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Common Abbreviations & Nomenclature

AGL
APCP
ARRD
AV
BP
CDR
CG
CP
EIT
FAA
FMECA
FN
FRR
GPS
HEO
HPR
HPRC
L3CC
LCO
LRR
MAE
MSDS
MSFC
NAR
NCSU
NFPA
PDR
PLAR
PPE
RF
RFP
RSO
SL
SLS
SME
SNB
SOwW
STEM
TAP
TRA
UART
VTX

above ground level

ammonium perblorate composite propellant
advanced retention and release device
avionics

black powder

Critical Design Review

center of gravity

center of pressure

electronics and information technology
Federal Aviatio Administration

failure mode, effects, and criticality analysis
foreign national

Flight Rediness Review

Global Positioning System
HumanExploration and Operations

High Power Rocketry

HighPowered Rockeyr Club

Level 3 Certification Committee (NAR)
Launch Control Officer

Launch Readiness Review

Mechanical & Aerospace HngeringDepartment
Material Safety Data Sheet

Marshall Space Flight Center

National Asociation of Rocketry

North Carolina State University

National Fire Protection Association
Preliminary Design Review

PostLaunch Assessment Review

personal protective equipment

Radio Frequenc

Request folProposal

Range Safety Officer

Student Launch

Space Launch System

subject matter expert

Simulated Navigational Bean

statement of work
ScienceTechnologyEngineering, and Mathematics
Technical Adgbry Panel (TRA)

Tripoli Rocketry Association

Universal Asynchronous Receiver/Transmitter
Video Transmitter
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1. Hight Readiness Review Report Summary

1.1 Team Summary

1.1.1 Team Name and Mailing Address
Team Name: HigRowered Roketry Club at NState
Mailing Addess: 9110val Drive, Raleigh, NC 27695
Primary Contact: Harvey Hoopes IV (Email: toges@ncs.edu; Phone 91389-3757)

1.1.2 Mentor Information
Name: Dr. Charled / K de@l ¢
Email: chall@ncsu.edu
TRA Certification Numbt.evel: 14134, &ével 3
Name: Alanwhitmore
Email: acwhit@nc.rr.com
TRA Certification Number/Level: 05945, Level 3
Name: Jamest WALWiagston
Email: livingston@ec.rr.com
TRA Certification Number/Level: 02204, Level 3

1.2 Launch Vehicle Summary
1.2.1 Size ad Mass

The launchvehicleas builtis 98 inches long with a diameter of 5.5 inches. The takeoff weight of

the launch vehile is39.2 pounds

1.2.2 Final motor choice.
The launch vehiclshallutilize an Aerotech L1150R motor.

1.2.3 Official Target Altitude
The teamisdeclaring a targt altitude of 40D feet.

1.2.4 Recovery System
The team shall utilizan 18inch drogue parachutdhat deploys at apgee and a 108&hch main
parachute that deploys at 500 feathichare both controlled by a redundant altimeter system.

1.2.5 Rail S
The launch velsie shall launchrébm a12foot long 1515 rail.

1.2.6 Milestone Review Flysheet
This document has been subngitt separgely.

1.3 Payload ExperimentSummgst ¢ KS 91 3fS FyR GKS 933

The team aims for the payload to successfully eject fromahad vehicle arm the motors, and safg
fly to and deliver the simulated navigational beacon. To accomplish the misseteam wil utilize a

LI &8f2FR LIRRX RSaAIyI2dERS GIKKSS ¢ 9 2> &l raGKchaubiiclaist A >f ¢

in flight. The purpose of th Egg is to protedhe UAV, provide the UAV a means to sgjht, and to
act as a place to take offdm once helaunch vehiclénas landed. A receiver will be placed fand of
the payload bay on a removable bulkhead that will receivsignal from thehandheld radio
transmitter. This receiver will activatepgeprogrammedcontroller that will control dlthe electronics
involved in deploying the payload
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2. Changes Maderg&e CDR

2.1 Changes Made to Vehicle Criteria

Change Reason for Change

Fintab shape &ad dimensions weradjusted.

The slots cut in the fin can to locate the fins we
not placed as expectecausingnterference
between the fin tabs and the motdiock.See
Section3.1.1.1for more details.

Nosecone ballastvasincluded.

Upon arrival, each of the airframe components
particularly the nose caz were ligher than
expected. Nose cone ballast was needed to
achieve an acceptable stability margBee
Section3.1.4.6for more details.

Sixshear pins will be used to connect the paylo
bay to the main paraalte bay.

During the attempted launch on February 9, the
main parachute wadeployed prematurely and is
believed to be a result of infficient shear pi
strength. See S#ion 3.1.1.3for more details.

Lead Screw pitch change and addition of gears

2.2 Changes lde to Pgload Criter

a

Gears were added to thetepper motor gstem to
increasethe torque.

PodFlap Shape Change

The pod flaps are now open at the top to allow t
UAV space to takdf in mare situations.

Vertical pins added to payload pod

The pins will allow the drone to take off smooth
and in avertical directon and keep thelrone from
slidingduring flight.

Electrical Relay added to latch circuit

An electrical relay was addéd ampliy the
voltage going to the retention latch.

Quick Disconnects changed to more effective
model

New quickdisconnects were pehased because
others kept breaking

AA Battery packs have been moved

The AA Battery packs have been moved to the
insideof the Nosecone.

Addition of Electronics Cover

A cover has been added to protect the Arduino
and wiring from iAflight forces.

Addition of latch terninal block

A termnal block has been added for easy acce
to the payload latch system.

Increased motospeed

The speed of the motor has been increased to
deploy the pod faster.

Battery protection sled streamlined

Thebattery protectionsleds were streatimed
along the lmgest axis of the pod.

Folding arm hinge slot increased

The hinge slots on the arnf the drone increased
in angle by three (3) degrees to fold the arms i
further.

Hinge slot radius increased

The hinge slot radius wasicreased to redce
friction between the metal rod and the hinge.
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The electronicwitch wasadded to have a
Electronic Switch added for Solenoid mechanism to activate the solenoid when
necessary.

A different VTX is begnimplemented thawill
operate ata lower power output.

2.3 Changes Made to Project Plan
The recovery failure during the vehicle
demonstration flight caused the tearo te-
evaluate the shear stretig of the #440 rylon
Additionof SheafPin Failure Test shear pins usd at separation points. This test
was executed to allow the team to choose a
more acacrate nunber of shear pins at the main
separation point.

The team found tht the UAV was qable of
flying far over 20 minutes at a time and found
requirement 6.24 which called for over 1.5 mile
of flight distance to be excessive. This number
was reduced to 0.5 miles.

VTX changed to lower poweutput

Changed TDR 6.24 and the Adverse Condition
UAVFlight Test

All test results added All results of tests have been addexdSection6.1
Prior to md-Februay the team did not know how
Budget updated to reflect Spring Student much funding would be given by Student
Government Appropriations Government at NC State. Funds have now bee
allocated andhe current docunent reflects this.
ReFormatting of Requirement Verification These tables were rformatted to better reflect
Matrices the verification proess.
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3.

Vehicle Criteria

3.1 Design and Construction of Vehicle
3.1.1 Changes to Launch Vehicle

3.111

3.1.1.2

3.11.3

Fin Tabs
Theoriginal desigrof the launch velile included a 6inch long fin tab which would

be attached to the interior of the lauhovehicle Due to errors in the fin slot locations
as discussed in Secti@l.4.7 the fin tab sizes had tbe adjusted. Fst, the total
lengh of the fin slots are 6.125 inches rather than 6 inches. In addition, the motor
blocdk now inerferes with part of the fin slots and therefore the fin tab had to be
reduced. Part of the fin tals still present to filllhe space of theiti slot but does at
enter the interior of the fin can to attach to the motor tube. The final dimensimins
the fins, including the modified fin tabs, are showrFigure3-1.

Nose Cone Ballast

In the CDR it was repted that no nog ballast would beutilized. However, upon
material arrival, it was discovered that all body tubes dmlnose one were lighter
than anticipated. Bea#se of this, ballast was necessary in the tip of the nose cone
to maintain an acceptabl stability margi. For more detadl on the added ballast,
see Sectior3.1.4.6

Shear Pin Inease

It was initially believed that the #40 shear pins used had a shear strength of
approximately 70 Ib. However, during flight onbFeary 9", the main parachute
deployed around the same time that the drogue parachute was deployed and pri
to main ejection chages being ignited. The cause of this is believed to be insufficient
strength of the shear pins. Based on testing discuss8eation6.1.2 the shear pins
being used have a shear strength of between 35 to 40 Ib. Bea#uhis it has been
determined that six shear pins will be used.

3.1.2 Launch and Recovery Features

3.121

Structural Elements

3.1.2.1(a) Airframe

The launb vehicle airfrara is constructed mtirely offiberglass. Fiberglass is one

of the strongest commercially available rotkedy mderials and is also resistant

to water damage which will make the rocket as durable as possible. This will
enable the launch ehicle to be lauohed multiple times with nodamage as
required in requiremen®.7 of the Student Launch Handbook. For nealetaik

on the strength of the airframe, see Secti®3.1.1(a)

3.1.2.1(b) Fins

Each fin was consicted out of twolayers of 1/8 ich thick birch plwood. The

fin layers were epoxied using West Systems 2 part epoxy to the motor tlvie wi
the launch vehicle as well as at overlaps onto the exterior of the body tube. In
addition, the fin tabs were epoxilleted to theinterior of thebody tube and the
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exterior of the motor tube. Finally, the fins were epoxy filleted to the exterior of
the body tibe to create a smooth transition. For more details on the fin
construction process, see Sectidri.4.3and Sectior8.1.4.4

The dimensions of the cross section of the fins are shovguare3-1.

2.500 T 4.000

4.500

083

1.129

= 1.443 |= 5.682 - == 432

— 443

Figure3-1 Fin Dimensions

3.1.2.1(c) Bulkheads
All bulkheals werelaser cut from 18 inch thick birh plywood; the layers were
then epoxied together using West Systems 2 part epoxyrta fhe ful thickness
of each bulkhead. For more details on the construction process of the bulkheads,
see Sectior3.1.4.3

The nose cone bulldad was fabricated out of 6 layers of 1/8 inch plywood for a
total nominal thickness fo3 inch.However, after fabrication, the bulkhead
measured 0.72 ich thick, likely due to a slightly less than nominal thickness of
the plywood. This bkhead was fabrated with a diameter of 5.264 inches; this
is the measured inner diameter of the nosene sholder and was selected so
that the bulkhead would be abl®ffit and be installed but still maintain as much
diameter and theréore strength agpossible.

The ouer edge of the nose cone bulkhead was tapered to match the curvature
of the interior d the no® cone. For more details on this process, see Section
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3.1.4.6 Holes were drilled in the bulkheafter fabricationfor installation d the
U-bolt which will ultimately be secured to the main parachute shock cord.

To sedthe payoad bay from black powder charges at parachute deployment, a
plug is being utilized. This plug consists of two layers oflealt which are 383
inches in diarater and two layers which fill the shape of the end centering ring.
This plug ha a bt cut to allow the shock cord to pass through and also has a U
bolt attached to secure it after main parachute deployment. The plsgasvn in
Figure3-2.

Figure3-2 Payload Bay &}

The pug has rubber bands secured around the insert portion to hold it in place
during flight. It separates the main parachute bagnii the payload by and
provides aseal so that propepressurization for deployment is reached.

The AV Bay bulkheads weconstricted by epoxying three layers of plywood of
5.838 inch diameter, which is the inner diameter of the body tubes, and three
layers of 5.183 incldiameter, which ishe inner diameteof the coupler, together

for a total actual thickness of 0.72 inchhese hlkheads have two holes in each
which allow threaded rods to run through the AV bay. These threaded rods
support the AV sledsawell as securéhe bulkheads tothie AV bay couplein
addition, the bulkheads each have &blt attached to connectd eitherthe main
parachute shock cord or drogue parachute shock cord. Finally, the bulkheads
house the blast caps made of % inch diten®VC pipe capshich will hold tack
powder for ejetion charges as well as terminal blocks to connect charges to the
altimeters. The forward AV Bay bulkhead is showRigure3-3.
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Figure3-3 AVBay Bulkhead

Thefin can bulkhead was constructed of five layers of 1/8 inch birch plywood with
diameter of 5.38 inches with one additional layer with a 3.128 inch circular
cutout. This cutout matches the outer diametef the motor tubeand acts to
support the edge of tle motor tube. This bulkhead has adlt installed which is
offset so as not to intedre with the motor tube and will be attached to the
drogue parachute during flight.

The motor block was constructed 8flayers of birkh plywood epoxiedogether

with Wegd Systems 2 part epoxy for a total actual thickness of 0.96 inch. Each
layer has an ower diameaer of 5.383 inches with an inner diameter of 3.128
inches. The motor block is intended to withstand the liogdfrom the thrst of

the motor.

For details on thetrengths of each structural bulkhead, see Sec8dhl.1(b)

3.1.2.1(d) Attachment Hardware

Each bulkhead which is attach&mla length of shock cord has addlt installed
to allow for the connectionThe nose cone, Abay, and fin catulkheads each
utilize a 5/16 inch thick Yolt as these are the bulkheads which \eiperiene
the loading from parachute deployment. The fgd bay plug also has alidlt
to attach it to shock cord, however, thishdlt is only ¥ inclin diameter as tfs
U-bolt will not be experiencing any significant loading during flight. For details
the strength of the structural tholts, see Sectio8.3.1.1(d)

To connect the shock cords to theddlts installed in thebulkheads, 5/16rich
thick quick linksare used as shown igue 3-4.
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Figue 3-4 Quick link

Though no material properties were found for theick links it is asumed that
becaue they are the samthickness as the-bolts, they will be able to withstand
similar loading.

3.12.2 ElectricaElements

3.1.3 Flight Reliability Confidence
Based on the results of the tests and demonstrations described in Seécticmoupled
with the resultsof the first vehicle demonstration flight described in Sectof) the team
is confident that the launch vehicle will lmapable of fulfilling all criteria for mission
success adated in Section 3.1.3.1.

3.1.31 Mission Sacess Critéa
Mission success is defined firstly as compliance with theireoents of the NASA
Student Launch Competition as definedSection6.2.1as well as the team derived
requirements described isection6.2.2 The team has ab defined a successful
mission as one that achieves the targgogeeof 4090 ft.,safe landing witldrogue
parechute deploying at apogee andaim parachute deploying at 600 ft AGL,
deployment of UAV after landing, and placementlod beacon in the desigated
target area.

3.1.4 Construction Process

3141 Material Inspections
Throughout the build process, a few issues aroséhlite materials received from
vendors. First, upon inspecting the nose cone upon arrival, it was noticed that there
were chipson the tip, as Bown inFigure3-5.
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Figure3-5 Chip inNose Cone

Though this chip in the nose cone could cause unintended drag during flight, due to
GKS GSI YQa Id<omedble, detd winsSoRsufficidgit time to source a new
nose cone and wait for itot be shipped. Forhis reason, the team continueas
planned with this nose cone.

After the attempted launch on Februar{ Showever, a repair was made to the nose
coneto male it the proper fape. For more details on this repair, see Secddmi.6

In addition to the nose ate damage, upon inspecting the fin slots cut in the fin can
by the supplier, it was realized that they were cut in themg bcation. This wam
part due to a dinensioning error by the team, however, tfie tabs were adjusted

to account for this and néurther fixes were required. For more information on the
adjusted fin tabs, see Secti@nl.1.1

Finally, while lasecutting the bulkhead, centering ring, and fin layers, it wasiced

that the birch plywood was slightly warped |1 2 4 S@SNE | I Ay RdzS
accelerated build schedule, there was not time to order more plywood and wait to
recaveit. To mitigate thassue as much as possible, the parts of the wood that were

the least warped were used first and weights weregald on it while cutting to

ensure that the cuts were consistent and not affected by any inconsistencies in the
wood. Hovever, despite mitigatia efforts, this defect did cause obstacles during the
launch vdicle construction, such as causing a fin to bepsd as discussed in
Section3.1.4.7

All other launch vehicle materials were inspected upamivd and deemed
acceptable.
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3.14.2 Body Tube Construction
The first step in launch vehict®nstruction was to have the body tubes, couplers

nose cone shoulder, and motor tube cut to proper size once they arrived. Because
the team does not possess the properachirery to be able tocut the pieces
accurately, thg were measured and marked asgin inFigure3-6 and given to the
departmental machine shop to be cut.

Figure3-6 Measued Laugh Velicle Components

Once returned, the cuts were inspected and determined to notldaeel; each cut
was off to some degree, the workeing the fin can shown iRigure3-7.
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— ——————

Figure3-7 Fn Can Edge

To remedy this, each of the cut edges were sanded using 120 gritpsgner until
level. Once each of the components svsatisfactory, each was washed with soap
and waterto remove any residual mold release or other chemicals from the
fabrication process that cald affect the adherence of epoxy to the surface, as shown
in Figure3-8.

Figure3-8 Cleaning of All Fiberglass Launch Vehicle Components
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The sections of cougr for the payload baynd AV bay were then epoxied together
using West Systems 2 papoxy and allowed to cure for atdst 24 hourdefore
being handled. The payload bay and AV bay are showigume3-9.

ARER \

Aouchn wak )
2:40 pw o
\ 2

&
Figure3-9 Payload Bay and AV B2gupler Attachments

Thepayload bay and nose cone as well as the AV bdynzain parachute bay are
attached permanently during flight using threadee¢hut inserts. These inserts
consist of a coularpiece of 1/8 inctbirch plywood with a+ut inserted ashown
in Figure3-10.

