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1. Summary of CDR Report

1.1 Team Summary

1.11  Team name and mailirgldress
Name: High Powered Rocketry Club at NC &tatacho Lycos
Mailing Address: 911 Oval Drive Raleigh, NC 27695
Primary Contact: @ Aiton, sbaiton@ncsu.edu, (512) 76208

1.1.2 Team Mentors

Name: Alan Whitmore Name: Jimikingston
Email: acwhit@nc.rr.com Email: I|V|n%ston§7)ec.rr.com
Phone: (9199795552 Phone: (910%12-5858

TRA Certification: Level 3, 05945 TRA Certification: Leve| 02204
1.1.3  Anticipated Primary launch location and date
Primary launch datesithe weekend of February ®9vith the back up being the weekend of February26
Our launt location for vehicle demonstration flight is Bayboro, North Carolina. LaunchG€ieldinates are
35.172075 N;76.831813 W.
1.14 Number of hours working on the CDR
The team spent approximately 300 hours working on the CDR document

1.2 Launch Vehicle Summary

121 Official Target Altitude
The official target altitude is 4400 feet. S&etion 3.5.3for justification.

1.2.2 Final Motor Choice
The motor choice is an Aerotech L850W. Seetion3.1.15for justification.

1.2.3  Launch Vehicle Size and Mass
The leading design set thenligth of the launch vehicle at 109 inches long, with a diameter of 6 inches. The
fully loaded mass of the launch vehicle with payload is 37.41 Ib. See Sectidhar®i13.1.14 for additional
details.

124 Recovery system
The recovery system is a dual deploymsydtem of two independent PerfectFlite StratoLogger CF altimeters.
The drogue pard¢ dzi S& F2NJ GKS dzLILISNI aSOiGA2Yy YR @&spetiveyl y | N& |
YR GKSe& gAaff oS RSLI2&8SR |4 I L3 3 Sé&hbutewl bedeployedF SSG X |
F2NJ GKS dzLILISNI 4SO A2y | ya& mainiparachute will Be8lépbyed for theifin cab.NA & ! £ (
Both main parachutes willleploy using 2 jolly logic chute releases connected in series to ensure the
parachutes are reased.SeeSection3.4.1for a further breakdown.

1.25 Rail Size
The rail that will le used for launch is a #@ot 1515 rail.

1.3 Payload Summary
1.3.1  Ariel Photographing and Positioning Apparatus (APPA)

There will be two cameras mounted on the side of the lauvethicle. The cameras will take images both on
ascent and descentmage recognitiowill be used on notable landmarks in the pictures taken to locate the
launch vehicle. This will happen continuously until image recognition fails to work and then IMhis wggd

to track the rest of the descent. Using informationrfrdhe IMU and the aaeras, a final location will be
calculated and transmitted back to the ground station.

1.3.2 Means of Obtaining Meaningful Observations (MOMO)
MOMO is an experimental payloadvirich cameras will see out of the bulkhead at the bottom of theper

Payload Bay tielp get a better understanding of what happens during drogue deployment. An IMU and
altimeter are also included to gather more data.

2022 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

2. Changes Since PDR
2.1 Changes Made tbaunch Vehicle

The following table shows the changes that have rbeeade since the PR, with an
explanation of the change. Most changes were in relation to the removal of the payload

lander, and some were a result of changing the LPB configuration.

Table2-1

Description |
Body tube length for the upper
payload bay, main parachute bay,
drogue bay (formerly lower payload
bay), and fin can were adjusted.

Changes thaunch Vehicle Since PDR

Justification

Changes were gesult of the removal of

the lander and theelocation of the lower
payload bay comgrtment. More detail is
given in Section 3.3.5.

Fin span was changed from 6.05 in
5.81in.

The adjustment of weight on the launch
vehicle resulted in a necessary chamge
fin span for stability.

The lowerpayload bay denoted in
the PDR has been renachéhe lower
payload compartment and moved
into the fin can. The airframe sectiol
which was previously named lower
payload bay is now called the drogu
parachute bay in afurther instances.

This new configurtgon allowed the engine
block to be installedlirectly to the body
tube for the fin can rather than inside a
coupler section.

Removal of the piston system

No longer necessary with the removal of]
the lander.

Coupler letween upper payload bay
and main parahute bay lengthened
to 10 in.

This change wa®e ensure that the
coupler at the separation point was longg
than 1 body diameter per NASA 2.5.1.

Added Nosecone ballast

Added to help reduce apogee and impro
stability margin. Se&ection 3.5.4.

Lower pgload compartment
lengthened from 6 to 8 in.

Extra length added to give payload team
more room for components.

Changed nosecone bulkhead
thickness to .75 in from 5 in

A result of ANSYS testing that had the .5
bulkhead below a necessary factor of
safety.

Adjusted upper stability margin for
TDRLVDS5 to 2.4 calibers from 2.2
calibers

The goal of the requirement was to try to
3sSad F adroeAtAdGe Yl
include a tolerance for going over

Additionalcentering ring added into
the tailcone

Gives additional support to the motor
tube auch that it does not go off plane
during launch.
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the launch vehicle.

Recovery System was redesigned t
have fin can separate from the rest |

Subscale cameras were uniska during
descent and that led tblurry images. To
try and mitigate that, the fircan will fully
separate from the launch vehicle to give
the cameras as much time to take clear

images under its own parachutes as
possible.

All black powder charges aretde
trigger at apogee.

drogue parachutesboth the drogue
parachute bay and the main parachute

sections are under parachute.

2.2 Changes Made to Payload

The following tableshows what changes have been masiace the proposal and the
justification for eachof those changes. Most changes in this section result from a better
understanding of the components used to calculate the lander location and the effects it has

on the lawnch vehicle.

Table2-2

Desciption |

Lander was removed from the laund
vehicle

Changes to Payload Since PDR

Justification
The lander was determined to create
more problems than it would solve and
take too much time and resourcesvay
from APPA. A morie-depth explanation is
included in Section 4.5

Experimentapayload MOMO was
added.

The removal of the lander left a space ar
weight void in the launch vehicle. To mef
weight restraints and to obtain more date
an experimental pyload was added to
gather extra data for the team.

A plexiglass section was addedthe
bottom of the camera housings.

It was determined that the Fin Can came
lenses were very exposed and could eag
be scratched or damaged during launch.
To eliminat thispotential problem a
plexiglass box was designed for added
protection.

The AIPA sled was redesigned to
include the recovery GPS and batte

With the redesign of the recovery systern
the recovery GPS for the bottom half of
the launch vehicle ended ugetting put in
APPA. The GPS and GPS battery could
0S Ay O2 NLI2 NI pieSidus A Y
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design, so the sled was redesigned. The
removal of the lander allowed for the
lower payload compartment to be bigger
so the sled height was increased to allov
for the new components to fit.

The tape used to secure the ribbon
cables to the sidef the launch
vehicle was changed from electrical
tape to aluminum foil tape.

Aluminum foil tape is more secure,
watertight, and weatherproof making it a
better option thanelectrical tape.

After the use démagnetometers was

The IMU was changed to the Parke| forbidden, a more precise IMU was
LORD 3DMCX5 IMU required and a more expensive sensor w
chosen as a result.

All instances of BS1 were changed |
APPA.

2.3 Changes Made to Project Plan
The following table shows thehanges that have been made since the proposal ted
reason it has changed. Most changes in this section result from better understanding of the
components used to caltate the lander location and the effects it has on the launch vehicle.

BS1 was givean acronym for clarity.

Table2-3 Changes to Project Plan SinGRP

Description Justification

All requirements about the lander

There is no longer a lander.
have been removed.

BS1 was given an acronym so the new
nameneeded to be consistent throughou
the document.

MOMO needs team derived requirement
and because it was created after PEIR
the requirements are new.

PD 15 was a less specifarsion of PD 18,
so it was removed. PIB form PDR is now
PD 10 in CDR because of the lander
requirements being taken out.

PD 19 from PDR was reworded and It was changed for clarity and to better

Allinstances of BS1 have been
changed to APPA.

Team derived requirements were
added for MOMO.

PD 15 from PDR was removed.

now PD 7 ilfCDR explain the camera housing requirement
With the new recovery system nomex

RD 3 from PDR was removed sheets make more sense for the larger

regarding @ployment bags parachutes given that chute releases are

around them.

RD 5 from PDR was removed
regarding meeting NASA 3.3 even il The lander was removeddm the design
failure oflander jettison
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3. Vehicle Criteria

3.1 Design and Verification of Launch Vehicle

3.1.1 Launch Vehicle Mission Statement
The mission of the lauhcvehicle is to reach the targeted apogee and return to the ground
safely in a reudale condition in which afpayload electronics are still operable.

3.1.2 Launch Vehicle Success Criteria
Launch vehicle mission success is defined as both compliance with NEgAi®ments
in Section 6.2.1 and the teaderived requirements in Section 6.2 2dditionally, the
levels ofsuccess are defined as followsTiable 31.

Table3-1 Launch Vehicle Success Criteria
Level of Succes Definition
Complete Success - Launch vehicle recoverable

- Nominal launch vehicle taboff and descent

- Payload electronics systems are undamaged and remain
functional during flight and after landing

- Launch operations can be repeated the same day

- Achieved apgee is between 4000 and 6000 feet

- Launch vehicle lands within the 5000 ft by 5008ritl

Partial Sacess - Launch vehicle repairable

- Successful launch vehicle takeoff and descent

- Payload electronics systems are repairable

- Achieved apogee is between 4000da6000 feet

- Launch vehicle lands within the 5000 square foot grid

Partial Failure - Launch vehicle repirable

- Successful launch vehicle takeoff and unsuccessful desc

- Payload electronic systems are repairable

- Achieved apogee is below 4000 feet or above®Beet

- Launch vehicle lands outside of the 5000 ft by 5000 ft gri

Complete Faile - Launchvehicle unrecoverable

- Payload electronic systems critically damaged
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3.1.3 Overall Design

Fully assembled, the launch vehicle will be 109 inches long with aHameight of 42.03
Ib and an empty weight of 37.41 Ib.

Nose Cone

Upper Payload Bay

Main Parachute Bay

Avionics Bay

Drogue Bay

Fin Can

Figure3-1 Launch Vehicle Sections

{ 6.00 [~

hl 7.0047 r—w.ooﬁ

l— -16.00- J 2.00u ‘

f 22.80 1

109.00

Figure3-2 Launch Vehicle Dimensions

Black Powder

/

Main Separation Drogue Separation

Figure3-3 Launch Vehicle Points of Separation and gater Materials
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3.14

3.15

Material Selection

G12 fiberglass has been selected as the material used for both the airframe and nose cone
of the launch vehicle. G12 fiberglass is a commonly used mater@ketry and has been

used by the club in launch vehiclespirevious years. It weachosen due to its durability

and strength. It has the ability to easily resist the expected compressive loading along
with any unexpected impact forces upon landidgddtionally, fiberglass is a water
resistant material, which igmportant when consideng the reusability of the launch
vehicle.

The fins and bulkheads will be constructed using layers ofdifgraft grade birch

plywood. This material is lightweight andrang, particularly as layers are adhered

together with epoxy resin. Two layers wil S dzaA SR LISNJ FAYy X YI 1Ay 3
odzZf 1 KSFRa gAff NI yaS Ay (GKAOlySaa FTNRBY oyC
experience.

U-bolts and other hardware willdomade of stainless steel due to its strong mechanical
properties. Stainless stea dense, however, the necessary hardware which is composed
of stainless steel is a small portion of the launch vehicles weight. The use of stainless steel
for hardware enstes that necessary factors of safety are reached accgrtiinteam
derived requiremaets.

Any launch vehicle components which are 3D printed, such as the tail cone, nut centering
ring, and camera houses, will use Polylactic Acid, PLA, as the materi#. dugsto the
accessibility to both the material itHeand printers which use PLAs proven on the
subscale flight, the material is durable enough to resist flight forces acting on the camera
houses and tail cone. Additionally, when lined with heat stesit material such as
fiberglass cloth it is able wafely resist heat generatedoin the motor.

Nose Cone

The team decided to limit nose cone designs to those which were commercially available
so that aerodynamic stability is maintained between the salbs and fulscale launch
vehicles. This limit was posed due to the complexity arcost of manufacturing custom
nose cones. This constraint limited nose cone designs to Ogive nose Aagh&sOgive
Nosecone was chosen as it offered the most desiraialieilty margin for the vehicle.

The nosecone and buikad, without ballast, are exggted to weigh4.56 Ib.

[ 26.00

6.00

Figure3-4 Nose Cone Dimensions

2022 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

3.1.6

3.1.7

Nose Cone Bulkhead

The nose cone bulkhead will be Oiifghes thick ad removable using-brackets and
bolts. This was deeed necessary so that the forwaside of the bulkhead could be
utilized for purpose of adding ballast, as needed, to adjust the stability of the launch
vehicle once manufactured.

Four Lbrackets will beequidistantly spaced around the circumference of thikhead on

its aft side, as gsbwn in Figure &. These brackets and the attached bolts will be
composed of stainless steel. Testing will be performed as described in Section 6.1.1.1 in
order to ensurehat the connection points have an acceptable faabsafety.

The nose cone bullead, including hardware, will weigh461b.

Figure3-5 Nose Cone Removable Bulkhead

Upper Payload Bay

The 16inch upper paylad bay will be located between the nose cone and the main
parachute bay. A thch @upler will be epoxied into the aft end of the body section with

6 inches exposed to connect to the main parachute bay. The connection to the main
parachute bay will be sered using #40 nylon shear pins. The nosecone will be secured
to the payload bay w#h a bolted connection.

The upper payload bay, coupler, and payload are expected to weigh 4.67 Ib.
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‘ 16.00 |

Figure3-6 Upper Payloa@&ay Dimensions

3.1.8 Main Parachute Bay
The main parachute bay is located between the uppeyload bay and the avionics bay.
The length of the main parachute bay airframe is 17 inches long and will be secured to
the upper payloaday coupler using #40 nylon sear pins. Additionally, the aft end of
the main parachute bay will be secured toettavionics bay coupler using a bolted
connection. There are two parachutes housed in the main parachuteabpayy ¢ R N2 3 dzS
parachuteand cné Yl Ay LI NI &padmhethastafp&king yolumeoNE 3 dz
4.5 inches length x 1.5 inches diameter ande¢ha ¢ Y I Ay LJ NI OKdzi S KI & |
of 7.5inches L x 3.5 inches D. As the main parachute bay holds most of the main recovery
harness, including shock chord and the mparachute, it is estimated that the recovery
harness will take up 37.5 cubic inchifshe mainparachute bay. The remainder of the
length is open to allow a sufficient volume for the black powdent@aacharge to expand
into. Making this an open voluenwill allow for a smoother pressure curve over the course
of the detonation, reducig the stress experienced by the airframe.

The main parachute bay is expected to weigh 1.69 Ib excludingtoxery harness.

17.00

Figure3-7 Main Parachute Bay Dimensions
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3.1.9 Avionics Bay
The avionics bay will be dated between the main parachute bay and the drogue
parachute bay. The AV Bay is made of @nt® coupler sction with a 2inch-long band
of airframe material epoxied arma the exterior of the coupler. The forward end of the
coupler will extend 2 inchdsom the band and will be connected to the main parachute
bay by a bolted connection. The aft end will exdeéhinches from the body tube band and
be secured to the droguparachute bay with #40 nylon shear pinA bulkhead on both
ends of the AV bay wihave an attached olt for use in main and drogue parachute
deployment, along with two outwardcing blast caps that house the primary and
secondary black powder chargéor main bay and drogue bay separation. The avionics
bay will have a modular desigable to fully separate from the rest of the launch vehicle.
This will facilitate easy access to the gi&t and will simplify construction and assembly.
The AV sled wibe mounted inside the AV bay on threaded rods running in between the
bulkheads.

TheAV Bay is expected to weigh 3.88 Ib excluding the black powder charges.

10.00
9.25
’»2.00#
—ll
ﬁ:{,_,___
%z:i:%
1
0.75
Figure3-8 Avionics Bay Dimensions

3.1.10 Drogue ParachutBay

The drogue parachute bay will be located between the avionics bay and thenfiif lva
body length will be 19 inches long and will be connected to the AV bay usi#@ #don
shear pns. In addition, a #nch coupler will extend 2.5 inches from thd ahd of the
drogue parachute bay and connect to the fin can using bolts. Unlilex bttited sections,
a 3D printed, 0.5nch thick, ring will be used to support the interior nuts insteaf
epoxying nuts to the interior of the coupler. This is to helpigate the chance of nuts
epoxied to the interior of the tube shearing, helping éaluce any launch day field repairs.
The drogue parachute bay will also have a bulkhead mounted abufgler which will
have a Wbolt so that the fin can recovery harnesan be attached. Additionally, this
bulkhead will have Velcro on the aft end suchttthe lower payload sled can be attached.
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The drogue parachute bay is expected to weigh 2.62 Ib withbe fin can recovery
harness.

' 19.00

Figure3-9 Drogue Parachute Bay Dimensions

Figure3-10 Orthogonal View 3D Printed Nut Centering Ring for Bol@uhnections
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3.1.11

Figure3-11 3D Printed Nu€entering Ring for Bolted Connections Dimensions

An Can

The 22.8inch-long fin carhouse the motor tube on the inside, fins and camera mounts
on the exterior and a tail cone on the aft section. The fin can assembly consists of an
engine block, three ceeting rings, the motor tube, camera housings, and finge Th
engine block and the aftentering ring will support the majority of the load from the
motor, while the middle centering rings are used primarily for motor tube and fin
alignment. The fins are digmed with a fin slot that fits between the centering rintp
provide additional spport. One third of the layers used in the engine block are centering
ring layers to allow the forward bulkhead to assist with motor tube alignment, as seen in
Figure3-13. Velcrowill be on the forward face of the enginedak so that the lower
payload std can be attached and connected to both the engine block and aft end of the
drogue bulkhead. Additionally, theiBch compartment in the forward end of the fin can
airframe acts as the lower payload compartment and will é@the lower payload sled.

At the aft end of the fin can, a 3D printedifich-long conical tail cone will be connected

to the aft centering ring using epoxy.

The fin can assembly is expected to weigh Tha&xcluding the motor and tail cone.
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22.80

20.50

Figure3-12 Fin Can Dimensions

Figure3-13 Fin Can Engine Block
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©6.00

3.1.12 Updated Fin Configation and Shape

Figure3-14

6.00

3DPrinted Tail Cone Dimensions

Based on backgrouneksearch about fin shape, a clippddlta shape was chosen, as it
increased the area of the fin adjacent to the side and back of the launch vehicle. This
design was choseto help reduce weathercocking and increase thebgity of the fins.

The angle obweep of the leading edge of the fin is fixed as well as the length of the
bottom of the fin that attaches to the launch vehicle bodys mentioned in the PDR
document,andin Section &.5that pertains to fin span length study, the span has been
adjustedfrom 5.8 in to 6.58 in.

1.50

8.50

11.13

Figure3-15

Fin Dimensions

.63

1.50
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3.1.13 Hnite Element Analysis
Finite Element Analysis, or FEA, is an importaethod for determining the stress
experienced under loading for materials and palfts.assist in bulkhead design, the lead
bearing bulkheads were put through static structural simulation in ANSYS Workbench to
find the maximum principal stresses that wolidd experienced under expected loading.
Using the maximum principal stress for eashd bearing bulkhead, the factor of safety
could then be calculated.

The bulkheads were created in SOLIDWORKS and saved as .IGS files before importing
them into ANSYS DgasModeler. All bulkhead hardware, beingBslts, nuts, washers,

and threaded rods, we assigned stainless steel as their material. Stainless steel has a
yield strength of around 30000 psi, which is much larger than any stress experienced in
the ANSYS sirfations and as such the plywood layers of the bulkheads weréothes of

the stressanalysis. ANSYS does not have plywood within its material database and as such
the material properties had to be manually inputted. Figurgé63below shows the used
material properties to approximate plywood. While the properties may not be exact for

the gecific plywood the team uses, they are still useful within the bounds of the

simulations.
Properties of Outline Row 4: Plywood ¥ o X
A B C D |E

1 Property Value Unit l@l Ei'p:]
2 l-"]El Material Field Variables = Table
3 T Density 500 kg m~-3 Ll (=)=
4 = ll—@ Isotropic Secant Coefficient of Thermal Expansion [}
5 E Coefficient of Thermal Expansion 3.39E-06 F~-1 LI |
6 |B ‘B Isotropic Elasticity [l
7 Derive fram Young's Mod... LI
a Young's Modulus 1.125E+06 psi ;l |
9 Poisson's Ratio 0.3 =
10 Bulk Modulus 6,4638E+09 Pa [
11 Shear Modulus 2,9833E+09 Pa (]
12 %8 Tensile Ultmate Strength 4500 psi Ld [E)=]
13 '-E| Compressive Ultimate Strength 5250 psi ;I Il ]

Figure3-16  Aircraft Grade PiyoodProperties Used in ANSYS

Multiple thicknesses were evaluated for each bulkheadoimpare the factor of safety of

each under the expected loading. For all bulkheads, it was found that a thickness of 0.5
inches would result in a factor of safety gter than 1.5 which meets LVD 1. Despite this,

the factor of safety for a O-Bich-thick Avonics Bay and Nose Cone bulkheads are only
marginally greater than 1.5. If the simulations were perféogn these values would be
acceptable. However, with appximations made, it is hard to know if the factors of safety
from the simulations are correcr not and as such, these parts were increased to have

a thickness of 0.75 inches to ensure the necessary factor of safety. The drogue parachute
bulkhead andhe fin cancenter rings have sufficiently high factors of safety with their
0.5inch thicknessThese bulkheads are discussed mordapth in the sections below.
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3.1.13.1

Nose Cone Bulkhead FEA

It is expected that the nose cone bulkhead will experience 149siiniguestimatel
deployment forces. This loading is applied tebdkt and the bulkhead itself is
constrained by fixed supports inside thebtacket holes to simulate the effects of
bolts holding the brackets in place. Stress concentrations are expecteddodted
near the U-bolt holes and the two closestlirackets and as such the mesh was
refined inthe vicinity of these features.

The maximum and minimum principal stresses shown in the legend in Figfe 3
are exact in precision. Stress singularities present inthe regions featuring the
highest level of stress, specifically around theBalt hdes. These singularities
continue to increase as the mesh is refined and, as such, the probe tool was used to
find approximate maximum and minimum values odésiof the sigularities for
principal stress. The maximum and minimum principal stresses arenshathin
Figure 318 and are 1020.8 and029.8 psi respectively. This results in the nose cone
bulkhead having a factor of safety of 4.41. As this simuladioly addresss the
stress in the plywood and mounting hardware, corresponding shear testingaedl

to be done on the selected bolts.

ANSYS

2020 R2

0,000 2,000 4.000(in) X
I |
1.000 3.000

Figure3-17  Maximum Principal Stress in Nose Cone Bulkhead

2022 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

0.000 2,000 4.000(in)
I 00O a0

1.000 3.000

Figure3-18 Maximum Principal Stress in Nose Cone Bulkhead &lywo

3.1.13.2 Drogue Parachute Bulkhead FEA
Using estimated deployment forces, it is expected that the drogue parachute
bulkhead will experience 139IBf. This loading is applied tbe upper faces of the
U-bolt and the bulkhead itself is constrained by fixed supp@long the outer
circumference of the bulkhead to simulate the epoxy bond to the body tube. Stress
concentrations are expected to be loedt near the kbolt holes and asuch the
mesh was refined in the vicinity of these features.

Using the legend as glance in Figure -39 below, the plywood experiences
maximum and minimum principal stresses of 1661.7 &®P.9 psi, leading to a
factor ofsafety of 2.71 for the droguegpachute bulkhead.
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ANSYS

2020 R2

0.000 2,000 4.000(ir)
| EEEEaa—— |
1.000 3.000

Figure3-19 MaximumPrincipal Stress in Drogue Bulkhead

ANSYS

2020 R2

0.000 2,000 4.000in)
[ EEEaaa——
1.000 3.000

Figure3-20 Maximum Principal Stress in Drogue Bulkheaadid

3.1.13.3 Avionics Bulkhead FEA

Udng estimated deployment forces, it is expected that the forward avionics
bulkhead vill experience 93.38 Ibf. This loading is applied to the upper faces of the
U-bolt and the bulkhead itself is constrained by fixed suppotttha ends of the

2022 NASA Student Launch | Tacho Ly




NC STATE UNIVERSITY

threaded rodsto simulate being held in place by the opposing avionics bulkhead.

Stress concentt#ons are expected to be located near thebOlt holes and threaded
rod holes and as such the mesh was refined in the vicinity of theserésatu

Using the legend as guidem in Figure 22 below, the plywood experiences
maximum and minimum principal stress of 1159.8 andl10.8 psi, leading to a
factor of safety of 3.88 for the avionics bulkhead.

D: AY Bulkhead
Maximum Principal Stress
Type: Maximum Principal Stress
Unit: psi
Time: 1
1412022 5:27 PM

3859.5 Max

3400.1
L 20388
. 25084
L] 20581
] 1607.7
Ll 11574
707
256.64

-193.71 Min

0.000 3.000 6.000in) ZA %
B S
1.500 4.500

Figure3-21 Maximum Principalt&ss in AV Bulkhead

D: AY Bulkhead

Maximum Principal Stress 2
Type: Maximum Principal Stress
Unit: psi

Time: 1
1/1/2022 5:28 PM

1159.8 Max
10186
87746
736.28
595,09
453.91
312.72
17154
30353
-110.83 Min

0.000 2,000 4,000 (in) Z/L X

I ..
1.000 3.000

Figure3-22 Maximum Principal Stress in AV Bulkhead Plywood
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3.1.134

Fin Can FEA

To better understand how the fin can assembly withstands thrust from the motor,
the fin can SOLIDWORKS mades runthrough a structural simulatio he average
thrust of 191.088 Ibf from the L850W wapplied to the aft end of the motor tube

so that the force from the motor and motor retainer was simulated. The assembly
was canstrained by having all outer edges of thelkheads treated as fixed supports

to simulate their epoxy bond to the airframe. ditionally, the connections between
the bulkheads and the motor tube were important to consider and, as such, the
mesh was refing in those locations.

