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1. Summary of PDR Report

1.1 Team Summary

1.1.1 Team name and mailing address
Name: High Powered Rocketry Club at NC State, Tacho Lycos
Mailing Address: 911 Oval Drive Raleigh, NC 27695
Primary Contact: Sean Aiton, shaiton@ncsu.edu, (512268

1.1.2 Team Mentors

Name: Alan Whitmore Name: Jim Livingston
Email: acwhit@nc.rr.com Email: livingston@ec.rr.com
Phone: (9199295552 Phone(910)612-5858

TRA Certification: Level 3, 05945 TRA Certification: Level 3, 02204

1.1.3 Number of hours working on the PDR

The team spent approximately 200 hours working on the PDR document

1.2 Launch Vehicle Summary

1.2.1 Official Target Altitude
The official target altitude is 4400 feet. S8ection 33.2 for justification.

1.2.2 Preliminary motor choice
The leading motor choice is an Aerotech L1390G.S8eon 3.1.6 for justification.

1.2.3 Launch Venhicle Size and Mass
The leading design set the length of the launch vehicle at 109.25 inches long, with a diameter of 6 inches. The
fully loaded mass of the launch vehicle with payload is 40.69 Ib.®etons 3.1.4- 3.1.5 for a larger
breakdown and explanation of the laun@ehicle and weight distribution.

1.24 Recovery system
The recovery system is a dual deployment system of two independent PerfectFlite Stratologger CF altimeters.
¢KS RNRB3IdzS LI NF¥rOKdziS A& | Hné [/ 2YLIOG 9fftALWGAOFE GKI
UltraCompact main parachute will be depbxy.

1.3 Payload Summary
1.31 T.LT.L.E System

Terrain and Inertial Tracking with Landikguipment T.I.T.L.Eis thename of the payload system that
includesBaseline Soluties1 and 2. Baseline Solution 1 will inclutheo cameras mounted on the side of the
launch vehiclethat will take images both on ascent and descent. Image recognition will betodiedl notable
landmarks in the pictures takeandlocate the launch vehicleelative to them.This will happen continuously
until image recognition fails to worland then IMUs will be used to track the rest of the descent. In Baseline
Solution 2 a lander will jettison from the launch vehicle to take picturesgdditionalimageprocessingOnce

RSO approval is given, the ground station will send a signal toRRBA0 separate the lander from the main
parachute system. After landinthe chute will be released by two electronic rotary latches, the gimbal system
will center the camera and pictures will be taken. Image recognition will occur on the lander to fidenti
landmarks that will be used to calculaits exact locationand IMU data will be used to determine the: y R S ND &
distance from the launch vehicle. The launch vehicle location will be calculated from this information and
transmitted to the launch vehicldJsing information from Baseline 1 and Baseline 2 a final location will be
calculated and transmitted back to the ground station.

2022 NASAtudent Launch | Tacho Lyc1.|
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2. Changes Since Proposal

2.1 Personnel Change
James Gillis stepped down franis role asRecovery Lead for personal reasons. Sean Aiton
has stepped in and taken on thesponsibilitiesassociated withhe role.

2.2 Changes Made to Launch Vehicle
The following table shows the changes that have been made since the proposal, with an
explanation of he change. Most changes were made to account for changes in estimated
weights, more realistic apogee expectations and camera mountings.

Table2-1 Changes to Launch Vehicle

Justification

‘ Description

Fin configuration washanged Necessary for camera mounting and helps reduce the fin s
from three fins to four fins. of the fins.

This scale back of the motor was due to changes in vehic
weight that made a lower thrust mot more desirable to
ensure apogee requirements were met.

The motor was changed from ar
L1420R to a L1390G.

Fin spanwas changed from 6.79| Changing fin configurations required a reduction in fin span
t0 6.05in match the same stability margin.

Main deployment altitude is The drift and descent time were too large when the main w
changed from 700 fegb 600 feet deployed at 700 feet, so it was lowered to 600 feet

The payload parachute was
OKIFy3aSR FNRY
StEtALWGAOLFE G2

The lander needs to land as closdlte launch vehicle as
possible, so a smaller parachute was chosen to reduce dr

2.3 Changes Made to Payload
The following table shows the changes that have been made since the proposal and a reason
it has changed. Most changes in thisction result from better understanding of the
components used to calculate the lander location and the effects it has on the launch vehicle.

Table2-2 Changes to Payload

Description Justification

Thecamera housing&eremoved Toprevent disruptions of flow over the

from outside LPB to between fins fins and preventvehicle instability

Higher hinges wihelp lower center of
gravity to improve lander stability.

Hinges moved higher on lander boc

2022 NASAtudent Launch | Tacho Lyc<n
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2.4

Upper portion of landechanged
from 3.031 X 2.7 inches to 3.5 X 2.
inches

To maximize space, even out weight an
make building easier

The lander is now usirane camera
that rotatesinstead offour stationary
cameras

Deemed more practical to design a gimi
design forone instead of four cameras.
The rotating camera allows for a bettef

camerato be used.

Landerwill not useRFIDor BLEO
locate itseliwith launch vehicleIMU
data will be usedinstead to calcula

difference

Deemed too difficult, if not infeasiblept
locatethe launch vehiclevith RFID or BL
so method was changed.

Landerwill not communicate directly
with ground statiorsoall ground
station communication will go

Simplifies launch vehicle/lander/ground
station communicabn by having all
communication go through launakehicle

throughthe launch vehicle.

Changes Made t@roject Plan

Table2-3

Description

TeamDerivedRequirements have
been addedand are being followed

Changes to Project Plan

Justification

Required for NASA Handbook

2022 NASAtudent Launch | Tacho Lyc¢n
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3. Vehicle Design

3.1 Selection, Design, and Rationale of Launch Vehicle

3.1.1 Launch Vehicle Mission Statement
The mission of the launch vehicle is to reach the targeted apogee and return to the ground
safely in a reusable condition. In addition, the launch vehicle is to support the mission of
the payload by both safely ejecting the payload at the required altitude and securely
housing the payload electronic systems.

3.1.2 Launch Vehicle Success Criteria
Laund vehicle mission success is defined as both compliance with the NASA SL
requirements in Table-& and the team derived requirements in Tabl@.6Additionally,
the levels of success are defined as follows in Tallle 3

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

- Nominal launch vehicle takeoff and descent
- Lander is undamaged during deployment an
after landing

- Payloacktlectronics systems are undamaged g

remain functional during flight and after landin

- Launch operations can be repeated the sam
day

- Achieved apogee is between 4000 and 6000 f

- Launch vehicle lands within the 5000 ft by 50
ft grid

Partial Success - Launch vehicle repairable
- Successful launch vehicle takeoff and desce)
- Lander is repairable following the flight of the

launch vehicle
- Payload electronics systems are repairable
- Achieved apogee is between 4000 and 6000 f
- Launch vehicle lands within th€&@0 ft by 5000
ft grid

Partial Failure - Launch vehicle repairable
- Successful launch vehicle takeoff and
unsuccessful descent
- Lander is repairable following the flight of the
launch vehicle
- Payload electronic systems are repairable

2022 NASAtudent Launch | Tacho Lyc¢.|
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- Achieved apogee zelow 4000 feet or above
6000 feet
- Launch vehicle lands outside of the 5000 ft 4
5000 feet grid

Complete Failure - Launch vehicle unrecoverable

- Lander unrecoverable
- Payload electronic systems critically damagg

3.1.3

3.1.31

Launch Vehicle Alternative Designs

All potential alternative designs of the launch vehicle consist of six modules. Starting from
the aft end of the launch vehicle, these components are the fin can, the lower payload
bay, the avionics bay, the main parachute bay, the upper payload bayhambse cone.

In addition, all potential alternative designall have abody tubediameter of6 inches.

Material Selection

The material selection of the airframe is an important consideration in the design of
the launch vehicle. All other systems are mmehor attached directly or indirectly

to the airframe through bulkheads and hardwa#ses such the success of the material

is critical for mission success. The airframe material must endure both aerodynamic
and internal forces during flight, such as motthrust and other loads from
components. From the four airframe materials listed in the proposal, two choices
were selected for further consideration. These two materials are Blue Tube 2.0 and
G12 Fiberglass and were chosen due to their material propeidied cost
effectiveness.To better understand these materials, the compressive force
experienced during flight was calculated as below:

LA AR (3.1)

Where 0 is the force of compressio™ is the aerodynamic drag force, a™is
the inertid force on the launch vehicle. Expanding upon this, drag force is calculated
by the following equation

N Ew 6 & (3.2)

In this equation,” is the density of airyis the velocity of the launch vehicd is
the drag coefficient, and is the frontal area of the launch vehicle. This equation
assumes that the launch vehicle has‘aaf@gle of attack during flight. Finally, the
inertial force experienced by the launch vehicle can be calculated using tovgifg|
equation:

0 oAb (3.3)

Wherem is the mass of the launch vehicle aads the acceleration during flight.
Using these equations together, the total force on the launch vehicle is calculated
and shown in Table-3 and Table 3 below for both Blue Tube 2.0 and G12
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Fiberglass airframes. To find the total force, the velocityarceleration values used
are the maximum experienced during flight.

Table3-2 Force Calculations for Blue Tube 2.0 Airframe
Variable Value Source

m 38.899 Ibm
# 0.374 Rocksim

A 0.207/G Rocksim

a 340 AT Rocksim

v 649 ATO Rocksim
Rho 0.0023701 (i G Constant

En 38.759Ibf Formula

&; 411.077Ibf Formula

En 449.836Ibf Formula

Table3-3 Force Calculations for GEberglass Airframe
Variable Value Source

m 40.899 Ibm Rocksim

# 0.375 Rocksim

A 0.207/G Rocksim

a 328 ATG Rocksim

v 614 AT0 Rocksim
Rho 0.0023701 (G Constant

€n 34.7841bf Formula

€; 416.9571bf Formula

En 451.7411bf Formula

3.1.3.1(a) Blue Tube 2.0
Blue Tube is a material created by Always Ready Rocketry that is vulcanized fiber
based, highly abrasion resistant, durable, and made witHieeodly materials.
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It is also lighter and much cheaper than alternatives such as carbon fiber and
fiberglass. Pénolic tubing is a cheaper alternative to Blue Tube, but it is less
shatter resistant as well, which prevents it from being an ideal choice. Blue Tube
has an average compressive load yield of approximately 3000 Ibf, which makes it
more than suitable for té launch vehicle, which is estimated to have a max
compressive load of around 450 Ibf. The major drawback to Blue Tube is that it is
a paperbased product and is not particularly resistant to water. This could be an
issue if the launch vehicle encounterater as it would be damaged and could
even be rendered unusable. Additionally, it has a spiral wound structure that
would have to be filled in and smoothed in order to reduce drag forces on the
launch vehicle antb give the launch vehicle a nice finish.

3.1.3.1(b) G12 Fiberglass
G12 fiberglass, an alternative material that could be used for the launch vehicle,
is manufactured with fiberglass roving and epoxy with layers wound in a range
between 30 and 4% for additional strength. This extremely durable material is
stronger than Blue Tube and can easily withstand the estimated maximum
compressive loading of 452 Ibf. However, this added strength comes at a cost:
G12 fiberglass is heavier than Blue Tube, witlensity of 0.98 oz/fhas opposed
to 0.723 oz/iR. It also costs about $29 more per foot than Blue Tube. Despite
these additional costs, G12 fiberglass is preferable to Blue Tube because it is
moisture resistant and already comes with a smooth finidticlveliminates the
FRRAGAZ2YIf 62NJ] NBIJdANBR® LG faz2 R2Say
fray or unravel, which makes it a good option for a reusable vehicle airframe.

3132 Anchor Selection
3.1.3.2(a) Eyebolts

Eyebolts have a single point of contact on thefaee they are bolted to. They
include a metal loop, known as the eye, which a quick link can be attachedto. A
single point of contact makes installation and removal of the eyebolt relatively
easyandreduces its profile and mass. This makes the eyebeltrdike a
desirable option, but only having a single point of contact significantly increases
GKS 02fdQa OKIyOS 2F Tl AfdNBE RdzS (2 GKS
compared to a tbolt.

3.1.3.2(b) U-bolts
U-bolts provide a secureconnection between bulkheads arsdhock cords than
eyebolts due to having two points of contact with the bulkhead. When the shock
cord is deployed it puts a great force on the bolt, which is split evenly between
the two points, reducing the individual stress on each. Attaching a quidk lank
U-bolt is also easier when compared to the eyebolt. This does come at the cost of
reduced versatility, specifically when trying to secure tHeolll tightly. The mass
and profile are both higher for the-bblt than the eyebolt, and it takes more time
to install.

3.1.33 Nosecone Selection
A piece of the launch vehicle design that is important to the aerodynamics of the
vehicle is nosecone selection. The type of nhosecone chosen will impact the center of
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pressure on the vehicle, as well as how the vehicleqoar$ in the air. Because we

as a designteam will not be manufacturing the nosecone used in our launch vehicle,
we are limited to readily available manufactured nosecones for high powered
rocketry enthusiasts.

3.1.3.3(a) Conical shape
The simplest that is availabethe conical nosecone. This features a linear slope
that brings the outer diameter to a singular point at the top of the launch vehicle.
At supersonic speeds these nosecones are not too bad, but at subsonic speeds,
this nosecone is beaten by other noseesrhat are more rounded in shape.

3.1.3.3(b) Elliptical
Another simple shape, this nosecone features a much blunter, more rounded
edge than the conical nosecone. These nosecones will usually be used in simple
subsonic flights that have low apogees. This is becawesbltinter tip of these
nosecones causes more drag.

3.1.3.3(c) 4:1 Ogive
This nosecone shape combines the best features of the previous two. The 4:1
Ogive shape has a smoother transition from the outer diameter to the top, but
the top is still shaped in a point. Tla#lows it to better cut through the air to
prevent a blunt reduction of apogee, but still have better subsonic performance.

3.1.34 Nose Cone Bulkhead
3.1.3.4(a) Fixed

Fixing the nose cone bulkhead in place with epoxy provides a strong bond
between it and the nose cone. Hag a strong bond between these two is
important because the #olt on the bulkhead acts as an anchor point for the
main parachute, which is deployed with great force. Installing a fixed bulkhead is
I AAYLXE S LINRPOSaasx odzi rioyedSitholtidissahang Ay LI |
the epoxy or damaging the nose cone. The main downside to this is that if the
launch vehicle requires ballast, it must be placed in the nose cone before the
odzZ { KSIFIRYX gKAOK R2SayQid lfft2¢ F2NJ S| ae

3.1.3.4(b) Removable
Having a removable nose cone bulkhead is desirable because it would allow for
adjustments to the amount of ballast in the launch vehicle, which would alter the
stability margin as necessary. In addition, the rotary latch for the payload is
attached to thenose cone bulkhead and having easy access to house electronic
on the backside would be convenient. To make the bulkhead removable, L
brackets would have to be mounted to the inside of the nose cone. Doing this
may lead to weaker connections than using gpand would place stress
concentrations on the bolts, which would be mounted through the nose cone.
Having these bolts through the structure would also apply stress concentrations
around the holes. Additionally, having the protrusions of the bolt head&lcou
influence the nose cone aerodynamics, but this effect would most likely be
inconsequential.
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Figure3-1 Nose Cone with Removable Bulkhead

3.1.35 Tail Cone Design
Tail cones are a structure on the end of the lalurvehicle that help to reduce the
turbulent effects of the airstream coming off the end of the body tube. Generally,
these structures are either conical or have a shape like a nosecone. Conical tail cones
are very simple to fabricate but might not providemanyaerodynamic benefits as
a nosecone shaped tail con€onical nosecones are harder to find for larger
diameters on hobby rocketry websites, which is also an important consideration.

3.1.36 Fin Configuration
Fin configuration refers to the number of finegorganization on the fin can. This
decision can affect the overall size and weight of the fins.

3.1.3.6(a) Three Fin Configuration
The primary benefit of a threén configuration is that it could achieve similar
stability margins with less weight and drag thaoarffin design. Having one less
fin to manufacture would also reduce the possibility of manufacturing error and
reduces the amount of fin slots needed on the fin can.

There are a few disadvantages to a thfgeconfiguration as well. Having one
less fin neans that the surface area of the remaining fins must increase to
maintain the same stability margin. Having three fins makes the mounting of less
than three things between the fins animpossibility, because an uneven mounting
would make the CG off centand make the launch vehicle tilt.
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3.1.3.6(b) Four Fin Configuration
The primary benefits of a fodin configuration are an axisymmetric design, and
higher stability margins with less surface area. An axisymmetric design means
that the direction a crosswind meets teunch vehicle will not cause a rotation
RdzS G2 'y dzyS@Sy Y2YSyd | o62dzi GKS 1 dzyO
a higher stability margin with less surface area on the fins means the fins can be
longer without needing to be so tall.

The disadvantges associated with a fodin configuration are that the additional

fin will require more manufacturing and another fin slot on the fin can. More fin
installations means more possibility for improper installation, which could result

in crooked or off pla@a fins. The benefit of requiring less surface area could also
be a disadvantage because less surface area close to the base of the launch
vehicle will increase the likelihood of weathercocking.

3.1.37 Fin Design
Fin design influences the stability of tHaunch vehicle, location of center of
pressure, and how it behaves after launch. Varying the distance off the side of the
launch vehicle is the most significant way to adjust the stability margin of the launch
vehicle. Having the fins longer along the sifiehe launch vehicle can help prevent
weathercocking.

3.1.3.7(a) Fin Geometry
According to hobby rocketry experts, fin shape is not as consequential to launch
vehicle performance as leading and trailing edge shape. However, there is small
variation in the flight chracteristics of fin shapes that can provide different flight
performances. Shapes such as elliptical, trapezoidal, triangular, and clipped delta
are all possible designs. Generally, more surface area in a design will result in a
higher stability margin.

3.1.3.7(b) Leading and Trailing Edges
The leading and trailing edges of a fin are best thought of as the leading edge of
a wing on a fixeaving aircraftthe most important difference bein§ins are not
intended to gain any lift when facing directly into the free stream. Therefore, a
symmetrical leading and trailing edge is the most important aspect of the leading
and trailing edges on fins. According to hobby rocketry experts, leading and
trailing edges of fins are the most important aspect of fin design.

3.14 Leading Launch Vehicle Design

Nose Cone Main Parachute Bay Lower Payload Bay

Upper Payload Bay Avionics Bay Fin Can
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Figure3-2 Launch Vehicle Layout
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Figure3-3 Launch Vehicle Dimensions
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Figue 34 Launch Vehicle Points of Separation and Energetic Material
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3.1.4.2

Material Selection

The current leading choice for airframe body material is G12 fiberglass. This is due
G2 DmMH TAO0SNHC | adaeOsabiligy @Spidthe éxtreRaatykit addhcosth G &
which are associated with this choice. A large factor leading to this decision was the
water-resistant properties of G12 fiberglass as North Carolina has unpredictable
weather which might leave no choice batlaunch in times of recent precipitation.

In addition, our team's launch site hamanyirrigation ditcheghat are typically filled

with water, which leads to a higher possibility of the launch vehicle experiencing
water damage. Blue Tube can be spegittikated and sealed for it to be water
resistant, but none of our team members have experience with this or the extra time
it would take to manufacture. With a fiberglass airframe, our launch vehicles
estimated weight is around 469 Ib. which is a praatal weight in reaching our
desired apogee of 4400 ft.

Anchor Selection

The leading design for anchoring is th&blt. The additional weight presented from
using UBolts over Eyebolts is not significant enough to make any change in launch
vehicle performance and the installation time is only marginally longer. The extra
reliability gained from having two points of failure over one is well worth the minor
considerations of extra weight and manufacturing time.
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3143

Nose Cone Selection

Given the comparisons between various nosecone types, a 4:1 ogive nosecone was
selected for the lanch vehicle. This nosecone will combine the positive features of

a conical nosecone, with the better subsonic aerodynamic performance of a rounded
elliptical nosecone. This nosecone shape also has demonstrated flight history as it
has been used frequentljn previous years and has performed well. Without
hardware, the nose cone and bulkhead are expected to weigh 4.41 Ib.

3144

3.1.45

26.00

Figure3-5 Nose Cone Dimensions

Nose Cone Bulkhead

A removable bulkhead will be used in these cone so that lander deployment
electronics can be accessed, and ballast adjustments can be made on the launch
vehicle if the completed launch vehicle does not match simulations. The bulkhead
will be secured by having its forward face flush with theeinedge of the nosecone
shoulder, being 6 inches in. A rotary latch will be mounted onto the aft side of the
removable bulkhead to hold the lander until main parachute deployment. The
electronics for the rotary latch will be mounted on the forward sidéhef bulkhead
along with any needed ballast as mentioned earlier. The bulkhead will be attached
to the nose conausingfour L-brackets that sit equidistant around the perimeter of
the removable bulkhead. Holes for screws will be drilled into the nose cone to match
the position of the tbrackets, and bolts will be used to secure the connection.
Additionally, due to the ldcof an epoxy connection, all components of the bulkhead,
specifically the bolts and-thrackets, will be chosen to withstand the deployment
forces with a sufficient factor of safety. Finally, the bulkhead will havebaliU
attached to its aft side so thdhe recovery harness of the main parachute can be
attached.

Upper Payload Bay

The upper payload bay will be located between the nose cone and main parachute
bay witha body length o4 inches. The nosecone andper payload bay will be
connected using dts while the main parachute bay and thpperpayload bay will

be connected using-40 shear pins. Several additional shear pin holes will be added
to the upper payload bay so that the lander can be held in place during flight until
being deployed with th main parachute. Excluding the lander, the upper payload

bay will weigh 2.39 Ib.
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3.1.4.6

Figure

Figure3-6 Upper Payload Bay Dimensions

Main Parachute Bay

The main parachute bay will be located between the uppsilged bay and the AV
bay. The body length will be 18 inches long, withiach coupler epoxied into the
forward section, while leaving 5 inches exposed to connect to the upper payload bay.
The connection between the upper payload bay and the main paradtay will be
secured using shear pins. The aft end will be secured to the forward end of the AV
bay through bolts. The leading main parachute alternative has a folded volume of
4.%inches D x 4.8nches LThe main parachute bay will hold most of the skaord

that makes up the main recovery harness. The recovery harness and parachutes are
estimated to take up td4-inches of the main parachute bay. The remainder of the
space is left to allow for sufficient volume for the black powder ejection charge to
expand into. Leaving this volume open will result in a smoother pressure curve over
the course of the detonation event, reducing wear and stress on the airframe. A
piston will be situated 2 inches from the end of the main parachute bay to separate
the lancer from the main parachute. This piston will be composed of a section of
G12 fiberglass, with its diameter the same as the coupler sections, and measuring
2.5 inches long. The piston tube will be capped with aificBthick aircraft grade
plywood bulkheadwvhich will be attached to the piston tube using West Systems
marine epoxy. Inthe piston bulkhead, a slot will be cut to allow passage of the main
parachute recovery harness from the AV bay to the nose cobesing section
separation, the black powder egtion gasses will be contained within the area
behind the piston, thiforce would then be transferred to the coupler and break the
shear pins. Excluding the weight of the main parachute, the main parachute bay,
piston, and attached coupleisexpected towveigh2.161b.
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Figure3-7 Main Parachute Bay Dimensions

Avionics Bay

The avionics bay will be located between the main parachute bay and the lower
payload bay, with a Hhch coupler section and Zinchthick band of body tube
centered on the exterior. The forward end of the coupler will extend 2 inches from
the band and will be connected to the main parachute bay through bolts. The aft
end will extend 6 inches from the body tube band and be seattoethe lower
payload bay with shear pins. A bulkhead on both ends of the AV bay will have an
attached Ubolt for use in main and drogue parachute deployment, along with two
outward facing blast caps that house the primary and secondary black powder
charges for main and drogue parachute deployment. The avionics bay will have a
modular design, able to fully separate from the rest of the launch vehicle. This will
facilitate easy access to the AV sled and will simplify construction. The AV sled will
be mounta inside the bay on threaded rods running in between the bulkheads.
Excluding the black powder charges, the AV bay is expected to weigh 3.38 Ib.
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Figure3-8 Avionics Bay Dimensions

3.148 Lower Payload Bay

The lower payload bay will be located between the avionics bay and the fin can. The
body length will be 18 inches long and will be connected to the AV bay ugifig 4
nylon shear pinsOn the aft end, the lower payload bay will be attached to the fin
can byremovable bolts, which will allowasy access to lower payload electronics.
The lower payload bay will also have a bulkhead mounted 6 inches from its aft end
which will have a Wolt so that the drogue recovery system can be attached.
Additionally, this mlkhead will have Velcro on the aft end such that the LPB sled can
be attached. Without the drogue parachute, the lower payload bay is expected to

weigh 3.12 Ib.

18.00
11.50 || 6.00

0.50
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3149

Figure3-9 Lower Payload Bay Dimensions

Fin Can

The 15inch long fin can houses the motor tube on the inside, fins and camera
mounts on the sideand atail cone on the aft sectiorin addition, a @nch coupler

will extend 4 inches from the forward end of the fin can and be connected to the
lower paybad bay using bolts. Unlike other bolted sections, a 3D printed ring used
to support interior nuts will be used instead of epoxying nuts to the interior of the
coupler. This is to help mitigate the chance of nuts epoxied to the interior of the
tubing fromshearing, helping reduce any launch day repditee fin can assembly
consists of an engine block, two centering rings, the motor fud@@nera housing

and fins. The engine block and the aft centering ring will support the majority of the
load from themotor, while the middle centering ring is used primarily for motor tube
and fin alignment. The fins will be designed with a fin slot that fits between the two
centering rings to provide additional support. Half of the layers used in the engine
block are catering ring layers to allow the forward bulkhead to assist with motor
tube alignment. Velcro will be on the forward face of the engine block so that the
LPB sled can be attached. The LPB sled will be housed within the space in front of
the engine block ashthe lower payload bay. At the aft end of the fin can, a tail cone
will be connected to the aft centering ring using epoxy. Excluding the raoittail
cone the fin can assembly is expected to weigh 5.211 Ib.

15.00

e

8.50

Figure3-10  Fin Can Dimensions
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3.1.4.10

3.1.411

3.1.4.12

Fin Configuration

The most significant consideration for fin configurati®having the ability to mount

two or less cameras on the airframe of the launch vehicle. Based on that fact, the
four-fin configurationis preferred, with the bonus of needing less surface area and
better cross wind stability due to axial symmetry. Foarconfigurations have been
used in the past and have proved successful and reliable.

Fin Design

Based on the background research about fin €hap clippeedelta shape was
chosen, as itincreased the area of the fin adjacent to the side and back of the launch
vehicle. This design was chosen to help reduce weathercocking and increase the
stability of the fins. The angle of sweep of the leadingesdfithe fin is locked in as

well as the length of the bottom of the fin that attaches to the launch vehicle body.
As a result of the Fin Span Studyation 3.3.5, the fin spanis the only aspect of fin
designthat is expected to change, as launch vemeight and distribution becomes
clearer, to keep the stability margin in an acceptable range.

' 7.80

1.50 L

Figure3-11  Fin Shape and Dimensions

Tail Cone

Based on the difficulties surrounding the fabrication of othguety of tail cones, the
conical tail conevasselected. This tail cone will still help to prevent the eddy and
turbulent effects at the end of the launch vehicle, without having the significant
fabrication hurdles of other types of tail cones.
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3.1.4.13 Bulkhead Sizg
The bulkheads shown in the figures above have approximate dimensions that are
based on previous successful designs and preliminary finite element analysis done in
the proposal. More testing and analysis will need to be done before the design is
finalized. This can be done when the launch vehicle design has been solidified and
more accurate deployment forces are known. ldeal bulkhead thickness can be
estimated using FEA.

To perform the necessary calculations, the beol2 I NJ Qa C2NXNdz | a F21
Strainwas used as a reference.Chapter 11, the topic of flat plates under loading

is discussed, which the bulkheads can be approximated as being. The-haid U

anchor points where force is applied will be approximated as a small circular area.
Thisassumption can be made because flanges will be used on-twdt tb distribute

the loading more evenly over a small circular area with a fixed edge. To find the
resulting moment on the bulkhead, the following equations are used:

R W ) » p Ui (3.4)
v T p v i P Ti

3.5
i pHI 6 QN TO (3:3)

il 1 1o (3.6)

Where W is the total applied loadA & (KS t2Aaaz2yQa NlIa@iz 27
is the distance from the fixed edge to the loading area, ris the ratithe bulkhead,

rois the radius of the circular area where the loading is applied, and tis the bulkhead
thickness.

To calculate the maximum moment on constdimtckness bulkheads with a non
centered Ubolt the following equation is used:

0 — ¢ — (3.7)

Wherep is the distance from the center of the bulkhead to the area where the load
is applied.

Using the equations above to get approximations only works well for these specific
instances. When considering centering rings whose motor tube is fixed to the inner
edge, the formulas are more complicated. Bulkheads are not uniformly constructed,
which introduces inaccuracies to these calculations. In the engine block, half of the
layers ae solid disks and the other half have centering rings cut out. Having this mixed
construction and an oifenter Ubolt would lead to difficult and imprecise
calculations. Structural analysis will be done in ANSYS to obtain more precise results.
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3.15 Vehicle Wght Breakdown
Having accurate and organized weights for all components of the launch vehicle is
important. To better facilitate the breakdown of launch vehicle weight, Tablevs
created and provides a good idea of where weight in the launch vehicterigig from.

Table3-4 Launch Vehicle Weight Sheet

Part |Weight (Ib.)

Nosecone 4.41
Nosecone | 4.1
Bulkhead | 0.30849]
Upper Payload Bay | 12.10
Body tube | 2.386734
Coupler | 0.71350¢
Payload | 9
Main Parachute Bay | 3.96
Body tube | 1.790054
Main Parachute | 1.8
Bulkhead (Piston) | 0.370283
AV Bay | 3.38
Body tube | 0.19889
Coupler | 0.71350¢
AV sled | 1.5
Bulkheads | 0.965294
Lower Payload Bay | 3.85
Body tube | 1.790054
Drogue chute | 0.132
Lower Payload | 1.33
Fin Can | 13.59
Body tube | 1.491711
Fins | 1.787004
Coupler | 0.28540]
Engine Block | 0.53252]
Centering Rings | 0.34
Motor tube | 0.75443¢
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3.1.6

Total Motor |

8.3775
TOTAL WEIGHT |

40.6

Motor Alternatives
Choice of motor is heavily dependent previous club experience and conventions. The

club traditionally purchased Aerotech motors, with an attempt to purchase motors that
fit owned motor casings. During the initial design phase, more powerful motors were
considered due to the overall weight af KS f | dzy OK @SKA Of So

weights were better honed in, a narrower selection of motors using the R840
casing were compared.

Table3-5 Motor Alternatives
Total Impulse  Initial Thrust Max Thrust  Burn Time (s) Weight (0z)
(Ibf-s) ) (Ibf)
L1390G 1416.5 136.8
L1520T 8354 1545.4 396.9 2.4 128.8
L850W 819.7 1001 419.6 4.4 132

The most important observed metric for these motors was the total impulse. Based on
NASA requirement 2.23.2, motors using certain propellant grains were not considered.
The 1150R motor was considered, but due to its low total impulse and inconsistent
performance in prior semesters of the club, it was quickly dismissed. Considering total
impulse was the most important metric for the motor, the L1390G was selected. The fact
that the L1390G was also previously used for other flights cementisdi#itision. The
thrust to weight ratio of the launch vehicle with the L1390G motor is 7.64.

3.2 Recovey Subsystem

3.2.1

Description of Recovery System

Once the launch vehicle is placed on the launchlvaih altimeters needed to be turned

on. The altimetersire attached tscrew switchesvhich are a manual switch device that
are turned on prior to inserting # ignitor into the motor. Both main and drogue
parachutes are deployed using the altimetes® before insertingthe ignitor, it is
important to turnon the altimetersvia the screw switcheis case the motor accidently
ignites. The screw switches are turned on by turning the screw until the head of the screw
is flush with the surface of the screw switch, which completes the circuit and turns the
altimeter on. This will be done for both alteters. After turning the altimeters on, the
audio readouts from each altimeter will be verified against the expected output. The
Ff GAYSGSNRQ ol GGSNE @2fdl 3Sa FyR G§KSANI
within the allowable range. In additionhe connections between thematches and the
black powder are verified to be complete. Once these components have been confirmed
to be flight ready, the launch vehicle can proceed to be assembled and launched. If there
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are any problems with the recovergystem electronics, the launch procedures are
stopped, and the altimeters are checked until everything is nominal, then launch
procedures can proceed again.