Figure3-10 Permanent Threaded Inserts

The thickness of thenut which sticks out of the plywabis lbng enough to fiflush
with the edge of the coupler section in which it is shin. Four of these inserts are
used at each attehment point; the holes were spaced evenly apart and drilled with
the two sections taped together to ensure that the &slalgn as shown irrigure
3-11.
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Figure3-11 T-Nut Insert Had Alignment

The inserts were then epoxied into each of thé Bay coupler section and the nose
cone shoulder and allowetd cure for at least 2 hours as shown iRigue 3-12.
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Figue 3-12 T-Nut Inserts Attachment

Four evenly spaced 9/32 inch holes were drilled in the AV bay body tube section to
act aspressire ports as welas to allow access to the screw switches which control
the alimeters and the GPS.

Finally, holes were drilledtahe joints between the main parachute bay and the
payload bay as well as between the fin can and the AV bay for pireaiThe holes
were male to match the shear pin diameter so that they were large goio easi

fit the shear pins while also not img too loose.

3.14.3 Bulkhead Fabrication
All bulkhead and fin layers were cut using the VLS 6.60 Laser Table to provide

accurde and consistent dimasions. The layers were cut from sheets of 1/8 inch
thick birchplywood after meauring actual dimensions of th®dy tubes to ensure
correct sizing. To further ensure correct measurements and avoid wasting material,
one layer of thanotor tube centering ng was first cut and checked with scraps of
the motor tube andbody tube as showin Figure3-13.
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Figure3-13 Centering Ring Sizing

Because these dimensionswiell, the rest of tke bulkhead layersrad fins were then
cut all at once. It can alge seen irrigure3-13that the layers have two small holes
cut out of them; these holes were used to insert dowel rods ohioing the curing
process for the bulkheds to ensure that the layers did not slide or rotate in relation
to one another and stayed perfectly aligned.

Prior to epoxying the layers of each bulkhead, centering ring, or fin together, the
faces which would badhered to one andter were sanded withdw grit sand paper
and wiped with baby wipes as shownHigue 3-14. This is to give b&dr adherence
between the layers as theurfaces are rougher and free of any dust or other debris
that could interfere.
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Figue 3-14 Bulkhead Layer Preparatio

The bulkhead and fin layers were then adhereddther using West Systems 2 part
epoxy. Each completed bulkhead and fin were wrapped in peel ply, breather

material, andthen placed under vaeum and weight for 24 hours as showrFigure
3-15andFigure3-16.

Figure3-15 Bulkheads and Fitinder Vacuum
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3.14.4

Figure3-16 Bulkheads and Fins with Weight

Once the bulkeads were finished curing, they were removedirthe breather and
peel ply and the outer edges were sanded. This was done to renheviayer that
was charred by the &er atter and to roudp up the surface to allow for better
adherence when epoxied intihe launch vehicle.

Fin Can Construction

Constriction of the fin can began with securing the forward fin can bulkhead. The
bulkhead wa epoxied into the body tube usiMyestSystems 2 part epxy and was
aligned by also inserting the motor tube and motdodk into their proper places
without epoxy as sbwn inFigure3-17.

M
Figure3-17 Fin Can BulkheaAlgnment
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Because th fin can bulkhead has one layer of motor tube centering ring,motor
tube was able to sit in the bulkhead ardsure that it was placed properly and did
not tip or shift. In addition, to keep the bulkhead from moving forward, dlehwas
placed againsthe forward side of the bulkhead as shownFigure3-18to support

it.

Figure3-18 Fin Can Bulkhead Support

The body tube was supported on either side toymetit from rolling and the epoxy
was allowed to cure for at least 24 hours beforéngehandled. Once this epoxy was
cured, an epoxfillet was added to each side of the bulkhead to add strength. The
epoxy fillet was done using West Systems 2 part epamxy West Systems colidal
silica adhesive filler until a peanut butter consistencygweached. This combination
was then applied araud the outer edge of the bulkhead and onto the body tube to
act as a fiet. This is shown iRigure3-19.

Figure3-19 Fin Can Bulldad Epoxy Fillet

2018 NASA Stedt Launch | Tacho Lyc



NC STATE UNIVERSITY

While the bulkhead fillet wasuring, the motor tube and motor centering ring were
also installed. Epoxy was applied to the forward edge of the motoe toladhere
to the bukhead and was also adhered to the centering ring. The centeriggvas
epoxied using West Systems 2 part gptaxthe body tube and positioned to sit just
forward of the fin slots. Once this epoxy had cured for 24 hours, an egi@tyvias
added to theaft side of the motor centering ring on both the outer edge dhe
inner edge which is in contact with the nasttube. Since the fin can bulkhead was
already installed, it was not possible to fillet the forward side of the centeiimy

The fins were eeh installed at the same time as the motor centering ring filléte

fin tabs were epoxied to the motor tubesavell as to the centering ring and the
bottom surface of the fins were epoxied to the outer surface of the fin can. fke fi
were then placed ima jig which was laser cut to ensure that the fins remained at
exactly 90 degrees to each other while curingshown inFigure3-20.

Figure3-20 Fin Support \hile Curing

After 24 tours, epoxy fillets were added to the interior thfe fin can bth at the
outer surface of the motor tube and thaner surface of the body tube. The motor
block was then epoxied to both the body tube and the motor tube and positioned
aganst the aft end 6the fin tabs. Once this epoxy had cured forr@irs, an epoxy
fillet was added to the aft side of the motorduk and left to cure for 24 hours.
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Finally, epoxy fillets were added between the fins and the outer surface of the fin
can. Todo this, paintes tape was placed on the fin can and on the &tthe desired
location of the edge of the fillet. Then, epoxyxed with silica powder was spread
across the edge of the fin, then a large popsicle stick was used to create the desired
radius as well as tagr the forward and aft ends of the fillet. Twdldis were doneat

a time as shown ifrigure3-21 and allowed to cure for a few hours until no longer
malleable before rotating the fin can to do the next sdt.filletswere curedfor 24

hours prior to any loading.

Figure3-21 Fin Fillet Setup

Prior to installing the motor block, holes were marked and drilled and threaded
inserts were installed for the motor rainerto attach to. Teensure the holes align,
after the motor tube was installed ifné fin can, the motor casing, motor block, and
motor retainer were all placed in the fin can in their proper places. The holes were
marked through the retainer and drilfleacordingly.
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3.14.5

Paybad Bay Construction

To begin constructing the payload bay, ttentering ring which is positioned against
the caupler section was installed. This centering ring was chosen to be installed first
because it is one of the innermost cening rings and its loation was easily
identified. Next, the centering ring whichtiso inches from the edge of the coupler
section vas installed and the payload pod was placed through the two centering
rings while curing to ensure that they were propedlgned with each dter. Once
cured for 24 hours, the next centering ring, which whae centering ring flush with
the edge of the copler, was installed. Again, the pod was placed through all 3
centering rings while curing; however, while curing thisdj the payload bay wa

set upright so that gravity would assist in keeping this centgring flush with the
edge.

Once this centerigring was cured, upon inspecting the payload bay, it was noticed
that the shock cord slot did not align with the two preudy installed cengring
rings. It was initially believed that this most recent t&ing ring had been installed
backwards; howeverupon further investigation, it was determined that the two
interior centering rings were backwards. Initial attemptsDeenel out the shape
that the centering ring should have from what was already itestalvere made,
however, this was difficult to exate and too much damage was made to the initial
centering rings. As a result, the two incorrectly installed centeringsrivere
removed altogther and were remade.

Due to time constraints, it was necesgato install all three of the remaining
centeringrings at one time in order for the proper amount of curing time to be
allowed prior to launch. In order to be able tocampish this while stl maintaining
correct spacing, holes were drilled in each leé¢ tentering rings to allow for small
threaded rads to be placed through each centering ring. Nuts were placed on the
threaded rods and spaced apart to hold the centeniimgs in their propemlaces
relative to one another. This is shownRigure3-22.
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Figure3-22 Payload Bay Centering Rings

Because the centering ring in the middle of these theeddsgned to sit agaist the
coupler section in the interior of the payldabay, thiswas used to ensure that all
three centering ring were located in the correct spot. All three were epoxied into
the body tube simultaneously and, while curing, the pakwhced through allour
centering rings to ensure proper alignment.

Findly, the hdes on the removable payload bulkhead for thdorhckets were
mapped out on the surface as showrHigure3-23.
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Figure3-23 Payload Bay BulkheadBtacket Locations

The holes wererdled in these locations and thelirackets werénstalled onto the
bulkhead. The bulkhead was then positioned in the payload bay so as to align the
shock cord slot withihe slot in the centeing rings and holes were drilled through

the body tube to matclthe L-bracket locations.

3.1.4.6 Nose Cone Construction
Construction of the nose cone began with installing the nose cone ballast. A
measured amount of 0.375 Ib of lead shot vegmxed into the tip of the nose cone
for ballast. Once this epoxy was allowed toector 24 hours, the nose cone bulkhead
was instded.

The nose cone bulkhead was first sanded using a belt sander at a 6 degree angle to
produce a tapered edge. This amgVascalailated usinghe dimensions of the nose

cone and the tangent ogive equati@nd was produced on the bulkhead to allow

the bukhead to seat properly within the nose cone. The tapered bulkhead is shown
in Figue 3-24.
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Figue 3-24 Nose Cone Bulkhead

The bulkhed was then epoxied into the nose cone by plagingto the nose cone
until a snug fit was reached. This epoxy whewed to cure for 24 hours and then
an epoxy filletvas alded around the ater surface of the bulkhead.

After the February 9 attempted laiech, some changes were made to the nose cone
configuration. As discussed in Secti®i.4.] the nose cone was chipped when it
arrived from thesupdier. However, vth additional time, this was remedied by
reshaping the tip of th nose cone using Bondo Epoxy Clay as showigume3-25.
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Figure3-25 Fixed Nose Cone Tip

Findly, 3D printed inser$ were installed into the nose cone to provide a mougtin
surfae for the payload deployment battery packs. Thasserts are seen ifigure
3-26.
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Figure3-26 NoseCone BattenAttachment Inserts

As can be seen, these inserts attach to the cdrsarface of the nose cone but
provide a flat suiace for the batteries to attach to. Velcro is attached to the inserts

which will secure the battery packs during flight atached batery pack is shown
in Figure3-27.

2018 NASA Stedt Launch | Tacho Lyc



NC STATE UNIVERSITY

3.14.7

Figure3-27 Attached Battery Pack

By using the Velcro, the battery packs eemovable during preparation for flight
but will be seureduring flight.

Obstacles During Construction
Some obstacles were experienced dgrithe construction of the launch vehicle.

First,as a result of the warped plywood discussed in Se@&i@m.1, one of the fins
that was fabicated initially was déund to be noticeably warped. Though attempts
were made to stragjhten the original fin, the warping was too sifigant and was
deemed unacceptable; a new fin was fabricated and used in its place.

In addition, while installing the tleadedinserts into themotor block for the motor
retainer, one screw became jammedtire insert and broke. This insert then had to
be drilled out as shown ifrigure3-28.
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Figure3-28 Danmaged Threaded Inst

Once the damaged insert was drilled out, a spaes set inb the motor block using
epoxy. Though this is nats strong as if the threaded insert was in the bulkhead
itself, based on advice from team mentors and because it wasandof the twelve
total inserts, the team deemed this repair sufficient.

It was alsaealized during construction that due to dimeosing errors, the stepper
motor which deploys the payload pod would block the nose cone shoulder from
inserting fully. Beauseof this, a slotwas required to be cut out of the nose cone
shoulderas shown irFigure3-29. Because th@ose cone is permanently attached
to the payload bay by threaded inserts during flight, this did not affect any launch
vehiclke requiraments.

Figure3-29 Sld Cut in Nose Cone Shoulder

Finally, while instéihg the payload bay centering rings, it was discovered that two
of the centering rings had been installed backwarddialrattempts were mac to
modify the installed centering rings to still use them, lewer, during this attempted
repair, the centeringings were damaged too much and were ultimately removed
altogether. New centering rings were fabricated and installedeagibed inSection
3.1.4.5

While these obstacles werethideal, the team was still able to complete tlaeinch
vehicle build process with only a slight delay; because a bpéieod was built into
the schedule, this did nadffect the launch othe vehicle.
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3.15

3.151

Schematics of Fully Constructed Vehicle
The finaldimensions of the constructed launch vehicle presented inFigure3-30.

21.56 i -16.63 - == 22,38 = = 35.00 =
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Figure3-30 Dimensims Filly Constructeddaunch Vehicle

While some dimensions vary slightly, the overdlhensions are very close to the
intended designThe total length of the rocket without including the motor retainer is
97.57 inches.

Nose Cone

The nosecone shage a 41 ogive designThis siape has a larger interior space in
which the payloadieploymentelectronics can be stored aft dii¢ bulkhead. fiese
payload deployment electronics and their placement is discussed in Section 5.3.

The nosecone is 21.56 inches longhwa 2.94 inch long sbulder. A permanent
ballast of 0.375 Ib was installed into thip bf the nosecone to increase silty. The
nosxcone bulkhead is secured 5.44 inches forward from the end of the shoulder, as
this is the location where the maximum dieter of the tapered lulkhead fits
against the inside wall of the nosecone. Three 8iDted inserts are installed along

the inner sholder of the nosecone to provide a mounting surface for the payload
deployment battery packs, as shownRigure3-26 and Figure3-27. The total mass

of the nogcone assembly, including the added ballast, 3dted inserts, and
payload battery, is 3.1 Ib.

21.56

— 5.44
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Figure3-31 Dimensimsof Nose Cone Assembly
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3.1.5.2

3.153

3.154

Payload Bay

The payload bay is 22.12 inches long, with fourteemg rings spaced as shown in
Figure 3-32. The payload bulkhead is mounted on <brhckets and therefore
removable and is located 3 inches fréime forward end of thegpayload bay. Including
the payload, the payload bay assembhslzaveight of 8.2 Ib.

.50 == 25 25— |- 25—t [ =125

Figure3-32 Dimensions of Payload Bay Assembly

Main Parachute Bay

The main parachute bay is 22.B88hes long as showmiFigure3-33. It is positioned
betweenthe payload bay and the AV bay, and will house thain parachute and
shock chord. With the main parachute and shock chord, the weight of this section is
2.2 |b.

22.38 ‘

Figure3-33 Dimensions of Main Parachute Bay

AV Bay

The coupler section of the AV bay is Bi2ches long, with a body tube section of 2
inches as shown ifigure3-34. 2.75 inches of theaupler connects to themain
parachute bay, and 5.50 inches of the coupler connecthedin can. The weight of
the AV bay with the A¥led and electronic components is 4.1 Ib.
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3.1.55 Fin Can
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O

~=—2.00
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Figure3-34 Dimensions of ABayAssembly

- .38

The total length of the fin can is 35.001 inches. Forward efithcan bulkhead,
there is a 12.563nchlong £ction to house the drogue parachute and shock
chord. The motor tube sstflush with the aft end of the motor block andsatotal
length of 2.3125 in. The fin can bulkhead sits at the forward end of théom

tube and there is a centering ring locatetitle forward end of the fin tabs. The fin
can assembly is shown kigure3-35and has a weighaf 9.8 Ib including tle motor

casing.

Figure3-35 Dimensions of Fin Can Assembly

3.1.6 Difference fran Earlier Models
The current launch vehicldiffers from previous designs as discussed in Se&iband

Section3.1.1
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3.2 Recovery Subsystem
Successful recovery system performance begitisdravionics bay. For the recovery system,
the avionics bay houses two altimeters, the main altimeter and the redundéanteder. For
the full-scale, at apogee, a signal is sent from the main altimetehéatérminal block in the
drogue compartment, afof the avionics bay and forward of the fin can/motor Section. The
terminal block relays the signal through amatch toa smdl PVC cap housyrenough black
powder to complete the first separation, coverdy 3M electrical tape to secure the
electronic mach within the cap. The calculations for the exact black powder charge sizes are
described in Section 3.3.10 and will tessted in ground ejedbn tests prior to launch. The
transmitted signal will cause thiirst separation to occur, and the drogue paratd will
release. One second after apogee, a second, redundant altimeter will send a signal through
the terminal block irthe drogue compartmehto an Ematch inserted into a second, black
powder chargecontaining 0.5 gram additional black powder an identical PVC setup,
releasing the drogue parachute should there be an interruption or failure in the first, main
system chege. At this point, the first separation of the recovery system is complete.