Under this specifidoading, the aft centering ring experiences the most force
compared to the other thee. Using the legend as guidance in Figu?d Below, the
plywood of the aft centering ring experiences maximum and minimumcipah
stresses of 287.47 and1.3 psi, leding to a factor of safety of 15.65 for the aft
centering ring.

ANSYS

2020 R2

i
F 7
i @
0.000 5.000 10.000 {in)
| I

] X

2500 7.500

Figure3-23 Maximum Principal Stress in Fin Can
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ANSYS

2020 R2

X
0.000 2.000 4.000(in)
[ B ES—— ¢ Y

1.000 3.000 Z

Figure3-24 Maximum Principal Stress in Aft CentgrRting

3.1.14 Updated Vehicle Weight Breakdown
To better facilitate the breakdown of launatehicle weight, Table-8 was created and
provides a good estimate of where weight in the launch vehicle is coming from. The
weights for each section were updated with neweights from changed designs.

Table3-2 Launch Vehicle Weight Sheet

Weight (Ib)

Nosecone 7.56
Nosecone | 4.1
Bulkhead | 0.462746
Ballast | 3
Upper Payload Bay | 4.67
Body tube | 1.591159
Coupler | 0.713506
Payload | 2
UPD electronics |

Bulkhead | 0.370283
Main Parachute |

Bay 2.29
Body tube | 1.690606
Drogue + Main | 0.6
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AV Bay ’ 3.88
Body tube ’ 0.198895
Coupler | 0.713506
AV sled | 2
Bulkheads ’ 0.965294
Drogue Bay ’ 3.22
Body tube | 1.889501
Drogue + Main | 0.6
Bulkhead ’ 0.370283
Coupler ’ 0.356753
Fin Can | 15.78
Lower Payload | 1.833
Body tube ’ 2.267401
Fins ’ 1.787002
Engine Block | 0.532522
Centering Rings | 0.36
Motor tube ’ 0.754439
Total Motor ’ 8.249698
|
TOTAL WEIGHT | 37.41

3.1.15 Final Motor Choice

With the removal of thdander, the motor choice was changed from the L13%06@&e
L850W which waan alternatve identified in PDR. This was dueatsigrificant decrease
in weight causing a much higher apogee than expectéd L850W had a lower total
impulse whictscaled bettemith the lighter launch vehicle to reach the selectgubgee.
With an added ballastf 3 Ibin the noseconethis new motorwill get the launch vehicle
to the selected apogee.

3.2 Construction Methods

3.2.1

Bukhead Fabrication

Each bulkhead in the launch vehicldlwe made of layers of 1/8 inch aircraft grade birch
plywood which will be adheretbgether using West Systemspart epoxy. These layers
are drafted in SOLIDWORKS, each with two ¥ inch holesas alignment guides during
assembly. These layers areethexported to a laser cutter and manufactured.

Once layers are laser cut, each ameanded on both sides for better epoxy adhesion. The
bottom layer is then placed down on a vinyl sheet with domeels which are cut to match
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3.2.2

3.2.3

3.24

3.25

G§KS aLISOATA @ess drid ar& Bdcer @ dhe ¥ iadh Boles. -Pawd epoxy is

then spread over the toface of the first layer and the bottom face of the second layer.

The second layer is stacked on top of the fiagtelr, using the dowel rods for alignment.

This is repeate until the proper bulkhead thickness is achieved. Then, each bulkhead is
wrapped inpeetLJtf € =3 G KSYy ONBFGKSNI YIFIGSNAREFE ® tfdzyoSN
used to create a sealed environmeand then a vacuum line is added. The setup is

checked fo leaks and then is left to cure for 24 hours.

To add the bulkheads to the body tubepoxy is added in a thin layer to the edge of the
bulkhead and then the bulkhead is slid to the profmration inside the airframe. After
this has been left to cure f@4 hours, silica filler is mixed with the twart epoxy and
used to create filletalong the joints between the bulkhead and body tube. This is left to
cure for 24 hours.

Cutting Body Tulse

¢tKS GSIFIY KIFI&a | O00Saa (2 GKS a!bOwilh&dudluddyYSy i Q3
0KS aK2LQa AYRAZAGNAIf RNRLIKS yYRKALIGA I WIRNA
ensure personnel safety. Before handing over the tubing to the machine shogotieet

cut locations will be preneasured and marked by the teaddditionally, slots in the fin

Oty @gAfft 0SS LINBOdzi o6& (GKS FANFNIYSQa adzLILX A

Adherng Couplers to Body Tubes

Both the coupler and the body tubes will be measured and marked at the poivhiah
the coupler should be slotted into the airframe. The areduciv will experience contact
between the two sections will then be sanded to promdietter adhesion. A very thin
layer of twopart epoxy is then applied to both the coupler and airframiee Toupler is
then inserted into the airframe to the point which w@remarked. This is left to cure for
24 hours.

Fin Can Assembly

The forward fin ca bulkhead, referred to as the engine block, is epoxied into place within
the fin can at the corredbcation, 8 inches from the forward end of the tube. Fillets are
then added between the engine block and the body tube to reinforce the connection.
While that connection cures, the middle centering ring is epoxied into the copesition

on the motor ube, shown in Figurgd-12, andfillets are added. After all epoxy has edr
additional epoxy is used to attach the engine block to the motor tube and tatier
edge of the middle centering ring. Then, the motor tube is inserted into the fin can and
left to cure. Next, the fins (which are prepared in a similar method tdotiikhead layers)
are inserted into the fin slots. Epoxy is used to connect thealis to the motor tube.
More fillets are added to connect the fin tabs to the motor tube for betstructural
integrity. The aft centering ring is epoxied into place tonghihe fin tabs and the inner
wall of the fin can. Finally, a motor retainer is ejgakto the end of the motor tube.

Bolted Connections

The launch vehicle has bolted sections tiedjuire a thread into which to screw the
bolted connection. To do this, ted are drilled through the body tube and coupler. Then
nuts are centered and epoxiazh the inside of the bolt hole. The removable bulkhead
connection requires the nuts to be corected to the Lbrackets. After the epoxy cures,
bolts can be threaded througtne holes using the installed nuts.
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3.2.6

3.2.7

3.2.8

3.3

3.3.1

Ballast Installation

Ballast might be used tod@ust the vehicle stability margin before launch. The ballast
could be lead blocks or pellets @qed into a 3Bprinted casing that is then secured to
the bulkhead using egxy.

3D Printed Components

The tail cone, camera housings, and nut centering ringb&i manufactured using 3D
printing. They will be printed using FDM 3D printing onT& STASY'S printer using PLA
filament. The tail cone is located in close proximity e tnotor and exhaust gases. As
such, it is important to ensure that it is thermaihsulated from the motor so that the
PLA does not melt or deform. In order to insulétte tail cone, a layer of fiberglass will
be used to line the inside surface of thaltcone. In the space between the fiberglass
layer and the motor tube, cellulosesulation will also be added. These layers of fiberglass
and cellulose insulation willdad enough heat protection to shield the plastic from the
heat of the motor. This praxure was performed on the subscale in order to verify the
insulation properties ofhe layers.

Safety Standards
During construction, team members must follow the safetgcedures put forth by the
GSFYyQa alfSie 2FFAOSNE Ay OfdzZRAy3Y

a) Education on the safgperation of power tools and machining equipment before use.

b) Proper usage of PRihile operating power tools and machining equipment. This
includes safety glasses argbpirators.

c¢) Proper usage of PPE while handling epoxy. This includes safetg,glgsadicle mask,
and nitrile gloves.

d) Proper usage and storage of epoxy anceotiiazardous materials.

Subscale Flight Results

The design team created a subscale launch vehickgedy to implement and evaluate the
performance of various features @fur full-scale launch vehicle. The launch occurred on
November 20, 2021, in Baybokorth Carolina under the supervision of the TiaAge officer
listed in Section 1.1.2. On launch day the temperature was aroufidr&arenheit, the sky
was clear, the wingdanged from 510 mph.Tragedycarried a dual deploy recovery system
consisting of a 18&inch drogue parachute deployed at apoger¢da 48inch main parachute
deployed at 600 ft AGL. Recovery was controlled by redundant StratoLogger CF altimeters

Scaling-actors

Design of the subscale was based on a 2/3 scale of thechik design. Alengths of
sections were multiplied by .667 srale the subscal&his factor was chosen due to its
use in the past and proximity to the % scale limit. The ID of thecaild is 4 inches which
is 2/3 of the 6inch fullscale diameter. Some elements diet subscale were not
completely scalable due to their nature. Thelkheads, for example, which are created
with 1/8-inch plywood sheets, were half scale not 2/3 scalestlictural simulations of
the subscale show similar structural properties as tiedcale. Due to the different and
unscalable nature of the launclekicle weight, weights across the launch vehicle are not
based on any scale.
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3.3.2

3.3.3

3.3.3.1

Flight Simulations and Ffietions

RockSim was used to generate the subscale flight simulation and flighke pieach

fldzy OK @SKAOfS 0O2YLRYSylQamatohltha @awdrd masg O1 { A Y
of that component to ensure accurate sim data. The RockSim simulations wevettu

a 5 cant 144inch launch rail. The wind ranged frong3.0 mph. The predictk apogee

from these simulations was 4,617 ft, and, with a correcodbit5% based on the Rdék

apogee study in Sectidh5.3 the resulting predicted apogee was 3924 ft.

Flight Data

During the subscale flight, altitude data was recorded in both the AMabd the payload.
In addition to that, orientation and acceleratiomas also logged by the payload along
GAGK H OARS2a 2F (KS OSKAOfc@n@as. Tt AIKG FNRY
Avionics Bay Altimeter and Vehicle Performance

The vehicle weight on launaay was 16.6 Ib and the stability margin was 2.245.

The recorded apgee on launch day was 3,919 ft, which is 5 ft from the predicted
apogee. This accurate prediction isgaly due to an accurate portrayal of the

launch vehicle in RockSim as well as aemion that brought the predicted

apogee down to match historicahth. This result confirms the RockSim apogee

study, as an uncorrected apogee would have been far ofatheal apogeeThe

comparison between RockSim and actual flight data is belowoudthn the

apogee is almost an exact match in the comparison, lamgling time for the

simulation is faster than the actual launch. This is likely due to the difference in
weight between RockSim and the actual subscaid the simulationusing a

lower wind valuein the interval between5 ¢ 10 MPH

Subscale Altitude vs Time
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Figure3-25 Comparison of RockSim and AV Bay Altimeters
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3.34

3.34.1

Subscale Payload Experimantl Results

When designing the payload aspects of subscale, the plannedchl# @sign was
replicated as much as possible. At thaint, the plan for fullscale consisted of camera
mountings on the side of the launch vehicle, a LPB sled to processatiaatand a lander
and retention for the lander in the UPB. While the lander waslicated with only a
dummy weight the other two pgoad aspects were more closely followed. Camera
mounts were 3D printed and epoxied onto the side of the launch vehiskelike how
they will be for fullscale. A LPB sled that had comparable componentké final LPB
sled was also designed and implemed in the launch vehicle. The fgitale design no
longer will include the lander and a large reason for that is thessalle results showed
blurry images.

Dummy Weight
In the original design for fulicde, the lander is a total of 9 pounds and the wwig

the UPB needs to be in the subscale according to the RockSim calculations is 5.4

pounds. The exterior diameter of thalsscale launch vehicle is 4 inches, so after the
thickness of the launch vehicle atite coupler section the diameter to work with is

closer to 3.5 inches. The length of the UPB in the subscale was 13 inches. With these

parameters in mind a box was desighthat would hold the proper amount of
weight, fit in the dimensions given, and bbkla to get attached to the shock cord.
There werethree main parts. The empty box, the top of the box, and thioll.
Lead BBs were added to the empty box until the appaip weight was reached.
The Lead BBs were then epoxied into place. Th®lUwasattached to the top of
the box and the top was threepoxied to the base of the box. The shock cord looped
through the Ubolt and shear pins were used to help keep it ircpla

Figure3-26 Dummy Lander Weight

The final design met all the requirements and fuocted as planned. An issue
produced by the dummy lander weight was that the box was not a perfect fit for the
launch vehi@ because the box was rectangular, and the launch vehicle was circular.
Because ofhis, the weighted box wobbled in the launch vehidin the subscale
launch, the launch vehicle flew in a curvy manner, and it is assumed that the unfixed
dummy lander weilgt was at least partially responsible for this. The dummy lander
was hooked onto theshock cord and was successfully deployed froml#usch
vehicle when the parachutes deployed.
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3.34.2 Camera Housings and Ribbon Cable Integration
The general form of the camet@ousing design was used on the subscale launch
vehicle. Because the cameras could be reduced in size, the camera housings
were notscaled down with respect to the fedized camera housings. As such, the
camera housing likely had a more significangeffion the aerodynamic performance
of the subscale launch vehicle than they will @awn the fullscale launch vehicle. In
addition, the plexiglass camera lens covers were not included on subscale because
that was a recent design change. The covers wese désigned to match slightly
different cameras than those that will be used on-&dhle, because both fedlcale
cameras could ndbe connected to the Raspberry Pi used on subscale.

The camera housings were attached to the body tube of the subscaleHaticle

with epoxy, as they will be on ftgtale. In addition, the cameras wearennected to

the simulated APPA sled as they vii# on fullscale, with the ribbon cables

extending out of the camera housing, traveling up the launch vehicle, and tteen in

Fy SYdNB LRNI 2dzidARS 2F GKS 2SN LI et2l
ribbon cables and USB cables were secured tdetinech vehicle using aluminum foil

tape. In addition, masking tape was used on the edges of the aluminum foil tape to

prevent team members from cutting themselves on the edge of the tape.

I3

LT B

Figure3-27 Ribbon Cable Securement on Subscale Vehicle

Both forms of tape remained attached to the vehicle throughout the duration of the
flight, providing confidence that the tapes will be effective in securing cables to the
launch vehicle on fulicale as well. Theamera housings and the cameras in them
also survived and stayed attach to the launch vehicle. This provides confidence that
the camera housings will be effective in protecting and securing the cameras on the
full-scale vehicle.

3.34.3 Subscale APPA Sled
The sulscale model of the APPA sled deviated greatly from thestale APPA sled
due to limited space in the subscale lower payload caripent. However, the
retention method was similar to the retention method being dsen fultscale, and
components were attehed to the sled in a similar manner. Securing components to
the sled with bolts and hex nuts proved to be a highly effective fofrnetention. In
FRRAGAZY G2 GKAAZ |a FI NJ I éactioheSvithihl Y A a
body tube and the Vefo connections were sufficient in retaining the sled in the
lower payload compartment. Pictures of the sled used on subscale avensin the
figure below.
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3.34.4

Figure3-28 Subscale Sled

Recorded Data

3.3.4.4(a) Fin CarHeat Levels

Since electronics are typically not in close proximity to the fin can and motor
assembly, it was not clear that the electiosiwould be able to survive potentially
higher temperatures within the fin can. Tensure that the lower payload
compatment will not exceed the operating temperatures of the electronics, an
experiment was performed to determine bounds on the temperatwithin the

fin can. Two screws were inserted into the fin can and secured in pléabe w
aluminum foil tape. These screwgere marked with Tempilstik temperature
indicating crayons. The markings made by these crayons melt at predetermined
temperatures. Therayons used for this experiment had temperature ratings of
219 F and 450F.

After flight, neither of the markings othe screws melted, suggesting that the
temperature in the fin can never exceeded 219 Given that the motor is one of
the only source of external heating to the lower payload compartment and that
a bulkhead separatethe motor tube from the compartmentit is extremely
unlikely that the motor will transfer enough heat to bring the lower payload
compartment above 140F, unless the APRAectronics overheat from their own
operation.

3.3.4.4(b) Payload Sensor Data Payload

The pajoad was able to successfully recqmeééssure measurements for altitude,
along with orientation, and acceleration. The information has not been processed
fully, as the Kal@n filter has not been fully constructed. Regardless, the altitude
information fromthe AV altimeter can used to valigathe payload altimeter. In
Figure 329 below, we can see that the two match well during ascent and become
decoupled once their respewg sections are separated. Once the main parachute
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deploys, we expect to see thatdtpayload bay is hanging lower thdre AV bay,
and that can in fact be seen after 70 seconds. This was considered to be a
successful validation of the payload hardware.
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As mentioned earlierthe subscale payload was also able to record orientation
and acceleration datahroughout the fight. This flight was done before the
limitation on magnetometers was known, thus, the orientation data cannot be

used sin&

Al 61 a

Ff

0 I asS. RlevertfielessKitis dataacould

o02Y

be used to validate the physical model of a Kalman filter once it is developed.

3.3.4.4(c) Payload Imaging Data
Video data was recorded for the entire duration of the flight, which provided
mixedresults that have taught us much altoour flight. The flight can be looked
at in three main sections: ascent, descent under drogue, and descent under main.

The

launch veldf SQa

Fa 08y

LINE A RSR

Of SI NJ A

Unfortunately, we are more coeecned with the descent images. Desteinder
drogue provided the least consistent data, with all the frames being blurry and
i KS Fnis yortion-oftie dlighk ThérégiisrmA £ A ( &
footage from this part of flight that is ursable for image recognition purposes

A factor in the instability during drogue was the lander weight mass simulator,
which was pulling on the shock cord and causing distaces. This is part of the
reasonthe lander was scrapped in favor of focusing teibgity under drogue.
The final potion of the flight, descent under main, provided consistently clear
images, but only for a few seconds and at low altitudes where Igthé@sible in
terms of landmarks. This was promising, especially after the shakiofethe
drogue footage, but left smething to be desired. For this reason, we have
decided to increase the altitude at which main is deployed from 600 ft. to 650 ft.
The qiality of the images taken and the contents of them are primary motives for
the charges we are making to our design forproved stability during descent.

g1 NLJISR RdzS

g2
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Figure3-30 Example of Image Taken During Ascent

Figure 3-31 Example of Blurry Image Takeauridg Drogue Descent
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Figure3-32 9EIl YLX S 2F a4/t S8SFENE LYF3S ¢t {8y

Figure3-33  Example of Image Taken Under Main Descent
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3.3.5 Subscale Influence dtullScale Design
The slbscale gave a few important insights for the-fdhle design. The swinging of the
lander stand in weight was worrisome and contributed to the dieci to remove the
lander from payload consideration. A more-dapth lander removalexplanation is
includedin Section 4. The smaller coupler sections on the subscale were adjusted to
comply with a NASA requirement 2.5.1 and to better secure sectionh@raunch
vehicle. Due to complications with the fabrication of the fin can, tveer payload was
moved nto the fin can and the lower payload bay became the drogue bay. This allowed
the engine block for the motor tube to be installed directly to thedipdrame instead of
in a coupler.

3.4 Recovery System

3.4.1 Complete Recovery
The complete @covery system will mak sure that the launch vehicle and all other
components recover safety. The two main recovery events will be controlled by 2
PerfectFlite StratoLoggeCF altimeters. These altimeters will be independent of each
other with their own latteries, screw switch® and black powder charges. These
altimeters will be put on an avionics sled that will be made of 1/8 inch aircraft grade
plywood that will be lasecut in a jigsaw pattern for ease of assembly. This avionics sled
is stored in the aionics bay where thellkheads on either side of the bay contain the
blast caps where the black powder ejection charges are being stored. The full description
of this avimics bay is described in Section 3.1.9. Arming these altimeters involves
individually screwing the screw stghes for each altimeter all the way down to prevent
the screw from unscrewing during flight. There are holes inld@ch vehiclen top of
theseholes that will allow access to the switches.

At apogee, the altimeter sends a si¢jta the ematch to fire the pimary black powder
charge. The black powder charge will pressurize the main payload bay and part of the
upper payload bay until the #40 nybns shear pins are broken. This black powder charge
will separate the upper payloabay from the main parachute bayone second after
apogee, the secondary charge will fire to make sure that the sections do separate. The
delay ensures that the two black wder charges will not over pressurize the section.
These charges will deploy the-iil&h drogue parachute and théénch main parachute

that arewrapped with 2 JollyLogic parachute releases

One second after apogee the second primary charge will fireraépg the lower payload

bay and the fin can from the rest of the launch @i There will be no shock cord

connecting the two sections as the fin can has its own parachutes. 2 seconds after apogee

the secondary black powder charge will fire to make gheetwo sections separate. A

CNHzA G & / KdziSa wmpé¢ Opoyedss DK St ¥ ALK 3D ¥ NAd &
ultra-compact that is wrapped with 2 jolly logic parachute releases keeping the parachute

furled. The two separate sections will fallder drogue until we get close to 700 feet. The

jolly logics will release thmain paachute for the upper section at 700 feet.

The two jolly logic parachute releases connected in series is to make sure that one of them
will release the parachute. The fiarc will fall an extra 100 feet to 600 feet before the
jolly logics release th main parachute allowing it to fully inflate. All parachutes are
connected to a 5/8nch tubular Kevlar shock cord using % inch thick quick links. These
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quick links are connected loops that are tied into the shock cord and the shock cord is
connected b the body sections by % inch thick quick links tbdlts on the bulkheads.

Figure3-34  Recovery Profile

3411 Altimeters
The recoveryystem will utilize 2 StratoLogger CF altimeters. The two altimeters will
be locatedin the avionics bay. StratoLogger altimeters are reliable altimeters that
the team has considerable experience using. The StratoLoggers are dual deploy
altimeters, so theymeet the requirement NASA 3.1. Using the same altimeter twice
will reduce the likehood of confusing different beep protocols and wiring
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34.1.2

schematics. Wiring the StratoLogger CF altimeters is easy and well labeled on the
altimeter itself to pevent mixing p wires. There will be 2 StratoLogger CF Altimeters
on board the launch vehicle shd pitch of all the altimeters will beep at different
tones to make sure they are distinguishable. There are altimeters in both payload
sections, but they araot StratoLoger CF altimeters. They are talked about further

in section 4.4.2.5

Sampling holewvill be drilled to allow air into the section. The AV Bay will have 4
sampling holes allowing air to enter the AV bay and equalize with the outside
atmosphere for the altiraters to read. The sizing of these holes is based on the
equation below, where P ithe diameter of the holes, L being the length of the
compartment, and D is the diameter of the compartment.

0 T8t MG (3.1)

Two of these prssure port holes will function as access points to arming the screw
switches. The location of these sampling holes is that they will put onto the body
tubing band for the AV bay.

Avionics Sled

Figure3-35 CADof the Avionics Sled

The AV sled will be manufactured from dif&h-thick aircraft grade birch plywood.
Both halves of the AV sled will be aligned together and then secured laterally by two
threaded rods passed thugh the holes seen in the figuedove. Spacers on these
threaded rods will prevent axial movement of the AV sled. This allows for the internal
volume of the AV sled to be used for running wires in a manner that protects the
wiring harness from snags ather potential hazards during amsibly. The tilted
plates on the AV sled provide mounting locations for screw switches used to arm the
altimeters from outside the launch vehicle. Screw switches will be mounted on
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34.13

standoffs and positioned to ensure @@gee radial alignment to each othéor the

altimeter screw switches. The enclosed box houses the two 9V altimeter batteries.

The battery box lid will be secured using 448imachine screws passed through the
AV sled and bolted in place. An EggFinder aXshitter and two StratoLogger CF

altimeters will be secured to the AV sled on ¥ inch tall standoffs passed through laser
cut mounting holes as shown. Save for the bolted connections discussed above; the

AV sled will be assembled by bonding all wooden segatogether along the jigsaw
using wood glue. This method of construction has proved durable for the team in

past projects for constructing electronics sleds. All wiring on the AV sled will be color

coded. Foupin connectors will be used to run the fosignal wires each bulkhead.
Usingone connector per bulkhead instead of two reduces the potential for mixing
of the primary and secondary signal wires on launch day.

Avionics Schematic
Primary Main ] ’ Primary Main
Parachute Black | i Parachute Black
Powder Charge ] ! Powder Charge

| Screw Switch TELLIEIEF 9v Batlery ] | screw switch S @ 9V Battery
i Primary Alfimeter : i Secondary Altimeter

Secondary Main : : Secondary Main
Parachute Black ] : Parachute Black
Powder Charge ] Powder Charge
——————————————————————————————————
Aluminum Foil

2 Li-Po »i EggFinder TX GPS ﬁ Antenna ,} " 500 MHz |EggFinder TX Recewerw Ground Station Device i
; | g 1 ; ISMBand % 1 1 ;

Figure3-36  Avionics 8d Schematic

The block diagramlaove illustrates the components housed within the AV bay and
how all of them will interact. The blue box contains all components of the primary
altimeter system. This system contains the competition altimeter which willrceco
GKS GSIFyYyYQa 2§wel @hdl tompohdatsd R&lEd td complete the

required recovery events. The altimeter has four pairs of terminal screws which are

connected to a 9V battery, a screw switch, andr@dches. Onenatch is inserted
into the drogue primary blast cap andggered one second after apogee, while the

other Ematch is inserted into the main primary blast cap and triggered at apogee. A

fresh, battery that has been checked for voltageinstalled at each flight to ensure
sufficient power is available for trigging both charges and recording flight data
while meeting the pad time requirements set forth by requirement NASA 2.7. The
red box contains the secondary altimeter system, which is quite like the primary
altimeter system saw for increased black powder ailge masses and later ejection

charge timing. The drogue charge is set to be triggered two seconds after apogee to
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ensure separation of the fin can from the AV Bay while the main charge is set to be
triggered at 1 second afteapogee to ensure that the Upp Payload Bay and the
Main parachute bay separate. Both the primary and secondary altimeter systems are
capable of safely recovering the launch vehicle on their own. As there is no
connection between the two altimeter systemthis creates a system reduetty.
Should any one component fail, the other system will activate in its place to ensure
a safe recovery of the launch vehicle. Housed on the opposite side of the AV sled is
the Eggfinder TX transmitter, a 2S LiPo battangl a %2 wave stick antenna. talked
between these components and the sled is a sheet of aluminum foil, which will shield
the recovery electronics from radio interference. This system is discussed in more
detailin Sectior3.4.1.7

34.14 Parachutes
There will fe 4 parachutes used in the fgtale rocket. The first set of parachutes
FNBE FT2NJ 6KS FAy Oly FyR t26SN) LI et2FR ol
elliptical was selected for drogue of the fin can section. This parachute was selected
because the d&@ Sy (i NI (S dzy Ré&odliphitiétShe hynéh vehidle ddri 3 K
safely descend while still meeting the time and drift requirements. Going up or down
a parachute size either was descending at too high a rate as defined by RF 1 or was
going so slow thatmmain parachute could safelyrid the fin can. This parachute is
the only parachute not already owned by the team. The main parachute for the fin
Oty @Attt 06S | T Nuompart thatkvilizdepldy ac60Ccfeetl Tk & dzf
parachute was selectelecause it was the smallest ahute that would still land
GKS FAYy OFy dzyRSNJ {AySGAO SySNHeé tAYAlO®
parachute releases that will be in series as a redundant system to make sure the
parachute is released.

