-Carr

2

$3.01

$6.02

1-in Zinc-Plated

130

1

$1.97

$1.97

Rail Button

Airfoiled Rail Button, 15 series, pair

9.6

1

$10.50

$10.50

Shear Pins

Nylon Shear Pins (20 pack)

0.02

Gate House
Giant Leap
Rocketry
Apogee
Components

3

$2.95

$8.85

Black Powder

1 lb. Black Powder

Walker '47

1

$23.00

$23.00

Hardware Screw

4-40 Flat-Head Socket Cap Screw (50 pack)

22.2

McMaster-Carr

1

$9.72

$9.72

15.6

Walmart

1

$5.00

$5.00

Rockets R' Us
CTI via Wildman
219
Rocketry
CTI via Wildman
100
Rocketry
CTI via Wildman
50
Rocketry
CTI via Wildman
1631.9 Rocketry

2

$7.00

$14.00

1

$89.10

$89.10

1

$35.96

$35.96

1

$11.66

$11.66

1

$124.16

$124.16

Steel Eyebolts
Payload Fairing Hatch
Hinges

Black Powder Canisters Emptied Shotgun Shells (25 pack)

8

Wadding

"Dog Barf" Recovery Wadding

15

Motor Casing

CTI Pro54-6G Casing

Rear Closure

CTI Pro54 Rear Closure

Motor Casing Spacer

CTI Pro54 Casing Spacer

Motor
Camera
Fairings/"Windows"

CTI Pro54 2014K1200-16A
Castin' Craft® Clear Polyester Casting Resin

40

dickblick.com

1

$21.30

$21.30

Mirrors

1/2 inch Square Mirrors

10

Consumer Crafts

1

$0.67

$0.67

Aero Mat

2-mm Aero-Mat "Soric XF"

15

ACP Composites

1

$17.80

$17.80
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#10-32 Nuts

Stanley-National Hardware 2-Pack 1.5-in
Metallic Corner Braces
Hex machine screw nuts, Zinc plated steel,
#10-32

Foam

Eggcrate Foam Mattress Pad

15

McKenson

1

$10.95

$10.95

Rubber

50

Value Brand

1

$3.79

$3.79

Wood Screws

Rubber, Neoprene, 1/8 In Thick, 12 x 12 In
#5 x 1/2" Flat Head Phillips Drive Sharp Point
Zinc Finish Furniture Screw

60

Fastenal

40

$0.03

$1.39

Eye Screws

Stanley-National Hardware Eye Bolt

30

Stanley-National

3

$0.88

$2.64

L-Brackets

Total Weight

210

Stanley-National via
Lowes

10

$1.78

$17.80

28

Bolt Depot

1

$1.69

$1.69

4938.0
2
grams

Total Cost

$1,121.
44

Recovery System Budget
Assembly
Component
All parachutes, full
and sub scale
1.1 oz calendared rip stop nylon (foliage green)
1.1 oz calendared rip stop nylon (blaze yellow)
550 Paracord Type III 7 Strand Mil-Spec
Parachute Cord 250' spool
Polyester Sewing Thread No. 102- 600m - Black

Mass (g) Company/Supplier Qty. Per Unit Cost
5
96.4
rip stop by the roll
yds $5.25/yd
5
96.4
rip stop by the roll
yds $5.25/yd

Price
$26.25
$26.25

20

eBay

1

$23.99

$23.99

5

thread art

2

$1.39

$2.78

1/4" Stainless Steel Quick Link, 1500lb

22.4

fruity chutes

4

$5.00

$20.00

600 lb Rosco Swivel, set of 3

13.1

fruity chutes

1

$9.00

$9.00

1000 lb Rosco Swivel, set of 3

13.1

fruity chutes

1

$10.00

$10.00

13" Nomex Blanket - 4" (98 mm) Airframe

140.1

fruity chutes

2

$16.00

$32.00

9" Nomex Blanket - 2" (54 mm) Airframe

140.1

fruity chutes

2

$13.00

$26.00
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0.5" Kevlar Shock Cord 1500 lbs.

Total Weight

120

apogee rockets

60 ft $0.92/ft

570.2 grams

Total Cost

$55.20

$205.22

Avionics/Payload Bay Budget
Assembly
Avionics
Bay

Component
Adafruit 10-DOF IMU
Breakout

MicroSD card Breakout

Component Description Mass (g) Company/Supplier Qty.
Adafruit/Product ID:
Accel/Baro/Gyro/Magno
2.8
1604
1
Microcontroller for
Arduino/Sparkfun.c
XBee/10-DOF/GPS
37
om/DEV-11061
2
Memory for data
Adafruit/Product ID:
acquisition
3.43
254
2