The secad step of the recovery system is a success@dord separation and release of the
main parachute. For the fuficale launch vehicle, the second separation will oct@08 ft

AGL. At 60@AGL, the main altimeter, housed in the avionics bay, will serglectrical signal

to the terminal block in tB compartment housing the main parachute. The signal will transmit
from the terminal block through an-Batch connected @ a R/C cap filled wit an
appropriately sized black powder charge, secured with 3dttecal tape. This charge will
pressurize the mia cavity and forcefully separate the nosecone from the midsection of the
launch vehicle, releasing the main parachuteldgment bag. This wilallow for more time

during the unfurling of shroud lines anémchute opening, decreasing the force from the
parachute opening on the separated body sections. At an altitude of 550 ft AGL, a terminal
block to a second-Eatch conneted to a second, sepate PVC cap containirgg0.5 gram
greater black powder chargd f a2 &SIkt SR o0& LJ Ay dSgeaT@e G LIS
calculations for charge sizes are included in Section 3.3.10 and will also be tested with ground
ejection tests pior to launch. At thé point, the second, main separation of the recovery
system is amplete.
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Figure3-36 Recovery Events Overview

At each joint between separable sections, nylon shear pgreused to elsureno premature
sepaations of sections occur during flightwo shear pins were ad between the midsection

and fincan. Six shegins were used to join the midsection and forward section. Previously,
only two shear pins were used to join the midsentand forward sectio. During the first
Vehicle Demonstration Flight attempt, onlwa shear pins was found to be insufficient to
hold the forward section to the midsection during drogue deployment. This resulted in the
premature deployment of the maiparadute. Followingadditional testing of the failure
properties of the shear pinghe quantity of shear pins securing the forwarecton to the

midsection was increased to Six.
Following the competition rules, the team will always conduct ground teflsksack powder

ejection events as described in the Requirements Verification antinfeSection to confirm
to confidently separateaunch vehicle sections without damaging any components before

each flight. See Section 6.1.11 for more information.
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3.2.1 Desciption of Asbuilt Reovery System

3.211 Structural Elements
3.2.1.1(a) Avionics Sled

The AV sledvas onstructed from aircrafigrade birch plywoodThesled was
assembled from sections of plywood sheeting, laggrto shape. These joints will

be sanded for surface prepation before being boded using wood glue. Each
StratoLoggerCF altimeter #&ffixed tothe AV sled by four nylon M4 machine
screws. Edt of the two commercialbavailable 9 V batteries powering each
altimeter rest snugly within a compartment in the AV slédid on the battery
compartment which is affixed with four #0 machinescrews seares the
batteries within the compartments and saore the power connectors remain
FdaGr OKSR (2 GKS o0lFGGSNARASEAQ GSNXYAYlIfao
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Figure3-37 Assembled\vionics Sled with Battery Compartment Cover irePlac
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Figure3-38 Assembled Avionics Sled Without Battery Compartment Cover

3.2.1.1(b) Quick links
Quick Links will be used to connect the parnatels, deployment bagsend nomex
cloths to the recovery harness shock cord. Addititynguick links will secure the
shock cord to te Ubolts attached to the launch vehicle bulkheads. Toek
links usel in the recovery harness are discussed in 8e&il.2.1(d)

3.2.1.1(c) Pressure Sampling Holes
To mitigate risk of gssure anomalies within the AV bay during flighppenings
must be drilled in the walls of the AV bay. Four static ports will be spaced evenly
around the circumferencef the avionics bay. Ehuse of four static ports will
reduce the risk of pressure fluations from wind or flight at any angle of atfa
The dameter of the static ports is determined using the following equation, from
0§KS YI ydzf I Ol dzNSNdaloggatCRatiznete F2 NJ G K S

H=D2zL20.0008in"2 5)
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Where H is the diameter of the static portd) is the internal diameter of the
avionics bay, and. is the internal length of the avionics bay. The pressure
sampling holes in the avionics bay have a diameter of 9/32 inch.

3.2.1.1(d) Shock Cord
Allshock cord used in the recovery system will be 5/8 inch tubulataKewvhich
is rated to 2000 Ibf, making it capable of withstanding the decoupling forces. The
team has used this type of shock cord successfully in the past for launch vehicles
of similar &e and weight to the vehicle, thus the team expects it to perform
safely.

The length of shock cord to be used between each tethered section is 360 inches.
This length is sufficient to allow the safe separation of the sections during
descent. Figure 334 slwvs the shock cord sizing with respect to the separated
sections of the leading alternative design.

Figure3-39 Shock Cord Sizing Diagram

3.2.1.2 Electrical Elements
3.2.1.2(a) Altimeters

TwoPerfectFliteStratoLoggerCaltimeterswill control the events of the

recovery systemhyS | f GAYSGSN) gAtf 0S RSaAAIYIl 4GSR
0KS 20KSNJ gAtf 0SS RSaAdaylriSR GKS awSRdzy|
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Figure3-40 PerfectFlite StatoLagger CF Altimeter

The StratoLoggerGfeasures altitude with a resolution of one foot at altitudes
less than 38,000 ft MSL. This was deemed accurate enough to achieve reliability
of the recovery system and record accurate telemetry data of the fligfte
StratoLoggerCF requires the laun@hicle to reach an apogee of at least 100 ft
AGL to function correctly. This is well below the target apogee for the launch
vehicle. In addition to altitude, the StratoLoggerCF records data detailing the
ambienttemperature and battery voltage. The StmhoggerCF is capable of up

to 18 minutes of recording per flight which is sufficient for the expected duration
of the mission.

Each altimeter onboard the launch vehicle will be independently powered by its
own power sairce, controlled by its own power sieh, and connected to its own
black powder charge for each everithis ensures the complete independence of
each altimeter for full duatedundancy of the systemThe batteries powering
each altimeter will be comercially-available, Duracell brand 9 Vdikaline
batteries. These batteries have a service life in excess of 300 hours before
decreasing to the minimum voltage required to operate the StratoLoggerCF
altimeters.The screw switch controlling each alfmi Sp\&Esupply allows the
altimeter to be turned off until the launch vehicle is on the pad undergoing its
final launch preparations.

To ensure that the altimeters are working correctly, both altimeters will be tested
as described in the Requirementgrification and Testing section, s&ection
6.1.11
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3.2.1.2(b) Switches
Two screw switches are mounted on the avionics sled within the avionics bay
airframe to allow the altimeters to be powered on using a sahgver. Other
types of svitchesconsidered include rotary key switches, which require a specific
key to operate, and sliding twposition switches. The twposition sliding
switches were not selected because their design risks possible unintended
movementof the switch if the swich were to be subjected to high-fprces or
aerodynamic forces in the direction of the switch sliding motion. Screw switches
and rotary key switches do not suffer that same vulnerability. The rotary key
switches were not selecteldecause the requirementf useof a key to operate
the switch presents a safety hazard. The key would need to be kept with
personnel closest to the vehicle at all times in order to allow the altimeters and
their connected energetics to be disarmed safelghout unnecessary delay
Furthermore, in the event of the launch vehicle landing withdetonated black
powder charges still contained within the vehicle, it is hazardous to remain near
the vehicle until all altimeters controlling the charges have bgamered off. Any
recoverypersomel not possessing the required key would be unable to complete
this urgent task. This ability to actuate the altimeter power switches using only a
screwdriver, edge of a blade, or fingernail enhances the safety of the Haunc
vehicle and mitigatesisks asociated with the recovery system. For these
reasons, the team selected the ndey-activated screw switches to control
power to the altimeters.

3.2.1.2(c) Batteries
To ensure uninterrupted power for the recovery avionics systdratieries for
altimeters ae only wsed for a single flight. Prior to flight, the batteries are tested
to ensure their voltage is sufficient for flight.

The avionics system will be contained within the midsection of the launch vehicle.
This will allow the @onics to be prepared sepately fom the rest of the vehicle
assembly process. Because the avionics assembly process includes the loading of
energetics, this will enhance safety while also allowing the team to prepare the
launch vehicle for flight quickto meet the requirementtiat thevehicle must be

ready for flight within two hours of the opening of the FAA waiver at the launch
site.
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3.2.1.2(d) Electrical Schematic of Recovery System

Drogue Black
Powder Charge
at Apogee +1s

Drogue Black
Powder Charge
at Apogee

Duracell

Redundant -
StratoLoggerCF S ammeeou e 9V
Altimeter Screw Switch Battery

Duracell - Primary
9V N e StratologgerCF
Battery Screw Switch Altimeter

Main Black
Powder Charge
at 550 ft AGL

Main Black

Powder Charge
at 600 ft AGL

Figure3-41 Electrical Schematic of Recovery System

This schemtic demonstrates the full independence and dual redundancy
inherent to the system design and compliance with competition handbook
requirements 3.6. ThisschematicaR& Y2y a i Nl §1Sa GKS RSaAayQ
competition handbook requirement 3.4yhich sttes that the recovery system

electrical circuits will be completely independent of any payload electrical

circuits. The altimeters will each be independently powergdalcommercially

available Duracell 9 V battery, in adherence to competition dib@ok
reguirement 3.5.

3.2.13 Redundancy Features
The recovery electronics system features two $2)atoLoggerCRltimeters for
redundancy. The two altimeters are powered by two ipdedent 9V batteries as
seen inFigure3-41 above. The pmary dtimeter transmits a signal at apogee to
ignite the drogue ejection charge. One second later the redundhimeter sends a
signal to ignite the redundant ejection charge. At 600 ft, the primary altimeter
transmits a signal to ignite the main ej@n chage. At 550 ft, the redundant
altimeter sends a signal to ignite the redundant ejection charge. This reshayds
implemented to reduce the chance of a recovery failure due to faulty electronics.

3214 AsBuilt Parachute Sizes and Descent Rates
To calciate the descent velocity of the vehicle under parachute, the following

equation is used:

(8)

cn 6 “

‘alle]
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Wherevis the descent velocityV is the weight of the vehicle (after motor burnout),
" is the density of air(y is the drag coefficient of the parachute with reference to
the nominal area of the parachute, afxis the nominaldiameter of the parachute.

3.2.1.4(a) Main Parachute

Due to budgetary constraints, a teaderived requirement was established
adldAaya GkKS 4GSy
Fruity Chutes 84 inch Iris UltraCompact ie tinly acceptdle main parachute
alternative to meet the competition recovery system requirements and this team
derived requirement. Thus, it was determined that the Fruity Chutes 84 inch Iris
UltraCompact parachute was selected for use as the launch fveéhi@ain
parachute. The parachute has a drag coefficient fo82.This results in a main

parachute descent rate df7 ft/s.

The main parachute deployment altitude was selected to be 600 ft AGL to
minimize wind drift and descent time while also allagisifficient time for
parachute deployment. The selected main parachute deployment altitude meets
the competition handbook requément 3.1.1, which states that the main
parachute shall be deployed no lower than 500 ft.

3.2.1.4(b) Drogue Parachute

3.2.1.5

The Fruity Chute24 nchClassi® f £ A LJG A O f
parachute. It will be deployed at apogee by the separaticdh@midsection and
fin can, as described previously. The Fruity Chutes 24 QassicElliptical
parachute has a drag coifient of 1.47. This results in a drogue parachute
descent rate of71.5ft/s. The drag produced by the parachute will reduce the
descent velocity of the launch vehicle to allow for a safe and controlled

deployment of the main parachute.

Drawings and Schetics of the AfBuilt Electrical and Structural Assemblies
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Figure3-42 StratoLogerCF Wiring Schematic

Figure3-42 shows the wiring method for the PerfectFlite StratoLoggerCF akmet
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Figure3-43 Avionics Sled Dimension Drawing

Figure3-43 shows the assembled avionics sled as constructed with key dimensions
marked in inches. The sled is depicted without aegtecal components affixed.

3.2.1.6 Rocket Locating Transmitters
The launch vehicle will be equipped with a BigRedbee 900 GPS tracker which will
GNFyayYAd GKS 1 dzyOK @SKAOft SQarhisvill pe £ 2 OF G A
received by a ground station connecteglUSB cable to a laptop operated by a team
member. The laptop will display graphically in three dimensions in the mapping
software Google Earth the latitude, longitude, and altitude received from the GPS
tracker. This data can be viewed in rate to trac the launch vehicle. The location
data is also logged for poefiight analysis and review. In addition, the receiver
ground station displays the tracker status and received latitude and longitude
coordinates on an LCa@n the receiver devicaithout needng to be connected to

! Invalid sourcespecified.
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the laptop computer. This provides a redundant method of tracking the launch
vehicle in case the laptop malfunctions or is otherwise inoperable.

The GPS tracker within the launch vehicle will be powered by a 3.7 00 tAh,
LithiumPolymer (LiPo) battery. This battery will solely be powering the GPS tracker.
This meets the required-Bour pad, flight, and podfilight time needed to locate and
recover the launch vehicle. The device will be powered on during preflight
preparatons onthe launch pad.

There is no second tracking device in the vehicle because failure of the tracking
device would not result in any safety risks or failure to meet the mission success
criteria. Thus, it is not considered a fligiritical or mgsioncritical component. The
tracking device itself is considered a redundant solution to the primary means of
locating the launch vehicle during and after flight: visually tracking the launch vehicle
during its flight and descent. The tracking devicesesrasa backupto this method

if any abnormal flight events render this method unsuccessful.

3.2.1.7 Sensitivity to Transmitters
The altimeters, due to their design, are not sensitive tad&kation, so there will be no
interference from the GPS tracker &ion transmitter, and no risk from placing the GPS
tracker transmitter device in the same bay as the altimeters.

3.3 Mission Performance Predictions

3.3.1 Flight Profile igulations
Having completed theonstruction of the fulscale launch veable, the team was able to
refine the wirrent RockSim model to better predict flight performanéesimulation was
performed wsing weight and CG values gathered duringuhleicledemonstration flight.
Values for altitude, velocity and acceleration asection of time for this simulation can
be found inFigure3-44 below.
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Figure3-44 RockSim Simulation of-Bsilt Launch Vehicle in Nominal Conditions

The simulated thrust curve of ¢hAerotech L1150R that was used forsathulations can
be found inFigure3-45 below.

Burnout

Time
Figure3-45 RockSim Simulation of Aerotech L1150R Thrust Curve

This simulationpredicted an Apgee of 4173 ft., Rail exit velocity 60.45 fps and

maximum velocityop po @1 FLJA 2NJ &én1 al OK® ¢KSasS QI t dz
compliance withteam derivedrequirements6.8 and 6.7, and NASA requiremen®.18

respectively

3311 Verification of Velsle robustness
3.3.1.1(a) Airframe

The body oflie launch vehicle is responsible for housing all the necessary rocket
components such as the motor, parachutes, avionics, and payload. Each of these
components are in some way attached to the rocket body, whether ditectly
or through a bulkhead thasithen attached to the body. Because of this, it was
imperative to ensure that the airframe material would be able to withstand the
loads it would experience during flight. To determine the strength necessary for
the fiberglass body material, the compressiorce on the rocket was calculated
as follows:
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00 (1)

Where b is the drag force on the airframe andi§the inertial force. The drag
force on the launch vehicle is calculated below:

0§z

2

Where G is the coefficient of drag, is the density of air, V is the velocity of the
launch vehicle, and the referen@gea, A. Air density is assumed constant at a
value of 0.0749 Ibm/ftand the area i23.97 irf. The coefficient of drag for
airframeis 055 based on simulations performed RockSim and the maximum
velocity is 557.02 ft/s. This gives a drag forcepsf $3.046 Ibf.The inertial force

is calculated as follows:

0 dw 3

Where m is the mass of the rocketidha is the peak acceleration. The final weight
of the launch vehicle with all components installed is m = 39.2dbchthe peak
acceleration using the current leading motor selection is 220.409. fUsing
these values, the inertial force on the rocketalculated to be 268.324 Ibf; this
means that the total force on the airframe is 301.37 Ibf.

Fiberglass is the singest commercially available material used in hobby rocketry
and with an expected load of only 301.37 Ibf, the team was confident that
fiberglass would be able to withstand any normal flight loads and still be reusable.
In addition, fiberglass is imperwie to moisture and would not require filling or
sealing to prevent potential water damage. Because of this, the launch vehicle is
expected b be as durable as possible and be able to withstand multiple launches.

3.3.1.1(b) Bulkheads
Finite element analysis was-performed on critical bulkheads for the dmiilt
dimensions and expected loading.

The asbuilt nose cone and payload bay configuration hastaltweight of 11.3

Ib. At main parachute deployment, the system experiences a maximum
acceleration of 20.722 geelsing these two values, the load on the nose cone
bulkhead at main parachute deployment is calculated to be 234.16 Ib. The results
of the finite element analysis for this bulkhead are shownFigure3-46 and
Figure3-47.
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11.931
-64.758
-141.45
-218.14 Min

Figure3-46 Nose Cone Bulkhead Compressive Stress

-218.14 Min

Figure3-47 Nose Cone Bulkhead Tensile Stress

2018 NASA Stedt Launch | Tacho Lyc



NC STATE UNIVERSITY

The bulkhead experiences a maximum tensile stress of 472.07 psi at the edge of
the U-bolt hole and a maximum compressive stress of 198.01 psi where-the U
bolt plate is located. king a ensile strength of 1000 psi and a compressive
strength of 1570 p3ias presented in the CDR, this bulkhead has a factor of
safety of 2.12, which is sufficiently strong to withstand in flight loads and meets
team derivedrequirement6.12.

The AV baypulkheals also experience high stress at parachute deployment. The
forward AV bay bulkhead at main parachute deployment is considered the most
critical; at main deployment, the AV bay and main parachute bay have a
combined weight of 6.3 Ib. This resuitsd maxinum load of 130.54 Ib. The

finite element results for this bulkhead are showrFigure3-48.

-362.31
f1 n 1

Figure3-48 AV Bay Bulkhead Stresses

The AV bay bulkhead experiences a maximum tens#ss of 289.34 psi and a
maximum compressive stress of 362.31 psi. Based on the aforementioned
material properties of birch plywood, this bulkhehds a factor of safety of 3.46.
Therefore, this bulkhead will be sufficiently strong and will not experience
damage during flight as it meetisam derivedrequirement6.12

Finally, the payload bay bulkhead is secured by four evenly spduedkets and
supports all of the payload system during flight. The weight of the payload
components which will be securdyy this bulkhead is 4.6 Ib, giving a load of 95.32

2 (European Birch Wood n.d.)
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Ib at main parachute deployment. The finite element results for this bulkhead are
given inFigure3-49.

Maximum Principal Stress
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Figure3-49 Payload Bay Bdilead Stresses

The maximum tensile stress on this bulkhead at main parachute deplayise
390.02 psi. Using a strength of 1000 psi, this bulkhead has a factor of safety of
2.56. This factor of safety indicates that this bulkhead is sufficiently strong and
will be able to withstand multiple flights with no damage.

3.3.1.1(c) Screws

The payload bay ukheadwill be secured to the body tube with four #82
stainless steel machirgcrews. Due to th85.32Ibf load the payload bulkhead
will experience, thescrewswill also experience significant stresses. This joint is a
simple single shear joint, so tiehear stress in thecrewscan be calculated as
follows.

