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1.0 Summary

1.1 Team Summary
California State Polytechnic University, Pomona UMBRA NSL Team
3801 W Temple Ave, Pomona, CA 91768
Mentor name: Rick Maschek
Tripoli Rocketry Association Level 2: #11388
1.2 Launch Vehicle Summary
Size and Mass
The length from the tip of the Nose Cone to the end of the motor bay is 8.2 feet (98 inches).
The outer diameter of the body tube is approximately 4 inches and the mass of the launch
vehicle including motor is 21.20pinds.
Motor Selection
Cesaroni Technology Incorporated (CTI) Pro54 2372K1#4A reloadable motor.
Recovery System Design
The recovery system, utilizing altimeters, will activate at apogee by firing the fore ejection
charges to release the drogue phauode. Once the launch vehicle has been decelerated and
stabilized, another altimeter will activate the aft ejection charges releasing the main parachute.
Rail Size
Due to the short burn time of the motor, the 1515 aluminum launch rail is able to be 7 feet
and allow a safe rail exit velocity of 93.5 ft/s.

FRR Milestone ReviewFlysheet
1.3 Scientific Payload Summary
The scientific payload will detect acceleration andwde of the launch vehicle during

flight, as well as the surrounding atmospheric temperature and pressure. The scientific data

will be transmitted live to a ground station using a kggim antenna. Visual flight data will

be recorded using two camerasmied both forward and afalong the launch vehicle and

stored on a microSD card.

1.4 AGSE Summary

The AGSE is designed to sustain multiple integrated systems working together.

The Static Support Structure (SSS) is designed to support the weight of the \atiulé,
Payload Retrieval System (PRS), Launch Vehicle Positioning System (LVPS), and Ignition
Insertion System (1IS).

The PRS is designed to lift the payload once it has been located and secured and insert it into
the launch vehicle Payload Bay. Thisteys is attached directly to the SSS.

The IIS is designed to autonomously insert and ignite the igniter once the launch vehicle is in
the launch position.

The LVPS consists of a drive shaft connected to a gearbox and motor. This design will
slowly raise tle launch vehicle to the correct angle for launch through a chain and gears
system.



http://cpprocketry.com/wp-content/uploads/2016/03/2016-NSL-FRR-Flysheet.pdf

2.0 Changes Made Sinc€DR
2.1 Changes Made to Structure since CDR

A series of structural changes made to the launch vehicle since CDR. First, an additional
layer of carbon fibr was added to the interior of the Observation/Payload Bay in order to reinforce
this section due to the separation of the door for the PAS. The extra material would decrease the
risk of the section experiencing buckling or possible body tube shear lat#ten of fasteners
during launch.

Second, the design of the PAS was switched to a removable sled with bulkheads on each
end, and secures metal payload clamps rather than 3D printed omega clips. This would not only
allow for ease of access to the payldout also provide a more secure hold on the payload during
launch. The PLA omega clips from the initial design were found to be too rigid to allow the slight
elastic deformation needed for the insertion of the payload. Further research into 3D printing
techniques for PLA revealed that a printed model could be left in acetone for a period of 24 hours
to permanently alter the molecular bonds to provide slight flexibility in the model. Unfortunately
the alteration also caused major layer separation of tlielnab sections experiencing the highest
amount of deformation. The design was finalized to have the clamps to be purchased rather than
printed.

2.2 Changes Made to Aerodynamics since CDR

The targeted stability margin of the launch vehicle as flown was altenecthe previous
value of 1.91 to a value of 2.2 calibers. A static stability margin of 2.2 provided enough
aerodynamic stability so that any interfering side gusts were dampened quickly.

2.3 Changes Made to Recovery System since CDR

The only changes made the recovery system were the manufacturer of the arming
switches for the altimeters. The switches were changed from plastic to metal. One reason for this
change was a metal switch would be less prone to breaking connection and was found to remain
much mae secure than the plastic model. Additionally, the metal switches were much shorter than
the plastic which provided additional clearance for all internal components and wiring.

2.4 Changes Made to Avionics since CDR

Since CDR there were no major changes¥mAics. The same components were used
and integrated as planned.

2.5 Changes Made to AGSE Structural Design since CDR

There were no major changes to the structure of the AGSE since CDR. A minor change
was made to the launch rail plates of the LVPS whichrsdte launch rail to the pivot joint. This
change simply moved the connection points to the side of the launch rail rather than the bottom.
The reason for this change was to add two more connection points increasing stability during
launch vehicle rotatio to launch position and ease of removal. Having two holes directly through



the plates and launch rail for two fasteners increases the stability during the rotation into launch
position and additionally would allow the design to be easily disassembl&drisport.

2.6 Changes Made to AGSE Electronics Design since CDR
PRA

Since CDR, multiple changes have been made to the PRA. The main, vertical body of the
PRA is sleeker and implements larger cutouts for reduced weight. Additionally, physical stops
were acconted for in the design phase and subsequently printed on the main body instead of
having to mount them onto the PRA as seen before in CDR. The vertical support at the rear of the
arm was printed twice as thick as before. The parallel mechanism was alswedephicker
including the narrow support piece for added support and rigidity. The custom coupler for the
servo motor and the top section of the PRA is also thicker so it can withstand the amount of force
that is placed on it when the servo motor igniation. The base of the PRA has been extended
outward and fitted with a 110 mm outer diameter, 60 mm inner diameter bearing for added stability
as the PRA moves about its workspadene PRA also boasts 3 HiTec FB685MH HV Ultra
Torque servos foamore pwerful performance.

APL

Since CDR, the APL platform now consistsof 2 2 inx 2.8iirL 0 br ac kneht s and
thick steel plate in lieu of the single aluminum plate bent according to the CAD rendering.

CVS

The CVS will implement one camera in an-@yehand configuration versus the hybrid
approach: eyn-hand and hantb-eye.

2.7 Changes Made to Educational Outreach since CDR

There were no changes to educational outreach since CDR.

2.8 Changes Made to Funding Plan since CDR

There were no changes made to fungiten since CDR

2.9 Changes Made to Community Outreach and Sustainability of the Rocketry Program
since CDR

Since CDR, there were no changes made to the plan for Community Outreach.



3.0 Safety
3.1 Safety Officer Identification
Name: Nathaniel Falwell

Email: njfalwell@cpp.edu
Phone: (858) 21:6181

Nathaniel Falwell is an Aerospace Engineering Undergraduate at California State
Polytechnic University, Pomona in his senior year. He has recently worked with NASA Armstrong
throughCal Poly Pomona on the Prantitlproject. 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 memberthdosafety of all
involved. After graduation he hopes to pursue a career in the aerospace industry with an emphasis
on propulsion and aerodynamics.

3.1.1 Safety Plan

Nathaniel Falwell will be responsible for ensuring the implementation of the safety plan.
Theproper use of material and facilities will be outlined in a written safety plan. The safety officer
will see that the safety plan is followed and when necessary, mitigations will be implemented. The
safety plan is as follows.

3.1.1.1 Machining

In order to follownecessary 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 buildint4b6/1460. Each team member will
be properly prepared should an accident occur with any machinesenlibédings 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. Undeo circumstances will any team member be allowed to
work alone with these machines.

3.1.1.2 Composites

The majority of our launch vehicle will be made ofjmrgregnated carbon fiber, which
will introduce both chemical and material hazards to the manufacturawegs. 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 manufacturingth 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
thatcome in contact with bare skin will be rinsed with water immediately.


mailto:njfalwell@cpp.edu

3.1.1.3 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 aretipres required

to safely assemble and launch the launch vehicle. Weather hazards will be assessed prior to each

launch date and any launch subjected to-ideal conditions will be postponed. Only team
members certified by NAR/TRA will be allowed to haadhe 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 distase 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 RaetgeOHafer. 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.

3.1.1.4 Safety Officer Training

The Safety Ofter 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
Sakty Officer for reference in all manufacturing spaces and launch sites.

3.1.1.5 NAR Safety Code Compliance

The National Association of Rocketry outlines several guidelines that our team intends to
strictly follow. We will only fly highrpowered rockets that arethin 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 otacend countdown
and stand within the desigted 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
app oaching the | aunch vehicle with the Range
for visible aircraft before launching our launch vehicle and comply with all Federal Aviation
Administration rules and regulations laid out for the designated lasiteHocation. 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 landen the ground. The direct addressment of the NAR safety code
can be seen below rable 3.1.1.51.

Table 3.1.1.5.: NAR High Powered Rocket Safety Code Compliance (Effective August 2012)

NAR Code Compliance
1. Certification. | will only fly high powen The team mentor, Rick Maschek, or ot
rockets or possess high power roc| properly certified official will be present at ¢
motors that are within the scope of 1 flights and provide the launch vehicle mot
user certification and requirg neeckd for launch.
licensing.

C

~



. Materials.| will use only lightweight
materials such as paper, wood, rubl
plastic, fiberglass, or when necess
ductile metal, for the construction
my rocket.

The launch vehicle will contain only the listg
materials, with the addbn of carbon fiber,
another lightweight composite material.

. Motors. | will use only certified,
commercially made motors, and w,
not tamper with these motors or U
them for any purposes except thg
recommended by the manufacturel
will not allow smoking, open flames
nor heat sources within 25 feet of the
motors.

Only commercial motors will be used (Ref
1.9). The proper handling, outlined in t
safety manual, will be used by all memb
involved with the motor.

Ignition System. | will launch my
rockets with an electrical laund
system, and with electrical mot
igniters that are installed in the mot
only after my rocket is at the laun
pad or in a designated prepping ar
My launch system will have a safe
interlock that is in series wit the
launch switch that is not installed un
my rocket is ready for launch, and w
use a launch switch that returns to
Aof f o position
function of onboard energetics a
firing circuits will be inhibited excep
when my rocket isin the launching
position.

An electrical ignition system in complian(
with these guidelines will be used and o]
installed once on the launch pad, and
onboard systems will be inhibited until tl
launch vehicle is in the launch position (Re
1.8).

. Misfires. If my rocket does not launc
when | press the button of my electrig
launch system, | will remove th
| auncher 6s safe
disconnect its battery, and will wait ¢
seconds after the last launch atter
before allowing anyone to appidathe
rocket.

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

. Launch Safetyl will use a 5second
countdown before launch. | will ensu
that a means is available to wg
participants and spectators in the ev
of a problem. | willensure that n
person is closer to the launch pad tl
allowed by the accompanyin
Minimum Distance Table. Whe

arming onboard energetics and firi

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




circuits | will ensure that no person
at the pad except safety personnel

those required for armingand
disarming operations. | will check tf
stability of my rocket before flight an
will not fly it if it cannot be determine
to be stable. When conducting

simultaneous launch of more than @
high power rocket | will observe th
additional requirementsof NFPA
1127.

. Launcherl will launch my rocket from
a stable device that provides rig
guidance until the rocket battained &
speed that ensures a stable flight,
that is pointed to within 20 degrees
vertical. If the wind speed exceeds
miles per hour | will use a launch
length that permits the rocket to atts
a safe velocity before separation frc
the laurcher. | will use a blast deflect
to prevent t he 1
hitting the ground. | will ensure that d
grass is cleared around each launch
in accordance with the accompanyi
Minimum Distance table, and wi
increase this distance by a factd 1.5
and clear that area of all combustil
material if the rocket motor bein
launched uses titanium sponge in
propellant.

The AGSE will act as the launcher for t
launch vehicle. Proper design and testing \
be performed to ensure the stdpiind ensurg
safety in the allowable launch conditions. ;
necessary launcher components will
integrated into the AGSE. Minimum Distan|
requirements will be known and followed |
all team members and any others on site (K
3.1).

. Size. My rocket will not contain any
combination of motors that total mo
than 40,960 MNsec (9208 pound
seconds) of total impulse. My rock
will not weigh more at liftoff than one
third of the certified average thrust
the high power rocket motor(
intended to be igted at launch.

The launch vehicle motor to be used Vv
comply with these guidelines. (Reqt. 1.9, 1.

. Flight Safety.l will not launch my
rocket at targets, into clouds, ne
airplanes, nor on trajectories that tak
directly over the heads of spatirs or
beyond the boundaries of the laur
site, and will not put any flammable

explosive payload in my rocket. | w

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




not launch my rockets if wind spee
exceed 20 miles per hour. | will comp
with Federal Aviation Administratio
airspace regulatits when flying, anc
will ensure that my rocket will ng
exceed any applicable altitude limit
effect at that launch site.

10.Launch Site.l will launch my rocket
outdoors, in an open area where tre
power lines, occupied buildings, a
persons not involved in the launch
not present a hazard, and that is at I¢
as large on its smallest dimension
onehalf of the maximm altitude to
which rockets are allowed to be flow
at that site or 1500 feet, whichever
greater, or 1000 feet for rockets with
combined total impulse of less than 1]
N-sec, a total liftoff weight of less thg
1500 grams, and a maximum expec
altitude of less than 610 meters (2C
feet).

All launches will be performed at either a s
chosen by the team mentor or at offic
NAR/TRA events in compliance with thes
guidelines.

11.Launcher LocationMy launcher will
be 1500 feet from any occupie
building or from any public highwa
on which traffic flow exceeds 1
vehicles per hour, not including traff
flow related to the launch. It will als
be no closer than the appropriz
Minimum Personnel Distance from t
accompanying table from ar
boundary othe launch site.

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

12.Recovery System.will use a recovery
system such as a parachute in
rocket so that all arts of my rocke
return safely and undamaged and
be flown again, and | will use on
flame-resistant or fireproof recover
system wadding in my rocket.

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

13.Recovery Safetyl will not attempt to
recover my rocket from power ling
tall trees, or other dangerous places,
it under conditions where it is likely t
recover in spectator areas or outside
launch site, nor attempt to catch it a

approaches the ground.