The launch vehicle flies until it hits apogee where both altimeters are then activated. The
firstaltimeter activates and sends an electric current through theadch that will ignite

the primary black powder charge. The black powder charge is stored ina PVC end cap that
is used as a blast cap that has thematch head resting on top of the black pder with

any remaining space packed with paper wadding. The blast cap is then taped over to keep
all the black powder contained until theraatch is ignited. The details of black powder
sizing and calculations are detailed in Section 3.2.2.11. Oncentf@ah is ignited, the

black powder being ignited builds up enough pressure in the section to break the four
shear pins that are holding the lower payload bay and fin can to the avionics bay. The fin
can and lower payload bay stay connected to the restefldunch vehicle by a length of
shock cord that is linked to the drogue parachute using a quick link. The recovery harness
selectionis discussed later in Section 3.2.2.10. The secondary charge is then ignited using
an ematch ~1 second after apogee is deted. The delay of the secondary charge is to
prevent over pressurization, which could happen if both charges went off at the same
time. The secondary charge is larger than the primary charge to ensure that the sections
are separatedAll sections that & separated during these ejection events will be held
together using four removeable nylon shear pins. These shear pins can hold together the
sections during flight. The black powder charges are calculated to be enough force to
shear these pins and to ov@me any other forces to allow the sections to separate.

The drogue parachute is then deployed, and the vehicle falls under it. While under the
drogue parachute, the vehicle will fall at a rate much faster than is required for it to safely
land, but the dogue parachute will slow down the launch vehicle enough that the time
constraint is met. The vehicle will continue to fall until the vehicle reaches 600 feet above
ground level. This will activate the second charges on the altimeters. The first altimeter
will send current through the-enatch to ignite the primary charge for the main parachute

bay. This will separate the avionics bay in the exact same manner as the drogue charges.
The secondary charge is ighited ~1 second after the primary charge is igrhteavill be

ignited at around 53 ft to create redundancy should the primary charge fail to separate

the sections. The charges will separate the avionics bay and main parachute bay from the
payload bay and fin can, releasing the main parachute fromntlaén parachute bay.

These sections are still connected by shock cord that is discussed in Section 3.2.2.10. The
YIEAY LI N} OKdziS oAff AyFEFGS FyR INBFrGafe af
will allow it to land safely.

This charge will also pubut the payload from the payload bay, where it will stay
connected to the main shock cord. The payload will stay connected to the main shock
cord until the RSO gives permission for the payload to be jettisoned. As soon as
permission is given, the buttowill be pressed that will send a signal to the payload
systemto fire the ARRD to separate thaderfrom the main shock cord. Thenderwill

now descend under its owparachute that willkeepthe landerat a safedescent velocity

The main parachute widllow the rest of the vehicle down to a safe landing speed as well
and is sized so that if the payload separation fails that the entire vehicle will still land
safely, and within all parameters set for recovery.
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The primary recovery system that will beagkis visual tracking, but all recovery sections
will contain an electronic tracking device that will be used to locate the sections. If visual
contact with either the launch vehicle or the lander is lost, the members on the ground
will use the EggfinderXIGPS to locate the vehicle and lander.

Figure3-12 Diagram of Recovery Profile for Full Scale

3.22 Recovery Components
3221 Altimeter Alternatives
Five altimeters are under consideration for use in the recovery system: MissileWorks
RRC3, AIM 3, StratologgerCF, EasyMini, and TeleMega. Each of them is a
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commercially available dual deployment altimeter. They each have a different range
of specificationscapabilities, and features. The specifications of each altimeter are

detailed in Table & below.

Table3-6 Altimeter Alternatives
RRC3 Sport Aim 3 StratoLogger| EasyMini TeleMega
CF
. . Altus
Manufacturer | MissileWorks Entacore PerfectFlight Altus Metrum
Metrum
Main ; dql?-sigg?eﬂin 100999 1009999
Deployment . ) increments | increments of| Any Altitude [ Any Altitude
Variability | MCremMentsof | e g 1ft
y 100ft
Delav After 1-30 seconds 0-5 seconds
y inincrements | Available | incrementsof| Available Available
Apogee
of 1 second 1 second
Minimum 100-300 ft N/A 100 ft N/A N/A
Apogee
Altitude Logging 1t 1ft 1t 8in 8in
Resolution
o 3.92"L x 2.56"L x 2.0°L x LOLX | 3 o5n ¢ 1.25"W
Dimensions 0.925"W 0.98"W x 0.84"W x 0.8"Wx % 0.625"H
' 0.59"H 0.5"H 0.6"H '
Altitude,
Altitude, velocity, .
: . . acceleration, Altitude,
Velocity, Altitude, Altitude, . .
Data Logged : . : Time to Velocity,
Time to Velocity Velocity .
Apogee apogee, Acceleration
Pog Total Flight
time
. 100/s Ascenil 100/s Ascent
Sampling Rate 20/s 10/s 20/s 10/s Descenl  10/s Descent
Battery .
. 3.510V 3.7-12V 4-16V 3.7-12Vv 3.7V LiPo
Requirements
Owned By Tean Yes Yes Yes No No
Price 92.07 115.00 58.50 85.60 428.00
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Additional Info

Also includes
GPS tracker,
Accelerometer,
magnetic
direction
sensor, and
gyro. Requires
HAM radio
license

Canmeasure
telemetry with
additional add

ons

Barometric
pressure
sensor only

Most often
used in past
years

Barometric
pressure
sensor only

Measurement precision, fornflactor, reliability, and ease of use are factors in
consideration of which altimeter to use. The MissileWorks RRC3 is satisfactory in its
data logging capabilities and precision. It is also simple to program. The deployment
mode can be set using a systefrdip switches and a pushbutton switch located on
the altimeter. It does not need to be connected to a computer like some of the other
altimeters, but it does have the capability of interfacing with computers and LCD
displays using additional aduhs. Themain deployment height of the RRC3 is only
adjustable in 100ft increments. This prevents the main deployment altitude from
being set at 50ft increments which may be necessary for the redundant altimeter.
The RRC3 also has a longer form factor which pressgdce challenges within the
avionics bay. This altimeter is already owned by the team and is pictured in FHgure 3
13 below.

RRC3 Altimeter

Figure3-13

The StratoLogger CF is the next altimeter under consiagralt has similar data
logging capabilities to the RRC3. However, unlike the RRC3, it has a much greater
variability in main deployment altitude and can be adjusted in increments of 1ft. It
also possesses the added benefit of a much smaller form fatiar altimeters will

be used in the launch vehicle for redundancy and there is limited space in the
avionics bay; Therefore, having an altimeter with a small form factor will be
beneficial. The StratoLogger CF is the altimeter that the team hasfoaisétke past
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3years. As such, many team members have experience using them and they are very
user friendly. The reliability of these altimeters has also been proven over several
years of use. The team already owns several StratoLogger CF altimeters so no
additional purchase would be required. The team's requirements highly favor the
use of this altimeter. A StratoLogger CF altimeter is pictured in Figidebglow.

Figure3-14  StratoLogger CF

The AIM 3eatures similar data collection capabilities to the above altimeters with a
slightly higher sampling rate. It also has a longer form factor like the RRC3. The
largest drawback of this altimeter is that it lacks a dedicated switch terminal. The
wiring of the AIM 3 lacks a common ground terminal and requires two wires to share
the same screw terminal. This presents significant safety concerns and increases the
likelihood of one or both ejection charges failing. The wiring design of the AIM 3 is
unacceptablaéo the team. The AIM 3 is pictured below in Figurs3

AIM USB

Figure3-15 AIM 3
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3.2.2.2

The EasyMini has a much higher sampling rate than the other altimeters giving it
better precision. It also has a relatively small fofactor. Compared to the

StratoLogger, the EasyMini would be an acceptable alternative; however, the
EasyMini is not currently owned by the team making it a more expensive option.
Additionally, team members do not have experience using the EasyMini, which

makes it a more challenging option as well. The EasyMini is pictured in Fidbre 3
below.

Figure3-16 EasyMini

The TeleMega is the final altimeter under consideration. It has the most functionality
out of allthe altimeters with integrated accelerometers, GPS, and telemetry. It also
has the best precision out of all the altimeters considered; However, it is not
currently owned by the team and cos$428.00, the most of any of the altimeters.
Additionally, manyof the advanced features of the altimeter require a HAM radio
license to useand o club member currently possessagcha license. While it is a
very accurate altimeter, its additional functionality and complexity are not necessary
G2 YSSi G KifeménS. IThe@aleMbyh i pictured in Figuwkrbelow

20V 8l 626149
selﬁomz

Figure3-17 TeleMega

Tracker Altematives

Six trackers are currently under consideration for use in the launch vehicle. Each of

these systems is designed specifically for use in rocketry and aerial vehicles. Two of
them, the BigRedBee Beeline and the LightAPRS+W, operate on amateur radio
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frequences and require a license to operate. The other four operate onthe 900 MHz
frequency and do not require a license. The specifications of each tracker are
detailed in Table -3 below.

Table3-7 Tracker Altematives
BigRedBee BigRedBee Eggfinder . Featherweight MissileWorks
900 Beelne ~ Gps INMAPRSW - ope tracker  RTWGPS
Cost $199.00 $359.00 $90.00 $115.00 $150 $329.95
License No Yes No Yes No No
Transmitter) oo w | 100mw | 100mw | 10 mw 60 mW 250 mW
Power
T itt 420450
ransmiten - 900 MHz 900 MHz | 134174 MHz| 915MHz | 900 MHz
Frequency MHz
Range 6 miles 40+ Miles | 2 miles 100 miles 26 miles 9 miles
Owned By Yes No Yes No No No
team
Comesin I_Lzzgien Includes Canbe Canbe
Additional Simple several the tear¥1 temperature | interfaced interfaced
Comments| option. different in past and pressure| with iPhone with RRC3
models. P sensors for easyuse.| altimeter.
years.

The BigRedBee 900 is the simplest of all the tracker alternatives. It comes as a ready
to usedevice off the shelf and requires little setup. The tracker features a 900MHz
transmitter coupled with a GPS antenna. The entire system is powered by a single
LiPo battery. The unit will transmit real time coordinates back to a handheld receiver.
The systen is also capable of interfacing with Google Maps in order to display the
position in real time. This tracker is already owned by the team. The major downside
of the BigRedBee 900 is its limited range. This tracker is pictured in Figi#e 3
below.
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Figure3-18 BigRedBee 900

The BigRedBee Beeline consists of a 70cm VHF radio transmitter powered by a LiPo
battery. This system requires an amateur radio license to operate. The Beeline does
not use GPS. Rathdrg transmitter broadcasts a homing signal. The team would
then have to locate this signal using a receiver and a directional antenna. @his is
more involved method of locating the launch vehicle. This transmitter is not
currently owned by the team. Thisdcker is pictured in FigureI® below.

Figure3-19 BigRedBee Beeline

The Eggfinder is similar to the BigRedBee 900 in both form and function. It consists
of a transmitter, GPS, and antenna powered by a Lé®hy. The Eggfinder is also
limited in the range of the transmitter. The Eggfinder transmits on the 900 MHZ ISM
band. The transmitter would then be paired with a recejwehichis capable of
pairing to a phone via Bluetootkallowing the team to plot th launch vehicles
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position on the field. This alternative is already owned by the team and would
require no additional purchase. This tracker is pictured in Figa@ 3elow.
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Figure3-20 Egdfinder GPS

The LighAPRS+W is another tracker option that operates on amateur radio
frequencies. The tracker consists of both a VHF APRS transmitter and a HF WSPR
transmitter. These transmitters are capable of transmitting location data to a
receiver which could then be platd by a computer. This tracker also has the
greatest range of any of the alternatives. Only the WSPR transmission mode is within
the power limitations for the competitionwhichlimits the usefulness of this tracker.

This tracker is also not currently oeah by the team. This tracker is pictured in Figure

3-21 below.
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Figure3-21 LightAPRS+W

The featherweight GPS tracker is another simple off the shelf option for GPS tracking.
The unit consists of a GPS tracker and an antenna powered by a LiPo battery. The
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3.2.2.3

tracker also comes with its own dedicated receiver which receives information from
the GPS. The receiver can also be connected to smart pheheh provides live
readouts of the launch vehicles position. The receiver data can also be saved as a file
and imported into Google Maps to analyze the launch vehicles flight path. It also
provides aetter range then the other trackers which operate on the 900 MHz band.
This tracker is not currently owned by the team. This tracker is pictured in Figure 3
22 below.

-t s
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Figure3-22 Featherweight GPS
The MissileWrks RTx/GPS system is the final alternative under consideration. This
system s also ready to fly off the shelf and requires little setup. The tracker operates
on the 900 MHz ISM band and has a similar range to that of the BigRedBee 900. The
tracker transnits GPS coordinates back to a receiver. This system can also be

interfaced with an RRC3 altimeter and collect extra telemetry data. This system is
not currently owned by the team. The RTx/GPS is pictured in FigeBebdlow.

Rocket Unit

Figure3-23 Missileworks RTx/GPS

Avionics Sled Alternatives

The avionics sled is the sectminthe launch vehicl¢éhat will have the trackers, two
altimeters and power sources for all these components on it. The avionics sled must
also beable to fit into the avionics bay and stay secured during the entire flight while
also experiencing up to 15 Gs. The electronics on the avionics sled must be easily
accessible during launch day procedures. The ease of accessibility is a high priority
because if there is an error in assembling the recovery electronics, there is a high
chance of catastrophic failure.

The possible materials to use for the avionics sled are aluminum, aircraft grade
plywood, and 3D printed ABS. All these materials can be meaturéd with high
precision, which is required in creating an avionics sled. The aluminum and aircraft
grade plywood could be machined using laser cutting and other conventional
machining processes. The 3D printed ABS would be developed using additive

manufacturing techniques.
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Aluminum is the most durable material out of the three alternatives, and it is the
only one that could have tapped holes for threaded rods to be installed into. The
downside is the difficulty of the manufacturing proceSpecifically,the tools
required to laser cut the aluminum are difficult to access.

Aircraft grade plywood is a common choice that has been chosen by previous Tacho
Lycos design teams. Itis easily manufactured using a low power laser cutter and can
be designed to haera jigsaw pattern for ease of assembly. Layers of aircraft grade
plywood are durable enough to have bolts be screwed into them and have enough
surface area for adhesives such as epoxy to be applied to it.

3D printed ABS is the safest and easiest to mactufe, but it is also the least
durable of the alternatives. Trying to install electronics into the sled can be difficult
because it is hard to print screw holes into the surface and drilling into the material
has a high risk of fracturing the structure.

There are two layouts in consideration for the possible AV sled, being a lengthwise
or stacked disk configuratioA kengthwisesledwould bemounted onto 2 threaded

rods that are connected to the bulkheads that cap off each end. The mounted
electronics would be placed on the surface flat along the plane between the two
rods. The stacked disk orientation would also use threaded rods, but tke wisuld

be perpendicular to the rods.

The disks would be wired between each of the layers

and be more space efficient, but the layers would be harder to access on launch day
as opposed tothe larger lengthwise orientation. The stacked disk configuraiésn d
create better space between the components which will be better for protecting

against RF interference.

3.2.24

Frimary Main
Parachute Black
Powder Charge

I

o Stratologger CF )
Screw Suitch *| Primary Altmeter [€ 9V Battery

I

Secondary Main
Farachute Black
Pouder Charge

Block Schematic of Recovery Electronics and Proof of Redundancy

Frimary Main
Parachute Black
Powder Charge

W Swil Stratologger CF
Serew Svitch *| Secondary Atimeter

Secondary Main
Parachute Black
Powder Charge

}17 9V Battery

Figure3-24
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1 ISMBand

AV Bay Electronics Diagra

Figure 324 shows how the avionic systems are separated from each other. The blue
box is the primary altimeter system while the red box is the secondary altimeter. The
primary altimeter system will contain the official altimeter that will be used for
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scoring. The altimeter has a pair of 4 pin terminal blocks that are connected to a 9V
battery, a screw switchand 2 Ematches. One match is inserted into the drogue
black powder ejection chargehichthat is triggered at apogee. The othemtatch

is insered into the main black powder charge blast cap. Timadch is triggered at

600 feet where the main parachute is deployed. A brand new 9V battery is tested
for sufficient voltage to ignite the black powder before the batteries are connected
to the altimetes. A screw switch is used to activate the altimeter using a screwdriver
to turn the screw until the screw head is fully tightened in the ON position so that it
cannot be accidently turned off at any point during the flight.

The secondary altimeter systeim the red box is almost identical to that of the
primary altimeter system except for the ejection charge timings. The timings for the
charges are timed to be approximately 1 second after the primary altimeters are set
to go off. For main, this means thiats set to go off at 575 feet rather than 600 feet.

These two systems are physically separate and are powered separately so that they
are truly independent of each other. The block diagram visually demonstrates how
the two systems are not connected atll.aThe two systems can operate
independently of each other and if one should fail for any reason, the other one is
not affected and can still safely ignite the charges and recovers the launch vehicle.

3.2.25 Avionics Sampling Holes
Forthe barometric altimeters to accurately measure the ambient pressure, the AV
bay must remain consistently pressurized to the ambient pressure throughout the
entire flight. To achieve this, sampling holes are drilled through the wall of the AV
bay so thathe pressure is equalized both as the launch vehicle ascends as well as
descends. Ifthe holes are made to be too large, the influence of freestream velocity
will cause the altimeters to read the total pressure instead of the static pressure and
this will ultimately alter the readings gathered throughout the flight. Should the
drilled holes be too small, the AV bay will not equalize in pressure. Since the current
leading design includes using two PerfectFlite Stratologger CF altimeters, the
method for the 4 T Ay3 2F (GKS &l YLX Ay3 K2ftS&a Aa
recommendation. The formula recommended for the sizing of the sampling holes is
as follows below, where P is the diameter of the holes, L being the length of the
compartment, and D is the diametef the compartment.

0 8tnmAQ (3.8)

This methodology assumes that four holes are being drilled at 90° with respect to
each other around the circumference of the launch vehicle. These samplirg) port
will be located on the band of the body tubing that is bonded to the AV coupler, with
two of these holes being made in order to allow access to the screw switches to arm
the recovery avionics.

3.2.26 Drogue Parachute Sizing
Drogue parachute sizing is chosenafew set criteriabut the descent velocitys
the most important The drogue parachute slows down the launch vehicle so that
the deceleration of main deployment does not cause structural damage to the
launch vehicle. Team derived requirement RF 1 ignid the max descent velocity
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to a maximum of 100 feet per second. This makes sure that the drogue parachute
can slow the vehicle enough. Along with max descent velocity, the other main
concern is that if the parachute slows the vehicle down too mtiehwind drift and
descent timewill be too great for NASA requirement 3.10 and 3.11 in Section 6.1.1.
Trying to balance these two requirements narrows down the choices for the
parachute. The equation to determine the terminal velocity of the launch vehicle
under parachute is shown below

caQ
00 "

@ 3.9)

Where m is the burnout mass of the launch vehicle, g is the gravitational
acceleration, A is the parachute ared is the coefficient of drag for the launch
vehicle anc” is the density of air.

Table3-8 Drogue Parachute Comparisons

Descent Time
from Apogeeto Wind Driftto

Drag Descent Main Main
Parachute Coefficient Velocity Deployment Deployment

Fruity Chutes 18 inc@ompact Elliptica 1.43 110.1 ft/s 34.1s 330.50ft
Fruity Chutes 24 inch Classic Elliptic 1.47 81.3ft/s 46.1s 661.0L ft

Fruity Chutes 24 inch Compact Elliptig 1.41 83.2ft/s 45.1s 991.51ft
Fruity Chutes 30 inch Classic Elliptic 1.41 66.4ft/s 56.5s 1322.@ ft

Table 38 shows the alternative options for selecting the drogue parachute. These
are the four drogue parachutes that are within the ranges that were set by NASA
requirements and team derived requirements. Fruity ChutegnIBompact Elliptical

is already eliminated from consideration because the descent velocity is above our
team derived 100 feet per second descent velocity. This leaves tireQlssic, 24

in Compact, and 3t Classic that will be considered as options tlee drogue
parachute.

3.2.27 Main Parachute Sizing
Main Parachute sizing is determined primarily by the kinetic energy requirement.
Kinetic energy is reliant heavily on the descent velocity of the launch vehicle. The
main parachute slows the launch vehicle doamthat the vehicle lands safely on
the ground. The descent velocity of the vehicle is calculated by using Equatjon 3.8
which wasalsoused in calculating the descent velocity under drogue. The parachute
size is limited by the target descent time and tiadaift requirements. In addition,
the parachute size must be large enough to ensure that the launch vehicle achieves
kinetic energy recovery requirements. As such, the parachute size is bounded by
launch vehicle performance requirements.
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One of the consigrations that was made in doing main parachute calculations was
also trying to make sure that the requirements are still met in the case that the
lander properly jettisons as designed and in the scenario that it fails to jettison. As
such, calculations werdone for both scenarios to confirm that the launch vehicle
and the payload will be safely recovered.

Table3-9 Main Parachute Comparisons with Lander Still Attached

Maximum Descent Wind

Drag : Section time from Drift at
Parachute Coefficient Descentvelocity Kinetic Main
Energy Deployment
Fruity Chutes 9nch Iris UltraCompact 2.09 17.11t/s 74.8 ft-Ibf 38.1s 111691t
Fruity Chutes 12@hch Iris UltraCompact 2.11 13.6 ft/s 47.5 ftlbf 47.8s 1402.0ft
Fruity Chutes 144hch Rocketman Prx 0.82 18.11ft/s 84.5 ftlbf 35.8s | 1050.9:1

Table3-10 Main Parachute Comparisons with Lander has Detached

S Descent Maximum  Descenttime Wind Drift at
Parachute Cor e Ry s Section Kinetic ~ from Main 20 MPH
Energy Deployment
Fruity Chutes 84nhch Iris UltraCompacit 2.13 16.7 ft/s 54.4 ftlbf 34.9s 1104.4ft
Fruity Chutes 9hch Iris UltraCompact 2.09 14.8ft/s 42.6 ftlbf 39.4s 1248. 24t
Fruity Chutes 12fhch Iris UltraCompad 2.11 11.8ft/s 27. ft-lbf 49.5s 15669 ft
Fruity Chutes 144hch Iris UltraCompad 2.12 9.8 ft/s 18.7 ftlbf 59.6s 1885. 9t
Fruity Chutes 14#ch Rocketman Pex 0.82 15.71i/s 48.1 ftlbf 37.1s 1174.5t

These tables are to give a good overview of the options that could have been chosen
for the main parachute. The two different tables are to demonstrate how the
parachutes can work for either the nominal scenario which is that the lafudkgr
separates from the upper payload pay and separates from the shock cord. There are
several options that can satisfy the kinetic energy requirements for the lander fully
separating from the launctiehicle All these sized parachutes have kinetic energy
less than 75 Hbf. For scenario two, where the lander is unable to be disconnected
from the main shock cord or unable to leave the upper payload bay, there are only
two options that satisfy NASA 3.®ith the 96inch Iris UltraCompact being just
barelyunder that amount while not having large descent times or drift distances.
These values will be calculated in Section 3.3.9.

Tables3-9 and 310 alsogive a great overview of the impacts that varying sized
parachutes can have on recovery. The RocketmaX Bre great at reducing kinetic
energy but in scenario two it is not enough to get below the kinetic energy
requirement In addition,the Iris UltraCompact can pack much smaller than the
Rocketmanwhich makes it preferable Fruity Chutes might have sligyhhigher
kinetic energies but are better at reducing wind drift and descent time.
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3.2.28 Payload Parachute Sizing
The payload parachute is connected to the top of the lantierpurpose is tslow
the descent of thelanderto a safe speed once thHander has separated from the
shock cord The exact sizing of the parachute is only dependent upon NASA
requiremens 3.3 and 3.10. Itis exemfiom NASA requirement 3.11 as it is not the
launch vehicle and is instead a landBor Baseline Solution 2 telfeasible, the
lander must land within a reasonable distance from the launch vehicle. This is
because thdander will need to determine its position with respect to the launch
vehicle, throughmage processingr IMU data For this reason, minimizing tloift
of the lander upon descent is extremely important. Minimizing the altitude at which
thelander deploys should minimize the amount of drift the lander would experience.
For this reason, the lander would ideally separate from the main parachute at
approximately 500 ft AGL, contingent on RSO approval. It is assumed that this
altitude is reasonable given that it was the lowest altitude that landers were able to
deploy during the 2021 NASA Student Launch Competilibe payload will weigh
approximately 9lb. The parachute will be deployed when the payload and
deployment bag are pulled from the payload bay. Below is a table of possible
parachutes for the payload and their traits to try and keep the lander with minimal
drift and be below the kinetic energgquirement.

Table3-11 Payload Parachute Comparisons for Lander

Maximum  Wind Drift
Drag Landing Section from jettison

Parachute Coefficient Velocity — Kinetic  deployment

Energy (20 MPH)

Fruity Chutes 4ghch 1.44 | 20.51t/s | 58.5 felof 717 ft
Classic Elliptical
Fruity Chutes 6nch | 59 | 15 645 | 38.7fcbf | 8811t
Classic Elliptical
Fruity Chutes 6tnch | 5 10 | 93 4fys | 25.ftlbf | 1098 ft
Iris UltraCompact
Fruity Chutes 7hch 203 | 11.5ft/s | 18.4ftlbf | 12781t
Iris UltraCompact

Table 311 displays the possible parachutes that could work for the payload. All four

of these options are under the kinetic energy limit. When using-ao6@2inch Iris
UltraCompact, the drift distances ahggher than ideal Because of thisusing the

nyé OflFaaArld SttALWGAOFE gAff 6S I 322R O
lander.

3.2.29 Payload Deployment and Protection Altematives
When protecting the parachutes inside the launch vehicle, we usedifferent
methods for protecting them from ejection gases during black powder ejections. The
first method is wrapping the parachute in a Nomex cloth due to its fla@séstant
properties. The folded parachute will be wrapped inuarito-like fashionto protect
GKS yeftz2y GKIFG YIF{1Sa dzJ 6§KS LI NI} OKdzi SQa
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3.2.2.10

involves the use of a Nomex deployment bag. The Nomex deployment bag fully
encases the parachute and provides a more stable casing around the parachute
during flight.lt is primarily used because it can provide a more organized fold for the
shroud lines and allow for less precise folding techniques for the parachute to
successfully deploy. Disadvantages of deployment bags involve the availability of
diverse options ontie market. The most common deployment bags are often sold
for larger parachutes, making it difficult to find a correct size for drogue parachutes.

Thelanderwill be connected to the shock cord even after being deployed from the
upper payload bay. The laedwill be connected byreARRDor advanced retention

and release deviceThe ARRD will be connected to a radio receiver that will be
communicated with from the ground. Upon RSO approval, a button will be pressed
and send the signal to theeceiver which will trigger the ARRD and will separate the
lander from the main shock cordeployingthe lander.

Shock Cord Selection

Upon descent of the launch vehicle, sections of shock cord are used to connect the
launch vehicle sections together. T¢t@ock cords need to withstand the force of the
decelerating body sections during parachute deployment. The lengths of the shock
cord and the placement of the parachutes must be such that the sections do not
collide during descent. As explained in Sectidh B, the maximum deceleration
dzy RSNH2yS o0& (KS I dzyOK @SKAOf SThig A€ f
translates to a maximum load experienced by a length of shock cat@4P84bf

if the entire launch vehicle andnderwere suspended by the shockrd. Both 1

inch nylon webbing and 5#ch tubular Kevlar webbing are capable of withstanding
loads in excess of 4000 Ibf. The #48h tubular Kevlar shock cord is advantageous
as it has a higher load rating of 6600 Ibf and large quantities of thiskstmrd are
already owned by the team. Kevlar has better heat resistance than Nylon, which is
beneficial for applications where the Kevlar is exposed to hot ejegémes

Generally, shock cords need to be 3 to 5 times longer than the length of the launch
vehicle. The launch vehicle design has a total length of 109.25 inches, as a result, the
shock cord must measure between 27 and 45.5 feet long. Currently the team owns
two 40 ft long shock cords made of S5f&h Kevlar, one of the suggested alternatives
above. Considering our shock cords are close to the maximum allowable range, it is
important that parachute placement reduces the distance that the body sections fall
before they decelerate under the parachute. Body sections are going to continue to
fall even after the parachutes are deployed, this can cause additional stress on the
shock cords and body tubing.

As the launch vehicle enters drogue descent, the upper section of the launch vehicle
must descend above the fin can as it contains the main parachiutee upper
section descends below the fin can, the fin can could collide with the main parachute
and disable it ding deployment, resulting in the main parachute reaching an
incredibly fast and unsafe descent velocity. Constraints are imposed orrabeel
parachute placement to ensure that thdescribedscenario does not occur. The
distance from the tip of the nosecone to the drogue parachute attachment point
should be less than the distance from the drogue attachment point to the opening
of the fin @an. Assumingoth sections hang directly downward from this point, there
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should be at least a foot of clearance between the two. Preliminary sizing suggests
the drogue may be attached anywhere between the AV shock cord attachment point
and 25% to 37% dowttne shock cord from this point. The drogue parachute will be
placed about 1/3 of the way between the AV bay and fin can, at 160 inches from the
AV shock cord attachment point and 320 inches from the fin can attachment point.
This distributes the length saewhat evenly so one section does not experience
significantly more acceleration than the other, while still maintaining body section
clearance. The selected location gives a clearance of 6 ft between the nosecone and
lower payload.

During main parachute gdoyment, the parachute placement must be considered
with respect to the lander deployment. Therefore, it is desirable to have the lander
located as far away from any body section as possible to reduce the chance of the
lander colliding with the body secti or parachute following the separation from

the main parachute recovery harness. Additionally, the nose cone will be situated
between the midsection and the fin can. The orientation of the drogue parachute
causes it to pull the midsection and fin can auM@m the nosecone. Since the lander
will be secured between the main parachute and the midsection, it will be able to
descend through the gap between the nose cone, midsection, and fin can tethered
assembly. The main parachute attachment point along sheck cord has been
selectedto be 380 inches from the nose cone attachment point. This configuration
allows for 19.125 ft of clearance between the nose cone and upper payload bay and
midsection. There is plenty of room for the lander to fit between athef sections

after parachute deployment. A diagram of where both parachutes will be connected
along the shock cords in shown below.

Figure3-25 LeadingParachute Placement

Ejection Charge Sizing

The massedor our black powder charges are determined by calculating the
minimum mass of black powder required to reach a known cavity pressure that is
sufficient to break the shear pins holding the body sections together. The cavity
volume is assumed to be constahiring the flight process. After the volume of the
cavity is determined, the main parachute and payload volumes are subtracted, whie
the drogue parachute and attached shock cord are assumed to occupy negligible
volume. A pressure of 10 psi will produceffeient force to separate the body
sections without damaging the airframe or recovery systems. As such, the desired
cavity pressure to break the shear pins is specified to be 10 psi. When given a desired
pressure and voluméhe mass of black powder regad can be calculated using

equation 3.9 below.
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Where R is the gas constant for the black powder combustion products, and T is
the temperature of the black powder arkisting gas in the cavity during
combustion, P is the target pressure, V is the cavity volume, and m is the mass of
the black powder. These are known gquantities for the 4F black powder used in the
ejection charge. Solving for m in the equation above gighe required mass of

black powder.

To achieve the redundant recovery systems discussed earlier in Section 3.2.2.4, a
secondary black powder charge is initiated after the primary charge for each event.
This charge will be .5 grams larger. The increas@ss will be large enough to

force separation of the body sections if the first charge does not separate them
fully, but small enough that over pressurization of the cavity is unlikely to occur.

According to the previous equation, for a 4.125 inch intediameter launch

vehicle and cavity length of 4.125 inches, a black powder charge of 1.3 gram will
produce a cavity pressure of 39.696 psi and an ejection force of 706.9 Ibf. Thus, the
drogue black powder charges will be 1.3 grams for the primary chai&.8n

grams for the secondary charge. For the main ejection charge, a cavity length of 42
inches minus the volume occupied by the main parachute and payload gives an
ejection charge of 3.1 grams producing a cavity pressure of 39.696 psi. Therefore,
the mai charge will be 3.1 grams, and the secondary main charge will be 3.6
grams.