XBee Pro 900 RPSMA

Transmitter

Carbon Monoxide Sensor

Sensor for Carbon
Monoxide

Arduino Mega

8.5

2

Methane CNG Gas Sensor Sensor for Methane

2

Hydrogen Gas Sensor

Sensor for Hydrogen

2

Adafruit GPS Breakout

8.5

SMA to RF Adapter

66 Channel w/ 10 Hz
connector from GPS to
Antenna

900MHz Duck Antenna

Antenna for XBee

13

3

Sparkfun
Winsen Elec
Co./Sparkfun/SEN09403 ROHS
Winsen Elec
Co./Sparkfun/SEN09404 ROHS
Winsen Elec
Co./Sparkfun/SEN10916 ROHS
Adafruit/Product ID:
746
Adafruit/Product ID:
851
ChangHong/Sparkf
un/WRL-09143
ROHS

Per Unit
Cost

Price

$29.95

$29.95

$45.95

$91.90

$14.95

$29.90

1

$54.95

$54.95

1

$7.25

$7.25

1

$4.95

$4.95

1

$7.95

$7.95

1

$39.95

$39.95

1

$3.95

$3.95

1

$7.95

$7.95
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Recovery
Bay

3V Coin Battery

12mm diameter lithium
battery

0.1

GPS Antenna 3.5V

Antenna for GPS

35

StratoLoggersCF
Wire Connector Terminal
Block

Altimeters

Observation
Raspberry Pi 2 Model B
Bay
Raspberry Pi Camera

General
Supplies

8GB MicroSD Card
22 gauge Solid Copper
Wire

21.54

Wire Terminal Connector
Microcontroller for
Camera

8.5

Camera for Raspberry Pi
Memory for Rasp Pi
Camera

20

Wiring for electronics

5

76

10

T-connectors

Connections for batteries

0.3

Heat Shrink
11.1V 1250mAh LiPoly
Battery
7.4v 1050mAh LiPoly
Battery

Tubing for wires
Mega/Raspberry Pi
Power Source

0.3
223

Altimeter Power Source

142

Schurter 0033.450 S

Switch

19

Total Weight

642.97

Adafruit/Product ID:
380
Adafruit/Product ID:
960
Perfectflight.com
Amazon/B000WH6
H1M
Raspberry
Pi/Product ID: 2358
Raspberry
Pi/Product ID: 1367
Amazon/B000WH6
H1M
Amazon/Electronix
Express
Hobbyking/Product
ID: 606A-606B
Fry’s/Context
Engineering/
#3221891-TT1/4
WHITE
Rhino/hobbyking.co
m
Rhino/hobbyking.co
m
Schurter/alliedelec.
com/0033.4501

2

$0.95

$1.90

1

$12.95

$12.95

2

$54.95

$109.90

2

$2.16

$4.32

2

$39.95

$79.90

2

$29.95

$59.90

3

$5.18

$15.54

1

$18.59

$18.59

1

$3.77

$3.77

3

$1.79

$5.37

4

$11.65

$46.60

4

$5.90

$23.60

10

$5.19

$51.90

Total Cost

$712.94
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Educational Engagement Budget
Activity
Water Bottle Rocket

Balloon Rocket Car

Materials

Price

2L Bottles

Recycled

67

$0.00

$0.00

Poster Boards (25 pcs)

Target

3

$15.99

$48.00

Styrofoam Poster Boards

Walmart

1

$0.50

$33.50

Glue guns

Dollar Store

5

$1.00

$5.00

Glue

Dollar Store

1

$1.00

$6.00

Plastic Bags

Recycled

67

$0.00

$0.00

String

Walmart

3

$3.57

$10.71

Duct tape

Walmart

3

$3.97

$11.91

16-20oz plastic water bottles Recycled

67

$0.00

$0.00

Drinking straws (500pcs)

Walmart

1

$8.56

$8.56

Wooden sticks (10pcs)

Dollar Store

14

$1.00

$14.00

Plastic bottle caps

Recycled

268

$0.00

$0.00

Balloons (10pcs)

Dollar Store

8

$1.00

$8.00

Duct tape

Walmart

3

$3.97

$11.91

Paper Clips (50pcs)

Dollar Store

1

$1.00

$1.00

Target

25

--

$0.00

Scissors (2pcs)

Dollar Store

4

$1.00

$4.00

Paper clips

Dollar Store

50

--

$0.00

Tape (3pcs)

Dollar Store

4

$1.00

$12.00

Spaghetti

Walmart

12

$1.00

$12.00

Space Shuttle Paper Model Poster Board

Spaghetti Towers

Company/Supplier Qty. Per Unit Cost
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Balsa wood gliders
Balancing Act

Parachute System

Miscellaneous

Marshmallows

Dollar Store

4

$1.00

$4.00

Foam glitters (72pcs)