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




3.1.1.6 Procedures for NAR/TRA Personnel

The team mentor, Rick Maschek, and/or the proper launch vehicle event NAR/TRA
personnel will be responsible for th@lowing procedure prior to launch vehicle launches. The
United States Air Force will be notifieddays prior to launch day to ensure no aircraft will be in
the area. The FAA will be calleddays prior to launch day and a Notice to All Airmen (NoTAM)
will be requested (Reqt. 4.9). All local airports will be notifiedHurs prior to launch day. As a
courtesy, before neavent launches, local airports will again be notified at leashibbites before
launch as well as after the entire flight is compl&tering the day of launch, all safety procedures
will be adhered to by all those present at the launch site.

3.1.1.7 Hazardous Materials Handling and Operations

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

3.1.2 Plan for Briefing

Team members, both new and renewindl, attend a mandatory $gty meeting held by
the Safety Officer at the start of each academic year. The Safety Officer must be familiar with the
current and previous yearsodo team advisor (s)
greater adherence to the standardisexpectations 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 reasitimout
justifiable cause (i.e. medical or family emergency, accident,iefm)n further participation in
any tearnrrelated activity. Candidates who have satisfied all preempaifetysrequirements 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.

3.1.2.1 Hazard Recognition and Accident Avoidance

The Safety Officer will proie 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 satg briefing (Section 3.1.1), the Safety Officer will engage all team members-in Pre
Launch Briefings (Section 3.1.2.2) in order to review all proper safety rules and procedures for
each respective launch without disregarding any overarching precedemdetpfssandards 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.

The Safety Officeded briefings serve to instruct all tRanembers 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 okthonstration, it is critical to reserve all prodbeindling 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 readilyledaila

all team members as PDF files on a tedrared cloud storage device. Moreover, it is the Safety

Of ficerb6s duty to provide hard copies of all
in easilyaccessible binders in all locations where pgyéiting members engage in team activities

T including but not limited to the following rooms wherein team members have card access: 13
1114, 131114G, 131229B, 131229C, 171628, and 1:2664.

In an event of observable risk, the Safety Officer maintexesutive 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 notproximity of said event of observable risk in order to handle the
situation with haste and efficiency. All incidentsvhether procedural or ndtwill be recorded
and duly corrected in order to maintain quality control and prevent any further acciciemeace.
Disciplinary action in the form of a safetgview briefing will be taken in the event that any person
or party is at offense for the accident at hand.

3.1.2.2 Pre-Launching Briefing

Prior to each launch, all team members are required to atterichédneh 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. ®eainch Bridings 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 igh Power Rocketry, and federal, state, and municipal legislation.
Attendance to the praunch briefings will serve as a prerequisite for participation in the launch,
thus barring those team members who choose to not attend for any +edtoout justiiable
cause (i.e. medical or family emergency, accident, etitgm further participation in any team
activities involving the respective launch.

3.1.3 Caution Statement Plans, Procedures, and Other Working Documents

Any individual team member or group of keanembers 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 tea member(s) remain in doubt of proper handling of-bskring 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
guestion. Furthermore, all rules of general lab safety must be taken into consideration when
participating in any teafrelated activity:



1. Gain permission from the Safety Officer for usage of RBM

a. The Safety Officer must sigoff on permission to accesRBM per team

member, per usage
2. Check that personal attire is suitable for the lab environment:

a. Team members with mediuto-long hair must tie it back, away from the face.

b. Team members must wear clased shoes. Exposed feet are NOT allowed.

c. Team membenwill 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 MSD8adiment 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 niiemis alert and focusédas it is necessary to
be both when working in the lab.

4. Prior to acquiring RBM (with Safety Off]
clean, organized, and ready for further work with said RBM.

5. Acquire RBMi adhere to all ries 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; checlRBM with Safety Officer.

7. Make sure that the lab space is clean, organized, and safe for next user.

3.1.3.1 Personal Protective Equipment (PPE)
Table 3.1.3.41: Personal Protective Equipment

Product Chemical Family | Manufacturer | Hazards PPE

1 | West System | Epoxy Resin West Sgtem | May cause skin Gloves,
105 Epoxy Inc. irritation, eye| loose
Resin irritation, and| clothing,

allergic reaction. | goggles, no
exposed
areas.

2 | West System | Amine West System | Burns to eyes an{ Gloves,
205 Fast Inc. skin; harmful if| loose
Hardener swallowed or| clothing,

ingested. goggles, no
exposed
areas, face
gear.

3 | Aluminosilicate | Ceramic Fiber InterSource Prolonged Gloves,
Fiber Blankets | (RCF) USA Inc. exposure to dug loose

may cause skin clothing,




(TaoFibre eye, and goggks, no
Blanket) respiratory trac| exposed
irritation. areas,
protective
breathing
masks.
Dan Tack 2028 | Aerosol Adhesive | Adhesive May cause Proper
Contact Spray Solutions Inc. | headaches, respiratory
Super Adhesive dizziness, equpment
unconsciousness and other
injury, and| facial gear
toxicity, skin and| including
eye irritation. goggles.
West System | Epoxy Resin West System | May cause skir Gloves,
105 Epoxy Inc. irritation, eye| loose
Resin irritation, and| clothing,
allergic reaction. | goggles, no
exposed
areas.
Generic N/A N/A (MSDA Inhalation  and Ventilation,
Oriented Strand provided by exposure to dusg Protective
Boad Material Structural can cause Gloves,
Board dizziness, skir Respiratory
Association) | and eye irritation] Protection
serious injury, of
even death.
MTM49L Epoxy Resin Advanced Inhalation  and Gloves,
Epoxy Resin Composites | exposure cal loose
Group Inc. cause respirator| clothing,
defects ang goggles, no
skin/eye exposed
irritation, or | areas.
allergic reaction.
R-Matte Plus3 | Polyisocyanurate | Rmax May cause skir Gloves,
(Sheathing Foam Operating, irritation, eye| loose
Insulation LLC. irritation, and| clothing,
Board) allergic reaction] goggles, no
known exposed
carcinogenic areas,
material (harmful proper
in overexposure)| ventilation.
West System | EpoxyResin West System | May cause skin Gloves,
105 Epoxy Inc. irritation, eye| loose
Resin irritation, and| clothing,

allergic reaction

goggles, no




exposed

areas.
10 | Aeropoxy Modified Amine Aeropoxy May cause skir Gloves,
PH3630 Mixture irritation, eye| loose
irritation, and| clothing,
allergic reactio. | goggles, no
exposed
areas.
11 | Aeropoxy Epoxy Resin Aeropoxy May cause skir Gloves,
PH6228A Based Mixture irritation, eye| loose
irritation, and| clothing,
allergic reaction. | goggles, no
exposed
areas.
12 | Aeropoxy Modified Amine Aeropoxy May cause skir Gloves,
PH6228B Mixture irritation, eye| loose
irritation, and| clothing,
allergic reaction. | goggles, no
exposed
areas.
13 | Aeropoxy Epoxy Resin Aeropoxy May cause skirn Gloves,
PH3660 Based Mixture, irritation, eye| loose
Diphenylolpropane irritation, and| clothing,
allergic reaction] goggles, no
liver, kidney | exposed
irritation with | areas,
overexposure. | proper
ventilation.
14 | Aeropoxy Modified Amine Aeropoxy Skin, Eye, ang Gloves,
PH3665 Mixture Lung irritation | loose
with clothing,
overexposure; | goggles, no
toxicity. exposed
areas,
proper
ventilation.
15 | Aeropoxy Multifunctional Aeropoxy Skin, Eye, ang Gloves,
PR2032 acrylate Lung irritation | loose
with clothing,
overexposure; | goggles, no
toxicity. exposed
areas,
proper

ventilation.




3.1.4 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 (Reqddit@nally,
each member has access to the laws and regulations to review.

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

9 Code of Federal Requlation 27 Part 55: Commerce in Explosives; and fire prevention

T NFPA1127iCode f or Hi gh Power Rocket Mot or s. O

The team will launch at the following locations:
1 Mojave Desert Advanced Rocketry Society
1 Friends of Amateur Rocketry
1 Lucerne Dry Lakebed

All locations have the necessary FAA waivers to launch-pmered rockets. Thiam
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 weathenditions, which include good visibility and
low wind speed.

3.1.5 Plan for NAR/TRA Mentor Purchasing, Storage, Transportation, and Use of Rocket
Motors and Energetic Devices.

The purchase and possession of rocket motors and energetic devices will be hahdled an
assigned to the teambébs mentor, Rick Maschek. T
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/TR

316 Written Statement of Team Membersé Complia

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 theteam 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 theaiineh 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 conply with the safety requirements for launch will result in the team not
being allowed to launch their launch vehicle.


http://www.ecfr.gov/cgi-bin/text-idx?rgn=div5&node=14:2.0.1.3.15#sp14.2.101.c
http://www.ecfr.gov/cgi-bin/text-idx?rgn=div5&node=14:2.0.1.3.15#sp14.2.101.c
http://unh.edu/rocketcats/part55.pdf
http://catalog.nfpa.org/2013-NFPA-1127-Code-for-High-Power-Rocketry-P1410.aspx?icid=B484

3.2 Hazard Analysis
3.2.1 Risk Definitions

In order to properly analyze risks associated with this project, a risk matrix will be used to
organiz 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 hazlitdoes occur. Explanations
of the likelihood and severity factors are given in Tables 3lzahd 3.2.12. These tables outline
the qualitative and quantitative definitions of the different Likelihood and Severity levels.

Table 3.2.11: Likelihood Definitions

Likelihood Definitions
Qualitative Definition

High likelihood to occur
immediately or
continuously

Quantitative Definition
Probability > 0.9

Description
A - Frequent

B - Probable
C - Occasbnal

Likely to frequently occur 0.9

Expected to occur 0.5
occasionally

D - Remote Unlikely to occur but 0.
reasonable to expect
occurrence at some point il

time

Very unlikely to occur with 0 . 0 lobmbilRyr
no expected occurrence

over time

E - Improbable

Table 3.2.12: Severity Definitions

Severity Definitions

Facility and Environmental
Equipment

Loss of facility,

Description Personnel Safety
and Health

Loss of life or

1 - Catastrophic Irreversible severe

permanent injury

launch systems, anc
associated hardwarg

environmental
damage that violate;
laws and regulation




2 - Critical Severe injury Major damage to | Reversible

facility, launch environmental
systems and damage causing a
associated hardwary violation of law or
regulation
3 - Marginal Minor injury Minor damage to Minor
facility, launch environmental
systems and damage without

associated hardwar( violation of law or
regulation where
restoration is

possible
4 - Negligible Minimal first aid Minimal damage to | Minimal
required facility, launch environmental
sysems and damage without
associated hardwar( violating laws or
regulations

3.2.2 Risk Assessment

A combination of the two safety factors described above are used to create the Risk
Assessment Codes (RAC). These RACs are used to determainiskiof each potential project
hazard. Explanations of our RACs and how they are used to assess risk are shown in the Tables
3.2.21 and 3.2.2. Table 3.2.21 shows a risk matrix, displaying the created RAC and its
associated risk level. Table 3.22isplays the definition of each risk level and its corresponding
color code.

Table 3.2.21: Risk Assessment Codes

RAC Table
Likelihood 1 2 3 4
Catastrophic Critical Marginal Negligible

A - Frequent 4A
B - Probable 4B
C - Occasional 4C
D - Remote 4D
E - Improbable 4E




Table 3.2.22: Risk Levels Assessment

Risk Levels Assessment
Risk Levels Risk Assessments
Highly undesirable, will lead to failure to
complete the project
Undesiable, could lead to failure of projec]
Moderate Risk and loss of a severe amount of competitig
points
Acceptable, wonot |
Low Risk but will result in a reduction of competition
points
Acceptable, wonodot |
Minimal Risk and will result in only the loss of a negligibl
amount of competition points

To properly organize and assess risks to t
tables were created that outline the necessary mitigations which will diminigevtkaty and
likelihood of each risk. For the NSL competition, it is determined that several high risk areas will
be encountered over the project lifecycle. For each of these areas, a risk assessment table was
developed and is shown in Tables 3-2.thraugh 3.2.27 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 fator 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. Iniskessessment tables all
the various components needed for project success are defined and the potential risk associated
with these components are addressed and mitigated.