The uppeihalf of the rocket will descehunder its own set of parachutes. At apogee,

I CNHzA (& / KdziS&a myé¢ [/ 2YLI OG 9ftfALIWNAOLIE &A
cné LNRA ! f0ONF /2YLI OO GKFG A& 6N LIWSR dz
are onnected in series.

The jollylogic parachute releases are small black devices that can act as another way
to release parachutes at an exact altitude. They use a rubber band and pin to wrap
around the parachute that needs to be constrained. The chuteassls are
programmed in incremets of 100 up to 1000 ft. For our parachutes, two jolly logics
will be connected in series as shown below to ensure if one fails to release there is a
second one that is independent can still release the parachute.

¢tKS Ryt OG St AL dt@dcdmpadt VR stared dn thie NdRi
LI N} OKdziS o6lé&d ¢KS mpé O2YLI OG Sttt ALGAOH
the drogue parachute bay.
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3.4.15

Figure3-37  TwoDlly Logics conected in series

Recovery Harass

The launch vehicle recovery harnesses are made from two 40 ft lengths of 5/8 inch
tubular Kevlar shock cord, tethering the nosecone/payload bay assembly to the
midsection. A 10 ft length is used to attach the fin can ad8g to the drogue and
main paachute for the fin can. These lengths were chosen because they are lengths
of shock cord that we already have. This material is rated for loads upwards of 6000
Ibf, well in excess of the maximum predicted deceleration forfcEls Ibf. The upper
section siock cord will have a loop tied 120 inches down the shock cord from the
nose cone bulkhead to which the drogue parachute and its protective Nomex sheet
will be secured using a ¥ inch quick link. There will be a second laogh@8 further
down the shoclcord where the main parachute will be attached. The ends of the
upper section shock cord will be connected to the respective bulkheads. For the fin
can recovery harness. The drogue will be attached to the furthest end ohtiek s
cord and there will be doop 60 in from the fin can bulkhead where the main
parachute will attach. All recovery harness connection points will be secured using
Y inch quick links.

101t 5ft 25 ft
40ft

Figure3-38 RecovenHamessLengths
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34.1.6 Hection Charge Sizing
The sizing of the ejection charges affects 2 different points of separation. In all 3
cases, 4F black powder is being used. 4 Ejection charges will be used in separation of
the body sections surrounding the avionics bay

Black Powder amounts are calculdtbased on the force required to break shear
pins and overcome any friction that exists between body sections. The calculated
amount of black powder is double checked through ejection testing before every
flight to confrm that all sections will separatergperly. Looking at the subscale
ejection testing, a pressure rise of 12 psi was enough to separate sections for both
drogue ejection and main ejection. The determining factor for the amount of black
powder that is needd is the size of the body tube sexti Both sections will have a

6 in diameter with the drogue cavity being 12 inches long and the main parachute
cavity being 14 inches long. The cavity for the drogue with the space of the parachute
subtracted is 291.4ih"3 and the cavity for main is 347.9n"3. To try and get the
pressure to rise to the 1psi amount, the drogue charge will be 5.6 g and the main
charge will be 6.6 g of black powder. Through ejection testing, we can verify that
only a 10 psi increase pressure should be sufficient to sapate the section. For

10 psi, the black powder charges can then be cut to 4.6 g and 5.5 g for the drogue
and main, respectively.

For the secondary charge, the standard convention is to add .5 grams to the primary
chamge to ensure that if the main chardails to fully separate the sections that the
secondary charge will fully separate the sections. This means that the end black
powder charges will be primary drogue 4.6 g and secondary drogue 5.1 g. Primary
Main will be5.5 g and secondary main will be .0

Table3-3 Black Powder Sizes
Ejection RockSim Apogee (ft) | Actual Apogee (ft)
amounts Pog Pog
Fin Can Primary 46 ¢
separation
(Drogue Secondary 51¢g
Parachute)
Upper section Primary 55¢
separation
(Main Parachute) Secondary 609

3417 Tracking Device

There will be 2 trackers on the launch vehicle. One will be placed in the avionics bay
to track the location of the upper half of the launch vehicle. The other tracker will be
placed in the lower payload bay sled. The lower payload bay and fin can will be
tracked using an EggFinder GPS TX/RX system. The upper half of the launch vehicle
will also have an EggFinder GPS TX/RX system in the avionics bay. The two
transmitters will trarsmit on 921 MHz using the device ID #8 and ID #9 to minimize
the chance of irgrference. The EggFinder GPS TX/RX system meet the requirements
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NASA 3.12 and NASA 2.22.8 of operating a range greater than 5000 feet and output
power under 250 mW. The EggFintieicker does not require a license to operate.

3.5 Mission Performance Prediatis

3.5.1

3.5.2

6,000 5 400 o
350 4
5,000 o
300 4
4,000 4

250 4

000 | & 200

Altitude (Feet)
Velocity (Miles / Hour)

2,000 4

1,000

3.5.3

Acceleration (Gees)

Launch Day Target Altitude

As detailed in the PDR document, our target apogee for the launch vehicle is 4,400 feet.
This was chosen due to the expected weight of the launtticleeand the chosen motor

at the time of PDR. The removal of the payloaddmfrom consideration has caused
launch vehicle weight to reduce considerably, and a higher apogee would have been
preferable at this stage. Still, an apogee at 4,400 feet igfhleto reduce decent time
issues from a recovery perspective.

UpdatedFlightProfile Simulations

To better understand the effect of the design changes, new simulations were run in
RockSim. Based on the RockSim apogee study in Section 3.5.3, the RoekiRitador
apogees were averaged and multiplied by 0.85 to account for 15%. €fiw ten
simulations were run with a 5° cant, a-figbt launch rail, with wind conditions from 5 to

15 MPHThe average apogee wagld2feet. The estimated max velocity wag2fpsand

the max acceleration during takeoff w291.3 ft/S. Launch stabilitymargin was 2.20
calibers. The estimated speed at launch rail exit @&37 fps The flight profile of one of

the simulations is pictured below with the RockSim predicted apajeground 5,176

feet corrected to 4,399 feet

Fullscale Design

W Acceleration (Gees)
W Velodity (Miles { Hour)
W Altitude (Feet)

Figure3-39 RockSim Launch Flight Profile

RevisitedRockSim Apogee Study

Since PDR, nothing has fundamentally changed about how the study is used, but a
guestionraised during PDR presentation about ensuring the correct use of RockSim was
noted. A thorough investigation to ensure the proper use of the software was conducted,
and no significant problem was detected in its use. The data frorsubscaldlight was
replicated (exact weights, launch conditions, CG) as closely as possibtesalted in
roughly the same prediction as before the launch. The explanation for the discrepancy is
understood as a result of complex factors that RockSim does not account for
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In previous years, the predicted apogee on RockSim has temtbjsbeen overpredicted.

In the interest of reducing the error and ensuring that predictions are more accurate, the
predicted apogees of previous years were compared with the actual flight Aatshown

in Table 24 other than the 2020 subscale that exjenced extreme weathercocking and

is considered an outlier, RockSim overestimated the apogee by between 14 and 19
percent. Hoping to land on the lower side of that interval, an error margin & fiftm
predicted RockSim apogees is used. This means hieag¢dtimated apogees given from
RockSim are multiplied by 0.85 to account for this trend. Because of the number of data
points surrounding the study, and the possibility of other conditions causieg
discrepancy in altitude, this study also concluded thea estimated error is an imperfect
solution but still serves a purpose to try to reduce error in this observed trend.

Table3-4 RockSim Apogee Study

Yeaar/Scale RockSim Apogee (ft) \ Actual Apogee (ft) Percent Error
2020 Fulscale | 3500 3000 14.29%
2020 Subscale | 2700 1650 38.89%
2019 Fulscale | 4173 3373 19.17%
2019 Subscale | 1366 1161 15.01%
3.5.4 BallastStudy

3.55

With the removal of the payload lander, ball#sthe nosecone was necessary to not only
better the stability margin of the launch vehicle, but also to help reduce the apogee. Due
to NASA requirement 2.23.7, the ballast of the launch vehicle may not exceed 10% of the
non-ballasted launch vehicle wéigy Given the unballasted vehicle design giis 34.41

Ib, the ballast weight may not exceed 3.441 Ib. Ballasts from 2 Ib to 3.2 |b were selected
to determine which weight was best for required apogee on the new motor. This study
shows that a ballast wght of around 3 |b is preferable to get oiss to predicted apogee.

Table3-5 Ballast Weight vs Apogee Study
Ballast Weight (Ib) Predicted Apogee (ft)

2.0 4590
2.2 4565
24 4523
2.6 4496
2.8 4457
3.0 4399
3.2 4344

UpdatedFin Stability MargiStudy

Continuingfrom PDR this study looks at the adjustment in stability for theodated
vehicle desigrio ensure that stability can still be adjusted with this method. The study
found that a span slightly smalldran 6.6 idesirable for a 2.2 caliber stability margin.
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3.5.6

3.5.6.1

Table3-6 Fin Span vs Stability Margin Table

Stability Margin

Fin Span (in) (Calibers)
6.0 1.75
6.2 1.94
6.4 214
6.6 221
6.8 24
7.0 252

Analyical Apogee and Stability Margin
In an effort back up simulations done in RockSim, analytical methods are used to

determine launch vehicle apogee and stability margin.

Apogee Calculations

Various metrics of the launch vehicle are required to analytigatigict the apogee.
All significant values are recorded in Tabi&.3The results are in Table& The
reference area of the launch vehich, is first calculated using:

Table3-7 Apogee Constant Table

Name Variable Value Units
Radius R 0.08 m

Density ’ 1.225 kg/m?
Coefficient of Drag G 0.4 N/A
Thrust T 850 N
Mass M 17.19 kg

Gravitational )
Constant 9 9.81 m/s
Burn Time t 4.4 S

o “Y CTZpun a (32

Then the wind resistance coefficiemt,is calculated using:

, . fo}o)
Q @66 TP o (33)

Then launch vehicle metrigsandx, used to calculate max velocity of the vehicle are
calculated using:

2022 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

Y 0 "Q a
n % O X®G— (34)
Q i
TQ r d
o CTH & p o (35)

The maximum velocity of the launekhicle,Vmay, is calculated using:

, P G

a
\ 36
o g PeRx 0

Then the launch vehicle heighh motor burnout,hpumous IS calculated usingnax:

0. YOO
=] ox 8 G (37)

¢ ¢Q Y 0Q

And the launch vehicle height on codskas; is also calculated usingax:

0. .0°C @

. e ; 38
o A 5o W (38)

By addingwumout and heoasttogether, the maximum heighhmay, is calculated:

0 ° 0 po@n T T @RO (39)

Table3-8 Apogee Comparison

Method Apogee (ft)
RockSim 4,399
Analytical 4,4935

The RockSim apogee matches the hand calculations and is Wdthieet. This backs

up our RockSim apogee study and helps to confirm our 15% error correction of the
predicted apogee. As pointed out in the PDR presentation,astisnated that the
analytical predictions match out error correction because of theabdity of the
coefficient of drag term. While 0.4 was an average, it could go up to 0.45 and as low
as 0.35 at certain times in the flight. RockSim calculates the Cid zaries
throughout the flight, but our analytical prediction does not.
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3.5.6.2 Stability Magin Calculations
Different metrics are required to determine the launch vehicle stability margin. The
analytical method used to calculate the stability margin is Ballei KS . I NN2 & Y I
method. All significant variables are in Tabl®.3 he results are ifable 3-10.

Table3-9 Stability Margin Constant Table

Variable  Value Units

0 26 Inches
Y 6.27 Inches
@ 3.3421 Inches
0 7.8 Inches
o 11.125 Inches
Y 3 Inches
0 4 N/A
(A 87 Inches
0 2 N/A
00 63.5 inches

The arm length of the nosecoig, is determined from the relationship betweehne
length of an ogive noseconky, using:

O 1 edr p @QEMI (3.10)

The fin sweep angle is calculated using the fin sgran,S and fin sweep lengttxy,
using:
A oY
— wn,‘OAud—‘ CP®J (311

Using sweep anglé, chod tip length,G;, chord root lengthGg, the fin midchord
line length,L, is calculated:

Ps

<

Ps

: X8t D (312)

O A+

Then the coefficientor the fins,G, can be calculated using the radius of taench
vehicle,R and the number of findy, using:

Y &
N Y =g
P P & 5 o

P& (313)

2022 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

3.5.7

The arm length for théins, X, is calculated using the distance from nose cone to fin
root chord,Xg, and a few other existing values:

@6 c¢co p . " 00
_— 6 6

— = - B {EW i 14
S5 8 o 5 W B QEMWI (3.19)

A w

UsingG, and other values, the center of pressukeg is calculated using:

w W X @ QEW i (315)

Finally, the stability margj Sy, is calculated using the center of pressuxez and
center of gravityXcg using:
W @

VoS 8 hadm (3.16)

Table3-10 Stability Margin Comparison

Method Stability Margin (Calibers)
RockSim 2.20
I NNRB 6 Y 2.44

¢tKS w201{AY adloAftAlGe YIFINHAY A& f26SN (K
noted inthe Fin Span stability margin study, snadldnges in the fin span can result

in substantial changes stability margin. The length of the rocket has also decreased

FNRBY t5wxX NBadzZ GAy3a Ay (GKAa fFNBEBSNJ aidl o
Despite ths, both of these margins are above the MASNd close to TDR
requirements for stability margin.

Kindic Energy Landing
Kinetic Energy is calculated using mass and velocity of each body section which is modeled
in the equation below where KE is Kinetic Ejyem is mass, and V is velocity:

0C -4 (317)

The maximum kinetic energy as determined by NASA requirement 3.3 tells us what the
maximum speed each of the sectionan descend at for that requirement to still be
achieved. Those maximum descent velocities are shawiTable 319. The minimum
velocity determines what the size of the main parachute can be.

Table3-11 Maximum [@scent Velocity

Section \ Mass Maximum Descen¥/elocity

Nosecone .37% slugs 20.0 ft/s
Midsection .2353 slugs 25.2 ft/s
Fin Can 4230 slugs 18.8 ft/s
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2 A0K GKS YIFEAYdzy 9St20A08 O2yadN}AySRI GKS
to calculate he descent velocity and then the Kinetic Energy for each section was
calculated. Table-20 shows theinetic energy of each body section upon landing.

Table 3-12 Body Section Kinetic Energy at Landing

Section WS Descent Velocity Kinetic
... Enegy
Nosecone .37% slugs 19.74 ft/s 73.2 ftlbf
Midsection .2333 slugs 19.74 ft/s 45.8 ftlbf
Fin Can 4230 slugs 16.43 ft/s 57.1 ftlbf

The table above shows both what the maximum kinetic energy for each section will be
The maximum Kkinetic energy experienced will be on the nose cone section. It will
experience 73.2 fibf upon landing. The fin can separate from the rest of the launch
vehicle means that the descent rate is different fregach other but all three section

still recover under the kinetic energy limit.

3.5.8 Descent Time
Descent time is an important part of éhdrift calculations. See Section 3.5.9 on drift
calculations to seenidepth descent time calculations.

3.5.9 Drift Calculations
The expected drift is calculadewith a few assumptions. The first one is that the launch
vehicle flies straight with no weather ddng. The second is that the parachutes deploy
perfectly and instantly at the altitude we expect. At apogee, drogue dejsyantly, the
fin canseparates instantly at apogee, and the terminal velocity is immediately reached.
On descent, when the launatehicle descends to 600 and 700 feet the main is deployed
for the fin can and upper section, the terminal velocity of thaigk is reached instantly.
Thethird is the wind is considered constant and the launch vehicle and the payload both
drift in one drection at that wind speed being calculated.

The assumptions make this calculation a less accurate representation ofayeafind
drift but does give aipture of worstcase scenarios should these wind conditions occur.
It will take longer for the deplayent to reach terminal velocity, whicwill add a few
seconds to the descent time.

Using the distances between apogee, main dgplent, and landing alongith the
descent velocities under each parachute and with the lander attached and not attached,
the time it takes to descend between each distance can be calculated. Using the formula
below where t is total time of descerd is the apogee altituded is the main parachute
deployment altitude ¢ is the jettison altitude0 is the descent velocity under drogue,

U is the descent velocity under mait is the descent velocity under main aftereth
lander has jettisoad:

o —— —— — (3.18)

With the launch vehicle expected to reach an altitude of 4400 ft, the calculation gives a
descenttime of 81.2 seconds for the ppr section and 82.6 sends for the fin can.
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Multiplying that descent time by the wind speed, we get the wind drift for the launch
vehicle at the various speeds as shown in the table below.

Table 3-13 Drift and Descenttime for Upper Half and Fin Can

Upper Section Fin Can
Apogee Descent Time Wind Drift Descent Time Wind Drift
0 4400 ft 81.2s 0ft 82.6s 0ft
5 4400 ft 81.2s 595.3 ft 82.6s 605.6 ft
10 4400 ft 81.2s 1190.6ft 82.6s 1211.3 ft
15 4400 t 81.2s 1785.9 ft 82.6s 1816.9 ft
20 4400 ft 81.2s 2381.2 ft 82.6s 2422.5 ft

The worstcase scenario is that in 20 MPH winds, the upper section will go 2381.2
ft while the fin can will go 2422.5 ft. Both of these distas are well within the
requirements of 2500 ft.

3,591 Alternative Calculation Method
The alternative calculation metid also uses RockSim.

Table3-14 Maximum DescenTime and Wind Drift

Upper Section Fin Can |
_ . Descent wind Descent
MPH | Wind Drift Time Drift Time
0 0 ft 56 s 0 ft 78's
5 677 ft 56 s 40 ft 78s
10 12451t 55s 40 ft 77s
15 1654 ft 54s 30 ft 77s
20 1950 ft 54 s 20 ft 76 s

|

-2500.0 -1750.0 —10tlﬂ.ﬂ -250.0

Figure3-40 RockSim Driftuting 20 mph winds

The maximundescent time and wind drift was takdrom the simulation information.
Using RockSim we were able to better consider the fact that the rocket will weather cock
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into the wind and once the parachutes deploy, the sections wift dack towards the
launch rdl. Given this slightly more accurate sitation, the upper sectiorshouldgo the
farthest and will drift only 1950 ft from the launch rail. This is well under the drift limits.

3.5.10 Parachute Opening Shock Calculations
The parahute opening shock calculatiomse done by taking thehange in velocity that
the launch vehicle is experiencing and the time it takes the parachute to open. Equation
3.19is used to approximate the time it takes for the parachute to completely open,avher
r is the radius of the paracite, V is the terminal velocity before that poii¢,is the time
and 8 is a coefficient that was taken from Ludtke for cloth parachutes

z

¢ (3.19

Time calculatedfoll KS cné LNR& | £ GNIF O2YLI Ol (G2 2LSYy
for the parachute is open is calculated, the opening shock can be calcudatéie

difference in terminal velocities of the parachutes divided bytiime that was calculated

in Equation 319. This is shown in the equation below wikbeing the deacceleration

that the vehicle feels¢ being the time for the chute to opeib is the terminal velocity

of the drogue parachute, art' is the terminal velocity of the main parachute:

A — (320)

The opening shock on each section is shown beldw. dpening shock on the main
parachute for the upper section is 151.216 Ibf which has a safety factor of 39 for the shock
cord.

Table3-15 Main Deployment Opening Shock

Section WESS Opening Shock

NoseConeand UPB .3755 slugs 114.867 Ibf

Midsection .2353 slugs 71.9822 Ibf
Upper Section .6108 slugs 186.849 Ibf
Fin Can 4230 slugs 139.721Ibf
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4. Payload Criteria

4.1 Payload Mission Statement
The objective ofhe payload mission is tdesign gayload capable of autonomously locating
GKS fl dzyOK @SKAOfS dzZll2y I yRAYy3I 6& ARSYUGATFeEA
image of the launch i without the use of a global positioning system (GPS). The
method(s)/design(s) utilized to congie the payload missioare acceptableso long as the
designs are deemed safe, obey FAA and legal requirements, and adhere to the intent of the
challenge.

This payload challenge is intended to simulate mission procedures that might take place when
landing a vehicle on another plan&t/hen vehicles are sent to other planets, it is important

for engineers and scientists to know where they drecating vehiels on other planets must

be done without the use of GPS, given thatellitesystems do not x@st there. As such,
vehicles must determine their own locati@fter landing on other planet&/ehicles can
achieve this byollecting dataabout their motion ad surroundingsand then processing it
accordingly.

4.2 PayloadSuccess Criteria
Table4-1 Payload Success Criteria Table

Success Level Payload Aspect SafetyAspect

Complete Succesy The payload gathers data from { All risks are mitigated, no ong¢

sources and uses it rrectly is injured or otherwise

identify which square the launch harmed

vehicle is irand communicates
this back to mission control

Partial Success | The payload communicates bad Risks are mitigated, but therg
to mission controivhere the are some close calls during
launch ehicle is within a few | execution of the mission, but
squares of its actual location | no one is injured or otherwise
harmed

Partial Failure The payload communicates ba¢ Some risks are unmitigated,
to missioncontrol, but it is minor injuries occur
inaccurate in its calculations

OR

The payload accurately calculats
where the launch vehicle is, bui
does not communicate this bac|

to mission control
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Complete Failure | The payload doesat calculate | Risks are unmitigated, majol

where the launch vehicle is injuries occur

accurately AND it does not

communicate with mission
control

4.3 PayloadSystenSummary

4.3.1 Aerial Photographing and Positioning Apparatus (APPA)
Previously referred to as Bas®isolution 1 in PDR, APPA is the design alternative which
we have choserAPPAO2y aArada 2F | aeéaaSy OFrLlrotS 27
landing location on the launch fieldPPAwill use statespace tracking to mesare the
movement and determinghe relative position of the launch vehicle during flighPPA
will collect visual data with two cameras, acceleration, and orientation data with an
inertial measurement unit (IMU), and altitude data with a barometric adtien. Visual
data will be procesed with an image recognition framework to determine the launch
BSKAOf SQa NBfFGAGS t20FGA2y UGKNRAAK2dzi (K¢
synthesized with inertial data via an Extended Kalman Filter (EKF etordle¢ the launch
@S KA Ofl Baation. Gpanyldnding APPAWIll transmit the final grid location to the
ground station using LoRa.

43.1.1 The Gridded Image
To create the gridded image of the competition launch field, shown in Figite 4
Google Earth Pro wassed to overlay the grid linesxdop of a satellite image of the
field. The image provided by NASA during the Proposal Acceptance Q&A, which
included a circle of radius 2500 ft. overlayed onto the field, was used as a reference
to determine where the gridshould be centered, which is mk@d with a red
diamond. This red diamond marks an approximate center square, but since the grid
has an even number of spaces on either side this does not mark the exact center of
the grid. The grid was made larger than nesary to provide a wide range @ftions
for the final grid placement, whose outline is in red. This red outline represents the
5000 x 5000 ft square, and each of the individual squares are 250 x 250 ft. A scale
has been provided in the bottom right corrfer reference. The boxes are mbered
from left to right, then top to bottom (numbered in rows), with 1 in the top left
corner and 400 in the bottom right.
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Figured-1 Gridded Image of Huntsville Launch Field

4.3.2 Experimental Payload: Means of @iming Meaningful Observations (MOMO)
The Means of Obtaining Meaningful Observations (MOMO) system will be included as an
experimental payload. Throughout flight, it is difficult to determine the true behavior of
the drogueparachute, given that the lauhovehicle is typically out of sight during drogue
descent. However, based on previous film data, it is clear that the motion of the launch
vehicle can be chaotic under drogue. Understanding the behavior of the drogue
parachue itself will provide insightabout vehicle motion and stability under drogue.
These insights could aid in future design scenarios where stability of the launch vehicle is
important during all segments of flight. As such, the MOMO system will condisof
cameras at the bottom of th&pper Payload Bay that will record the deployment of
drogue and the behavior of the drogue parachute during descent. This video will be stored
on a microcontroller for postlight analysis.

4.4 APPA

APPAconsists of statespacetracking using various methods measure the movement and
position of the flight vehicle. As the name implies, the sensing suite will consist of two
cameras, an Inertial Measurement Unit (IMU), and a barometric altimeter. Data collected via
these methodswill be synthesized via an Ertled Kalman Filter EKF. The EKF is a way of
combining measurements from the known physical system to minimize uncertainty as the
measurements are integrated over time. To implement this solution, the sensing suite and
data processor will be contained withithe same section of the launch vehicl¢he lower
payload compartment within the fin can.