In accordance with requirement NASA 3.2, a ground ejection test of both primary
charges will be conducted before every flight to verify the charges are
appropriately sized and cstructed. Additionally, it allows the launch vehicle
assembly team to obtain experience with loading and measuring black powder.
These tests are especially important because they allow for the black powder mass
to be corrected, should the body sectiond tai separate completely during the

initial test.

3.2.3 Recovery Leading Design
The electronic components of the recovery system will be stored in the avionics
bay. These components will be mounted onto a laser cut aircraft grade plywood
avionics sled thatisasSYof SR Ay | da2A3al ¢é L1 €S RS
teeth to be secured together. Plywood was chosen because it is easy to
manufacture using the low powered laser cutter but is still sturdy and can be
drilled into to allow components to be mounted the surface. The sled will be
constructed in the length wise oriented because it allows for easier access to
components on launch day. A sheet of aluminum foil will be placed between the
altimeters and GPS to reduce the risk of interference.

A 2 4 oA ~

The drogud.J- N>} OKdzi S &St SOGSR F2NJ 0KS € SIFRAy3 |
Compact Elliptical. It was picked for its descent velocity as the descent time needs

i2 6$ YSG FyR KF@Ay3 I KAIK RSa0OSyd oStz
compact elliptical haa descent rate less than TDRFR 1 of 1006t/ S My ¢ R2 S a
KIS I RSaOSyd @St20AdGé 2F 20SNI mnn Flka
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distance that when combined with the leading main parachute choice, did not

meet the requirements. Thismeandthi G KS wné O2YLI OG St AL
choice. The parachute will be protected from hot ejection gases with a Nomex

cloth wrapped around it and biodegradable fiber insulation separating the blast

caps from the parachute.

The main parachute selectd@d2 NJ 4§ KS f SF RAy3 RSaA3ay Aa |
Compact. It was selected based on its balance between descent rate and kinetic
energy. Itis the only parachute that can be below the kinetic energy requirement

for the scenario of if the lander 1aito separate from the payload bay and still also

meet the drift requirement if the lander fully separated. The parachute will be

protected by being wrapped in a Nomex cloth and have biodegradable fiber

insulation separate the parachute from the blast sap

¢CKS LI e&ft2FR LI NI OKdziS G2 NBO2@GSNI G4KS Iy
Elliptical. It was selected because a large concern is reducing drift for the lander so

that it can stay close to the launch vehicle while still being under the kinetiggne
NEBlidANBYSYylid ¢KS cné¢ /fFraarodo SttALNAOI
does it better. The parachute will be protected by being placedin a deployment

bag that is separated when the main shock cord is pulled out.

The deployment eventwill be controlled by a pair of PerfectFlight StratoLogger CF
altimeters that will be mounted onto the avionics sled. These altimeters are
compact to be placed onto avionics sled, easyto wire and program, and are proven
to be reliable. These altimeterseaseparate of each other with none of their
components interacting meaning the primary and secondary charges can be fired
separately. The tracking of the launch vehicle will be done using a EggFinder TX/RX
GPS transmitter. The Eggfinder RX Bluetooth @owgjl be connected to the

ground station computer so that the location can be found at any time.

3.3 Mission Performance Predictions

3.3.1 Launch Day Target Altitude
Based orall the research and design considerations for the launch vehicle and payload,
our targetapogee for the launch vehicle is 4,400 feet.

3.3.2 Flight Profile Simulations
The model launch vehicle simulation software Rocksim formed the basis of our flight
profile. Rocksim takes the launch vehicle design parameters (weight and length of various
sections recovery event, chosen motor), generates data (overall vehicle weight, CG, CP
and coefficient of drag), and then generates a flight profile with estimated important
flight metrics. Based on the Rocksim apogee stu@gdtion 3.3.3, the Rocksim predicted
apogees were averaged and multiplied by 0.85 to account for 15% error. The ten
simulations were run with a 5° cant, a-idbt launch rail, with wind conditions from 5 to
15 MPH. The average apogee was 4,406 feet. The estimated max walasiach 0.56
and the max acceleratiowas310 ft/s2. Launch stability margiwas2.21 calibers. The
estimated speed at launch rail ewias72.8 fps. The flight profile of one of the simulations
is pictured below with the Rocksim predicted apogee of around 5,190 feet.
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Fullscale Launch
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Figure3-26  Rocksim Launch Flight Profile

Rocksim Apogee Study
In previous years, the predicted apogee on Rocksim has consistently been overpredicted.

In the interest of reducing the error and ensuring that puedictions are more accurate,

we compared the predicted apogees of previous years versus the actual flight data. As
shown in Table 32, other than the 2020 subscale that experienced extreme
weathercocking and is considered an outlier, Rocksim overas¢idhthe apogee by
between 14 and 19 percent. Hoping to land on the lower side of that interval, we have
arrived at an apogee error of 15% from predicted Rocksim apogees. This means that the
estimated apogees given from Rocksim are multiplied by 0.85doust for this trend.
Because of the number of data points surrounding the study, and the possibility of other
conditions causing the discrepancy in altitude, this study also concluded that the
estimated error is an imperfect solution but still serves apase to try to reduce error

in this observed trend. Because this study introduces doubt into the Rocksim simulations,
Rocksim is viewed ashalpful tool for reasonablealues for various flight characteristics,

but that other analysis should be done tosure accuracy.

Table3-12 Rocksim Apogee Study

Year/Scale Rocksim Apogee (ft)  Actual Apogee (it) Percent Error

2020 Fullscale 3500

3000 14.29%

2020 Subscale | 2700 1650

38.89%

2019 Fullscale 4173 3373 19.17%

2019 Subscale | 1366 1161

15.01%

3.34

Lander Weight vs Apogee Study
The vehicle parameter that most significantly affects the predicted apogee is weight.

Most of the sections of the launch vehicle have a consistent and set weight. The most
variable section for weight is the lander. We conducted a study to see how vaaimes |
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weights affect the apogee of the launch vehicle. The results of the study are in Thble 3
below. This study shows that lander weights between 6 and 11 are acceptable and within
competition bounds, with a 9 pound payloatbsest toour target apogeef 4,400 feet.

Table3-13 Lander Weight vs Apogee Study
‘ Lander Weight (Ib)  Predicted Apogee (ft

6 4860
6.5 4786
7 4707
75 4632
8 4550
8.5 2474
9 4408
9.5 4339
10 4263
10.5 4194
11 4126

Fin Stability Margin Study

While creating the design for the launch vehicle in Rocksings noticed thathe easiest

way to adjust the stability margin wads adjustthe fin span. Given the weight of the
launch vehicle will fluctuate between design and fabrication, a way to adjust the stability
margin withouta significant change to the weight is desirable. Given that the fins will be
one of the last aspects of thedach vehicle to be fabricated and installed, adjustment of
the stability margin through slight changes to the fin geometry would be helpful to ensure
the stability margin is in a desirable range. A study on how much the stability margin is
affected by finspan changes was conducted and the results are in the table below. This
study confirms that vehicle stability margin can be significantly altered with slight changes
in fin span length.

Table3-14 Fin Span \Stability Margin Table
Stability Margin

‘ Fin Span (in) (Calibers)

5.5 1.75
5.7 1.94
5.9 2.1

6.1 2.26

2022 NASAtudent Launch | Tacho Lyc<.i|



NC STATE UNIVERSITY

6.3 2.4

6.5 2.52

3.3.6 Analytical 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.

3.3.6.1 Apogee Calculations
Various metrics of the launch vehicle are requiredmalyticallypredict the apogee.
All significant values are recorded in Tablg53 The results are in Tablel8. The
referencearea of the launch vehiclé, is first calculated using:

Table3-15 Apogee Constant Table

Name Variable Value Units
Radius R 0.08 m
Density ’ 1.225 kg/m2
Coefficient of Drag| G 0.33 N/A
Thrust T 1,375 N
Mass M 18.14 kg
Gravitational

2
Constant 9 9.81 m/s
Burn Time t 2.6 S
0 “Y q¢upun a (3.11)

Then the wind resistance coefficielt,is calculated using:

. 00
Q ™00 TZpmn T (3.12)

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

b T &?_ (3.13)
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Qn a 3.14
W C“_f] & 1.7 ( )
0 i
The maximum velocity of the launch vehidlg,,, is calculated using:
[ a
. 3.15
0 o P e (3.15)

Then the launch vehicle heigbh motor burnout,hpymoeus IS Calculated using,ax

© 0 | Yo w ) 3.16
C'F'Q "Y ':‘) "Q C C@u ( . )

And the launch vehicle height on coals,as; is also calculated using.y:

0°C @

. 0 ,
Q] C_TQ Do a p Tt @Y (3.17)

By adding,umoutandheoasitogether, the maximum heightyyay, is calculated:

(ORI g PO@BR T 0@RQO (3.18)

Table3-16 Apogee Comparison

‘ Method ‘ Apogee (ft)
Rocksim 4,406
Analytial 4,322.2

The Rocksim apogee matches the hand calculatiod is within 100 feet. This backs
up our Rocksim apogestudy andhelps toconfirm our 15% error correction of the
predicted apogee.

3.3.6.2 Stability Margin Calculations
Different metrics are required to determine the launch vehicle stability margin. The
analtical Y SG K2R dzZa SR G2 OFftOdzA 4GS GKS &adl oAt A
method. All significant variables are in Tabl&73 The results are in Tablel8.

Table3-17 Stability Margin Constant Table
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Variable Value Units
Inches
S 6.05 Inches
Xr 2.63 Inches
G 7.8 Inches
G 11.125 Inches
R 3.1 Inches
N 4 N/A

X8 86 Inches
Gy 2 N/A

CG 62.6 inches

The arm length of the nosecodg, is determined from the relationship between the
length of an ogive noseconky, using:

@ 18 @l p POEMDI (3.19)

The fin sweep angle is calculated using the fin sgman,S and fin sweep lengthxy,
using:

~ Y
— wT[JOAld—\ ¢®J (3.20)

Using sweep anglé, chord tip lengthG;, chord root lengthG, the fin midchord
line length,Lg, is calculated:

P. P, Y

P, _Y DET 3.21
6 8 FA @80 RECD i (3.21)

Then the coefficient for the fin&;, can be calculated using the radius of the launch
vehicle,R, and the number of fingdy, using:
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R (3.22)

The arm length for the fins¢, is calculated using the distance from nose cone to fin
root chord,Xs, and a few other existing values:
W . 08 ¢
w w ——w  a
o0 O

6 6 z w & QEDI (3.23)

s lo

UsingG,, and other values, the center of pressukgg, is calculated using:
0O 0o

N 5 & X B QEWI (3.24)

Finally, the stability margir§y, is calculated using the center of pressuxg; and
center of gravityX.g using:

Vo ——— @ POaQOQI i (3.25)

Table3-18 Stability Margin Comparison

Method Stability Margin (Calibers)

Rocksim 2.21

. F NNB g YLl |236

The Rocksim stability margin is lower than the hand calculation by a decent amount.
CKAA Aa fA1Ste (K SemphBsis drnimber &f fing &8 sweep NNEB 4 Y
angle5 SALIAGS GKS RAFFSNBYOS:I (iMASAand MDRR 6 Y I Yy
requirements regarding stability margin.

3.3.7 Kinetic Energy Landing

Kinetic Energy is calculated using mass and velocity of each bodynselich is
modeled in the equation below where KE is Kinetic Energy, m is mass, andV is
velocity.
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The maximum kinetic energy as determined by NASA requimef8 tells us what
the maximum speed each of the sections can descend at for that requirement to
still be achieved. Those maximum descent velocities are shown in T-ablerBe
minimum velocity determines what the size of the main parachute can be.

Table3-19 Maximum Descent Velocity

GRS M Maximum Descent
, Lander Lander | Maximum Descent Velocity L
Section ; Velocitywith the lander

has still Lander has detached ttached

detached | attached attache

Nosecone 2334 5131 25.4 t/s 17.11t/s
slugs slugs

Midsection 2281 2281 25.6 ft/s 25.6 ft/s
slugs slugs

Fin Can | 3885 | 3885 19.6 ftfs 19.6t/s
slugs slugs

2 AGK GKS YFEAYdzy @St 20A08 O2yaidiNl AySR:
was used to calculate the descent velocity and then the Kinetic Energy for each
section was calculated. Tabl&8 shows the kinetic energy of each body section

upon landing.

Table3-20Body Section Kinetic Energy at Landing

Descent
. Velocity . Kinetic Energy at Kinetic
Saiele with e o Landing with Lander  Energy
Lander
Nosecone| ZISS;‘ 17.07 fi/s 14.81 ft/s 34.0 ftlbt 25.6 ftbf
Nosecone| 5131 | 45 o7 s N/A 74.8 ftlbf N/A
+ Lander slugs
2797
Lander slugs | 17.07ft/s N/A 40.8 ftIbf N/A
. . .2281
Midsection slugs 17.07 ft/s 14.81 ft/s 33.2 ftlbf 25.0 ftIbf
. .3885
Fin Can Slugs 17.07 ft/s 14.81 ft/s 56.6 ftIbf 42.6 ftlbf
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The table aboveshowsboth where the maximum kinetic energy for each section

will be for both scenarios. The maximum kinetic energy experienced in the
expected scenario that the lander can successfully sperate from the launch vehicle
is 42.6 ftibf. If the lander were to sucesfully leave the upper payload bay but not
separate from the shock cord, the descent velocity would increase with the extra
weight and the maximum kinetic energyould increase to 56.6 fibf. The worst

case scenariois that the payload in unable to leave the upper payloadiphyn

this worstcase scenario the maximum kinetic energy is 74I8fftwhich is just

under NASA 3.3 requirement of 75liif. This successiydemonstrates that the

Pcé LNRA | OGN /2YLIE OG LI NIY OKdziS Ia GKS

Theworst-case scenario having a maximum of 74-Bffimeans that thecurrent
weightestimatesare close to a maximunT he payload in the upper paylobdy

has a maximum of 9 Ib with the current selection unless weights on other aspects
of the launch vehicle were to decrease.

33.71 Alternative Calculation Method
The alternative calculation methagses RockSim. Unfortunately, Rocksim is unable
to treat sections of the launch vehicle independgnif each other so the descent
velocity at landing along with the weights of each section were used to estimate
the kinetic energy of each section. Those estiiored are shown in the table below.

Table3-21 Kinetic Energy at Landing

Section Mass Velocity Kinetic Energy

Nosecone with Lander .5131 slugs 17.9267 ft/s 82.447t-bf
Midsection .2281 slugs 17.926At/s 36.652ft -Ibf
Fin can .3885 slugs 17.9267 ft/s 62.425f -Ibf

The descent velocity for the launch vehicle in RockSim is higher than that of the
hand calculations which can be attributed to how the parachutes are entered into
the system. They udie size of the spill hole to calculate the drag forces that are
experienced by the parachutes while the hand calculations use empirical data of
the drag coefficient given by the manufacturer to calculate the drag which is used
in calculating the descenelocity of the launch vehicle. So though the kinetic
energy in the nose cone and lander is hidge hand calculations should be more
accurate.

3.3.8 Expected Descent Time
The expected descent time is calculated basethe descent velocity of each
parachuteandthe weights and the altitude in which these parachutes are
deployed atTheseare doneseparatelyof the drift calculationsseeSection 3.3.9
regarding details.
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Expected Drift

The expected drift is calculated with a few assumptions. The first dhatishe
launchvehicle fliesstraight with no weather cocking. The second is that the
parachutes deploy perfectly and instantly at the altitude we expatapogee,
drogue deploys instantly, the terminal velocity is immediately reachéen the
launch ehicle descends to 600 feet the main is deplgyé terminal velocity of
the vehicle is reached instantignd once the payload jettisons, the launch vehicle
reaches the new velocity instantljhe third isthe wind is considered constant and
the launchvehicle and the payload both drift in one direction at that wind speed
being calculated.

Theassumptios make this calculatioa lessaccurate representation of real day
wind drift but doesgive a picture of worstase scenarios should these wind
conditions occur.Thedeployment reaching terminal velocityill take longer so this
will add a few seconds to the descent time.

Using the distances between apogee, main deployment, and landing along with 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 élow where t is total time of descerd is the apogee altitude,

¢ is the main parachute deployment altituc¢ ,is the jettison altitude0 is the
descent velocity under droguv is the descent velocity under mat | is the

descent veloty under main after the lander has jettisoned

o — — - (3.27)

With the launch vehicle expected to reach an altitude of 4400 ft, the calculation
gives a descent time 85.3 seconds. 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.

Table3-22 Drift and Descentime

MPH  Apogee ‘ DescenfTime ‘ Wind Drift
4400 ft 85.3s
5 4400 ft 85.3s 625.5ft
10 4400 ft 85.3s 1251. ft
15 4400 ft 85.3s 1876.5ft
20 4400 ft 85.3s 2501.91t

The worstcase scenariois that in 20 MPH winds, the launch vehicle will go 2501.9
ft. Now this is 1.9 feet over the allowable range as stated by NASA 3.10, sothe
main parachute will be setto a fraction under 60@ltiser t0598 if all other

aspects ofhe launch vehicle remain the sanimit for now it is set at 600 for our
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preliminary report. Should any extra weight be added to the launch vehicle, then
this wind drift will be reduced and be in more allowable range.

Alternative Calculation Method
The alernative calculation metho@lsouses RockSim.

Table3-23 Maximum DescenTime and Wind Drift

Descent Wind Drift
MPH  Apogee Time
0 5200 ft 92.4s 600 ft

5 5180 ft 101.6s 1860 ft

10 5190 ft 102.8s 2194 ft

15 5094 ft 102.6s 2458 ft

20 5000 ft 101.6s 2800 ft

The maximum descent time and wind drift was taken off the simulation
information. Due to the error discussed in Section 3. R8ckSinpredictsour

apogee 700 feet highghan expectedThis carhelpexplain why the descent times
are about 16 seconds higher than thendecalculations. The expected drift is based
on a more realisticBlegree launch rail tilt which will be what will happen on
launch day. The maximum drift 2800 which is 300 feet beyond the maximum

drift which can be attributed to the 16 extra seconds that RockSim believes that
the launch vehiclevill be in the air. So RockSim is not as accurate for what we
expect because of how it models parachutes and bseaf high apogees which
have historically been close to 15% higher than our actual launches.

3.3.10 Parachute Opening Shock Calculations

The parachute opening shock calculations are done by taking the change in velocity
that the launch vehicle is experiencingdithe time it takes the parachute to open.
Equation 3.27 is used &pproximatethe time it takes for the parachute to

completely open, where r is the radius of the parachute, V is the terminal velocity
before that point,c is the time and 8 is a cdifient that was taken from Ludtke

for cloth parachutes

z

& = (3.28)

¢AYS OIFfOdA I SR F2N GKS c ¢ Ondéhatime f G NI

it takes for the parachute is opes calculatedthe opening shock can be calculated
as the difference in terminal velocities of the parachutes éidioly the time that

was calculated in Equation 3.27. This is shown in the equation beloviiting

the deacceleration that the vehicle feel¢ being the time for the chute to open,

0 is the terminal velocity of the drogue parachute, ¢ lis the terminal velocity

of the main parachute
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&b — (3.29)

The total launch vehicle mass is 1.1298 slugs so when the main parachute deploys,
the full vehicle will feel an openindack of 194.285 Ibf. The loading on each
section of the launch vehicle is shown below.

Table3-24 Main Deployment Opening Shock

Section ‘ VEES Opening Shock
Nose cone
and Payload .5131 slugs 88.243 Ibf
Midsection | ¢166clugs|  146.181 Ibf
and Fin can

4. Payload Design
4.1 Payload Objective

The objective of the payload mission is to design a payload capable of autonomously locating

G§KS I dzyOK @SKAOfS dzaRy I yRAYy3a 06& ARSYGATEA
image of the launch site without the use of a global positioningtesys(GPS). The
method(s)/design(s) utilized to complete the payload mission are acceptable so 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 simulaission procedures that might take place when
landing a vehicle on another planet. When vehicles are sentto other planets, it is important
for engineers and scientists to know where they are. Locating vehicles on other planets must
be done without the usef GPS, given that satellite systems do not exist there. As such,
vehicles must determine their own location after landing on other planets. Vehicles can
achieve this by collecting data about their motion and surroundings, and then processing it
accordingy.

4.2 Payload Success Criteria

Table4-1 Payload Success Criteria

Success Level Payload Aspect Safety Aspect
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Complete Success

The payload gathers data

from all sources and uses it
to calculate which square thg¢
launch vehicle is in with 100
accuracy and communicateg
this back to mission control

All risks are mitigated, no on
is injured or otherwise
harmed

Partial Success

The payload communicates
back to mission control
where the launch vehicle is

Risks are mitigated, but ther
are some close calls during
execution of the mission, but

within afew squares of
where it is

no one is injured or
otherwise harmed

The payload communicates
back to mission control, but
is inaccurate in its
calculaions

OR Some risks are unmitigated,

Partial Failure ) L
minor injuries occur

The payload accurately
calculates where the launch
vehicle is, but does not
communicate this back to
mission control

The payload does not
calculate where the launch
vehicle is acaately AND it
does not communicate with
mission control

Risks are unmitigated, majo

Complete Failure S
injuries occur

4.3 The Gridded Image
During the proposal acceptance presentation and Q&A, an official image of the Huntsville
competition launch field was provided wittcacle of radius 2500 ft. overlayed for reference.
When creating the gridded image for the CDR document, this reference image will be used to
ensure the grid will have the appropriate dimensions of 5000 by 5000 ft. The main box will
then be divided into een squares of 250 by 250 ft., resulting in 400 evenly sized squares.

4.4 Deciding on Baseline Solutions
There are many ways that data can be collected and combined to determine the landing
location of the launch vehicle. These methods fall primarily into tategories based on the
data sourceg flight data or postflight data. Both are being used so that as much information
can be utilized as possible, and for redundancy.
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4.42

4421

4422

44.2.3

Determining Position with Flight Data

During flight, data can be gathered using sensotsack the flight path, as well as using
images taken of the ground below to calculate the distance from the camera to specified
landmarks. This information will all be sent to a central microcontroller that will process
the combined data and determiri@e final position of the launch vehicle.

Determining Position with PoBtight Data

After flight data will be gathered from that will implement cameras for finding the
distances to landmarks. Sensors will also be utilized for tracking the flight patinsasls
away from the launch vehicle and crasferenced with the launch vehicle data to find
the difference between the two structures. The main difference between the flight data
and postflight data methods is gathering image and landmark data irianats collecting
that data from one point.

Drone

The first idea for determining position with peflight data uses images taken from

I RNRYyS RSLI28SR FTFTGSNI fFyRAYy3a G2 ARSyd
landmarks. The key difference betwedatermining position with flight data and

this alternative solution is that the drone can move around to find landmarks and

OKIFd GKS f dzyOK @OSKAOf SQa LRaAlA2Yy Aa y2
to the launch vehicleis known and a landnrl position relative to the drone is

known, the absolute location of the launch vehicle can be determined. This idea was

ruled out because a method for having the drone find landmarks without using GPS

could not be determined. Plus, there were concerngfaving the drone deploy out

of thelaunch vehicleand be able to support all the electronics needed on it.

CameraDeployment

For the second payload alternative payload design, alL®&etfling Integration
Mechanism (SLIM) would be used to level the payloadie the rocket. After the

launch vehicldands, SLIM would orientate the tube of the body so that payload

doors will be facing upward, and the payload inside would be in the proper

RSLX 228 YSyid 2NASyGliAz2yd ¢KSy>x GW& €I dzy O
structure supporting a camera(s) would deploy from the rocket. A stepper motor

would be used to rotate the structure into a vertical orientation, and then a linear

actuator could be used to increase the height of the rod so that the cameras would

have better clearance over terrain obstacles. This idea has a lot of failure modes
F3a20AFGSR gA0GK (GKS @SKAOESQa fIyRAy3a f 2
with ground deployments due to unfavorable ground conditions upon landing.

Lander

ThefinalaR OK2aSy YSGOK2R FT2NJ RSGUSN¥YAYyAyYy3a GKS
is a lander that will jettison from thiaunch vehiclen descent. Before it lands, four

legs will deploy to support and level the lander on uneven terrain. The legs also give

the lander more height. At the top of the lander, there will be a gimbal to help the
camera take pictures of the field in distinct directions to get a full view of the
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4.5

45.1

surroundings. Image recognition will be applied to the photos to identify roughly
where the lander is on the field. The lander will be equipped with radio to

communicate back with the rocket. The lander should be able to determine where

it is with respect to a notable landmark on the gridded image and with respect to
0§KS f I dzy OK ¢ Sefion. Qi thése tivo rglaive flidandeg, the launch

BSKAOf SQa 20 0GA2y oAttt o6S OFfOdA I GSR
radio. The structure and deployment of the lander will be like that of the Tacho Lycos

design team in the 2020021 compéition. Detailed redesign is necessary to meet
GKAAa &SINRa O2YLISGAGAR2Y 202S0GA@Sas

o dzi

a solid foundation for evolution. This design had no glaring flaws like the previous

two methods did so the lander is the@md Baseline Solution.

Baseline Solution 1: VisdaértiatBarometric Tracking

The primary solution we will use for the challenge is a form of ss@tEce tracking using
various methods to measure the movement and position of the flight vehicle. Asatine

implies, the sensing suite will consist of a camera(s), an Inertial Measurement Unit (IMU), and
a barometric altimeter. Data collected via these methods will be synthesized via an Extended

Kalman Filte(EKl. The EKF is a way of combining measuresiith the known physical

system to minimize the uncertainty as the measurements are integrated over time. To
facilitate this solution, the sensing suite and data processor will be contained within the same

section of the launch vehiclethe Lower PayloaBay (LPB).

Cameras

Baseline Solution 1 involves gathering information during flight and descent and
manipulating it to find the location of the launch vehicle. The cameras used in this solution
will aid in this process by taking pictures of gr@und below, finding the local landmarks
we have declared useful and determining the distance from the cameras to those
landmarks. This information will then be fed into the main data processing unit.

To accomplish this, camera selection is particularfartant. The first, and most obvious,
camera requirement is compatibility with whatever device is processing the images they
are taking. In our case, that will be the NVIDIA Jetson Nano.

The next specification that must be considered is the field of {le@V) of the camera.
Since the cameras for this solution will be used as the launch vehicle is descending, the
view will gradually be getting smaller and smaller, so a wiagle camera would be
preferable. This is so that the visible ground area can bemiaed, thus increasing our
chances of seeing and recognizing landmarks. Landmarks would also be visible for longer
periods of time. The main disadvantage to this is that vadgle lensetend towarp the
peripheral parts of the image, but this is somiidp that will have to be taken into
consideration when developing the image processing software.

The effective focal length (EFL) of the camera is the last major specification that must be
considered when choosing. This is the aspect that determines homeain the image
taken is. A higher focal length will take a more zoomed in picture, providing more detalil,
while a lower focal length will be zoomed out and provide a wider view. For the purposes
of Baseline Solution 1, a smaller focal length is bettanta larger one.
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Table4-2 Comparison of Camera Options
EFL Field of Form Factor Frame Compatibilty Score
Price (mm) View (mm) Rate
(deg.) (fps)
30-90
Arducam 5MF
5 0 1 2 2 0
Maker Focus $19 3.15 160 | 13.5x13.5x15.] 3090 Pi 16
$29 3.15 160 25x24 30 Jetson 16
IMX-219 160
3 2 5 2 1 3
Arducam $30 0.76 220 36x36 21-180 | Jetson & Pi 20
IMX219 3 4 6 1 3 3
$40 2 110 25x24 7-30 Jetson 15
Arducam Mini
2 3 4 2 1 3
Arducam $50 4.73 50 38x38 30 Jetson & Pi 8
13MP 1 1 1 1 1 3

452

With all of this in mind, an IMX21B850 camera has been chosen to begin testing. This is
due to its compatibility with Jetson, 1660V and3.15 mmEFL. It is worth noting that
there are cameras that meet our requirements with higher FOV and smaller EFLs,
however there was concern over the warping of images that comes with higher FOV.

Camera Integration

To capture images of the terrain during flight, cameras must be mounted on the outside
of the launch vehicle with their lenses consistently pointing downwdabdsing recovery,

the launch vehicleseparates into multiple elementsone of which is the fican. The fin

canis one of the heaviest elements of the launch vehicle during descent because it carries
the motor casing and structure. In addition, the &an is bottom heavy because the
motor is locatedat the bottom ofit. As such, théin O | y Q &al diéhisdfiorh remains

fairly stableduring descentespecially after the main parachute deploker this reason,
cameras will be attached to the fran pointed downward. This design leverages the fin

Ol yQa NBtI GAGSt e &l sénSardeNNiéw of thdighodnd, (1 2 LINE
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Two cameras will be attached to the lower end of the launch vehicle, somewhere on the

joint fin canLPB section. The cameras will be located on opposite sides of the launch
vehicle to provide symmetry and stability. Thereaas will be mounted on the launch

vehicle using an aerodynamic shell, with the cameras being located at the bottom of the

shell pointing downward. The cameras will be connected to hardware in the launch
GSKAOt SQa [t. GAl | yub&yGNEB LERNI Odzi Ayidz2 i

4521 Camera Location
Maintaining camera stability is critical for obtaining clear images of the launch field
during flight. The joint ficanLPB section is the most stable structure during flight,
particular during descent, due to its internal weightidg. such, the cameras will be
located on the joint fincanLPB structure to provide camera stability. While the
general location of the camera mountings was determined based on physics and
flight heritage, questioneemainedabout where to locate the cameraountings on
the greater fincanLPB structure. Specifically, there are traafes between locating
the cameras at the top or the bottom of the foanLPB structure. These tragdfs
are discussed below.

45.2.1(a) Mounted on LPB
Initially, the camera mountings werdesignated to interface with the launch
vehicle at the upper end of the finanLPB section, right outside the LPB.
Mounting the cameras directly outside the LPB would create the simplest
interface between the cameras and the microcontroller within thench vehicle.
While the cameras are physically outside the launch vehicle, the microcontroller
is contained within the launch vehicle. To interface with the microcontroller, the
OF YSNI} a Ol o6fSa Ydzad SyaGdSNI GKS [ube KN d:
If the cameras are mounted on the LPB itself, the entry ports into the launch
vehicle could be covered by the camera housings, which would protect the
OF YSNI 8Q NRooz2y OFlotSa FNRY SEGSNA2NI F2
would not have to b exposed to open air much, if at all. However, it is very
possible that placing camera housings anywhere above the fins, especially within
close proximityof them, could cause aerodynamic disturbances over the fins.
These aerodynamic disturbances couldismoverall launch vehicle instability.
Given this, mounting camera housings on the LPB has advantages in integration
and disadvantages in launch vehicle flight performance and safety.
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Figured-1 Camera HousqnOutside of LPB

45.2.1(b) Mounted Between Fins
az2zdzyiAy3a GKS OFYSNra o0SieSSy GKS f I dzy OK
it greatly reduces aerodynamic impacts on the flow over the fins. Fins are crucial
to providing stability to the launch vehicle during flight. If a launch vehicle is flying
at some angle of attack with respect to the incoming wind, the fins will provide a
lift, which will act as a restoring force and push the launch vehicle back towards
its original path. When the camera housings are placed above the fins on the
launch vehicle,dss airflow will pass directly over the fins, which will limit the
restoring force that the fins are able to provide. As such, placing the camera
housings above the fins could cause aerodynamic disturbances over the fins
which could ultimately cause statyl disturbances. Launch vehicle instability
would be unfavorable at best and catastrophic at its worst.