Table 3.2.23: AGSE Risk Assessment

has begun

Y Failure of AGSE
portion of the
project

1SSS will have a safety
factor of 2.5 at all critical
joints

the SSS will be
performed to
verify all have
proper safety
factor

Pre- Post
Hazard Cause Effect Mitigation Mi tigation Verification Mitigation
RAC RAC
Failure of TMisalignment in TInstability of 3D TDesign AGSE launch rail tq fFull-scale and 3E
launch vehicle | launch rail (80/20 launch vehite use a single piece of 80/20| subscale test
to meet stable | 101072 tslotted during launch slotted extrusion launch
velocity before | extrusion) causing Y Lubricate the launch rail
leaving launch | guidance pins to
rail break or get stuck
Unstable SSS | fUn-level ground or| TLaunch vehicle 2D I Prior to launch, the launch | {Structural 3E
inaccurate AGSE may leave launck platform will be checked fol Analysis using
design platform in an stability and correct SolidWorks of all
unpredictable alignment critical joints of
manner 1SSS should have safety the SSS will be
fiLaunch vehicle factor of 2.5 at all critical performed to

may not reach joints verify all have

the set 1 All members pesent at proper safety

competition launch will follow factor

altitude NAR/TRA Minimum

Distance regulations

Collapse of Y Failure of fiLaunch vehicle 1D TAGSE design will include | {Structural 1E
AGSE during materials, bolts ang may fall back to structural analysis on all Analysis using
launch vehicle | other critical desigr] starting position critical joints and matgals SolidWorks of all
lifting stage supports after ascent stag used in manufacturing critical joints of
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Failure of PRA
to find and
retrieve
payload

ffMalfunction in one
of the motors of the
PRS

ffMalfunction in the
pixy camera

T Error in the
programming of
the AGSE System

fFailure in the arm
lifting ball screw

TArm lifting system
gets stuck on guide
rail

1 The payload is
not loaded in the
launch vehtle

fiLaunch vehicle i
never raised to
launch position

figniter is never
inserted into the
rocket motor

Failure of the
[IS to insert the
igniter into the
launch vehicle
motor

f'Malfunction in the
stepper motor useq
in the 1IS

T Error in the
programming of
the AGSE system

flLaunch vehicle
motor is not able
to be ignited

9 Launch vehicle
is not launched

Failure of the
LVPS to raise
the launch
vehicle into
launch position

fMalfunction of the
AC motor/gear box|
system

fPayload is never
insertedthus never
triggering the start
of the LVPS

fFailure in the
double roller chain
due to the weight
of the launch

vehicle and rail

filLaunch Vehicle
is not able to be
launched

Debugging of all PRS {Full-scale testing 2D
electronics and of the PRS and
programming observation that

the PRS functions
properly

1Debugging of all electmics | fFull-scale testing 3D
and programming of the II§ of the 1IS and

observation that
the IS functions
properly
fDebugging of all electronicy fFull-scale testing 2D

and programming of the
LVPS

fRigorous functional testg
of the AC motor/ gear box
system

flLoad analysis on the roller
chain

of the LVPS and
observation that
the LVPS
functions properly
fLoad test done on
the roller chain
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Table 3.2.24: Deadlines/Budget Risk Assessment

fFailure to
demonstrate a

successful launch

station and AGSE electronics
ffComplete and thorough analys

and testing of recovery systern

Hazard Cause Effect Pre- Mitigation Verification Post
Mitigation Mitigation
RAC RAC
Failure to meet | {Inadequate 1 Unable to pass 1E TWell thought out approach to 3E
Nov. 6 PDR subsystem design PDR reviav review preparation
deadline flLaunch vehicle with go ahead 'Complete organized launch
design that does to manufacture vehicle and subsystem design
not meet functiona fFrequent review of
requirements requirements to ensure positiv,
fUnacceptable design progress
payload integratior]
Failure to meet | fUnsuccessfl 1 Unable to pass 1D fimplement systems engineerir 3E
Jan. 15 CDR launch of sukscale| CDR Review techniques to orgaxe launch
deadline launch vehicle with go ahead to vehicle/AGSE design and keej
fInsufficient test launch ful project on schedule
maturity in design | scale launch fConstant review of
since PDR vehicle requirements to ensure they al
fUnacceptable final being met by design
launch vehicle components
design fAnalysis and testing of key
features of recovery system ai
AGSE
Failure to meet | fUnableto 1 Unable to pass 1D TComplete analysis on critical 3E
Mar. 14 FRR demonstrate AGSE  CDR with go aerodynamic parameters durir]
deadline completeness and ahead to flight
correctness via compete in 1 Top to bottom testing of
video final launch necessary codes for ground
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of the full-scale
launch vehicle
fFailure to present
acceptable testing
of recovery system
and interface with
ground system

including paachute sizing and
material selection

Failure to TNot enough fUnable to { Create avell-designed and 2E
receive fundraising purchase thoughtout funding plan
necessary fINot enough necessary fDevelop a welcome package
project funding | community materials and that can be distributed to local
outreach and equipment companies requesting support
support requests fInsufficient
traveling funds
Table 3.2.25: Launch Vehicle and Recovery System Risk Assessment
Hazard Cause Effect Prei Mitigation Verification Posti
Mitigation Mitigation
RAC
Drogue or main | fBlack powder flrreparable TRedundant black powder charge| Subscale and 2E
parachute fails | charges fail to damage to launc altimeters, and-enatches full scale
to deploy ignite vehicle, its fGround testing of electric ignitior] testing, and
f'Malfunction in the| components, an system (igiting black powder observing
e-matches electronics charges) thatthe
fMalfunction in T Failure to meet fDetailed launch procedure recovery
altimeters reusability checklist, that includes all the system
qAltimeters fail to | requirement procedures of properly installing| deployed
send signals T Failure to meet all avionics and pyrotechnics in | Pproperly
flincorrect wiring of| landing kinetic the launch vehicle, will be create
avionics and energy and followed

pyrotechnics

requirement
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Launch vehicle | fDoes not reach a | TUnpredictable 3E T Create model to determine the | fSub and fuH 4D
is unstable after| high enough trajectory that | aunch v edvelacitye ¢ scale launch
leaving launch velocity after could lead to based on fin and launch vehicle | testing of the
pad leaving launch paq¢ crash size launch
fLaunch vehicle | TFailure to meet {Create model to predict launch | vehicle, and
motor does not altitude vehicleodos | aund observethat
have enough requirements and use model to select the launch
thrust TNorrideal launch approximate motor size vehicle has a
fLaunch vehiclas vehicle position flUse lubricant to reduce launch rg stable
too heavy for drogue and friction velocity
' Too much friction | main parachute
between launch deployment
rail and launch
vehicle
Structural fInsufficient epoxy | TUnstable launch 1D fReinforce fins with sheets of N Full-scale 2E
failure/shearing | used during vehicle, resulting carbon fiber testing of the
of fins during installation of fins | in an fExamine epoxy for any cracks 1S and
launch fEpoxy used to unpredictable prior to launch observation
install fins is trajectory | Perform test on fin installation that the IIS
improperly cured | Possible launch Ensure all personnel are alert an functions
vehicle crash and are the apmpriate distance away| Properly
injury to from launch pad during launch
personnel
Failure of fLaunch force on | Main and drogue 1D T Create prediction models of the | Perform 2E
l aunch bulkheads is large parachutes force the bulkheads will receive | static load
internal than they can attached to during launch test on all
bulkheads support bulkhead will flUse model to ensure all bulkhea( bulkheads
fBulkheads are become useless are within a margin of safety TAnalyze
poarly flinternal {/Perform static load test on all bulkheads
manufactured components bulkheads after fulk
supported by fiPerform detailed inspection of al| scale launch
bulkheads will manufactured bulkheads pritar for any
become insecure launch failures
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and could be

damaged
fDamage to
critical avionics
systems
T Failure of
recovery system
and loss of
launch velcle
Launch vehicle | {Poorly installed | TLaunch vehicle 2E T Follow NAR safety guidelines, by §Ground test 4E
motor fails to e-match will not launch waiting a minimum of 60 second{ of ematches
ignite fMalfunction in | JFailure to meet before approaching launch vehic
e-match launch Once the RSO gives the all clear
fDefective motor | requirements check the ignition system for any
loss of connection or faulty
igniters and fix connectioor
igniters
If problem continues, replace
motor with spare
Buckling of the | {Body tube {Structural failure 1E fCreate SolidWorks and ANSYS | fAnalyze the 1D
| aunch receives greater| of launch vehicle models and run simulations of th body tube
main body tube forces than it car during flight forces the body tube will receive| after fulk
during launch support {Failure to meet during launch scale launch
launch vehicle T Ensure body tube was correctly | test
requirements manufactured with good structur
properties (correct curing proses
was used in the creation of the
carbon fiber)
T Perform static load test on the
body tube
Poorly fImproper storage | fVoids, wrinkles, 3C TEnsure that carbon fiber is storeq fPerform 3D
manufactured of pre-preg carbon and in the lab freezers when they arg  static loal
fiber leading to not in use test on the
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carbon fiber

break down of

imperfections in

fTeam member will be aware of carbon fiber

components chemical carbon fiber car bon f-if®andvills tubing
properties { Structural failure ensure that the carbon fiber use¢ {Analyze all
fIncorrect ramp in the carbon for manufacturing is not kept out| carbon fiber
rate used fiber body tube longer than its shelife components
flIncorrect curing | fRough fin and after sub and
temperature used| body surfaces full-scale
fIMisalignment of launch test
different rocket
sections
Table 3.2.26: Personnel Risk Assessment
Pre- Post
Hazard Cause Effect Mitigation Mitigation Verification Mitigation
RAC RAC
Personnel fimproper training | fInjury/death to fPersonnel trained with the | fCompletion of 1E
using paver with the power tool| one or more power tool being used. Yellow Card
tools in use. personnel. fPersonnel that are Training seminar.
TImproper potentially at risk informed
awareness around prior totool use.
the power tool in
use.
Personnel fImproper training | Injury to/death of T Personnel trained with the | fCompletion of 1E
using hand with the power tool| one or more powe tool being used. Yellow Card
tools in use. personnel. fPersonnel that are Training seminar.
Timproper potentially at risk informed
awareness around prior to tool use.
the power tool in
use.
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Personnel fImproper use or | {Respiratory
using epoxy lack of PPE. irritation.
fImproper use of | Eye irritation.
epoxy. 1Skin irritation
Personnel fImproper use or | {Respiratory
using overfor lack of PPE. irritation due to
curing of fMalfunction in the | insulation.
carbon fiber temperature 1Skin irritation
body tubes reading of the due to insulation.
and/or other oven. fBurns
items
Personnel fImproper training | TBurns
soldering in circuitry work. | fFire (when
circuitry. flimproper use or dealing with
lack of PPE. power source).
T Explosion (when
dealing with
power source).
finjury from
trimming
components
(potential metal
projectiles).
Personnel fImproper training | flgnition of black
handling black | on the use of black powder.
powder. powder. fInjury to/death of

personnel.

2C

fiPersonnel informed on the
use of required PPE (glove
goggles, and respirator if in
poor ventilation).

fTWork done near emergenc
eye wash/shower station

TMSDS sheets made
available for item in use.

1 Safety Officer
check.

2E

fPersonnel informed on the
useof required PPE (heat
resistant gloves, goggles,
and respirator).

fBack-up temperature
sensing equipment.

fInfrared temperaturg
sensor implementec

2E

fPersonnel trained in the us
of soldering equipment.

fPersonnel informed on the
use of required PPE (eye
glasses).

fPersonnel informed of the
hazards of power sources.

{1 Safety Officer
check.

2D

fPersonnel trained in the
proper use and handling of
the black powder.

7 Safety Officer
Check

1D
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fimproper use of
black powder.

fUse of black
powder near
possible ignition
sources.

fiBlack powder packed away
from any potential ignition
sources.

Personnel fImproper training | flgnition of 1The HPR motor will only bg fSafety Officer 2E
handling HPR | on the handling of | motor. purchased and handled by| Check
motor. the HPR motor. | Injury to/death of personnel with proper
flimproper use of thg personnel. NAR/TRA certificaion.
HPR motor.
fUse of HPR motor

near possible

ignition sources.
Explosion {Powder charges | fInjury to one or TWiring inspected before { Safety checklist 2E
when prematurely fire. more personnel. assembly. completed.
personnel 1Only necessary personnel
activates the present upon activation at
electronics. the launch pad.
Premature fPower source finjury to one or 1D 1Only necessary personnel | fignition system only 2E
ignition of active and more personnel. present upon insertion of activated once the
HPR motor connected to ignitor at the launchan. area is clear and
when ignitor. { Circuit for ignition is not ready for launch.
personnel connected.
inserts the
ignitor.

Table 3.2.27: Environmental Risk Assessment
Pre- Post
Hazard Cause Effect Mitigation Mitigation Verification Mitigation
RAC RAC
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High wind Weather TRocket will be 2C f'Weather reports for launch| {Weather report 3D
speeds blown off course., day will be monitored.
1 Stability fBackup launch date
effected. planned
fInability to
launch.
Rain TWeather I Stability 2C f'Weather reports for launch| {Weather report 3D
effected. day will be monitored.
fInability to Backup launch date
launch. planned
Low cloud TWeather fLaunch visibility 2C f'Weather reports for launch| fWeaher report 3D
cover inhibited. day will be monitored.
TInability to fBackup launch date
launch. planned
High volume | {Busy day T Inability to 2C fLaunches ideally schedule¢ 1Schedule 3D
of air traffic launch. for weekends when the air
traffic near the launch site i
minimal.
High humidity | fWeather T Negative effects 2D I Cabon fiber pieces properl TProper 2E
on carbon fiber coated in epoxy to protect | manufacturing
pieces. from the elements. processes
{/Carbon fiber manufacturing implemented.
not performed in high
humidity environments.
Low humidity | §Weather fincreased chanc fLarge quantities of water | fEnsure water is 4E
of personnel brought, enough to hydrate packed.
becoming the entire team.
dehydrated.
High fTWeather fincreased chanc fiLarge quantities of water | JEnsure water is 3E
temperatures of personnel brought, enough to hydrate packed.

the enire team.
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suffering heat
stroke.

Contamination | fimproper disposal | TWater pollution 2D TMSDS sheets, which list | TMSDS kept up to 3E
of runoff of materials used proper disposal procedureg date.
and/or ground | for manufacturing. will be provided.
water 10Only necessary personnel
present upon activation at
the launch pad.
Exhaust from | {Burning of the T Air pollution 4A 1 The use of this type of fuel| fCommercially made 4B
the HPR motor] ammonium produces minimal negative| motor.
perchlorate solid pollution.
fuel. fBurned only for scheduled
laundes.
Ejection TNecessary for 9 Litter from TUse of biodegradable {Ensure wadding is 4A
charges firing launch vehicle wadding used. wadding. biodegradable.
recovery. fiLitter from shear
pins
Fragmentation | fImproper recovery | {Litter from fUse of PLA plastic, a TRecovery system 4D
of the 3D and an excess of component naturally derived plastic. testing
printed kinetic energy uporn fragmentation fRecovery system design tg
componats. touchdown slow launch vehicle to a
safe kinetic energy.
Fragmentation | fImproper recovery | {Litter from 3D fRecovery system designed {Recovery system 3E
of carbon fiber | and an excess of component to slow launch vehicle to a| testing
components Kinetic energy upor fragmentation safe kinetic energy.
touchdown
Litter from fImproper disposal | fLitter 3D TProper waste receptacles | fFinal check before 3E
launch day of trash. used. leaving the site.
procedures flimproper storage o TAll materials brought to the

materials brought

to site.

site, are taken from the site
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Noise polluton | fUse of a HPR fiLoud noises flLaunch in a remote area. | flLaunch area 4A
motor fLaw enforcemen selection
contacted
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3.2.3 Discussion of Top Five (5) Most Critical Failure Modes

The below failure modes were selected due to the severity of the failugg #melhigh
likelihood of failure and will be discussed in further detail.