4.4.1 APPArunctionaRepresentation
A functional representation oAPPAis shown in Figurd-2 below. Data collection will
begin after a short delay once the payloadppwered on the launch padltimeters will
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measure vehicle altitude, and IMUs will measure vehicle acceleration and orientation

over time.IMU and altitude informatiorwill be temporarily sived to the RAM of a
secondary microcontrolle(Arduino Nano) befre beingtransmitted to the primary
microcontroller(4 GB NVIDIA Jetson Narma) further processingTwo IMX21%ameras
will record videoof the launch field during vehicle flight. Theseagpes will be recorded

and stored on then D .

WS G azy brionfop@cessingpataddiieddon will end

once the IMU acceleration data and altimeter data have detected a landihdata will
be processed on théGB Jetson Narafter the vehiclednds.

Animage recognition framework and d@xtended Kalman Feit will process the data.
Using this softwarethe 4GB Jetson Nanwill determine a position estimate with a
guantified uncertainty.This position estimate will be transmitted to the ground station
via a LoRa transmitter (REYAX RYLR896). The APPA ekestezhwill also house a GPS
to locate the fin can after it separates from the rest of the launch vehicle. The Eggfinder

GPSwil§ Aaz2fliSR TNRY

GKS NBad 2F !'tt!

Qa

is not being used in the payload challenged é satisfies the requirement that recovery
system electronics are independent of payload electronics. The Eggfinder GPS will
GKS FAYy OlFlyQa TFAYIl f
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7.4V (2S)
LiPo Battery

1

Screw Switch

!

(Power Pins— 5V Buck Converter |——Power Prws1

4GB NVIDIA .
- - Arduino Nano
Jetson Nano Serial Communication
csi UART 12C UART
IMX219 vt aas DPS310 3DM-GX5
(Cameras) (LoRa) (Altimeter) IMU

Figure4-3 APPA Electronics Schematic

Figuredo | 02@S aKz2ga !tt! Qa StSOIGNRBYyAOa a

ltt! Qa St SOGNRYAOa aftl8iddam,albAPyeleGrénic2wl bel (
L26SNBR gAGK | 17dn+x O6H{0O [At2 OlGlHIBNED t 25
through a screw switch accessible from outside of the launch vehicle. This will ensure that
electronics can be powered on right foee launch, thereby saving memory on the
aeaisSyQa {5 OFNR IYyR Ffft2gAy3a (K®omtRed iSY :;
launch pad for up to two hours. The battery will be connected to a 5V Buck Converter, so

that the circuit is provided witthV rather than 7.4VThe buck converter is necessary so

that the 4GBJetsonNanocan be powered safely. Thrick converte will directly feed

L2oSNI G2 !'tt! Qad YAONRO2Y(iNRffSNBE (GKNRdIzZEAK LR
to the two IMX219 cameras &iCS| communication, and it will connect to the REYAX
RYLR896 LoRa chip via a UART protocol. The Arduino Nano willt ¢orthecDPS310

altimeter through 12C, and it will connect to the 3BBK5IMU through UART as well.

Finally, the Arduino Nano and 4G&sdn Nano will use serial communication to transfer

data between them.

OKS Y
K T

The wiring diagram for APPA is shown in Figude Bhis diagram shows specifically how
the electronic components will be connected to each other. The hardware of the battery
and screwswitch was omitted as their connections are straightforward and would clutter
the diagram. The figure is best thought a$ the physical version of the conceptual
electronics schematic in figure3labove.
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44.1.2

5V
- _— —| Pin4
Battery and _ 5V Buck —
Screw Switch Converter o | PinG
‘ Ground |

| | 4GB Nvidia
GND Pin 30 J | Jetson Nano
5V Pin 29 |
Arduino Nano | | USB 3.0
SCL SDA | | .
Pin  Pin TX  RX gy
24 23 Pin1 Pin2 imUSE | ' | Pin8 Pin10
Iy A |
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3DM-GX5 | |
MU
1 —I | ‘LEYAX"
L IMX219
—»| RYLR896
| L — | (LoRa) (Cameras)
Yy v B |
DPs30 (4= — — — — |

(Altimeter)

Figure4-4 APPA Electronics Wiring Diagram

Imaging Procedure

Two Jetson compatible IMX19 cameras will beonnected to a 4GB NVIDIA Jetson
Nano in the lower payload compartment and externally mounted to the side of the
launch vehicle facing towards the gralirFor the duration of the flight, the cameras
will be recording and saving the images to the Jetsorleathe IMU and altimeter
collect data simultaneously. In the hour after landing, the Jetson will process the
images using the Convolutional Neural Netkw@CNN) designed to recognize certain
launch field landmarks from above. In processing, the Jetsonseilihe information
FNRY GKS AYIF3Sa G2 RSGSNXAYS GKS f I dzy OK
it sees, which will then be used to supplemdéim¢ IMU data. The purpose of this is

to reduce IMU error by giving it new baselines to work from aioeer points in time.

Image Recognition
In order to properly utilize the data obtained from the externally mounted cameras,

several image recognition thoiques must be used and combined to get an accurate
final result.

A CNN will be used to detect and idiénlandmarks that can be seen in the images
taken by the cameras. These landmarks will include but are not necessarily limited
to: Bragg farms and thearious structures it includes, the tree line on the West side
of the launch field, the house and sumading property in the middle of the launch
field, and the roads, paths, irrigation systems, and intersections surrounding and on
the field. To do thisor the purposes oAPPAthe CNN will be given many overhead
images of each of these landmarks at viagyorientations and altitudes. Ptteaining

will also be done with images of objects that are similar to our exact landmarks. Using
as many images as gpsible ensures that the CNN is well trained and can identify
what we want it to.
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Choosing the right CN&tchitecture for this project is vital to its success, and there

are a variety to choose from. Many of these are available from Keras, which can then
be imported to TensorFlow. The architecture options available from Keras are
tabulated in Table €. The & OdzNJ} O yR GAYS @I fdzSa NB
performance on the ImageNet validation dataset, a standard test for CNN
architectures, while the other coinns are properties of the architectures. Fbp

shows how accurate the architecture is with its top deoof object classification.

Top5 tests if the correct classification was in the top 5 predictions. Taldlehds

been sorted by Tofl accuracy. Thertie per inference when using GPU will be
considered more than CPU since the NVIDIA Jetson Nano wadlypahasen for its

GPU performance. The NASNetLarge, InceptionResNet, Xception, and ResNet152V2
architectures are the best choices in terms of both -Tognd Togb accuracy. They

are all similar in terms of their accuracy, so the top 2 were consideredsedsusly.

With a difference of 0.022 in Tep Accuracy and 0.007 in T&pAccuracy, time per
inference was the biggest consideration when choosingveet the NASNetLarge
and InceptionResNetV2 architectures. While the Inception is less accurate, It is ab
to make inferences in half the time of the NASNet. This is a considerable difference
out of context, but since for GPU processing it is on the sifal®-20 ms, this does

not seem to be as much of an issue as the time would be if CPU processingngas bei
utilized. For these reasons, the NASNetLarge is the chosen architecture for our CNN.
The diagram detailing its layers and structure can be seegumd=#5.The structure

is made up of Normal and Reduction Cells that have their own internal structures
that run the image Convolutional and Pooling layers that are then combined by the
green add layers. This makes for a complex architecture that causeh twe
accuracy and longer time per inference as seen in TaBle 1

Table4-2 List ofArchitectures Available From Keras

Time Time
(ms) Per (ms) Per
Inference Inference

(CPU) ((€1349)]

Size Topl Top5

Architecture Parameters Depth

(MB) Accuracy Accuracy

NASNetLarge 343 0.825 0.96 88,949,818 - 344.51 19.96
InceptionResNetV2 | 215 0.803 0.953 55,873,736 572 130.19 10.02
Xception 88 0.79 0.945 22,910,480 126 109.42 8.06
ResNet152V2 232 0.78 0.942 60,380,648 - 107.5 6.64
InceptionV3 92 0.779 0.937 23,851,784 159 42.25 6.86
DenseNet201 80 0.773 0.936 20,242,984 201 127.24 6.67
ResNet101V2 171 0.772 0.938 44,675,560 - 72.73 5.43
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ResNet152 232 0.766 0.931 60,419,944 - 127.43 6.54
ResNet101 171 0.764 0.928 44,707,176 - 89.59 5.19
DenseNet169 57 0.762 0.932 14,307,880 169 96.4 6.28
ResNet50Vv2 98 0.76 0.93 25,613,800 - 45.63 4.42
DenseNet121 33 0.75 0.923 8,062,504 121 77.14 5.38
ResNet50 98 0.749 0.921 25,636,712 - 58.2 4.55
NASNetMobile 23 0.744 0.919 5,326,716 - 27.04 6.7
MobileNetV2 14 0.713 0.901 3,538,984 88 25.9 3.83
VGG16 528 0.713 0.901 138,357,544 23 69.5 4.16
VGG19 549 0.713 0.9 143,667,240 26 84.75 4.38
MobileNet 16 0.704 0.895 4,253,864 88 22.6 3.44
\ Image |
| 3x3 cchf'! stride 2 |
[ Reductioncell | w B ]
| Normlal Cell |«
[ ReductionCell |
[ Normlal Cell | T "‘;: {
[ Reductioncel | - : .Ef: | : .5;
\ Nonﬂlal Cell |
i E
Normal Cell Reduction Cell

Figure4-5 NASNetLarge Architecture Structure

On top of object detection using a CNN, the triangle similarity method will be used
to find the distance from the cameras on the launch vehicle to the landmarks in the
images. This method is described in Equatiadhwhere D is the distance from the
camerato the object, F is the perceived focal length of the camera, W is the real
world width (or length) of the object, and P is the number of pixels the specified
dimension occupies in the image. The perceived focaitle will be calculated by
taking image®f objects with known dimensions and distance from the camera, and
rearranging Equation 41b solve for FThe realworld dimensions of each landmark
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44.1.3

will be obtained using satellite images and any scale or meatigtance feature
provided. Each landmark must also be related to where they are on or around the
grid. This means knowing the distances from asteme point of each landmark to

a location on the grid, such as a corner. These things will take soméotige¢ right,

but are relatively simple. Finding P, on the other hand, will be a little more
complicated.

o — (4.1)

Corner detection methods will be used to find the endpoints of objects in the
images. By doing this, the microcontroller can get a more accurate idea of where
the object is irthe picture and in turn can more accuratelgtdrmine how many
pixels correspond to the edge of an object. Edge detection methods could also be
used to similar effect, but testing will determine which is more effective.

Data Collection Fusion and Handling

All data originates from the various sensors. Images are taken by the onboard
cameras and recorded to and processed onboard the Jetson Nano. IMU and pressure
information is measured and then temporarily saved to the RAM of the secondary
microcontroller. Tl secondary microcontroller will then send the data via serial
communication to the primary microcontroller, where it will be logged. Data
collection will begin after a short delay once the payload is powered on the launch
pad. Data collection will end oa¢he IMU acceleration data and altimeter data have
detected a landing.

Data processing will almost entirely be done after landing once collection has
stopped. The exception is the altimeter pressure data. The pressure readings will be
processed in realme to find altitude. This information will be used by the payload

to determine when the launch vehicle has landed. Data that will be used as input to
the Kalman filter will be the altitude measurements-a@s acceleration
measurements, and-axis gyroscpe measurements.

The initial state of the rocket will be at position (0,0,0), and orientation vertical, and

altitude will be recorded and used as an offset such that it is 0. Then the filter will be
updated by measurements. Each measurement has a masocaged with it, and

that matrix will be used to update the Kalman filter. The Kalman filter will be

constructed to take in the measurement data and then propagate the state

according to the equations of motion. The final position estimate will then leel us

to guess a grid square.
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Measurement Update (“Correct”)

Time Update (“Predict”)

1. Compute the Kalman Gain
1. Extrapolate the state K, — Pn‘n,lHT(HPnln,lHT + Rn)_l

x =FXx,, +Gu
nHLn fun " 2. Update estimate with measurement

2. Extrapolate uncertainty Eml = ?n,n—l + Kn(zn - Hin,n—i)
Pn+1,n = FPn,nFT+Q

3. Update the estimate uncertainty
Pyn=U — KH)Pyy (I — KnH)' + KRy K}

Initial Estimate: X, Pg,o

Figure4-6 Flowchart for the propagation of a Kalman Filter

From the diagram above, we can see the process for each iteration of the Kalman

filter. Thiswillberunforeachmeag¥ Sy i 2F (KS @OSKAOf SQa adt
altimeter measurements. Th«v vector represents the state of the vehicle,
encompassing linear and angular position and motion. Since we measure linear
acceleration, we must include the first derivative ofsption in our state, but the
gyroscopes measures angular speed which is directly related to

G dfuftafaron i i f i (4.2
Thematrix Fis called thestate extrapolation matrixand is used to describe how the

motion which the system follows. This component can be thought of as the
collection of equations of motion for the 6 axes of movement of the rocket:

(o] ¢ Q0 —a E Though theseequations are truncated to the order
below tha which forces on the system would act. Thus:

D O™ oM

w T N 1nT 1
© T o m N QM (4.3)

Tt Tt m N

1( www. kal manfilter.net), Al ex RamakFRlterTutdiigd2021i hitpes://Wvav. katmarfilte FetimulteSommiary.trol.r i al . o
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Now, the predicted forces acting on the system must be modeled,ghdssentlly
0KS I LILX A OF ( X2av te2tife systémi éete/gfasity, drag, along with
pitching moment will be modeled. TI&~ vector represents the forces on the system
while the G matrix represents the relationship between those forces and the
behavor of the state space of the vehicle.

TheP matrix represents theincertaintyof a given state which can first be found as
the covariance of the initial state. Tlg@matrix represents thg@rocess noisenodel

for the system. It will encapsulate thependency of uncertainty between related
state values, think how a variance in acceleration will be propagated to variance in
position and velocity.

TheH matrix is called th@bservation matrixit equates the measurements that we
take to the state spaceariades. TheR matrix contains information about the
measurement uncertainty, this will be filled with values either provided from the
sensor manufacturer or from experimental data. Findflyis theKalman GainThis
matrix tells us how much we wantéhstae space to be affected by measurements
as opposed to the extrapolated state we found in the first part.

Communication

4.4.1.4(a) Communication Method

Communication between the launch vehicle and the ground station will be
achieved via transceivers utilizing the LaRadulation techniqgue mentioned in

the PDR. Information on interest will be available on the Jetson Nano. The Jetson
will then be communicang with the LoRa module, the REYAX RYLR896, via UART
serial communication. The module will then transmit the infotima of interest

to be received by a corresponding receiver on the ground station. The module
has an ideal maximum range of 15 km and ddgbmaximum range of 4.5 km
which satisfies the team derived requiremenie 123D

4.4.1.4(b) Communication Contents

Ultimatelythe only information that must be transmitted is thestimate of the

grid squarewhich the vehicle is located in. This transmission wiltlbee post
landing once all processing is complete. Some diagnostic information is being
considered for transmissioas well, pending a test of the performance of the
Jetson at recording flight and transmitting data simultaneously. Diagnostic data
could irclude:

1 Breadcrumb reports for when the system detects takeoff and landing
i Status updates on the progress of data @esing

1 An accompanying uncertainty measure with the final estimate

1 Live altitude data from the rocket

1 Measured apogee / deployment acceléom

4.4.1.4(c) Ground station

APPA will transmit the information to the receiver at the ground station. The
ground station wilbe powered by portable batteries to ensure it will be charged
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and able to receive the signal. The ground station will consist adraputer
plugged into a pie that connects to a LoRa module. Also at the ground station a
smart phone will receive GPS datarh the Eggfinder GPS.

4.4.2 APPASystem Elements
APPAconsists of sensors that gather data and microcontrollers that process the data. Th
sensor suite includes two cameras, an IMU, and a barometric altimeter. An Arduino Nano
will record measurements from theabometric altimeter and the IMU. A 4GB NVIDIA
Jetson will conduct image processing and data fusion to determine vehicle locatian. Ot
GKFYy OFYSNIasz Fff aSyazNaA YR YAONRO2YGNRT f
housed within the fin can. Thievo cameras will be contained within camera housings
external to the launch vehicle, located between fins on the fin can. Fitaltyack the
f26SNJ aSOlAz2y 2F G(KS Il dzyOK @GSKAOf ST | Dt {
second battery will b included for the sole purpose of powering the GPS. As such, the
GPS will be independent from all other APPA electronics.

4421 APP/SledDesign
Thed G NHzOG dzNB 2F !tt! Qa af SR O2yairada 2F 7
shell on the outsideTheuppermast and lowermosplatforms allow the payload to
securely attachto the bulkheads enclosing thewer payload compartmeniThe
central horizontal platforns providespace for electronicto be attached The
connection between sled platforms and walls willfteted to provide strength.

To provide adequate space foables tonavigate through the payload bay from the
middle platfam to the upper and lower circular platforms, the middle platfonrit
be a rectangular platform with gaps on the side. Cabldgass through these gaps,
between the platform and théody tube, to connect the microcontroller to other
components on theAPPAsled.

ltt! Q& Sded WIlibeBDSrinteckin PLA foweight savingsAsthe sled is
currently designed, the sled witlot be able to be printed without a significant
amount of supports. Because supports can be difficult to remove safelgld¢dds
being printed in modules that will be epoxied togethEach module will be printed
such that the layer lines are kept haizal to maintain strengthUltimately, this will
simplify manufacturing and assembly, while still maintaining a strong sled structure.

The shape of the APPA electronics sled is defined by the lower payload compartment

that it is confined to. In the top.8 inches of the lower payad compartment, the

sled has to fit within a coupler and centering ring. As such, the diameter of the upper
section is only 5.25 inches. The rest of the lower payload compartment does not
contain any additional components, scetBled can take up the fiBtinch diameter

of the space. Finally, the sled has a 2 inch by 2 inch square cavity on the top to
provide space for the hex nuts that secure®@ t 4G G2 GKS FAy OF yQa
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2,00

Figure4-7 APPA Electrors Sled

Thet 26 SNX¥2aid aSOGA2Yy 2F (GKS at SR gAff K2dz
at the bottom of the sled due to its large size. Three zip ties will be used to secure

the battery to the lowest platform of the sled. bddition, thebattery will avoid

slipping due to its tight interactions with the sled walls. Though it is not depicted, a

buck converter will be connected to this battery. Finally, the battery will be brightly

colored and marked as an explosive. The batie protectedfrom ground inpacts

due to its central location in the fin can (depicted below in FiguB),4ts secure

retention on the sled, and the strength of bordering structural components.

Figure4-8 APPA ElectronicSled Battery

The middle section of the APPA electronics sled will house the NVIDIA Jetson Nano
O!tt! Q&8 LINAYFNE YAONRO2YUGNREffSNDOD® ¢KS WS
size and so that it can easily interface with all other porrentsg the battery as well

Fda GKS aedaidsSyQa aSyazNaRA® ¢KS wWSiazy bl y?2
four 3/4" long 1-64 blackoxide alloy steel screwand four 164 stainless steehex

nuts. Holes will be precut into the sled to facilitatestbonnection.
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Figure4-9 APPA Electronics Sled Microcontroller

¢ KS dzLJLISNX2aiG asSoOotrazy 2F GKS 1tt! SfSO0NP
electronics, including the IMU, altimeter, Arduino Nano (secoyddcrocontroller),

and the LoRa communication module. TBIEM-GX5IMU will be secured to the

Lt t! Q& dzLILIS NI LIBM"lofga-Bdblaciizikideyaiby sfekl BcR®s and
three 1-64 stainless steel hex nutkloles will be precut into the sled todiitate this
connection. The LoRa module, Arduino Nano, and the altimeter will all be soldered
to a custom perf board. Tinfoil will be taped on top of the LoRa module to help
minimize interference. The perf board will be secured to the sled using &igat
long4-40 blackoxide alloy screws that lock inte40 heat set threaded insertsThe
threaded inserts will be set into precut holes in the sled using a soldering iron. Finally,
the IMU and the altimeter will be located close to the Arduino Nanthabthese
components can be connected easily. These three components are shown on the left
side of the platform in Figure-40 below.

Figure4-10  APPA Electronics Sled Sensors

The uppermost section of theled wi £ | f a2 K2dzaS GKS o6 GdGSN
recovery GPS. Two zip ties will be used to secure the battery to the upper platform

of the sled. In addition, the battery will be secured to the sled using industrial

strength Velcro to prevent it from sling duing flight. The battery will be brightly

colored and marked as an explosiVee battery is protected from ground impacts

due to itsretention on the sled anthe strength of bordering structural components.
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Figured-11  APPA Electronics Sled Recovery Battery

CAylLftftes 1tt! gAfft faz2 GdKS TFTAYy OFyQa NBC
of the section. Due to its length, the GPS can only fit vertically within the sled. As
such, me of the side walls ahe sled was transformed into a flat platform upon
which the GPS could be mounted. A cavity is cut into each of the platforms of the
sled to allow the GPS to pass through all sections. In addition, this cavity extends to
theedgeofi KS & f S R (oihatltbie GFiSTcanMareasilydinstalled and removed.
The GPS will be secured to the sleging two5/32" long 4-40 blackoxide alloy
screws that lock intd-40 heat set threaded insertsThe threaded inserts will be set

into precut hdes in the sled usingsoldering iron. The GPS is kept in close proximity
with its corresponding battery so that the two components can be easily connected.
The Eggfinder GPS will be wrapped in tinfoil before being bolted in place to minimize
interference

Figure4-12  APPA Electronics Sled Recovery GPS
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44.2.3

4424

Primary Microcontroller

The primary microcontroller will be a NVIDIA Jetson Nano 4 GB. It will be connected
to the two cameras via ribbon cables using c&@®imunication and to the seadary
microcontroller via serial communication over USB. The Jetson is designed for
parallel processing applications such as image classification, object detection, and
other tasks requiring neural networks. It also has 4GBAM and the capability for
several standard communication methods such as 12C, SPI, UART, and more. Thus, it
is a great fit for the payload we have designed, from both the individual function and
system integration perspectives. Additionally, it can da tith a max power draw

of around 15 watts, which makes it reasonable to be powered by a battery onboard
the payload bay.

Software will be written to enable the Jetson to capture images from the cameras,
to record the serial communication of data from teduino Nano (Secondary
Microcontroller), and to use the radio module to transmit information from the
vehicle to the ground station.

The Jetson Nano overheating is a concern so the thermometer on the Adafruit
DPS310 will be used, based off this a fan miighadded to cool the JetsoNano.

This is further discussed in the testing section. In addition, the Jetson has built in
heat sinks as a manufactured mitigation to the overheating issue. Finally, to ensure
that the 3D printed APPA sled does not melt, dimel safety of the electrowms, the
APPA system will be programmed to shut down if temperatures within the lower
payload compartment exceed 1%B.

Secondary Microcontroller

The secondary microcontroller will be an Arduino nano. It will be connected to the
altimeter via 12C communitian using jumper cables and a breadboard. The IMU
will be communicated with via UART. USB will be used to transfer data to the primary
microcontroller, and finally it will be powered through its 5V and Ground Pins. The
ArduinoNano is a compact microcowmiier which will execute a script upon being
powered. It has limited storage and processing power, but it can run in real time
which gives more consistency in measurement than a Raspberry Pi or Nvidia Jetson
which run on operatig systems. Along with itgpability for several communication
standards, these qualities make the Arduino Nano great for collecting data and giving
it over to the Jetson to store and process.

The Arduino will be running a loop which records informaticmm the IMU and
altimeter then organizes that information and sends it to the Jetson via serial
communication.

Inertial Measurement Unit (IMU)

The IMU will be thaDM-GX5IMU manufactured by Parker LORD. The IMU has
changed since PDR since it was clatiffeat magnetometers couldat be used on

the vehicle. The restriction on magnetometers has prompted the team to invest
heavily in this much more capable inertial measurement unit. It will sample linear
acceleration and angular velocity information at atereof 1 kHz and 4kHz
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respectvely. This information can be read from the chip at 1kHz, which is a
significant improvement from the previous chip and other competitors. This sensor
also has good accuracy and precision as seen in the datasheet linkedootire

Table4-3 IMU Specifications / Capabilities
Communication TTL serial (default baud 115200)
Voltage 3.2t05.2V DC

Typical Power Consumptiorf 300 mW

OperatingTemperature -40 to 85 Celcius
Data Output R 1to 1000 Hz
Measurement Range Upto++40g Up to 900 deg/s

More performance characteristics for the accelerometer and IMU can be found
onlin€’.

Integrating IMU data is vulnerable to changes in accélama This is because the
acceleration must beassumed between measurements, and any change in
acceleration introduced error into the assumption which will build rapidly over time.
For mitigation, a sensor with more accurate and frequent measurements was
chosen. The higher frequency of measurementipbeeduce the error by lowering
the amount of time between measurements over which the acceleration will have
to be assumed.

4425 Barometric Altimeter
The barometric altimeter will be an Adafruit DPS310will record pressure
measurements throughout the emé flight which can then be used to estimate
altitude. It is capable ofmeasuring altitude changes to within 0.02 m of relative
accuracy and has a range of 300 to 1200 hPa, well within wha¢guere of it. We
can poll it at around 36 Hz. This sensorlscane a much lower polling frequency than
the IMU because it measures the absolute position of the rocket and thus will not
have to worry about compounding error from numerical integration.