0

T o= (4)
(0]

Where F is the load applied and A is the cresstional area of the screw. The
diameter of #6 machinecrewsis 0.138 inches. The load valuedisided by
four because the fouscrewswill each support this lad evenly; using these
values, the shear stress in each of #oeewsis 1593.22psi. Though the exact
grade of the stainless steel is unknown, the lowest listed shear strength in the
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materid property data websitdlatWeb?is 33000 psi. Using this value,
the screwshave a factor of safety &0.71, meaning that they will be sufficiently
strong enough to withstand normal flight loadshe launch vehicle sections which
are attachedpermanently during flight are secured by the sastainlesssteel
screws whih secure the payload bay bulkhead. The loadingrmse screwss
less than the load on the payload bay bulkhead and therefore will also be
sufficiently strong to withstand flight.

3.3.1.1(d) U-bolts
The Ubolts used to withstand the loading of parachute deploymeantsall 5/16
inch thick. Based on data from McMas&@arf, U-bolts of 5/16 inch have a
capacity of 600 Ib. The highest expected load on a bulkhead during flight has been
calculated to be 211.42 Ib; with a factor of safety of two, this load is 422.234 Ib.
This is below the given strength of thehdlts being used, which indicates that
the U-bolts will be able to withstand the loading they will experience in flight.

3.3.1.1(e) Velcro
Each battery pack weighs 0.29 Ib and has a 2 inch by 2 inch section of Velcro hook
andloop attached. Velcro reports that their hook and loop has a shear strength
of 14 psi; this gives the Velcro strips being used a strength of 56 Ib. At main
parachute defpyment, the acceleration change is 18.71 gees; this gives a shear
force of 5.43 IbBased on these values, the Velcro attachments have a factor of
safety of 10.32 and will withstand in flight loading.

3.3.2 Stability Margin
The center of pressure was updatedreflect the final dimensions of the dmuilt launch
vehicle that are described edion 3.1.5 The center of pressure changed from 73.8 in.
to 72.9 infrom the noseaccording to RockSim after updating all dimensions. The center
of gravity of the launch vehicle was also updated after the vehicle demonstréigint.
The CG changed from 58.8 in. to 59.20 in. These changes resulted in an increase in stability
margin to 2.49 caliber. This stability margin is noncompliant with team derived
requirement6.9in Table6-6 . In the weeks followngthe vehicle demonstration flight,
the team has added ballast aft of the CG to reduce the stability margin to 2.25 caliber.
The final CG and CP locations are showkignre3-50 below.

CP =72.88in. PR
CG =60.49 in. | |

3 (Overview of Materials for Stainless Steel n.d.)
4(McMasterCarr n.d.)
5 (Hook and Loop n.d.)
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Figure3-50 CG and CP Locations forBAslt Launch Vehicle

3.3.3 Kinetic Energy at Landing
The team shall design a recovery system suchrnbahdependent section of the vehicle
lands with greater than 754b of kinetic energy. The kinetic energy @kch section at
landing can be calculated using the following equation:

bC ga 0 )

Wherem is the mass of the section amnds the descent rate of the vehicle under main

parachute. Given the current leading alternegidesign for the recovery system uses a
dualdeployment recovery sysin in which all independent sections remain tethered and

maks GKSANI FAYI § RSaOSyid o6SySIFGK  aAay3atsS
descent rate under the main parachute is congsted by the velocity required to meet

this kinetic energy requiremeénThus, Equation (6), can beaganged to calculate the

maximum allowable descent rate for each independent section of the vehicle using the
following equation:

0 VgL ‘G (6)

Wherevmnaxis the maximum allowable descent velocity of the sectiiEs the maximum
allowable kinetic energy of the section, 75§t andm is the mass of the section. The
results of Equatioi) were plotted inFigure3-51, below, to demonstrate how the mass
of the section affects the maximum allowable descent rate of that section.

2018 NASA Stedt Launch | Tacho Lyc



NC STATE UNIVERSITY

Maximum Allowable Landing Descent Rate (ft/s)
= = = = ] ] (]
(] = )] co o ("] =Y

s
o

1 1 1 1 | 1 1 1

_CDOO
.

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Mass of Section (slugs)

Figure3-51 Plotof Maximum Landing Descent Rate vs. Section Mass

Equation (6) as used to calculate the maximum allowable descegibcity for each
independent section of the leading vehicle design alternative for use in the development
and selectin of the design alternatives for the recovery system. The results of those
calculations for the leading vehicle design alternative amwshbelow inTable3-1.

Table3-1 Maximum Desa# Rate to Achieve Landing Kinetic Energy Requirement
for EachindependentSection

Section \ Mass Maximum Descent Velocity
Nosecone .3744 slugs 200ft/s
Midsection .2685 slugs 23.6 ft/s

Fin can 4267 slugs 18.7 ft/s

Becausall three independent sectits of the leading design alternative will be tethered
and descending together under the same main parachute in the leading recovery system
design alternative, the descent rate of the vehicle under main parachute must not exceed
any of the maximum descengtlocities listed irrable3-1 above if the system is

to meet the landing kinetic energy requirement.

Table3-2, below, lists the masses and landing kinetic energy of each secatmulated
using Equatio (6)and the calculated descent rate of th@unchvehicleas constructed
under main parachw detailed in 3.2.1.4(a) The results of these calculations
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demonstiate theasbuilt designmeets the requiregerformance to achieve the required
landing kinetic energy.

Table3-3

Table3-2 Kinetic Energy of Independent Sections at Landing
Section \ Kinetic Energy at Landing
Nosecame .3512slugs 50.6ft-Ib
Midsection 2191 slugs 31.6 ft-Ib
Fin can .3046slugs 43.9ft-Ib

Kinetic Energy of Independent Sections While Descending Under Drogue
Section Mass Kinetic Energyinder Drogue
Nosecone .3512slugs 898.71ft-Ib
Midsection .2191slugs 560.7 ft-Ib
Fin can .3046slugs 779.41t-1b

3.3.4 Descent Timand Wind Drift Calculations
Wind drift wascalculatedassuming apogeever the launch padTheresults inTable3-4,
assume constandrogueand main @rachute descent rates with deploymieat apogee
and 600ft AGL respectively In all casesthe descent times ardelow the 90 second
maximum allowable descent time. Additially, all drift digances are witin the
maximum allowable distance of 2500 ft.

Table3-4 HandCalculations of Wind Drift and Descé&inie
wnaspeea apogee gt O
0 mph 4272t AGL 87s Oft
5 mph 4220ft AGL 86s 630ft
10 mph 4143ft AGL 85s 1245ft
15 mph 4043 ft AGL 83s 1836ft
20 mph 3922ft AGL 82s 2399ft

Additionally, RockSim was used to calculatedvdrift at the aforementioned wind
speeds. It is not possible to introduce wind effects partway through a simulation so
creating simulations with apogedirectly over the pad is not possible. However, RockSim
is capable of generating detailed reports fmch simulation. Included in these reports
are the downrange location of the launch vehicle at variouslight events. Taking the
difference betweenhe distance at apogee and the distance at touchdown yiblelsotal
wind drift distance as if apogee ti@ccurred over the pad.able3-5 shows the wind drift
values that were obtained through this method. All wind drift valueshis table are
below 2500ft, therefore the launch vehicle is compliant with requirem&®in Table
6-5
Table3-5 RockSim Estimations of Wind Drift Distance ofJéalle Launch Velscl
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0 4272 0
5 4220 525
10 4143 948
15 4043 1554
20 3922 2044

3.4 Vehite Demonstration Flight

3.4.1 Launch Day Conditions and Simulation
On February 9, 2019, the team executed the first flighheffull-scalelaunchvehicle
No Promisesn Bayboro, NC. The launch field in Bayboro is a corn field used for
launching higkpoweredrockets in the ofiseason with a total area of 6.5 square miles
as shown irFigure3-52 below.

Figure3-52 Satellite Image of Bayboro Launch Field

The launch field is dividedtdo many different sections, each separated with an
irrigation ditch. These ditches are hazavd to both the launch vehicle and personnel,
descriked in Sectiordt.1. The fields have rows of dead corn stalks that make traversing
the terrain difficult and Bw and could potentially harm the launch vehiclae team
launched from apmximately the middle of the field pictureabove.Figurel0-2, shows
the field conditions the morning of the launchhe ground was glirand the cloud cover
dispersed throughout tl day. Visibility was suitablegybhe time of launch. There was a
high temperature of 54 anda low temperature of 34~ with a sea level pressure of
30.72 inHg. This equates to a density altitude bf87 ft. The maximum wind speed in
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3.4.2

Bayboro on launchday was 18 mph, but the team adrwed 812 mph steady with gusts
above these values.

Using thedunch day conditions, a RockSim simulation was created to estimate the
Apogee Figure3-53 shows the Prdicted flight profile of the fulscale launch vehicle.

5000 600 14 Apoges

7 500+
4000 o

1 4004

3000 o

2000
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Velocity (Feet / Sec)
T
Acceleration (Gees)

| 200

1000
100 o
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Figure3-53 RockSim Siulation Using Launch Day Conditions

This simulation predicted an apogee of 4334 ft. Secidn2describes the difference
between this simulation and the actual results

Analysis of Flight

Upon rail it the rocket experienced extreme weathercocking. It traveled in a
pronounced arc for the duration of the flighthis resulted in a measurega@gee of
3560ft. Figurel0-9 shows the launch vehicle shortly after takeoff. The smotadl tvas

used to approximate the angle that launch vehicle deviated from vertical after rail exit.
This angle wasstimated to be 15 degrees fno vertical.

Due to errors in shear pin calations te flight was further compromised by the
deployment of themain parachute at apogee. Pdbght testing indicated that shear
pins thought to be rated for 705 Ibfonly sypported 30-35 Ibf. The forceof drogue
deployment was likely enough &hear thhough the main parachute bay shear pins and
cause premature eployment. During recovery, the main parachute black powder
charges were both discovered to have detonated dutiregdescent phase of the flig.
These detonations combined with a tlough chek of the altimeter and recovery
system wiring harness servéal rule out altimeter or powder charge failure. This initial
conclusion was later backed by testing of shear fsim®s the same batch as thosesed
during the demonstration flight thaindicated an insufficient number of shear pins were
used during the dmonstration flight.
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3421 Comparison of simulation and demonstration flight
Apogee was approximately 800 ft below thensilated apogee for prevailing
conditions of the field and launch vehiclegure3-54 shows the altimeter data
from the primary altimeter used on launch day.

Altitude (Feet) NoPromises_1_Primary.pf2 velocity (Feet/Sec)
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Figure3-54 Flight Datdrom Primary Altimeter

Adjuging the launch rail angle to 15 degreesRncksim produatthe flight profile

in Figure3-55.
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Figure3-55 RockSim Simulation using Launch Day Corsldiath Rail Angle of
15 degres
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34.2.2 Sources of Error
The RSO noted that he hadleased t8 hand from the launch control for several

seconds befar motor ignition. While not conclusive, this does lend itself to concerns
that a slow motor start exasperated thelready weathercocked flight rpfile.
Additionally, the ignitor was not sertedinto the motor using a dowel. With larger
motors, a dowel engres that the ignitor head is located at the forwardmost end of
the grains. The ignitor wire was measured and mdnkgth the length of the moto

as a means of confirming its proper placamh However it is possible that the wire
did not hold its shape mailting in the ignitor head being installed improperly.

Several spectators reported that the launch pad was swasfliggtly due to gusts of

wind. The team mentors describe this phenomero@ & LIJR I6RR & dz33Sa
that it may have hindered the launch hiele in the initial seconds after ignition.

Based on these observations, the team has elected to make severadonmat

changes. All of thesehanges seek to reduce the launch vehiclamerability to
weathercocking in the moments immediately after iit.

In the future, the team plans to use a dowel rod to confirm proper ignitor
installation. Furthermore, the [l Tripoli prefecture has peitted the team to use

a larger, more stakl launch pador future launches. In addition to this stronger
launcth pad, the team will be using a 10 ft launch rail for all future demonstration
flightsas opposed to the 8 ft railsed in previous flightsAddtional time on the rail

will allow the launch vehiat to reach a higher velocity before rail exit. This will
reduce the angle of apparent wind that the rocket experiences at rail exit.

34.23 Estimated Drag Coefficient
After concludng that weathercocking was ¢hmost significant factor that affected
the f | dzy OK @SKAOf SQa I|L)23ISS (GKS RiNbed 02S7T°
estimated. Using RockSim, and the launch conditions described in Sgetityrthe
CD was manually overriddemtil the apogee values matched those of thehicle
demonstration flight. This resiéld in an estimated drag coefficient of 0.95igure
3-56shows the flight profile of the fitscale rocket in nominal wind conditions.

2018 NASA Stedt Launch | Tacho Lyc



NC STATE UNIVERSITY

3424

S000- 600 12— Apodee

500 —
4000 1

400 —
3000 —
300 —

2000 —

Altitude (Feet)
Velocity (Feet / Sec)
Acceleration (Gees)

200 —

1000 — 1
100

Time

Figure3-56Flight Profile of Fubcale Launctiehick with adjusted Drag Coefficient

Comparison of Fuicale and Subscale

In both cases, the launch vehiclehbited severe weathercocking upon leaving the
launch rdi. This caused the apogee of both vehiclesbe lower than what was
predicted by RokSim.The subscale made use of 4 shear pins at each connection
point, requiring a large amount of black powder the small size of the vehicle.
Conversely, the fulicab launch vehicle made use o¢fvo shear pinsat each
connection point. This was indigient to hold the main parachute bay in place
during drogue deployment and resulted in premature deployment @& thain
parachute. Following the shear pin tensile testsdébed inSection 6.1.2 this
number was increased teix shear pins. Bt launch vehicles had soft landings and
suffered minimal damage due to ground impacts and draggiy onboard
electronics were protected from water damagbut the payload electronics on the
full-scale launch vehicle suffered damage tlu@ertial forees. Changes were made

to better protect the electronics from damage, these changes are described in
Section5.1.2.2
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4.

Safety andProcedures

4.1 Safety and Environment

4.1.1 Updated Personnel Hazards Analysis
The updated Brsonnel Hazards Analysis tables ardppendixA of this document.

4.1.2 Updated Failure Modeand Effects Analysis
SeeAppendixAfor FMEA Tables relevant to this proje@larificatons for themission
success spectrum, severity levels, #ikdlihood levels are given the following tables

Tabled-1

Clarification onthe Spectrum of Mission Failure to Mission Success

/| 2YLX SGS CIF A

' YNBO2 BSNI 6 f
' YNBO2BSNI o

o

Severe crew and/or spectator
injuries due to operational and
non2 LISNI GA2y L ¢

Partif CI A f dzNJB

[ F dzy OK @SKAOf
Successful takeo&nd
dzy 4 dz00OS & a ¥ dz

2T f I dzy OK @4

1+ NB LI ANT

Successful primary takeoff,

unsuccessful beacon release, ar

unsuccessfulexondary takeoff of
o+

Minor crew and/or spectator
injuries due to operational and
non2 LISNI GA2y L §

tFNIOAFE { dzO

[ F dzy OK @SKAOf
Successful takeoff and descent ¢
fl dzy OK @SKA

1+ NB LI AN
Successfulyimary takeoff beacon
release, and secondary takeoff g
S

Near missncidents involving crew

and/or spectators related to
operational and noroperational
I OGAGAGASE

/ 2YLX SGS { dzO0

Recoverable launch vehicle
Nominal launch vehicle takeoff
anddS a O0Sy i
Reco6 NI} o f S | !
Nominal UAV primary takeoff,
beacon releaseand secondary
GFr{1S27FF
Launch operations can be
repeatedd I YS R @

No crew and/or spectator injurieg
related to operational and non
2LISNI GAZ2Yy T |

Table4-2

Clarificatios of Sevety

Level Degription

Human safety and project safety at minimurskrdue

4 G2 | OGAGS arFSae
o Human safety and project safety at lesser risk due
I OGAPS alr¥FSie YSI

Human safetyand project safety at greater risk
despite active safety @ | & dzZNB & ®
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Human safety and project safety at maximuisk
RSALIAGS | OGA@PS &l F§

Table4-3

Clarificatios ofLikelihood

Level Desciption

4

Minimum frequencyof failure possible due toctive
al FSGe& YSI adzNBa g

(0]

Lesser frequency of failupossible due to active
alF FSGe& YSI &dzNBad

H

Greater frequency of failure possible degpictive
alF FSGe& YSI &dzNBad

M

Maximum frequeng of failurepossible despite active
al FSGe& YSI adzNBaq

4.1.3 Updated Environmental Hards Analysis
The updated Enviranental Hazards Analysis tables aré\ppendixA.

4.2 Launch OperatiorBrocedures

All launch operations are detailed AppendixB of this document.

5. Paybad Ctieria

5.1 Payload Dagn and Testing
5.1.1 ChangesinceCDR

Change Reason for Change

Lead Screw Pitch Change

A three times shallower pitch lead screvas used
to increase the robustness of the depiognt
system.

Addition of Gearing System

Two (2) gearswere added to the motor
configuration to increase the torquen the lead
screw.

Pod Flap Shape Change

Seen in Section __, the shape of the pod flaps
changed to accommodate the UAV arms af
deployment.

Pins added to payload pod

Pins were added to #hfloor of the payload poéh
order to improve the takeoff cracteristics of the
UAV.

Electrical Relay added to latch circuit

An electrical relay wasdded to amplify the
voltage going to the retentin latch.

Quick Disconnects changed to more effect
model

New quick disconnestwere purchased becaus
others kep breaking.

AA Battery packs have been moved

The AA Battery packs have been moved to
inside of the Nosecone.
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Addition of Electronicsdver

A cover has been added to protect tiheduino
and witing from inflight forces.

Addition of latch terminal blok

A terminal block has been added for easy acces
the payload latch system.

Increasednotor speed

The speed of the motor has been inased to
deploy the pod faster.

Battery prdection sled steamlined

The battery potection sleds were streamline
along the longest axis of the pod.