Amazon

3

$8.75

$26.25

Drinking straws

Walmart

500

--

$0.00

Tape

Dollar store

3

--

$0.00

Mini sauce cups (50pcs)

Walmart

8

$2.97

$23.76

Skittles

Walmart

4

$6.98

$27.92

Plastic Bags

Recycled

200

$0.00

$0.00

String

Walmart

4

$2.57

$10.28

Washers (25pcs)

Home Depot

8

$3.16

$25.28

Name tags (100pcs)

Walmart

2

$3.27

$6.54

Water

Costco

8

$5.00

$40.00

Total Cost

$350.62

AGSE Budget
Assembly
Static Support
Structure (SSS)

Component
80/20 1515 Aluminum
Extrusion (72")
80/20 1530 Aluminum
Extrusion(97")

Mass (g)

Company/Supplier

37338

80/20 Inc.

1137.6

6 Hole Joining Plate
FBHSCS & Economy T-Nut,
For 2085, PK15

141.748

L-Bracket

725.748

65.28

Qty. Per Unit Cost

Price

14

$40.11

$561.54

Zoro

1

$105.74

$105.74

80/20 Inc.

2

$5.85

$11.70

McMaster-Carr

6

$2.71

$16.26

40

$2.96

$118.40

Amazon

California State Polytechnic University, Pomona | 86

$0.00
Payload Retrieval
System (PRS)

NEMA17 stepper motors
48N-cm
Arduino Mega
Stepper Motor Control
Board
Pixy Camera

358

Sparkfun
Arduino/Sparkfun.com/DEV11061

2

$16.95

$33.90

1

$45.95

$45.95

Amazon
Charmed
Labs/Amazon/B00IUYUA80

1

$29.95

$29.95

1

$69.00

$69.00

OpenBuilds Part Store

1

$50.00

$50.00

567

McMaster-Carr

2

$32.26

$64.52

37
20
45.35

20 ft. GT2 2mm belt
0.035" 6ft mirror finish #7
Stainless Steel Rods
Small Reduction Stepper
Motor

1360.78

37

Adafruit

1

$4.95

$4.95

Aluminum Rod 1/2 ft (2pc)

6.54

Lowe's

1

$2.58

$2.58

Hex nut 1/4 in (5 pc)

4

Lowe's

1

$0.97

$0.97

Threaded Bolt 1/4 in x 2 in

60

Homedepot

1

$1.49

$1.49

Stepper Motor NEMA 17

200

Adafruit

2

$14.00

$28.00

Stepper Motor NEMA 23

1050

Pololu

1

$49.95

$49.95

Shaft Coupling
Thrust needle roller
bearings 1 9/16"

110

AliExpress

3

$3.74

$11.22

20

McMaster Carr

2

$3.17

$6.34

Washers (1" Inner)
Thrust needle roller
bearings 2 3/16"

20

McMaster Carr

4

$1.91

$7.64

20

McMaster Carr

4

$4.31

$17.24

Washers (1.5" Inner)

20

McMaster Carr

8

$1.91

$15.28
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Double Flange Linear
Bearing
LM8UU Linear Bearing
Aluminum GT2 Timing
Pulley - 6mm Belt - 36
Tooth - 5mm Bore
3D Printed Sleeve
3D Printed Cap
3D Printed Linear Bearing
Holder
Schumacher Power
Launch Vehicle
Positioning System Converter
(LVPS)
Car Battery
Relay

204.11

80/20 Inc.

1

$52.70

$52.70

34.02

Adafruit

4

$2.95

$11.80

13

Adafruit

2

$11.95

$23.90

132

Custom

1

$3.96

$3.96

81

Custom

1

$2.43

$2.43

84

Custom

1

$2.52

$2.52

1065.94

Walmart

1

$39.94

$39.94

5198

Walmart

1

$96.98

$96.98

31.18

Amazon

1

$8.99

$8.99

Bostongear.com

1

$381.50

$381.50

Sparkfun.com

1

$45.95

$45.95

Rex-Engineering

1

$49.99

$49.99

80/20 Inc.

1

$52.87

$52.87

60:1 Gearbox

4989.52

Arduino Mega

37

AC Motor
80/20 Aluminum Extrusion
(launch rail) 97"

2267
3795.661

Semi Circular Steel Plates

896.75

Metal Depot

1

$13.35

$13.35

Double Strand Sprocket

2000.34

McMaster

2

$34.62

$69.24

Steel Bolts

27

Home Depot

4

$3.36

$13.44

Steel Rod

62.23

Metal Depot

1

$13.35

$13.35

McMaster

1

$15.99

$15.99

Metal Depot

1

$26.72

$26.72

Double Strand Bike Chain

317

Steel pivoted joint sleeves

1413.828
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Cast Iron Pillow Block
Mounted Bearing
Igniter Insertion
System (IIS)