44.2.6 Battery
Powering the APPA system will be a 7.2 Lithium Polyrar, LiPq battery with
5000 mAnh of capacity. The type of battery, LiPo, was chosen because of its excellent
energy density. The largest concerns with such batteries are safety and battery
health. With proper care, neither should be an issue, see the FNB&g for more
details. The increased effort and attention that must be dedicated to the handling

2 https://www.mouser.com/datasheet/2/1083/3dm_cx5 10 datasheet 8400 0114 re&B8Z2180.pdf
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and use of the battery to mitigate those risks was deemed worth their high
performance. The vtdge, 7.4 V, was chosen as it is the lowest available LiRmeolt
above the 5V required to run the Jetson. This difference is large enough that, to
power the processor safely from its 5V and ground rails, a 5V Buck step down
converter will be used to redate the voltage from the battery. The capacity of 5000
mAh waschosen as it satisfies the requirement that the battery should be able
power all APPA electronic components running at maximum current for an hour. This
requirement also helps avoid deep disehes of the battery which are detrimental

to battery health.

Table4-4 Charge Requirement of APPA Electronics

Arduino Nano 0.8A

ParkerLORD 3DMX5 0.06 A

LoRa&Communication 0.05 A

21IMX-219 160Cameras 09A

Adafruit DSP310 0.001 A

Total: 4.808 A
I
;:qoul:rrel\r/lne;xr:;num Current 4808 mAh

Camera Housings

To capture images of the terrain during flight, cameras must be mounted on the
outside ofthe launch vehicle with their lenses consistently pointing downwards. T
achieve this, the two cameras will each secured to the launch vehicle in a camera
housing. Custom camera housings will be made to attach the cameras to the launch
vehicle. The cameraousings will be 3D printed in PLA and coated with a composite
layup ofcarbon fiber and epoxip give them a smooth finish and reduce friction
drag. This process results in a light, strong, smooth, and wasgéstant structure. In
addition, it ensures tht the housings can survive launching in temperatures of
10C°F, givenlhat PLA has a melting point of 388
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Figure4-13 Camera Housings Assembly Exploded View

The camera housings have a removable covealtlow for easy installation and
removal of cameras before and after flighty | RRAGA2Yy X | 062E
plexiglass will be epoxied to the camera covers to protect the lens from water and
impact damage. The cowapousing assembly is shown in Figukl4 below. The
covers have a cavity that the cameras slide into befoo¢gh bcomponents are
attached to the camera housing. The covers are secured to the camera housings
using four5/32" long 4-40 blackoxide alloy screws that lock in-40 heat set
threaded insertsThe threaded inserts will be set into precut holes in thegiogs

using a soldering iron.

l— 70 —]

Figure4-14 Camera Housing Body
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The camera housing bodies are small to limit their effects on theclawehicle's
aerodynamic performance. The bottoms of the housings a6 inches deep by

1.46 inches wideslightly larger than the camera boards. In addition, the camera

housing bodies ar@.68 inchedong. There are ports at the top and the bottom of

0KS K2dzaAy3d o02Reé G2 Fft2g GKS O YeNI aQ N
port is large to aid in assembly, while the upper port is small to limit airflow into the

camera housing. The upper port Wik 0.7 inches wide and 0.18 inches deéfoles

will be precut into the bottom of the housing to hold threaded inserts. Findily,

001 2F GKS K2dzaAAy3d o02Reé Aa Od2NBSR (G2 YI(

-—1.02 -

/.20

12

- 50 -
1.46 - 146 -

Figure4-15  Camera Housing Covers

The design of the camera housing cover is shown abdvigure 415. During flight,

this cover will secure the camera in place, while allowing the lens to view out of the
housing. There is a cavity each of the covelslow the cameras to be set into them.
The camera lenses will protrude through the central hole, allowing them to see out
of the camera housings. The covers contain through holes that are used to facilitate
a bolted connection to the camera housing body

The full camera housing assembly is shdyeiow in Figure4-16. The full camera
housing assembly is. B/ inches long with the camera housing body being 2.69
inches long, the camera cover being 0.45 inches long, and the plexiglass box being
0.63 inchedong. The plexiglass box will be epoxied to the 3D printed camera cover.
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Figure4-16 Camera Housing Assembly

4428 Camersa
The camera selection was based on a few criteria: compatibility with NVIDIA Jetson,
fieldof dASs 6Ch+x0X YR STFFSOGAGS F20If fSy3i
capabilities that make it an ideal choice for ireggrocessing applications, a Jetson
was chosen as the primary microcontroller, which means it is important for the
cameras to bdetson compatible.

A wide FOV was determined to be desirable so that the cameras could see as much
as possible during flight, aking it more likely for a landmark to be spotted. The main
side-effect of a larger FOV is warping of the images. If the walipit@p great it can
impact the triangle similarity calculations, so it is important to not go too wide so
that the images aresclear as possible.

I OFYSNIrQa 9C[ OFly 0SS (K2dAK{i 2F la K2g
purposes ofAPPAalongerf®@ | f f Sy 3dK AayQi ySoOSaal NB a:
as much as possible. This, again, increases the chances of a landnar&nthuee

used showing up in frame.

With these criteria in mind, Jetson compatible H4X9 cameras were chosen for
APPAwith a160 FOV and EFL of 3.15 mm.

4.4.3 APPAntegration and Retention
The APPA electronics sled must be secured so that the sensor quieesces minimal
vibrations and disturbances. The APPA electronics sled will match the size of the lower
payload compartment wich inherently prevents sled translation. Further securement
must prevent rotation and vibrations. Rotation would prevent theJdfrom determining
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the true orientation of the launch vehicle over time, given that the electronics sled would
move independetly from the launch vehicleReducing vibrations is also important given
that APPAsensors will be taking measurements of motidorce, and pressure data;
vibrations could disrupt these measurements, causing errors in the data produced.

Cameras must alsbe retained during flight. Cameras must remain as still as possible,
with minimal vibrations, to take clear images of the terrb@tow. In addition, if cameras
separate from the launch vehicle during fligh®PAs no longer reusable in future flights,
may no longer be functional in the current flight, and poses safety and environmental
risks associated with falling debiris.

4431 APPAHed Retention
Theprimary method of APPA electronics sled retention is through the use of-hook
andHoop fasteners. Thesksteners will be installedetween theAPPA electronics
& t SdRdlar platforms and the bulkheads adjacent to theme Hookand-loop
fastenerwill prevent slight vertical movement of the sled from occurring ailtlact
as a filter to limit high frequacy vibrations caused by the launch vehicle. bek-
and-oop fastenerwould alsolimit rotation andlateral vibrations of the electraics
sledby preventing slipping from occurring betweént t | Q& St SOGNRBY A Oa
adjacent bulkheads. The hoakdloop fasteners are anticipated to be 0.25 inches
thick. They are shown as black platforms adjacent to the bulkheads in Figlire 4

As®&mbling the lower payloadompartmentof the launch vehiclavill be quick with
hook-andloop fastenerretention, whid helps ensure that the assembly time
requirement, NASA 2.6&yill be met. he hook-and-loop fastenerwill be applied to

the surfaces of thelectronics sled and the bulkheapsor to launch day, allowing
the electronics sletb slide into thefin canduring assembland be secured through
contact with adjacent sections. In addition, after flight, the attachment can be easily
broken by applyig a strong enough force to pull the sections apahe hookand

loop fastener selecteébr retention of the APPA electronics sled is Industrial Grade
Velcro with a holding force of 1 Ib per square inch.

The Velcro retention method will also enable theP*Psled to resist any minor

torgues that it experiences, given that it will prevent tHedsfrom slipping against

GKS t26SN) LI e&f2FR O2YLI NI YSyidiQa dGdo2 | Rl
experience little if any torque. Only the parachutes (attaciiedd G KS FTAYy Ol yQ:
bulkhead) are capable of applying a direct torque to the fin ssation. However,

the parachutes will never produce a strong axial torque on the bulkhead because the

LI NI OKdzi SQa aK201 O2NR Aa CORaythepaddshete 2y G KS
could induce an axial torqgue would be if it slid sideways along thénbad, but even

then, the torque would be marginal since moment arm would be so small. Given that

the upper bulkhead will experience little to no torque, the Velcit @nable the sled

to resist minor tendencies to rotate.
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Figure4-17  APPA Sled Integration Section View

Figure 417 above shows the APPA electronics sled integrated into the lower payload
compartment. The sleds sandwiched between two bulkheads and two sets of

Velcro that border the 8nchlong ®mpartment. The ll 2 f ( Q&4 KSE ydzia 7
cavities in the Velcro and the electronics sled, as discussed in Section 4.4.3.

The upper portion of the sled is shown fibwithin the coupler and centering ring
assembly, with the coupler shown in light gneeand the centering ring shown in
black. Finally, the one of the two ribbon cable exit ports is shown in the body tube
of the section. This port is aligned with thedssiection of the APPA sled so that the
ribbon cable can easily plug into the Jetson Namd extend out of the launch
vehicle. The exit port is described in more detail in Section 4.4.3.3.

4432 Camera Housing Integration
During recovery, théaunch vehicleseparates into multiplesectionsg one of which
is the fincan. The firtan is one of the haviestsectionsof the launch vehicle during
descent because it carries the motor casing. In addition, thedimis bottom heavy
because the motor is locatedt the bottom of it. As such, théin OF y Q& @S NIi A O
orientation remains fairlgtableduring descent especially after the main parachute
deploys For this reason, cameras will be attached to thecéin pointed downward.
This design leverages the tnl y QtivelyNsBlilelorientation to provide consistent
camera views of the ground.
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Two cameragare being used in the APPA system for two reagoreslundancy and

vehicle symmetry. As such, two camera housings will be mounted symmetrically
between the fins, withthe bottom cover of the camera housing being 3.5 inches

from the bottom of the fincan.® dzy G Ay 3 GKS OF YSNl} & 0Si6SSy
fins is advantageous because it reduces aerodynamic impacts on the flow over the

fins. If flow over the fins is disrtgd or limited, the restoring force provided by the

fins would be limited, thereby caugjrdisturbances to vehicle stability.

Figure4-18 Camera Housing Integration Section View

The camera housings will be seed to the launch vehicle with epoxy. However, the
bottom covers will be completely remable so that the cameras can be easily
installed and removed. As discussed in Section 4.4.2.7, the bottom covers of the
camera housings will be secured with four boEpoxying the camera housings to
the launch vehicle ensures that the housings will rans&icure to the launch vehicle
throughout flight. Epoxy is typically used to secure fins to the launch vehicle and has
been an effective bonding method in all of ti&@ k Y Q& LINB @A 2dza Ff A3IAKI
the epoxy interface, the back side of the cameraisiags will be curved to match

the surfaces of the launch vehicle. Finally, the edge between the camera housings
and launch vehicle will be filleted with epoxy to pige a smooth transition of
airflow over the two surfaces.
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4433 Camera Electronidategration

To connect to the primary microcontroller on the APPA electronics sled, ribbon
cables will travel along the external surface of the launch vehicle up to the lower
paybad compartment. The ribbon cables will enter the lower payload compartment
through slottedentry ports that ared.2 inches tall and 0.79 inches wide. The entry
ports will be 12.07%nches above the camera housings, to allow for entry into the
portion of the lower payload compartment where the Jetson Nano is held. This is
described in Section 43L1.

Figure4-19 Camera Housing Electronics Integration

The ribbon cables will be secured to the launch vehicle aotépted from external
forces with aluminum foil tape. Aluminum foil tape provides air |pafitection,
which will prevent air from permeating the tapeshicle barrier. In addition, the tape
creates a waterproof barrier, which should protect the ribbon leabfrom any
exposure to moisture in the air or on the ground.

Aluminum tape was used to scessfully secure the ribbon cables to the launch

vehicle on subscale, providing confidence that this method will be successful in
securing and protecting the riblmocables on full scale. Finally, masking tape will be

placed below the aluminum foil tape 0INB 0 SO0 GKS I dzy OK @SKAC
Masking tape also has good flight heritage, given that it was included on sections of

the subscale and remained secuhering flight.
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4434 Fin Carscrew Switches
Two screw switches will be included in the lower padlcompartment. One switch
will control power to APPA, and the other switch will control power to the Eggfinder
GPS. The screw switches will be accessible froroutstde of the launch vehicle so
that electronic systems can be turned on right before ldurihis will save memory
2y GKS aeadasSvyqQa {5 OFINR IyR |fft2g (GKS aea
on the launch pad for up to two hours. Two portdllwe cut into the launch vehicle
to ensure that the screw switches are accessible fromahside. Oneport will be
located 1.5 inches above the ribbon cable port, and one will be located 3 inches
below it, so that the ports are in close proximity to tveo batteries that the screw
switches interface with. The screw switch access portdeijlist large enough that
G2 FAG I aONBSRNAGDGSNI GKNRdzZAK GKSY |yR aS¢

4.4.35 Fin Can Pressure Ports
For the barometric altimeters to accurately measure tmbient pressure, the
lower payload compartment must remain consistently pressurizethéoambient
pressure throughout the entire flight. To achieve this sampling holes are drilled
through the wall of the lower payload compartment so that pressure isabred
throughout flight. The team consistently uses the manufacturer recommendation
for the PerfectFlite Stratologger CF altimeter to size sampling holes, even for the
DPS310 altimeter. This method of sizing was used on subscale and had accurate
results,as discussed in Secti6r3.4.4.

The formula recommended for the diameter of the sampling holes is shown in
Equation 3.11with the methodology assuming that four holes will be drilled &t 90
from each other around the circumference of the launch vehi¢¥éh the lower
payload compartmenbeing 8 inches long and having an average diameter of 5.9375
inches, the pressure ports should have a diameter of 0.2256 inches. As such, four
pressure ports will be included around the lower payload compartment, eagh 90
from each other, with a diametesf 0.2256 inches.

4.4.4 APPANeights
Table4-5 Lower Payload Compartment Weight

ltem Weight (Ib)

Centering Ring .017
U-Bolt Nuts .010
APPA Sled .330
4GB Jetson Nano .532
Arduino Nano .020
REYAX RYLR896 LoRa .015
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4.5

DPS310 altimeter .022
3DM-GX5IMU .036
APPA System Battery .563

Cables and Buck Converter | .100

Perf Board .010
Velcro .092
Small Nuts and Bolts .010
Eggfinder GPS .044
Eggfinder GPS Battery .049
Total 1.833

Table 4-6 Camera Housing Assembly Weight

ltem Weight (Ib)

Camera Housing Bodies .020
Camera Housing Covers .010
IMX219 Cameras .018
Bolts .005

Heat Set Threaded Inserts | .005

Plexiglass Boxes .018

Total .076

BaselineSolution 2 (Lander) Removal Explanation

The biggest change from PDR to CDR was the decision to only do APPA. The secondary system
was having a lander jettison from the launch vehicle and use image recognition and IMU data
to locate the launch Jgcle. Baskne Solution 2 was removed for two main reasons: the
splitting of both time and resources and the negative effect BS2 has on APPA. A significant
portion of the payload budget would have needed to be spent on BS2 in the building of the
lander. This meansdss money would have been spent on the cameras and the IMU that APPA,
the primary solution, would be using. Furthermore, all time spent getting the electronics
implemented in the lander would be less time spent time in getting APPA workingctigrre

The ame is true for image recognition as well. APPA and BS2 would use different types of
image recognition. Previously there was concern if the photos taken from the cameras on the
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launch vehicle in APPA would be unusable so BS2 was created alsup.bBte shscale
launched showed that the cameras took usable photos. The lander complicates the recovery
system and having it means that the main parachute could not deploy very high. The cameras
got the most usable photos after the main parachute wapldged so ly deploying main as

high as possible, it maximizes the chance that APPA will work. Without BS2, all payload
members can focus on getting image recognition and the IMU data working instead of being
spread too thin. Overall, after the subscaleidated thecamera method of APPA, the team
decided we would be better off giving everything to getting APPA instead of splitting time for
both and possibly having no working solutions. Getting rid of BS2 left space in the launch
vehicle and to maximize tHaunch a ew experimental payload was created. This payload is
something the team is testing separately and is not going to be part of getting a final solution
for the launch vehicle location.

4.6 Means of Observing Meaningful Data (MOMO)
Means of Observing ®aningful @xta (MOMO) will take photos of drogue deployment and
behavior during launch vehicle descent. Understanding drogue performance will provide
insights about launch vehicle motion and stability during descent. This information could be
leveraged tadesign stablization systems that allow vehicle sections to remain in a relatively
fixed orientation during descent. Such systems would be useful in design contexts similar to
this competition, in which camera stability and orientation is important thraugtthe enire
vehicle flight. MOMO will consist of two cameras at the bottom of the UPB that will take video
of drogue deployment and behavior during descent. Due to their position, these cameras will
also capture footage of main parachute deployment aatformance All footage will be
stored on a microcontroller for podtight analysis. Finally, MOMO will also include an
altimeter and an IMU. Data collected by these devices will be used in dligbstanalysis to
determine the forces induced by the rachutes onthe launch vehicle at critical altitudes
corresponding with recovery milestones.

4.6.1 MOMO Functional Representation
A functional representation of MOMO is shown in Figd+20 below. Altimeters will
measure vehicle altitude, and IMUs will measushicle acckeration and orientation
over time. IMU and pressure information will be temporarily saved to the RAM of a
secondary microcontrollgfArduino Nang. The Arduino Nano will send the data via serial
communication to a primary microcontroll§the NVIDIAJetson Nanpwhere it will be
logged. In addition, two USB cameras will record video of drogue and main parachute
performance during descent. This video will be recorded and stored owthei a2y bl y 2 Q.
SD card for future processing. Data collectioill thegin after a short delay once the
payload is powered on the launch pad. Data collection will end once the IMU acceleration
data and altimeter data have detected a landing. All data (acceleration, altitude, and
video) will be processed in MATLAB orCademyplzi SNJ F F G0 SNJ NBOdzNy Ay 3 {3
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Figure4-20 MOMO Functional Diagram
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diagram, all MOMO electronics will be poweredthwa 6V NiMH battery. Power to
0S O2y(iNRfftSR

a0KS

i KNER d.

of the launch vehicle. This will ensure that electronics can be powered on right before

I dzy OK =

iKSNBoe@

A1 Ay B cad Snd2aldiing 2hg systdtndo 3 & a4 § &

maintain its battery life after sitting on the launch pad for up to two hours. The battery
will be connected to a 5V Buck Converter, so that the circuit is provided with 5V rather

than 7.4V Thebuck converter is necessasy that the 2GB Jetson Nano can be powered
O2YOSNISNI gAff

safely. K S

0 dzO

RANB Ol ftheough S S R

LJZ2

power pins. The 2GB Jetson Nano will connect to the USB cameras via USB connections.

The Arduino Nano will connect to the I8 altimeter and the BNOO55 altimeter using
I12C. Finally, the Arduino Nano and 2GB Jetson Nano will use serial communioat

transfer data.
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4.6.2

46.2.1
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Figure4-21 MOMO Electronics Schematic

MOMOEIlements

MOMO will cansist of an electronics sled located at the bottom of the UPB. Two cameras

gAfft 0SS Y2dzyiSR 2y GKS o620G42Y 2F (G(KS &t SR:
f26SN) o0dzZ | KSFR® ¢KS b+L5L! WSGiazy bly2 ¢
microcontoller,andA & 6Aff 0SS Y2dzyiSR 2y 2yS aARS 27F (
gAftft 0SS Y2dzyiSR 2y (KS 2LJJ32aAradsS aARS 27F
FEOGAYSGSNE YR ! NRdAY2 bly2 gAff 0S Y2dzy i S
vertical platorm.

MOMOElectronicsSled

The MOMO Electronics Sled will be 3D printed in PLA for manufacturing ease. The
sled will consist of a lower horizontal platform, where the cameras will be mounted,

a central vertical platform, and an upper horizahplatform. Platform sizing was
determined by component sizing, space available, and integration with retention
components. The connections between sled platforms will be filleted to provide
additional strength. The electronics sled assembly is showmbel&igurel-22 with

the battery, microcontrollers, IMU, altimeter, and cameras mounted on it.

The vertical portion of the sled is 3.12 inches wide. This length was chosen to fit the
Jetson Nano fully on it. It was not made any bigger to maximize theianod space

for the cameras on either side of the platform. The base and the top of the sled are
5.8 inches at their longest point. This size will match the inner diameter of the
coupler section and will allow the sled to be as big as possible andt stiflifie the
launch vehicle. The upper platform will end up not resting in a coupler section but
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still needs to be that size to fit through the upper coupler section. Both the upper
and lower platform are .35 inches. This thickness for the platforms slfowthe
threaded inserts to fit while avoiding excess printing. The vertical section is 6.75
inches long to allow for all the necessary components to fit on the sled. Any
additional height would be useless and add excess weight. The length of the section
of the sleddesignated for the cameras is 1.27 inches which maximizes the size the
camera can be.

Figure4-22 MOMO Electronic Sled Microcontroller Side

The IMU, altimeter, and Arduino Nano will all be soldesetb Perfbard which

will be epoxied to the MOMO electronic sled. The Perfboard will be 1.75 inches
by 3.12 inches. This will match the sled length exactly and give space to fit all the
necessanglectronicson it. The Jetson Nano will be bolted intage by 4 bolts

The diameter of the holes in the Jetson Nano are slightly smaller than .10 inches.
Bolt were chosen that would be able to fit through this hole and have a head
bigger than the hole to secure it in place. The bolts narrower section haka ho
diameter ofjust .073 inches (#64 Thread) with a head of .118 inches. The bolts
will go through the holes in the jetson and then corresponding holes in the
MOMO Electronic Sled and will get secured by nuts in the back.

On the subscale electronics sled the batteryswaped into place. That went
flawlessly in the subscale launch, so the same plan will be used for the battery in
the MOMO Electronic Sled. Tligure below shows where the battery will be,
and it will get taped in once all the other electronics are irceland plugged in.

The nuts that will secure the back of the bolts are also shown.
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46.2.2

46.2.3

46.2.4

Figure4-23  MOMO Electronic Sled Battery Side

MOMO Primarpicrocontroller

The 2GB NVIDIA Jetson Nano will be used as therimiarocontroller for MOMO.

The Jetson Nano was selected because it is able to capture and store video from two
USB cameras at the same timeddrecause this microcontroller is already owned by
the team. As the Jetson in the MOMO electronics sled doeshawe¢ to do image
recognition the Jetson in APPA has to do so the MOMO Jetson will have to do a lot
less work. Therefore minimizing the chanoéd overheating and staying under the
team goal of 140 degrees.

MOMO Secondamicrocontroller
An Arduino Nanawill be used as the secondary microcontroller for MOMO. The

Arduino Nano was selected because the team currently owns it and has extensive
expaience using it to collect data.

MOMOCameras

Two DFROBOT USB cameras will be used in MOMO. These camerasegtrd s
because of their compatibility with the NVIDIA Jetson Nano, their low cost, and their
compact size. These cameras have a relativelyrteage resolution of 640 x 480, but
this resolution is acceptable for this application. Holes will be includ#éki8D print

of the MOMO electronics sled for the threaded inserts to fit into. The camera will be
put in place and then bolted in using theéaded inserts.
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Figured-24 MOMO Camera Support Visualization

Thefigure below shows the dimensions of the camera support. The camera was
chosen for its small size and because it fits in the side adldte The four smaller
holes match the holes from the camera and the hole in the middle is the diameter
of the camera tits widest. The platform is elevated slightly to get the camera
lining up exactly with the end of the bulkhead.

1.30

©.85

Figure4-25 MOMO Camera Support Dimensions

The 3D printed sled will have holes for threaded its& go into. The inserts are
heat set and will be soldered into place. The cameras will be bolted into place
using these inserts andolis. The threaded insert matches the thread size and
length of the bolt. The thread size for both is M2 with the thaqétch being .4mm
(0.015748nches) and a length of 4 mm (.1578 inches).

4.6.2.5 MOMOIMU
The BNOO55 will be used as the IMU for MOMO. This IMU was selected because the
team currently owns it and has experience using it. This IMU will measure the upper
half of thS f I dzy O KaccéleBakioh éntl &ieéndation during all segments of flight.

4.6.2.6 MOMOAIltimeter
The DPS310 altimeter will be used MOMO. This altimeter was selected because the
team currently owns it and has experience using it. The altimeter will measure
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46.2.7

46.2.8

4.6.3

altitude of the upperhalf of the launch vehicle during flight via pressure ports
described in Section 4.6.2.5.

Battery

A 6volt 2000mAhNiIMH battery will be used to power the electronics. This battery
was selected because the team already owns it andelx@srience usingt. Unlike

in APPAthe Jetson in MOMO will not be doing image recognition meaningh

less current will be required. So only half of the imaxm draw of the Jetsowas
used in the table. The capacity of 2000 mAh wlagsen as it satisfieshé
requirement that the battery should be able power all MOMO electronic
components running for a half hour. This requirement also helps avoid deep
discharges of the battery which are detrimental to battery health.

Table4-7 Charge Requirements of MOMO Sled

Component Maximum Current

Jetson Nano (2GB) 15A
Arduino Nano 0.8A
BNOO055 IMU 0.004 A

2 DFROBOT USB cameras | 0.52 A

Adafruit DSP310 Altimeter | 0.001 A

Total: 2.8214 A

1/2 Hour Maximum Current 1410.7mAh
Requrement

Buck Converter

ahahQa o0FGGSNE KIFIa | @2td4G13S 2F c+d | 26S¢
NVIDIA Jetson Nano. This difference is large enough that, in order to power the
processor safely from its 5V and ground rails, a 5V Begkdsiwn converter will be

used to rgulate the voltage from the battery.

MOMOIntegration and Retention

MOMO will be housed in the UPB during flight. Two retention mechanisms will be used

to secure the imaging system in place. First, the sled will médterdimensions of the

interior of the UPB and its border walls, preventing any lateral motion in the launch
OSKAOEt S® ¢KS af SRQa f26SNJ adaNFI OS gAftft 0SS o
¢KS &f SRQ& dzLJLISNJ & dzNJF | O Swithstivd Holts.oTkesedaltedd SR 2
connectons will prevent axial motion and rotation.
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46.3.1

In terms of integration, one hole will be drilled into the side of the UPB adjacent to the
electronics sled to allow for access to screw switches. These switches will b wsed
and supply power to MOMO iits launch ready configuration. In addition, four pressure
ports will be drilled into the UPB to allow the barometric altimeter to take its
measurements.