Folding arm hinge slot increased in angle by three (3jlegrees to fold the arms i

The hinge slots on tharm of the drone increase

further.

Hingeslot radius icreased

The hinge slotradius was increased to redu
friction between the metal rod and the hinge.

Electronic Switch added for Solenoid mechanism to actate the solenoid wher

The electonic switch was added to have

necessary.

5.1.2 Payload €atures

5.1.2.1

In orde to best complete the&eompetition, many components, bottustom and oftthe-
shelf, have been added to this UAV. The details of these systems fatas:

Structural Elements

The Payload pod designed to hold the UAV durifflight, be rotated and dejoyed
with the UAV, andct as a launch pad for UAV takedy threading the carbon fiber
rod through the center of both the pod and UAV, they hath able to rotate heavy
side down upon exitingie body tube.

The removable butead allows for better agsnbly and design of thpayload bay
electronics, motors, Bd payload latch. Because the entire bulkhead can be
removed, each item on the bulkheadrcbe fastened more securely.

The pusher assembig what drives the payload podd UAV from the body tube.
The pusher rides along lead screw, pushing the paylogwd and eventually
supporting it on the cantilevered rod. The Pusher is prevented fromtirg by an

auxiliary rod forcing it to slide axiawithin the payload bay insél of rotating until

it hits the wall. The auxdry rod also prevents the pusheofn tipping forward under
the weight of the pod.

The Arduino, shield, and radio receivee atacked in that ordegne on top of the
other, and secured in place with soldendfriction-fit metal pns, respectivelyThe
electronics cover is then placed tp, with all wires from the Arduino and the radio
antenna exiting the cover via smallod for just such purposesThe entire
subassemly is next firmly secured to theayload bay bulkhead viai@ch-long 440
screws. The electrical relay is insertechto itsaforementioned boxatop the
electronics cover and a small #ip is secured thragh a pair of holes in the side of
the relay boxsecuring the relay in place dag flight. All wires diretly connected
to the relay are secured with hot melt adbiee to ensure a constant and highality
connection with the small integrated pins ofeelay. The wires of the latch circuit
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are secued into the appropriate holes st that the lead from theelay connects to
the wltage supply and signal receptaglef the latch while the ground wires are
connected to each other. A model of the assenibshownin Section 5.1.4.

The constructed UAV wabasedon a generic QAR 220 carbon fiber racing
guadcoper frame. This has the obvious disadvantage of not figteasily into the 5.5
inch launch vehicle body tube. To circumvehis problem, custoniinges were
designed and fitted onto each arm of thAV.Two hinges are applied to each of the
four arms, fora total of eight hingesThe two hinges on each araflowfor maximum
transfer of loading from the motors to the UAV boalyd arebolted to the frame in
three places. The fourth hole in theénge & a sld through which a bar thais fitted
into the carban fiber arm slides. The slots curve througBQadegree agle, allowing
the arms of the UAV to fold slightly past parallethe payload containment podd
dimensioned drawing of the final hinge ispresened below in
PLACEFIGURENUMBERHEREhinge widthis the same as the arm of the
guadcopter, and a doubledius fillet has been applied to slim the profile of the
folded confguration. The bolt holes were printed Asl3inch in diameter which
allows a #-40 bolt to thread itself through the ABS printpthstic.

In compliance with requirement 4.4.10, a battested system has been designed and
attached to the UAV to protecthe battery from ground impactén flight, the
battery ismounted to theUAV underneath the main body and heldtip hook and
loop straps, one in front and one behirdr ease of removalThe sled acts as a set
of legs that extends past the battery, meagiany ground loadingtransferred
through the legs. The legwre 3D piinted and attached via the san#@l-40 boltsthat
hold thehinges.A dimensioned drawing of one of the legs is shdstowin Section
5.1.5
Dueto the payloaddeploymentsystemdesign the cantileverrod that isresponsible
for pushingthe pod out of the launchvehicle must passthrough the pod during
deployment.Becauseof this, the FPVcamei mount on the drone neededto be
adjustedto leavespacefor the rod to passthrough. TheFPVcameramount on the
UAVwas previouslymade of steel but was determinedto be too short to allow
adequde spacefor the cantileverrod. Themountdesignwasmadetallerto increase
the open spacebetweenthe bottom of the cameraand the UAVframe. Thenew
design 3D printed, using PLAfilament and installed on the UAV using existing
mountinghardware.
Additionally, the quadcopter willtilize two-blade propellers hat will also stay
parallel with the body tube while in storage during flight.

51.2.2 Electrical Elemnts
In order to providesufficientelectricd power to the latch for successful operation,
an electri@l relay was implemented bgtS Sy (1 KS € I (i Opésititd2 ¢ S NJ & dzLJI
terminal and the remainder of the latch circuit, with an updated schematic shown
belowin Figure5-1.
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Figure5-1 Payload Deployment Electronics Schematic

The deployment process has not dtislly altereddue to this change, but an up
to-date process$lowchartis providedin Figure5-2.

Onboard controller activates the
stepper motor and ejects the
payload from the rocket

COnboard antenna Onboard controller
Transmitter supplies receives activation triggers the relay, Onboard controller
activation signal to I signal from »| completing the latch —» delays 3 seconds
antenna transmitter and sends circuit and releasing after |atch release
to controller the latch sarvo

Figure5-2 PayloadDeployment Electronics Flowath

The UAV utilizea solenoidbasedsystem to deploy the Simulated NavigatiolBsacon
(SNB)Originally, it was believed that the fligbdntroller would be able to directly control
the solenoid atuation, butthere was nanethod to program thauniversa asynchronous
receiver-transmitter (UART) pads on the flight controller to simpurn on or off. To
mitigate this issue, a secondary dewviwas introduced into the systerihe secondary
device is RealRiVTX Power Switch, sold BinysLEDdVhile the rame suggests its use
as a VTX switch, the device is simply a controller thatst8keartDevicénput from the
RX UART pads on the flight tofier as a means topen and close circuits from the radi
trangmitter. The solenoids wired to this switch via5V source, of whicl compatible
connection is included on the flight contralléd 3D printed casing is adhered to the
solenoid, and thdinal system is glued to the roof of the UAWhas a threv of about 1/3
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inch and is utilized a as a puller, whidpon activation, wilpull a pin from the farthest
section of the casing, droppy the SNB.

Table5-1 Quadcopter Electronic Components List
Component Product Notes
Motors Ea ! RS2205 2300KV
Flight Controller I ANDYEYiIADb- ¢
ESC I AND20G ¢&Ll 35A 4in-1
Power Cell GOLDBAT 3S LiPo 11.1V, 3000mAh, 30C
Camen I NI T eLRye
Propellers [ dZYAY SSNJI p
Frame QAVR 220
Antennae t - 32RI p Py (x2)circular polarized
: . 0/25/200/600mwW
Video Transmitter (VTX) WolfWhoopT86 S6A00OKE 6t
Radio Receiver CNIl1ée -ab {
Video Receiver DX800 DVR 5.8GHz
Radio Transmitter CNJI 1 & ¢-Lited
Soknoid { LJ NJ Fdzy { 2

Solenoid Switch RealPitvTX Power Switch Not wired to the VTX

513

514

Flight ReliabilitConfidence

In order to improve payload flighteliability, the payload pod must be successfully
retained and deployed. The connectiortiveen the removable bulkhead, the latch, the
eyering, and the pod were all tested under expected flight loads withdditional

factor of safety. The results frothis test as well as a description of the steps taken can
be found in Sectiol.1 The torque of the deployment motor waaso increased using a
low-pitch lead screw and a 2.5 to gaying ratio. If debris from the ground were to
interact with the deploying payload pod, this additional torque would assisticcessful
deployment.

Based o the results of the tests and demomations described in Sectiagh 1 coupled
with the results of the firspayloaddemonstration flight described in Secti@nl.7, the
team is confident that the lanch vehicle will be capable of fulfilling all criteria for mission
success.

Construction Process tife Payload

In order to construct the Paylodgiay, A SOLIDWORK&del was created for aihternal
systems. Many of the parts for the payload bay are eit® Printed or laser cutBy
ensuring thatall ofthe parts worked together within the model, theam was able to
focus on manufacturing andstalling the pars. Using the files creatddr the model,
the pusher, payload pod, motor cover, and Ardugawer were 3D Printed. The
centering rings were also made from SOLIDWORKS files and were mamdgfasing a
laser cutter and epoxy layup.
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Theremovable bulkhead, created with the sametiod as other body tube bulkheads,
was specially modified to aes the payload bulkhead. Using precise locations from the
SOLIDWORKS model, holes were drilledaerbtiikhead for the latch, lead screw
bearing, notor axle, motor screws, body tubeBrackes, and Arduino screws. Each of
these parts was secured to the khead with the appropriate fasteners.
Theelectronicscover and relay box were both designed gs8olidWorks and converted
into a format usabldy a 3D Printer, as the precise dimens®required wereoo fine

to confidently achieveiahand manufactung. After printing, the relay box
waspermanentlyattached to thetop of the cover usingyanoacylate, as seen below in
Figureb-3.

Figure5-3 PayloadEIectroui; Mount

For most electrical connections, soldering was utilizedrder to ensure a strong,
permanent bond.Howeve, for connections that need to be temporarych as
connections between the power supplydArduino, a different approach was
taken. Shorter, permanent wires were soldered into connections that wdmdmade
permanentlyand the other end was trimmed drsoldered into dockingquick
disconnect, wih an example of the finishddcking disconndgresentedin Figure5-4.
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Figure5-4 Quick Disconnect

The UAV construction pcess begawith the installation of the hinges. In tHegure5-5,
the metal pins are not yet present.
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OB,
B

Figrd5-5 UAYV with Folding Hinges in Place

Once tte pins were added, hber bands were stretched between adjacenmgio hold

the arms open. The-#h-1 ESC was mounted using M3 nylon standéffghis stage the
arms were also labelledith the numbers designated to them IBetaflight the software
usedto program the flightontroller.
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Figure5-6 UAV with Rubber Bands Holding the Arms Open

For the standoffs to fit onto the-th-1 ESC, the edgdsmd to be sanded down using a
handheld rotary tool, as shown Figure5-7.

Figures-7 UAYV Flight Computer StaGdfs

The motors were wired to the-th-1 ESG@nd the flight controller was mounted to the
stack.Figure5-8 also shows the radio receivar a potential location to be mounted.
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Figure5-9is the first denonstration of thevideo transmitter (VTX) wired to the camera
and transmitting video to the video receiver (VRX).

Figure5-8 UAV Motors Wired to Flight Cooiler

Figure5-9 VTX Camera Demonstration

The battery protection sled legs weemounted to the bottom of the UAV imgylonger #4
40 screws than the other hinge moting holes.
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Figure5-10 UAYV Battery Protectioriefl Legs

Figure 5-11 shows the UAV in flighteady configuration fortestingprior to final
componentsheingadded which have negligible impact to flight
performance Duringthese testsjt was discovered the wiring for the motors resulted in
all four motors spinninglockwise, therefore producinger net lift. The two popellers
with the red lock nutsare designedo spin counterclockwisandthe two propellerswith
black lock nutgare designedo spin clockwise. This issue was remedied by downloading
and flashing the ESC with BL_Heli32 firmware emahging the spin diction of the
propellers with the red lock ris.
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Figure5-11 UAV Configured for Flight Testing

Once the flight issues were fixed, work began on preparing the UAV for integration with
the pod and deploymensystem. Since that includes running a carbdrefirod through

the UAV, spacehad to be made for that to occur. This had already bede@n into
accountwith the electronics stack by using taller standoffs, but the camera proved to be
an obstacle. The desibn was made to recreate the camera stand tehipped with the
camera but mdlify it to be taller. Since the camera was now too tall to fit into the main
chassis, a slot was cut from the body as showriguire5-12.

Figure5-12 New camera mount installed on the UAV
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With all components redy to addto the UAV, all wiring is done following the schematic
found inSection5.1.5 The solenoigwitch and solenoid are attached and the soleho
and its casing are glued on to the ramffthe UAV

Figure5-13 Solenoid mountor the SNIé

Please read all safety
Precautions before use

Figure5-14 Y, Mountlng Holes

The above picturgrigure5-14, shows the UAV mounting holes where the UAV interfaces
with the payload pod. These holeeamounted on two (2) guide rods intended to guide
the UAV to veitd flight and constrairt during the launch.
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5.1.5 Schematics of ABuilt Rayload
The below figures show dimensioned drawings of the payload pod assembly consisting
of the pod base, pod flapand pod pusher.
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Figure5-15 Payload PoBimensioned Drawing
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Figure5-16 Dimensioned Drawing of Both Payload Pod Flaps

2018 NASA Steait Launch | Tacho Lycﬂ



NC STATE UNIVERSITY

1 2 3 4 5 3 7 8

THE INFENRTIGH < GHIAINED I TH DRAVNS § THE §GLE PEGPERTY OF
HESTATELHWVERSTY. AHY REPEGDUCTIGN 1 PAKT OF WHILE WTHOLE
THE WATTEH PERABSI3H OF HE SATE LN EIIY B FROHDTED,

;;;;;;;;;

0 R50D—, 7168 0
N $.135
$1.250 4 .255 Tl g
o 1 4.049
< 912 ¢
408
R.428 —
B f 8
1.550
=
L a0
|+—2.280
A A
NORTH CARDLINA STATE UNIVERSITY Busher T ajap019
PO BOR 7801 T e we oo, .
it o Caroin PLA Plostic 1o w ]
1 2 5 & 7 a8

Figure5-17 Dimensionedrawing of the Pusher

0
TME: A

SEE DWG. NO. REV

Aarduino box

SCALE: 111 WEGHT: SHEET | OF
2} 1

Figure5-18 Payload Electronic3over

2018 NASA Stedht Launch | Tacho Lyc



NC STATE UNIVERSITY

Figure5-19 UAV Camera Mount
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Figure5-22 Wiring Diagram for the UAV

5.1.6 Differences from Earliddodels
For Paylad Deployment, lte pitch of the lead screw was reduced to three times
shallower, and gearwere @ded, because the motor would stop rungiin the presence
of too much friction. In order tincrease robustness to friction and unexpected sources
of resistarce to deployment the torque output of the motor needed to be increased
through the addiion of agearing system with a 2.5 to 1 geariragio. This resulted in 7.5
times the torque outputifom the systemThe speed of the motor has also been adjusted
to gject the payloagpod faster.

The pod flaps are now open at the top to allow the UAV spactakeoff in more
situations. If there is deis on the ground, the flaps may not be able to ofelfy, which
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517
5171

5.1.7.2

would have interfered with the blades of the UAV. Nawce the rod etracts and the
flaps are pushed open, there is a greater chance of sstgkeoning of the pod.

The UAV needs to be @gred in 5 degrees of freedom when the flaps are qpeamd 6
degrees of freedom when the flaps are held shut. PreWoulse UAMvould be held by
a channel cut into the bottom of the pod. Upon takeoff thaWwouldbe prone to tipping
to one side due tdriction from the sides of the channel. The new dedhas vertical pins
protruding from the floor of the pod. The dne has matcimg holes in the sleds which
hold the battery. While the flaps and pod flooold the UAV vertically during flight, the
pinsnow hold it in the other 5 degrees of freedom. White flaps open, the pins will
allow the drone to take off smoothland in a pre vertical direction.

An electrical relay has been added to the latch éirmuamplify the voltage being sent to
the latch. Additionally, a terminal block has been added lie tatch circuit to increase
ease of access and manipulation oétlatch systm. Because of weak connections via
plastic quick disconnects, new, more rabwguickdisconnects have been purchased and
implemented. To protect the delicate wiring on the Andaiand shield assembly, an
electronics cover has been fabricatexigo over tle Arduino sukassembly and screw into
the removable payload bulkhead.

The thee battay packs used to power the latch, Ardajrand Arduino shield have been
removed from the remwable payload bulkhead and are now housed in the nosecone.
These pcks are atiched to the inside of the nosecone via Velcro strips.

Issues with the plared VTX witch on the original video transmittemeant that the
600mW transmitter could not be used aer NASA requiremer#.24.9. To follow this
requirement, the tearrhas opted ¢ forego using a switch on the video transmitter and
instead using a new videtransnitter that can switch transmission power

Payload Demonstration Flight
Date of Flight
The team attempted a payload demonstration flight on Februa®), 2019 in
conjuncton with the vehicle demonstration flight described in Sect®d. An
additional Payload Demonstration Flight is schedudt& March

Success Criteria

A successful p&yad demonstration flight is defined as complianeith handbook
requirements 2.20.2:2.20.2.4 inSection 6.2. Specifically, thepayload shall be
retained throughout the duration of the flight and function assigned and the
payload shall be in its fihactive version.

The team has also defined a sucsfesflight as meeting the followingiteria:
The pod and U¥A are retained though launch, all recovery events, and landing.

The payload pod is successful ieptbying from the rocket, orienting itselgnd
releasing from the carbon fiber rod.

2018 NASA Stedt Launch | Tacho Lyc



NC STATE UNIVERSITY

5.1.7.3

51.7.4

The UAV armare successful in pushing open the gmors, fully extendig the UAV
arms, and allowing for the propellers to freely spin.

The UAV is able to take off veglty and fly to an FEA within 2,500 feetloé rocket
landing site.

The UAV is able to succadlf and completely release the SNBnfrahe solenoid
deploynment system.

Resuls of Flight

As discussed in Secti@®.2 the main parachute deployed at apogee. Because of
this, the payload retention system was not subjected to tiighest amount of
acceleration thatit will experience duing a normal fligh While the payload pod and
retention latch are oriated such thathe latch will experience a compressive load
at main deployment, this flight cannot be considered to be a ca@hensive test of
the payload retentio system.