1 Main or drogue parachute fails to deploy: (1C)
Description:

Effect:

During launch the deployment of the parachutes depends upon the altimeters
sending the electrical signal to fire the &j@c charges which shear the shear pins
as well as eject the parachute. The parachute must then fully inflate for successful
deployment and a safe launch. If the altimeters fail to send a signal, the charges fail
to fire, the charges fail to shear the pithee parachute does not eject from the bay,
and/or the parachute fails to inflate there will be a failure to deploy the parachutes.

If neither parachute deploys, the rocket will come down ballistic causing the loss
of vehicle. If the drogue deplsy but the main fails to deploy, the rocket will
descend with excessive kinetic energy causing potential loss of vehicle. The drogue
fails to deploy, but the main deploys, the launch vehicle will experience excessive
impulse causing potential loss of vabicAll three increase risk to personnel at the
launch.

Mitigation:

The mitigation for this failure mode is twold. First, special attention to the
functionality of the stordoought altimeters is implemented. Prior to launch day, the
altimeters are rurhtough the test function. During the final assembly of the launch
vehicle, as said in the checklist, a continuity check is done to ensure the charge path
from altimeter to ejection charge. Tug checks on the wiring is also done to ensure
a secure connectioifhe second area of the deployment system that is focused on
to mitigate the deployment failure is the parachute itself. A specific packing method
is implemented in order to provide the parachutes with the highest chance of
successful unfolding and infiah when deployed. Both the shock cord and packed
parachute are packed to fit into the bay without becoming lodged. The charge size
and packing methods are verified by ejection charge ground tests. Also mitigation
of signal interference with the altimeteran be found ifsection 4.2.2.2.2.8.

1 Buckling of main body tube during launch: (1C)
Description:

Effect:

Due to the high impulse of the CTI K1440 motor, the launch vehicle is exposed to
an increased chance of structural failure. This failure could be exhibitélaeby
carbon fiber tubing manufacturedhouse and buckling at launch.

If the main body tube buckles, the vehicle will be lost due to structural failure. Also
there will be increased danger to all surrounding personnel and equipment from
potentialshrapnel and/or an unstable launch vehicle.
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Mitigation:

Special care is used during the manufacturing process of the body tubes. The tubes
are cured in an oven madehnuse and then allowed another 24 hours to cure fully
before any tube is used. A vaunspection of the layp is performed as well as
compression testing of sample pieces. Beyond that, the verification process
involves successfully launching the launch vehicle and performing a post
inspection of the main body to ensure buckling hanotrred.

Structural failure/shearing of fins during launch: (1D)
Description:

Effect:

Due to the high impulse of the CTI K1440 motor, the launch vehicle is exposed to
an increased chance of structural failure. The fins are 3D printed airfoil fins made
of PLA plastic. This material is not widely used as fin material and has a potential
to break off upon launch.

In the event that the launch vehicle loses any or all of the fins, the rocket will lose
stability and/or become entirely unstable. This could caélusdaunch vehicle to
either fail catastrophically by impacting the ground. Also an instability will cause
loss of mission due to the loss of altitude.

Mitigation:

To mitigate a structural failure of the fins, the fins were printed using 104G#b in

This provides the highest structural strength for the printing process. The fins are
then coated in a layer of epoxy to reduce drag and increase the rigidity of the fin. A
sample of the fins is tested to ensure strength and then finally with trecdild

flight test. An inspection of fins post flight will be performed to ensure structural
strength.

Structural failure of the nosecone: (1D)
Description:

Effect:

The nose cone is a 3D printed ellipsoid nose cone printed from PLA plastic and
coated in a thin layer of epy. The nose cone is exposed to a high maximum
dynamic pressure soon after launch. Between the brittle nature of the PLA plastic
and the layering processed used to print the part, it is possible for the nose cone to
shatter or shear along one of the Iayer

The loss of the nose cone will cause intense drag on the launch vehicle greatly
reducing mission performance and potentially leading to a catastrophic failure of
the launch vehicle. This also increases the danger to ground personnel due to
potential nose cone fragments becoming shrapnel.

Mitigation:

Similar to the fins, the ellipsoid nose cone was printed using 100 iFhe nose
cone was also printed as one continuous piece instead of the original propaesed two
piece design. A thin layer @poxy was then applied to increase rigidity.
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1 Rain: (1C)
Description:

Effect:

Not only is launching in the rain prohibited but recent rain could cause unstable
ground conditions making it unsafe to mount and launch the vehicle. Also, high
water content in the lach area increases the potential for the launch vehicle
electronics to fail. Among these electronics are the altimeters and nose cone
avionics.

If it is raining during launch day, the launch will be cancelled. Due to schedule
constraints this codlpotentially pospone the launch past the deadline. If it rained

the day before launch, the launch site has the potential to be either flooded or have
very unstable footing. A launch stand will not be able to be properly secured
causing an unstable, atiterefore unsafe launch. If the avionics get wet somehow,
then they are likely to fail leading to loss of mission data and/or vehicle.

Mitigation:

Regular weather updates are observed leading up to launch day as well as receiving
reports from colleagues wthave recently been to the location shortly after it rains.
The launch date has a backup date schedule jtstsim as well as the use of
multiple launch sites including but not limited to Lucerne Dry Lake Bed, Friends

of Amateur Rocketry Site, and Mohalesert Advanced Rocket Society.

3.3 Final Assembly and Launch Procedures Checkilist

3.3.1 Recovery Preparation:

Powder Charge Preparation

Equipment Needed:

Safety glasses (x3) Aluminum Tape

E-matches (x10) 4F black powder

Duct tape Modified shotgun shellé<6)

Blue painters tape ADog barfo wd

Scale

Measuring spoon

Trash Bags

arwnE

Ensure handler and those in the vicinity are wearing safety glasses.

Insert the -@natch into the modified shotgun shell.

Ensure the pyrotechnic end of thmatch is inside the shell.

Ensure seal at insertion point with either duct tape or blue painters tape.
Carefully pour the measured amount of 4F black powder into the modified

shotgun shell.

Pack the remaining space of the modified shotgunwhelt h Adog bar f o
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7. ___ Seal the top of the modified shotgun shell with duct tape or aluminum tape.
8. __ Place prepared powder charge into the ammunition can until ready to mount.

Recovery Bay Preparation:

Equipment Needed:

Safety glasses (x4) #10-32 x 3/4inch bolt (x8)
Drogue bay Two (2) batteries
Parachute bay Electronics board
Pliers Recovery bay bulkhead (x2)
1. __ Perform visual inspection of all electronics and wire connections.
2. __ Ensure handler and those in the vicinity are weadfef\sglasses.
3. ___ Ensuring powder charges are facing away from all personnel; connect main

powder charges to exterior terminals on the fore payload bay bulkhead.

4. _ Mount powder charges onto the payload bulkhead.

5. __ Ensure continuity and secure placementfomain parachute powder charges.

6. __ Bolt bulkhead and main parachute bay onto the front of the payload bay.

7. ___ Ensuring powder charges are facing away from all personnel; connect drogue
powder charges to exterior terminals on the forward recovery baydadkh

8. __ Mount powder charges onto the front bulkhead.

9. __ Ensure continuity and secure placement of powder charges.

10. __ Connect altimeters to the terminal leads.

11.  Ensure continuity.

12.  Announce the intention to connect batteries and clear area of alessagc
personnel.

13.  Connect two (2) batteries.

14.  Carefully slide electronics board into place.

15.  Bolt bulkhead and drogue parachute bay onto the front of the recovery bay.

Parachute Preparation:

Equipment Needed:

Drogue| Main Drogue| Main
Nylon shockcords Parachute
Nomex Thermal Quick links
Protection Blankets

D M
Perform visual inspection of nylon shock cords.
Perform visual inspection of Nomex Thermal Protection Blankets.
Perform visual inspection of connentpoints (quick links and eye bolts).

Perform visual inspection of the parachute.

PwNPE
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5. Attach Nomex Thermal Protection Blankets tq#machute/shock cord
connection quick link

6. __ Fold parachute according to proper folding procedure.

7. ___ Wrap the folded parachute in Nomex Thermal Protection Blankets ensuring
there is no exposed parachute material.

8. __ Connect to the respective eye bolt on the recovery bay.

9. ___ Insertinto the respective parachute bay.

10. __ Set aside until ready to onat.

3.3.2 Scientific Payload Preparation:

Avionics Bay/Nose Cone Preparation:

Equipment Needed:

Nose Cone Socket set screws (x4)
Electronics board Nose Cone bulkhead

____Perform visual inspection of all electronics and wire connections.
____Connect battas.

___Slide electronics board into the aft portion of the Nose Cone.
___Bolt the bulkhead of the Nose Cone in place.

____Set aside until ready to mount.

arwnE

Payload Bay Preparation:

Equipment Needed:

Payload Acquisition #10-32 x 3/4inch bolt (x8)
System
Payload Bay bulkhead (x2 Motor bay
Batteries Cameras
1. _ Perform visual inspection of all electronics, wire connections, and mechanisms of

the Payload Acquisition System.

____Connect batteries to the PAS.

____Insert the PAS into the forward sectionlaf Payload Bay.

___Boltinto place, ensuring a secure mounting.

____Perform visual inspection of all electronic and wire connections of the
observation board.

____Connect batteries to the observation board.

____Slide board into place and mount cameras.

____Ensure a secure and proper placement of the board and cameras.
____Bolt the aft Payload Bay bulkhead and motor bay into place.

abwn

©ooNOe
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3.3.3 Motor Preparation:

Motor Assembly:

Equipment Needed:

Safety glasses Wood screws
Motor tube Silicon Oring lubricant

____Ensire handler and those in the vicinity are wearing safety glasses.
____Ensure motor casing not damaged or modified.

____Unwrap the motor and place on an appropriate surface.

____Ensure all materials listed in the manual are present and not damaged.
___Apply athin film of silicon Oring lubricant to the inside of the motor casing.
___Apply a thin film of silicon &ing lubricant to the outside of the motor.
____With the protective nozzle cap on, insert the motor into the motor tube.
___Apply lubricant to the tlwads of the aft closure.

____Remove the nozzle cap and thread aft closure onto the case. Tighten until the
motor is properly seated.

10.___ Reinstall the nozzle cap onto the nozzle.

11._ Wipe clean the motor casing ensuring there is no residue.

©CooNo~wWNE

12. Insert the motocasing into the motor mount.
13.___Attach retention ring.
14. Insert motor mount into the motor bay.

15.  Secure in place.

3.3.4 Final Assembly and Launch Preparation

Final Assembly:

Equipment Needed:

Module 1 Module 3
Module 2 Shear pins

1. __ Connect the NesCone to the main parachute bay with shear pins.
2. ___ Connect the front of the Payload Bay to the drogue parachute bay with shear pins.

Setup on Launcher:

Equipment Needed:

Launch vehicle Ignition Insertion System
Launch ralil Ignition system
1. Lowe launcher to the horizontal position.
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2. ___ Ensuring no personnel are in the flight path of the launch vehicle, carefully slide
the launch vehicle onto the launch rail.

3. __ Ensure the launch vehicle is properly seated on the launch rail.
4. _ Set Payload Bayodr to the open position.
5. __ Ensure the igniter is properly fed into the Ignition Insertion System.

Autonomous Process:

Equipment Needed:
| Launch vehicle ] | AGSE | |

1. __ Initiate autonomous process.

2. ___ Ensure launch vehicle is safely erected.
3. __ Ensure payloadoor is closed.

4. _ Ensure igniter is properly inserted.

Launch Procedurdunnecessary personnel removed from the area)

Equipment Needed:
| Launch vehicle ] | AGSE \ \

=

____Once the launch vehicle is in launch position and the igniter is inserted, arm the
electonics.

____Safety officer check to ensure the checklist is properly completed.

____The LCO enables the master arming switch.

____Once LCO allows, the hard switch will be activated.

____The LCO will commence the countdown of 5 seconds.

____Once the countdowngso mp | et ed. The LCO says dfireo

oOgrWN
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Trouble Shooting:

Equipment Needed:

AGSE

Ignition Insertion System

Payload

Launch vehicle

If the payload is not captured by the AGSE arm:

1. _ Pause the AGSE procedures.

2. __ Getteam lead amdficial permission to continue.

3. ___ Reposition the payload.

4. _ Restart the AGSE procedures from the beginning.

If the motor igniter is not inserted correctly:

1. _ Pause the AGSE procedures.

2. __ Getteam lead and official permission to continue.
3. ___ Adjust tle motor igniter inserter.

4. _ Restart the AGSE procedures from the beginning.

If the electronics are not giving a heartbeat signal or transmitting while on the AGSE:

1. _ Remove the launch vehicle from the launch rail.
2. __ Open section and remove the eledt®n

3. __ Adjust electronics and test.

4. __ Insert the electronics in the launch vehicle.

5. __ Load launch vehicle back onto the launch rail.

PostFlight Inspection:

1.