Amazon

2

$9.95

$19.90

Small Reduction Stepper
Motor

37

Adafruit.com

1

$4.95

$4.95

MK8 Filament Drive Gear

5

Robotdigg.com

1

$2.70

$2.70

Radial Ball Bearing (4pc)

11.5

Adafruit.com

1

$6.95

$6.95

M5 Washer
Socket-Cap Head Screw
4mmx15mm (2pc)

1.4

Lowe's

1

$0.35

$0.35

45.35

Homedepot

2

$0.87

$1.74

2.36

Homedepot

2

$0.50

$1.00

1000

Metals Depot

1

$139.20

$139.20

Hex Nut 4mm (2 pc)
1/8 Steel Sheet Gauge
(4'x4')
Ground Station

861.826

Green LED Light

1

RadioShack/Model # 272-085

1

$2.49

$2.49

Orange LED Light

1

RadioShack/Model # 276-272B

1

$2.49

$2.49

Master Switch Button

8

Amazon/URBEST/B00N2OEG7E

1

$2.89

$2.89

Total Weight

67968.061 grams

Total Cost

$1,793.49

Travel Expenses Budget
Description
Airline Tickets

Company/Supplier
Delta Airlines

Hotel Double Room Embassy Suites and Spa, Huntsville, AL

Qty. Per Unit Cost

Price

14

$420.00

$5,880.00

5

$143/per night

$5,643.21
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Total Cost

$11,523.21

Projected Overall Budget
Budget

Price

Full Scale Launch Vehicle

$1,417.56

Sub Scale Launch Vehicle

$1,121.44

Recovery System

$205.22

Avionics/Payload Bay

$712.94

AGSE
Miscellaneous
Educational Engagement
Travel Expenses

$1,793.49
$0.00
$350.62
$11,523.21

Overall Cost w/o Travel Expenses $5,601.27
PROJECTED OVERALL COST $15,706.92
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6.3. Funding Plan
The UMBRA NSL Team plans to acquire funds in the following ways. Any funding
sources from last year’s NSL project will be pursued again for the 2015-2016 NSL project. These
sources included a $5,280.00 grant given by Cal Poly Pomona’s Associated Students Incorporated
(ASI), a $4000.00 space grant set up by the team's academic advisor, and a $1000.00 donation
from Northrop Grumman. According to the projected budget, the funding amount needed is
estimated as $15,700.00, including travel expenses for all fourteen members. If these sources can
be obtained again, they would account for approximately 65% of the needed projected funds for
2015-2016.
In order to acquire the rest of the funds, a welcome brochure with information of the project
and the team will be distributed to local businesses and organizations deemed suitable. These will
include local branches of Boeing, Lockheed Martin, Raytheon, and other technology and
engineering based companies. Additional funding will also be sought after from foundations such
as, the Alfred P. Sloan Foundation, ASHRAE Senior Undergraduate Project Grants and the Hearst
Foundation. The necessary steps to obtain such grants include application submittals and letters of
inquiry to program directors describing the project requirements and team goals, including
educational outreach.

6.4. Plan for Acquiring Additional Community Support
The plan for acquiring additional support from the community will consist of a three step
approach. First, a list of all the companies and schools that may be suitable candidates for
supporting the UMBRA NSL Team will be compiled. A suitable client will be defined as any
company that can donate materials, offer services/machines, and provide monetary support. The
list will include phone numbers, addresses and the type of support each company/school could
contribute should they choose to do so.
The second step will be a systematic process of contacting the members of the list via phone
or in person as a team. During this outreach process, each company/school will be informed of the
competition requirements and how the UMBRA NSL Team plans on addressing them. This will
include discussing the launch vehicle and AGSE designs and how any support they choose to give
will help the team reach their goal. To help in this process, the UMBRA NSL Team has designed
a brochure that will be distributed to the potential supporters. This welcome brochure can be seen
in Appendix D.
The third part of this approach would be to continually update the companies/schools,
which have decided to lend support, on the progress of the project. This will entail, informing them
of major design changes and the successful completion of project milestones. This approach will
keep supporters involved for the duration of the project and will help anchor them as supporters
of future NSL projects