As discusseih Section5.1.2.2 the flight controller requires a switch to properly
operate the solenoid. This switch was not present on the drone at the time of launch,
making it norcompliant with requirement2.20.22. The switch was siacbeen
added and athe time of writing al UAV components have been implemented.

Analysis of Paylod&ktention System Performance

The SouthCo Latch successfully retained the payload throughout the flight. As state
previously,this was not a comprehensivdemonstration of he payload retention
system. However, the results of the payload retention testctiéed in sectiof.1
suggest that the latch is capable of withstanding the inertial forces that will adt o
during flight

After landing, the éployment sequence was triggered remotely, but the latch failed
to disengage. Inspection of the payload @fenic found that a wire hadroken
during flight, locking the latching in the closed position. Additionahg stepper
motor was not able to proie sufficient torque to drive the payload pod out of the
payload bay body tube. Changes related to theseids are described iSection
5.11.
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6. Project Plan

6.1 Testing
6.1.1 Bulkhead Failure Test

6.1.1.1 Test Description
The purpose of thigest was to validate the strength of the adherence between the
bulkheads in the launch vehicle and the body tubke bulkheads are attacteo
the body tube using West Systemspart epoxy and cured for at least 2wurs.
However, the pegormance of epoxys difficult to accurately calculate or predict and
therefore required testing to ensure that it would perforra aeeded. The nose cone
bulkhead was oparticular interestas it will experience the highest load difet
epoxied bulkheadsral also is the mdsdifficult to properly install due to the
contours of the nose cone. Because of this, this test was designaiifisplly to
validate thisbulkhead.
For this test, a 5&nch length of &inch diameter fiberglass loly tube wasused. A
5-inch diameter bulkead wase constructed out of 6 layers of 1/8 inch aircraft
grade birch plywood for a total thickness of 0.76hrA Ubolt wasattachedto this
bulkhead via two drilled holes and fastened using hex nuts and a Imeta
plate. Thebulkheadwasinstalled intothe section of body tube using West Systems
2-part epoxy and allowed to cure fonore 24 hours as was alsione with actual
construction of the launch vehicle. While this configuration very closely simulates
the no® cone bulkhead desigit will be instdled into a body tube section rather
than a nose cone due to constraints based on the available testing machiéry
inch dameter, 0.5inchthick aluminum bulkhead wamachined and secured
to the opposite end of he body tube sectionrébm the plywood bikhead. This
bulkhead is simply meant as an attachment point to the tensile rig and to reduce any
additional poiris of failue that could be added to the system by using another
plywood bulkhead for this purpose.

6.1.1.2 Test Setup
The procedue for this test ca be found inAppendixD

6.1.1.3 Safety Notes
During fabrication of the test specimen, safetagges, masks, gloves, or other PPE
was worn by all personnel nearby when appropriate. Safety goggtks amachine
cover werealso utilized wha operating the test machine and all personnel will
remain a saf distance away while testing is in progress.

6.1.14 Pass/Fail Criteria
At the time of testing, theose cone bulkheadlas expected to experience a
maximum bad of 234.44 Ibf dung flight. A succssful test wouldndicate a factor
of safety of 2; this meanthe bulkhead will withstand a load of 468.88 Ibitlwvno
signs of damage.

6.1.1.5 Results
This test was run a total of three times. The first iteration allowleel team to
identify veral parts of tk procedure which needed to be adjusted to obtain usable
data. Prior to this test, it was discovered that théyaging arm of the universal testing
machine was not able to sufficiently grip thebolt used in the bidhead alone. The
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remedy to this issue th first run of the test was to use a seconebblt that was
offset in orde to apply a centered load as shownHigure51.

Figure6-1 Bulkhead F#ure Testing Setp ¢ Runl

In addition,during this testonly four of the six evenlyistributed bolts were able to
be used to secure the body tube to thkiminum bulkhead. One missing bolt can be
seen inFigure6-1. Finally, it was noted prior ttesting that this bukhead had cured
slightly crooked within the body tube. The bulkhead wastéd nonetheless and
indicated an unacceptable strength of only 282.Ibf. The data from this test is
presented inFigue 6-2.

Run 1

300
250
200

150

Load {Ibf)

100
30

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Extension (in)

Figue 6-2 Bulkhead Fdure TestingDatag Runl

The data shows two locations where the load decreased sharply. Howevéedine
believes only one to be failure of the bulkhead; the sharp decrease at approyymate
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190 Ibf is thoughto be a result othe two U-bolts shifting in place

relative to each

other rather than failure of the bulkhead as after this occurred during ttsg, teo
damage was visible in the bulkhead. At the second drop, the bulkhead had visibly

been removed from théody tube.

Thouwghthis data indicates that this bulkhead configuaatiis notsufficient, the team
believes this particular run to have sevegalors which cause it to be an invalid test.
These errors include the fact that the kbkad was not instalté properly as welas
the method of attachment to the test machine. Afttesting, the tbolt which was
clamped by the machine was inspected andswisibly deformed as a result of the

test.
On the next two runs of this test, meassrevere taken to

mitigee these

errors.Rather than using a 4olt, aquicklink was used to d@ach to the UTM. In
addition, measures were taken to ensure that the bulktheamained positioned

correctly while curing of the epoxyhe below graphfigure6-3, dis
collected from thetwo final iterations of theBulkhead Failure Test.

plays the dta

Bulkhead Failure Test: Load vs. Extension

Load (Ibf)

0.35, 18593.15

Figure6-3 Bulkhead Failure Telsbad plotted agast Extension

The graph displays the akioad applied to théulkhead plottedagainst the
extension of the bulkhead assembly both runs of this test the fiberglass body

tube failed before the bulkhead was pulled from inside the tube
Figure6-4 below.

, as shown in
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4 4
Figure6-4 Bulkhead Failure Test Setup and Fiberglass Failure

The first specimen failedt a load of 803.75 Ibf, 1.7 times greater than the load
required to pass this test. This gives the epoxied bulkheddster of sakty of

3.43, much greaterhian the factor of safety of 2 that the team required. The
second specimen failed at a load &9b.15 Ibf, which is even greater than the
previous runThe discrepancies in these results carekplained by differenes in

the thickness othe fiberglass blew the bolts as well alsow many bolts were
inserted. Alignment errors occurred during each mhich allowed onlgome of

the six bolts which were intended to attach the body tube to the aluminum
bulkhead to be inslled. Howe'er, bothtimes, based on adce fromuniversity
professors, attachment with a minimum of four of the six bolts was deemed
acceptable and testing waxecuted.

Though the final failure loads from each of these tests differ greatly, eachefailur
point was ggnificartly above thesucess criteria without causing the bulkhead to
ever fail. Because of this, the results of thidte@ Kl @S Ay ONBI &SR (GKS
confidence in the security of epoxied bulkheads. No changes will be made to the
method of atachment to the body tibe.
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6.1.2 Shear Pin Hare Test

6.1.2.1

6.1.2.2

6.1.2.3

6.1.2.4

6.1.2.5

Test Description

The goal of this test was to determine the actual shear strendjtine #440 nylon
shear pins that are used during flight. Basedpogvious research it was believed
that each shear pircould withstand apprximately 70b; however, after the
premature main parachute deployment during the launch on Februaryn®re
information was required to ensure that the proper number of shear pins would be
used in the future.

Test Setup

The procelure for this test carbe found inAppendixD

Safety Notes

All memberswere required towearsafety glasseand stand a safe distance away
from the testing macime during operation. The machine was brought back to resting
position after each run beforeany pieces of thesetup were retrieved to avoidny
physical injury from the machine.

Pass/Fail Criteria

A sucessful test will indicate that the shear pins filapproximately 70b as
SELISOGSR o0& GKS GSIFYyQa NBaSI NDOK®

Results

The results of the sheapin testing areshown inFigure6-5

Shear Pin Failure Data
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Figure6-5 Load Plotted Against Deformatiar Shear Pin Test

It can be seen thaeachof the five tested shear pins fad between 30 and 40
pounds; the minimunfailure load was 33.8b and the maximum was 39.6 [bhe

data wadfairly consistentind, for this reason, only 5 shear pins were used.

This data clearly indicates that thdrength of the shear pins being used is
significantly lower tha previously belieed.Because of this, additional shear pins
will be used between the main parachute bay and the payload bay during flight as
discussed irsection3.4.
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6.1.3 Payload Deploymeiemonstration

6.1.3.1

6.1.3.2

6.1.3.3

6.1.3.4

6.1.3.5

TestDescription

The goabf this test is © demonstrate that the paykad will successfully deploy from
the rocket from any orientationThis test will be performed both on a prototype of
the payloadbay and the fulscale payload bay thavill be used for galification.

Test Skp

The procedurdor this test can be founth AppendixD

Success Criteria

Success is defined as the pod leaving the bmdhe, orienting heavy siddown,
dropping to the ground and opening fully, revealihg UAV.The UAV shdd also
be left wih enough clearance to acate the motors and fly if the correct commands
were sent.

Safety Notes

There are no specific concerabout the performance oftte test besides normal
considerations taken when using eteonics and workingnia testing enviroment.
Results

The currentoverall result of the payload deployment test is a failure, though
modifications have and are curreptbeing made to ensure suess before the
payload demonstration flight.The payloaddeployment is not suébly robust to
friction and misalignment. ThBayload has successfully deployed in a controlled
environment, but the success is not consistent betweests. In order to increase
robustness to friction, the lead screw pitch was desed, and gear were ddd. A
more indepth descriptionof this chamge can be found in sectidnl.1 In addition,
graphite lubricant was added in locati®nmvhere binding is occurring. The changes
currently beingmade are to increasehe robustness offte system to misalignment.
The weight of the payload pod, whileot binding the system, can shift the position
of the pusher and prevent the lead screw fromrriing. The current avenues of
improvements are improvinghe auxiliaryrod to assist with resistig a pitching
moment in thepod and improving the connection heeen the gears.

6.1.4 Payload Maximum Operating Range Test

6.1.4.1

6.1.4.2

6.1.4.3

6.1.4.4

Test Description

The purpose of thiseist is to determine the maximum operating range of the
combination of UAV and ddoyment system, suit is difficult to foreseall possible
interference factorstiat may inhibit successful operation at the launch site. This test
shall provide a numericalperation window within which the launch vehicle needs
to land in order to succefully deploy andly the UAV.

Test Setup

The procedure for this test can be fod in AppendixD

Success Criteria

Success for the overall test is tefd as a maximum operating range of 0.6 miles or
greaterfor both the payload dploymentsystem ad the UAV.

Safety Notes

There are no specific concerns about the performance of the test besides normal
considerations taken when operating a UAV as founpublic Law 1185, Section
336.
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6.1.4.5

Results

This demonstition was executed tehow the tinctiondity of the payload at a raye

of 0.6 miles. The demonstration passed the above described success criteria. No
changes were made to the design based on trmilts of this demonstration.

6.1.5 Payload Retention Test

6.1.5.1

6.1.5.2

6.1.5.3

6.1.5.4

6.1.5.5

TestDescription

The purpse of ths test & to test the latching retaiion mechanismThe test will be
based on the maximum force of tension between the latch and the Bmtause of
the payload baygonfiguration, all loading during parachute deployment oaly put
compressivdorces orthe latch. The largest tension foraeill nominally occur during
ascent. UsingRockSim, the maximum acceleration of the launch vehicle during
ascent is 7.3 times griational acceleration.The duration of this max force shld
be 0.25 second. he payloadpod, wth the payload inside has hoyet been
completed; its weight will be referred to a&... In order to ensure a factor of safety
of 1.5, the tested weight wilbe at minimum 11 time®/,.. The test will also be
performed again to test theonnection between the eye ring and the payda pod
itself.

Test Setup

The procedure for this test can be foundAppendixD

Success Criteria

Succes is defined as the latch or eye ring showing no visualuditory signs of
failure, including nexpected movement or cragig noises.

Safety Notes

No body parts willbe allowed below hanging weightsTo prevent injury, the
mechanisms will always bestited as though they will fail.

Results

The retention gstem could withstandhe flight loads snulated by the weights
appled during this test. Neither the Southcddh nor the payload pod eyebolt
showed signs of deformation or failure. The succeghisftest resulted in no
additional changes to the payldaetention system.

6.1.6 Payload Pad Enduree Test

6.1.6.1

6.1.6.2

6.1.6.3

6.1.6.4

Test Description

The goal of this test is tdetermine the maximum pad stay time of the payload
electronics. As described in NASA requirement 2Hd onboard electronics must
maintain functionality for ateast 2 hours after &ing turned on, ad if this condition

is not net then the power supply sfasystem will require adjustment.

Test Setup

The procedure for this test can be foundAppendixD

Success Criteria

Success is defideas both the payloadeployment systenand the UAV exhibiting a
padstay time of 120 minutes or greater.

Safety Notes

There are no specific concerns about the performance of the test besidesigene
considerations taken when working with electronics.
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6.1.6.5

Results

The drone wasirmed inside the acket for approximately 24eninutes. After the

flight, the battery voltage was measured to be 8.01V which was determined to be
adequate for stable flight.

The success of this test has confirmed the robustness 8f thil ST YQ& OdzNNEB y {
design. No changesill be made to the UAV degi.

6.1.7 Hover test

6.1.7.1

6.1.7.2

6.1.7.3

6.1.7.4

6.1.7.5

Test Description

The below test is intended to determine the maximumwimd hover time for the
fully-loaded quadopter. This allows the team to get an estimate of ideal
competition day conditbtns and UAV perfanance under ideal conditions

Test Setup

The procedure for this test can be founddppendixD.

Success Criteria

Failure is consided a flight time less than 5 minutes, as this is estimatede
enough time foithe quadcopter taake-off, fly to, and landat the FEA.

Safety Notes

To ensure safety of all personnel involved in testing, all FAA guidelines for UAVs of
this size shall badhered to. The quadcopter shall not be operated neaesrer

other obstructians, including cargpeople, and buildings. Theadcopter shall not

be operded in unsafe environmental conditions including rain, sleet, snow, high
winds, or any other adversgeather.

Results

During the testing process, the UAVceassfully hovered foapproximately 20
minutes and had not expenddtie aforementioned batterycapacity. As the team
decided the UAV had more than passed the test, the test was concluded at that
time.

The success of this test has confirmed the robustre® (G KS G SUAVQA  OdzNJ
design. No canges will be made to the WAdesign.

6.1.8 Adverse ConditiondAV Flight Test

6.1.8.1

6.1.8.2

6.1.8.3

6.1.8.4

Test Description

Determine the flight time and range of quadcopter under normal dibons.

G4! ROSNESE O2yRAGAZ2YA HyNBy conglitios udkeStdam 62 &4 A Y
anticipates in Huntsville, Alabama @ompetition day. Thiallows the team to get a

more accurate estimate of performance under competition conditions, ideally giving

a lower bound.

Procedure
The procedure for this test cdre found inAppendixD

Success Criteria
Falure is considered a flight time less than 5 minutes, as this is estimated to
be sufficienttime for the quadcopter to tak®ff, fly to, and land at the FEA.

Safety Notes

To ensure safetyf all personnel invived in testing, h FAA guidelines for UAVS$ o
this size shall be adhered to. The quadcopter shall not be operated near trees or
other obstructions, including cars, people,dabuildings. The quadcopter shall not

be operated in unsa# environmental condionsincluding ram, sleet, snow, high
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6.1.8.5

winds,or any other adverse weatherThis test, as stated earlier, requires specific
atmospheric conditions, therefore care must be take ensure the conditions for

the test aremet without erdangering the testingersonnel.

Resuls

The UAV maintained stabfiight for the complete duration of a Xhinute flight in

sustained winds exceeding 10 mph. Upon completion of the flight, thevd&\able

to successfully perform a conttetl landing wihin the target area.

The success of thtest has confirmed the ddza Gy Sda 2F (GKS GSIYQ
design. No changes will be made to the UAV design.

6.1.9 GPS Functionality Demonstration

6.1.9.1

6.1.9.2

6.1.9.3

6.1.9.4

Test Desdption

As described in NASAquirement 3.11, the launchehicle shall contaian onboard
tracking device to transmit the Ilation of the vehicle upon touchdown.
TheBigRedBe8&800 GPS onboard the launch vehicle must function properly to fulfill
this requrement.

Test Setup

The proedure for this test can be tod inAppendixD

Success Criteria

The GP®ust acquire at least four satellites within five minutes of beginning the
demonstration. The dat retrieved from the GPS follovgrthe conclusion of the
demonstration must reflect an acrate depiction of thepath tracked.

Results

The GPS unit was tak on theWolflinebus #3 at NC State. This was done so that
the route tracked by the GPS could tompared to theNolfline bus raute provided

by the universityFigure6-6, below is arimage of the GP%ute.
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| igure6-6 BigReBee GPS route

To verify the functionality of the GPS, this route was compared ta\tb#line #3
bus route inFigure6-7, below.
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Figure6-7 Wolfline Bus Route

The team finds the differences between the two routes negligible lzave verifie
the functionality of the BigRedBe&8PS.

6.1.10 Recovery Electronics Pad Endurance Test

6.1.10.1

6.1.10.2

6.1.10.3

6.1.10.4

6.1.10.5

Test Description

The goaof thistest isto determine the maximum pad stay time of the recovery
electronics. As described in NASA requirement 2.11, the onbelaodronics nust
maintain functionality for at least 2 hours after being turned on. This tedt wil
determine how long threcovey electionics will be able to remain on. The recovery
electronics aréwo PerfectFlite StratoLogger@fimeters and one BigRiBee GPS.

TestSetup

The procedure for this test can be foundAppendixD

Success Criteria

Swcess is efined & both thePerfectFliteStratoLoggerCéaltimeters and
the BigRedBe&PS have a pad stay time of 120 minutes or greeitde maintaining
a voltage over 99

Safety Notes

There are no specific concerns about the fpenance of the test bsides nomal
congderations taken when working with electronics.