2.

___Visually track launch vehicle and payload from the time of launch to the time of

recovery.

____Assemble a team of two groups of at least two team members to recover the launch

vehicle and the payload capsule.

Wait a minimum of sixty seconds before securing the launch vehicle and payload

capsule.
I nspect

t he

| a un c hsforany clead signs of daenage.e r n a |

____Document the launch vehicle through inspection and photographs for the later

assessment.

Download pictures, video, and scientific data and review altimeter data.
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4.0 Launch Vehicle Criteria
4.1

The launch vehicle will simulate a Mars return mission by safely securing and launching a
payload, as well as, collecting scientific data during flight. The launch vehicle will be designed
and manufactured with this mission concepttes foundation from which the launch vehicle

requirements will be satisfied.

Several driving requirements for which the launch vehicle needs to address are safety,
apogee, recovery, payload containment, and repeatability of flight. If each of thesks aspec
addressed in the launch vehicle design, the specified mission skaltdessful. Shown in Table
4.1-1 below are the requirements given specifically for the launch vehicle and the corresponding
success criteriddll requirements are addressed, hoemr not every requirement is applicable to

the specified launch vehicle design.

Mission Statement and LaunchVehicle Requirements

Table 4.11: Launch vehicle requirements and success criteria

Requirement

Success Criteria

Requirement 1.1

The vehicle shall deliver the payload to
apogee altitude of 880 feet above ground leve
(AGL).

The launch vehicle will safely attain a
apogee of 5,280 feet with the paylod
secured inside.

Requirement 1.2

The vehicle shall carry one commercial
available, barometric altimeter for recording t
official altitudeused in the competition scoring

The barometric altimeter incorporated in|
the launch vehicle design records tl
correct data during competition.

Requirement 1.3

The launch vehicle shall be designed to
recoverable and reusable.

The launch vehicle isasily recovered
after launch, and launched again with
two hours.

Requirement 1.4

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

The launch vehicle design has less th
four independent sections.

Requirement 1.5

The launtr vehicle shall be limited to a singl

The launch vehicle design does not hg
more than one stage.
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stage.

Requirement 1.6

The launch vehicle shall be capable of bei
prepared for flight at the launch site within
hours, from the time the Federal Au@n
Administration flight waiver opens.

The launch vehicle is prepared and reg
for launch within 2 hours.

Requirement 1.7

The launch vehicle shall be capable
remaining in launciieady configuration at the
pad for aOminimum of 1 hour without losing the
functionality of any critical ofboard
component.

The launch vehicle remains in launcl
ready configuration on stasialy for 1 hour
without losing software or hardwar
functionality.

Requirement 1.8

The launch vehicleshall be capable of being
launched by a standard -4@lt direct current
firing system.

The launch vehicle launches whe
connected to a 1#olt power source.

Requirement 1.9

The launch vehicle shall use a commercia
available solid motor propulsion sgsh using
ammonium perchlorate composite propellg
(APCP) which is approved and certified by tl
National Association of Rocketry (NAR)
Tripoli Rocketry Association (TRA), and/or th
Canadian Association of Rocketry (CAR).

The launch vehicle launches sgssfully
with CTI Pro54 K144617A.

Requirement 1.10

The total impulse provided by a launch vehig
shall not exceed 5,120 Newtseconds (L
class).

TheCTI Pro54 K144017A launchesvith
a specifiedimpulse of 2,372 Newton
seconds (Kclass).

Requirement..11

Pressure vessels on the vehicle shall

N/A

California StatePolytechnic University, Pomorj&6



approved by the RSO

Requirement 1.12

All teams shall successfully launch and recoy The subscale launch vehicle successft
a subscale model of their fedtale rocket prior| launches prior to CR.
to CDR.

Requirement 1.13

All teams shall successfully launch and recoy The fulkscale launch vehicle successful
their full-scale rocket prior to FRR in its fing launches prior to FRR.
flight configuration.

Requirement 1.15

The launch vehicle shall nottilize forward N/A
canards.

Requirement 1.16

The launch vehicle shall not utilize forwar N/A
firing motors.

Requirement 1.17

The launch vehicle shall not utilize motors th
expel titanium sponges (Sparky, Skidmat
MetalStorm, etc.).

N/A

Requirement 1.8

The launch vehicle shall not utilize hybri N/A
motors.

Requirement 1.19

The launch vehicle shall not utilize a cluster N/A
motors.

4,2 Launch Vehicle Design

4.2.1 System Level Design and Functional Requirements
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4.2,1.1 System Level Design
4.2.1.1.1 Final Drawings and Spedications

The overall launch vehicle is made up of 3 modules. With all three modules attached, the
total length is 98 inches. The launch vehicle has a total wet weight of 21.2 Ibs. The body tubes are
manufactured in house from carbon fiber while the NoseeCGand Fins will be 3printed with
PLA plastic. The launch vehicle will containGI'1-K1440 motor and the fin assembly will be
removable The dimensions of all the individual sections of the launch vehicle can all be seen
below in Figure 4.2.1.1:1.

Nose C Recover) Payl oad/ Obser
«‘ 11.00  ~=— a‘?.so~— 18,50
—_— Il s

- 22.00 : 24.00 1

Cc. G.
Drogue Pa Main Parac57'5
Bay

Modul ¢ Modul € Black{ Modul e 3

Charge Lo
Figure 42.1.1.1-1: Layout of the Bays and Modules Comprising the Launch Vehicle

Due to the recent failure of the fidtale launch vehicle, which will be discussed more in
detail in Section 4.7, some added structure was deemed necessasyite full recovery of the
launch vehicle. Additionally, the internal walls of the nose cone will be lined with three layers of
fiberglass to support the nose cone attachment points from shearing during the ejection. Also, the
Motor Bay will require a miar modification to prevent any shifting during launch. Even with
these slight modifications, the overall length will remain at 98 inches and the outer diameter will
also remain 4.1 inches. A picture of the fstlale launch vehicle can be seen in the phetow.

Figure 4.2.1.1.22: Actualimage of fullscale launch vehicle.

California StatePolytechnic University, Pomorj&8



4.2.1.1.2 Test Descriptions and Results

Prior to the full scale launch, all of the planned tests were carried out to verify that the final
design is indeed flight ready. The tests involvedlideith both the structure of the launch vehicle
andthe aerodynamics. Tests were conducted on the body tube, bulkheads, nose cone and fins. A
summary of the tests are listed below. For more details on specific experiments, refer to Appendix
A.

4.2.1.1.2.1 Structural Tests
4.2.1.1.2.1.1Critical Load Test on Carbon Fiber

The launch vehicle carbon fiber tubes manufactured by the UMRBA Team will
experience a compressive buckling force from the motor during launch. These tubes-are thin
walled cylinders and due to the compress$aree from the motor, buckling is a major concern. In
order to analyze and determine the carbon fiber material properties, a structural load deflection test
was carried out on carbon fiber specimen. Using the beam deflection formula;

] — (Eq.4.2.1.1.21.1-1)
The Young6és Modulus was then derived to be

0O

(Eq.4.2.1.1.21.1-2)

From the test results evidentin Tabld2 i n Test Report #2 of Appendi
wasdetermined to be 8500 ksi, which then resulted in a critical buckling force of 18,300 lbs. With

the |l aunch vehiclebs motor producing only a m
guaranteed to withstand this force with a 44.4 margin of safety.

4.2.1.1.2.1.2 Bulkhead Strength Test

The observation bay bulkhead is a major component in the launch vehicle and will
experience majority of the impulse force that will result from the parachute deployment. The
bulkhead is secured to the launch vehicle body tube foih steelhead cap screws placed
symmetrically around its circumference. Additionally, the shock cords are connected to the
bulkhead through the eyebolt at its center. The bulkdesatholt configuration is shown in Figure
4.2.1.121.2.
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Figure4.2.1.1.2.1.21: BulkheadEyebolt configiration

The impulse da to the parachute deployment, from the shock cord, was simulated in a
drop test. This allowed the calculation of the impact velocity, and thus, the impact force could be
calculated. This was necessary in order to determine the points of failure aral foite that
would cause the bulkhead to fail. Through multiple tests, the bulkéngslablt configuration was
observed to endure the impart force of a 25 Ib weight dropped at heights up to 12 feet, resulting in
a maximum impact force 436.8 Ibs. (Test Reptl of Appendix A). The bulkheaglyebolt
configuration was not tested at heights larger than 12 feet because at 12 ft theujedaised,
however the bulkhead was never damaged. The force from the parachute deployment is estimated
to be 30.63 Ibs,hus the bulkheadyebolt configuration would be able to withstand the impulse
during flight.

4.2.1.1.2.1.3PLA Plastic Strength Test

The launch vehicle Nose Cone is made of 3D printed PLA plastic. A bulkhead is secured to its
open end with 4 socket screws placed symigadty around its circumference. This is depicted in
Figure4.2.1.1.21.3-1 below.

The drogue parachute deployment results in an impulse force on the bulkhead and this
causes the 4 screws to shear the PLA plastic. The impulse, which is the change mummpaie
the object, is mainly resulting from the velocity of the falling Nose Cone during descent since it
has a constant mass. Thus in order to ensure that the PLA plastic would not fail, a cylindrical PLA
plastic test specimen was used in a load dropthe$ simulated the impulse from the drogue
parachute deployment.
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(@) (b)

Figure4.2.1.1.2.1.31: (a) 3D printed PLA plastic Nose Cone an
(b) Nose Condoulkhead configuration

The impact velocity was calculated, as well as the kinetic energy, with the results recorded
in Table 31 in Test Report #3 of Appendix A. At the max drop height of 30 feet, the Nase Co
attained a velocity of 44 ft/s (30mph). The PLA plastic showed no signs of shear. Additionally, a
static load test was done to determine whether the specimen would withstand the drag forces from
the drogue chute. The drag from this parachute was estint@be 20.3 Ibs however during testing
the test specimen was tested at static loads up to 160 Ibs and showed no signs of damage. This
showed that the PLA plastic will be able to withstand impulse and drag forces from the deployment
of the drogue chute.
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4.2.1.1.2.2 Aerodynamic Tests
4.2.1.1.2.2.1 Flow visualization over the nose cone and fins
Nose cone

The launch vehiclbad two nose cone shape designs under considertdgovion Karman
nose cone and the ellipsoid nose cone. The Von Karman nose cone is commercially available, b
is not a preferable shape in the subsonic regime due to the pointédhgpshapeThe ellipsoid
nose cone is a more preferred shape for the subsonic regime, but there is not much information
about this shape. It is important to be able to visualedlow over the nose cones and the fin to
validate the theory of their shapes. Utilizing the water tunnel will provide the visualization of the
flow over the two nose cone shapes and the fin. An indicator of a smoother airflow over the nose
cones is thaistance in which the flow transitions from laminar flow to turbulent flow and the
amount of turbulence in the aft end of the nose cone.

The nose cones were tested at 0, 5 and 8 degrees with flow speed of 1 inch per second and
5 inches per second. Althong t he Reynol dés number is much | o\
serves as a good visualization of the flow around the nose cone. The following pictures show the
flow over the two nose cone shapes.
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Figure4.2.1.1.2.2.11: Nose cone comparison atinch per second
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Figure4.2.1.1.2.2.42: Nose cone comparison at 5 inches per second

From the above pictures, it is easy to see that there is a lot more vortex shedding from the
Von Karman nose cone. Also, the turbulent region exists further in thenikbwthe Von Karman
nose cone than the ellipsoid nose cone. A problem with the experintlesitas higher speeds, the
motor vibration would cause the ink dye wand to oscillate and not give a clear picture. However,
it is still better to see the flow clateristics over the nose cones and this led to the selection of
the ellipsoid nose cone as the design that will be used on the launch vehicle.

Fin Flow

The fin was also placed into the water tunnel for testing. The fin has a peculiar shape which
was woth taking a look at. In order to take estimations on loading to use the wind tunnel, the fins
had to be compared to a NACA airfoil that already has data available. The closest airfoil shape
found is what would be a NACA 0008 airfoil shape. In order to thge estimation, a flow
visualization test was conducted to ensure that the sharp edge on the fin would not trip the
boundary layer. The following pictures were taken from the water tunnel tests.
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Figure4.2.1.1.2.2.43: Fin analysis at various speedslangles of attack

Once again, the flow was oscillating due to the motor vibrations. However, from the lower
speeds, it is seen that the flows are not tripped by the shape of the fin. Therefore, the fin loading
for stability can be estimated with a NA@®08 shape. The analysis of the fin will be given with
the wind tunnel testinghown below

4.2.1.1.2.2.2\Wind tunnel test of a 37.5% scale model

There was much concern about using the srmBli@inted PLA plastic fins on such a long
rocket. However, the team felbnfident that the fins would be able to keep the rocket stable during
its flight. To prove this, a wind tunnel test was performed on a 37.5% scale model of the launch
vehicle. A picture of the model inside of the wind tunnel can be seen below. Thistadtalso
serve as a validation for CFD simulations that will be conducted after the Flight Readiness Review.
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Figure4.2.1.1.2.2.21: 37.5% Scalenodel of launch vehicle in lowpeed wind tunnel

The test was conducted in the Cal Poly Pomona Hon.eGxapolitano Wind Tunnel
Complex (Building 131229). The dimensions of tkealed wind tunnehodelare about 37 inches
long and annner diameter of 1.5 inches. The purpose for the size was so that the wind tunnel
modelcould comfortably fit within the wid tunnel cross section and also slide easily onto the
sting-balance system. The model was manufactured in the same wahdhallscale model
would be manufactured. There were pipe fittings that were inserted and attached to the fins to
move the centeof gravity as close to the mounting point as possible. This would allow for
calculation of the stability margin, as well as allow for the analysis of the flight characteristics of
the model.