While mounting the cameras between fins has aerodynamic and stability
advantages, it also poses risks to the successful operation of electronics. Most
y2Gl o0feéx GKS OFYSNIraQ NARoo2y Ol 6fSa gAf
the body tube to enter the LPB. While it is possible that the ribbon cables could

enter the launch vehicle at a lower point, there are many challenges associated

with integrating the ribbon cable around the motor casing and up the launch

vehicle into the LPB. Specifically, there are risks of heat damage to the ribbon
OFrofSas IyR AG Aada RAFFAOdA G F2NJ GKS NAO
bulkhead. If the ribbn cables are on the outside of the launch vehicle, they will

be exposed to aerodynamic forces that may interfere with their data
transmission, especially at the ports of entry into the launch vehicle where the

ribbon cables might be bent. This could bsaled by extending the camera

housings upward to contain the ribbon cable along the exterior of the launch
vehicle. However, lengthening the camera housings will further induce drag,
aerodynamic disturbances over the fins, and potentially vehicle ingiedbil
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Therefore, mounting the cameras between the fins has aerodynamic and stability
advantages, but it has disadvantages related to the integration of electronics.
However, the risk of an electronic failure is much lower than the risk of a vehicle
instability, given that the outcomes of a vehicle instability could be catastrophic.

l'a &adzOKx GKS OIF YSNra gAfft 0SS Y2dzyi SR
provide some protection to the exposed ribbon cables, they will be secured to
the launch vehicle witklectrical tape. The electrical tape will provide a layer of
insulation and separation from aerodynamic forces.

Figured-2 Camera Housing Between Fins

4522 Camera Housing Design
45.2.2(a) Commercially Available Housings

Off-the-shelf camera housings do exist, even for the purposes of hobby rocketry,
but many of them have limitations. Primarily, manytbi#é-shelf camera housings
are compatible with only one specific type of camera. Choosing a specific housing
like this wouldlimit the camera options that could be implemented in our design
solution. There are a greater variety of commercially available camera housings
to choose from if the application is not specified to be launch rocketry. However,
many generic camera housingie not lightweight or aerodynamic. As such, most
commercially available housings limit design creativity or are unfavorable in the
context of this project due to their size, weight, and aerodynamics. For this
reason, customized camera housings will beedigped for this project.

4.5.2.2(b) 3D Printed Housings
Given that most commercially available camera housings do not meet the needs
2F GKS fldzyOK @SKAOf SQa Ol YSNI a&aeadsSy:
integrate the cameras into the launch vehicle. It is easiest to create curved shapes
and surfaces ttough 3D printing, given that it can be difficult to sand down other
materials to be smooth and rounded. Because of this, the camera housings will
be 3D printed. However, the 3D printed housings will be overlayed with a
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composite material to give them a sath finish. This will reduce friction drag
along the camera housings as much as possible.

There are a few key objectives that inform the design of the camera housings.
First, the housings must be lightweight, which is achieved through using 3D
printed maerial. Second, the housings must be aerodynamic and must not create
too much of a disturbance between the fins. Because of this, the bottom of the
housings will be just slightly larger than the cameras themselves, so as not to
protrude too much into the @flow. In addition, the camera housings will only be

a few inches long; just long enough to achieve a gradual surface curvature.
Finally, the camera housings must allow for easy installation of cameras before
flight and easy removal of cameras afterttigrhis requirement can be met in a
variety of different ways. To limit the number of moving parts involved, the
camera housings will have a removable bottom piece that can be bolted on.
Threaded fastenersvill be set into the camera housing to faeitié this
connection. The fasteners will be a type of heat set indeattcan be attached to

the camera housings with a soldering iron. Before and after flight, this cover will
be easily removed to allow for quick installation of removal of the canizueing

flight, this cover will secure the camera in place, while allowing the lens to view
out of the housing. Finally, a small slit will be included at the top of the housing
to allow the ribbon cables to extend out of it. This exit port will be quitelsma
just large enough to allow the ribbon cable to pass through easily. The general
form of the camera housing is shown in Figuf3 delow.

Figure4-3 General Camera Housing Structure

Depending on how the housys are constructed, cameras could be installed at
various angles at the bottom of the housing. Installing the cameras at an angle
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4523

pointed outward, away from the launch vehicle, could allow for long distance
views. As opposed to a camera facing straigiwr towards the launch field,
angled cameras could see a greater portion of surrounding terrain and could have
a better chance of capturing images of landmarks. However, taking images at an
angle could also decrease the possibility that the landmarksbwiltentified
correctly by our image processing framework. Viewing the terrain straight down,
all landmarks will look the same throughout time, just scaled to different sizes. In
contrast, images taken from angled cameras might look different from differen
perspectives. It also might be more difficult to match landmarks to existing
photos, given that all satellite images are taken straight down rather than at any
sort of angle. As such, taking photos at an angle could increase the complexity of
the image ecognition framework. Given these tra@éfs, two types of camera
housing will be constructed and installed on subscale with one supporting straight
down camera views and the other supporting angled camera views. Based on the
image data collected, a findécision on camera housing design will be made by
CDR. Preliminary designs of the camera housings to be included on subscale are
shownin their modular pieces below. One main camera housing will be attached
to the levelbottom so that cameras can captumaages from a toglown view,

and the other main camera housing will be attached to the angled bottom so that
cameras can capture images at an angled view.

Angled

Main Shell Cover

Figure4-4 Modular Camera Housing Design

Electrical Interface with Lower Payload Bay

While the cameras are located outside the launch vehicle, they will still have to
connect to the microcontroller inside the LPB for data processing. Most cameras that
are compatible with microcontrollers interfacwith them through a ribbon cable.
This ribbon cable will have to pass through the body tube of the LPB through an entry
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port of some sort. There are several ways to implement this connection and design
these entry ports. These methods are discussed below

4.5.2.3(a) Rectangular Entry Port
The first method of getting the ribbon cables into the LPB is through a rectangular
entry port. This entry port would match the size of the ribbon cable, allowing for
the cable to be easily threaded into the launch vehicle. Wihile method is
FI @2NF 60fS F2NIAYISANF GA2y3T OdzidAy3a NBOI
tube could pose negative structural implications. Specifically, if the rectangular
holes are oriented horizontally along the body tube, the stress of ttieaaie
would be more concentrated in regions between the cuts. Installing rectangular
entry ports in a vertical orientation could still build up stress concentrations, but
to a lesser degree. However, installing vertical entry ports would require the
ribbon cable to bend to assume the proper orientation to enter the launch
vehicle. In other words, it would not be possible to lay the ribbon cable flush
against the airframe if it had to enter a vertical rectangular entry port. Instead,
the ribbon cable would trude further into the airflow, which would in turn
expose it to greater aerodynamic forces and increase the likelihood of inducing
damage. Ultimately, there is no effective way to cut a rectangular entry port into
the side of the launch vehicle. The fzantal entry port would have negative
structural implications, while the vertical entry port would have negative
integration implications.

Figure4-5 Horizontal and Vertical Cable Entry Ports in Launch Vehicle

45.2.3(b) Circular Entry Ports
Instead of installing rectangular entry ports into the launch vehicle, circular entry
ports will be installed. Circular holes are frequently installed into launch vehicles,
primarily to serve as pressure ports. These entry ports baymficant heritage
and are known to prevent stress concentrations from building up. However, if a
circular entry port is used, the ribbon cable must adapt to fit through a circular
cross section. One way to facilitate this would be with a ribigeround cable
converter. If a converter was used, two of them would have to be used, one to
transform the ribbon cable into a round cable before entry into the launch vehicle
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and one to transform the round cable back into a ribbon cable before connecting
to the microcontroller. This adds significant complexity to the design and creates
more vulnerable connection points in the electronics system. In addition, while
ribbonrto-round cable converters exist, they can be difficult to find, and their
reliability seems gestionable. As such, ribbén-round cables will not be used.
Instead, the ribbon cables will be bent into a circular shape for integration into
0KS I dzyOK @SKAOf SQa OANDdzZ I NJ Syid NE LR
bundling the ribbon cable intan open cylindrical passage, made of rubber or
some other deformable materialhisintegration strategy allows the ribbon
cable to lay flush against the launch vehicle as much as possible, prevents the
development of stress concentrations, and limits thenplexity of the electronic
system.

Figure4-6 Circular Cable Entry Port in Launch Vehicle

4524 Physical Interface with Launch Vehicle
There are also various ways to attach the camera housings to the launcleyehic
each of which have tradeffs associated with them. The primary solutions are
bolting the housings to the body tube and epoxying them to the body tBloth
solutions are explained in detail below.

45.2.4(a) Bolting to Body Tube
Bolting the camera housings to the body tube is primarily advantageous because
it would allow the camera housings to be removable. The camera housings could
have small platform attachments with bolt holes, which would allow them to be
easily bolted into tk outside of the launch vehicle. This bolting would secure the
housings well, allow for easy installation of cameras, and allow for separation of
the camera housings if need be (in response to design changes or updates for
example). However, bolting the weera housings to the launch vehicle poses
further aerodynamics and structural challenges. Most notably, bolting the
camera housings into the launch vehicle requires installing four circular holes into
the body tube close together, which could create unfawbe stress
concentrations. The bolt attachment platforms on the camera housings will also
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4.5.2.4(b)

be difficult to make aerodynamic, thereby increasing drag. In addition, bolting the
cameras housings to the launch vehicle increases design complexity. There is
already a lot of detail in the camera housing design, with the inclusion of the bolt

in panel to allow for camera installation. Including more bolt attachment
platforms makes the design of the camera housings much more intricate,
especially given that theggatforms would have to be curved to match the shape

of the body tube. It also might be difficult to physically print these extra platforms
given their shape and the capabilities of 3D printers. Given all these challenges,
the camera housings will not belbed to the launch vehicle.

Epoxying to Body Tube

An alternative to bolting the camera housings to the body tube is epoxying them
to the body tube. This method is slightly unfavorable, given that the camera
housings will never be removable and that it d@more challenging to install

the cameras into a fixed casing. However, epoxying the camera housings to the
launch vehicle will not pose any significant structural or aerodynamics problems.
In addition, epoxying the camera housings to the launch vehioléd guarantee

that they remain secure and stable throughout flight. As such, despite the minor
challenges associated with installation and removal, the camera housings will be
epoxied to the launch vehicle. To facilitate this, the back side of the camera
housings will be curved to match the surfaces of the launch vehicle.

4525 Camera Integration Challenges
4.5.2.5(a) FinCan Rotational Stability

While the finOF yQa @SNI A Ot 2 NR Sy (tadstiRrofateg A £ £ N
easily around its vertical axis, as showhRigure 47. If the fin can spins around

its vertical axis quickly, the images taken from the cameras might be blurred. In
addition, if the fincan spins sporadically, it could be more diffidoltdetermine

the true orientation of the cameras when images are taken. Determining the

f I dzyOK @SKAOf SQa NBftlIGAGS t20FGA2y gAGK
an accurate understanding of camera orientation. For this reason, further
stabilizinghe fin can around its vertical axis could provide greater confidence in

GKS OF YSNI aQ | opdzaAfiRG & 2A YO LB &zNByY R A BKS
determining the orientation of the cameras at any given point in ti@arrently,

this is a failure modehat is being tracked by the team. Further information on
mitigation strategies can be found Trable 52.
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Figured4-7 Typical Fin Can Motion During Descent

4.5.2.5(b) Ribbon Cable Exposure
The ribbon cable will have taavel from the camera housing to the LPB either on
the outside or the inside of the launch vehicle, but both routes present their own
challenges. To travel through the inside of the launch vehicle, the ribbon cables
would have to be very close to the motdris currently unknown if the heat from
the motor would be enough to damage the electronics, so for theszuaie
launch and initial testing of the exterior cameras, a heat sensor will be added to
the inside of the launch vehicle. Itis also challenggrdesign the launch vehicle
to allow the ribbon cables to pass through the lowest bulkhead into the LPB. Prior
to CDR, analysis will be performed in ANSYS to determine whether the ribbon
cable can be run through the lowest bulkhead effectively, withoaating too
much stress inthe bulkhead structure. If the heat levels are determined to be low
enough and if itis determined that the ribbon cable could safely pass through the
lower bulkhead, the ribbon cable will enter tleunch vehiclalirectly abovethe
camera housings. However, because it is deemed safer based on preliminary
knowledge, the current solution is to leave the ribbon cables exterior to the
launch vehicle. To provide an extra layer of protection against aerodynamic
forces, the ribbon cabewill be secured to the body tube using electrical tape.
There are still concerns with this method, such as the potential for ribbon cable
damage due to impact on landing and due to aerodynamic forces, even if
exposure to them is reduced. To test the vigbof this method, ribbon cables
will be attached to the launch vehicle in this manner during subscale. Design
adjustments will be made by the CDR if necessary.
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4531

Image Recognition & Processing Techniques

Developing working image recognition and procegsiaftware is one of the key elements
of our solution, soit is vital to know the different methods that are out there and how to
implement them in a way that will achieve the goals we have set.

Edge Detection

Edge detection is a commonly used method tisatsed for applications such as
fingerprint matching, license plate detection, classifying medical images, detecting
faces, andin seliriving cars to identify road/lane edges in real time. To do this, the
images are reduced to smaller files with lowesolutions. Then, using algorithms
that look at the color values of each pixel, finds the places where there are distinct
changes in the lighting of the photo. These are usually dark lines in the original image
or places where the light changes. Thesediaee then kept and turned white, while

the rest of the image is blackened out as showRigures4-8 and 49.

These tools have their applications and are relatively simple but are not particularly
beneficial to the goals of this project. Eddetection gets rid of a lot of information
from the images, leaving only a skeleton of the present features that will make it
difficult to determine the distances to landmarks.

Figure4-8 Example of EdgPetection with a Simple Object

1Ty

Figure4-9 Example of Edge Detection with a More Complicated Image
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4532 Corner Detection
Corner detection methods are used to do exactly what it sounds like: find corners.
There areseveral different ways to do this, but one of the most common and
effective is Harris Corners. Using such a method to find the corners of certain
fFYyRYFNJ A AayQd LI NGAOdAZ F NI & dzaSTdA F2NJ
applications in using theiangle similarity method to find the distances to objects.
Ifthe corners of landmarks are marked, they could theoretically be used to get more
accurate measurements of their dimensions in pixels to be used for the triangle
similarity method. Section 4.8.5 will further explain the triangle similarity, whichis
what will be used to find the distances from landmarks to the cameras.

Figure4-10 Example of Corner Detection

4533 Object Detection
The main method we will be using to identify our landmarks is object detection. This
is a method that involves taking a large sample of images of an object and feeding it
through a deep learning algorithm to develop a Convolutional Neural Network
(CNN). CNs are a type of Deep Neural Network (DNN) that are specifically used for
imagebased applications such as this project. Feeding those images through the
CNN will allow the software to identify similar objects in a new image that it has
never seen beforeThis is a complex procedure that requires a lot of time for the
computer to go through every image and develop those connections.

CNNs work best when they are fed a wide array of images with the desired object in
various orientations with diverse backgrus. Because we will not be able to see

GKS f1dzyOK FASER dzyidAt GKS O2YLISGAGAZ2Y |
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it is impossible to train our CNN appropriately. &h creating custom object
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detection software with a limited data set, like in our situation, far@ning using
similar objects then finishing training with the specific ones has proved to be
incredibly helpful. The great challenge here will be building $ample data set of
similar images such that we produce a desirable result.

While it is a complex method that will require a lot of time, planning and computing
power, object detection is better than the image recognition techniques mentioned
previously lecause it will allow us to identify multiple specific landmarks, rather than
outlining everything in sight, and use the triangle similarity method to determine the
distance from the camera to the object.

Color Filtering

While object detection will be the ain source of image recognition and processing,
color filtering also presents some interesting possibilities that should be explored. It
is possible to process an image in a way that either leaves or excludes particular
ranges of color. Since the competitilaunch field is mostly a brown patch of dirt,

the possibility of filtering out browns in the images taken from thench vehicle
exterior cameras is being considered. This would leave all the other colors, which
our chosen landmarks will be made upiofact and may make it easier for our CNN

to detect and identify them. Using this method to assist object detection will have
to be explored further to determine its effectiveness and feasibility.

Triangle Similarity Method
Triangle similaritys not an image recognition or filtering technique, but it is an
integral part of the image processing for this challenge. It is a method used to find
the distance between a camera and objects that it sees. Only a few variables are
needed to accomplish this: the fdckength of the camera, the actual dimensions of
the object, and the dimensions of the object in pixels. The actual equation is

w20

0 = 4.1)
V]

where D is the distance from the camera to the object, W is the width of the object
(could be substituted with height, length, etc.), F is the focal length of the camera,
and P is the number of pixels corresponding to W in the image.

To use this equatiorthe formula should be manipulated to solve for F with a known
distance to an object to obtain the perceived focal length, which will calibrate the
equation.

Inertial Measurement UnkiMU

IMUs are sensors which measure acceleration and angular veaityetimes combined

with a magnetometer for absolute orientation information. They are commonly used to
track motion for drones, robots, and other systems which precise control sysiMims.
Electronic Measurement SysteMEMSIMUs, such as the ones we uld be able to use,

are not usually used for long distance tracking because their measurement imprecision
builds up quickly over time and can lead to large error growth. Thus, IMUs are usually
paired with other sensors to help their losigrm performance $ee Data Fusion in Section
3.5.8). Additionally, some IMU chips have automatic filtering and calibration build in to
help minimize error, at the cost of a higher price point.
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There are several metrics for quantifying uncertainty in IMU measurementsmptifgi

our analysis for choosing an IMU we decided to take a holistic approach and give sensors
a combined uncertainty metric based on the combination of how each metric compared
to that of others. Additionally, some sources gave more information thanrsthso this

is a way to compare all on the same scale. Other performance metrics considered were
cost, form factor, measurement frequency,-ohip support, and ease of use. For ease of
use, the sensors got points if there was already a library in pythdd torinterface with

them, they got no points if we must manually program 12C, SPI, or UART functions for
interfacing with the sensor, and finally sensors that could not interface with either of
those three methods were not even considered.

Table4-3 C omparison of IMU Options

Precision Accelerometer Measure Size Ease of Built-in Score
Rate (mm"2) Filtering
169 Not Listed | 146.41 Yes 21
Xsens MT8 $149
4 8 0 0 4 0 5
LX 6 7 0 3 3 0 5
$15.3 169 800 Hz <100 No 16
BHI260
9 5 0 -3 5 0 0
Adafruit NXP 9 $14.95 8g 800 Hz 567.74 Some 17
DOF 9 5 4 -3 2 5 3
Yost 3Space $297 169 1750 Hz 2660 Yes 22
Data Logger 2 8 0 3 0 5 5

4541 IMU Integration
ThelMU(s)will be mounted on an electronics sled in the Lower Payload Bay and will
be connected to the same microcontroller as the cameraf{ppssible, the IMUs wil
be vibrationallyseparated from théaunch vehicle A simple way of dointhis would
be to place rubber dampers between the IMU and the LPB Jlbd. separation
would damp any strong disturbances where there is a large change in acceleration,
thus decreasing the error from having to integrate discrete samplnugrently, the
potential for a vibrational disturbance to the IMUs is a failure mode that is being
tracked. Further information on mitigation strategies can be found@able 52.

455 Altimeter
An altimeter will be used to assist the Kalman filter state space tracking datimeh
vehicle For clarification, this altimeter is separate and of different design from the ones
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used in the avionics bay. This altimeter will be a MEMS device whichrecomtroller

can communicate with via 12C, SPI, or similar prototisé major advantage of using an
altimeter is that it provides a direct position measurement, limiting the growth of position
uncertainty in the height direction. Because of concern whte &mount of work involved

in the overall payload system, the selection of altimeter was focused more on ease of use,
cost, and accessibility than on measurement precision. To those ends, we have decided
to use the Adafruit DPS310 Precision BarometricstnesSensor and Thermometer. This
sensor supports both 12C and SPI protocols along with other standards of communication.
It will provide measurements at between 250 and 25 Hz depending on the precision
setting of the sensor. The absolute error of the sans within 0.5 m. With the highest
precision measurement, the sensor can detect changes in altitude of within 0.2 m. For the
time being, these measurements have been deemed satisfactory. Before CDR, a
sensitivity analysis will be done to assess the ¢ffé@ltimeter performance on state
space uncertainty. Pending the outcome of this analysis, other altimeter options may be
explored.

Altimeter Integration

The altimeters will be mounted on an electronics sled in the Lower Payload Bay and
will be connecte to the same microcontroller as the IMUs and camera(s)Liver
Payload Bawill have holes of sufficient diametgdefined by the altimeter
specifications}o allow the altimeters toaccurately measure the static pressure
outsideof the launchvehicle To meet recovery requirements, no LPB altimeters will
be connected to the recovery system electronics in any way.

Microcontroller

Baseline solution 1 requires microcontrollers for collecting data, and processing data. A
primary microcontroller wit decent processing power is needed to process images but
will likely run on an operating system, OS, which could interfere with the precise timing
of measurements from the IMU and altimeter. Thus, a secondary, smaller micro controller
will be used to cadlct reattime data, which does not run on an OS. We have found three
microcontroller models which we could potentially use for these purposes described
below. We have decided to use the Nvidia Jetson Nano in conjunction with the Arduino
Nano for controllig the LPB electronics. The Jetson and Ardwitticalsobe referred to

as the parent and child microcontroller respectively.

Jetson Nano

The Nvidia Jetson Nano is the most powerful microcontroller we are considering. It
is designed for parallel processingth image processing and machine learning in
mind. Thus, it is uniquely suited for our design requirements. Offsets for this
advantage are the large form factor, high power consumption, and high heat
production. Additionally, the processor will cost beteve34 times as much as a
Raspberry Pi.

There are two models of the Jetson Nano available for us to use. A4 GB and a2 GB
RAM model. The other major difference which affects our decision is the number of
ribbon cable input portstwo vs.one respectivelyThe 4 GB jetson Nano hago

ports while thetwo GB Jetson has on&inceBaselineSolution1 makes use ofwo
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cameras, we have decided that the 4 GB model is the superior one for our purposes.
The two models cost about $60 and $99 for the 2GB and 4GRImespectively.

Raspberry Pi

The Raspberry Pi is the alternate primary microcontroller option. It does not have
the parallel processing capability of the Jetson, but it still has decent computational
capability. It is easily set up, and team members haxperience using it.
Additionally, it has a wide range of connectivity and is very well supported by various
tutorials and libraries online. The tradeoff is clear that the Pi will be a quicker, easier,
and cheaper ($40) system to setup, but it is much lespable. We have decided that
the unfamiliarity and cost of the Jetson are outweighed by its processing capabilities.

Arduino Nano

The Arduino Nano is the current choice for secondary microcontroller. It is a small
inexpensive chip which the team has smaxperience with. The requirements of the
secondary microcontroller are limited to the collection, short term storage, and
passing of data. Thus, any capability beyond this will not be required and may even
raise the price or size of prospective microaafiers unnecessarily. The Arduino has
been selected because of ease of use, team member experience, small form factor,
and low power draw.

Power

Power will be supplied to the LPB electronics by one or multiple batteries. The voltage
requirements of all cmponents is at a maximum of 5 volts and a buck converter can be
used to reduce a higher voltage to the operating voltage of 5 V. Factors determining our
battery choice are safety, energy density, power supply, ease of use, and cost, in that
order of priorty.

There are two types of battery which we are considering. Lithium Polymer, or LiPo,
batteries can provide excellent power density per both volume and mass. Additionally,
they can provide a large and steady amount of energy over a given time. Theiradrieavb
include increased cost, operational complexity, and safety risk. These batteries will
combust with the water in air if their exterior is punctured.

Alternately, the team is considering Nickel Metal Hydrate, NiMH batteries. For a given
capacity and vitage, these are larger, heavier, and provide a less constant current than
LiPo batteries. Their advantage is in safety, ease of use and charging, and cost.

Table4-4 Charge Requirement of LPB

Component Maximum Current

Jetson Nano
Arduino Nano 0.8A
Yost 3Space IMU 0.022 A
LoRa Communication 0.05A
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21MX-219 160Cameras 0.9A
Adafruit DSP310 0.001 A
Total: 4.77 A

1 Hogr Maximum Current 4770 mAh
Requirement

As a method of ensuring the estimated power requirement has an ample factor of safety,
we have decided to require that a battebg chosen which can supply the maximum
power requirement of all components for an hour. Considering the complete mission is
expected to be complete on the order of 1IG minutes, the only concern is how long the
components must idle on the launch pad. With proper programming that loss can be
mitigated, but the howlong requirement gives us some room to maneuver. The club has
hadissues in previous years with electronics bays running out of electricity.

Table4-5 Comparison of Battery Options
Performance Metric LiPo NiMH
Capacity 6000 mAh 5000 mAh
Voltage 7.4 7.2
Weight 0.331bs. 2.1lbs
Longest Dimension 4.33in 5.28in
Footprint 2.32in X 1.03n 1.81in X 0.91in
Max Discharge Current 5A 15A

Two reference batteries were found and compared in TaHeabove. These batteries
were chosen because they are the loweapacity available without going under the 1
hour maximum current limit. Additionally, they are chosen because their functional
similarities mean their differences are more influenced by the battery chemistry than
differing design requirements. Note theastic difference in weight between the two
batteries. Given weight limitations motivated by recovery and vehicle performance, the

weight saved by the LiPo batteries outweighs the safety and simplicity of the NiMH
batteries.

We refrain from selecting a badty now, as the power requirements may change as the
electronic systems become finalized and better understood.
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LPB Data Fusion and Handling

The LPB will collect inertial, altitude, and imagery data throughout the entire flight. This
data will be stored oboard the parent microcontroller while the vehicle is still in flight.
Upon landing, the parent microcontroller will halt data collection and begin processing.
The processing will involve data setup and fusion to determine the final position of the
launch vehicle. Setup involves doing some reference calculations to define the initial
position and orientation, and to link the vehicle reference from to the global frame on
which we have defined the gridded image squares. Dependent of further testing, some
low pass filtering may be used to remove unwanted noise.

Next is the fusion of data from the IMU, camera(s), and altimeter. The state of the art
techniquefor this problem is the use of an Extended Kalman Filter, EKF, to track the state
space of the system arthe uncertainty of that state space. The Kalman filter begins with
an initial state of the system and the certainty of that state. Time passes and then a
measurement of the state is made. The measurement and its uncertainty are combined
with a predictionof the state to generate an updated state and uncertainty. The
prediction of the future state is made using the current state and the known dynamics of
the system. This method would give us both an estimate of our position and uncertainty
bounds to help rake our guess of grid square.

One potential for improving the performance of the EKF would be a way to incorporate
known flight events into the system dynamics used for the EKF. An example of that would
be to change the system model from a ballistic trépeg to constant velocity descent
once the drogue parachute deploys. This type of method could watch for trends as it is
iterating chronologically through the data and then, once it recognizes a known event,
reset to a previous time stamp at the beginnioithe trend with an updated model. This
type of system would have to be tested well, as an incorrect model could ruin the final
guess.

Communication

Baselinelution 1 requires communication between the launch vehicle and the ground
station for transmiting the estimated grid square. This transmission is limited in size
potentially anly a number would need to beommunicaed. At most the transmissio
would bea small amount of text and numbers. Thus, communication speed is not of
concern. The largest change with communication is the distance which the
transmission must cover. The launch fielglightly less than mile wide, and, with the
uncertainty in ground station location we have decided the system we use should be able
to transmit a full mile,or 1.7 km. This includes a small factor of safety related to the
distance from the ground station to the edge of the launch field. Given the concern of the
reliability of transmission at the extreme of the theoretical range of systems, any
additional capallity over that range is still desired.

LoRa

The current leading solution is LoRa, Long Range, communication. It is a
commercially available system for low power, wide area connectivity. With the
limited antenna configuration in the launch vehicle, LoRth&oretically able to
reach over 2km. The standard bitrate is on the order of kilobits which is sufficient for
the simple communication we need.
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45.9.2 Other Systems

All other systems examined, such as Bluetooth, WiFi, and other radio protocols all
have an insfiicient range, or a much more demanding antennae setup; such that
they were determined to be infeasible to work with. Last year, the HPRC payload
used HAM radio to transmit data to the ground station. If LoRa proves to be a limiting
factor, or incapable fthe communication task, then HAM radio will be investigated.
We have decided not to explore it now as LoRa is a package we would be buying and
using, whereas HAM radio would be a system for us to design and build ourselves.
We would like to avoid that wi since none of us have experience in radio

communication.

4510 Electronic Schematics of LPB
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LPB Electronics Connectivity Diagram

4.5.11 Electronic Sled + Integration
The electronics sled in the LPB must contain microcontrollers, a battery, an altimeter, an
IMU, and communication technology. To secaliéhese components, the sled must have
a significant amount of surface area to attach electronics to. In additiohisg the sled
must fit within the LPB, and it must be securely retained within the LPB. Various LPB sled
designs could meet these requirements. The two leading designs are discussed in the

sections below.

45111 Sled Design
45.11.1(a)Vertical Platform

The first option forthe sled design consists of two circular platforms with a

vertical platform in

between them. The circular platforms would allow the

payload to securely attach and lock into the bulkheads enclosing the LPB. The
vertical platform would add additional surfaeeea to attach electronics to and
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would connect the two platforms. The primary advantage of this solution is that
it provides a great amount of internal space for electrical, structural, and
integration related components. The vertical platform providesignificant
amount of surface area while taking up minimal space in the LPB. In addition to
this, the vertical platform is advantageous if the selected microcontroller is large.
While the microcontroller may be too long to fit in the launch vehicle at a
horizontal orientation, they may be able to fit it in the launch vehicle vertically.
The length of the microcontroller should not be a problem orsfedlle, given that

the largest microcontroller being evaluated is approximately 4 inches by 4 inches
(including space for common plugs into ports). As such, the vertical platform
design will be implemented on subscale, which only hasahtinner diameter,

but it might not be the best choice for fidtale, which will have aifich inner
diameter.

g

g

Figure4-1212 Vertical Platform Sled Design

While the vertical platform solution is viable, it does have some flaws. Most
notably, it would be difficult to effectively secuedectricalcomponents in a
vertical orientation Components mounted orthe vertical platform will
consistently experienchigh forces caused by the launch veh@l@cceleration
without any platform to react againsivhich could cause them to undergo slight
vibrations. In addition, it could also belifficult to plug components into the
microcontroller when it is in a verticalientation, given that the cords may be
close to the interface between the vertical platform and the circular platforms.
Finally, the vertical platform interface with the circular platforms limits the
amount of useable surface area on the sled to mounttedeacs. There will not
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be as much space on the circular platforms to mount components with the
vertical platform in the way, and it would be more difficult to access electronics
on the circular platformsThese issues make the vertical platfosfed sligttly
unfavorable, which prompted the development of an additional solution:
horizontal platforms.

4.5.11.1(b) Horizontal Platforms
The horizontal platform solution consists of two circular platforms, just like the
vertical platform solution does. The circular platfar allow the payload to
securely attach and lock into the bulkheads enclosing the LPB. The horizontal
platform allows surface area for electronics to be attached. While the horizontal
platform has less surface area than the vertical platform, it presehesgsability
of surface area on the upper and lower circular platforms, providing a similar
amount of overall usable surface area in the sled. In addition, while the horizontal
platform might be more difficult to integrate around structural components in
the LPB, integration is still possible if the horizontal platform is strategicaly
placed. Finally, the horizontal platforms are advantageous in comparison to the
vertical platforms because they provide further stability and support to
components.Mounting all the electrical components on horizontal platforms
ensures that they always have a surface to react against when experiencing high
accelerations in the launch vehicle. As such, installing components on horizontal
platforms will reduce the chance thateetrical components will experience
vibrations in response to launch vehicle induced forces. Reducing vibrations is
particularly important givethat components in the launch vehicle will be taking
measurements of motion, force, and pressure dadbrations could disrupt these
measurements, causing errors in the data produced.

To provide adequate space for cables to navigate through the payload bay from
the middle platform to the upper and lower circular platforms, the middle
platform will not fill the emire crosssection of the LPB. Rather, it will be a
rectangular platform with gaps on the side. Cables will pass through these gaps,
between the platform and the body tube, to connect the microcontroller to other
components on the LPB sled. In additiore sted will have supports on the edges

of the three horizontal platforms to connect each of these platforms. These
supports are visualized in the model of the electronics sled in FgLgdelow.
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Figure4-1313 Horizontal Platform Sled Design

45.11.2 SledMaterial
In addition to determining the general structure of the LPB sled, it is also important

to determine how the sled will be manufactured and what the sled will be made of.
The two primary options are to malhe electronics sled out of laseut wood, as

the Tacho Lycos team has consistently done in the past, or to design a sled in
SolidWorks and 3D print it. These options are discussed below.