UPB Border Walls

The border walls in the UPB serve two purposessolate the shock cord frome
electronics sled and to aid in the launch day assembly of the UPB. While one wall
would be sufficient to isolate the shock cord from the electronic components, two
are being installed to aid in assembly and to ensure thatweight in the UPB is
symmaerical. The border walls aid in assembly by allowing the electronics sled to be
easily slid into place along two guided surfaces. Otherwise, the sled would be difficult
to install in the correct orientation at the bottom ofi¢ UPB section.

The border wall will be made of 1/4nchthick aircraft grade plywood. These walls

gAft 0SS SLRPEASR (2 GKS AyySNIsgLtta 2F (KS
The top of the wall will stop 1 inch from the top of the section iwegspace for the

nosecone couler to slide in. The walls will be located 1.3 inches from the edge of

the section, as depicted in Figure28 below. This provides enough space for the
5/8-inchthick shock cord to extend fully and move relatively freely levhitill

providing enough spackr the sled in the center of the UPB. The shock cord will
atachtoa W2t G 2y (GKS &aARS 2F (GKS !t. Q& dzLJL
compartment sizing allows the shock cord to assume a straight line upon parachute
deployment.

In the figure below, théaunch vehicle exterior is represented by red, and the coupler
sections are represented by purple. The upper and lower platforms of the MOMO
Electronic Sled will match the inner dimensions of the coupler section so that it ca
fitinto place. The long gregctangles are the wooden barriers in the UPB. The wood
is against the side the entire time so it will get less wide in the coupler sections. The
U-bolt will be on the same side that has the notch for the shock cord. Ticeafi
Grade Plywood supportsilvbe 13.75 inches long and go from the top of the lower
bulkhead to .1 inches under the nosecone bulkhead

2022 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

X 75
6.00
13.75
6.00
7.45
400
K 50

Figured-26 UPB Sectional View

4.6.3.2 SledBulkhead Interface
Two .85inch dianeter holes will be cut o the lower UPB bulkhead to allow the

camera lenses to see through the bulkhead, thereby giving them view of the
parachutes. The lenses will extend slightly into the bulkhead holes. Four bolts will be
used to attach the bottom othe MOMO electronics sletb thS | t . Qa 26S
bulkhead. The holes in the bulkhead for the bolts will be circles with a diameter of
.138 inches. The head of the bolt is .226 inches, and the bolt has a length of .75
inches. The bolts will attach to heagtthreaded inserts on th&OMO dectronics

sled. The threaded insert is .25 inches long and the bulkhead is .5 inches thick
allowing for the bolt to fit perfectly in place. These bolts will prevent the sled from
moving in an axial direction during flighs done in the previous caewhere
threaded inserts were used, holes will be included in the 3D print and then the
threaded insert will be soldered into place.

The holes for the bolts in the MOMO Sled were placed equal distance from the
center to the star of the camera hole making them approximately .88 inches from
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the center. Also, the holes were placed equally in between the center and the
sides of the of the MOMO Sled to maximize the support they provide. The holes
are .22 inches to give the insersomto fit. The figure below shows all the
dimensionsThe next figurewill alsodemonstratewhat the bottom of the sled will
look like once the threaded inserts are soldered iptace. This speciftbread and
bolt size were chosen to make the bolts big egb to be effective while

minimizing the impact on the bulkhead. The length of the bolt was also a
compromise between securing firmly into the bottom of the sled and not making
0KS &t S RmMassivé andtBerefornre expensive.

Figured-27 MOMO Electronic Sled Bottom

The next figure is a representation of what the bottom of the bulkhead will look
like once the MOMGSled is secured in placklso, the dimensions oof the holes
in the bulkhead. A 1.25 indbng by .5inchg A RS af 204 gAft o085
lower bulkhead to allow the shock cords to pass through into the UPB.

®5.80

—~ 69—

Figure4-28  UPB Lower Bulkhead

At the bottom of the bulkhead holes for the cameras, wiac plexiglass cutouts will
be epoxied into the bulkhead. The plexiglass diameter will match then@bhole
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4.6.3.3

46.34

4.6.3.5

to allow for it to fit tightly into place. The tip ohé cameras will stop right before

the plexiglass section to maximize its field of visidmle still being protected. The
plexiglass will 1/8 inch thick. Thicker plexiglass would limit the cameras vision more
and thinner plexiglass might not be able to hgitand forces applied to it.

SledVehicle Bolted Connections

Two bolts will be used to sare the upper half of the MOMO electronics sled to the
launch vehicle. This will provide further support to the upper half of the sled which
may wobble or vibrate witout any additional support. Bolts will go through the
't . Qa o02Re (i dzo Ssetithfe&ledirdedty locatad brethe Kidek of the
St SOUNRYAOA af SRQA dzLJLISNJ LX F GF2N¥Vd ¢KS
used for the SledBulkhead inteface described in the previous section and modeled
in Figure 429 and Figure-80 are béng used for this this connection. The same size
diameter hole is used as shown in Figw&ldis .22 inches. The hole is centered both
vertically and horizontally. Ehhole in the launch vehicle will be 7.775 inches from
the bottom of the Upper Payload Baection.

Figure4-29 MOMO Electronic Sled Side

UPB Screw Switches

One screw switch will be included in the UPB to poM&MO. The screw switch will

be accessible from the outside of the launch vehicle so #h@MO can be turned

2y NAIKG 0SF2NB fldzyOKd ¢KA&a gAff al @S
system to maintain its battery life while sitting on the launeidfor up to two hours.

One port will be cut into the launch vehicle to ensure that thees switches are
F0O0S&aaAoftS FNRY G(GKS 2dziaARS® ¢KS L2 NI
odzf | KSR Ay Oft24S LINREAYAGE ligerfagdsa h Qa
with. The screw switch access ports willjlbst large enough that to fit acsewdriver

g A

o]

GKNRdzZAK GKSY FyR 4SS (KS a46AG0KQa aONBgo

UPB Pressure Ports

For the barometric altimeters to accurately measure the ambient pressurd)Big
must remain consistently pressurized to the ambient pressure throughout the entire
flight. To achievehis sampling holes are drilled through the wall of theBso that
pressure is equalized throughout flight. The team consistently uses the
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manufacturerecommendation for the PerfectFlite Stratologger CF altimeter to size
sampling holes, even for the DP®3Altimeter. This method of sizing was used on
subscale and had accurate results, as discussed in S8atidnl.

The formula recommended for the diaeter of the sampling holes is shown in
Equation 3.11, with the methodology assuming that four holesheildrilled at 90

from each other around the circumference of the launch vehicle. With the UPB being
16 inches long and having an average diameter.87%inches, the pressure ports
should have a diameter of 0.4418 inches. As such, four pressure pditbewi
included around the lower payload compartment, eaclifé@m each other, with a
diameter of 0.4418 inches.

4.6.4 UPB Weight Breakdown
Table4-8 UPB Weight Breakdown

Item Weight (Ib)

U-bolt 1742
gzg:r(a(t:ocird e 800
UPB Sled .300
Jetson Nano .273
Arduino Nano .020
BNOO0S5S5 IMU .001
DPS31@ltimeter .022
OrOBOTVE | ou
Bolts/Nuts .01
Plexiglass .006
Battery 3125
Perf Board .01
Total 1.9823
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5. Satty
5.1 Safety Officer

Frarces McBride, the 2022022 Safety Officer, is responsible foeating and maintaining safety documentation for use
AYAARS GKS GSIYQ&a f Itidn. Rardcks&Ssts landRverkegd asdérBbly AcivifiesPértaingnto the
competition and tains new members on proper procedures in the lab and duangdhesFrances also monitors all launch
activities, ensuring adherence to checklist procedures

5.2 Hazard Analysis Methods
Continuing from its use in the PDR, Probabili®isk Assessment (PRA) niwds are used for each subsystem and
personnel/environmental hazards to display the hazards that fall into certain likelihood and severity (LS) thresholds. These
LS ratings are included in the Failure Mode and Effects Analj$isA]jFables below. LS ragjs before mitigations and
controls, oilPreLSare to the left of the mitigation column, while LS ratings after mitigations have been applied to the system,
or PostLSare to the right of the mitigation column. Both ratings d@hen analyzed systematicglusing PRA to determine
the percent likelihood and percent severity of failure for each launch vehicle system. Below is a table detailing tlueleolor ¢
for the LS ratings:

Table5-1 LS Color Matrix

elihood of O ence
1 2 3 4
Very Unlikely Unlikely Likely Very Likely
A
Low Risk 3A 4A
B
. Medium Risk 2B 3B 48
Level of Severity C
High risk 2C s¢
D
Severe Risk 1D 2D sD
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NOTEAIlthough MOMO does not exist to satisfy competition requirements, its &itundes are thoroughly analyzed below.

Table5-2 Total PRA: Left Before Mitigation, Right After Mitigation

Likelihood of Occurrence

1 2 3 &
Very . . Very
Uniikely Unlikely | Likely Likely
A 3A 4A
: 5 2
EERRLS 3.165% | 1.266%
B
2B 3B 4B
Medium 9 5 6
Risk 5.696% | 3.165% | 3.797%
Level of
Severity C 2C 3C
: : 11 26
A0S 3.962% | 16.46%
D
1D 2D 3D
Severe 3 28 38
Risk 1.899% | 17.72% | 24.05%

1

Very
Unlikely

A
Low Risk
B

Medium

Level of Risk
Severity C

High risk

D

1D
Severe 29
Risk 18.35%

Likelihood of Occurrence

0%

2 3 4
. . Very
Unlikely | Likely Likely
3A 4A
4 1
2.532% | 0.633%
2B 3B 4B
23 3 0
14.56% | 1.899% 0%
2C 3C
14 0
8.861% 0%
2D 3D
0 0

0%
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Before mitigations, 69.622% of failure modes are in the red or orange zones. After mitigations, 0% of failure modes aee iorthhange zones.
This complies with all team derived requirements.

Table5-3 Structures FMEA

StructuresSystem

Pre- Post

Label Hazard Cause Effect LS Mitigation LS Verification

Hazards to/from Airframe

(1) Calculations

performed inSection (1) Analysis CDF8.4.1.6

Contact 3.4.1.6give an accurate
between black number for optimal black
_— AV . .
powder ejection bay quy tube 3D powder sizing. 2B (?) T?St' Ful.lsce}le
gases and cracking ejection testing is
airframe scheduled to be
S.A1l Hoop stress from Co L performed on
internal pressure (2) Ejection testing is 1/20/2021
performed prior to flight. '
Contac securely fastoned m &
between notor | Fin can body tube y Inspection: Checklist
. 2D motor tube and motor .
exhaust gases cracking Section Motor Assembly

constructionis overseen

and airframe by Tripoli personnel.
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Hoop stress

(1) Jettison of
motor and motor

2022 NASA Student Launch | Tacho Lyﬂ

from internal tube See S.A.Mitigation See S.A.Verification
pressure
Fin can body
A2 : 2D
S tube cracking (2) CATO -
Ftt! Qa ol U
Df.lgdgbeitAPP/ iecureg usfmgbthrﬁet “p Inspection: CDR 4.4.2.1]
iPo battery (3) Inability to |e§ an I;a I’If(]. n |I do
reuse LV the walls of its sled.
Inadequate axial
Hoop stress | force generated by
S.A3 AV b;igggy tubs from internal black powder to 3D See S.A.1 Mitigation 2B See S.A.1 Verification
g pressure separate LV
sections
1) Change in LV P
(1) Chang ahahQa ol did
center of pressure secured using several
Upper payload Dislodaed iaces of ove?rla i Inspection: CDR 4.6.1.1
S.A4 bay body tube g 3D P . pp. g 1D Test:Subscale Launch
: MOMO battery electrical tape. This
cracking (2) Permanent . . Performed 11/20/2021
design was tested in the
damage to
. subscaldaunch.
airframe
Excessive force (1) G12 fiberglass body
f hock i i .
fom shock cord t'ube !S “S?d |n. . (1) Inspection: CD®R1.4
Body tube barachute _ conjunction with rigid
S.AS zippering eiaction at Airframe rupture | 3C couplers to prevent (2) Demonstration: CDR
) ) zippering. 34
excessively low
altitude
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Highenergy Late/no
S.A6 impact with parachute
ground deployment
. Shock cord of
S.A7 Lv s.e(.:tlon insufficient
collision
length
Postdroguefin Large gusts of
wind after
S.A8 | canand upper LV
. parachute
collision
deployment

20 [ £+Qa NBO
deploys parachutes
parallel to the fin can

airframe length, reducing
the chance of fin can

zippering.

3D

SeeR.A.6Mitigation

1D

SeeR.A.6Verification

3C

The team uses
spreadsheets that
calculate the ideal length
of each section of shock
cord toavoid collisions.

The recovery system
separates the LV into twi
separate sectionthat
are not connected via
shock cord; this
eliminates the risk of
shock corecaused
section collisions.

2C

Analysis: CDR4.1

3C

The primary and
secondary fin can black
powder charges will fire

one second after the
primary and secondary

2B

Inspection: CDR.4.1
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upper section charges,
respectively. This
distances the liberated
sections from one
anotherand decreases
the chance of miehir
collision.

LV touchdown

(1) Airframe

in wet saturation and
Airframe conditions disintegration The LV airframe is madk
S.A9 exposure to 3C of waterproof G12 3A Inspection: CDB.1.4
water Inclement fiberglas.
weather (2) Airframe
rupture
Airframe
S.A10 Airframe Premature diSintegration/ 3C 2B
exposure to sectlop rupture SeeR.A.SMitigation SeeR.A.5Verification
motor exhaust separation
S A1 gases durlng ascent CATO 3D 1D
ef;!;TsiTeeto Uncontrolled . Airframg The LV airfr_ame 's madg .
S.A12 . - disintegration/ 4B of heatresistant G12 Inspection: CDR.1.4
burning black | ejection charges .
rupture fiberglass
powder
Body tube _ Highenergy Changes in LV (1) SeeE.L.Mitigation (1) Se€E.L.1Verification
S.AB abrasion impact with the center of 3C 2B
ground pressure/stability;
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Parachutere- irreversible (2) The LV airframe is (2) Analysis: CDR1.4
inflation upon damage to LV made of G12 fiberglass|
landing, causing which has a scratch
dragging hardness of 6.5 Mohs.
Hazards to/from Bulkheads + Epoxy
(1) Bulkheads are
. designed with a factor of (1) Test: Bulkhead stres
Inability of .
_ _ safety of at least 1.5. test is scheduled to be
Bulkhead High axial stress bulkheads to performed on 1/21/2022
S.B.1 L from shock cord| withstand flight 3D
delamination . . :
connection forces; irreversible .
damage to LV (2) Epoxy is allowed to
cure for at least 24 hours (2) Inspection: STD 1
before load is applied.
(1) Ubolts are used to
Disconnection spread shock cord force
High $ress Ifaceiweizlo over a larger area. Inspection: CDR.1
S.B.2 Bquhgad concentrations parachute, shock | 3D 3A
cracking around bolt
. cord, and LV, .
connections . (2) Bulkheads are Inspection: LVD 1
ballistic descent _ _
designed with a factor of
safety of at least 1.5.
Bulkhead Softened epoxy|  |napility of Filleted bulkhead
S.B.3 | separation from | Excessive forcd ~ Pulkheadsto | ) connections are designe| Inspection: LVD 1
. withstand flight with a factor of safety of
airframe from latched
connections forces atleast 1.5.
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Ejection testing confirms
Prolonged | (1) Decreased loag that LV uses enough
S.B.4 contact with | resistance of epoxy 5 | piack powder to separate
ejection charges but not enough to cause
structural damage.
Epoxy exposure (2) Epoxy softening
to temperatures The area surrounding th
above 140 F motor inside of LV was
SBS Motor exhaust (3) Inability of B temperaturetested and
gases epoxy to withstand shown to not exceed
flight forces temperatures above.19
degrees Fahrenheit.
Bulkhead _ Bulkheads gre
Blackpowder Singes/burns on constructed using heat
S.B.6 | exposure to hot : 3B . .
. explosion bulkhead wood resistant, aircrafigrade
ejection gases .
birch plywood.

Table5-4 StructuresPRA: Left Before Mitigation, Right After Mitigation

Likelihood ofOccurrence

1 5 3 4 1
Very . . Very Very
Uniikely | Ukely | Likely | ety Unlikely
3A 4A
Lewel of A Level of A
SEVENWA | o\ Risk Severity Tk
0% 0%

2022 NASA Student Launch | Tacho Ly

Likelihood of Occurrence

Test: Fulscale ejection
testing is scheduled to b
performed on
1/20/2021.

Test: Subscale Launch
Performed 11/20/2021

Demonstration: CDR
3.14

2 3 4
. . Very
Unlikely | Likely Likely
3A 4A
2
10.53% | 0%




NC STATE UNIVERSITY

Medium
Risk

C
High risk

3B 4B 2B 3B 4B
B
2 1 1 4
Medium Risk
10.53% | 5.263% | 5.263% 21.05% 0% 0%
2C 3C 2C 3C
C
6 1
High risk
0% 31.58% 5.263% 0%
2D 3D 1D 2D 3D
D
1 8 4
Severe Risk
5.263% | 42.11% 21.05% 0% 0%

Table5-5 RecovernyFMEA

Recovery System

Pr e P e
Label Hazard Cause Effect Lg Mitigation E;P Verification
Hazards to/from Parachutes + Shock Cord
(1) Ballistic landi Altimeters are powered
Insufficientl 1) Ballistic lan Ing ith \/ h ] ]
No parachute sufiiciently of LV with a 9 patteryw ose Inspection: Checklist
R.P.1 powered 2D power is tested .
deployment . . . . Section AV Bay Assemb
altimeters immediately prior to
arming altimeters.
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R.P.2

R.P.3

Insufficient
black powder
charges to
separate LV
components

R.P.4

Shear pins of
excessive
diameter

Excessively
moist black
powder

(2) LMouchdown

with kinetic energy

in excess of 754t
Ibs.

3D

(1) Aquadruple
redundant system of
black powder charges
and Jolly Logic Chute
Releases is used. The
secondary charge is mor
than powerful enough to

separate the sections,
but not powerful enough
to damage LV structure

(2) Ejetion testing
confirms that LV wess
enough black powder to
separate but not enough
to cause structural
damage.

2C

(1) Analysis: CD&R4.1

(2) Test: Fullscale

ejection testing is

scheduled to be
performed on2/17/2022.

3D

#4-40 shear pingre
used, and their ability to
support the LV will be
tested immediately after
assembly and prior to
launch.

1D

(1) Black powder is
stored inwatertight
containers prior to AV
bay assembly.
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2C

Demonstration: CDB.1

Test: Checklist section
Final Measurements

(1) Inspection: Checklist
Section Black Powder
Assembly
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(2) Launches will not (2) Inspection: NAR Hig
occur during inclement Power Rocket Safety
weather conditions. Code #9
Parachute Inspection: CDB.4.1.5
RP.5 contact with hot Parachutes are wrappe(
ejection gases in fireproof Nomex cloth
Parachute that insulates them from Demonstration: Checklis
R.P.6 contact with (1) Poor/no heat and tensin. Section Recovery
motor flame parachute Assembly
performance Parachutes and shroud
Parachute rips lines are detangled and Demonstration: Checklis|
andtears folded according to Section Recovery
Parachute (2) LV touchdown checklist instructions Assembly
with kinetic energy ; ;
entanglement | - prior to flight.
) in excess of 754t
R.P.7 during lbs 3C " Jolly Logic Chute Releaj 2B
Zeplaratlon/t mechanisms deploy the
eploym ) ;
Ploymen main parachute quickly Inspection: CDR.4.1
to prevent entanglement|
between main and
drogue.
(1) Ballistic descen
of LV uick link tightness is . .
Shock cord Loose quick cSnfirmed bygthe safety Demonstration: Checklis
RP.8 . . . 3D . . . 1D Section Main/Drogue
disconnection links officer immediately prior
Parachute Assaebly
(2) Complete to launch.
mission failure
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Excessive flight

(1) Ballistic descen
of LV

¢KS GSIFYQa

R.P.9 Sh.OCK cord forces on shock 1D ma@e of 5/8in. Kevlar, Inspection: CDR.4.1
rip/tear cord resistant to 6000 Ibf of
(2) Complete flight forces.
mission failure
(1) Severed
connection
between shock
cord and
i arachutes/ L S
R.P.10 Exessive force | - Late parachute P . 3D SeeR.A.6Mitigation 2B SeeR.A.6Verification
on shock cords | deployment airframe
(2) Ballistic descen
of LV
(1) LV structural
damage
Simultaneous
R.P.11 Lv s.e.ctlon detonation of 2) Pargchute 3C SeeS.A. Mitigation 2C SeeS.A. Nerification
collision both drogue tangling

ejection charges

(3) Highenergy LV
impact with ground
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The fin can drogue

Logic Chute

parachute bay

used for each main

Fluctuating charges and upper
Largetouchdown crosswinds APPA inability to sec.tlorj drogue charges
: accurately will fire with a one
RP12| b dlstancAePPA determine 3 second delay, ging 2C | ion: CDR.A4.1
T ;r:\évi(:)rp])er Ly Simultapeous togchdown enoggh time for the nspection: o
section detonation of | location of all LV sections to separate
upper LV and components enough to not collide but
lower LV drogue not drift apart
charges completely.
Hazards to/from Recovery Electronics + Black Powder
(1) Hot wire
mix-up between (LlHO0O bSAGKSN
main and main parachute will &
drogue deployed via ejection
altimeters/ charges. Jolly Logic Ch
charges, Releases use altitude
Dual deployment data to deol
ploy .
of parachutes | (2) Drogue hot parachutes. Inspection/
R.A.1 with main wire is Wind drift; LV 3C Demonstration: CDR
parachute at misrouted to | touchdown outside 341
apogee main terminal of APPA range (3) Two Chute Release
block .
are used for each main
(3) Jolly Logic parachute, reducing the
Chute Releases charce of premature
separate release.
prematurely
R.A.2 | Prematurelolly Change in 3c | Two Chute Releases ar Inspection: CDB.4.1
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Release pressure prior parachute, reducing the
deployment to black powder chance of premature
ejection release.
The Jolly Logic Chute
. Ballistic landing; Release devices are
Lack of main | Loss of power of o . oo
APPA inability to connected in series; if
R.A.3 parachute oneormore | -« a : a 4 3D . .
RSUSNXNAYS one fails closed, the mai
deployment Chute Releases . S
location parachute will still be
deployed.
#4-40 shear pins are
Shear pins of used, and thEIablll.ty to
. o support the LV will be
insufficient . .
. tested immediately after
diameter /
assembly and prior to
launch.
Excessive tensil( A 4:1 ogive nosecone an
aerodynamic four clipped delta fins
R A4 Premature shear| forces on shear| Premature section ac will be used to direct air

pin shear

pins

Excessive
compress/e
forces from

motor

separation

around the LV.

Shear pin holes will be
drilled such that the
shear pins fit only into
holes created by flush
body tube sections; this
will restrict compressive
motion between body
tube sections.

2C

Demonstration;: CDR
3.4.1

Denonstration: CDR.1

Test: Checklist section
Final Measurements

Inspection: CDR.1.5

Inspection: CDR.1
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3C

#4-40 shear pins are
used, and their ability to
support the LV will be
tested immediately afte
assembly and prior to
launch.

2C

(1) Parachute rips
and tears.
Premature
shear pin shear
Ceach mended |
R.A5 section aDogee
separdion Pog
Premature black
powder (3) APPA inability
detonation to determine
GSKAOf SQ
Sympathetic
main/drogue
R.A
6 bladk powder
detonation
Premature black
. Dual deployment;
powder Oversized
. Parachutedamage
detonation pressure ports
R.A7 Excessive
number of
pressure ports

Demonstration: CDR.1

Teg: Checklist section
Final Measurements

SeeR.A.6Mitigation

SeeR.A.6Verification

Jolly Logic Chute Relea:
are used in place of mai
black powder charges.

2B

Inspection: CDR.4.1.4

The equation
0=0.0008 @

will be used to calculate
pressure port sizing.

Analysis: CDR4.1,
Equation 3.11
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(1) LV touchdown
outside of range of]

APPA deteatin
Excessive wind Premature black SeeR.A.6, R.A.7 SeeR.A.6, R.A7
R.A8 . powder 2B o .
drift . . Mitigation Verification
detonation (2) Inability to
communicate with
LV GPS; failure to
recover LV
(1) Excessive force
on shock cords an(
shock cord
connectiors
Late section Delayed black L e
R.A9 separation powder (2) 3D SeeR.A.6Mitigation 1D SeeR.A.6Mitigation
detonation Weakened/broken
shock corelL.V
connections
(3) Ballistic landing
(1) LV touchdown
in trees
Excessive wind Dual
R.A10 drit deployment of 3D SeeR.A.6Mitigation 1D SeeR.A.6Verification
parachutes (2) LV touchdown

outside of range of]
APPA detectio
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Black powder
detonation during

(1) Shear pins are place
between LV sections

arming of prior to altimeter arming. (1) Test: Checklist Sectiq
ti fLV i Final Measurements
Abrupt pressure Si?)e:a:r)lgris altimeters
R.AL changes in AV ) P . 3C . 2C
bay while altimeters (2) Altimeters are
are armed disarmed if the LV must (2) Inspection: Checklist
Personnel burns, be disassembled Section Launch Pad
cuts, and scrapes immediately prior to
flight.
rap | LV fightwithout|  Premature | Ballistic descenof | o ) oo on \1 amitigation | 1D | SeeA.M.4Verification
armed altimeters| motor ignition LV
N Terminal block wire
. . Ejection charge no .
Terminal block Aggressive . connections are . .
. Lo delivered to blast : Demonstration: Checklis
R.A.B wire vibration on AV cans Balistic confirmed to be secure| 1D Section AV Ba
disconnection bay PS by the safety officer priof y

descent of LV

Table5-6 RecovernyPRA: Left Before Mitigation, Right After Mitigation

Likelihood ofOccurence

to flight.