6.5. Plan for Sustainability of the Rocketry Program
The sustainability of the rocketry project is an important task to ensure the future of highpowered rocketry at Cal Poly Pomona. The UMBRA NSL Team has developed a plan that ensures
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the sustainability of the rocketry project by defining three pillars of an everlasting rocketry
program: engagement of community outreach, university discovery, and industry partnership.
The first pillar involves the engagement of community outreach. The team has devised an
educational engagement outreach program that is focused on inspiring young students in pursuing
a career in one of the Science, Technology, Engineering, or Mathematics (STEM) field. This
outreach program will be accomplished by developing a relationship with schools and nonprofit
educational organizations. One example of these organizations will be in which the team organizes
educational events with K-12 students and the DIY Girls, a small educational organization that
focuses primarily on increasing the interest of engineering in young girls. These educational
events involve conducting workshops that are focused on introducing and demonstrating scientific
laws and possibly circuitry.
University discovery is the second pillar in which the team introduces and strengthens the
knowledge of rocketry to the students of Cal Poly Pomona. This is accomplished by teaming up
with other engineering clubs such as the AIAA student chapter, SHPE student chapter, SWE
student chapter, and UMBRA. Grouping up with these clubs will help the team educate and inform
engineering and non-engineering students about high-powered rocketry and its role at Cal Poly
Pomona. Info sessions regarding high-powered rocketry will be held during club fairs and
engineering fairs to better increase awareness of the rocketry project and possibly recruit new
members.
The last pillar is industry partnership, an equally important section as it involves the fuel
to continue the rocketry project. Establishing and fortifying relationships with companies is a key
component of securing the future for high-powered rocketry projects at Cal Poly Pomona.
Sponsorship is a main source of funding and acquiring resources for the manufacturing of rockets
and its components. A welcome package that defines the rocketry project will be designed to
establish new sponsors and to anchor sponsors from the competition from last year. Each team
member will be assigned to establish a new sponsor to help fund the rocketry project, this will help
team members gain valuable experience in networking with companies.
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7. Appendices
7.1. Appendix A – Requirements Trace Tables

Table A-1: Vehicle Requirements Trace
Vehicle Requirements Trace
Requirement

Satisfied By

Requirement 1.1
The vehicle shall deliver the
payload to an apogee altitude of
5,280 feet above ground level
(AGL).

CTI Pro54 K1440-17A, Airfoil Fin,
CYCOM® 977-3 Epoxy Resin System,
CYCOM®5320, custom nose cone, ~20
lbs.

Requirement 1.2
The vehicle shall carry one
commercially available, barometric
altimeter for recording the official
altitude used in the competition
scoring.

Primary StratoLogger, Secondary
StratoLogger

Requirement 1.3
The launch vehicle shall be
designed to be recoverable and
reusable.

Custom Drogue Parachute, Custom Main
Parachute, Kevlar Shock chords 1500#

Requirement 1.4
The launch vehicle shall have a
maximum of four (4) independent
sections.

Module A, Module B

Requirement 1.5
The launch vehicle shall be limited
to a single stage.

Module B, Motor Bay

Requirement 1.6
The launch vehicle shall be capable
of being prepared for flight at the
launch site within 2 hours, from the
time the Federal Aviation
Administration flight waiver opens.

Avionics Bay sled, Observation Bay sled,
Nomex Blanket, Launch Vehicle modular
numbering code, AGSE modular
numbering code
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Requirement 1.7
The launch vehicle shall be capable
of remaining in launch-ready
configuration at the pad for a
minimum of 1 hour without losing
the functionality of any critical onboard component.
Requirement 1.8
The launch vehicle shall be capable
of being launched by a standard 12volt direct current firing system.
Requirement 1.9
The launch vehicle shall use a
commercially available solid motor
propulsion system using ammonium
perchlorate composite propellant
(APCP) which is approved and
certified by the National
Association of Rocketry (NAR),
Tripoli Rocketry Association
(TRA), and/or the Canadian
Association of Rocketry (CAR).
Requirement 1.10
The total impulse provided by a
launch vehicle shall not exceed
5,120 Newton-seconds (L-class).
Requirement 1.11
Pressure vessels on the vehicle shall
be approved by the RSO
Requirement 1.12
All teams shall successfully launch
and recover a subscale model of
their full-scale rocket prior to CDR.
Requirement 1.13
All teams shall successfully launch
and recover their full-scale rocket
prior to FRR in its final flight
configuration.

Ground Station Electronics

CTI Pro54 K1440-17A

CTI Pro54 K1440-17A

CTI Pro54 K1440-17A

N/A

TBD

TBD
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Table A-2: Budget Requirements Trace
Budget Requirements Trace
Requirements 1.14
Each team will have a maximum
budget of $5,000 they may spend
on the rocket and its payload(s).
(Exception: Centennial Challenge
payload task. See supplemental
requirements at:
http://www.nasa.gov/winit for more
information). The cost is for the
competition rocket and payload as it
sits on the pad, including all
purchased components. The fair
market value of all donated items or
materials shall be included in the
cost analysis. The following items
may be omitted from the total cost
of the vehicle:
o Shipping costs
o Team labor costs
Requirement 1.15
The launch vehicle shall not utilize
forward canards.

TBD

N/A

Requirement 1.16
The launch vehicle shall not utilize
forward firing motors.

CTI Pro54 K1440-17A

Requirement 1.17
The launch vehicle shall not utilize
motors that expel titanium sponges
(Sparky, Skidmark, MetalStorm,
etc.).