The data collected was converted to a Microsoft Excel filwhich all the raw data was
used to create flight dynamics plots. One of the trends that is important to note is the trend from
the pitching moment coefficient versus coefficient of lift curve. Plotting points from velocities of
125 feet per second to 22&et per second in 25 feet per second intervatserptes theigure
4.2.1.1.2.2.22 below.
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Pitching Moment Coefficient vs. Lift Coefficient
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Figure 4.2.1.1.2.2:2: Pitching moment coefficient versus lift coefficient

The trend from this graph shows that the higher the pitching moment, the more of a
corrective momenis generated. This means thetlf@r away from the airflow the launch vehicle
goes, the stronger the corrective moment. This shows that even with the small fins, it is still able
to keep the launch vehicle stable during its flight.

Othertrends to note are the trends for the drag, lift and pitching moment coefficients versus
angles of attack. The graphs are availabled@arence in Appendix A. Th&opes of these graphs
were used to find the stability margin which is around 2.5 fordrigklocities that were tested.

4.2.1.1.3 Final Motor Selection

The final selected motor, the Cesaroni Technology Incorporated (CTI) Pro54 2372K1440
17A reloadable motor, imparts 322.9 pounds of force to the rocket with a total impulse of 533 Ib
s. This is suffient to propel our launch vehicle to an altitude of between 5,282 feet and 5,240 feet
according to the MATLAB program and OpenRocket, respectively. This altitude window can be
fine-tuned using ballast in the case of an overshoot for a final altitude®&d &, (Reqt 1.1). The
thrust duration is 1.65 seconds. This short burn time ensures that the rocket will reach a stable
velocity, quickly allowing for a shorter possible launch rail. The specifications for the K1440
motor as well as the thrust curve danfound below in Tablé.2.1.1.31 and Figuret.2.1.1.31.

Table4.2.1.1.31: CTIl Pro54 2372K144Q7A Motor Data
Manufacturer CTI Average Thrust (Ibf.) | 322.9
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Motor Dimensions (in.) | 2.13 x 22.52 | Maximum Thrust (Ib.) 411
Loaded Weight (Ib.) 4.17 Total Im pulse (Ib-s) 533
Propellant Weight (Ib.) 2.49 Isp(S) 214.1
Burnout Weight (Ib.) 1.61 Burn time (s) 1.65

Color White Thunder Class 85% K

Representative CM1 Thrust Curve
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Figure4.2.1.1.31: CTI Pro54 2372K144Q.7A Thrust Curve

4.2.1.2 System Level Functional Requirements

The specific funagbnal requirements as outlined in 2@152016 NSL Handbodkre listed
below in Tablet.2.12-1. These requirements will determine the functionality of the launch vehicle
system as a whole.
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Table 4.2.12-1: Functional Requirements and Methods to MeetRRequirements

Functional Requirement

Method to Meet Requirement

Reqt 1.1 The vehicle shall deliver the paylo
to an apogee altitude of 5,280 feet AGL.

Proper motor class selection, ¢
aerodynamically efficient Nose Cone desig
and an effective fin degn for stability.

Reqgt 1.2 The vehicle shall carry or
commercially available, barometric altimetg
for recording the official altitude used in th
competition scoring.

Barometric altimeter housed in the Recove
Bay for maximum altitude measurements.

Regt 1.3 The launch vehicle shall be design
to be recoverable and reusable.

The use of strong composite material, and
effective recovery system design.

Reqt 1.7 The launch vehicle shall be capa
of remaining in launcheady configuration af
the pad ér a minimum of 1 hour without
losing the functionality of any critical en
board component.

All  avionics components  will be
independently powered by doard batteries
in their respective housings, and will rema
in launchready configuration on stasaly for
at least 1 hour.

4.2,1.2.1 Structures

The structure of the launch vehicle includes all individual components of the launch
vehicle. The system level performance characteristics based on structural capabilities are defined
and rationalized in the following séas.

4.2.1.2.1.1 Selection Rational, Concept, and System Characteristics

Launch Vehicle Overview

The launch vehicle will be composed of three independent sections called Module 1, 2, and
3. Module 1 consists of the Nose Cone. Module 2 will be composed of the DRagachute Bay
and the Recovery Bay, and Module 3 will be composed of the Main Parachute Bay,
Payload/Observation Bay, and Motor Bay. The layout of the launch vehicle can be seen in Figure
42.1.2.1.11. Each module is connected to each other usingO#4lear pins. The different
sections within each module are attached via bulkhead using stemddidtcap screws. Overall
length of the launch vehicle is 98 inches.
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Figure4.2.1.2.1.11: Layout of the Bays and Modules Comprising the Laiehicle

The Nose
Cone, which can
be seen in Figure
42.1.2.1.12,
will be made of
PLA-plastic
because it is light
weight, strong,
and will allow
the Nose Cone't
be easily
manufactured by
the use of a 3D
printer. The

Nose Cone,
which is 11.0 Figure4.2.1.2.1.12: Printed Nose @ne(left) and dimensionadrawing
inches in éngth, (right)

will be printed as

one piece, with interval slots that allow the avionics sled and antenna to be placed within. The
bottom 3 inches of the Nose Cone is designed to be the shoulder. This portion of the Nose Cone
will be inserted into the Drogue Pamn:é Bay. The shoulder will be attached to the Drogue
Parachute Bay using four ## shear pins that will be arranged symmetrically around the
shoulder. The shear pins are strong enough to hold the Nose Cone in place during launch, but
weak enough to rehse the Nose Cone once the drogue ejection charge is fired. At the base of the
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shoulder, a bulkhead will be attached using steehfi@d cap screws. Attached to this bulkhead
will be a steel eye bolt to which the drogue parachute shock cords will beated.

O
I
3.00
‘; i’
=t
1.50 v .
ol

O

= 0400 =

Figure4.2.1.2.1.14: Recovery Bayleft) and dimension:
drawings (right)

Drogue Parachute Bay

The Drogue Parachute Bay.
shown in Figure £.1.2.1.13, will be
constructed out of carbon fiber which wil
be 22 inches in length and have conste
inner and outer diameters of 4 and 4
inches, respectively. The tube Iwbe
made with three layers of carbon fibe
which is a sufficient amount of layers t
keep the tube strong and sturdy witho
adding any unnecessary weight. TF
upper section of the Drogue Parachu
Bay will contain an area where th _
shoulder of the Nos€one can be insertec et 4 1)
and connected using shear pins. This w
create the separation point between t'  Figyre4.2.1.2.1.13: Drogue Peachute Bay
Drogue Parachute Bay and the Nose
Cone, and will allow the main parachute to be deployed. The Recovery Bay will be inserted into

California StatePolytechnic University, Pomon&0



the lower section of th®rogue Parachute Bay and will be connected using stedid&d cap
screws. The black powder charges, used for main parachute deployment, will be mounted on the
fore bulkhead of the Recovery Bay. This bulkhead will also have a steel eye bolt wherénthe ma
parachute shock cord will be attached via quick link. The central section of the Drogue Parachute
Bay will store the main parachute along with its shock cord.

Recovery bay

The Recovery Bay, shown in Figure4L..2.1.124, will also be constructed bof carbon
fiber and will be 7.5 inches long. First, a -ish tube with gy A

an inner diameter of 3.9 inches and an outer diameter ¢ &
inches will be constructed. Then, a-InBh section, 3 inches| &
from the edge will be built up using additional carborefib &
creating a 1.8nch center section with an outer diameter |
4.1 inches. The reason for having the top and bottom reg
at 4inch outer diameters is to allow the Recovery Bay to
inserted and connected to the adjacent bays usingplated
alloy skeel flathead cap screws. The center section, know
the collar, allows the launch vehicle to maintain a const
outer dameter, therefore keeping
the outside skin between a
sections flushed. The collar wil
also have two 0.5 inch hole
drilled intoit that will allow for

the installation of STSP key
switch, which will activate the
altimeters from the outside o
the launch vehicle once it is it
launch position (Reqt. 2.7)
Four 0.125 inch vent holes wil

be drilled symmetrically arounc
the collar to #ow the altimeters Figure4.2.1.2.1.15: Centering ng{top) and dlmenS|ona

to make pressure reading: drawing (bottom)

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 Figile241.15, will be made

out of 0.5-inch thick birch plywood and will be designed to ensure that the avionics sled 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 labiodé. Viehey will also act as

a guide to allow the avionics sled to be easily inserted and removed from the bay (Reqt. 1.6). On
both ends of the Recovery Bay, there will be bulkheads attached to act as barriers between the
different sections. They will ptect the internal electronics from launch forces and black powder
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charge blasts in the adjacent Parachute Bay. These bulkheads will also contain steel eye bolts that
allow the shock cords of the main and drogue parachutes to be attached.

Main Parachute Bay

The Main Parachute Bay will be the same material as the Drogue Parachute Bay as well as
have similar dimensions, Adches in length and constant inner and outer diameters, 4 and 4.1
inches, respectively. The fore section of the Main Parachute Bayloill for the insertion of the
aft section of the Recovery Bay and will be attached using shear pins. This will create the second
separation of the launch vehicle and will allow the Main Parachute to be deployed. The fore
bulkhead of the Payload Bay will bmounted with the black powder charges used for the
deployment of the Main Parachute. This bulkhead will also have a steel eye bolt to which the Main
Parachute shock cord will be connected via quick disconnect. The sleeve of the Payload Bay will
be insertd into the aft section of the Main Parachute Bay. The Main Parachute and its shock cords
will be stored in the center section of the Main Parachute Bay.

Payload/Observation Bay

The  Payload and
Observation Bay will be - 4.00}__
positioned together in one :
carbon fber tube having a tota
length of 18.5 inches and I.OO—'

constant inner diameter of 3. | @)
inches. This can be seen i *
Figure 42.1.2.1.16. Two ;7—
bulkheads will be positioned a 400

each end on this tube and a thil &

bulkhead will be position

between the Payload an
Observation Bay sections,
separating each from on o
another. The bulkheads will bc

made of birch plywood laminated  Figure4.2.1.2.1.16: Payload/Observation B

with three layers of carbon fiber.

Attached symmetrically around the bulkheads at each end of the tube, using stesddlaiap
screws, will befour L-brackets. Each4bracket will provide an area where the bulkheads can be
attached to the body tube using the steeltftstd cap screws. This allows the outside bulkheads
to be easily removed when avionics or the Payload Acquisition System (B&@® to be installed,
modified, or repaired. The middle bulkhead will be epoxied in place and will not be removable.
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The fore section, in front of the middle bulkhead, is the Payload Bay. The top 3 inches of
this section is a shoulder and has a 4 inclerodiameter. This shoulder slides into the aft section
of the Main Parachute Bay and is connected via the aft bulkhead using steehflatap screws.
Contained inside this section is the Payload Acquisition System (PAS). Along the outside of this
secton is a 3 inch by 6 inch door that will be attached to the launch vehicle using a hinge. After
the payload is inserted, the PAS will close this door and the door will be kept closed with magnets
installed on the inside of the door and Payload Bay.

The dt section, behind the middle bulkhead, will be the Observation Bay. Inside the
Observation Bay, two centering rings made of birch plywood will be epoxied in place, and will be
used to hold the Observation Bayh®sectiarvtwoini ¢cs s
inch holes wild|l be drilled symmetrically arou
avionics board. Il n these 6windows6, two Vview
casting epoxy. Mirrors will be mounted these fairings to allow viewing of the fore and aft
sections of the launch vehicle from the inside of the bay. The bottom 3 inches of the observation
bay will be a shoulder that will have airch outer diameter. This will be inserted into the motor
bay and will be connected via the fore bulkhead using steehfiaid cap screws.

Motor Bay

The Motor Bay, which can be seen in Figur2.2.2.1.17, will be 30 inches in length, will
have a 4inch inner diameter and will be constructed out of four layecaddon fiber. Three slots,
8 inches long and 0.5 inches wide, will be cut into the aft section of the fuselage for the fins to
slide into. These fins are mounted directly on the motor tube within the Motor Bay and are a part
of the motor tube assembly. hi design allows the entire motor tube assembly to be modular,
making the assembly easy to be inserted and removed from the Motor Bay. This can be seen in
Figure 42.1.2.1.18. Having the fins attached to the motor tube assembly, instead of directly

"t
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Figure4.2.1.2.1.17: Motor Bay
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attaded to the outside of the motor bay, adds further protection and strength to the fins. Since the
fins are not epoxied directly to the motor bay, they can be easily removed and replaced from within
the motor tube assembly when necessary.

Fins

Therewill be three fins made of carbon fibe
PLA plastic. The fins willbe 3D printed Figure
4.2.1.2.1.19, and will be coated with epoxy t(
protect the fins from moisture. The modified airfg
shape of the fins will be discusseawre in detail in
the next setion.

Figure4.2.1.2.1.19: New 3D pinted fins
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4.2.1.2.1.2 Performance Characteristics, Evaluation, and Verification Methods

Table 42.1.2.1.21: Performance Characteristics, Evaluation, and Verification Method Table

Component

Characteristic

Evaluation

Verification Method

Body Tube

The body of the lanch vehicle must
be strong enough to withstand tk
compressive launch forces and mu
protect and prevent damages to t
avionics during the landing impac
It must also be light enough to allo
the launch vehicle to satisfy apoge
requirements.

Body tubewill be made of multiple layers o
carbon fiber using a wet layp method.
Simple hand calculations will be performe
to determine the launch forces the body ty
will experience.

Materials testing was performed on
sample of the manufacture carbg
fiber. Using the mateal properties
and Y o0 u n g 8 sdetevhmet
from static load testing, critica
buckling forces were obtained.