4.5.11.2(a) Wooden
In terms of materials, the first option is to create th®B sled out of wood.
Typically, in HPRC history, electronics sleds have been made of wood. These sleds
have generally performed well, and electronics can be securely attached to these
sleds with relative ease. While there are no explicit flaws with makiwgoden
sled, 3D printing is more viable for this sled application. While the sled is intended
to be 3D printed, constructing a wooden sled is a viable backup if any issues arise
with the 3D printed sled.

4.5.11.2(b) 3D Printed
Serving as the preferred alternativewood, the LPB sled will be 3D printed. This
allows the most customizability and flexibility of the design. It can be challenging
to develop and manufacture an intricate sled out of wood. Comparatively, it is
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easier to design with detail in CAD and thé€n@int the system, so long as typical

3D printing convention and rules are followed. 3D printing also allows for rapid
redesignif challenges in integration arise or if there are changes to the structural
components inside the LPB. Furthermore, 3D primteaterial is lighter than
wood. Carrying less weight inthe LPB allows for greater weight to be allocated to
the UPB, specifically the lander system.

Despite the advantages over wood, there are still challenges associated with 3D
printing the LPB sled. Mo notably, the LPB sled will have to be strategicaly
designed to support manufacturing. In other words, the sled will have to be able
to support its entire weight during the printing process. The primary way to
rectify this is by adding temporary strucés in the sled to support platforms
throughout the printing process. Later, these temporary structures can be cut out
to produce the final sled design. However, if there are still challenges with
manufacturing even after installing supports, the sledloamprinted in modules

that can be connected through slotted attachments or by epoxy.

Furthermore, there is a challenge in securing electrical components to 3D printed
material. Whenwood is used, the electrical components can be easily bolted into
the sled and secured with nuts. Since it is difficult to drill into 3D printed material
without inducing damage, the 3D printed sled would have to be designed with
holes preformed in the sled during the printing process. In addition, these holes
might need to be equipped with threaded inserts to facilitate bolt connections. It
can be difficult tqoredetermine where all bolt holes need to go successfully, and
can be tedious to install threaded inserts in them, especially with so many
electrical components to attach. However, this is still possible with a detailed sled
design. Detailed design of naihd bolt attachments to the 3D printed sled will be
discussedinthe CDR. If challenges arise when designing detailed bolt connections
to 3D printed material, the sled will instead be made with woblderefore, all

the challenges associated with 3D prigtiocan be obviated with strategic design,
and 3D printed is superior to wood in terms of its weight and design flexibility. As
such, the LPB sled will be 3D printed, with wood being a backup material.

Retention and Stability

Retaining the LPB sled into thé°B is also another important aspect of the LPB
design. While the LPB sled will not have much room to move, given that the sled will
closely match the space that it is confined to (6 inches tall by 6 inches in diameter,
securing the sled in place is dtilportant to ensure that no components break and

to ensure that movement does not cause any greater instabilities. The circular panels
at either end of the LPB sled will match up with the bulkheads at either end of the
LPB section. In other words, thesecalar platforms will be 6 inches apart, allowing
the sled to span the entire LPB section. Confining the LPB sled in this way prevents it
from moving much in a vertical direction. However, further securement is needed to
ensure that the sled experiences immal rotation. Rotation could cause
components internal to the LPB to run into each other. Rotation would also prevent
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the IMUs from determining the true orientation of the launch vehicle over time,
given that the LPB sled would move somewhat indepenglefrom the launch
vehicle.

4.5.11.3(a)HookandLoop FasteneiAttachment
The first option for securing the LPB in the launch vehicle is to instaHamabk
221 FILraidSySNIoSieoegSSy GKS [t. Qa OANDdZ |
them. The hoolandHoop fasterer would prevent slight vertical movement of the
sled from occurring and would act as a filter to limit high frequency vibrations
caused by the launch vehicle. The haokHoop fastener would also be
instrumental in limiting rotation and horizontal vibians of the electronics sled
within the LPB. The hooks and loops of the kao&loop fastener lock into each
other, preventing horizontal slipping from occurring between two surfaces. It
would be very difficult for the electronics sled to rotate if it wesecured to
bulkheads with hoolandloop fastener.

It would also be very easy to assemble and disassemble the LPB section of the
launch vehicle ihookandloop fastenemwere used. Given that th@ook-and

loop fasteneis applied to the surfaces of théeetronics sled and the bulkheads
ahead of time, the electronics sled can just slide into the LPB and be secured
through contact with adjacent sections. In addition, after flight, the attachment
can be easily broken by applying a strong enough force tahmikections apart.
Therefore hook-andoop fasteneiis a very viable solution for retaining the LPB
and preventing its motion. This solution will be implemented because it is low
cost, easyto install, and is expected to perform effectively.

4.5.11.3(b) Bolted Atachment
Another option for LPB sled retention is to bolt the sled into the launch vehicle,
either with shear pins to attach the sled to the body tube or a bolt to attach the
sled to the bulkhead at the top of the LPB. The pins or bolts would prevent
rotation, by locking the sled in place at several distinct points in the LPB. In
addition, the pins or bolts could further limit the impacts of vertical and horizontal
vibrations on the LPB by pinning the sled in specific locations. While bolting the
LPB sled to the LPB has some advantages, there are still some drawbacks in
implementing this design solution. Most notably, bolting the sled into the
bulkhead could further build up stress concentrations in the bulkhead. In addition
to this, bolting the LPB sledtinthe upper bulkhead adds complexity to the
assembly and disassembly process. Shear pins might be more favorable bolts
because they are easily installable. However, they might break prematurely if the
LPB sled experiences too much force and slides ardtordthis reason, shear
pins or bolts will be used as an additional retention strategy if possible or if hook
andloop fastener proves to be insufficient on its own. However, bolts and shear
pins will not be the primary retention solution for the electrosisled in the LPB.

2022 NASAtudent Launch | Tacho Lyc1n




NC STATE UNIVERSITY

45.114

Interface with Launch Vehicle

As depicted in Figure-43, the horizontal sled is designed with a holde holewill

be cut out of the upper circular platform to allow space for the backside cBalt

that will protrude into the LPESince the LPB sled will be 3D printed, changes tothe
sled structure can be made easily if there are changes to structural aspects of the
LPB. It is possible that the LPB sled will be bolted into the launch vehicle if it is
deemed necessary. This desigrcid@on will be further reviewed prior to CDR, at
which point a final decision will be made. These bolts would secure sled to the launch
vehicle by connecting the body tube and the horizontal platforms. Finally, if a
centering ring is used in the LPB tochthe coupled section together, the LPB sled
will have to be modified slightly. Specifically, to ensure that the LPB sled could still
slide past the centering ring into its final position, the lower circular platform must
be small enough to fit through theentering ring.

4.5.12 LPB Mass Estimate
Table 46 below shows mass estimates for all the elements in the LPB. Cameras and
camera housings are not listed here because they are not located within the LPB.
However, for reference, the cameras and camera housingetter are expected to
weigh approximately 0.4 Ibg total.

Table4-6 LPB Weight Estimate

Component Weight (Ibs)

LPB Electronics Sled 0.4
NVIDIA Jetson Nano 0.55
Battery 0.33
LPB Altimeter ~0
IMU ~0

Hook-and-Loop Fasteners | 0.1

Cables and Wires 0.1

Total Weight 1.48

Total Weightwith 10%

1.48 0.148
Tolerance

4.5.13 Baseline Solution 1 Quick Summary
Baseline Solution 1 utilizes the fusion of data from images, IMU measurements, and
altimeter measurements to estimate the position of the launch vehicle throughout its
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flight. The planned sensors allgX-219 16Gcamerasa Yost&Space LX IMU, dAdafruit
DPS130 altimeter, to be run on a Jetson Nano and Arduino Nano.

An Extended Kalman Filter will be useééep track of the statespace of the rocket. Each
new measurement is combined with the prediction from previous measurements to
generate a new prediain will less uncertainty. The IMU and altimeter can be measured
continuously throughout the flight, but information from image processing is expected to
be much less frequent. Additionally, the IMU and altimeter data will have a growing
uncertainty in thevertical direction, whereas the image data will be able to give an
absolute position measurement. Thus, the IMU and altimeter will effectively extrapolate
position from the last camera measurement

To capture images, cameras will be mounted on the lawmtficle. Specifically, these
cameras will be located on the fin can because it is relatively stable. These cameras will
be secured and protected in camera housings. In addition, the cameras will be connected
to a microcontroller on the LPB electronics dieaugh ribbon cables. The LPB electronics
sled will be housed in the LPB. The sled will be 3D printed, and it will consist of three
horizontal platforms where electronics can be mounted. This sled will hold two
microcontrollers, an IMU, an altimeter, aladbattery. The sled will be securedin the LPB

by using hoolandloop fasteners to attach to adjacent bulkheads.

4.6 Baseline Solution 2:
Baseline Solution 2 is a lander that will jettison from the launch vehicle on descent. Before
the lander lands, four legwill spring from the sides of the lander and go under it. The legs
will take most of the landing impact force and help keep the lander stable once it lands. The
legs also give the lander more height. At the top of the lander, there will be a gimbad with
cameraon top of it. A servo motor will rotate the gimbal system allowing for level images in
every direction. Image recognition will be applied to the photos to identify where the lander
is on the field. The lander will be equipped with a radio tranganiio communicate back with
the launch vehicle. An IMU will be used on both the lander and the lauabltle,and a
microprocessor willse that datao calculate the distance between the lander and the launch
vehicle. Using the position determined byage recognition and then applying the distance
and direction to the launch vehicle calculatieasm IMUdatathe location of the launch vehicle
will be determinedRadio will then be used to send the launch vehicles location back to the
launchvehicle which will then send it to the ground station. The structure and deployment of
the lander will be like that of the Tacho Lycos design in the 2020 competition. Detailed
NERSaA3Iy Aa ySOSaalNE (2 YSSiU ieHousistriztSe NI a
and heritage provides a solid foundation for evolution.
4.6.1 Alternate Lander Designs
46.1.1 Alternative 1WideLegLander
Baseline Solution 2 has the legs extending down past the bottom of the lander so
that the legs will be the bottom most point. Wlternative 1:Wide LegLander the
leg hinges would still be located at the bottom of the four sides of the lander body,
but the legs would not extend pass a-868gree angle. The legs of the lander would
form a X shape so that the force of the landing would be more distributed. The lander
would lose all the leg height in this solution and the legs would do nothing to level
the rodket. This solution does gain stability cause the angle of the legs make it hard
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46.1.2

4.6.2

46.2.1

for the lander to topple completely. It was determined that even though the legs

would be resting completely on thgroundthe stabilityof this desigmwvould still be

comparab§ G2 . FaStAyS {2ftdzZiA2y HQa adloAatAde
almost nothing in return causing it to be eliminated.

Figure4-1414 Alternative Lander Design 1 Model

Alternative 2: Weighted Basander

This alternative design would not use legs at all. The lander would be pear shaped
with most of the weight at the bottom of the lander. The bottom of the lander would
have a cushion or padding so the lander would not be damaged when it impacts the
ground. With the bottom being weighted the lander would fall so the bottom
contacts the ground first and then stays in position. Gravity will help ensure that the
design lands in such a way that it will not immediately topple. Again, like the first
alternative idea this design loses the height the legs give in Baseline Solution 2. This
design would also have a similar amount of stability to it as Baseline Solution 2, so
again the tradeoff is not worthiit.

Gimbal andsimbal Rotation

¢ KS f I YRS NI o kdefs tHedlandeistahding but the legs alone will not be
enough to ensure that the camera on the lander will be level with terrain and have the
horizon visible. The gimbal system woulddig¢he top of the main body of the lander,
incased by plexiglass. Its purpose will be to level the camera such that the horizon is
visible.

Gimbal Design 1: Leveling Platform

Designl uses servo motors, a Jetson Nano and an IMU. The camera and the IMU
would be resting on a thin piece of plywood. Multiple servo motors would be on top
of the lander and underneath that piece of wood. The IMU would communicate to
the Jetson Nano and from that data the levelness of the piece of wood would be
determined. The Jetsaddano would be coded to be able to turn IMU data until an
estimation of levelness. The value would then be compared to the preset level
condition and then based on that difference the appropriate motor would raise up
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a section of the wood a bit higher tevel the piece of wood. The entire process
G2df R NBLISIG dzydat GKS wSiazyQa S80St

Another servo motor would be on top of the piece of wood by the IMU and camera.
This servo motor would rotate the camera around so the camera can getexcinl
all directions and will be referred to as the rotational servo motor. The Jetson would

also control this servo motor and will rotatiee servoto the different directions. In
Figure 415 the brown rectangle represents the top of the lander, the gree
rectangle represents the platform that gets leveled, the gold rectangles represent
the servo motors, and the black box signifies the camera, IMU and rotational servo
motor.

Figure4-1515 LevelingPlatform Demonstration Model

The next figure demonstrates what the leveling platform would look like in the
glass section of the lander. The leveling pad would only be a small portion of the
space because it is unnecessary to make the pad bigger.

Figure4-1616 Leveling Platform in Glass Box Model

46.2.2 Gimbal Design 2: Two Servo Leveling
Gimbal Design Idea 2 also uses a Jetson Nano, IMU and a servo motor. A small rod
would stick up on top of the main body of tlnder in the plexiglass portion of the
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46.2.3

lander. A small hinge with the IMU and the camera would be located off that rod.
The servo motor would be capable of swinging the hinge up and down. This design
has the same logic as Gimbal Design 1 with the IMUdirgethe Jetson data to
determine the levelness of the camera. The Jetson would tell the servo motor to
swing the hinge up or down to keep the camera and gimbal level with the ground.

The base of the rod will be controlled by a second servo motor thatretéite the
camera/gimbal system. Like Gimbal Design 1 the servo motor will be controlled by
the Jetson and will have preset instructions. The servo motor will rotate the system
around so the camera can take photos in every direction. Each time the seteo m
rotates the set up the camera angle will need to be readjusted because itis now in a
slightly different spot on the lander so the orientation of the lander will affect it
differently.

In the figure below the brown rectangle represents the top of dneder body and

the top of the glass section, the gold rectangles represent the servo motors, the blue
rectangles are the glass exterior, and the black box signifies the camera and IMU. In
Figure 417 the lander landed at an angle and the servo motorthg camera
corrects the camera angle. The servo at the bottom rotates the setup.

Figure4-17  Two Servo Leveling Model

No Gimbal Option

The more uneven the lander is on the grouttte more correcting the gimbal must

do. None of the gnbal designs change the direction of the plexiglass box the camera
is housed in. The gimbal could fully correctthe camera angle, but the camera could
still be limited by the body of the lander and the ARRD of the lander. To maximize
what can be seen frorthe lander a wideangle camera could be used which would
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always see completely out of the lander no matter the camera orientation. In this
case having a gimbal system would only ensure that the middle of the photo is
pointed towards the terrain but wouldot add any new information. Having no
gimbal creates fewer potential problems but would limit camera choice and
potentially add an extra step in image recognition.

Gimbal Decision

In Table 47 weight refers to the extra weight the gimbal system would add to the
setup. Itis factoredin the least because no gimbal design adds a lot of weight so the
weight difference is minimal. Complexity deals with the difficulty of implementing
the system in tk lander both structurally and electronically. The more complex a
system is the more ways it could fail to work properly and so this is weighted equally
with the leveling of the camera. Design 1 is more involved and has more components
that could not workso it has a lower complexity ranking than the other designs. As
shown in Table # the Two Servo Leveling System outperforms the Leveling
Platform and not having a gimbal. The Two Servo set up will be able to level the
camera, adds barely any weight to tlender and is much less complex than the
Gimbal Design 1. No Gimbal ended up ranking equally as well as the Leveling
Platform because all the difficulties that solution causes. Space was not considered
important enough to include on the Pugh Matrix becaadl the designs occur in the
same space. The gimbal designs were designed around fitting into the glass box
space of the lander, so it does not matter if any of the designs use more of that
allotted space than the others.

Table4-7 Gimbal Design Criteria

Criteria Criteria Weight Leveling Platform Two Servo Leveling No Gimbal
Weight 2 3 4 5
Complexity 4 2 4 5
Camera Leveling | .4 4 4 0
Total 1 3 4 3

4.6.3 Legs and Leg Locking Mechanism
While in thelaunchvehicle the legs will be up against ttender. The hinges for théegs
will be located far dowrthe lander. The hinges will allow the legs to move from their
stowed position to their landing position. While in tlaeinch vehiclethe legs will be kept
in place because thaunch vehicléody prevents them from expanding. The legs will be
springloaded so once the lander is out of tleinch vehiclehe legs will be pushed into
place. A locking mechanism will be used to seta max range for the legast $bdi do
not collapse back towards the lander upon landilighe lander lands on uneven ground
the legs will be at different angles to help level the lander.provide stability, the legs
will not have motion side to side. In other words, the leg$avily be able to move in one
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degree of freedomThelanderwill be bottom heavy to make the lander more resilient to
wind. Outlined below is the thought process and decision making for leg material, leg
height, leg location, leg deployment and the legking mechanism.

46.3.1 Leg Material
The three factors considered when choosing the leg material were cost, weight and
the ability to handle the impact force of when the lander hits the ground. The legs
need enough weight to help lower the center of mass oflmeler but not too much
weight to where the lander is too heavy. Cost was not the biggest factor, but it did
NHzZ S 2dzi a2YS 2LJXiA2ya o0fA1S aadSStod ¢KS
down, but it will likely impact the ground at aroua®.51bf. The weight of the legs
varied substantially with different materials so some material choices would double
the weight of the lander. Some choices were completely ruled out and not included
on Table 48 because the weight was just too much. The otherfédigor besides
weight was Leg Strength. As stated earlier the lander will be landing with around 40
ft Ibf and the legs will be making contact first. The strength value in the table is
derived from the material properties. All the listed options would bé&eao survive
the impact. The three leg materials considered below are using carbon for the legs
(both with and without extra weight) and using aluminum for the legs. The options
Ay@2t @S OF Nb2y TFAOSNI NBLIHzZNLIZ &S dérkiBe OF ND 2\
repurposed carbon fiber will be long enough and is already the right size. Without
access to this carbon fiber the cost score in TakBewbuld be a much lower. The
aluminum legs would need to be purchased resulting in the aluminum cost being
lower than the carbon fiber cost (even though carbon fiber is much more expensive).
The hollow carbon fiber leg would not lower the center of mass much resulting in a
lower score than the carbon fiber legs that have additional weight in them. The
weighted cabon fiber legs could be weighted to exactly the right weight to optimize
center of gravity. The Hollow Carbon Fiber legs loss points in the weight section for
being too light but aluminum did not get max points because it was on the heavier
side. Even lookg at hollowed out aluminum blocks or cylinders still have more
weight than desired and are less stromgwas decided to use carbon fiber for the
lander legs and fill them in to increase the weight to get the desired effect.

Table4-8 Legs System Design Criteria

Criteria Criteria Weight HoIIoI\:/\i/bC;?rbon s:viqub\(/)vnengr Aluminum
Weight A4 3 5 3
Cost 2 5 4 2
Strength 4 5 5 4
Total 1 4.2 4.8 3.2
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4.6.3.2

Leg Height and Location

The further down the hinges for the legs are on the lander the longer the legs can
be. To determine how important height was for the lander, pictures were taken at
half a foot to 3 feet in intervals of half a foot. The pictures all were of a building in
the distance and the visibility of the building was than compared in the pictures. In
this regard the height did not make a difference for building visibility. This
determined height did not have a big effect on image recognition. The issue though
was that his was done on a flat surface, so the lower heights never had an
obstructed view. The pictures of the terrain given were less flat and the surface
appeared very rough. The lander needs to be high enough off the ground to where
G§KS 1 yRSNIRA tilloe ¥ofeNg ske thie AaswfmBrks &ven with slight
changes in elevation or uneven ground.

4.6.3.2(a) Leg Location 1: Very End of Lander

Having the leg hinges at the very end of the sides of the lander would maximize
the possible height of the lander. The further dothe leg hinges are the taller

the legs can be and the further down they could extend. The tradeoff for height
is stability because having the hinges too low and legs too tall could cause the
center of mass to be too high and make the lander prone tairtgapin this
solution the hinges would on the dies of the launch vehicle at the very bottom.
This solution fully focuses on maximizing height.

4.6.3.2(b) Leg Location2: Three Inches up from Bottom

46.3.3

The leg Location 2 solution would raise the hinges several inchmastedbottom

of the lander. This will have two consequences on height. The first effect would
of having the hinge higher would be the top of the legs will start higher up sothe
legs will increase the height of the lander less. The second effect woultebe t
legs would be shorter because the legs rest up against the lander in the launch
vehicle. If the legs were not shortened, they would go past the lander when
folded up and the lander would not fit into the launch vehicle. Height would be
lost but stabiliy would be gained and would make the lander less likely to tip
over. The slight loss of height was determined to have minimal impact based on
the test photos taken. Three inches from the bottom on the sides of a lander is a
rough guess. Further researchdatalculations will be done and documented in
CDR to get a more refined number.

Leg Hinges and Sprihgaded System

The hinge for each leg keeps the leg moving only in that degree of freedom. The leg
would be able to move from parallel to the launch vehitd pointing towards the
ground at the proper angle. A spritgaded hinge will be used to push the legs down

to a specific angle from the lander. While the lander is stowed in the launch vehicle,
the spring system will be trying to push the legs out itite set position. This will

give the lander a slight resistance when jettisoning from the launch vehicle but the
force from the parachute will still be much stronger and the lander will still easily
deploy from the launch vehicle.
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The springoaded systemwill be set to cause the legs to spring out to be roughly 20
to 40 degrees below the base of the lander. In this case if the legs were level with
the base of the lander, then they would be at O degrees, and vinayld be angled
lower than. The exact angleill be determined basedn a force analysis done on

the lander impacting the ground and refined in CDR. The analysis will consider the
downward force and the side force it will have. The smaller the angle the legs are at,
the less height the lander wilve, but also the less likelyitll be tip over. Originally

a 45degree angle was favored to maximize height but as mentioned earlier in this
section a slight decrease in height would not limit image recognition. Like the
decision choice in having thénges located higher on the lander, a lower leg angle
will be utilized tofavor stability over height. The figure below demonstrates two
dimensionally what the leg angle would look like at 30 degrees.

30° {
\

Figure4-18 Lander Leg Angllodel

Leg Locking Mechanism

After the lander is jettisoned from the launch vehicle. The interior of the launch
vehicle will no longer keep the legs in place, and the spring will push the legs to their
desired position. The spridgaded system on its owould not be enough to have

the legs fully secure so a locking mechanism will be used to keep the legs in place
once they spring to the desired angle. Each leg would need to utilize the locking
mechanism so a simple, lightweight design would need to béeimented.
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4.6.3.4(a) Leg Locking Mechanism 1
The legs will extend past the hinge so that when the legs deploy that portion of
the leg will push into the lander. There will be openings in the main lander body
to allow the leg ends to poke into tHaunch vehicle Whenthe legs push into a
launch vehicleit will trigger the locking mechanism to keep the legs in place. The
locking mechanism in the lander body is a coiled spring that is kept in place by a
pin. The part of the leg that goes into tkeunch vehiclewill knock the pin out
causing the spring to uncoil forward and lock the legs in place. There would be
four of these systems in place, one for each T spring and pin system would
not add too much weight to the lander and would partially be offset by theshol
in the lander body to accommodate the design. The biggest flaw in this designis
the space loss in the bottom of the lander. The body of the lander though is big
enough for where this loss in space is not enough to cause electronics to not be
able to ft into the lander.This would be a sealed sect®mthe electronics in the
rest of the lander would not be exposed.

In the figure below the brown rectangle represents the lander body, the black
rectangle represents the lander leg, the blue square regmesthe pin, and the
yellow square represents the spring locking system.

Figure4-1917 Leg Locking Mechanism Leg Movement Model

Figure 420 shows a more detailed zoomed in version of the spring part from
Figure 419. As stated earlier the leg will knock the pin out of place and trigger
the spring to lock the leg in place. It cannot be seen from this view, but the pin
will be kept in place byupport from either side of it (so towards and away from
the figure). In the below figure the yellow block now only represents the end of
the spring system instead of the entire thing.
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Figure4-2018 LegLocking Mechanism 1 Spring Lock Model

4.6.3.4(b) Leg Locking Mechanism 2
Leg Locking Mechanism 2 would also have the slot in the lander body for the end
of the leg to slide into. The inside of the lander by this slotted area would curve
in to catch the leg at the dgred angle. When the lander jettisons from thench
vehiclethe springs will push the legs downward. The legs auilitinue going
down until the back of the leg catchi¢éselfon the body of the lander and will not
be able tacontinue deployment. The sipng system would be wound tighter than
in Leg Locking Mechanism 1 so that the spring system continues to push the legs
downward andthe legs are kept up by the lander bodyhis system would not
have a spring system in the lander just the one by the ing&e tradeoffs are
like Leg Locking Mechanism 1 where space in the lander will get used up for the
locking mechanism, weight will be minimally affected but the legs will be able to
lock at the desired angle. Inthe figure below the lander body is agaiasented
by the brown rectangle and the leg is represented by the black rectangle. A rough
spring and hinge are alsoincluded to demonstrate how the spring is pushing the
legs down.

Figure4-2119 LegLocking Mechanism 2 Model
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46.4.1

46.4.2

4.6.4.3

Camera and Glass Section of Lander

Any cameras on the lander cannot be exposed because the cameras would likely be
ruined in jettisoning from the launch vehicle or from the impact on the ground. All
cameras on the lander will lurrounded in a glass box near the top of the lander. The
glass box will give protection to the cameras but still allow them to see the surroundings
around the lander. This section also outlines choices made for cameras including type of
camera and numbeof cameras.

Number of Cameras

The lander needs to be able to see in every direction to maximize the chances that a
picture will be captured of a landmark that the Jetson was trained to recognize. The
current leading design involves one camera that willatet allowing it to take
pictures of all sides of the lander. The alternative option would be to mount four
cameras with each one facing out from a different side of the lander.

The singlecamera system has several advantages over the-daurera system,
which was our original plan. First, it is easier to integrate with the Jetson Nano as
there are 2 CSI ports for cameras on the 4GB and 1 such port on the 2GB Jetson.
Using just 1 camera also means that the FOV angle of the camera can be smaller
since the amera will be rotating and able to get 3660 matter the camera
specifications. Since the FOV is less important, greater importance can be given to
the EFL sothat we can see things clefmn farther away.

Camera Choice

When choosing a camera for thander, the same specifications mentioned in
Section 4.5.1 must be considered, but with different requirements in mind. The
camera must still be compatible with the Jetson Nano, but the field of view (FOV)
and effective focal length (EFL) have distinctgdtem the launch vehicle exterior
cameras.

Because the current design has 1 rotating camera as opposed to 4 stationary ones,
the FOV does not need to be anywhere near as high the d$€d on thelaunch
vehicle exterior. Having a field of view that largen the lander would cause
unnecessary image warpitigat would have to be worked around jmocessing and
would provide more of the ground and sky thaeeds to be seen.

The EFL on the other hand, can be longer tharidbach vehicleams becausthe
view is not being reduced with time antdecause it would allow for clearer images
of the landmarks, which coulde a good distance away from thender.

With these requirements in mind, an Arducam 13MP AR1335 camera is being looked
at for the purpose bgoing on the lander with a FOV ofeadd EFL of 4.72 mm. If a
similar camera with a longer EFL can be found before final fabrication of the lander
then this may be changed.

Camera Integration

The Arducam 13MP AR135 or any other camera chosen will hélsigoa cable that

will feed into the Jetson Nano. The ribbon cable will run from the camera down to
the Jetson. The camera will be on top of the gimbal in the glass box region of the
lander. The Jetsonwill be in the main body of the lander. There wéldmall hole
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at the bottom of the glass region for the cables and cords to run through. The
camera, gimbal, and ribbon cable will be set up so that the rotation of the gimbal
does not overstretch the ribbon cable. The ribbon cable will be slightly loog®i
camera section to ensure the cable does not limit the rotation of the camera.

46.44 Glass Choice and Design
The camera needs to be able to see out from the lander and can't simply be exposed
at the top. To allow the camera to be properly secured in theldaiand still see, the
camera needed to be housed in a glass portion of the lander. When choosing the
type of glass, the weight, cost, durability, and visibility of the glass was considered.
Acrylic (Plexiglass) and Lexan were the two main choices forghded will surround
the camera on the lander. Lexan is 250 times more impact resistant than normal
glass while Plexiglas is only 17 times more impact resistant. Both glass types will be
strong enough to be in the lander and not break. Lexan is more eketizan
Plexiglass and is slightly less see through. Both would be more than adequate for the
lander with Plexiglass outperforming Lexan based off the design criteria for it.
Visibility and durability had equal weighting because those two criteria areritre
purpose of having a glass box protecting the cameras. Weight and cost were also
considered because the lander cannot be too heavy or too expensive. Plexiglass is
also less prone to scratches than Lexan which is also why it ranks better inyisibilit
While Plexiglass is more likely to chip than Lexan, this section of the lander should
never be making impact with the ground. Overall Lexan is just not needed when
because Plexiglass does everything Lexan can do and is cheaper. If the durability of
Plexglass does become a concern than the lander will switchto using Lexan glass.

Table49 Camera Housing Design Criteria

Criteria Criteria Weight Plexiglass
Weight 2 4 4
Cost 2 4 3
Durability 3 4 5
Visibility 3 5 4
Total 1 4.3 4.1

4.6.5 Lander Body
The lander has three main sections. The ARRD at the top, the glass box area, and the main
lander body. The lander body will hold all the lander electronics except for the ones
necessary for the camera and gimbal system and the rotary latdtredander will be
housed in the Upper Payload Bay. The Upper Payload Bay will be 24 inches long. This will
provide enough space for thiander, which is to be 22 inches long, and integration
hardware. The Upper Payload Bay will be located at the top ofatinech velgle, right

below the nosecone.
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46.5.1

Material

The lander body needs to be strong enough to hold everything together and
withstand all the forces acting on it. At the same time, the material chosen cannot
be too heavy or the lander would be too heavy to incorporate into the launch
vehicle. Other fact@ considered were cost of that material and how easy it would
be to work with that material. Incorporation ease covers both the assembly of the
body of the lander and securing the electronics in the body. The three top materials
considered were Aircraft @de Plywood, Carbon Fiber and PLA printing. Other
options were eliminated based off weight. Metals like aluminum were still too heavy
to be used for the main lander body. The previous year used plywood, but other
options were researched and analyzed to sfea better solution could be found.
Carbon Fiber is very expensive, but some might be provided for free. The cost score
in the table below represents the score if the carbon fiber needs to be purchased. If
enough carbon fiber is provided the score woble changed to reflect that and the

final solution may change. The final lander body material would be a 3D printed
option. ABS printing was investigated but due to past struggles of printing ABS it was
decided that if the body was 3D printed a different teaal would be used. Printing

the lander body using PLA filament would be more manageable than if using ABS
filament. PLA filament is less durable than ABS but if the PLA print is thick enough
the body will be durable. Plywood ranked well on the Incorpiora Ease section
because it has been used for this purpose in the past and worked well. Carbon fiber
would be harder to work with than plywood and a 3D printed material resulting in
lower score. 3D printing would allow for the incorporation to be fullgidaed on

Cad software but implementing it would be more difficult than just using plywood.
Currently the lander body will be made out Plywood as sholainie 410 As stated
earlier if the carbon fiber situation changes the lander material may changatwith
Also, if the 3D printer situation changes the scores for the printing sectidalie
4-10would also change. Aircraft Grade Plywood though is likely to stay the solution
for the lander body but is not as cemented as other decisions so far.