CTI Pro54 K1440-17A

Requirement 1.18
The launch vehicle shall not utilize
hybrid motors.

CTI Pro54 K1440-17A

Requirement 1.19
The launch vehicle shall not utilize
a cluster of motors.

Motor Bay, CTI Pro54 K1440-17A
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Table A-3: Recovery System Requirements Trace
Recovery System Requirements Trace
Requirement
Satisfied By
Requirement 2.1
The launch vehicle shall stage the
deployment of its recovery devices,
where a drogue parachute is
Drogue parachute launch sequence, main
deployed at apogee and a main
parachute launch sequence
parachute is deployed at a much
lower altitude.
Requirement 2.2
Teams must perform a successful
ground ejection test for both the
drogue and main parachutes.

Ground ejection test: TBD

Requirement 2.3
At landing, each independent
section of the launch vehicle shall
have a maximum kinetic energy of
75 ft-lbf.

Custom Drogue Parachute, Custom Main
Parachute

Requirement 2.4
The recovery system electrical
circuits shall be completely
independent of any payload
electrical circuits.
Requirement 2.5
The recovery system shall contain
redundant, commercially available
altimeters.
Requirement 2.6
An electronic form of deployment
must be used for deployment
purposes.
Requirement 2.7
A dedicated arming switch shall arm each
altimeter, which is accessible from the
exterior of the rocket airframe when the
rocket is in the launch configuration on the
launch pad.
Requirement 2.8
Each altimeter shall have a dedicated
power supply.

Avionics Bay

Stratologger A, Stratologger B

Copper Fireworks Firing System Igniters
(Electric Matches)

Schurter 0033.450 S

Rhino Lipoly Battery Primary (7.4 V),
Rhino Lipoly Battery Secondary (7.4 V)
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Requirement 2.9
Each arming switch shall be capable of
being locked in the ON position for launch.

Rotary Cam Switch

Requirement 2.10
Removable shear pins shall be used for
both the main parachute compartment and
the drogue parachute compartment.

Parachute Bay

Requirement 2.11
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.

Adafruit GPS Breakout 66 Channel, 10 Hz

Requirement 2.12
Any rocket section, or payload component,
which lands untethered to the launch
vehicle shall also carry an active electronic
tracking device.

N/A

Requirement 2.13
The electronic tracking device shall
be fully functional during the
official flight at the competition
launch site.
Requirement 2.14
The recovery system electronics
shall not be adversely affected by
any other on-board electronic
devices during flight (from launch
until landing).

Adafruit GPS Breakout 66 Channel, 10 Hz

Recovery System Bay

Requirement 2.15
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.

Recovery System Bay

Requirement 2.16
The recovery system electronics
shall be shielded from all onboard
transmitting devices, to avoid
inadvertent excitation of the
recovery system electronics.

Recovery System Bay
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Requirement 2.17
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.

Recovery System Bay

Requirement 2.18
The recovery system electronics
shall be shielded from any other
onboard devices, which may
adversely affect the proper
operation of the recovery system
electronics.

Recovery System Bay

Table A-4: AGSE/Payload Requirements Trace
AGSE/Payload Requirements Trace
Requirement
Satisfied By
Requirement 3.1
The AGSE shall capture, contain,
AGSE payload capture and containment
and launch a payload with limited
system function
human intervention.
Requirement 3.2
Teams will position their launch
vehicle horizontally on the AGSE.
Only when the launch vehicle is in
the upright position will the igniter
be inserted.
Requirement 3.3
A master switch will be activated to
power on all autonomous
procedures and subroutines.
Requirement 3.4
All AGSEs will be equipped with a
pause switch to temporarily halt the
AGSE. The pause switch halts all
AGSE procedures and subroutines.
Once the pause switch is deactivated
the AGSE resumes operation.
Requirement 3.5
All AGSE systems shall be fully
autonomous.

SSS, LVPS, IIS

Stainless Steel Momentary Push Button
Switch Button Switch Black 16mm
Threaded Dia SPST on/off.

Stainless Steel Momentary Push Button
Switch Button Switch Black 16mm
Threaded Dia SPST on/off.

AGSE payload retrieval system , launch
vehicle positioning system, ignition system
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Requirement 3.6
The AGSE shall be limited to a
weight of 150 pounds or less and
volume of 12 feet in height x 12 feet
in length x 10 feet in width.
Requirement 3.7
Sensors that rely on Earth’s
magnetic field are prohibited.
Requirement 3.8
Ultrasonic or other sound-based
sensors are prohibited.
Requirement 3.9
Earth-based or Earth orbit-based
radio aids (e.g. GPS, VOR, cell
phone) are prohibited.
Requirement 3.10
Open circuit pneumatics are
prohibited.
Requirement 3.11
Air breathing systems are
prohibited.
Requirement 3.12
Each launch vehicle must have the
space to contain a cylindrical
payload approximately 3/4 inch
inner diameter and 4.75 inches in
length. Each launch vehicle must be
able to seal the payload containment
area autonomously prior to launch.
Requirement 3.13
The payload will not contain any
hooks or other means to grab it.
Requirement 3.14
A master switch to power all parts
of the AGSE. The switch must be
easily accessible and hardwired to
the AGSE.