Bulkhead and
Steel Eye Bolt

The bulkhead must be stron
enough to withstand the impuls
caused by the parachute sho
cords yon discharge.The steel
head cap screws used to attach
bulkhead to the body must not she
the body tube when this impulse
applied.The steel eye bolt must als
be able to withstand the impulse
the parachute shock cords durir
parachute deploynm¢, and not be
pulled out of the bulkhead.

Each bulkhead will be constructed out |
two rings of “4inch thick birch plywood and
will be laminated on both sides with carbd
fiber. Each bulkhead will be attached to tf
body tube through 4 attachment poinsgg
4 steel head cap screws to dissipate
impulse. Simple hand calculations will b
performed to determine the parachy
deployment forces the bulkhead mu
withstand.

A statics load hang test was perform
on a body tube bulkhead attachrhe
setup. Loads were suspended on
shock cord that is attached to th
bulkhead of the body tube to verify th
bulkhead could withstand the loa
without shearing the body tubésing
the same setup, loads were droppec
verify the bulkhead attachment sety
can withsand the drop impulse
without shearing the body tube.

Centering
Ring

The centering ring must be sturg
enough to hold the avionics plate
place during launch and landing.

Birch plywood with guiding slots for|
positioning the avionics sled into the boq
tube will be epoxied in plac&he centering
ring slots will tightly fit around the avionsc
sled to ensure a secure fit.

The recovery bay with its centerin
rings and avionics sled attached insi
will be placed on a shake table, {
verify the avionics sk will not
become loose during flight.
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Fins The fins of the launch vehicle mug PLA-plastic fins may be layered withcarbd Per f or m | oad t es
be strong enough to prevern fiber. Strength testing must be done to se( of maximum pressure during fligh
bending or becoming damage carbonfiber laminate is necessaryhe use | using testing equipment from th
from landing impact. of forward sweep on the trailing edge { Dynamic Structures Lalhis will be

prevent direct initial impact when landing.| done to analyze the bending properti
of the fins and ensure that the fin ca
withstand the aerodynamic forces
will experience during flight.

Nose Cone The Nose Cone of the launc| 3D printed PLA plastic Nose Cone wit| Low-speed wind tunnel testing will by

vehicle must be strong enough
withstand the aerodynamidsrces
it will experience during flightlt
must also protect the avionics ar
antenna from flight forces an
landing impact.

sufficient thickness to withstand impac
Simple hand calculations will be made |
ensure th possible Nose Cone forces are |
excessive.

performed on the Nose Corihe data
will be scaled up to higher speeds
accurately find the drag the Nose Co
will experience.Compression testing
will then be perforrad on the Nose
Cone using the equipment in th
Dynamic Structures Lab to ensure tl
Nose Cone can withstand the drag a
impact forces it will experience durin
flight.

Bulkhead and
Steel Eye Bolt

within  Nose
Cone
Shoulder

The bulkhead within the Nose G®

shoulder must not shear the No
Cone when the impulse from th
parachute shock cord is applied to
during its deployment.

The bulkhead will be attached to the No
Cone using 4 steel cap screws to dissip
the impulse over 4 areasSimple hand
calcuations will be performed to
approximate the force the Nose Col
bulkhead will experience.

A statics load hang test was perform
on a Nose Cone bulkhead attachme
setup. Loads were suspended on
shock cord that is attached to th
bulkhead of the Nose @e to verify
the Nose Cone could withstand tk
loads without shearing. Using th
same procedure, loads were dropped
verify the Nose Cone attachment set
can withstand the drop impuls
without shearing the body tube.
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Engine Block
of the Motor
Bay

The engine block must withstang
the launch vehicle motor launc
forces.It must take the bulk of thes
launch forces and prevent the mot
tube assembly from sliding up int
the launch vehicle.

The engine block will be made of 4 layers
birch plywood epoxiedogether and will be
laminated with carbon fiber at each eftle
engine block will be epoxied in place i
front of the motor tube assemblimple
hand calculations will be performed ft
approximate the loads and stresses
engine block will experience.

A static load test will be performed o
an engine block using equipment fro
the Dynamic Structures Lab to ensu
that the engine block can withstand t
launch forces.
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4,2.1.2.2 Aerodynamics

The aerodynamic features of the launch vehicle includes the Glarsg, fins, as well as
the motor selection which has been identified in Secti@14.3. In addition, the Nose Cone
shapewasanalyzed to determine an aerodynamically efficient shapeniliabe utilized for the
launch vehicle. Information on both dgss will be described more in detail in the section devoted
to their selection rationales. The system level performance characteristics based on the
aerodynamic features of the launch vehicle are defined and rationalized in the following sections.

4.2.1.2.2.1 Selecton Rational, Concept, and System Characteristics

Modified Airfoil Fins

The launch vehicléasthree fins with a modified airfoil shape. From flow visualization
testing, it was determined that the fins were able to be compared to a NACA 0008 airfoil shape.
The characteristics of this airfoil was obtained using XF@id gave the following plots below,
Figure4.2.1.2.2.11.

A full analysis on the fins and the testingsvpreviously shown in Section 4.2.1.1.2.2 of
the report and wind tunnel test report caridaend in Test Report3tof Appendix A.

Cl/Cd Cl/alpha

Cm/alpha Cd/alpha

Figure4.2.1.2.2.11 Airfoil characteristics for a
NACA 0008
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A scaled version of thigns were used on the subscale launch velfiigkt. The fins came
back in one piece at a flight altitude of about 7,000 feet above ground level. From this test, we
have concluded thahe fin shape will be rigid and will be able to handle the loads for the full
scale launch vehicle. The results from analyzing the video of the subscale launch show that the
rocket was stable and did not weatherc@dditionally, based off of the fulcle launch, the fins
were able to stay intact once launched off the launch rail, and by analyzing the results, it was
observed that the fins successfully reverted the launch vehicle to its vertical flight path while winds
speeds of approximately 20 mph wepplied to itThe stability of the launch vehicle seemed to
correlate with the results fro@penRocketvhich show that the analysis from the siatidn
software are viable. Th#imensions are shown below.

—{ [~.50 T
, 8.00 |

Figure4.2.1.2.2.12: Full-scalefin dimensions

Nose Cone Shape

The nose cone shape is critifar the launch vehicle. A poorly designed nose cone can
change altitude by more than a hundred feet as obser@ukimRockesimulations and numerical
calculations. Therevere two configurations thatvere being considered for the launch vehicle
design:the ellipsoid nose cone and the Von Karman nose cone. The comparison between the two
are shown in Figuré.2.1.2.2.13 below. The nose cone will bel3 printed, which led to the down
sizing of options to these two due to manufacturability. The nose cosiebmwable to hold the
electronics, as well as withstand the largest pressure due to aerodynamic forces and ground impact.

California StatePolytechnic University, Pomorj&9



. b
i 1 : =

L

Figure4.2.1.2.2.13: Comparison of ellipsoid (left) and Von Karman (right) nose cones.

In order to make accommodationsr favionics, the
body must be hollow. The original design required the n
cone to be printed in two pieces. However, this led to ha\
to bolt the two pieces together with limited amount of ar
This led to structural integrity concerns which ultimate
pushed for a new design. An alternativ® Jrinter with a
larger print areavasused to manufacture the nose cone. T
led to the design shown in Figu4e2.1.2.2.13. The nose cone
is currentlyone solid piece andavill have a holloweebut
interior foravionics, as shown in Figue2.1.2.2.14.

The ellipsoid nose cone and body tube of the laui
vehicle have an estimated drag coefficient of 3.9IDhis
value is larger than the Von Karman nose cone drag coeffic
of 3.5x10°%. However, there is a sifficant difference in base
drag. With the ellipsoid nose cone having a base drag valt
0.46 and the Von Karman having a base drag value of 0.5

The nose cone shapes were put to the test in the v
tunnel to view the base drag effects since it Gbutes the
most to the drag build up. After testing, the shape choser Figure 4.2.1.2.2-4: Nose
the launch vehicle is the ellipsoid nose cone. The testing o:  Cone Transpareitiew
water tunnel models is shown in Test Report #4 in Appenuix
A.

However, as mentioned earlier in the report, therimdl walls of the nose cone will need
to be lined with fiberglass in order to increase its structural rigidity. During thedalé launch
test, which will be discussed more in detail in Section 4.7, ibepBnted nose cone had sheared
at its attachm@t points resulting in the team to-egaluate the use of the PLA plastic. To mitigate
the risk of a repeated nose cone structural failure, an additional nose cone will be constructed
simultaneously by implementing a molding process. Additionally, if martufing the nose cone
proves to further bring unfavorable results, a commercial nose cone will be purchased, however,
it is to be noted that this commercial nose cone may no longer maintain the elipap@as the
team had dowaselected to. This is maly due to the fact that ellipsoid nose cones are not readily
available and Von Karman, or ogive, shapes are available for purchase from various high powered
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rocketry sites. The change in nose cone shape will not be determined until the fisalkill

launch vehicle is completed, which is projected to take place after the submission of this report.

4.2.1.2.2.2 Performance Characteristics, Evaluation, and Verification Methods

Table4.2.1.2.2.21: Performance Characteristics, Evaluation and Verification Methods

vehicle must be
aerodynamically
efficient.

Performance Description Evaluation Metric Verification Metric
Characteristics

Optimal The center of| The distance| Determine the location of the
Stability gravity must be| between center of center of gravity by
positioned fore| gravityand center of| performing a balance test an
of the center of| pressure must bg marking this point and
pressure with al measured to 4 recording the distance aft o
stability margin | desired stability | the Nose Cone. To locate th
between 1.5 and marginbetween 1.5/ cent er of pr e
2.5 calibers. and 2.5diametersof|t e st 0 wi || b ¢

the launch vehicle.| subscale launch vehicle.
g‘;ﬁ;‘é”\:\%" be dt(r)];?e This location will be measureq
by optimizing mass aft of theNose Cone, and thg
y distance between the tw
distributions along points will be measured
the length of the| gy piity will be additionally
vehicle. verified by observing the flight
trajectory to apogee during

subscale launch test.

Low Drag The launch | The fins and Nose| Computational fluid dynamic

Cone shape will be
designed to provide
minimal drag based
off research on their
previous

performance
high-powered
rockets.

on

analyses will be performed o
the fins and Nose Cone
Results will be compared t(
drag valus resulted from wind

tunnel testing using -B
printed models of the fins ang
Nose Cone, which will be)
placed withinan

Speed Wind Tunnel.
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Motor
Performance

The proper class
motor must be
able to provide
sufficient thrust

A Class K motor
will be selected,
based on impulse
and thrust values,

Full-scale launch tests wi
determine maximum altitude.

to propel the
launch ehicle to
the required
altitude  within
+75 feet, and
have a burn time
under two
seconds.

which will provide a
burn time of less
than two seconds|
Altitude hand
calculations  will

include motor
specification inputs,
and  OpenRocket
simulations will
corroborate  these
values.

4.2.2 Subsystem Level Design and Functional Requirements
4.2,2.1 Subsystem Level Design
4.2.2.1.1 Final Drawings and Specifications

The final drawingsof the Nose Cone electronics can be seenFigure 42.21.1-1. The
Arduino MEGA 2560 (See Tabk2.2.1.1-1 below for technical specifications) can be seen in the
figure above is mounted to the fiber glass avionics sled us#@strevg. Resting on top of the
Arduino MEGA is the Wireless XBee
shield with an SD card slot and XBe
mounted to the shield. A 900 MH:
antenna is connected to the XBee (s
Table 42.21.1-2 for technical
specifications) and transmits the data t
10 DOF IMU (Tadle 4.2.21.1-3)
collects. The 10 DOF and the GP
modules (Table4.2.21.1-4) are not
pictured in the figure because they a
soldered onto the underside of tf
wireless shied. An 11.1V 800mAh LiP
battery can be seen on the underside
the sled, and wilbe mounted using zp Figure 42.21.1-
ties.

1: Final Drawing of the Nose Cone
Electronics
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Table4.2.21.1-1 Specifications of Arduino

Microcontroller | ATmega2560
Operating Voltage 5V
Input Voltage 7-12V
Clock Speed 16 MHz
Length 101.52 mm
Width 53.3 mm
Weight 379

Table4.2.21.1-2: Specifications of XBee Pro

Frequency Band

902-928 MHz

RF Data Rate

10 Kbps or 200 Kbps

Outdoor / LOS range 9 miles

Supply Voltage

2.17 3.6 VDC

Transmit Current

229 mA

Data Interface

UART (3V), SPI

Transmit Power

Up to 24 dBm (250mW)

Table4.2.21.1-3: Manufacturer sensor specifications for theQIOF IMU.