Table4-10 Lander Body Design Criteria

Criteria Criteria Weight Plywood Carbon Fiber PLA Printing
Weight
Incorporation Ease | .2 5 3 4
Cost 2 4 1 4
Durability .3 4 5 3
Total 1 4.5 3.8 3.7

4652 Outer Design

The upper portion of the lander will be slightly smaller than the base of it. The upper
portion is smaller, so the legs do not rest upon the rotary latches and to help make
the design bottom heavy. The length and the width of the bottom portion of the
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lander will be 3.5 inches by 3.5 inchasd be 12 inches high. After 12 inches the
width will decrease to 2.6 inches. The 3.5 by 3.5 inches maximizes the space in the
launch vehicle. The lander needs to be as big as possible to be able to properly fit
the Jet®n Nano. The legs will by 1 inch by 1 inch so parts of the lander will be 5.5
inches long. This narrowly fits into ther@&h interior of the launch vehicle, but it will
have enough space to easily stow and take out of the launch vehicle. The bottom of
the lander will have a Wolt. When stowed in the launch vehicle thebblt will be
facing towards the top of the launch vehicle. As stategeirtion 4.6.3.4there will

be holes in the lander for the end of the legs to back into the lander to trigger the
locking mechanism. The hinges will be bolted in approximately 3 inches from the
bottom of the lander and the leg slots will be below that. The legs slotsdaxdth

of 1 inch to max the width of the legs and the hinge. The opening has a height of 1.4
inches to allow the hinge to fully rotate the legs and so the legs can trigger the leg
locking mechanisnkigure 423 is a model of what the lander would lookdikvhile

it is stowed in the rocket. The legs are up against the sides of the lander so that it
can fit inside the rocket. The electronic rotary latches underneath the glass section
limit the legs height. At the top of the lander is the ARRD. The folldigiaige, Figure

4-24 demonstrates what the lander would look like on the ground. The springs push
the legs out and the hinges rotate into the lander body and trap the legs in place.

Figure4-2220 SOLIDWORKS Model of Lander in Stowed Position
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Figure4-2321 SOLIDWORKModel of Lander in Deployed Position

Figure 424is zoomed in on the bottom of the lander to clearly show what is

happening at the base of tHander. The kbolt goes into the lander to allow
the bottom of the lander to be flush in the rocket. Currently the hinge slot is just
an opening, bufigure 424 demonstrates how the leg locking mechanism will

work.

Figure4-2422 SOLIDWORKS Model ofblt and Lander Openings
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46.5.3 Inner Components and Design
The interior of the lander will contain a microcontroller, GPS, altimeter, a battery,
and radio. The bottom of the lander will have dblt that sticks io the interior of
the lander body so some space will be lost at the bottom. Also, near the bottom
there will be the leg locking mechanisms which will take up additional space. The
wWSiazy bly2Qa aA1T S NBAGNAROGA HMaeedthli OF Yy
be vertical in the lander. While the lander body dimensions at the larger portion are
3.5 inches by 3.5 inches, those values are the exterior dimensions. The interior
dimensions will be closer to 3 to 3.25 inches in each direction dependirtgpywn
thick the lander body ends up being. Overall, a lot of space in the design is already
in use so the interior of the lander has less space than it would seem. Height is the
one direction where the lander is not as limited.

In the figure below the electinics are included on an electronics sled in the lander.
The lander exterior is set to see through so the interior can be seen. Onthe back side
is the battery. As many of the electronics are not finalized, placeholders have been
used for many of them. THander electronics sled will be finalized in the CDR. This
is only the lower part of the lander body because all the electronics can fit easily into
it and by putting them closer to the bottom it makes the lander more bottom heavy.

Figure4-2523 Model of Lander Interior
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4.6.6

46.6.1

46.6.2

Non-Camera Lander Electronics

The lander will include its own suite of electronics for data acquisition handling and
processing, as well as communication with the launch vehicle laider will need to be

able torecord images from the ground and record inertial / altitude data on descent after
release from the launch vehicle. The lander will additionally be processing the images it
collects on board. Finally, to determine the re\et position of the lander with respect to

the launch vehicle, both it and the LPB must be able to extrapolate sensor via an EKF. The
capabilities of the LPB for this requirement are covered in Baseline Solution 1

As such, the electronics face similar dgscriteria as for Baseline Solution 1. Tamgest
notable differenceis that there is an invigorated emphasis on the space and weight of
each component.

IMU
With reference to Table-8 in Section 4.5.4 of Baseline Solution 1, we would like to

use thesame Yostd LI OS La! F2NJ G4NrO1lAy3a GKS fF yR

from the shock cord. Alternatively, we would like to list the Adafruit NXXFOF as a
backup in case stock on the Yost IMU runs out, or there is a monetary issue with
acquiring a secahone.

Power
LikeSection 4.5. Baseline Solution 1, we considered both LiPo and NiMH batteries

F2NJ GKS [FYRSNDA LRGSNI adzZllL) 8d t 2SN RSy

of the stricterweight and space requirements of the lander. As such, avetalso
decided to usd.iPadbatteries to supply power to the lander electronics. Bel®able

4-11 shows the estimated-fiour charge requirement. The reference LiPo from
Section 457 for Baseline Solution 1, at 6000mAh, is short of meeting the
requirement, but is close enough to still be satisfactory. As with before, a specific
battery will not be chosen until CDR, when the details of all electronics are better
understood.

Tabled4-11 Charge Requirement of Lander

Component Maximum Current

Jetson Nano 3A
Arduino Nano 0.8A
Yost 3Space IMU 0.022 A
LoRa Communication 0.05A
1IMX219 160Camera 0.9A
Adafruit DSP310 0.001 A
Eggfinder RX GPS 0.1A
2 Rotary Latches 0.6 A
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4.6.6.3

4.6.6.4

4.6.6.5

4.6.6.6

4.6.6.7

2 Small Servo Motors 1A
Total: 6.023 A
1 Hour Max.lmum Current 6023mAh
Requirement

Servo Motors

The system the lander uses to orient the cameras will use two servo motors. The
servo motor controlling camera pitch will need a 1@&gree range of rotation, while

the servo motor that rotates the camera and camera platform azimuthally will need

a 360degee range of motion. The 18fkegree servo motor will most likely be

Adafruit Micro Servo. The 18fegree servo just needs to be able to rotate the IMU

and camera and both of those do not weigh too much so a weaker servo motor can

be used. The other servoator though must rotate a wider degree range and must

rotate more weight. So, the Adafrufieedback 360 Degreéligh Speed Continuous

Rotation Servavas chosen. This motor is capable of normal servo motor movement

and not just continuous rotation. Motorpecifics will be detailed more in the CDR.

Communication

Like Baseline Solution 1, we have decided to use LoRa for radio communication
between the lander and the launch vehicle. While the range capabilities are more
than necessary, this method was chosenit will not require usgo learnhow to use
a new technology. This decision comes from the severe time concerns the team has
regarding constructing and completing payload functionality.

The lander will communicate its absolution position and relativeiomofrom shock
cord deployment to the launch vehicle. The LPB electronics will then calculate the

[  dzy OK *SKAOf SQa | oaz2fdziS

complete this calculation.

GPS

LRaAldAzyT

An Eggfinder RX GPS will be used to tiaekander.Section 3.2.2details why this
specific GPS was chosen. The GPS is included on the lander to meet the requirements

and not to help with completing the challenge.

Altimeter

The same altimeter as in the LPB for Baseline Solution 1 will befarseak lander

and is justified inSection 3.2.2.1The reasoning is the same, in that the Adafruit
DPS310 isimpleto work with, cheap, and a precise chip.

Microcontroller

dza Ay

The lander will have an IMU as well as needing to capture and process images, so

the microcontrollers on the lander will have to meet these needs. The image

processing requirements are the same as for the launch vehicle, so a Jetson Nano
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46.6.8

4.6.6.9

will also be usedin the lander. A 2GB model will likely be sufficient as there will only
be one carera, sothere is no need to get a model with more camera ports. The RAM
on the 2GB should also be enough to accomplish the mission.

For the IMU, the microcontroller chosen will be the same as the one for the launch
vehicle IMU, which will most likely be snNRdzA Y2 bl y2® ¢KA A& A&
difference in how the IMU will operate, and so the same solution should be
applicable to both the launch vehicle and the lander.

Lander Electronic Components
Table4-12 Total Lander Electronic Selection Choices
‘ General Piece ‘ Chosen Part

IMU Yost 3Space LX

180 Degree Servo Motor Adafruit Micro Servo

Adafruit Feedback 360
360 Degree Servo Motor Degree High Speed
Continuous Rotation Servo

Battery TBD

Radio LoRA

GPS Eggfinder RX GPS
Altimeter Adafruit DPS310
Microcontroller Jetson Nano (29)

Lander Electronics Schematic

Below is a diagram of connectivity between the payload electronics on the Lander.
Both microcontrollers will require a 5V buotnverter to step down the power. The
Arduino Nano will be used the same as in Baseline Solution 1, while the Jetson Nano
will have the addition of rotary latches and servo motors to control. The
communication between the Jetson and the Arduino will bettierJetson to pull the
measured data from storage on the Arduino.
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4.6.7

46.7.1

4.6.

25 LiPo Battery

Power Pins Power Pins

5V Buck
Converter

Stored Data
Nvidia Jetson Nano Arduino Nano

Command
Signals

Gimbaled LoRa
Camera Transceiver
and Antenna

<-12Cor SPI ->

Adafruit
DPS310 Yost 3-Space

Gimbal Servo Electronic j LX IMU
Motors Rotary Latches Altimeter

Figure4-26 Lander Electronics Schematic

Lander Retention System

The lander retention system is extremely critical in ensuring mission safety and success.
The lander must be held securely in place prior to its time of deployment. A premature
release before vehicle separation could induce damage to the lander. A presmatur
release before or after separation could cause the lander to leave the UPB early, which
could be catastrophic. As such, it is critical that the lander retention system holds the
lander in place until the exact moment that it needs to be released.

Itisalso important that the retention system holds the lander in a fixed position as much
as possible. If the lander moves within the UPB in any way, it is possible that it could
induce damage by colliding with the body tube or other structural elements.ditiau,
movement of the lander increases the chance that shock cords within the UPB tangle.
This tangling could prevent successful deployment of the lander. Given this, the lander
retention system will be designed to prevent axial, lateral, and rotatior@ion as much

as possible.

Lander Retention Concepts

There are many ways that the lander could be retained within the UPB. Many of the
retention solutions constrain the motion of the landes one or two degrees of
freedom. Because of this, a combinatiohthese solutions will be implemented to
O2yaiGNXAYy (GKS fFyRSNRa Y20A2y Ay | ff
release. All of the retention strategies that have been considered are discussed
below, with the tradeoffs between them highlighted.

7.1(a) Guided Rails
The first option for retention of the lander in the UPB is to secure it to vertical
rails around along the inner edge of the UPB. Each of the payload legs could be
equipped with rollers that would allow them to slide along the rails. Railsdvoul
constrain the lateral and rotational motion of the lander during flight. However,
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an additional mechanism would be needed to prevent axial motion from
occurring prior to lander deployment.

2 KAES | NYAf &deadSyYy ¢2dA RaddingRdisicitie NB a ( N
UPB adds a significant amount of design complexity. Installing rails in the UPB
would be somewhat difficult, given that it is challenging to access the internal
walls of the bay. In addition, adding rails to the UPB would add weighétbay,

while there is already a tight constraint on weight for this section. Any weight
added by the rails would have to be removed from the lander itself. Finally, with
rails running along the sides of the UPB, there is a greater chance that shock cords
in the UPB will get tangled, as there are more objects that the cords could get
caught on. For all of these reasons, rails will not be used to retain the lander.
Simpler methods can be used to achieve retention.

4.6.7.1(b) Casing Securement
The second option for lander retention would be to secure the lander in a
secondary casing in the UPB. The cross section of this casing would be form fit
quite closely to the cross section of the lander. By having such a tight interface
with the casing,t8 f I yYRSNRa fFG0SNIf | yR NRGFGAZ2Y
However, an additional retention mechanism would be needed to restrict the
f yYRSNRA | EALE Y2GA2Yy O

The casing securement method is advantageous in that it prevents two types of
lander motion. Tts method could also limit the potential of shock cord tangling,
given that the main parachute shock cord running through the section could be
completely isolated from the lander. However, like the rail solution, the casing
could be difficult to install ashwould add weight to the UPB section. In addition,

it could be difficult to assemble and connect critical components in the UPB with
the pre-installed casing in the way. It is possible that the casing could be installed
around the lander and secured togHaunch vehicle with bolts, but this would
stilladd weight and be difficult to assemble. As such, the casing method is not the
primary retention solution, but it may be implemented later if shock cord tangling
is determined to be a significant threat affidts weight can be accommodated.

Figure4-24 Lander Retention Casing Solution
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4.6.7.1(c) Actuated Hinges
I Qlidzr SR KAy3ISa O2dAd R 0S dzaSR (G2 NB&GNI
time of deployment. These hinges would be located at the bottom of the UPB
section. When the hinges are locked, the lander would not be able to move in an
axial direction, assuming that the lander spans the entire length of the section
(from the hinges to the uppenost bulkhead). On deployment, the hinges would
unfold, allowing the lander to exit the launch vehicle. While this strategy is sound
in theory, many problems are expected to exist when practically implementing
this system. First, it is difficult to pro@dower to the hinge system, given that
retention electronics must be housed at the top of the UPB so that they do not
interfere with deployment. In addition, it would be extremely difficult for the
main parachute shock cord to effectively pass throughdR& without getting
tangled if it had to pass by these hinges. Due to the severity of these design
challenges, the actuated hinge solution will not be implemented.

=3

Figure4-25  Lander Retention Hinge Solution

4.6.7.1(d) Shear Pins
l'Yy20KSNI NBGSYlA2y aztdziAzy Ay@2ft @Sa
body tube through the use of nylon shear pins. Nylon shear pins are commonly
used in higkpowered rocketry applications to holthunch vehiclesections
together unil they are blown apart with an ejection charge. Using shear pins is
advantageous because they can secure the lander in the UPB temporarily, stil
enabling the lander to be deployed at a given point in time. Shear pins would
prevent rotation and lateral man of the lander within the UPB. They would also
provide some resistance to axial motion, so long as the lander does not
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experience a significant force that would break the shear pins prematurely. It is
also expected that the shock cord should easilyspas shear pins, given their
small size and the fact that they break at some point. Because shear pins are easy
to install and provide stability in two degrees of freedom, they will be used in the
retention solution.

4.6.7.1(e) Electronic Rotary Latch(es)
Onef Fad NBGOSYylGAz2y &GNI GS3e g2dA R 06S G2
bulkhead using an electronic rotary latch. These latches are held closed until
provided some actuation signal to release. The rotary latch would prevent axial
motion of the lander unt the time of deployment. However, a supplementary
solution would be needed to prevent lateral and rotational motion. The electronic
rotary latch is advantageous in that it takes up minimal space in the UPB section,
thereby leaving sufficient space forelteander and reducing the chance of shock
cord tangling. In addition, the rotary latch would be located in a convenient
location, where the UPB electronics are all grouped together and where it is out
of the way of the lander itself. The disadvantage a# tbtary latch is that it
requires a decent amount of power to function, thereby increasing the size of the
battery in the UPB. However, any actuated retention and deployment solution
would require a decent amount of power, and the increased batterysaemall
price to pay for the other design benefits provided by the rotary latch. As such,
an electronic rotary latch will be used as the primary method of lander retention
in the axial direction.

There are multiple ways that the lander could be connedte@n electronic
rotary latch. To reduce complexity within the section, the electronic rotary latch
could connect directly to a-bolt on the bottom of the lander. However, there is
concern that the kbolt could get caught when the electronic rotary latch
actuates and opens, given thatddlts and rotary latches both have small and
rigid openings that will be interfacing. As an alternative, a small shock cord could
be used to attach the Dolt to the rotary latch. It is anticipated that the shock
cord coutl attach to and separate from the rotary latch more easily tharbalt)

This assumption will be confirmed with testing prior to the CDR. Despite the
advantage of using a shock cord to facilitate the connection between the lander
and the rotary latch, tls solution does slightly increase the chance of shock cord
tangling. However, the chance of tangling would still be low given that the
additional shock cord would be small. Therefore, based on the assumption that a
shock cord will attach and separate franmotary latch more easily and reliably
than a Ubolt, a shock cord will be used to connect the lander to the rotary latch.
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Figured-26  Lander Rotary Latébonnection Alternatives

Finally, to further prevent lateral and rotational motion, two rotary latches could
0S dzaSR (G2 aSOdNB GKS flFyRSNI G2 GKS |t
This solution could be pursued if the shear pins are deemed tdloiequate to
prevent lateral and rotational motion by themselves. However, using two rotary
latches would require a much greater source of power to be available in the UPB.
In addition, it would be difficult to mount two distinct rotary latches on the QRB
upper bulkhead along with all of the other necessary retention electronics. It
would also be difficult to create two distinct mounting points febdlts on the
bottom of the lander. As such, the initial solution is to only use one rotary latch
due to the added complexity of including two.

4.6.7.2 UPB Retention Electronics
To facilitate the retention and deployment of the payload, several electronic
components are needed. Specifically, an electronic rotary latch will be used to
NE&GNROG (KS forionfdd&pegnant. THe aldctionicf@aiylaglywill
release the lander from its restraint at a given altitude during descent. An altimeter
will detect altitudes during flight. When the altimeter hits the specified altitude
during descent, a microcontier will send an actuation signal them to release
the electronic rotary latch. The altimeter, microcontroller, and rotary latch will be
powered with a battery in the UPB. Later, after the lander separates from the UPB,
it will separate from the main parchute using an ARRD as described in Section

3.2.2.4
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Signals
P - Pressure

I1 - Current from Altimeter 1
12 - Current from Altimeter 2
F1 - Pulling Force from Latch
F2 - Pulling Force from ARRD

Release from UPB via Retention Electronics

Upper Payload Upper Payload

e . | Bay Rotary Latch
P Bay Altimeter 1 yActua?i(on F1 v
Payload Release
. A
Planetary Lander ARRD Ignition and
—_— . - .
P Altimeter 2 Separation F2

Release frorviain ParachuteriaARRD

Figure4-27 Lander Retention and Release Block Diagram

4.6.7.2(a) Microcontroller

4.6.7.2(b)

4.6.7.2(c)

For the upper payload bay, large processing power is not needed, so a smaller
microcontroller will be used. The controller needs to be able to read an altitude
sensor and control an electronic rotary latch. Since we are already using an
Arduino Nanoin other places in the payload, it makes sense to use it here. It has
all the capabilities needed and we would not have to learn how to use a new
controller.

Altimeter
The altimeter in the UPB is the same as in the LPB and lander, for the same
reasons as before. S&ection 4.5.%or a further explanation.

Power

For consistency and weight savings, the battery on in the UPB will be a LiPo
battery. Because of the significantly reduced power requirement the battery will
have much less capacity, btitwill still need to have at least 5 V to power the
rotary latch.

Table4-13 Charge Requirement of Upper Payload Bay

Component Maximum Current

Arduino Nano 0.8A
Adafruit DSP310 0.001 A

Rotary Latch 0.3A
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Total: 1.101 A

1 Hour Max.lmum Current 1101mAh
Requirement

4.6.7.2(d) Electronic Rotary Latch

4.6.7.3

The CamLock Series 100 Electronic Rotary Latch will be used in the UPB retention
system. This rotary latch was selected for its large holding force of approximately
1500 Ibf and its active resistance against forced openings. Though a Holdieg

of 1500 Ibf is likely more than sufficient, this holdiigrce will provide a
significant factor of safety, whichis important given how critical lander retention
and deployment are to mission safety and success. In addition to this, the
CamLock Series 100 latcttigely provides resistance against forced openings,
which provides greater confidence that this system will work as intended and
g2y Qi | Oldzr S LINBYF GdNBfted CAylFftezr fF
advantageous because its power draw depends on theusnof force it is
actively resisting. Given that the latch is not expected to experience high forces
from the lander, power draw should be fairly low throughout the flight. Given
these positive design features, the CamLock Series 100 latch was chaben for
lander retention system. Prior to CDR, tests will be conducted to verify the
holding force and power draw specifications provided by CamLock Systems.

Retention System Interface with Launch Vehicle

All of the electronics required for the lander retéo system will be mounted to

GKS 't. Qa dzZLJLISNI 6dzZ { KSFR® & adzOKzZ GKS dz
sled. The battery, microcontroller, and altimeter will be mounted on the top side of

0KS 't. Q& dzZLJISNJ o6dzZ | KS I Rlkhkad is tefa@ablg,z@ SO2 y S
these electronics can be accessed before and after launch. This also provides a layer

of physical separation between these components and the UPB, which further
protects them from any damage that might be incurred (due to shock cord
interactions for example). The electronic rotary latch will be mounted on the bottom

side of the bulkhead, within the UPB section. The latch must be located within the

UPB given that it must interface with lander via a small shock cord. The electronic

rotr NB fFGOK ¢gAftf 0S Y2dzyidS Rbratkets,inksSand t . Qa
bolts. The electronic rotary latch will be physically connected to the other electronics

in the UPB system via cables and wires passing through the removable bulkhead.

Finaly, four nylon shear pins will connect the body of the lander to the body tube of
the UPB. These pins will break when the main parachute deploys and tugs the lander
out of the UPB.
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Figure4-28 Lander DeploymenReleased by Lander Parachute

4.6.8 Lander Deployment System
Inaddition, the retaining the lander in place during flight, there are also several ways to
initiate its deployment. Beyond being released from restraints, the lander must be
physically pulled out of theaunch vehicléo guarantee separation. The easiest way to do
this is to have a parachute pull it out of the UPB. While mechanical systems could be used
to jettison the lander out of the launch vehicle, impulsive mechanical systems are
generally complex. These systems would further crowd the UPB and would require a
sBYATAOLI Yl SyKIyOSYSyid 2F (GKS !t.Qa StSodl
systems would also add additional failure modes into the system. For this reason,
parachute deployment is much simpler than mechanical deployment for the lander. Two
possible nethods of parachute deployment are discussed in the sections below, each of
which hae advantages and disadvantages.

46.8.1 Strategies for Lander Separation from Launch Vehicle
4.6.8.1(a) Released byandetParachute

The first option for lander separation relies on a thyeachute system,
consisting of two main parachutes and a lander parachute. Following separation
of the UPB and main parachute bay, two parachutes would deploy. One main
LI NI} OKdzi S g2dA R adzZJR2 NI GKS I Fd aSO0GA2,
parachute would temporarily support the forward section of the launch vehicle.
Upon receiving approval from the RSO, the lander would separate from the
forward section of the launch vehicle, consisting of the UPB and nosecone, by
detaching from the electronic tary latch. The lander would be released from
the section as it would be pulled out by the forces of its own parachute and of
gravity. Following this, a second main parachute would deploy to support the
empty forward section of the launch vehicle.
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Figue4-29 Lander Deployment: Released by Lander Parachute

This method was originally created because it prevents the need for a shock cord
to run through the entire UPB section. Traditionally, one main parachuisssp

both the aft and forward sections of the launch vehicle during descent. However,
this requires that the main parachute stored in the main parachute bay and

still connects to the uppermost bulkhead in the launch vehicle. With the main
parachute shok cord running through the entire UPB section, there is great risk
of shock cord tangling, which could ultimately prevent the lander from deploying
properly. This failure mode was experienced by the Tacho Lycos design team in
the 2021 NASA SL competition.

While the threeparachute design solution removes the shock cord tangling
failure mode, it introduces several otherglost notably, if either the lander
parachute or the second main parachute fails to unfurl in a reasonable amount of
time, the forward setion of the launch vehicle will be in freefall for a short period

of time, potentially resulting in a failure to meet recovery kinetic energy
requirements. In addition, this solution requires that the second main parachute
be tucked into the UPB, which is already limited by tight volumetric constraints.
Packing a parachute into the UPB alongside the lander increases the risk of it
getting tangled and failing to deploy, which would have catastrophic
consequences. Ultimately, éHander parachute separation strategy is expected
to have more failure modes than the strategy from last year. As such, the lander
parachute separation strategy will not be employed, but it can be revisited as an
option if need be.
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4.6.8.1(b) Released by Main Paraté
The second option for lander separation from the launch vehicle draws heritage
from the Tacho Lycos team in the 2021 NASA SL competition. The main parachute
will be attached to the aft section of the launch vehicle, the forward section of
the launch vaicle, and the lander itself. After the electronic rotary latch has been
released, the lander will be pulled out of the UPB by the main parachute. Upon
RSO approval, the lander will separate from the main parachute using an ARRD
that is actuated by a sighaent from the ground station. After separation from
YIAYyZ | w2fteé [23A0 gAftf 06S dzaSR (G2 RSL
will continue descent under this parachute until it reaches the ground. Further
RSGFAfTa 2y GKS f I[thd maiN@R@achuieSad be¥ouind @y F NP
Section 3.2.2.4.
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Figure4-30 Lander Deployment: Released by Main

While this method has heritage and was somewhat reliable in previous
demonstration flights, the potential a§hock cord tangling in the UPB is still a
significant failure mode. Specifically, there is a chance that the main parachute

shock cord running through the UPB could tangle with the lander, preventing its
separation from the rest of the launch vehicle. Thiture mode could cause

many problematic consequences, such as the system reaching the ground with
KAIK ({AYySGAO SYySNEHASA 2NJ G4GKS I yRSNRa A
a mitigation strategy, a Nomex cloth will be wrapped around the laidéne

UPB to prevent the main parachute shock cord from getting caught on any rigid
surfaces of the lander.

If further analysis shows that the Nomex cloth is insufficient to prevent shock cord
tangling, additional separation between the lander and themparachute shock
cord will be necessary. One possible way to achieve this would be to surround the
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4.6.8.2

Signals
P - Pressure

11 - Current from Jolly Logic

lander in a rigid casing in the UPB, providing solid separation between the lander
and the shock cord. This method is briefly discussedin Section 4.8.7.1(b

Parachute Release Mechanism

After landing on the ground, the parachute carrying the lander will be released. This
release is necessary so that the force of the parachute does not pull or tip over the
lander while it is on the ground. An electronic ok mechanism will be used to
release the parachute. An accelerometer will be used to determine when the lander
reaches the ground. Then, the controller will signal the electronic rotary latches to
release. This control process is depicted in Figt3d helow.

Electronic locking mechanisms are devices that are able to remain locked until they
receive an actuation signal to open. These locks are typically designed to withstand
large forces associated with forced opening attempts. Two types of electronic
locking mechanisms were evaluated as possible alternatives for the parachute
release mechanism: the electronic pin latch and the electronic rotary latch.
Specifically, the Camlock Series 7010 Compact Electronic Pin Latch and the Camlock
Series 100 ElectronkRotary Latch are discussed in the sections below. For the time
being, only latches from Camlock Systems were investigated in detail because
Camlock provides a significant amount of technical data about each of their
products.

12 - Current from Accelerometer
F1 - Pulling Force from Latch
F2 - Pulling Force from ARRD

a - Payload Acceleration

— P sl Jolly Logic

Lander Rotary

11 o | Parachute F1 .| Payload a o o | Parachute

»|[Accelerometer—2 Latch

Actuations

Y
Y
Y
Y

Deployment Landing Release

Figured-31 Parachute Release System Block Diagram

4.6.8.2(a) Camlock Series 7010 Compact Electronic Pin Latch

For the parachute release system, the Camlock electronic pin latches are
advantageous because they are relatively easy to mount ontacesf allowing

for easy integration with the lander. In addition to this, Camlock pin latches also
run for more cycles on average than the rotary latches, reducing the chance that
they might degrade in performance over time. However, the Camlock pin fatche
are less preferable because they have a lower maximum holding force than the
Camlock rotary latches. Specifically, these latches have a holding force of 250 Ibf.
This holding force on a similar order of magnitude as the predicted lander
parachute openingshock (~100s of Ibf). Even if the pin latch holding force is
sufficient to withstand the opening shock, the factor of safety would be quite low,
which raises concerns that the pin latches might not withstand the opening shock.
If this is the case, the pachute could separate from the lander prematurely,
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which would be catastrophic. As such, despite the advantages of pin latches, they
will not be used due to their potentially catastrophic failure modes. Alternative
pin latches may be researched if a prablarises with the rotary latch solution.

Figure4-32 Camlock Series 7010 Compact Electronic Pin Latch

4.6.8.2(b) Camlock Series 100 Electronic Rotary Latch
For the parachute release system, the Camleldctronic rotary latches are
advantageous because they have a significant holding force of approximately
1500 Ibf and they are designed to prevent forced openings. Considering that the
shock of the parachute opening is not expected to create a force argwtear
1500 Ibf, there is great confidence that the rotary latch would not open
prematurely in response to external forces. As such, the Camlock rotary latches
are much preferred over the Camlock pin latches for this design context. While
the pin latchesare easier to mount and run for more cycles, the rotary latches
still have mounting capabilities and are expected to run for 100,000 cycles, which
is more than sufficient for this design application. Furthermore, using the
Camlock rotary latches is advagieous because they are already being used for
retention of the lander in the launch vehicle. The team will already be familiar
with the rotary latch system during fabrication, which provides high confidence
that the latches will be implemented correctillowing for safe deployments and
releases. For these reasons, the Camlock Series 100 Electronic Rotary Latches wil
0S dz&ASR Ay (KS flyRSNR&a Fdzi2Yl GAO LI NI O
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Figure4-33  Camlock Series 10CGEtronic Rotary Latch

4.6.9 UPB Weight Estimate
There are three main parts of the Upper Payload Bay. The lander, the retention system
for the lander and the deployment/recovery system. The combined weight for the entire
portion of thelaunch vehiclasneeded tobe less than 9 pounds and after summing up all
the components the weight ends up being 8.924 Ibs. The weight for any specific parts
O02YSa RANBOGfe FTNRY (KS aStftSNRa AyF2o hik
the wights were researched.

Tabk 4-14 UPB Weight Estimate

Component Weight (Ibs)

Lander

ARRD .34

Glass Box .5

Lander Body 3

UnweightedCarbon Fiber | .5

Legs (4)

Hinges (4) .25
Jetson Nano .95
Lander Battery .30
Camera .06
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IMU .002
180 Degreé&ervo Motors | .02
360 Degree Servo Motor | .09
Radio .007
LanderAltimeter .0625
GPS .06
Springs (4) .6
Retention System
Electronic Rotary Latch | 1.3
UPB Altimeter .0625
Arduino Nano .015
UPB Battery i
Mini Shock Cord .025
Shear Pins .005
Deployment/Recovery
System
Main Parachute Shock Corq .05
Lander Parachute .375
Lander Shock Cords .05
U-Bolt .6
Total Weight 8.924
Total Weight with 10% | 8.924 .8924
Tolerance

4.6.10 Quick Summary

4.6.10.1

Leading Lander Design

Theprevious sections detailed the different options for the lander and which option
worked best in the design. The design choices will be reiterated here for clarity and
to show how the choices made will interact.
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4.6.10.2

The gimbal decision was Gimbal Design 2: $ar@o method. The camera is leveled
only in the glass box section of the lander and the servo motors will allow for a wide
N y3IsS 2F OFYSNI NRuUlFuUuA2y®d ¢KS FAYO!l
to land on more uneven ground and still be afdldake adequate pictures. Allowing

the lander to land on uneven ground means when choosing the final leg design,
balancing the lander mattered less. Also having a gimbal system allows the pictures
to be taken level with the ground.

The combination of levepictures and determining that pictures taken at a slightly
lower height will not impact image recognition capabilities allows for the hinges to
be located higher up the lander bod$ection 4.6.3.4etails this decision further
and the following sectioaxplains what angle the legs will be at in deployed position.

The gimbal, hinge location, and deployed leg angle decisions all did not lead to a
significant increase in the weight of the lander. Weight was one of the biggest factors
for glass section of #hlander, leg material, and lander body material decisions. The
more one of these sections weighs, the less weight the other sections would have
available. Weighted carbon fiber was decided upon for the legs because the weight
of the legs could be variedaneeded. If the glass section and the main lander body
section went over on weight, then the weight in the legs could be cut to keep the
weight goal on track. The main body of the lander is going to be plywood and the
camera box will be made from plexigla

Many of these decisions did not have a direct impact on the others but the leg locking
mechanism will specifically impact the main lander body. In the chosen leg locking
mechanism, the leg will rotate into the launch vehicle and trigger the spritagko

it in place. The leg locking mechanism will cut into space available in the main lander
body and this had to be considered when choosing the material. Plywood can easily
be cut so the lander body material decision meshes well with the leg locking
mechanism chosen.

Retention and Deployment System

The lander will be stored in the launch vehicle alongside the main parachute,
connected to its shock cord via an AARD system. While in the UPB, the lander will be
secured in place with a rotary latch and withesr pins. After reaching some
predetermined altitude, the rotary latch will release. Following this, the main
parachute will deploy, pulling the lander out of the UPB section with it. To prevent
the legs getting tangled in the shock cord and preventinceessful deployment of

the lander, a nomex cloth will be wrapped around it to provide a layer of protection.