1 2 3 4
Very . . Very
Unlikely | Unikely | Likely |y
Level of
Severity 3A A

1

Very
Unlikely
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Likelihood of Occurrence

2

. . Very
Unlikely | Likely Likely
3A 4A
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Low Risk Low Risk 1
0% 0% 4% 0%
5 2B 3B 4B - 2B 3B 4B
Medium 2 Medium 2
Risk 8% 0% 0% Risk 8% 0% 0%
2C 3C e 2C 3C
C ©
8 7
High risk High risk
0% 32% 28% 0%
= 1D 2D 3D = 1D 2D 3D
Severe 2 2 7 Severe 5
Risk 8% 8% 28% Risk 20% 0% 0%

Table5-7 Payload FMEA

Payload Hazards

Label Hazard Cause Effect PLrg Mitigation PEZP Verification

Hazards to/from APPA Stability

Chaotic motion | Aerodynamic [ +04 NBO2Y :
Blurrv imaqes: = _ Demonstration: CDR
P.Sta.1 of APP'A forces on i:a)l;illit t?) ; separates the fin can | 3B 341
electronics parachutes y from the upper portion
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Fin can RSGSNXYAY
rotational location
motion
Black powder
explosion
(1) Accumulation ot
| Isi poor/ inaccurate
mpuisive IMU data
parachute
P.Sta.2 deployment
forces durin .
g (2) Inability to
descent RS0 SNYAY S
Vehicle uI i 7
instabilities ocation
(1) Blurry images
Wind drift
P.Sta.3 -
Fin can (2) Inability to
rotational RSUSNNAY:
motion location
Parachutes, fins| Failure of APPA t
APPAcamera and/or shock recognize aerial
P.Sta.4 . L
obstruction cord in lne of and groundlevel
sight of camera landmarks

of LV to reduce
instabilities.

The fin can main
parachue will be
deployed via a Jolly Log|
Chute Release.

2C

The IMU will be securely
fastenedtothe t t !
AVsleds A 1 K (K
long 164 steel screws

[ +Q&a NBO20
separates the fin can
assembly from the uppel
portion of LV to reduce
instabilities.

2C

Twocameras will be
placed in between fins tc
minimize fin obstruction,
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Demonstration: CDR
3.4.1

Test: AV Bay vibrationa
response test is
scheduled to be

performed on 1/19/2022

3B

Demonstration: CDR
3.4.1

Demonstration: CDR
442
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Cameras
oriented away
from the ground

Presence of fog

(1) Accumulaon of
poor/inaccurate

and many pictures will be
taken for redundancy.

Launches are not
conducted during
inclement weather.

Inspection: NAR High
Power Rocket Safety
Code #9

i IMU data i i
Electromagnetic Produc.t|or1 of EMC testing \.M" be Test: EMC Testing is
, . magnetic fields performed prior to
P.Sta.5 | interference with scheduled to be
IMU by LV launch day to study the erformed on 1/19/2022
components (2) Inability to EMC properties of the L\ P
RSGSNXYAY
location
(1) Accumulation o
poor/inaccurate
IMU data ,
IMU The IMUs will be .
. Improper IMU . . Demonstration: IMU
P.Sta.6 | accumuldion of o calibrated according to
calibration 0 . Reference sheet
error . calibration instructions.
(2) Inability to
RSGSNN¥AY
location
Hazards to APPA MOMOElectronics
Loss of IMU Screw switches will arm
Low electronics Delaybetween camera and/c;r electronics immediately Inspection: CDR4.3.4,
P.E.1 assembly and ' 3C prior to flight to reduce | 2C | Checklist Section Launc
power Jetson board
launch the amount of battery Pad

power

drain.
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7.4VLiPo batteries are
chosen for their ability to
continue to provide
power over a long perioc
of time.

aerodynamic
forces

In ratealtit .
Pressure accu a.ea ftude 0.2256in. pressure ports
. data delivered to . . :
Inaccurate gradient ) will be drilled into the
i L neural network; )
P.E.2 altitude between insi@ - 3C airframe to allow the
) APPA inability to . ‘
measurement | and outside of | « & . 4 A APPA altimeter to collec
RSUSNXNYAY S
LV . pressure data.
location
The area surrounding
Ribbon cable ribbon cables inside of L]
Ribbon cable proximity to was temperaturetested
P.E.3 L 3C
exposure to heat| motor inside fin and shown to not excee
can temperatures above19
degrees Fahrenheit.
3 (1) Ribbon cables were
Inability of cameras shown to withstand flight
to communicate forces boh inside and
_ with Jetson nano outside LV during the
Ribbon cable | Ribbon tape subscale launch.
PEA4 rips/tears exposure to e

(2) Aluminum foil tape

will prevent air leakage

into the lower payload
compartment.
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2B

Demonstration: CDR
4.4.1, Figurdl-3

DemonstrationCDR
4435

Analysis: CDR4.1.]
Equation3.11

Test: Subscale Launch
Performed 11/20/2021

(1) Test: Subscale Laun
Performed11/20/2021

(2) Demonstration: CDR
4433
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NVIDIA Jetson
Nano loss of Complete lack of
power Temperatures image
PES exceeding interpretation;
- Slowed operational inability to
operational limits determine vehicle
speed of Jetson location
board
Thermalcontact
between motor
P.E.6 exhaust gases
and APPA
_ electronics Permangnt
Imaging electronics
electronics damage; inability
overheating to determine
GSKAOE SQ
Jetson Nano
P.E.7 using too much
RAM

(1) The Jetson Nanwill
useatemperature
sensofrtriggered fanto
disperse heat.

(2) The Jetson Nano has
GB ofRAM

2D

(1) Thermal crayons use
2y GKS GSI )
flight confirmed that blue
tube, a more thermally
conductive material than
G12 fiberglass, isolated
imaging electronics from
motor heat.

(2) G12 fiberglass isolate
the motor fromAPPA
electronics. This
fiberglass has a low
thermal conductivity of
2.0.

(1) The Jetson Nano wil
useatemperature
sensofrtriggered fanto
disperse heat.

(2) The Jetson Nano wil
have 4 GB dRAM

2C

2B

(1) Denonstration: CDR
4422

(2) Demonstration: CDR
4422

(1) Test: Subscale APP

thermal insulation test
performed on
11/20/2021.

(2) Demonstration: CDR
3.14

(1) Demonstration: CDR
4422

(2) Demonstration: CDR
4422
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Lens contact

Blurred, difficult

Each camera is housed |

PES Camerg lens with launch field| to-interpret images| 3C a cleqr, scratc#pesstant B Demonstration: CDR
abrasion . . plexiglasgasing that 4.4.2.7
particulates of launch field . .
protects it from abrasion|
(1) Incorrect
Low interpretation of Neural networks will be
i i i landmarks i [
Low mgge guality/quantity tral.n.ed with a pr.e Demonstration: CDR
P.E.9 recognition neural network 3C training + domain 2B 4419
confidence training specific finetuning T
databa® (2) Inaccurate approach.
vehicle location
Presence of
holes in Centering rings will be
P E10 Centering ring | certeringrings . Mgtor 3D dg&gnechnd fabricated Inspection: LVD 1
cracks to misalignment with a safety factor of at
accommodate least 1.5.
ribbon cable
Frayed wires (1) Airframe rtt!r Qa ol G
connecting structural damage inspected for damage
battery and after charging and prior
electronics to flight.
APPA battery Crushed/ (2) No power to Inspection: Checklist
P.E.11 L damaaged gick Jetson Nano 3D 1D .
ejection gedq Battery connection is Section APPA Assembl
disconnect . .
confirmed to be tight +
Quick (3) APPA inability secure by the safety
disconnect to determine officer.
disconnection | yehicle location
due to flight
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forces and
vibrations
Hazards to APPA MOMOStructure
Excessive flig
forces imparted| (1) Irreversible
from airframe | damage to mission It t ! ed& made of
critical structural PLA, a material wita
Friction and elements and tensile strength of 7,250
pressure on electronics psi.
APPA sled couplersled
p.Str.1 cracking/ connection 3D
breaking (2) IMU motion
bet(\ivoer:atscstled that ;.ntro?uces. ttroa [ Al
and high Z‘gg‘p‘\?an bﬁ'rm;’ be secured by three zip
velocit _APPA inability Oe ties and a friction fit
. Y |RSUSN)AYS between the battery and
dislodged LiPo location
the sled.
battery
Excessive flight MOMQ2 & a. t S R
forces imparted PLA, a material with a
: tensile strength of 7,250
MOMO sled | fromairframe | yneverforce on psi.
P.Str.2 cracking/ airframe; airframe | 3B -
breaking Contact cracking/breaking ahahQa St SO
between sled be soldered to perfboard
and dislodged whichis epoxied to
electronics ahahQa at
P.Str.3 MOMQ Sled Contact with Irreversible o | Eachsled will be made of
melting overheating | damage to mission PLA, which has a meltin
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Inspection: CDR 4.4.2.1
Test: Payload stress tes
scheduled for 1/18/22

Inspection: CDR.4.2.1

Inspection: CDR 4.6.1.1
Test: Payload stress tes
scheduled for 1/18/22

Inspection: CDR 4.6.1.1]

Inspection: CDR 4.6.1.1]
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electronics/ critical structural temperature of 315338
batteries elements and degrees Fahrenheit.
electronics Electronics will power off
MU Totion that before reaching this
psia| APPAled i temperature.
o melting introduces
significant error;
APPA inabilityo
RSGSN)AYS
location
Loss of power to
APPelectronics
. DI LJa A Ittt
APPA .| Friction on Loss of o y H
echtronlc‘ contact communication e narrow Enoﬁ tod
P.Str.5 cable 3D secure each cable an
hear/fravi between cables| between APPA . o
shear/fraying and sled components; APP/ wide enpug to not
inability to constiict cables.
RSGSN)AYS
location
(2) Irreversible APPA electronics
damage to mission vulnerable to
Overheated/ critical APPA overheating will use
. softened epoxy components temperature sensor
Separation of
. controlled fans to
P.Str.6 epoxied sled 3D
modulate temperature
modules
(2) IMU and
Insufficiently altimeter motion Epoxy is allowed to cure
strong epoxied that introduces for at least 24 hours
connections significant error beforeload is applied.
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Inspection: CDR.4.2.1

2B

Inspection: CDR 4.4.2.1]

Demongsration: CDR
4422

Inspection: STD 1
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(3) APPA inability
to determine
GSKAOEf SQ

Table5-8 PayloadPRA: Left Before Mitigation, Right After Mitigation

Likelihood of Occurrence

1 2 3 S
Very . . Very
Uniikely Unlikely | Likely Likely
3A 4A
A
Low Risk
0% 0%
B 2B 3B 4B
VNG Medium 1 1
SEVE  Risk 4.348% | 4.348% | 0%
2C 3C
C
3 5
High risk
13.04% | 21.74%
2D 3D

Likelihood of Occurrence

1 2 3 4
Very : : Very
Unlikely Unlikely | Likely Likely
3A 4A
A
Low Risk
0% 0%
B 2B 3B 4B
ISV Nl Medium 5 2
Severity [EENES 21.74% | 8.696% | 0%
2C 3C
C
2
High risk
8.696% 0%
2D 3D
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Severe 2 5
Risk

Severe 1

Risk

0% 8.696% | 21.74% 4.348% 0% 0%

Table5-9 Propulsion/Aerodynamics FMEA

Hazards to Propulsion/Aerodynamics

Label Hazard Cause Effect PLrg Mitigation PEZP Verification

Hazards to/from Motor

Motors are purchased
Uneven pressw Defects
from AeroTech, a motor

A.M.1 | buildup inside of| (cracks/holes) in 3D 1D Inspection: CDR.2.2

ertibe onellant arain company demonstrated
prop g to be reliable.

Catastrophe on

Takeoff (CATO)
Motor assembly is
performed under the . .
Loose motor . Inspection: Checklist
. guidance of Leved- .
retainer " S Section Motor Assembly,
certified Tripoli

Epoxy is allowed to curg
for at least 24 hours Demonstrdion: STD 1
before load is applied.

Centering ring
epoxy failure
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Crack in fin can
body tube

Body tubes arenade of
G12 fiberglass and have
tensile strength of 43,00(

psi.

Inspection: CDR.1.4

Uneven thrust

Motor assembly is

.| Torsional load curve performed under the - .
Cracks/holes in . . . Inspection: Checklist
A.M.3 .| applied to graing 3D guidance ot.evel 3 1D .
propellant grain . - . Section Motor Assembly,
during assembly certified Tripoli
CATO personnel.
(1) Ignition systemm are
Severe personnel provided by certified
burns Tripolipersonnel.
Premature Ignition system Inspection: Checklist
AM.4 N o 3D " .| 1D .
ignition static discharge (2) Ignition assembly is Section Launch Pad
LV flight without performed under the
armed altimeters guidance of Level-3
certified Tripoli
personnel.
I T
A.M.5 P . withstand flight 2D SeeR.A.BMlitigation SeeR.A.5Verification
motor exhaust separation
_ forces
gases during ascent
AM.6 Motor thrust Motor Vehicle i - e L
.M. L ehicle instability | 3D SeeA.A.2Mitigation See A.A.2 Verification
vector not misalignment
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aligned parallel Failure to reach
to LV intended apogee
Hazards to Aerodynamics
LV Vehicle over (1) The LV has a stabilit
AA.l h K bil 3A i of 2.D
weathercocking stability Failure to reach margin of 2.D,
intended apogee calculated irRocksn
and measured
immediately prior to
Motor propulsion launch.
Divergence from . directed towards
Vehicle
AA2 expected instabilit ground 3D
trajectory Y (2) MOMO, an
experimental payload,
Premature, ballistic sits in the upper payloag
descent bay and acts as a
stabilizing ballast.
Simulations in RockSim
AA3 Fin flutter Transonic LV Fin structural determined that the LV.
speeds damage stays below the transoni
range.
Unexpectedly Motors are purchased
o . from AeroTech, a motor
Centering ring, high motor
, companydemonstrated
fin can bulkhead, thrust .
Motor travel to be reliable.
AA4 and motor 2D
. through LV - -
retainer Weak epoxy Thin layers of aircraft
structural failure | .5nnections + grade birch plywood are
wood layered with epoxy that
is given at least 24 hour!

1D

Analysis: CDR5.2

Inspection: CDR.6.1

Analysis: LV spe
simulation performed on
10/15/2021

Demonstration: CDR
1.2.2

Demonstration: STD 1
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Fin loss
AAS Fin strictural Fin flutter D|vergenc§ from
damage expectedtrajectory
Vehicle instabilities
Failure to achieve
| intended apogee
Abnormal/ Propellant glr(aln
AAG6 | uneventhrust | 93PS Cr8CKS 1 Excessive force
holes, and lied ©
curves bubb| applhie
ubbles structural
bulkheads

2B

to cure. Bulkheads have
safety factor of at least
1.5.

Simulations in RockSim

determined that the LV

stays below the transoni

range.

Motors are purchased
from AeroTech, a motor
company demonstrated

to bereliable.

1D

Analysis: LV speed
simulation performed on
10/15/2021

Demonstration: CDR
1.2.2

Table5-10 PayloadPRA: Left Before Mitigation, Right After Mitigation

Likelihood of Occurrence

1 2 3 4

Very : : Very
Unlikely Unlikely | Likely Likely

3A 4A

A
Level of . L
: Low Risk
Severity 8333% | 0%

1 2
Very . . Very
Uniikely | UMikely | Likely | - 4oy
3A 4A
A
Level.of Low Risk
Severity 0% 0%

Likelihood of Occurrence
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Medium Medium
Risk Risk
8.333% 0% 0% 0% 0% 0%
2C 3C 2C 3C
C C
High risk High risk
0% 0% 0% 0%
2D 3D D 1D 2D 3D
3 5 Severe 6
25% 41.67% Risk 50% 0% 0%
Table5-11 Personnel FMEA
Hazards to Personnel Safety
Label Hazard Cause Effect Pre Mitigation Post- Verification
LS LS
Hazards to Skin and Soft Tissue
After handling of
Material spills I|qU|d/powder assemb!y Inspection: HRC Safety|
materials, lab floors will
around lab . Handbook
Slips, trips, and Skin be inspected for
Pe.s.1| °PS PS, . | 3B material spill. 2B
falls abrasion/bruising

Wet/uneven Only required recovery _ _

launch field personnel are allowed Inspection: Checklist

conditions on launch field to Section Recovery

recover rocketgrlosed
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toe, heavy duty shoes
are required.

Bandsaw blade
contact with

Personnel fingers clothes and/or

Skin and muscle

1D

; jewelr
Pe.S.2 caught n : y tear/abrasion 2D | personnel working with
bandsaw blade Personnel manufacturing
misuseof equipment are trained
bandsaw in its proper use and
PPE required.
Personnel
Pe.S3 Contact. W|th hot mlsusgof Mild to severe 3
soldering iron soldering burns
system
Launch rails, provided
Launch rail by TRA pesonnel, have
Pe.S.4 tipping with 2C a locking mechanism
assembled LV that is engaged when
the LV is righted.
The stability margin of
Personnel Sideways Skin and muscle the Iaunch vehiclevgs
collision with LV| propyision from| — abrasion/tear calculated in RockSim t
Pe.S.5 3D | be 2.20.fthe measured
severe stability margin is less
instability than 2.0, the LV will not
launch.
The LV led 20
Pe S.6 LV touchdown 2D e LV IS ange

within close

1D

Inspection: HPRC Safel
Handbook

Inspection: Checklist
Section Launch Pad

Inspection: NASA 2.14
Analysis: CDR 35

degrees away from
personnel; personnel

Inspection: NAR Safety
Code
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proximity to are instructedo keep
personnel eyes on all falling LVs.
High load placed| | ... At least twopersons
Lifting h LV : .
Pe.S.7 on personnel ffting heavy Muscle strain/tear carry the LV in its fully
components
muscle assembled state.
Prolonged . Bug spray is provided t
. . exposure to Itchiness, rash, .
Pe.S.8 | Bug sting/bite o . .| 4A team members during
wildlife during | and/or anaphylaxis
launches.
launch
Personnel approaching
Contact with . the LV are provided Wltt
Personnel unblown black Mild to severe Nomex glovesind a fire
Pe.S.9 contactwith burns and 3C | extinguisher LV sections
- powder after . .
ejection charges abrasions are inspected for
touchdown _
unblown charges prior
to handing.
(1) Personnel are
separated from the
launch pad according t
the minimum distance
Contact with Severe skin table.
Pe.S.10| large, airborne CATO abrasion/ 2D
shrapnel laceration
(2) AeroTech motors ari
chosenfor their low
likelihood of
catastrophic failure.
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2B

Inspection: Checklist
Section Launch Pad

Inspection: Checklist
Section Night Before
Checklist

2B

Inspection: Checklist
Section Recovery

() Inspection: NAR Hig
Power Rocket Safety
Code

(2) InspectionCDRL.2.2
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Sanding, cutting

Protective eye and face

Contactwith or drilling brittle equipment are provided
Pe.S.11| small, airborne g Cuts and bruises| 3C quip P .
or granular to personnel working
shrapnel . .
materials with power tools.
Exposure to . .
Pe.S.12| uncured epoxy Wo;klzg with 3A
fluid Poxy
Nitrile gloves are
provided to personnke
working with hazardous
liquid/vapor materials.
£ ‘ (1) Skin rash
xposure fo HazMat off
Pe.S.13 vaporous .
. gassing
chemicals L
(2) Skin irritation
(1) Nitrile gloves are
provided to personnel
asseniling motors.
Pe.S 14 Skin exposure to | Assembling LV

APCP

motors

(2) Motor assembly is
overseen by Tripoli
personnel.
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Inspection: HPRC PPE
Cabinet

Inspection: HPRC PPE
Cabinet

Inspection: Checklist
Section Motor Assembly,
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(1) Muscle sprain

The LV is equipped witl
a GPS trackeif the
location of the LV is

Excessive : .
Pe S.15 amount of Far away vehicle 3A sufficiently far away
o walkin touchdown from the launch site,
g (2) Shin splints recovery personnel are|
driven to the recovery
site.
Hazards to Bones and Joints
After handling of
Material spills liquid/powder assembly
around lab (1) Bone fracture matenals, lab floors will
be inspected for
material spill.
Slips, trips, and .
Pe.B.1 talls (2) Bone bruise 1D Only required recovery
Wet/uneven personnel are allowed
launch field _ _ on launchfield to
conditions (3) Dislocation recover rocket; closed
toe, heavy duty shoes
are required.
The LV is equipped witl
a GPS trackeif the
Excessive location of the LV is
Pe.B.2 amount of Far away LV Stress fracture 2D sufficiently far away
walking touchdown from the launch site,

recovery personnel are|
driven to the recovery
site.
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Inspection: Checklist
Section Recovery

Inspection: HPRC Safel
Handbook

Inspection: Checklist
Section Recovery

Inspection: Checklist
Section Recovery
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Bandsaw blade
contact with
clothes aml/or Personnel working with
Personnel fingerg i manufacturing o
Pe.B.3 caught in Jewelry Bone break 2D equipment are trained | 1D Inspection: HPRC Safef
bandsaw blade Personnel in its proper use and Handbook
misunderstand PPE required.
ing of bandsaw
operation
(1) Personnel are
separated from the
(1) Bondracture launch pad according tq (1) Inspection: NAR Hig
requiring the minimum distance Power Rocket Safety
Contact with immediate medical table. Code #9
Pe.B.4 | large, airborne CATO attention 2D
shrgpnel
(2) AeroTech motors ari (2) DemonstrationCDR
(2) Limb loss chosen for their low 1.2.2
likelihood of
catastrophic failure.
Hazards to Respiratory System
(1) Personnel working Inspection: HPRC PPE
Difficulty with epoxy areprovided Cabinet
PeR| EXposureto Working with breathing, e particle masks.
epoxy fumes epoxy respiratory
irritation Inspection: HPRC Lab
(2) An oxygen sensor if Space
the lab goes off when
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Exposure to

Working in close
proximity with

(1) Respiratory
infection

(2) Hospitalization

particulates

and/or drilling

Pe.R.2 COVIBLO pgtentlally
infected (3) Death
personnel
(4) Outbreak
amongst team
members
(1) Respiratory
Exposure to irritation and/or
p. . Working with infection
Pe.R.3 carcinogenic _
: fillet epoxy
particulates
(2) Cancer
Inhalatin of | . " (1) Respiratory
Pe.R.4 aerosolized anding, cutting Irrtation

4B

insufficient oxygen is
present.

Personnel are required
to wear masks at all
times.

Personnel are
encouraged to get
vaccinated, if possible.

2C

Inspection: Contact
TracingSpreadsheets
stored elet¢ronically

Personnel working with
fillet epoxy are provided
particle masks.

2B

Inspection: HPREPE
Cabinet

Personnel working with
materials prone to
particulate production
are provided particle
masks.

2B

Inspection: HPRC PPE
Cabinet
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. Working with 2) Dlﬁlt?ulty Spray paint aCtIYItIeS ar
Inhalation of . breathing conducted outside and .
. spray paint for : . Inspection: HPRC PPE
Pe.R.5 spray paint 4B | personnel working with| 2B .
fumes rocket spray paint are provide( Cabinet
aesthetics pray p . P
respirators.
(1) Personnel in the
vicinity of burning
chemicals are provided (1) InspectionHPRC PP
. particle masks. Cabinet
. Close proximity
Inhalation of 0 LV Motors
Pe.R.6 combustion o 3B 2B
and ejection . .
reactants charges (2) Personnel are (2) Inspection: NAR Hig
instructed by the RSO t Power Rocket Safety
stand a minimum Code
distance away from
burning motors.
Hazards to Head
_ (1) The LV has a dual _
_ (1) Concussion redundant recovery (1) DemonstrationCDR
Highenergy LV 3.41
. system. -
sections
Personnel
; (2) Brain damage
Pe.H.1 f;ontact with 2D
high-energy LV (2) Personnel are
components Personnel instructed by the RSO t i ;
proximity to LV (3) Memory loss ytm (2) Inspection: NAR Hig
touchdown stand a minimum Power Rocket Safety
distance away from the Code
launch pad.
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(4) Skull fracture

3D

Launch rails, provided
by TRA personnel, havi
a locking mechanism
that is engaged when
the LV is righted.

3D

Personnel members ar¢
made aware that
jumping over ditches is
strictly forbidden.

2D

(1) AeroTech motors ari
chosen for their low
likelihood of
catastrophic failure

(2) Personnel are
instructed by the RSO ti
stand a minimum
distance away from the
launch pad.

Hazards to Eyes

Pe H2 LV tipping during ITaunch.rall

assembly instability
Attempting to

jump

Pe.H.3 Slips, trips, and through/(?ver
falls launch field

irrigation

ditches

Contact with
Pe.H.4 | large, airborne CATO
shrapnel

PE1 Exposure to Working with

o epoxy fumes epoxy

(1) Eye irritation

3D

Personnel working with
epoxy shall be providec
safety glasses.
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1D

Inspection:Checklist
Section Launch Pad

Inspection: Checklist
SectionRecovery

(1) InspectionCDRL.2.2

(2) Inspection: NAR Hig
Power Rocket Safety
Code

(1) Inspection: STD 2
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(2) Temporary
blindness (from
tear production)

(3) Permanent or
semipermanent
blindness

Working with
spray paint

Exposure to

(1) Eye irritation

(2) Eyeabrasion

Personnel working with

spray paint work outsidg

and are provided safety
glasses.