10-DOF IMU Sensor Specifications

Sensor Model Function Precision Measurement Range
Number
d +245/+500/+2000 dps
L3GD20H Gyroscope | 8.75/17.50/70.00 mdps (Selectable)
+1.3/£1.9/+2.5/+4.0/+4.7/£5.6/4
LSM303 Compass 2051100 LSB/gauss 8.1 gauss (Selectable)
LSM303 Accelerometer 1/2/4/12 mg/LSB +20/+49/+8g/A69g (Selectable)
Barometer/ ) ) o -40to 185 °F; 0.30 to 1.09 atm
BMP180 Temperature -03hPa; .17m; +2 °C 1640ft to 29528ft)

dps= Degree per second
LSB = Least significant bit
g = Acceleration due to gravity
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Table4.2.21.1-4 Specifcations of Ultimate GPS

Satellites 22 Tracking
Update rate 1to 10 Hz
Position Accuracy| < 3 meters
Velocity Accuracy 0.1 m/s
Warm/cold start | 34 seconds
Vin range 3.05.5VDC
Current Draw 20 mA

Figure4.2.21.1-2: Observation Bay electronics assembly

The Observation bay electronics assembly shown in &ar2.1.1-2 consist of two Raspberry

Pi2 Bs (Tablet.2.21.1-6) and two Raspberry Pi Cameras (Tab21.1-5). The cameras shown

in the figure can be seen extending from the |
of the body tube usingD printed mounts. One 11.1V 1100mAHfEe LiPo batter will power

both Raspberry Pibs. A slot wildl cut in the s
reason why the battery is sunk into the board is because of the height and widtlofimdéthe

body tube surrounding the electronics assembly.
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Table4.2.2.1.1-5 Specifications of Raspberry Pi Camer:

Resolution 5 Megapixels
Video modes 1080p30
Optical size e

Sensor Image areg 3.76 x 2.74 mm
Dynamic Range | 67 dB @ 8x gain

Table4.2.21.1-6 Specifications of Raspberry Miodel 2 B+

RAM | 1 GB
4 x USB 2 ports

Power Rating 800 mA (4.0W)

Powersource 5V
Length 85.60 mm
Width 56.5 mm
Weight 459

4.2.2.1.2 Test Descriptions and Results
4.2,2.2 Subsystem Level Functional Requirements

The | aunch vehicl eds s 8dresshosvhbelowid Tablect2? o n a |l
1 along with the compomé of the launchvehicle desigrwhich satisfies the requirement. Since
the team is participating in the MAV competition, the recovery system is the only subsystem with
specified requirements.

Table 4.2.2-1: Launch Vehicle Subsystem Functional Requirements

Recovery Sytem Requirements Trace

Requirement Satisfied By

Requirement 2.1

The launch vehicle shall stage the deployment progue parasute launch sequenc
its recovery devices, where a drogue parachutl mnain parachute launch sequend
deployed at apogee and a main parachute
deployed at a much lower altitude.

Requirement 2.2 o
_ Ground ejection test befofell -
Teams must perform a successful ground ejeci scalelaunch

test for both the drogue and main parachutes.

Custom Drogue Parachute, Cust
Main Parachute
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At landing, each independesection of the launck
vehicle shall have a maximukinetic energy of 75
ft-1bf.

Requirement 2.4

The recovery system electrical circuits shall
completely independent of yipayload electrical
circuits.

Avionics Bay

Requirement 2.5

The recovery system shall contain redunds
commercially available altimeters.

Primary StratologgerCF and
redundant StratologgerCF

Requirement 2.6

An electronic form of deployment must bsed for
deployment purposes.

Copper Fireworks Firing System
Igniters (Electric Matches)

Requirement 2.7

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

SPSTkey switch

Requirement 2.8

Each altimeter shall have a dedicated poy
supply.

Eflite Lipoly Battery Primary (7.4
V), Eflite Lipoly Battery
Secondary (7.4 V)

Requirement 2.9

Each arming switch shall be capable of bei
lockedin the ON position for lanch.

SPST key switch

Requirement 2.10

Removable shear pins shall be used for both
main parachute compartment ande tlidrogue
parachute compartment.

Parachute Bay

Requirement 2.11

An electronic tracking device shall be installed
the launch vehiclend shall transmit the positio
of the tethered vehicle or any independegttion
to a ground receiver.

Adafruit GPS Breakout 66
Channel, 10 Hz

Requirement 2.12

N/A
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Any rocket section, or payload component, whi
lands untethered to the launch vehicle shidb
carry an aave electronic tracking device.

Requirement 2.13

The electronic tracking device shall be ful
functional during the official flight at the
competition launch site.

Adafruit GPS Breakout 66
Channel, 10 Hz

Requirement 2.14

The recovey system electronics shall not b
adversely affected by any other -board
electronic devices during flig (from launch until
landing).

Recovery System Bay

Requirement 2.15

The recovery system altimeters shall be physic:
located in a separate compaetmh within the
vehicle from any other radio frequena
transmitting device and/or agnetic wave
producing device.

Recovery System Bay

Requirement 2.16

The recovery system electronics shall be shielc
from all onboard transmitting devices, to avo
inadvetent excitation of tb recovery systemn
electronics.

Recovery System Bay

Requirement 2.17

The recovery system electronics shall be shielc
from all onboard devices which may generé
magnetic waves (such as generators, soler
valves, and Tesla coilsjo avoid inadvertent
excitation of the recovery system.

Recovery System Bay

Requirement 2.18

The recovery system electronics shall be shielc
from any other onboard devices, which m
adversely affect the proper operation ofet
recovery system electrars.

Recovery System Bay

4,2,2.2.1 Scientific Payload Design
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4.2.2.2.1.1 Key Components, Concept Features and Definitions

The key components of tiseientific payload are an inertisdeasurement unit (IMU) that
gatherslO axes of data. The IMU includes an accelerometersggpe, magnetic compass, and a
barometer. The IMU is unique due to its integrated sensors. All the sensors are built into the
breakout unit.

The second key component of the scientific payload is the Raspberry Pi camera system.
This system utilizes two caras that collegbicturesduring the launch. One camera will view the
top-half of the launch vehicle using an internal angled mirror setup, while the other camera will be
able to view the bottom half of the launch vehicle using a similar setup. The csyserm will
allow the team to watch the video recording of the flight and access any abnormalities during
flight.

The third key component is the GPS unit. The unit has built in data logging, as well as, an
internal antenna. This key features makes tbimmonent ideal for tracking the launch vehicle
during flight.

The fourth key component is the XBee Pro 900. It is a crucial component to the scientific
payload system. Without a functioning XBee, the data being collected by the IMU would not be
transmitte to the ground station. A kesupporting component of the XBee is the Arduino mega.
This unit will be handling all of the processing power and communication between the IMU, GPS,
and XBee.

4.2.2.2.1.2 Selection Rational, Concept, and System Characteristics

The scietific payload for the launch vehicle consists of the electronics within Module 1
and 3. Module 1 contains the Arduino mega with an Adafrtib@FF IMU breakout, an Adafruit
GPS breakout and an XBee Pro 900 RPSMA. Module 3 contains the Raspberry Pi and the
Raspberry Pi camera module. Each section of the electronics, in Module 1 and 3, are mounted on
an electronics sled.

Nose Cone
Adafruit 10-DOF IMU Breakout

The Adafruit 16DOF IMU breakout board, shown in Figur4£.2.1.21, was chosen due
to the multitwe of quality sensors contained on one board. TRBQB IMU breakout board
provides three axes of accelerometer data, three axes of gyroscopic data, three axes of magnetic
data, barometric pressure/altitude and temperature data. The scientific datadgther this
board will be streamed to the GCS during flight. The featured board is slightly larger than a quarter
and has a mass of 0.10 ounces, thus provided the most scientific data without having a large
footprint on the launch vehicle.
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Figure 42.22.1.21: Adafruit 106DOF IMU Breakout Board

XBee Pro 900 RPSMA

The XBee Pro 900 RPSMA, shown in Figure
4.2.2.2.1.22, will be the interface between the data collected
by the Arduino Mega and the GCS. The XBee Pro was
chosen due to its heritage of relidglp from the previous
years. The XBee Pro is used as an-aftthebox RF
communications board, that is, it will be capable of ’
integrating with the other electronics in Module 1 without Figure4.2.2.2.1.2 XBee Pro
heavily modifying it. The XBee Pro is 0.962 inches by 1.312 900 RPSMA
inches,provides a 156 Kbps RF data rate and can provide a
signal from up to 6 miles away with a high gain antenna.

Adafruit Ultimate GPS Breakout
Ultimate GPS

The Adafruit Ultimate GPS module, shown in Figur2.2.2.1.23, 3;":‘3:’;,,"
was selected to be the component that providegpdsition of the launch a2asss
vehicle, satisfying Requirement 2.13. Due to its low 20 mA current dra

electronics within Module 1. The Ultimate GPS module provides a-ipuilt

dataloggig capability and is able to track up to 22 satellites on 66 channg

This provides the team a guarantee that there will almost always b

satellite overhead to track the launch vehicle. The module is capable

producing up to 10 location updates perosel; which is highly desirable Figure

as the ascent time of the launch vehicle lasts less than 20 seconds. 42.2.2.1.23:
Adafruit Ultimate
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Arduino Mega 2560 R3

The Arduino Mega 2560 R3, shown in Figur@.2.2.1.24, microcontroller will be the
communication hub in which all of the electimtransfer data is to be sent out of the launch
vehicle through the XBee Pro. The Arduino Mega was
selected due to the increase in SRAM that was required to
enable the use of the previously stated electronic modules.
This would allow for the launch veléc to stream a
plethora of scientific data live to the GCS. Rather than the
Arduino Uno, the Arduino Mega was an optimal choice
as it has ten more analog inputs than the Arduino Uno,
which has six. This is a key point to cover as the Adafruit
10-DOF IMU breakout board alone will require more
analog inputs than the Arduino Uno can provide. The

. Arduino Mega is about 4 inches by 2 inches. This long but
Figure4.2.2.2.1.24: sleek form factor allows for the microcontroller to be able
Arduino Mega 2560 R3 to fit into the Nose Cone.

Observation Bay
Raspberry Pi Camera Module

The Raspberry Pi camera module, shown in Figure
4.2.2.2.1.25, was the primary choice for the Observation Bay in
Module 3 as it is capable of recording in slowation and in time
lapse mode. The form factor of the Pi camera allowstédam to
place the camera anywhere within the launch vehicle. A longer flex
cable may be installed to allow for the Pi camera to be placed further
away from the Raspberry Pi microcontroller. Two Pi cameras will
be used to record visuals fore and aft @ Bunch vehicle. The Pi
Camera has a maximum frame rate of 90 fps, which is highly valued
as the ascent time of the launch vehicle lasts less than 20 seconds.

Figure4.2.2.2.1.25:
Raspberry Pi Camera
Module

Raspberry Pi 2 Model B+

A Raspberry Pi was selected for the Observation Bay located in M8caflehe launch
vehicle. The Raspberry Pi will be the communications hub for the Raspberry Pi camera modules,
similar to the function of the Arduino Mega. The Raspberry Pi, shown in Figure 4.2.262va3
the selected microcontroller due to the fact tha Raspberry Pi camera modules are only created
for the Raspberry Pi microcontroller. Two Raspberry Pi microcontrollers are to be used since there
is only one camera interface installed. The Raspberry Pi has a 900 MHzaregurocessor that
enables th use of recording video and taking screenshots at the same time at a high frequency.
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Figure4.2.2.2.1.26: Raspberry Pi 2 Model B+

4.2.2.2.1.3 Performance Characteristics, Evaluation and Verification Methods

Shown in Table £.22.1.31 below, are the performance characteristics for the scientific
paybad along with each of the evaluation metrics and how these metrics will be verified.

Table 42.2.2.1.31: Performance Characteristics, Evaluation and Verification Methods

Component Characteristic Evaluation Verification Method

Using a rotation table,

Measures .| place IMU on table with
. From Spec Sheet: i
acceleation, accelerometert2 calculated rotation speed
10-DOF IMU gyroscopic, ~<9 and set distance from

magnetic field, and dgeg?esecpoepr-es:eiiicc)i center, and compare

pressure what IMU is reading to
actual values

From Spec Sheet:
Raspberry Pi Captures video Supports 1080p30,
Camera footage of flight 720p60 video

recording

Set up camera on the
ground and test the vided
quality

From Spec Sheet:

" i Measuring how accurate
Position accuracy: <

unit is using a known

GPS Measures position 3m N )
Velocity accuracy: 0.1 position and comparison
m/s "7l to an alternative GPS

Set up IMU and XBee
and transmit data from
over a mie away to
simulate launch vehicle
in flight

From Spec Sheet:
Range: up to 6 miles
w/ antenna
156Kbps data rate

XBee Pro 900 Transmits data
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Processes and
stores data from From Spec Sheet:
Arduino Mega IMU and GPS, Clock Speed 16Mhz
sends out datato| 54 Digital /0O pins

XBee

Set up IMU, XBee, and
GPS wunit and run all
three to verify the Mega
can hadle the process

4.2.2.2.1.4 Precision of Instrumentation and Repeatability of Measurement

Sensor precision values for the -DOF IMU were located via respective sensor
manufacturer datasheets, and are tabulated below inZ.al#2.1.41. These values are adequate
for scientific payload application; the quality of flight data is more likely to be affected by sample
rate. To test instrumentation precision, 10 samples per second will be considered as the minimum,
while considering a rate of 15 samples per secondeagdal.

Measurement repeatability is expected to be within 90% of norm since expected
accelerations will be well within manufacturer designated maximums. Empirical testing will be
required to verify this.

Table 42.2.2.1.41: Manufacturer sensor specifins for the 16DOF IMU.

10-DOF IMU Sensor Specifications

Sensor Model
Number

L3GD20H Gyroscope | 8.75/17.50/70.00 mdpg

Function Precision Measurement Range

+245/+500/+x2000 dps

(Selectable)
+1.3/%£1.9/+2.5/+4.0/+4.7/£5.64/
LSM303 Compass 2051100 LSB/gauss 8.1 gauss (Selectable)
LSM303 Accelerometel 1/2/4/12 mg/LSB +20g/+49/+8g/+16g (Selectable]
Barometer/ ) ) o -40to 185 °F; 0.30 to 1.09 atm
BMP180 Temperature -03hPa; .17m; +2 °C 1640ft to 29528ft)

dps= Degree per second
LSB = Least significant bit
g = Acceleration due to gravity

4.2.2.2.1.5 Scientific Payload Integration
4.2.2.2.1.5.1Integration Plan

The Integrated Avionics Package (IAP) will be comprised of all electronic components
responsible for measurements, recordings, as well as transmissiatadd the Groun@ontrol
Station. The IAP will be mounted onto the electronics sled within the Nose Cone. The sled will be
mounted in the Nose Cone by the use of integrated eboard slots designed into the 3D printed Nose
Cone, which will secure the sled in place.
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