Results

The below tables display the data collected during threendsuof the Recovery
electronics Pad Endurance Test. The maximum drop in voltage withiroarzime
period was 0.2 V.
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Prior to each lauch, the team checks all the flightady batteries for a voltage
greater than 9.0 V. These are the batteries thatdeemed acceptableybthe team.
The results of this test have led the team to change the minimuwtiage

Time

requirement ofa 9V battey from9.0V to at least 9.2V. This is because the maximum

drop in voltage observed was 0.2V. Raising the minimum voltagée least 9.2V

would gzl NI y 4SS
Table6-1

iKS

Primary Voltage (V)

ol G4USNEQa

g2t dF3S Aa

Recovery Electronics Pad Endurance Test 1

Secondary Voltage (V)

12:15 9.41 9.54
3:22 9.30 9.37

Table6-2 Recovery Electrics Pad Endurance Tést
Time . Primary Vdtage (V) | Secondary Voltage (V)]
3:25 9.62 9.50
5:30 9.45 9.30

Table6-3 Recovery Electronics pad Endurance Test 3
Time Primary Voltage (V) Scondary Voltage (V)
5:35 9.24 9.34
7:40 9.13 9.26

6.1.11 AltimeterDemonstration

6.1.11.1

6.1.11.2

6.1.11.3

6.1.11.4

6.1.11.5

Demonstration Description

The purpose of this demmstration is to verify the functionality of the flight
altimeters and ensure an electrical signal is carried to bothdilogue and primary

chutes lires.
Demonstration Seip

The proceduredr this test can be found iAppendixD

Sdety Notes

Appropriate PPE will also be utilized when operating the vacuum chamber and all

personnel will remain a safe distee away while testingiin progress.

Pass/Ril Criteria

A swecessful demonstration of the altimeters will consist of the adtiers triggering

iKS [95Qa

[j

iKS

I LILINER LINR | G S

LIKI a$s

simulated apogee and mainuate at 500 feet. Failuravould be considered bne or
0 2 ( K sf4il o%rigger based upon conditions in the simulated flight.

Results

The two flight altimeters as well two additional back up altimeters were tested and
met the requirements of the Padsail Criteria describeabove.

The success dhis test has ledo no changes to the current avionics management

system.
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6.1.12 Black Bwder Ejection Demonstration

6.1.12.1  Demonstration Description
The purpose of this demonstration is to verify the functionalityref black powder
chargesprior to launch. Thisvill alsoallow the team to choose more precise black
powder charge sizes.

6.1.12.2 Demonstation Setup
The procedure for this test can be foundAppendixD

6.1.12.3  Safety Notes
Appropriate PPEwill also be utilized when dndling all black power and when
setting off the black powder charges

6.1.12.4  Pass/Fail Criteria
A successful@monstration of the black powder ejection system is defined by full
separation between the avionics bay and fin éandrogueand main parachute bay
and payload bay for nia.

6.1.125 Results
Priar to the launch on February 9, an ejection demonstration was eréldio prove
the black powder charges wesalfficientto separate the rocket. This demonstration
was successful wittivo shearpins at each separatigooint and 2.0g of biek powder
at the dogue separation point and 3.0g of black powder at the main sejoara
point. Full separation was observed during firecedured dziT G KS GSI YQa
suggested increasing the drogbkack povder charge by 0.1g fopbustness.
After thefailure of the man separation point shear pins during drogue deployment
on launch ay, the number of shear pins at the main separation point was increased
from two to six shear pins. Thegection demonstratiorwas reexecuted with 21g of
black powder athe drogue separabn point and 3.8g of black powder at the main
separation point. &ll separation was observed during the procedure.
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6.2 Requirements Compliance

Table6-4, below, contains the definitions of el heading on the vefication plan and eecution for the NASA Student Launch
Requirements and Team Derived Requirements.

Table6-4 Definitions of Requirement Verification Subheadings

Heading Definition

Reguirement Number TheNumber associated wh the requirement

Shall Statement The requiremenstatement.
Success Criteria What defines a successfulnifecation of
the requirement?
\Verification Method How the requirement will beerified
Prefligh Acceptance Is thisrequirement verified before each time thi

launch vehicle isaunched?
Performing Organization \Who is responsible for performing
the verification?

Results Proof that the requirement is verified.

6.2.1 Verification Plan
Table6-5, below, contains the verifation plan and execution for the NASA Student Launch Requirements.

Table6-5 NASA Requirement VerificatiMatrix

Requirement

Verification Preflight Performing

Shall Statement Successriteria Results

Number Method Acceptance Organization
Outside resgurces The student led team
do not contritute to
Team members shall complete 100% . i has completed all parts
. ) . . the design, writing, . .
the project, including design, L . Demonstrati of the NASA SL projec
1.1 ; . fabrication, testing, No Team Lead . .
construction, written reports, on without direct
resentations, andlight preparation or launch of the assistance from
P » andlight prep © | G S NASASL :
. outside resources.
launch vehicle.
Teammembers shalwork alongside L3 ¢KS UsSkYOQ . The tef';YQ.a el _dz
: . Mentors, Charles Demonstrati checklists, ilAppendix
1.1 mentors in handling motors and black| . Yes Team Lead
owdercharges Hall, Alan Whitmore,| on B, call for the
P ges. and Jim Livingston assistance of the
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help the team
assemble the launch
GSKAOf Sand
guide the team
through black
powder charge
ingtallation.

GSIryQa [o
whenassembling the
motor. Tke L3 mentors
brief members on the
proper installationof
blackpowder charges
before launch day.

Executive board membeshall provide
and maintain a project plan including
the following items: project

A complete project
plan is found in the

Section6 contains the
completeproject plan.
Checklists are imeded

1.2 milestones, budget and comunity ERR mildsne Inspection No Team Lead in AppendixD. Risk and
support, checkéts, personnel document mitigation strategies
assignments, STEM engagement ' are included irSection
events, anl risk ard mitigation. 6.2.3
Foreign National (FN) team members The PR Milestone
g::lt 2e|4cé\e/;:$e(ggé;haen?t$nirryma Foreign Nationals document has been
not h%ve acess to cetain activit)i/es are reported to submitted. The team ig

13 during launch week due to securit NASA SL offials by | Inspection No Team kead not bringing any

ng = « Y | the PDR Milestone Foreign Natioals to
NBE U NROUAZYa daybe/ document the NASA SL
separated from their team during ' competition
certain activities. P :
. . The CDR Milestone
. . A list of attendees is
Theteam shall identify all team reported to NASA Sl document has been
members attending launch week ho . submitted. All

14 - = . .| officials by the CDR | Inspection No Team Lead
activities by the Critical Design Reviey Milestone attendees have been
(CDR). reported to NASA SL

document. -
officials.
The team shall engage a minimum of The team engages The Outreach Lead ha
. ngage a 200 K12 studerts in kept track ofall k12,
200 participants ireducatioral, hands handson STEM handson STEM events

15 on STEM activities, as defined in the activities by the FRR Inspecton No Outreach Lead As of March 4. 2019
STEM Engagement Activity Report, b Milestone the team has éngagéd
FRR. Document. 3,850 students.

The team will establish a social dia ;I;]heest(()agr; umpee(ijt;s Social Media | ¢ KS S YQ&

1.6 presence to inform the public about accounts to inform Ingpection No Lead and media and website are
team activities. Webmaster updated on a regular

the public reguarly.
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basis toinform the
public on our activities.

Teams will email all deliverables the

The team sends a

NASA project management team by | link to the dub The team lead emails ¢
the deadline spediéd in the handbook | website where all Team Lead link to each document
1.7 for each milestone. In the event that § NASA SL Inspection No and to NASA SL ofifials
deliverable is too large to attadio an | documentation is Webmaster when the milestone
email, inclusion of &éink to download | posted foreach report is due.
the file will be sufficient. milestone report.
The team converts
all submitted Every milestone
1.8 All deliverables must be in PEd¥mat. documents to PDF Inspection No Team Lead documentis in BF
format before format when
posting on the submitted.
website.
In every report, teams will provide a | The table of n th.ls report and al
. : . . previous, the table of
table of contents including major contents isupdated .
1.9 ) . - : Inspection No Team Lead contents can be found
sections and their respective stb and includes all sub
. . at the start of the
sections. sections.
document.
The pag number is In this report and &
In every report, theg¢am will include | at the bottom of previous, the page
1.10 the page number at the bottom of the| each page in every | Inspection No Tean Lead number is included at
page milestone the bottom of each
document. page.
Theteam will provide any computer
equipment necessary to pdrm a
video teleconference with the review | Theteam is
. . o The team presents
panel. This includes, but is not limited| prepared for each .
. . . each milestone
1.11 to, a canputer system, video camera | milestone Inspection No Team Lead .
- . document with all
speaker telephone, and a sufficient | teleconference with .
. o - proper equipment.
Internet connection. Cellular phones | competition officials.
shauld be used for speakerphone
capability only as a last sert.
All teamswill be required to use the | The team is Demonstrati Simulations using
1.12 launch pads provided by Studle prepared to use the on No Team Lead RockSim have been
Launcli2a f I dzy OK & S NJIJ competition executed to simlate
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custom pads will be permitted on the
launch field. Ejht foot 1010 railsand

12 foot 1515 rails will be provided. Th
launch rails will be canted 5 to 10
degrees away from the crowd on
launch day. The exact cant idepend
on launch day wind conditions.

provided hunch rails
on laurch day.

competition launch
conditions.

1.13

Each team musdentifyl a Y Sy i
mentor is defined as an adult who is
included as a team member, whollwi
be supporting tle team (or multiple
teams) throughout the project year,
and may or may not be affiliatl with
the school, institution, or organization
The meior mustmaintain a current
certification, and be in good standing,
through the National Assaation of
Rocketry(NAR) or Tripoli Rocketry
Association (TRA) for the motor
impulse of the launch veheland must
have flown and successfully recovere|
(using ¢ectronic staged recovery) a
minimum of 2 flights in this or a highe|
impulse class, prior teDR. The mento
isdesignated as the individual owner {
the rocket for liability purposes and
must travel with the team to launch
week. One travel stipend witle
provided per mentor regardless of the
number of teams he or she supports.
The stipend wilbnly be provided ithe
team passes FRR and the team and
mentor attend launch week in April.

The team skects one
of the two mentors,
Alan Whitmore or
Jim Livington, to
receive the NASA
mentor stipend at
competition.

Inspection

No

Team Lead

Jim Livingsto will be
receiving the NASA
mentor stipend.

21

The vehicle will deliver the payload to
an apogee altitde between 4,000 and
5,500 feet above ground level (AGL)

Teams lfiying below 3,500 feet or abovi

6,000 feet on Launch Day will be

¢tKS GSkyQ
vehicle reaches an
apogee between the
NASA SL required

Demonstati
on and
Analysis

No

Aerodynamic
Simulations

¢tKS GSIYQa
competition launch
vehicle § designedo
reach an apogee of
4,090 feet as declared
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disqualified and reesive zeraaltitude
points towards their overall project
score.

4,000 feet and 5,500
feet.

in the PDR Milestone

report. The results of

the first demonstration
flight are described in

Section3.3.4

Teams shall identify their target
altitude gal at the PDR milestone. Th

The PDR Milestone
report includes a

Aerodynamic

The PDR Milestone
report declares a

2.2 declared target altitude will be used tq sub-secton detailing | Inspection No Simulatiors competition apogee of
RSGUSNYAYS GKS St 2y GKS S 2000 feer. 0
during Launch Week. altitude predictions. ' '

The vehicle will carry oneemmercially
available, barometric altimeter for The primary altimeter
X - ) . The team declares .
recordingthe official altitude used in . is a StratoLogger CF
LS . which of the tvo .
determining the Altitude Award redundant Recovev and altimeter labeled
2.3 winner. The Altitude Award witle : . Inspection No covey atwLa! w, ¢
. . altimeters will be Avionics - >
given to the team with the smallest . Avionics Sle as
. . used for scoring the . . .
difference between their measured altitude challenae described in Section
apogee and their official targetititude ge. 3.2.1.2(a)
on launch day.
Each altimeter will be armed by a
dedicated mechanical arming switch | The team integrates The team uses
24 that is accesible from the exterior of | a mechanical arming Inspection Yes Recovery and | mechanical screw
' the rocket airframe when the rocket is switch r each P Avionics switches, described in
in the launch configuration on the altimeter. Section3.2.1.2(b)
launch pad.
The team has
integrated a battery
The two altimeters compartment on he
Each altimeter will have a dedicated . . Recovery and | AV Sled, intended to
25 have different power| Inspection Yes o .
power supply. . Avionics hold two 9V batteries
supplies. .
for the altimeters as
described in Section
3.2.1.2(c)
Each armingwitch will be cpable of . The_thread_s on the
being locked in the ON position for The screw switches Recovery and | &'™'"9 switches
2.6 9 P cannot be disarmed | Analysis Yes y requirea torque on

launch (i.e. cannot be disarmed due t
flight forces).

due to flight forces.
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screws will not feel
these types of effects
during flight.

The launch vehicle will be designed tg
be recoverable and reusable. Reusab

The launch vehicle ig
reusable on the

Demonstrati

The launch vehicle
body is robust enough

2.7 is defined as beingble to launch again same day without on Yes Structures to withstand all flight
on the same day ithout repairs or repairs or forces aslescribed in
modifications. modifications Section3.1.2.1(a)

The launch vehicle will have a
maximum of.four (4) mdepend.ent_ The launch vehicle The launch vehicle
sectins. An independent section is . :

! . o has no more than Demonstrati consists of only one (1

2.8 defined as a section that is either . No Stuctures . . ;

. . . four (4) independent| on section as described in
tethered tothe main vehicle or is . !

. sections. Section3.1.2.1
recovered separately from the main
vehicle using its own pacaute.
The launch vehicle has

Coupler/airframe shulders vhich are Al a|rfr§me . tW9 (2) separation
located at inflight separation points separation points Demonstrati points. Ateach of

2.8.1 : . . have at least 1 body No Structures these points 5.5 in of
will be at least 1 body diameter in . . on :

diameter in length of coupler is used as
length. . . .
coupler. described in Section
3.1.2.1
Noseone shoutlers :
. . The launch vehicle
Nosecone shoulders which are locate| at in-flight .
o : . . . . Demonstati does not have a
2.8.2 at inflight separationpoints will be at | separationpoints No Structures . .
) . on separation point at the
least %2 body diameter in length. have at least ¥2 body
. . nosecone.
diameter in length.
The launctvehicle will be limited to a | The launch veicle Demonstrati Aerodynamic Th_e team shall be

2.9 . No . : using ong(1) L115€R

single stage. only has one stage. | on Simulations motor
AppendixB contains
The launch vehicle will be capable of the completed
being prepared for flight at the launch| The laurch vehicle Demonstati checklists ged for the
2.10 site within 2 hours of the time the takes less than 2 on No Team Lead launch on February 9.

Federal Aviation Admisiration flight
waiver opens.

hours to assemble.

The assembly took
appraximately3.5
hours when executed
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linearly. With checklist
edits and executing
somechecklistan
parallel, the team
expects the time to be
under 2 hours.

The launch vehicle will be capable of
remaining in launchieady
configuration on the pad for a

All launch critical
components are

Section6.1includes
two (2) pad edurance
tests that were

211 L : . capable of remaining Test No Team Lead executed to monitor
minimum of2 hours without losing the| . "
functionality of any critical ofboard in the ON position the endurance of on
Y y for over 2 hours. board eletronics. Both
components.
tests were a success.
The launch vehicle will be capable of | The launch vehicle ig .
. . All demonstation
being launched by a stdard 12volt designed to be . .
) - - Demonstrati flights are executed
212 direct current firing system. The firing| launched by a 12 Yes Team Lead . :
) . . on using a 1volt direct
sygem will be providedby the NASA | volt direct current -
. . . - currentfiring system.
designated launch services provider. | firing system.
The launch vehicle will require no The hunch vehicle is All demonstration
L ; selfcontained and .
external circuitry or special ground ! . flights use only the 12
: . only requires the Demonstrati . o
2.13 support equipment to initiate launch . Yes Team Lead volt firing circuit as
. . aforementioned 12 | on
(other than what is provided by the - o ground support
. . valt firing circuit to :
launch services provider). equipment.
launch.
The launch vehicle will use
commercially available solid motor
p;?gﬁf:g{;?;fﬂ;?g T:rz(l)l::]? The launch vehicle The team is using an
P comp brop .. | uses a commercigll | Demonstrati Aerodynamic | Aerotedh L1156R
2.14 (APCP) which is approved and certifie . . No . : :
. o availabe solid on Simulations motor in the fultscale
by the Ndional Association of Rocketr motor launch vehicle
(NAR), Tripoli Rocketry Association ' '
(TRA), and/or the Canadian Associati
of Rocketry (CAR).
The final motor .
. . . . The CDR Milestone
Final motor choices will be declared b selection was Dacument includes a
2141 the Crtical Design Review (CDR) declared in the CDR | Inspection No Team Lead . .
. i section dedicated to
milestone. Milestone :
motor choice.
document.
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Any motor change after CDR must be
approvedby the NASA Range Safety
Officer (RSO) and will only bpmoved
if the change is for the sole purpose o

The team has any

There has been no

2.14.2 increasing the safety margin. A penali motor change after | Demonstrat No Team Lead change in motor
CL s A oA « CIR approve by the | on .
agamm 0 0UKS 0SIFyQa 2 choice.
. . NASA team.
incurred when a motor change is mad
after the CDR milestone, regaedk of
the reason.
Pressure vessels on the vehicle will b
2.15 approved by the RSO and will meet t N/A N/A N/A N/A N/A
following critera:
The minimum factor of safg (Burstor | The team meets all
Ultimate pressure versus Max Expect| criteria regarding Thereare no pressure
2151 Operating Pressure) will be 4:1 with | pressue vessels on | Inspection No Tean Lead vessels orboard the
suppoting design documentation board the launch GSIFryQa €I dz
included in all milestone reviews. vehicle.
Each pressureessel will include a The tean meets all
pressure relief valve that sees the full| criteria regarding There are no pressure
2.15.2 pressure of the tank and is capable off pressure vessels en| Inspecton No Team Lead vessels orboard the
withstanding the maximum pressure | board the launch G§SIyYyQa I dz
and flow rate of the tank vehicle.
Full pedigree bthe tank will be The team meets all
described, including the applicatioarf | criteria regarding
. ) There areno pressue
whichthe tank was designed, and the| pressure vessels en .
2.15.3 : . . Inspection No Team Lead vessels orboard the
history of the tank, including the board the launch 5 a -
: uSkyQa f1I dz
number of pressureycles put on the | vehicle.
tank, by whom, and when.
The total impulse provided by@ollege
or University launch vehicle will not | The team uses a
exceed 5,120 Newtoseconds (L motor with a total . . . .
. . . Demonstrati Aerodynamic | The team is using &L
2.16 class). The total impulse @vided by a | impulse lesshan on No Simulations Class, L1158, motor
High School or Middle School launch | 5,120 Newton ' '
vehicle wll not exceed 2,560 Newton | Seconds.
seconds (Klass).
The launch vehicle will have a ¢tKS GSFYQ . Aerodynamic | Described in Section
2.17 Analysis No

minimum stdic stablity margin of 2.0

vehicle has a static

Simulations

3.3.2 the RockSim
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at the point of rail exit. Rail exit is
defined at the point wherghe forward
rail button loses contact with the rail.

stability magin
greater than 2.0 at
the point of rail exit.