2D

Personnel sanding,
cutting, or drilling shall
be provided safety
glasses.

P.E.2 aerosolized
. (3) Temporary
particulates .
Sanding, cutting blindness
or drilling
(4) Permanent
blindness
(1) Temporary
. . blindness
Eye contact with| Maintaining eye
P.E.3 the sun/bright contact with
sky falling rockets

(2) Permanent
blindness

Personnel maintaining
eyes with falling rockets
are encouraged to weal

sunglasses.
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(2) Demonstation: HPR(

PPE Cabinet

Inspection: Checklist

Section Recovery
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Table5-12 PayloadPRA: Left Before Mitigation, Right After Mitigation

elinood ot O ence elinood of O ence
1 5 3 4 1 5 3 4
Very . . Very Very . . Very
Uity | e LG e Uil || AU R ot
3A 4A 3A 4A
A A
2 1
Low Risk Low Risk
6.25% | 3.125% 0% 0%
B 2B 3B 4B B 2B 3B 4B
Medium 2 2 Medium 7
vel of IR 0% | 6.25% | 6.25% R Risk 21.88% | 0% | 0%
2 2C 3C == 2C 3C
C C
2 3 1
High risk High risk
6.25% 9.375% 3.125% 0%
D 1D 2D 3D D 1D 2D 3D
Severe 1 9 4 Severe 4
Risk | 31250, | 28.125%| 12.5% Risk 12.5% 0% 0%

LVULL INAOA OwdUuLcHIL Lautivtl | 1ravliv Ly-
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Table5-13 Hazards to Environment FMEA

Hazards to Environment
Effect Pre Mitigation PEZP Verification

Label H
abe azard Cause LS

Hazards to Wildlife

(1) Ground areas aroung
the launch pad are
confirmed to be free of
flammable debris.

Inspection: MR High
3D AL Power Safety Code #7

E.W.1 Motor ignition
1) Crop damage
@) P g (2) Launch rails are fitteg

with blast plates that
deflect exhaust gases

Fire on launch e
field (2) wildiife injury away from the ground.
Recovery personnel ar
Black powder (3) Personnel burn . proymled afire Inspection: Checklist
E.W.2 anition 2C | extinguisherand handle Section Recove
g the LV with fireproof Y
Nomex gloves
APPA battery o,
E.W.3 explosion 2D | ! It tdi‘ Qa _aré a
- ;Sb?aa;iin Z’:; :g;:}“:tes Inspection: NASA 2.22
Ewa | APPAMOMO unctu?e (1) HazMat leakags  3p dled
battery explosion pune onto launch field:; '
leading to
2022 NASA Student Launch | Tacho Ly
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contact with
moisture

Excessive heat
surrounding
battery

water
contamination

(2) Fire on launch
field

Frayed wires

APPfand MOMO
batteries will be

connecting (1) HazMat leakags ,
. inspected for damage
battery and onto launch field; . '
. after charging and prior
electronics water .
L to flight.
contamination
Crushed/
APPAMOMO damaged quick
E.W.5 . . . 3D
VY. battery ejection disconnect (2)Highenergy
_ impact of LV Battery connection is
Quick components with confirmed to be tight +
d_dlsconne(?t wildlife; ground/ secureby the safety
Isconnection |, ier wildlife officer.
due to flight iniurv/death
forces and Ity
vibrations
(1) Wildlife injury _ _ _
Contact between LV flight in Airways in the fI|gh.t path
. of the LV are confirmed
E.W.6 | LV components| proximity to o 2C 10 be clear before fliaht
and birds bird flight | (2) Wildlife death g

by the RSO.

2022 NASA Student Launch | Tacho Ly

Inspection: Checklist
Section APPA Assembl

Inspection: NAR High
Power Rocketry Safety
Code #9
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Demonstration: Nomex
MSDS

(3) Obstruction of
bird migraion
patterns
Nomex is rated to
Rips and tears if withstand flight forces
E.W.7 3A and is flame resistant
Nomex .
against black powder
(1) Contamination charges.
of wildlife shelters
Permanent (1) Nomex sheets are
jettisoning of connectedto shock cord
Nomex sheet (2) Contamination by steel quick links.
Nomex of wildlife
E.W.8 connection food/water supply
breakage (2) Quick links are
confirmed to be tight by
the safety officer prior to
flight.
Entry points to the insid
of the airframe are
' covered with aircraft
LiPo explosion APPAIEO Wildlife tape.
E.W9 . contact with - 3D
near wildlife moisture injury/death Launches will not be
occur during humid
conditions/inclement
weather.
LV touchdown (1) Toxin
E.w.10 | Unblown black in/around consumption by | 3C See E.N.3 Mitigation
powder charges| jrrigation ditch wildlife

2022 NASA Student Launch | Tacho Ly

(1) Inspection: CDR
3.4.15

(2) Inspection: Checklist
Section Main/Drogue
Recovery Assembly

Inspection: CDR.4.3.3

Inspection: NAR High
PowerRocket Safety
Code #9

See E.N.3 Veithation
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in irrigation Ballistic landing
ditches due to lack of -
N (2) Wildlife
BP ignition . .
digestive upset,
Excess unblowr] skin irritation, and
BP charges death
remaining after
recovery events
(2) Wildlife
_ digestive upset
Toxin Solid + liquid Littering on launch day i
E.W.11 coni:lJiTglri):;on by waste littering STRONGLY prohibited 2B Verification Pending
(2) Wildlife
injury/death
(2) Wildlife
injury/death
AeroTech motors are
EW.12 CATO Motor defects . chosen for their low | 1D Demorstration: CDR
L likelihood of catastrophig 1.2.2
(2) Contamination .
i failure.
of wildlife water
supply
Premature
LV touchdown in parachute Destruction of o e
E.W.13 trees deployment wildlife habitats SeeR.A.8Mitigation 2C SeeR.A.8Verification
High wind drift
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Use of single

(1) Wildlife
infertility

Epoxied components aré
allowed to cure for 24
hours prior to use to
minimize the creation of
microplastics.

E.W.14 Mlcrgplgstlc use plastics and (2.) Wildiife ?Odlly 4B 3B Inspection: STD 1
emission inflammation
epoxy
3D printed and COTS
o _ plastic conponents are
(3) Wildlife choking securely fastened within
hazard the LV.
Contact between _ _ _
LVcomponents LV flight in . Airways in the flight path Inspecton: NAR High
E.W.15 and bird proximity to _ Wildiife pp | OftheLVareconfimed | oo Rocket Safety
bird fliah injury/death to be clear before flight Code #9
Non-recoverable ird tlight by the RSO. ode
launchvehicle
Hazards to Land
(1) Permanent
ruts/dips in launch
: field
Highenergy Late/no
E.L.1 | impact of LV with parachute 3A SeeR.A.6Mitigation SeeR.A.6Verification
the ground deployment

(2) Inability of field
to be used to grev
crops
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Premature
Nonrecoverable| ~Parachute Tree o I
E.L2 tree landing deployment damage/death 2D SeeR.A.6Mitigation 1D SeeR.A.6Verification
High wind drift
CATO
Motor ignition
Fire at launch Tree abstruction;
E.L.3 field Black powder | jnapility to use land 2D SeeE.A.7Mitigation 1D SeeE.A. WVerification
APPA battery
explosion
LV touchdown on Preme?]ture
non-field dparlac utet Permanent
eploymen .
h I h e e
E.L4 property such as ruts/o!lps n faunc 2D SeeR.A.6Mitigation 1D SeeR.A.6Verification
homes and field and
far.mmg High wind drift surrounding areas
equipment
Hazards to Air/Water
Transportation Carpooling is coordinate
to and from P g VerificationPending
launch feld (1) Airpollution and encouraged.
Greenhouse gas

powder
combustion by
products

(2) Global warming

Aerotech motors are
chosen for their low
environmental impact.

Inspection: CDR 1.2.2,
Inspedion: Aerotech
Motor SDS
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Use of power

2022 NASA Student Launch | Tacho Ly

drawing
electronics
PLA, a material that
. . . . produces few .
Microplastic Use of single Air and water : . . Ingoection: CDR 4.4.2.1
EA2 emission use plastics contamination 4A mlcroplastlcs_, 's used i 3A CDR 4.4.2.7, CDR 4.6.1
all 3D printed
components on the V.
. : . HazMats that offgas are
E.A.3 Chemlcgl of Working with used in wellventilated Verification Pending
gassing HazMats
areas only.
AeroTech motors are
chosen for their low DemonstrationCDR
EA4 CATO 2B likelihood of catastrophi 1.2.2
failure.
o _ _ In nominal
E.AS Motor ignition Air pollution 2B circumstances, LV (1) Demonstraion: CDR
Emission of operation produces 3.4.1.6
smoke minimal combustion
EAG Black powder 3B byproducts. Ejection
o detonation charge sizes argetween (2) AnalysisTable319
4.6 and 6.0 grams.
Heat sources are not Inspection: NAR High
Man-made -
E.A7Y wildfire 2D | allowed within 25 feet of Power Rocket Safety
LV motors. Code #3
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E.A.8

Creation of
vaporized
hydrochloric acid

APCP
combustion
byproduct
contact with
water

2B

AeroTech L motors do
not produce enough by
product to create
hydrochloric acid.

Table5-14 Hazards from Environm# FMEA

Hazards from Environment

Demonstration: CDR
1.2.2

Inspection: Aerotech
Motors Safety Data Shee

P e P e
Label Hazard Cause Effect |_rg Mitigation EZP Verification
Hazards to LV Structure
. LV touchdown | . The fullscale LV is made
E.S.1 LV contact with in irrigation Airframe structural of fiberglassa water 2B Inspection:CDR 3.1.4
water . damage : .
ditch resistant material.
Contact between LV flight in . Airways in the ﬂlgh.t path Inspection: NAR High
L Airframe of the LV are confirmed
E.S.2 | LVcomponents proximity to : 2B . 2B Power Rocket Safety
and birds bird fliaht abrasion/rupture to be clear before flight Code #9
d by the RSO.
Large s of (1) Inability to
LVtouchdown in gwiggs S recover rocket Launches do not occur i Inspection: NARIigh
E.S.3 I 3D wind speeds exceed 20 1D Power Rocket Safety
trees contributing to
. ) mph. Code #9
wind drift

(2) Mission failure

Hazards to Personnel

2022 NASA Student Launch | Tacho Ly
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(1) Skin irritation
Contact with Personnel are shielded
E.Pe.1 | Bug bites/stings bUaS (2) Rash 3C | from buginfested areas
g via a tent.
(3) Anaphylaxis
Lack of persond (1) Personnel are
protective provided sunscreen an
equipment and (1) Heat stroke are instructed to bring
Personnel .
_ devices sunglasses.
E.Pe.2 contact with 4B
sunlight and heat
Hot launch (2) Sunburn
conditions (2) Atentis set up for
personnel to take shdr.
Uneven ground (1) Personnel are
conditions - instructed to wear
(1) Bruising :
sh ” closedtoed, protective
a”? rocks on shoes to launch activitieg
Personnel slips field
E.Pe.3 : ' (2) Broken bones
trips, and falls
Working near (2) Only recovery and
irrigation . launch pad personnel ar
ditches (3) Concussion permitted on the launch
field.
Inclement | (1)Rips, dents, an Launches are not
E.Pe.4 Rain/hail weather holes in airframe | 3¢ conducted during
conditions inclement weather.

2022 NASA Student Launch | Tacho Ly

2B

Inspection: Checklist
Section AV Bay Assemb

Inspection: Checklist
Section AV Bassembly

Inspection: Checklist
Sections Launchpad,
Recovery

Inspection: NAR High
Power Rocket Safety
Code #9
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(2) Personnel injury
(concussion,
bruising)
(1) Personal
injury/death
E.Pe5 | Lightning strike (2) Ripsdents, and | o) 1D
holes in airframe
(3) LV electronics
damage
Only recovery and launc
E Pe6 Wet and icy Personnel slips, 2C pad personnel are
S terrain trips, and falls permitted on the launch
field
Hazards to APPA
Lower payload (2) All ribbon cables an
compartment entry points to the insid
touchdown in of the LV are coved by
Lower payload | . . . . ) )
irrigation ditch _ water tightaircraft tape.
compartment APPA waterlogging
E.P.1 ) 3C
contact with damage
water Water/moisture
leakage through (2) APPA camera lense
pressure ports are covered by plexigla
housings.

Inspection: Checklist
Sections Launch Pad an
Recovery

(1) Demongtation: CDR
4.4.3.3

(2) Demonstration: CDR
4427
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(3) The airframe is mads
of water resistant G12
fiberglass, reducing the
risk of water leaking into
the interior of the lower
payloadcompartment

Blurry/obscured

Blurry images;
inability to

E.P.2 . Presence of fog « & « - 4 2C
Images RSUSNNAY S Launches are not
location conducted during
Inclement _ inclementweather.
. . . APPA electron
E.P.3 Lightning strike weather electronics 2C
. damage
conditions
Birdstrike 2C SeeE.W.6Mitigation
Aerosolized dirt Each camera is hqused w
+ rock 3D a clear, scratchesistant
particulates Blurry images; plexiglasasing that
cpa APPA camera inability to protects it from abrasion
location
betv(\:/ZZtnaf;wer A thorough, dual
avioad 3D redundant recovery
corI:] ):/artment system is used for all L
ang rough components.
terrain
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Inspection: NAR High
Power Rocket Safety

Code #9

SeeE.W.6Verification

Demonstration: CDR

4.4.2.7

Demonstration: CDR

34.1
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(1) SeeR.P.8vitigation

(1) SeeR.P.8verification

grains

(2) Inability of LV td
fly

LV touchdown 2D 1D
in trees (2) Launches do not (2) Inspection: NAR Hig
occur if wind speeds Power Rocket Safety
exceed 20 mph. Code #9
. I_.aunches do not occu.r ! Inspection: NAR High
LV contact with inclement weather or if
. . Power Rocket Safety
wind shears wind speedexceed 20
Code #9
mph.
) Traditional recovery
Blurry images; systems require LV
EP5 AEPA c.?mera o TaEnhty to)\ . 3D sections to stay 2C
instability Force orfin can | RS U SNY Ay S connected via a shock
from upper location cord throughout flight. Demonstration: CDR
assembly shock By splitting the LV into 3.4.1
cord two patts, thefin can
becomes more stable
after separation and
during data collection.
Hazards to Mission Success
(1) No motor
ignition . .
Damp oropellant| Hiah humidit Launches areot Inspection: NAR High
E.M.1 P prop g . y 2D conducted during 1D Power Rocket Safety
conditions i
inclement weather. Code #9
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(1) No black
powder detonation

EM.2 Dampblac!< (2) Ballistic landing 2D 1D
powder grains

(3) Undeployed BH
charges on
touchdown

(1) Diverted flight

path : . .
Contact between LV flight in Arways in the ﬂlgh.t path Inspection: NAR High
. of the LV are confirmed
E.M.3 LV conponents proximity to 2B . Power Rocket Sety
. - _ to be clear before flight
and birds bird flight (2) Failure of LV to Code #9
. by the RSO.
reach intended
apogee
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Likelihood of Occurrence

Table5-15 EnvironmentalPRA: Left Before Mitigation, Right After Mitigation

Likelihood of Occurrence

1 2 3 4 1 2 3 4
Very . . Very Very . . Very
Unlikely | UMikely | Likely ) lly Unlikely | UMKely | Likely - a el
3A 4A 3A 4A
A A
2 1 1 1
Low Risk Low Risk
4.256% | 2.128% 2.128% | 2.128%
B 2B 3B 4B B 2B 3B 4B
Medium > 1 3 Medium > 1
Risk Risk
Level of 4.255% | 2.128% | 6.383% Level of 4.255% | 2.128% 0%
Severity 2C 3C Severnty 2C 3C
C C
6 4 3
High risk High risk
12.77% | 8.511% 6.383% 0%
2D 3D 2D 3D
11 9
23.4% | 19.15% 0% 0%
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TRAGEDY

Launch Day Checklists Checklist Legend

PPE Required

Nitrile Gloves Required
Safety Glasses Required

NOTE: Any completion blocks with a personnel title require that individual’s
sticker with their initials to be placed in the completion block.

This checklist completed by: _ Sean Aton
on: L /20f g9
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1. E-MATCH INSTALLATION

Required Personnel Confirmation |
Student Team Lead Sean Aiton
Safety Officer Frances McBride
E-Match Personnel 1 | Grayson Amendt
E-Match Personnel 2 | Noah Imbus
Required Materials -
Item Quantity Location Completion—
Bulkhead #4 (Fwd AV) i AV Bulkhead Box [P
Bulkhead #5 (Aft AV) 1 AV Bulkhead Box
Blue tape 1 LD Toolbox (Top
Drawer) l/
E-Match 4 LD Toolbox (Top l/
Drawer)
Scissors 1 LD Toolbox (Top /
Drawer)
Needle nose Pliers 1 LD Toolbox (Middle /
) Drawer) B
Wire strippers i LD Toolbox (Middle \/
Drawer)
Terminal block screwdriver 1 LD Toolbox (Middle
(blue, gray, red, minus Drawer) \/
head)
Terminal Block Screwdriver 1 LD Toolbox (Middle \/
(black) ) Drawer)

Note: This checklist is to be executed on bulkheads 4 and 5 simultaneously

Bulkhead 4 uses labels MP and MS, Bulkhead 5 uses labels DP and DS

Number

Task

C

f
P

ion

11

Unscrew all UNOCCUPIED terminal blocks on bulkheads 4 and 5

1.2

Take one e-match (each) and trim the e-match to approximately
6.5 inches in length using wire cutters

13

Remove red plastic protective e-match cover by sliding it down
the e-match wire

1.4

Feed the e-match through the MP (Bulkhead 4) or DP (Bulkhead
5) wire hole, with the e-match head on the side with the blast
caps

7
%
/

|1.5 Flip bulkhead over and use a fingernail to separate the two e-
match wires \/
1.6 Use wire strippers to strip 1 inch of insulation from end of each /
e-match wire
1.7 Bend each exposed e-match wire section into a loop v
1.8 Place the exposed e-match wires into the MP or DP terminal \/
block, one into each unoccupied block
1.9 Tighten the screws on the MP or DP terminal block v
1.10 Verify e-match security by lightly tugging on the wires coming out | Safety Officer:
of the MP or DP terminal block Safety Officer
High-Powered Rocketry
NC State
111 Place the e-match head into the MP or DP blast cap v
1.12 Bend the e-match wire such that the head lies flat against the
bottom of the blast cap ~
113 Bend the e-match wire such that it is flush to the inner and outer (/
walls of the blast cap
1.14 Using blue tape, tape the e-match wire to the outside wall of the /
blast cap _ M o
1.15 Using blue tape, tape the e-match wire to the bulkhead surface /
(Note: Avoid covering any other holes) o
1.16 Confirm the e-match in the MP or DP blast cap is connected to Safety Officer:
the MP or DP terminal block, respectively Bafaty Officer
High-Powered Rocketry
NC State
1.17 Confirm that all bulkhead and wiring labels are still visible v
1.18 Take one e-match (each) and trim the e-match to approximately \/
6.5 inches in length using wire cutters
1.19 Remove red plastic protective e-match cover by sliding it down \/
the e-match wire
1.20 Feed the e-match through the MS (Bulkhead 4) or DS (Bulkhead
5) wire hole, with the e-match head on the side with the blast \/
caps
1.21 Use a fingernail to separate the two e-match wires 4
1.22 Use wire strippers to strip 1 inch of insulation from end of each
e-match wire =V
1.23 Bend each exposed e-match wire section into a loop W
1.24 Place the exposed e-match wires into the MS or DS terminal \/
block, one into each unoccupied block
1.25 Tighten the screws on the MS or DS terminal block
1.26 Verify e-match security by lightly tugging on the wires coming out | Safety Officer:
of the MS or DS terminal block Safety Officer
High-Powered RocKetry
NC State
4
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1.27 Place the e-match head into the MS or DS blast cap 7
1.28 Bend the e-match wire such that the head lies flat against the \/
bottom of the blast cap
1.29 Bend the e-match wire such that it is flush to the inner and outer \/
walls of the blast cap
1.30 Using blue tape, tape th@match wire to the outside wall of the /
blast cap
1.31 Using blue tape, tape the e-match wire to the bulkhead surface v
1.32 Confirm the e-match in the MS or DS blast cap is connected to SafetgHiffjceicer
the MS or DS terminal block, respectively High‘P‘;“‘g’S&g l‘:‘):’(e"y
1.33 Confirm that all bulkhead and wiring labels are still visible v
5

2, MAIN BLACK POWDER

Required Personnel Confirmation
Student Team Lead Sean Aiton
Safety Officer Frances McBride
Black Powder Personnel 1 | Myers Harbinson
Black Powder Personnel 2 | Joseph Alonso
Required Materials
Item Quantity Location Completion |
Bulkhead #4 (Fwd AV) 1 AV Bulkhead Box |
LD Toolbox (To
Funnel 1 2 (Top "/
Compartment)
» Recovery
8x11” Copy Paper 1 Tupperware \/
Recor
Paper Towel Roll 1 ccovely (/
Tupperware
LD Toolbox (Top
Blue Tape 1 Drawer) ‘ ‘/
LD Toolbox (Top
Plumbers Putty 1 Compartment) Vv
. LD Toolbox (Top
Scissors 1 ——— \/ |
~ Anti-static bag 1 - .
Safety Glasses 4 PPE Toolbox Vv
Nitrile Gloves 4 PPE Toolbox v
Heavy Duty Gloves 1 PPE Toolbox v
| MiainPrimary ChargeddZat O | , 1 AVHDXBox | |/~
[ ESeORtRIChaeesee 1.0, | 1 AVHDXBox | v~
J
N Task Completion
21 Confirm that all members within the assembly tent are wearing | Safety Officer:
safety glasses
Safety Officer
High-Powered Roch et
L
22 Confirm that members handling black powder are wearing Safety Officer:
nitrile gloves Fugii-i
MY Simew
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2.16.2 If black powder has leaked, wipe copy paper clean and repeat
checklist items 2.5-2.10 or 2.11-2.16 depending on which
charge leaked, then repeat checklist items 2.17-2.18.1

23 Place the bottom of the funnel into the MP blast cap and T 217 Use plumber’s putty to seal any holes in the bulkhead

carefully pour the Main Primary Charge of black powder into 2.18 Wrap the entire bulkhead in an anti-static bag

N\

the MP blast cap over the e-match head

Slowly lift the funnel and tap it so the black powder falls into
the blast cap only

2.4 Lift the e-match head so that it rests on top of the black
powder

2.5 Fill the remaining space in the blast cap with fingertip sized
pieces of paper towel. The paper towel should fill the space,
but not be packed in tightly

2.6 Place small 2-3 inch strips of blue tape over the top of the MP
blast cap to cover the blast cap completely. Do NOT have any ([
overlaps greater than 1mm, but leave no gaps
2.7 Confirm all edges of the MP blast cap are covered with blue Safety Officer:
tape

NN

_Safaty Officor
High-Powered Rockef ry
NC State |

/\4

28 Wrap blue tape around the outside wall of the blast cap to

MW keep the top layers of tape tight and fold down the excess tape
> . to be flush with the top of the blast cap
r Place the bottom of the funnel into the MS blast cap and
kj\u)a, carefully pour the Main Secondary Charge of black powder
w}f into the MS blast cap over the e-match head
2.10 Lift the e-match head so that it rests on top of the black

it 3(()1\ powder o
Z i 211 Fill the remaining space in the blast cap with fingertip sized
(S Mb pieces of paper towel. The paper towel should fill the space,
v but not be packed in tightly
212 Place small 2-3 inch strips of blue tape over the top of the MS
blast cap to cover the blast cap completely. Do NOT have any
major overlaps, but leave no gaps
2.13 Confirm all edges of the MS blast cap are covered with blue
tape Hij

214 Wrap blue tape around the outside wall of the blast ca'p to
keep the top layers of tape tight and fold down the excess tape L‘/
to be flush with the top of the blast cap

2.15 Place a sheet of white copy paper on the assembly table and L/
turn the bulkhead over above the paper il
2.16.1 Confirm that no black powder has leaked onto the copy paper vd
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3. DROGUE BLACK POWDER

AMI‘L n Required Personnel Confirmation
dﬁ"} ‘| Student Team Lead Sean Aiton ey
W Safety Officer Frances McBride =
m Black Powder Personnel 1 | Myers Harbinson (B
Black Powder Personnel 2 | Abhi Kondagunta
Required Materials
Item Quantity Location Completion
| Bulkhead #5 (Fwd AV) 1 - L
Funnel 1, g &
Recovery
3 2
8.5x11 copy paper TipBaRIErS
Recovery
Paper Towel Roll 1
PEEIOWELRO Tupperware Lz
LD Toolbox (Top
T 1
Blue Tape DFWET) /
LD Toolbox (Top
Plumbers Putt: 1
HREBrY Compartment) \/
Stissors . LD Toolbox (Top l/
Drawer)
Ji Safety Glasses 4 PPE Toolbox =
Nitrile Gloves 4 PPE Toolbox iz
It 1 PPE Toolbox T
2 AV HDX Box v
~_Drogue Secondary Charge (26) 2 AVHDXBox [ |~
Anti-static bag 1 - —_—
Number | Task Compleﬁon
3.1 Confirm that all members within the assembly tent are wearing | Safety Officer:
safety glasses P ar
32 Confirm that members handling black powder are wearing

E

nitrile gloves

High|

\

| Place the bottom of the funnel into the DP blast cap and
carefully pour the Drogue Primary Charge of black powder into

the BP blast cap over the e-match head
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