AGSE support structure

N/A

N/A

N/A

N/A

N/A

Payload bay

Payload

Stainless Steel Momentary Push Button
Switch Button Switch Black 16mm
Threaded Diameter SPST on/off.
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Requirement 3.15
A pause switch to temporarily
terminate all actions performed by
AGSE. The switch must be easily
accessible and hardwired to the
AGSE.

Stainless Steel Momentary Push Button
Switch Button Switch Black 16mm
Threaded Diameter SPST on/off.

Requirement 3.16
A safety light that indicates that the
AGSE power is turned on. The light
must be amber/orange in color. It
will flash at a frequency of 1 Hz
when the AGSE is powered on, and
will be solid in color when the
AGSE is paused while power is still
supplied.
Requirement 3.17
An all systems go light to verify all
systems have passed safety
verifications and the rocket system
is ready to launch.

Radio Shack Orange LED

Radio Shack Green LED

Requirement 3.18
The payload shall be placed a
minimum of 12 inches away from
the AGSE and outer mold line of the
launch vehicle in the launch area for
insertion, when placed in the
horizontal position on the AGSE
and will be at the discretion of the
team as long as it meets the
minimum placement requirements

Payload retrieval system function

Requirement 3.19
Gravity-assist shall not be used to
place the payload within the rocket.
If this method is used no points shall
be given for payload insertion.

Eggcrate foam containment system
function

Requirement 3.20
Each team will be given 10 minutes
to autonomously capture, place, and
seal the payload within their rocket,
and erect the rocket to a vertical
launch position five degrees off
vertical. Insertion of igniter and
activation for launch are also
included in this time.

Payload retrieval system function, ignition
system function, launch vehicle
positioning system function
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Requirement 3.21
In addition to SL requirements, for
the CDR presentation and report,
teams shall include estimated mass
properties for the AGSE.

147.89 lbs.

Requirement 3.22
In addition to SL requirements, for
the FRR presentation, teams shall
include a video presented during
presentation of an end-to-end
functional test of the AGSE. The
video shall be posted on the team’s
website with the other FRR
documents. Teams shall also include
the actual mass properties for the
AGSE.

Video of payload retrieval system
function, launch vehicle positioning
system function, ignition system function.

Table A-5: Safety Requirements Trace
Safety Requirements Trace
Requirements
Satisfied By
Requirement 4.1
Each team shall use a launch and
safety checklist. The final checklists
shall be included in the FRR report
Launch and Safety Checklist
and used during the Launch
Readiness Review (LRR) and
launch day operations.
Requirement 4.2
For all academic institution teams, a
student safety officer shall be
identified, and shall be responsible
for all items in section 4.3.

Nathaniel Falwell

Requirement 4.3
The role and responsibilities of each
safety officer shall include but not
limited to:
Monitor team activities with an
emphasis on Safety during:

Specified safety officer duties (Proposal
Section 3.0)

o Design of vehicle and
launcher
o Construction of vehicle and
launcher
o Assembly of vehicle and
launcher
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o Ground testing of vehicle
and launcher
o Sub-scale launch test(s)
o Full-scale launch test(s)
o Competition launch
o Recovery activities
o Educational Engagement
activities
Requirement 4.4
Implement procedures developed
by the team for construction,
assembly, launch, and recovery
activities.

Specified safety officer duties (Proposal
Section 3.0)

Requirement 4.5
Manage and maintain current
revisions of the team’s hazard
analyses, failure modes analyses,
procedures, and MSDS/chemical
inventory data.

Specified safety officer duties (Proposal
Section 3.0)

Requirement 4.6
Assist in the writing and
development of the team’s hazard
analyses, failure modes analyses,
and procedures.

Specified safety officer duties (Proposal
Section 3.0)

Requirement 4.7
Each team shall identify a
“mentor.”
Requirement 4.8
During test flights, teams shall
abide by the rules and guidance of
the local rocketry club’s RSO.
Requirement 4.9
Teams shall abide by all rules and
regulations set forth by the FAA.