Fylrféeaira 2
launch vehicle provide
a static stabity margin
of 2.25

The launch vehicle will accelerate to &

¢KS GSIFYQ
vehicle has a rail exil

Aerodynamic

Described in Section
3.3.1 the RockSim
Fylrféeaira 2

2.18 minimum velocityof 52 fpsat rail exit. | velocity of at least Analysis No Simulations launch vehicle prades
52 fps. a ral exit velocity of
69.45 fps
The team launches a
All teams will successfully launch and subscale m_o_del of The subscale launch
; the competition .
recover asubscale model of their : Demonstrati was daumented and
2.19 : launch véicle No Team Lead .
rocket prior to CDRSubscales are not on analyzed in the CDR
: . before the CDR .
required to be high power rockets. . Milestone document.
Milestone
document.
The team launches g
The subscale model should resemble subscale m_o_dabf The sibscale launch
. : the competition .
and perfam as similarly as possible tg launch vehia Demonstrati was documented and
2.19.1 the full-scalemodel; however, thefull- on No Team Lead analyzed in the CDR
. before the CDR .
scale will not be used as the subscalg Milestone domment.
Milestone
model.
document.
The teamlaunches a
subscale m_o_del of The sibscaledunch
. the competition .
The subscale model will carry an launch vehicle Demonstrati was documented and
2.19.2 altimeter capable of recording the before the R on No Team Lead analyzed in the CDR
m2RStQa | L23aASS | - Milestone document.
Milestone
document.
Theteam launches a The subscale launch
The subscal rocket must be a newly | subscale model of | Demonstrati was documented and
2.19.3 constructed rocket, designed and buil| the competition on No Team Lead analyza in the CDR

ALISOAFAOLEE & FT2NJ

launchvehicle

before the CDR
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Milestone
document.

2.194

Proof of a successful flight shall be
supplied in the CDR report. Altimeter
data output may baised to neet this
requirement.

The team launches g
subscale model of
the competition
launch vdicle
before the CDR
Milestone
document.

Demonstrati
on

No

Team Lead

The subscale launch
was documentednd
analyzed in the CDR
Milestone document.

2.20

All teams willcomplete demonstration
flights as outlined below

N/A

N/A

N/A

N/A

N/A

2.20.1

VehicleDemonstration Flight All
teams will successfully launch and
recover their fullscale rocket prior to
FRR in its final flight configuration. The
rocket flown mus be thesame rocket
to be flown on launch day. The purpo
of the Vehicle Demonstrain Fligh is
G2 OFrtARIFGS GKS f
stability, structural integrity, recovery
aeaidsSvaz I ybilityidoKS
prepare the launch vehicle for flight. A
succesful fliht is defined as a launch
in which all hardware is functioning
properly (i.edroguechute at apogee,
main chute at the intended lower
altitude, functioning tracking devices,
etc.). The fobwing criteria must be
met during the fullscale

demonstation flight:

N/A

N/A

N/A

N/A

N/A

2.20.11

The vehicle and recovery system will
have functiored as designed.

¢KS I dzy O
recovery system
functions as
designed during the
vehicle

demonstraton flight.

Demonstrati
on

No
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The fultscale rocket must be a newly

The launch velole is

Describé in Section
3.1.4 the fabrication
process for the full

2.20.1.2 constructed rocket, designed andiikt ;%qi%cltgd&?;;geSL (E))r?monstratl No Structures scalerocket took place
ALISOAFAOLIEEE FT2NJ competition over several weeks
P after the CDR
Milestone repart.
The payload does not have to be flow|
22013 during the fuliscale Vehicle N/A N/A N/A N/A N/A
U Demonstration Flight. The following
requirements still apply:
If the payloads not flown, mass Mass simulators are Demonstrati The team has launche
2.20.1.31 simulators will be used to simulatee | used in place of a on No Team Lead the full payload rather
payload mass. payload if necessary| than mass simulators.
The mass simators will be located in | Mass simulators are Demonstrati The team has launche
2.20.1.3.2 the same approximate location dhe | placed in the correct on No Team Lead the full payload rather
rocket as the missing payload mass. | locations. than mass simulators.
If the payload changes the extgrnal The payload
surfaces of the rockgsuch & with
. dependent g@rts of
camera housings or external probes) | . . There are no payload
the launch vehicle | Demonstrati
2.20.1.4 manages the total energy tie No Team Lead dependat parts ofthe
. . . are launched as part| on .
vehicle those systems will be active . launch vehicle.
) . of the vehicle
during the fullscale Vehicle demonstration fliaht
Demonstration Flight gnt.
Teams shall fly the launch day motor
for the Vehicle Demonstration Flight. The team used an
The RSO may approve use of an The L1156R is used Demonstrati L1150R motor in the
2.20.1.5 alternative motor if the lome launt for the vehicle No Team Lead : .
: . ) : on vehicle demonstration
field cannot support the full impulse of demonstration flight. .
. flight.
the launch day motor or in ottre
extenuating circumstances.
The vehicle must be flown in its fully
ballastedconfiguration during thedll- | The fully ballated The team flew the fully
22016 scale test flight. Fully ballasted refers| configuration is Demonstrati No Aerodynamic | ballasted configuration
T to the same amount of ballast that wil| flown for the vehicle | on Simulations during the vehicle

be flown during thdaunch day flight.

Additional ballast may not be added

demonstration flight.

demonstrationflight.
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without are-flight of the fullscale
launch vehicle.

After successfully completing the full
scale demonatration flight, the launhb
vehicle or any of its components will

The final

modifications to the

full-scalelaunch

Demonstrati

The team flew the final
design of the fulscale

2.20.1.7 not be modified without the vehicle are made on No Team Lead ltﬁlén\f:h\ilcelﬂe“de furing
concurrence of the NASA Range Safg before the vehicle demonstration fliaht
Officer (RSO). demonstration flight. gnt.
Altimeter data fom
Proof of a successful flight shall be | the vehicle Section3.4.2.1
supplied h the FRReport. Altimeter demonstration flight . Recovery ad | includes the altimeter
2.20.1.8 . . . . . . Inspection No . :
data output is required to meet this is provided in the Avionics data from the vehicle
requirement. FRR Milestone demonstration flight.
document.
Vehile Demonstration flights must be
completed by the FRR submission
deadline. If the Student Launch office
determines _that a \_/ehu_:le The vehicle The vehicle
Demonstration Rdlight isnecessary, : . . : .
. demonstration flight | Demonstrati demonstration flight
2.20.1.9 then an extension may be granted. Tl . No Team Lead
. . ! is completedby on was completed on
extension is only valid for fiights, not
T . ! March 4, D19. Felruary 9, 2019.
first-time flights. Teams completing a
required reflight must submit an FRR
Addendum by the FRR Addendum
deadline.
2.20.2 N/A N/A N/A N/A N/A N/A
Described in Section
The payload must be fully retained r5et1e:1f[:)?1 psa)éltc(;?:
throughout the entirety of the flight, alll Thepayload is Y -
i . - ; . . . succeeded in retaining
retention mechanisms mustifiction retained during flight| Demonstrati Payload :
2.20.2.1 : . ! No . the payload during the
as designed, and the retention and functions as on Integration .
' . . payloaddemaonstration
mechanism must not sustain damage| desiged. .
requiring renair flight. The payload was
q g repair. not deployed as
intended.
The payload flown must be the final | The payload is Demonstrati Payload The final design of the
2.20.2.2 - . No . .
active version. complete for the on Integration, payload was flown in

2018 NASA Steait Launch | Tacho Lyc



NC STATE UNIVERSITY

payload
demonstmation flight.

Payload
Structures,
Payload
Communicatio
n

the payload
demonstration flight.

2.20.2.3 N/A N/A N/A N/A N/A N/A
Payload
The pavioad Integration,
Payload Demonstration Flightsust be payloa . Payoad The payload
demonstration flight . N
completed by the FRR Addendum : Demonstrati Structures, demorstration flight
2.20.2.4 : ) : is complete before No
deadline. No extensions will be on Payload was completed on
the FRR Addendum L
granted. . Communicatio| February 9, 2019.
deadline. .
An FRRAddendum will be required for If the vehicé and
any team completing a Payload The team completes payload demonstration
2.21 Demonstration Flight or NASA requirg an FRR Addedum if | Inspection No Team Lead flight is rejected, the
Vehicle Demonstration Rigight after necessary. team shall complete ar
the submission of the FRR Report. FRR Addendum.
Teams required to complete a Vehiclg
Demonstration ReFlight and failing to | The FRR Addendum :c,rr:]a?IIFbZRc?ridleer'::ubm
2211 submit the FRR Addeum by he is completed on Inspection No Team Lead P y
. . . . the NASA declared
deadline will not be permitted to fly time. .
. deadline.
the vehicle ataunch week.
Payload
Teams who successfully complete a .
. ; . . Integration, The payload team sha
VehicleDemonstation Flight but fail to o o
. . . A nonfunctioning Payload have afunctioning
qualify the payload by satistorily .
. . payload is not . Structures, payload and complete
2212 completing the PayloaBemonstration Inspection No :
. : . launched at Payload payload demonstration
Flight requirement will not be " N .
ermitted to fly the payload at launch competition. Communicatio| flight prior to the FRR
b n Addendum deadline.
week.
Teams who complete a Payload The team ptitions Paybad The pavioad team sha
Demonstration Flight whiclks not ully | the NASA RSO for . Integration, pay .
" o Demonstrati have a functioning
2.213 successful may petition the NASA RS permission to fly a No Payload
. on payload and complete
for permission to fly the payload at payload tha was not Structures, .
T " payload demonstration
launchweek. Permission will not be | completely Payload
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granted if the RSO or the Review Pan
have any safety concerns.

functional during the
payload
demonstration flight.

Communicatio
n

flight prior to the FRR
Addendum deadline.

Any structural protuberance on the

The team integrates
all structural

Demonstrati

Aerodynamic

The laurch vehicle has
no structural

2.22 rocket will be located aftf the protuberances aft of No . : protuberances forward
i on Simulations
burnout center of gravity. the burnout ceater of the burnout center
of gravity. of gravity.
¢KS GSFYyQa ylIYS |
contact information shall be in or on
the rocket airframe as well as or on :
. . . The launch vehicle
any section of the vehicle that Each setion of the
sepaates durirg flightand is not launch vehicle has shall have a label
2.23 S . . . Inspection Yes Team Lead inside the AV Bay with
tethered to the main airframe. This contact information
) . . . team contact
information shall be included in a for the team. . .
. . information.
manner that allows the information to
be retrieved without the need to open
or separate the vehicle.
2.24 N/A N/A N/ N/A N/A N/A
The launch vehicle will not utilize
forward canards. Camera housings wi Apart from cameras,
. Thereare no forward
be exempted, provided ta team ca there are no forward .
2.24.1 ) Inspection No Structures canards on the laurc
show that the housing(s) causes canards on the )
. . ) vehicle.
minimal aerodynamic effect on the launch vehicle.
NREO1SGiQa adloAf Al
There are no
The launchvehicle will not utilize forward firing . Aerodynamic The one (1) L1158
2.24.2 o Inspection No . : motor fires aft of the
forward firing motors. motors onthe Simulations .
: launch vehicle.
launch vehicle.
Thelaunch vehicle will not utilize The launch vehicle Aerodvnamic The Aerotech L115R
2.24.3 motors that expel titanium sponges uses a NASA Inspection No Simulgtions motor is approved by
(Sparky, Skidmark, MetalStorm, etc.) | approved motor. the NASA team.
. . .. The launch vehicle . . .
2244 The launch vehicle will not utikz uses one (1) solid Inspection No Aerodynamic | The team is using an

hybrid motors.

motor.

Simuldions

L1156R motor.
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The launch vehicle

2245 The launch vehicle will not utilize a usesone (1) solid Inspection No Aeradynamic | The team is using an
o cluster of motors motor P Simulations L11506R motor.
Vehicle ballast withot exceed 10% of
the total unballasted weight of the The launch vehicle
2248 rocket as it would sit on the pad (i.e. g ballastislessthan | | . |\ Aerodynamic | ¢ KS (Sl YQa
o rocket wih andunballasted weight of | 10% of the P Simulation design uses 3% ballas
40 Ibs. on the pad may coritaa unballssted weight.
maximum of 4 Ibs. of ballast).
Trarsmissims from onboard t?;]t)s()nmai;?ers do not No onboard
2.24.9 transmitters will not exceed 250 Wi of Inspection No Team Lead transmitters exceed
exceed 250 mW of L
power. the stated limit.
power.
Excessive and/or dense metal will not
be utilized n the construction of the There are no
! . : . There are no :
vehicle. Use of lightweight mak will excessive metal excessivelydrge or
2.24.10 be permitted but limited to the Inspection No Team Lead dense metal
components on the
amount necessary to ensure structure launch véicle components of the
integrity of theairframe under the ' launch vehicle.
expected operating stresses.
The launch vef_ucle will stage tr_]e The launch vehicle
deployment of its recovery devices, .
) The launch vehicle uses dual deployment
where a drogue parachute is deploye( i
. . uses dual with adrogue
atapogee and a main parachute is deployment wth a arachute at apogee
deployed at a lower altitude. Tumble ploy Demonstrati Recovery and P : Pog
3.1 drogue parachute at No o and a main parachute
or streamer recover from appgee to on Avionics .
. ; apogee and a at 600 feet. There is nc
main parachute deployment is also .
A . o subsequent main apogee delay on the
permissible, provided that kinetic
. .| parachute. drogue parahute.
energy diring droguestage descent is
reasonable, as deemed by the RSO.
The main parachute shall be deploye The main parachute Demonstrati Recovery and | The main parachute
3.1.1 deploys above 500 No .
no lower than500 feet. feet on Avionics deploys at 600 feet.
The apogee event
The apogee event may contain a delg occurs less than 2 | Demonstrati Recovery and | There is no apogee
3.1.2 No .
of no morethan 2 seconds. secondsafter on Avionics delay.
apogee.
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Each teanmust perform a successful
ground ejection test for both the

Aground gection

Theejection
demonstration is
described in Section

3.2 drogue and main parachutes. This my test is executed priof Demonstrat Yes Re_coyery and | 6.1.12with .the .
: L on Avionics procedure inAppendix
be done prior to the initial subscale to launch. o
D. The ejection
and fulkscale launches. .
demonstration was
successful.
At landing, each independent section The 'k|net|c energy af Sectlpn3:3.3|ncludes
. . landing foreach . Recwery and | the kinetic energy
3.3 of the launch vehicle will have a . Analysis No o ;
maximum kinetic eneray of 75-lf section does not Avionics calculdions for each
9y ' exceed 75 fibf. section at landing.
. o The recovery stem All recovery electronics
The reovery system electrical circuits| eledronics are . . o
. . ) Demonstrati Recovery and | are contained within
34 will be completely indepedent of any | independent of No - .
ayload electrical circuits payload system on Avionics the AV Bay, shown in
P ' . Section3.2.1.2
electronics.
The recovery .
. . ) Recovery electronics
All recovery electronics will be electronics are .
: : Demonstrati Recovery and | are powered by 9V
35 powered by canmercially available powered by No . . .
. ) on Avionics batteries as described
batteries. commercially . .
. . in Sectior3.2.1.2(c)
available batteries.
The recovery system will contain The recovery
redundant, commercially available The altineters are Demonstrati Recovev and electronics system
3.6 altimeters.¢ KS G SNX a& I f | commercially on No Avioniczy uses two (2)
includes both simple altimeters and | available. StratoLogger CF
more sophisticated flight computers. altimeters.
Motor eje<_:t|on is not a permissible Motor ejection is not| Demonstrati Recovery and The recovery systn
3.7 form of primary or secondary No o does rot use motor
used. on Avionics o
deployment. ejection.
Two (2) 440 nylon
Removable shear pins will be used fo . shear pinsare used .at
; Shear pins are used . the drogue separation
both the main paralkute compartment . Denonstrati Recovery and . .
3.8 at each separation No . point. Six (6) 40
and the drogue parachute on Avionics

compartment.

point.

nylon shear pins are
used at tle main
separation point.
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