After the lander has been pulled from the launch vehicle successfully and upon RSO
approval, a signal will be sent from a button at the groundistathat will signal the
AARD to release from the shock cord. A secondary chute on the lander will be
deployed to slow its descent after detaching from main. Upon landing, the Camlock
Rotary Latches will be signaled to release the parachute and previeoinittipping

or dragging the lander.
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4.6.10.3 Lander Ground Operations

The camera will take photos and send them to the Arduino to read and store. The
Jetson will then process all the data. The Jetson Nano will use the image recognition
techniques mentioned earligi 2 RSGSNXAYS GKS I yRSNDa
will receive all the IMU data. The radio on board the lander will communicate with
the radio on the launch vehicle. The launch vehicle will also have an IMU and using
both sets of IMU data the distancea direction between the lander and the launch
vehicle can be determined. The lander will communicate only to the launch vehicle

RAdZNAYy 3 GKAaZ
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final location back to the ground station.

5. Safety
5.1 Hazard Analysis Methods

Both Failure Mode Effects Analysis (FMEA) and Risk Assessment Matrices are used to analyze hazards on
the launch vehicle and payload as well azdmals to personnel and to/from the environment. A Risk

Assessment Matrix is defined below:

Table5-1 Likelihood-Severity Matrix

A

Low Risk

B

Medium

Level of Risk

Severity

Severe
Risk

1

Very Unlikely

Likelihood of Occurrence

2 4

Unlikely Likely Very Likely

3A AN
2B 3B 4B

2C 3C

2D 3D
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Risk analysis performed on the entire 262122 system yielded the following results, shown in Table 5

2:
Table5-2

Level of
Severity

Low Risk

B

Medium
Risk

Severe
Risk

RiskAssessment Matrix Percentage Occurrence

Likelihood of Occurrence

2 3

4

Unlikely Likely Very Likely

2.72% 2.04%

4 items 3 items
6.80% 4.08%

13 items 10 items 6 items

9.52% 12.93%
14 items 19 items
14.97% 13.61%
22 items 20 items

It can be seenthat out of 147 failure modes, 79 fall indrenge/red zones, deemed unfit for final flight,
and 68 fall in the green/yellow zones, deemed appropriate for final flight. The following table details the
meanings of each level of severity as they apply to mission success and personnel safety.
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Table 53 Severity Definitions

Personnel Success

Mission Success

Severity
Launch vehicle is 100%
recoverable and reusable;
payload determines accurate
location of the launch vehicle

without issue.

No injuries reported.

Launch vehicle is recoverable
and reusable with mild repair;
payload determines inaccurate
Medium Risk location of the launch vehicle
with some issue.

Injuries reported can be treate(
with minimal onsite first aid and
have no lasting health effects.

Launch vehicle is recoverable
C and reusable with moderate
repair; payload determines
High Risk inaccurate location of the
launch vehicle with great issue

Injuries reported can be treatec
with moderate onsite first aid
and have lasting health effects

Injuries reported must be
treated immediately at an
emergency facility and have
lasting, severe health effects.

Launch vehicle is neither
E recoverable nor reusable;
payload is unable to determine
location of the launch vehicle.

Severe Rig
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5.2 FMEA and Risk Assessment Methods
Table5-4 Structures FMEA

‘ Structures System

Label Hazard Cause Effect LS Mitigation Verification
Hazards to/from Airframe
(1) Jettisonof motor :
Demonstration:
and motor tube _
Propellant grains are PDR3.1.6
. securely fastened in a motg
S.Al Fin carbogly tube 2D tube and motor
cracking (2) CATO o . :
constructionis assisted by Inspection:
Tripoli personnel. Checklist Sectior
Motor Assembl
(3) Inability to reuse L y
Hoop stress from 0
internal pressure (1) Calculationperformed | Demonstration:
inSction 3.2.2.11givean| PDR3.2.2.11
Inadequate axial forceg accurate number for
SA2 AV bay body tube generated by black 3D optimal black powder sizing
o cracking powder to separate L\ (2) Test: Ejection
sections testing is
(2) Ejection testing is scheduled to be
performed prior to flight. performed on
11/17/2021.
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Excessive force
from shock cord

Fiberglass body tube is usg

SA3 Bgdy tgbe Parachute 2C in conjunction with rigid Demonstration:
zippering ejection at couplers to prevent PDR3.1.3.1
excessively low Zippering.
altitude
Highenergy Late/no Airframe rupture See R A4
S.A4 impact with parachute 3D See R.A.4 Mitigation e
Verification
ground deployment
The team uses spreadshes
LV section Shock cord of that calculate the |gIeaI Analysis: PDR
S.A5 . . . 3C length of each section of
collision insufficient length . 3.2.2.10
shock cord to avoid
collisions.
LV touchdown in| (1) Airframe saturatiory
Airframe wet conditions and disintegration The fullscale LV airframe i .
Demonstration:
S.A.6 exposure to 3C made of waterproof PDR 3.1.3.1
water Inclement fiberglass. e
weather (2) Airframe rupture
. (1) Airframe
Airframe Premature . .
exposure to section disintegration/ rupture See R.A.2
S.A7 : . 3B See R.A.2 Mitigation e
motor exhaust | separation during Verification
ases ascent
g (2) CATO
SAS Airframe Uncontrolled Airframe 4B The airframe of both sub | D€&monstration:

exposure to

ejection charges

disintegration/ rupture

scale and fulkcale are

PDR3.1.3.1
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burning black

constructed from heat

powder resistant materials.
_ Highenergy (1) Changes in LV (1) See R.A.4 Mitigation | (1) See R.A.4
impact with the center of Verification
ground ressure/stabilit
Body tube P y .
S.A9 abrasion Parachute re 3C (2) The airframe of both
inflation upon _ subscale and fulscale are (2 -
landing, causing (2) Irreversible damagj constructed from heat Demonstration:
dragging toLV resistant materials. PDR3.1.3.1
Hazards to/from Bulkheads + Epoxy
. (1) Bulkheads are designe Test Bulkhgad
(1) Inability of with a factor of safety of at stress testis
bulkheads tawithstand y scheduled to be
. . . least 1.5.
Bulkhead High axial stress flight forces performed on
S.B.1 o from shock cord 3D 1/21/2022
delamination .
connection _
: (2) Epoxy is allowed to cur
(2) Irreversible damags
for at least 24 hours beforg .
toLV load is apolied Demonstration:
pplied. STD 1
(1) Ubolts are usedto
spread shock cord force | Inspection: PDR
High stress | Disconnection betweel over alargerarea. 3.1.3.2
. concentrations | parachute, shock cord
S:B.2 Bulkhead cracking around bolt and LV; ballistic 30
connections descent (2) Bulkheads are designe| Demonstration:

with a factor of safety of at
least 1.5.

LVD 1
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Softened epoxy

Filleted bulkhead

gases

(3) Inability of epoxy to
withstand flight forces

softening.

Bulkhead Inability of bulleads connections arelesigned | Demonstration:
S.B.3 separationfrom | Excessive force| to withstand flight 3D : g '
. with a factor of safety of at LVD 1
airframe from latched forces least 1.5
connections eastL.o.
Bulkheads are constructeq
Bulkhead : ) . .
SB.A4 exposure to hot Black powder Singes/burns on 3B usingheat-resistant, Demonstration:
e oS explosion bulkhead wood aircraft-grade birch PDR 3.2.2.3
ejection gases
plywood.
Prolonged (1) Decreased load
contact with resistance of epoxy
ejection charges The motor and ejection .
o Demonstration:
Epoxy exposure charges do not maintain West Svstern
S.B.5 to temperatures (2) Epoxy softening 2B high temperatures for long Epoxyi&esin
above 140 F Motor exhaust enough to cause epoxy MSDS
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Table5-5 Structures Risk Assessment Matrix

Likelihood of Occurrence

1 2
Very Unlike Unlikel

4
Likely Very Likely

A

Low Risk . B

B
Medium Risk

Level of

Severity

C
High Risk

D
Severe Risk
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Table5-6

Recovery FMEA

Recovery System

Label

Hazard

Cause

Hazards to/from Parachutes

R.P.1

R.P.2

R.P.3

R.P.4

No parachute
deployment

Insufficiently
powered
altimeters

Insufficient black

powder charges

to separate LV
components

(1)Ballistic landing of

(2)LV touchdown with
kinetic energy in exces

Shear pins of
excessive
diameter

of 75 ftlbs.

Excessively mois
black powder

Effect LS Mitigation Verification
+ Shock Cord
Altimeters are powered witl .
a 9V battery whose power i Demonstration:
2D . . . Checklist Section
tested immediately prior to
. . AV Bay Assembly
arming altimeters.
A dualredundant system of
blad powder charges is
used, calculated using
thorough spreadshgets. Th Analysis: PDR
3D secondary charge is more
LV 3.2.1
than powerful enough to
separate the sections, but
not powerful enough to
damage LV structure.
. Demonstration:
2D 4-40 shear pins are used. PDR3.14.5
(1) Black powder is stored i (1) Ins_pectloq:
. . . Checklist Section
watertight containers prior Black Powder
1D
to AV bay assembly. Assembly
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cord

(2) Complete mission
failure

resistant to 6000 Ibf of fligh

forces.

(2) Launches will not occuf  (2) NAR High
during inclement weather Power Rocket
conditions. Safety Code #9
Parachute
R.P.5 contact with hot 1
ejection gases @) :
(1) Poor parachute Demonstration:
Parachute performance . PDR 3.2.3
. Parachutes are wrapped ir
R.P.6 . contact with :
Parachute rips fireproof Nomex cloth that
motor flame .
and tears . insulates them from heat .
(2) LV touchdown wit and tension (2) Inspection:
Paracl:hute kineticenergy in exces ' Checklist Section
entrzng.ement of 75 ft-lbs Recovery
R.P.7 urlng 2C Assembly
separation/
deployment
(1) Ballistic descent of Inspection:
LV Quick link tightness is P .
. Checklist Section
Shock cord _ confirmed by the safety :
R.P.8 . : Loose quick links 3D . . . Main/Drogue
disconnection officerimmediately prior to Parachute
(2) Complete mission launch.
. Assembly
failure
(1) Ballistic descent of
Excessive flight LV ¢KS 0SFvoa
RP.O Shock cord forces on shock 1D made of5/8-in. Kevlar,
rip/tear

Inspection: PDR
3.2.2.10
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(1) Severed connectio
between shock cord
and parachutes/
[ airframe e A
R.P.10 Excessive force| Late parachute 3D SeeR.A.4 Mitigation Sefa. R A 4
on shock cords deployment Verification
(2) Ballistic descent of
LV
Hazards to/from Avionics + Black Powder
(1) Hot wire mix Excessive wind drift
up between main :
Dual deployment and drogue LV touchdown in trees The AV Baamd recovery
altimeters/ sled contain braided,
of parachutes . ) .
. . charges labeled, fourpin quick Demonstration:
R.A.1 with main ’ 3C N
L Vtouchdown outside connects that significantly PDR 3.1.4.7
parachute at (2) Drogue hot
g of ranae of navioad reduce the chance of hot
apogee wire is misrouted ge o pay T
to main terminal
block
Design: PDR
: . 3.1.4.5
4-40 shear pins will based,
Premature shear Shear pins of Premature section and their strength will be
R.A.2 . insufficient . 3B tested immediately after _
pin shear . separation . Inspection:
diameter assembly and prior to . .
Checklist section
launch. .
Final
Measurements
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Excessive tensilg

A 4:1 ogive nosecone anc

aerodynamic four clippeddelta fins will Design: PDR
forces on shear be used to direct air arounc 3.1.4.3
pins the LV.
Shear pin holes will be
drilled such that the shear
Excessive pins fit only into holes
compressive created by flush body tube|  Design: PDR
forces from sections; this will restrict 3.1.4.5
motor compressive motion
between body tube
sections.
(1) Parachute rips ang
Premature shear tears. 4-40 shear pins are used. Inspection: PDR
pin shear 3.1.4.5
(2) Failure of LV to
Premature reachintended apoges
R.A.3 section Pog 3C
separation
i Premg\t\?czsrblaCk See R.A.6 Mitigation See R.A.6
P : (3) Payload inability to T 9 Verification
detonation -
capture sufficient data
to determinelanding
location
(1) Excessive force on
Late section Delayedblack | shock cords and shoc
R.A.4 separation powdgr cord connections 3D
detonation
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(2) Weakened/broken
shock coreLV
connections

(3) Ballistic landing

(1) Excessive wind drif

Hot wire mixup
Dual deplovment between main The AV Bagnd recovery
ploy and drogue (2) LV touchdown in sled contain braided,
of parachutes . : . .
. . altimeters/ trees labeled, twepin quick Inspection: PDR
R.A.5 with main 3B L
arachute at charges; drogue connects that significantly 3.1.4.7
P hotwire is reduce the chance of hot
apogee : . .
misrouted to (3) LV touchdown wire mixup.
main outside of range of
payload detection
(1) LV touchdown in
trees
RAG Exces§|ve wind| Dual deployment 3B See R.A.6 Mitigation Seg. R.A.6
drift of parachutes Verification
(2) LV touchdown
outside of range of
payload detection
Premature black Sympathetlc The AV Ballast caps face _
main/drogue Dual deployment; away from each other and| Inspection: PDR
R.A.7 powder 1C
. black powder Parachute damage are separated by a 3.1.4.7
detonation .
detonation bulkhead.

2022 NASAtudent Launch | Tacho Lyc<lﬁ




NC STATE UNIVERSITY

Oversized
pressure ports

The equation

RAS . 28 0=0.0008 @ Inspf%tlgn?i PDR
Excessive numbe will be used to calculate B
of pressure ports pressure port sizing.
(1) LV touchdown
outside of range of
payload detection
, . Premature black
R.A.9 Exces§|ve wind powder 2B See R.A.7 Mitigation SG?R'A.j
drift . - Verification
detonation (2) Inability to
communicate with LV
GPS; failure to recove|
LV
. (1) Inspection:
(1) Shear pins are pla_c ed Checklist Section
between LV sections prior t Final
Separation of LV altimeter arming.
Abrupt pressure components Black powder Measurements
R.A.10 P p . P : detonation during 3C
changesn AV bay| while altimeters : .
arming of altimeters e ,
are armed (2) Checklist instructions ar: .
: (2) Inspection:
clear in the case that the L . :
must be separated Checklist Section
P ' Launch Pad
R.A.11 LV flight \.NIthOUt Prematgre motor Ballistic descent 1D See A.M.4 Mitigation Se(.a.A. M'4
armed altimeters ignition Verification

2022 NASAtudent Launch | Tacho Lyc<lﬁi




NC STATE UNIVERSITY

R.A.12

Terminal block
wire
disconnection

Terminal block wire

Aggressiv s : :
_Aggressive Ejection charge not connections are confirmed
vibration on AV . 40
bay delivered to blast caps to be secure by theafety

officer prior to flight.

Inspection:
Checklist Section
AV Bay
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Table5-7 Recovery Risk Assessment Matrix

Likelihood of Occurrence

:
Very Unlikel Unlikel Very Likely

aA

Medium Risk

Level of
Severity

C
High Risk

Severe Risk

Table5-8 Payload FMEA

Payload Electronics Hazare®S1 ‘

Label Hazard Cause Effect LS Mitigation Verification
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Hazards to/from PayloadElectronics (BS1)

(1) Accumulation of

: poor/inaccurate IMU Test: AV Bay
Impulsive data vibrational
parachute The IMU will be securely [eSPONSE 1St is
P.E.1 deployment 2C fastenedto the lower P
: s o~ ox scheduled to be
forces during . payloado I € Qa ! £
descent 5 £2),Ir1ablllty to performed on
Vehicle RS UI S ':!Jf AyS 1/19/2022
instabilities ocation
_ _ (1) Blurry images
Wind drift The payload camera will us
global shutter, a shutter Verification
P.E.2 N 4Q S .
Lower payload 5 £2),Ir1ablllty to speed mode thaminimizes Pending
bay rotational RSUSNNYAYS blur.
motion location
. Delay between | Loss of IMU, camera LiPo b.atte.rl.es will be. chose .
Low electronics for their ability tocontinue to| Demonstration:
P.E.3 assembly and and/or Jetson board 3C .
power provide power over a long PDR 4.6.6.2
launch power . .
period of time.
Parachutes, fins,
and/or shock corg Multiple cameras will be
Pavioad camera in line of sightof|  Fajlyre of payload to placed in between fins to _
P.E.4 Y . camera recognize aerialand| 2C | minimize fin obstruction, an¢ Demonstration:
obstruction PDR4.52.1

Cameras oriente(
away from the
ground

groundHevel landmarks

many pictures will be taken
for redundancy.
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(1) Accumulation of
poor/inaccurate IMU
. . data
Electromagnetic| Production of
P.E.5 interference with | magnetic fields by
IMU LV components .
P (2) Inability to
RSGSNI)AYS
location
(1) Accumulation of
poor/inaccurate IMU
data
MU Improper IMU
P.E.6 accumulation of P .p .
calibration
error -
(2) Inability to
RSGUSNXAYS
location
NVIDIA Jetson
Nano loss of Complete lack of imag
ower Temperatures | . D
P ) interpretation; inability
P.E.7 exceeding to determine vehicle
Slowed operational limits ocati
operational speec ocation
of Jetson board
L ith -
ens contact wit Blurred, difficultto-
Cameralens launch . .
P.E.8 . , interpret images of
abrasion field/payload .
. launch field
particulates

2B

EMC testing will be
performed prior to launch
day to study the EMC

Test: EMC Testin
is scheluled to be
performed on

properties of the LV. 1/19/2022
The IMUs will be calibrated Demonstration:
according to calibration See IMU
instructions. Reference sheet
A heatsink will be placed or] ~ Verification
each Jetson board. Pending
Each camera will be house
. . Design: PDR
in a scratchresistant, clear 4529

housing.
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(1) Incorrect

interpretation of :
Low image Low Iaz dmarks Neural networks will be
. _g quality/quantity trained with a pretraining + Design: PDR
P.E.9 recognition 3B . e .
. neuralnetwork domainspecific finetuning 4.5.3.3
confidence o
training database . approach.
(2) Inaccurate vehicle
location
Ribbon cable
P E.10 _ motor inside fin 30 inside subscale fin can will
T NOTE: Design can determine feasibility of this
subject to B design option.
change. Inability of cameras tg Test: Subscale
: communicate with Launch Scheded
Ribbon cable Ribbon tape Jetson nano Ribbon cable placed for 11/20/2021
rips/tears exposure Ft)o externally during subscale
P.E.11 NOTE: Design aerodynamic 2C fllg'ht.\'/wll detgrmlng
subject to forces feasibility qf this design
change. option.
Presence of hole§ L ,
Centering rin in centering rings Centering rings will be
P.E.12 gring grng Motor misalignment 3D | designedwith a safety factg Inspection: LVD ]
cracks to accommodate
. of atleast 1.5.
ribbon cable
Hazards to/from Payload Lander (BS2)
Large distance The lander will detach at 50
PL1 Significant lander| Premature landen between lander B feet, giving it enough time t

wind drift

ejection from LV

touchdown and LV
touchdown

separate from the LV while
still remaining close.

Design: PDR 3.7
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Large distance Inability to
L2 Premature lander| between lander | communicate betweer] 2C
o ejection from LV | touchdown and lander, vehicle, and
LV touchdown ground station
Payload
parachute re
inflation on (1) Failure to capture
ground fFyRYFN] & Lander legs will splay out
EOV : S ) .
o Voment Wlt.h a S|g.n|f|cant breadth; Design: PDR
P.L.3 Lander tipping . , 4B Springs will allow lander led
producing wind . 4.6.5.2
Usts motion to correct moments
g (2) Inability to identify applied to the lander.
Large payload ground location
landing angle of
attack
Force from The lander will be wrapped i .
o Demonstration:
tangled shock Nomex while in the LV,
. PDR 4.6.10.2
cord preventing shock cord tanglg
Payload inability to
P.L.4 Lander leg shea Highener selfright 3G Springs attached to lander
- gct Withgt{]e legs at legbody connection | Demonstration:
P dampen out the force of PDR 4.6.5.2
ground .
Impact.
Late lander _ _ Lander kinetic energy Jolly Logic chute releases w Inspection:
P.L.5 parachute Excgsswg altitudy i excess of 75 4bs 3C | be properly calibrated prior| Checklist Sectior
deployment estimations by upon landing to flight. Payload Assembl
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Jolly Logic chute
release

Landerstructural
damage on impact witl
ground

Lander kinetic energy
in excess of 754bs

9V batteries powering

No lander Low/no power to upon landing . . Inspection:
P.L.6 parachute Jolly Logic chute| 2C \f)oa;éll Oiifg;ﬁmzzgilbe Checklist Section
deployment release Lander structural a9 @Y | payload Assembl
damage on impact witf prior to assembly/flight.
ground
Landerkinetic energy
Premature lander| EXCESSive force o in excess of 75 4bs The latchrelease systemw|  Test: Latch
b7 arachute rotary latches upon landing °d be tested for its ability to release test
o dZtachment causing forced Lander structural withstand flight forces prior|  scheduled for
opening damage on impact witf to launch. 1/19/2022
ground
Improper
hinge/spring
loaded
mechanism
Environmental N L
performance
P.L.8 and design Partial/incomplete leg 3C Mitigation Pending VeI‘IfIC?‘tIOI’]
NOTEThis is factors deployment Pending
subject to
changef/further
detail as design
improves.
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Lander electronics

A moisture sensor will be

compression of main
parachute, housed in
upper payload bay

PLo9 Landert;exposure touchlair\;\?:?n wet short 30 integrated into payload Verification
waterhumidity ditch Landerstructural components and WI.|| shut off Pending
failure power on contact with water|
LiPo batteries are used to )
il ower the latch; theipower Test: Latch powe
P.L.10 Lowino power to (1) Inabilty of landertg 2C graw will be det(;rminlped via draw testis
= separate from LV {
Upper payload lateh power draw test with a sci;12e ;;I(()azd 2for
rotary latch safety factor of at least 1.5.
failure to open L atch obstruction (2) Inability of lander t A shock cord separates the
b 11 bv Nomex capture images; 3c | Nomexwrapped lander from| - Inspection: PDR
o wray od lander mission failure the rotary latch to prevent 4.6.7
PP contact.
(1) Premature release
of lander
1)
. Demonstration:
) tS(;[rIl;(;t;;?Ifrc(i)arlnmage The electronic rotary latch PDRI6.7.2
Excessive force - : withstands 7000 N of force; Y
Premature rotary : collisions with payload . .
P.L.12 . applied torotary 3B this amount of force is
latch opening bay walls . :
latch impossible for the lander .
(2) Inspection:
alone to produce.
Latch
(3)Excessive specifications
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(1) Highenergy lander
impact with ground

Radio
P.L.13 Late ARRD releay communication
dela
y (2) Lander structural
damage
(1) Large distance
between lander
touchdown and LV
i i touchdown
Premature ARRLO Int.erferlng ra.dlo
P.L.14 release signal causing
ARRD release
(2) Inability for lander
to accurately
determine LV location
(1) Lander impact with
LV sections
Radio button
P.L.15 No ARRD releas{ communication

lapse

(2) Inability of lander tg
right itself; no clear
picturesobtained

2B

A higheHrequency radio

signal will be usedto
effectively communicate with
the ARRD.

Demonstration:
PDR 3.2.2.9

The radieconnected button

controlling ARRD release w

operate on a unique
frequency.

A higherrequency radio

signal will be usedto
effectively communicate with
the ARRD.

Demonstration:
PDR 3.2.2.9
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Table5-2 Payload Risk Assessment Matrix

Likelihood of Occurrence

1 2 3 4
Very Unlike Unlikel Likely Very Likely

4A

A
Low Risk

B
Medium Risk

—~
P.E.10 P.E.2

C L. ) P.L11
High Risk

P.L.5

D
Severe Risk
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‘ Hazards to Propulsion/Aerodynamics
Verification

Table5-3

Aerodynamics/Propulsion FMEA

Label Hazard Cause Effect LS Mitigation
Hazards to/from Motor
Uneven pressure Defects Motors are purchased fromj Demonstration:
A.M.1 buildup inside of | (cracks/holes)in 2D AeroTech, a motor compar '
: . PDR3.1.6
motor tube propellant grain demonstrated to be reliable
Catastrophe on Takeo
(CATO)
Motor assembly is .
Inspection:
Loose motor performed under the . .
, : . Checklist Sectior
retainer guidance of xertified
. . Motor Assembly
A.M.2 Motor ejection 2D Tripoli professional.
Centering ring Epoxy is allowed to cure fg Demonstration:
- at least 24 hours before loal
epoxy failure . . STD 1
is applied.
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L Body tubes arenade of .
Crackin fin can fiberalass and are resistan Demonstration:
body tube glas . PDR3.1.3.1
to axial compression.
, Torsional load Demonstration:
Cracks/holes in . : performed under the . .
A.M.3 . applied to grains 3D : . Checklist Sectior
propellant grain . guidance of aertified
during assembly - . Motor Assembly
CATO Tripoli professional.
o Severe personnel burn . . Demonstration:
AM.4 Premature Ignition system : _ 3D Ignition systems provided b Checklist Sectior
o ignition static discharge | LV flight without armeg certified Tripoli personnel. H Pad
altimeters Launch Pa
Airframe Premature
exposure to section Inability of LV to e SeeR.A.4
A.M. : : . . 2D R.A.4M .
S motor exhaust | separation during| withstand flight forces See itigation Verification
gases ascent
Hazards to Aerodynamics
AAL LV . Vehlclg _over 3A
weathercocking stability Failure to reach
_ of 2.21, calculatedin Demonstration:
Divergence from RockSim and measured PDR3.3.2
A.A.2 expected Vehicle instability Motor propulsion 3D immediately prior to launch
trajectory directed towards
ground
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Premature, ballistic
descent

Transonic LV

A.A.3 Fin flutter Fin structural damag
speeds
Unexpectedly
high motor thrust
Centering ring, fin
AAL can bulkhead, ang Motor travel through
o motor retainer Weak epoxy LV
structural failure | - nhections +
wood
Fin loss
AAS Fin structural Fin flutter Dlvergencg from
damage expected trajectory
Vehicle instabilities
Propellant grain Failure to achieve
AAg | Abnormaluneven|  gaps, cracks, intended apogee
thrust curves holes, and Excessive force applie
bubbles

to structural bulkheads

2D

2B

Simulations in RockSim
determined that the LV
stays below the transonic

Simulation: LV
speed simulation
performed on

range. 10/15/2021

Motors are purchased frormj .
AeroTech. a motor compar Demonstration:

eroTech, a motor compa PDR 3.1.6

demonstrated to be reliablg

Thin layers of aircraft grad
birch plywood are layered
with epoxy that is given at

least 24hours to cure.
Bulkheads have a safety
factor of atleast 1.5.

Demonstration:
STD 1

Simulations in RockSim
determined that the LV
stays below the transonic

range.

Simulation: LV
speedsimulation
performed on
10/15/2021

Motors arepurchased from
AeroTech, a motor compar
demonstrated to be reliable

Demonstration:
PDR 3.1.6
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Table5-4 Aerodynamics/Propulsion Risk Assessment Matrix

Likelihood of Occurrence

1 2 4
Very Unlike Unlikel Very Likely
r

A
Low Risk

A

B
Medium Risk

C
High Risk

D
Severe Risk
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Table5-5 Personnel FMEA

Hazards to Personnel Safety

Label Hazard Cause Effect LS Mitigation Verification
Hazards to Skin and Soft Tissue
After handling of liquid/powder
Material spills assembly materials, lab floors| Inspection: HPR(
around lab will be inspected for material | Safety Handbook!
spill.
Slips, trips, and Skin
Pe.S.1 falls abrasion/bruising 35 Only required recovery
Wet/uneven personnel are allowed on launc Inspection:
launch field field to recover rocket; closed| Checklist Section
conditions toe, heavy duty shoes are Recovery
required.
Bandsaw blade
contact with
clothes and/or
Personnel fingers i .
jewelry
Pe.S.2 caughtin Skin and mgscle 2D
bandsaw blade Personnel tear/abrasion Personnel working with
misunderstanding manufacturingequipment are | Inspection: HPR(
of bandsaw trained in its proper use and PH Safety Handbook
operation required.
Personnel
Contact with hot | misunderstanding _ .
Pe.S.3 o . Mild to severeburns |  3C
soldering iron of soldering
system
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Launch rails, provided by TR/

Launch ralil ersonnel. have a lockin Inspection:
Pe.S.4 tipping with 2C P . . g ChecklisBection
assembled LV mechanism that is engaged Launch Pad
when the LV is righted.
Personnel Sldeyv ays Skin and muscle The stabl!ltylmargln of the Inspection: NASA
Pe.S.5 - . propulsion from . 2B launch vehiclas no less than
collision with LV : - abrasion/tear 2.14
severe instability 2.0.
LV touchdown The LV is angled 20 degrees
within close away from personnel; personng Inspection: NAR
Pe.S.6 . g
proximity to are instructed to keep eyes or|  Safety Code
personnel all falling LVs.
High load placed| | ... Inspection:
. I he L . .
Pe.S.7 on personnel Lifting heavy LV Muscle strain/tear At.egst two persons carry the Checklist Section
components in its fully assembled state.
muscle Launch Pad
Prolonged Inspection:
. . exposure to Itchiness, rash, Bugspray is provided to team| Checklist Sectior
Pe.S.8 Bug sting/bite wildlife during | and/or anaphylaxis 23 members during launches. Night Before
launch Checklist
Contact with Personnel approachmg the L\ .
Personnel contac , are provided with Nomex glove: Inspection:
e unblown black | Mild to severe burng . . . .
Pe.S.9 with ejection . 3C LV sections are inspected for| Checklist Sectior]
powder after and abrasions .
charges unblown charges prior to Recovery
touchdown ,
handling.
. 1)1 ion:
Contact with . (1) Personnel are separated (1) ns.pectlon
. Severe skin . NAR High Power
Pe.S.10 large, airborne CATO . . 2D from the launch pad according
abrasion/laceration - . Rocket Safety
shrapnel to the minimum distance table. Code
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(2) AeroTech motors are chose
for their low likelihood of
catastrophic failure.

(2) Inspection:
PDR3.1.6

Sanding, cutting,

Protective eye and face

Contact with . . . . .
Pe.S.11 small, airborne or drilling brittle Cuts and bruises 30 equipment arg proylded to Inspectlon.. HPR(
or granular personnel working with power PPECabinet
shrapnel .
materials tools.
Exposure to Working with _
Pe.S.12 | uncured epoxy epoxy (1) Skin rash 3A Nitrile gloves are provided to
fluid personnel working with Inspection: HPR(
Exposure to hazardous liquid/vapor PPE Cabinet
Pe.S 13 vaporous HazMat off (2) Skin irritation materials.
o . gassing
chemicals
(1) Muscle sprain The LV'|s equpe.d with a GP '
Excessive amoun  Far away vehicle tracker; if the location of the L\ Inspection:
Pe.S.14 . y 3A is sufficiently far awafyom the | Checklist Section
of walking touchdown .
2) Shi lint launch site, recovery personne Recovery
(2) Shin splints are driven to the recovery site.
Hazards to Bones and Joints
After handling of liquid/powder
Pe.B.1 Slips, trips, and | Material spills (1) Bone fracture 0 assembly materials, lab floors| Inspection: HPR(

falls

around lab

will be inspected for material
spill.