Rick Maschek

Specified UMBRA NSL Team rules and
regulations (Proposal Section 3)

Specified UMBRA NSL Team rules and
regulations (Proposal Section 3)

Table A-6: General Requirements Trace
General Requirements Trace
Requirements
Satisfied By
Requirement 5.1
Team members (students if the
Specified UMBRA NSL Team
team is from an academic
expectations
institution) shall do 100% of the
TBD
project, including design,
construction, written reports,
California State Polytechnic University, Pomona | 102

presentations, and flight
preparation.
Requirements 5.2
The team shall provide and
maintain a project plan to include,
but not limited to the following
items: project milestones, budget
and community support, checklists,
personnel assigned, educational
engagement events, and risks and
mitigations.

Project Plan (Proposal Section 6)

Requirement 5.3
Each team shall successfully
complete and pass a review in order
to move onto the next phase of the
competition.

Specified UMBRA NSL Team
expectations
TBD

Requirement 5.4
Foreign National (FN) team
members shall be identified by the
Preliminary Design Review (PDR)
and may or may not have access to
certain activities during launch
week due to security restrictions.

N/A

Requirement 5.5
The team shall identify all team
members attending launch week
activities by the Critical Design
Review (CDR).

TBD

Requirement 5.6
The team shall engage a minimum
of 200 participants in educational,
hands-on science, technology,
engineering, and mathematics
(STEM) activities, as defined in the
Educational Engagement form, by
FRR. An educational engagement
form shall be completed and
submitted within two weeks after
completion of each event.

Educational Engagement Plan (Proposal
Section 5)

Requirement 5.7
The team shall develop and host a
website for project documentation.

TBD

Requirement 5.8
Teams shall post, and make

TBD
California State Polytechnic University, Pomona | 103

available for download, the required
deliverables to the team Web site
by the due dates specified in the
project timeline.
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7.2. Appendix B – MATLAB Code for Peak Altitude Calculation
% ======================================= %
% ====== Peak Altitude Calculation ====== %
% ======================================= %
fprintf('\n-------------\nPeak Altitude \n-------------')
% == User Interface == %
T = input('\nMotor Thrust (N): ');
I = input('Motor Impulse (Ns): ');
Mr = input('Mass Before Burn w/o motor (g): ');
Me = input('Motor Mass (g): ');
Mp = input('Propellant mass (g): ');

Cd = input('Rocket Total Drag Coefficient: ');
g = 9.81;
D = (4/12)*0.3048;
A = (pi/4)*D^2;
rho_SL = 1.225;
t = I/T;

% == Average Mass == %
Ma = Mr + Me - (Mp/2);

% == Coasting Mass == %
Mc = Mr + Me - Mp;

% == Wing Resistance Coefficient == %
k = 0.5*rho_SL*Cd*A;

% == Burnout == %
qb = sqrt((T-(Ma*g))/k);

% Velocity Coefficient
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xb = (2*k*qb)/(Ma);
Coefficient

% Velocity Decay

vb = qb*((1-exp(-xb*t))/(1+exp(-xb*t)));

% Burnout Velocity

yb = -(Ma/(2*k))*log((T-(Ma*g)-(k*vb^2))/(T-(Ma*g))); % Altitude @ Burnout,
meters
yb = yb/0.3048;

% Meters to Feet

% == Coasting == %
qc = sqrt((T-(Mc*g))/k);

% Velocity Coefficient

xc = (2*k*qc)/(Mc);

% Velocity Decay Coefficient

vc = qc*((1-exp(-xc*t))/(1+exp(-xc*t)));

% Burnout Velocity

yc = (Mc/(2*k))*log((Mc*g+k*vc^2)/(Mc*g));

% Coasting Altitude, meters

yc = yc/0.3048;

% Meters to Feet

% Total Altitude
Peak_Altitude = yc + yb;

% Peak Altitude, feet

fprintf('\nPeak Altitude = %g feet\n', Peak_Altitude)
fprintf('=======================\n')
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7.3. Appendix C – Safety Agreement

UMBRA NSL Team Safety Agreement
By signing this agreement, I ____________________________(Please Print Name) am stating
that I have read and agree to abide by the follow safety rules and procedures for launch:
1. Before each launch, a full range safety inspection as outlined in the Pre-Launch Checklist
will be performed. The team shall comply with the determination of the safety inspection.
2. The Range Safety Officer (RSO) has final say on all rocket safety issues and has the right
to deny the launch of the rocket for safety reasons.
3. Failure to comply with the safety requirements for launch will result in the team not
being allowed to launch their rocket.
I also agree to read and abide by the following safety documents:
1. NAR High Power Rocket Safety Code
3. NSL Safety Regulations

2. TRA High Power Rocket Safety Code
4. UMBRA NSL Team Safety Plan

I will stay aware of my surroundings and if at any time I am unsure or concerned about a safety
issue I will consult the proper documentation and/or the Safety Officer.

_________________________________________________________
___________________
Name (Printed)

Date

_________________________________________________________
___________________
Signature

Date
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7.4. Appendix D – Welcome Brochure
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