Safety Handbook
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(2) Bone bruise

Only required recovery

Wet/uneven personnel are allowed on launc Inspection:
launch field field torecover rocket; closed | Checklist Section
conditions (3) Dislocation toe, heavy duty shoes are Recovery

required.
The LV is equipped with a GP
Excessive amoun  Far away LV tracker; if the location of the L\ Inspection:
Pe.B.2 . y Stress fracture 2D is sufficientlyfar away from the | Checklist Section
of walking touchdown .
launch site, recovery personne Recovery
are driven to the recovery site.
Bandsaw blade
contact with
bersonnel fingerd clothes and/or Personneivorking with
\NQErs jewelry manufacturing equipment are| Inspection: HPR(
Pe.B.3 caughtin Bone break 20 trained in its proper use and PF Safety Handbook
bandsaw blade Personnel brop y
misunderstanding required.

of bandsaw

operation
I ion:
(1) Personnel are separated (1) ns.pectlon
. NAR High Powe
(1) Bone fracture from the launch pad according
S ) - . Rocket Safety
. requiring immediate to the minimum distance table.
Contact with . . Code #9
, medical attention
Pe.B.4 large, airborne CATO 2D
shrapnel
P (2) AeroTech motors are chose )
(2) Limb loss for their low likelihood of .
catastrophic failure Demonstration:
' PDR 3.1.6
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Hazards to Respiratory System

(1) Personnel working with
epoxy are provided particle | Inspection: HPR(
- . masks. PPE Cabinet
: . Difficulty breathing,
Exposure to Working with .
Pe.R.1 respiratory 2C
epoxy fumes epoxy irritation
’ (2)An oxygen sensor in the lal| Inspection: HPR(
goes off when insufficient Lab Space
oxygen is present.
(1) Respiratory
infection
T Personnel are required to wea
Working in close| (2) Hospitalization qul
roximity with masks at all times.
Pe.R.2 Exposure to P otent)i/all Verification
" COVIBLY P y Pending
infected (3) Death
Personnel are encouraged to g
personnel : . :
vaccinated, if possible.
(4) Outbreak
amongst team
members
(1) Respiratory
Exposure to ritation and/or Personnel working with fillet
p. . Working with infection : g . Inspection: HPR(
Pe.R.3 carcinogenic : epoxy are provided particle .
: fillet epoxy PPE Cabinet
particulates masks.
(2) Cancer
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. Personnel working with
Inhalation of . . . . .
. Sanding, cutting, materials prone to particulate | Inspection: HPR(
Pe.R.4 aerosolized . 4B . . . :
: and/or drilling production are provided particlf = PPE Cabinet
particulates
masks.
. : Spray paint activities are
Inhalation of Workmg.wnh conducted outside and Inspection: HPR(
Pe.R.5 . spray paint for 4B . . .
spray paint fumes . personnel working with spray PPE Cabinet
rocket aesthetics : ) .
(1) Respiratory paint are provided respirators.
irritation (1) Inspection:
HPRC PPE Cabir
(1) Personnel in the vicinity of
(2) Difficulty burning chemicals are provide:
breathing particle masks.
Inhalation of | Close proximity tc
Pe.R.6 combustion LV motors and 3B
reactants ejection charges (2) Personnel are instructed by
the RSO to stand a minimum _
distance away from burning | (2)Inspection:
motors. NAR ngh Power
Rocket Safety
Code
Hazards to Head
(1) Concussion (1) The LV has a duadundant (1) _
Personnel contac| Hig hengrgy LV recovery system. Deg‘ggsggt'fn-
Pe.H.1 | with highenergy sections o

LV components

(2) Brain damage

2D

(2) Personnel are instructed by
the RSO to stand a minimum
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Personnel
proximity to LV
touchdown
Launch vehicle .
Pe.H.2 tioping durin Launch rail
o PPINg g instability
assembly
Attempting to
. . jump
Pe.H.3 Slips, trips, and through/over
falls .
launch field
irrigation ditches
Contact with
Pe.H.4 large, airborne CATO
shramel
Pe H 5 Impact with Premature lander

ballistic lander

ejection from LV

(3) Memory loss

(4) Skullfracture

distance away from the launct

(2) Inspection:

pad. NAR High Power
Rocket Safety
Code
Launch rails, provided by TR/ _
ersonnel, have a lockin Inspection:
3D P Y . 9 | Checklist Section
mechanism that is engaged Launch Pad
when the LV is righted.
Personnel members are made Inspection:
3D aware that jumping over ditche{ Checklist Sectior
is strictly forbidden. Recovery
(1) AeroTech motors are chosg (1) Inspection:
for their low likelihood of PDR3.1.6
catastrophic failure
2D
(2) Personnel are instructed by (2) Inspection:
the RSO to stand a minimum NAR ngh Power
distance away from the launct|  Rocket Safety
pad. Code
o See P.L.7
2D See P.L.7 Mitigation Verification

Hazards to Eyes
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(1) Eye irritation

(2) Temporary
Exposure to Working with blindness (f.rom tear Personnel working with epoxy
P.E.1 production) 3D :
epoxy fumes epoxy shall be provided safety glasse
(3) Permanent or
semipermanent
blindness
Working with (1) Eye irritation Per§onnel WOI’kIf_]g with spray
Sprav paint paint work outside and are
prayp provided safety glasses.
(2) Eye abrasion
Exposure to
P.E.2 aerosolized (3) Temporary 2D ' _
particulates . . _ Personnel sanding, cutting, ot
Sandlng., puttlng, blindness drilling shall be provided safet
or drilling
glasses.
(4) Permanent
blindness
(1) Temporary
o blindness o .
Eve contact with Maintaining eye Personnel maintaining eyes wit
P.E.3 y contact with

the sun/bright sky

falling rockets

(2) Permanent
blindness

(1) Inspection:
STD 2

2)
Demonstration:
HPRC PPE Cabir

falling rockets are encouraged {
wear sunglasses.

Inspection:
Checklist Section
Recovery
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A
Low Risk

B
Medium Risk

C
High Risk

D
Severe Risk

Table5-6 Personnel Risk Assessment Matrix
pod of U
1 2 3 4
Very Unlike Unlikel Likely Very Likely
3A 4A
2B 3B 4B
2C 3C
. D D D
iD - 3D
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Table5-7 Hazards to Environment FMEA
‘ Hazards to Environment
Label Hazard Cause Effect LS Mitigation Verification

Hazards to Wildlife

(1) Ground areas around th
launch pad are confirmed t(
be free of flammable debris
Inspection: NAR
E.W.1 Motor ignition (1) Crop damage 3D High Power

(2) Launch rails are fitted | Safety Code #7

. with blast plates that deflec
Fire on launch

field (2) Wildlife injury exhaust gases away from th
© ground.
I tion:
EW.2 Black powder (3) Personnel burns oC Recovery personnel are Ch(ra]zlz(ias(f[ ;):ctior
o ignition provided a fire extinguisher
Recovery
E.W.3 Payloald t?a“ery 2D Payload batteries are
explosion : .
LS olqted frog1Ln0|?turet; " Inspection: NAS/
bavioad battery | Battery punciure | (1) HazMat leakage ont abrasion, and heat on bo 2 99
E.W.4 )éx osion Y| leading to contac{  launch field; water 3D the lander and lower
P with moisture contamination payload bay.
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Excessive heat
surroundin
: 9 | (2 Fire oraunch field
attery
(1) Wildlife injury
Contact between LV flight in -
E.W.5 LV components | proximity to bird (2) Wildlife death
and birds flight

(3) Obstruction of bird

migration patterns

EW6 Rips and tears in
Nomex
(1) Contamination of
wildlife shelters
Permanent
jettisoning of
Nomex sheet Nomex (2) Contamination of
breakage supply

Battery explosion Toxic chemicals

EWS HazMat deposit ir - remaining in corn
o irrigation ditches Combustion consumed by wildlife

byproducts and humans

2B

Airways in thdlight path of
the LV are confirmed to be
clear before flight by the
RSO.

Inspection: NAR
High Power
Rocketry Safety
Code #9

Nomex is rated to withstang

flight forces and is flame

resistant against black
powder charges.

Demonstration:
Nomex MSDS

(1) Nomex sheets are
connected to shock cord by
steel quick disconnects.

(2) Quick disconnects are
confirmed to be tight by the
safety officer prior to flight.

(1) Inspection:
PDR3.2.1

(2) Inspection:

Checklist Sectior

Main/Drogue
Recovery
Assembly

() All protective insulation
shall be biodegradable.

Inspection: RE 1
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(1) Wildlife digestive (2) Payload batteries are | Inspection: NAS/
Toxin upset insulated from puncture ang 2.22
E.W.9 consumption by | HazMat littering 3D heat.
wildlife
(2) Wildlife injury/death
(1) Wildlife injury/death
AeroTech motors are chose Demonstration:
E.W.10 CATO Motor defects 2D for their low likelihood of '
o e PDR 3.1.6
(2) Contamination of catastrophic failure.
wildlife water supply
Premature
LV touchdown in parachute Destruction of wildlife e SeeR.A.1
E.W.11 trees deployment habitats E See R-A.1 Mitigation Verification
High wind drift
(1) Wildlife infertility
: : : (2) Wildlife bodily .
E.W.12 Mlcrgplgstlc Use of smglause inflammation 4B Mitigation Pending Verlflcgtlon
emission plastics Pending
(3) Wildlife choking
hazard

Hazards to Land
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(1) Permanent ruts/dips

. in launch field
Highenergy Late/no See RP.1
E.L.1 impact of LV with parachute 3A See R.P.1 Mitigation N
the ground deployment Verification
g POy (2) Inability of field to be
used to grow crops
Premature
Nonrecoverable parachute L See R.A.1
E.L.2 tree landing deployment Tree damage/death 2D See R.A.1 Mitigation Verification
High wind drift
CATO
Motor ignition
. Tree destruction;
E.L.3 Fire ?tll(?umh Black powder | inapility to use land for| 2D See E.W.1 Mitigation Sei-E.V-V.l
1€ detonation farming Verification
Payload battery
explosion
Hazards to Air/Water
Transportation to
and from launch _ _
field (1) Air pollution
Greenhouse gas o . Verification
E.A1 emissions Motor and black 4A Mitigation Pending Pending
powder (2) Global warming
combustion by
products
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Use of power
drawing
electronics
: . : . Th f singh lasti .
Microplastic Use of singleise Air and water © US€ O Singrase plastics Verification
E.A.2 o . o 4A will be restricted in LV .
emission plastics contamination : Pending
design.
Chemical off Working with HazMats that .oﬁgas are Verification
E.A.3 . 1888 used in welventilated areas :
gassing HazMats Pending
only.
AeroTech motors arehosen Demonstration:
E.A4 CATO 2B for their low likelihood of '
. PDR 3.1.6
catastrophic failure.
E.A.5 Motor ignition 2B In nominal circumstances, | o
. . . Demonstration:
Emission of operation produces minima
. . . PDR 3.1.6
EAG smoke Black powder Air pollution combustion byproducts.
o detonation
Inspection: NAR
Marmade Heat sources are not Hiah Power
EA7 i allowed within 25 feetof L\| 9
wildfire motors Rocket Safety
' Code #3
Creation of APCP combustio AeroTech L motors daot .
: byproduct Demonstration:
E.A.8 vaporized : produce enough byproduct
. . contact with . : PDR 3.1.6
hydrochloric acid water to create hydrochloric acid,
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Table5-8 Hazards to Environment Risk Assessment Matrix

Likelihood of Occurrence

1 2

EW.7 EW.6

4

Very Likeli

3A aA

A
Low Risk

B
Medium Risk

C
High Risk

D
Severe Risk
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Hazardd$rom Environment
Verification

Table5-9

Hazards from Environment FMEA

Hazard Mitigation
Hazards to LV Structure
LV contact with | LV touchdown in| Airframe structural The fuliscale LVis mgde o Inspection: PDR
E.S.1 L ) m fiberglass, avater-resistant
water irrigation ditch damage . 3.1.3.1
material.
Contact between LV flight in . Airways in the flight path of Insp.ectlon: NAR
o : Airframe : High Power
E.S.2 LV components | proximity to bird . 2B the LV are confirmed to be
and birds flight abrasion/rupture clear before fiight by the RS( 1 oCKet Safety
g ghtoy Code #9
(1) Inability to recover .
Inspection: NAR
, Large gusts of rocket . .
LV touchdown in| . . Launches do not occur if win HighPower
E.S.3 wind contributing 3D
trees ) . speeds exceed 20 mph. Rocket Safety
to wind drift
L . Code #9
(2) Mission failure
Hazards to Personnel
(1) Skin irritation
: Inspection:
E.Pe.l Bug bites/stings | Contact with bugs (2) Rash 3C Perfs,onnel are shleIQed from Checklist Sectior
bug-infested areas via a tent
AV Bay Assembl
(3) Anaphylaxis
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Lack of personal (1) Personnel are provided
protectlve (1) Heat stroke sunscreen and are instructe .
Personnel contac| equipment and to bring sunglasses. Inspection:
E.Pe.2 | with sunlightand devices 4B Checklist Sectior
heat (2) Sunburn AV Bay Assembl
Hot Iggnch (2) A tent is set up for
conditions personnel to takashelter.
Uneven ground (1) Personnel are instructed
conditions (1) Bruising to wearclosedtoed,
protective shoes to launch _
Sharp rocks on -~ Inspection:
Personnel slips field activities. Checklist Section
, ie
.Pe. . d
E.Pe.3 trips, and falls (2) Broken bones E Launchpad,
. Recovery
Working near (2) Only recovery and launc
irrigation ditches (3) Concussion pad personnel are permitted
on the launch field.
(1) Rips, dents, and
holes in airframe
E.Pe.4 Rain/hail 3C
inclement (2) Personnel injury Inspection: NAR
(concussion, bruising) Launches are not conducte{  High Power
weather during inclement weather Rocket Safet
conditions (1) Personnel g ' Code #0 y
injury/death ode
E.Pe.5 Lightning strike 1D
(2) Rips, dents, and
holes in airframe
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(3) LV electronics
damage

Only recovery and launch p3

Inspection:

E Pe.6 Wet an.d icy Personnel slips, trips, 2C personnel are permitted on Checklist Section
terrain and falls . Launch Pad and
the launchfield
Recovery
Hazards to Payload System
Lander contact Lander Payload electronics Verification
E.P.1 with water touchdown in Waté/rlo ina damage 3C Mitigation Pending Pendin
irrigation ditch gging 9 g
. Inaplllty. of lander to Design mitigations are subje Mitigation
Wetand icy right itself and e .
E.P.2 . . . 2C to change as lander leg verifications are
terrain determine vehicle . .
: design changes. subject to change
Inclement location
. - . weather
E.P.3 Lightning strike conditions Inspection: NAR
Payload + lander Payload electronics Lauhchgs are not conducte High Power
EpP4 contact with damage 30 during inclement weather. Rocket Safety
water Code #9
(1) Inability of lander tc Design mitigations are subje o
e Mitigation
EPS Angled lander Uneven ground right itself m to change as lander leg

touchdown

conditions

design changes.

verifications are
subject to change
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(2) Lack of clear
pictures

(3) Inability to
determine touchdown

as lander leg
design changes.

location
Large distance
between lander Inability of lander to The payload landeseparates -
touchdown , . from the LV at 500 feet, Demonstration:
E.P.6 . Wind gusts accurately determine m L . .
location and LV , giving little time for excessiv PDR 3.3.7
LV touchdown locatior .
touchdown separation.
location
Hazards to Mission Success
No motor ignition
EM.1 Damp pr.opellant 1D
grains
Inability of LV to fly
(1) No black powder Inspection: NAR
High humidity detonation Launches are natonducted High Power
conditions during inclement weather. Rocket Safety
Code #9
E.M.2 Damp black (2) Ballistic landing | 2D

powder grains

(3) Undeployed BP
charges on touchdowr
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E.M.3

Contact between
LVcomponents
and birds

LV flight in
proximity to bird
flight

(1) Diverted flight path

(2) Failure of LV to
reach intended apoget

2B

Airways in the flight path of
the LV are confirmed to be
clear before flight by the RS(

Inspection: NAR
High Power
Rocket Sty
Code #9
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Table5-10 Hazards from Environment Risk Assessment Matrix

Likelihood of Occurrence

4
Likely Very Likely

A

Low Risk = e

B
Medium Risk

C
High Risk

Severe Risk
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6.

Project Plan

6.1 Requirements Verification

Req No

6.1.1 NASARequirements

Table 61 below shows the requirements verification matrix for the NABA&lent Launch 2022022 handbook requirements.

SHALL Statement

Table6-1 NASA Requirement Verification Matrix

Verification Subsystem

Success Criteria Method Allocation

Status
Description

NASA 1.1

Students on the team SHALL
100% of the project, including
design, construction, written

reports, presentations, and
flight preparation with the
exception of assembling the
motors and handling black
powder or any variant of
ejectioncharges, or preparing
and installing electric matcheg
62 68 R2YyS I
mentor). Teams will submit ney
work. Excessive use of past
work will merit penalties.

The students of the HigRowered Rocketry
Club at NC State design and construct {
solution to the requirements as listed inth  Inspection
Student Launch Handbook using new arj
original work.

Project
Management

Not
Verified

The team
plans to do the
entire project
with original
work and
effort.
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The team SHALL provide an(
maintain a project plan to
include, but not limited to the

The project management team, including
the team led, vice president, treasurer,

following items: project . . Checksction
) secretary, safety officer, webmaster, ang . Project Not
NASA 1.2 milestones, budget and : . : Inspection o 6 for team
. . social media lead manage the project Management| Verified .
community support, checklists . = . project plan.
: planning tasks pertaining to this
personnel assignments, STE )
: requirement.
engagement events, and risks
and mitigations.
Foreign National (FN) team
members SHALL be identifieq
by the Preliminary Design
Review (PDR) and may or ma
not have accesstocertain | The team lead will identify and report any Proiect Not
NASA 1.3| activities during Launch Weel Foreign National (FN) team members int| Inspection ) . TBD
. . : Management| Verified
due to security restrictions. In PDR milestone document.
FRRAGAZ2YZ CbQj
from their team during ceain
activities on site at Marshall
Space Flight Center.
The team SHALL identify all| The team lead will identify and report the
teammembers who planto | team members that will attend the launch Proiect Not
NASA 1.4| attend Launch Week activitieg week by January 3, 2022, with the Inspecton Mana Jement Verified TBD
by the Critical Desigh Review submission of CDR milestone g
(CDR). documentation
_ The project management team will identif
NASA Team Members attending the students that have been engaged | . Project Not TBD
1.4.1 competition SHALL include | throughout the year to be invited to launc P Management | Verified

students actively engagedin th

week activities
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project throughout the entire

year
Team Members SHALL includq The team lead will invite the mentor listeq .
NASA . . . . Project Not
One mentor (see requirement in Section 1.2 to attend launciwveek Inspection " TBD
1.4.2 R Management | Verified
1.13). activities
Team Members SHALL incluq The team lead will invite the adult educat .
NASA . . . . Project Not
no more than two adult listed inSection 1.2 to attend launch weel  Inspection . TBD
1.4.3 L Management | Verified
educators. activities
The team SHALL engage a
minimum of 250 participants irj
direct educational, handen
science, technology,
engineering, and mathematicd The outreach lead implements STEM
(STEM) activities. These | engagement plans wi K12 student groups
activities can be conducted- throughout the project lifecycle. The . Project Not .
NASA L5 person or virtually. To satisfy| outreach lead submits all STEM Engagen Inspection Management| Verified See Section 5.
this requirement, all events Activity Reports within two weeks of the
must occur between project conclusion of the event.
acceptance and the FRR dug
date. A template of the STEM
Engagement Activity Report cg
be found on pages 483.
_ The webmaster and social media officer \ Social media
The team SHAldstablishand | together maintain our website and socia _ formation
NASA 1.6 maintain a social media | media platforms to inform the public abou Inspection Project Verified
presence to inform the public all activities that the team performs Management was sentto
about team activities throughout the year. Our social media ﬂ;?olj\le'itSA

platforms include, but not limited to: our
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club webste, Facebook, Instagram, and
Twitter

management
team.

Teams SHALL email all
deliverables to the NASA
project management team by

the deadline specifieahithe

The team lead sends all deliverables to t}
NASA project management team prior tqg
each spedied deadline. In the event that

Team plans to
emalil

: . . . Proj N liverabl
NASA 1.7| handbook for each milestone.| the deliverable is too large, the webmast{ Inspection oject Ot de |ve. ables by
. . , : Management| Verified | the milestones
In the event that a deliverable i| posts the document on the team's websits o
. : detailed in the
too large to attachto an email] and the team lead sends the NASA proje
. . . : . handbook.
inclusion of a link to download management team a link to the file.
the file will be sufficient.
. . The team lead converts all deliverables t . This report is
NASA 1.8 All deliverables SHALL be in P PDF format prior to submissionto the NA| Inspection Project Verified submittedin
format. . Management
project management team PDF format.
In ry repor ms SHALI
every repo t, teams S . See Table of
provide a table of contents | The team lead creates and manages a T4 . Project .
NASA 1.9 . . . . . . Inspection Verified contents
including major sections and of Contents in each milestone report. Management
. . . above.
their respective suisections.
. See the
In every report, the team SHAI For each milestone report, the team uses Project numbering at
NASA 1.1( include the page number atthg document template which includes pagg Inspection ) Verified g
Management the bottom of
bottom of the page. numbers athe bottom of each page. .
this page.
The team SHALL provide an o Team plans to
computer equipment necessar Each team member partI|C|pat|ng in the _ provide the
to perform a video video teleconference acquiréise necessary . Project Not
NASA 1.11 P . . Inspection o necessary
teleconference with the review/  €quipment for them to perform a video Management| Verified telecummutin
panel. This includes, but et teleconference with the review panel. equipment. g

limited to, a computer system,
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video camera, speaker
telephone, and a sufficient
Internet connection. Cellular
phones should be used for
speakerphone capability only 3
a lastresort.

All teams attending Launch
Week SHALL lrequired to use
the launch pads provided by
{GdZRSY G [} dzy
services provider. No custom
pads will be permitted at the

The aerodynamics lead designs a launc
vehicle to be launched from either ad@ot

Team plans to
use provided

NASA 1.1- NASA Launch Complex. Al 1010 rail or a 12foot 1515 rail. The Inspection Aerodynamics N(.)F launch pads
launch, 8foot 1010 rails and 12 . . Structures Verified
o . structures lead fabricates thaunch vehicle and
foot 1515 rails will be provided according to this design equipment
The launch rails will be canted g gn. quip '
to 10 degrees away from the
crowd on Launch Day. The exd
cant will depend on Launch Da
wind conditions.
| Eachteam SHALL identify a The te.am lead identifies qualified . Project . .
NASA 1.13 A . community members tonentor team Inspection Verified | See Section 1.
AYSYUu2NIDE . Management
members throughout the design process
Teams SHALL trackand repd  The team reports the number of hours Project
NASA 1.14 the number of hours spent spent on eachilestone in the associated Inspection ) Verified | See Section 1.
. . . Management
working on each milestone. milestone report.
The vehicle SHALL deliver th) The aerodynamics lead will design avehil  apalysis; _ Not See Section
NASA 2.1) payload to an apogee altitudd that can carry the payload between 4,00( verification | Z€rO9YNamics| /o iqoq 331

between 4,000 and 6,000 feef

and 6,000 feet. The team will construct th
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above ground level (AGL).
Teams flying below 4,000 fee
or above 6,000 feet on their
competition launch will receive
zero altitude points towards
their overall project score and
will not be eligible for the
Altitude Award.

vehicle as designed to ensure it flies to tf
predicted apogee.

Teams SHALL identify their
target altitude goal at the PDR

The aerodynamics lead will declare the

NASA 2.2 mllestpne. Th.e declaredtarge apogee based on simulations in the PDl  Inspection | Aerodynamics| Verified See section
altitude will be used to _ 3.3.2
RSGSNNAYS KS milestone regport
score.
The vehicle SHALL carry, at
minimum, two commercially
available barometric altimeterd
that are specifically designed
for initiation of rocketry The recovery lead will designate which Not SeeSection
NASA 2.3 recovery events (see altimeter is the official altimeter for Inspection | Recovery Leal Verified 39224
Requirement 3.4). Aaltimeter determining the Altitude Award R
will be marked as the official
scoring altitude used in
determining the Altitude Award
winner.
The launch vehicle SHALL b{ The structures and recovery lead will ens .
NASA 2.4| designedto be recoverable ar]  that the vehic is able to be recovered Inspection Recovery; Not See Section
| reusable. Reusable is defined through designing the vehicle to have Structures Verified | 3-2.3 regardmg
minimal damage leading

being able to launch again on
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the same day without repairs g
modifications.

recovery
design

The launch vehicle SHALL hay
maximum of four (4)
independent sections. An
independent section is defined

The aerodynamics and recovery leads W

Aerodynamics

See Section 3.

NASA 2.5 as a sectionthat is either design the vehicle to haveraaximum of 4 |  Inspection Verified | regarding the
. . ) . Recovery . .
tethered to the main vehicle or independent sections. vehicle design
is recovered separately from
the main vehicle using its owr
parachute.
Coupler/airframe shoulders The aerodynamics lead designs the See Section 3
NASA which are located at #light airframe such that couplers/shoulders at Inspection | Aerodynamics Not regarding the.
2.5.1 separation points SHALL be § in-flight separation points are at least 1 Verified vehicle design
least 1 body diameter ilength. body diameter in length.
Nosecone shoulders which ar{ The aerodynamics lead designs the airfra See Section 3
NASA located at inflight separation such that nosecone shoulders atfiight Demonstration| Aerodynamics Not regarding the.
2.5.2 points SHALL be atleast2bg  separation points are at least 1/2 body Verified . :
. . . . vehicle design
diameter in length. diameter in length
The launch vehicle SHALL b
gapable of being prgpargd_fo[ The project management and safety tean Project
NASA 2.6 flight at the Iaqnch site within 2 develop launch day checklists that can b| Demonstration] Management; N(.)F TBD
hours of the time the Federal . Verified
Aviation Administration flight executed in less than two (2) hours. Safety
waiver opens.
The launch vehicle and paylog The project management and safety tean| _ Project Not
NASA 2.7| SHALL be capable of remainif  monitor the power consumption of each| Deémonstration l\/lansalgfe;nent; Verified TBD
afety

in launchready configuration

electrical launch vehicle and payload
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on the pad for a minimum of 2
hours without losing the
functionality of any critical on
board components, although
the capability to withstand
longer delays is higyl
encouraged.

component and verify functionality of eac
component after two (2) hours.

The launch vehicle SHALL b
capable of being launched by

The project management and safety tean

standard 12volt direct current select a motor ignitor capable of bein Project Not
NASA 2.8| firing system. The firing syster] . . g ) P . g Demonstration| Management; o TBD
. . ignited from a 12volt direct current firing Verified
will be provided by the NASA Safety
. : system.
designated launch services
provider.
The launch vehicle SHALL
require no external circuitry or| The project management and safety tean . There is no
. . . Project
special ground support limit the launch vehicle such that no , ) Not plan to use
NASA 2.9 . . L Demonstration| Managenent; . )
equipment to nitiate launch external circuitry or ground support Safet Verified | such adesign
(other than what is provided by equipment is required for launch. y per Section 3.1
the launch services provider),
The launch vehicle SHALL us4
commercially available solid _
motor propulsion system using The aergdynamlgs lead s.elects a See Section
ammonium perchlorate commgrmally avallaple solid motor . . . Not 3.1.6 regarding
NASA 2.1( composite propellant (APCP propulsion system using APCP thatis| Inspection | Aerodynamics Verified | leading motor

which is approved and certifieq
by the National Association of
Rocketry (NAR), Tripoli Rocket
Association (TRA), dfor the

approved by NAR, TRA, and/or CAR for {
in the launch vehicle.

selection
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Canadian Association of

Rocketry (CAR).
NASA Final motor choices SHALL bl The aerodynamics lead declares the tear Not
declared by the Critical Desig| final motor choice in the CDR milestongl  Inspection | Aerodynamics o TBD
2.10.1 . . Verified
Review (CDR) milestone report.
Any motor change after CDR
SHALL be approved by the NA
Range Safety Officer (RSO)
25?33:2;9;;?&22:;3;] rrf)?iz The project management team requestg
NASA ) . approval from the NASA RSO for motof . Project Not
2.10.2 approved. A penalty againstth changes following submission of the CD Inspection Management | Verified TBD
e G S YQascaandine ges foTowing g
. milestone report.
incurred when a motor change
is made after the CDR
milestone, regardless of the
reason.
The launch vehicle SHALL b The gerodynamlcs.lead desp ns the .Iaun . . Not See Septlon 3.
NASA 2.1 . . vehicle such that it only utilizes a single] Inspection | Aerodynamics o regarding the
limited to a single stage. Verified ) :
stage. vehicle design
Trcl:eoffet alelglrpllj Ir?i\e/}eeg?tv I?:Sn?;] The aerodynamics lead selects a motor tf Not 3 ?e: rie;?doirr]m
NASA 2.17 _ g y does not exceed 5,120 Newtonseconds Inspection | Aeradynamics " T g N
vehicle SHALL not exceed 5, 1] . Verified leading motor
total impulse. ,
Newtonseconds (Iclass). selection
Pressure vessels on the vehic ,
| SHALL be approved by the R The structures lead provides the necessa . Not
NASA 2.1 . . data on any onboargressure vesselstoth| Inspection Structures " TBD
and will meet the following Verified

criteria:

NASA RSO and home field RSO.
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The minimum factor of safety,
(Burst or Ultimate pressure
versus Max Expected Operatin

The structures lead includes design

NASA Pressure) SHALL be 4:1 with docgmentatlon supporting a factor of safe Analyslls; Structures NQF TBD
2.13.1 . . of 4:1 for any pressure vesselon the laun  Inspection Verified
supporting design vehicle in each milestone report
documentation inaided in all port.
milestone reviews.
Each pr r | SHAL
. achpressure vessg S The structures lead selects any onboarg
include a pressure relief valve .
pressure vessels such that thieglude a
that sees the full pressure of . :
NASA . pressure relief valve that sees the full Analysis; Not
the tank and is capable of . : Structures o TBD
2.13.2 . . : pressure of the tank and is capable of Inspection Verified
withstanding the maximum _ . .
withstanding the maximum pressure ang
pressure and flow rate of the
flow rate of the tank.
tank.
The full pedigree of the tank
SHALL be desbed, including
the application for which the
tank was designed and the | The structures lead records the full histor
history of the tank. This will of each pressure vessel, including the
NASA | include the number of pressur number of pressure cycles, the dates of Insmection Structures Not TBD
2.13.3 cycles put on the tank, the pressurization/depressurization, and the ke Verified
dates of name of each person or entity administeri
pressurization/depressurizatior] the pressure events.
and the name of the person o
entity administeringgach
pressure event.
The launch vehicle SHALL hayy The aerodynamics lead designs the laun Not _
NASA 2.14 minimum static stability margif ~ vehicle such that it has a static stability| ~ Analysis | Aerodynamics Verified Seeection

of 2.0 at the point of rail exit.

margin of atleast 2.0 at the point of rail eX

3.3.2regarding
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stability
margin

The launch vehicle SHALL hay

The aerodynamics lead will design the

See Section

NASA 2.19 minimum thrust to weight ratio| vehicle and select the motor to make sur| Analysis Aerodynamics N(.)F 3'1'6. regarding
) o Verified | leading motor
of 5.0:1.0. the ratiois 5:1 .
selection
Any structural protuberance or
the launch vehicle&SHALL be | The aerognamics lead designs the laung
located aft of the burnout vehicle such that there are no structural
center of gravity. Camera protuberances forward of the burnout - See Section 3.
. . . . Analysis; . Not .
NASA 2.1¢ housings will be exempted, | center of gravity. If any camera housings . Aerodynamics . regarding the
. ) . Inspection Verified . :
provided the team can show | included, the aerodynamics lead shows tH vehicle design
that the housing(s) causes | the housings cause minimal aerodynami
minimal aerodynamic effect on effects on launchrehicle stability
iKS NRO1SGQ
: : . See Section
The launch vehicle SHALL | The aerodynamics lead designs the laun :
_ o . . . : . Not 3.3.2regarding
NASA 2.1 accelerate toa minimum vehicle such that a minimum velocity of 5 Analysis Aerodynamics e .
. L . . o Verified | velocity of the
velocity of 52 fps at rail exit. fps is achieved by rail exit. :
vehicle
All teams SHALL successful
launch and recover a subscal
model of theirlaunch vettle _
prior to CDR. The subscale flig The team launches and recovers a subsg . See Sect!on 6.
NASA 2 14 may be conducted at any time model of the Iaunc'h vehlcle.' The team Demonstration Project N?F regardmg
between proposal award and reports subscale flight data in the CDR Management| Verified project
the CDR submission deadline milestone report. timeline

Subscale flight data will be
reported at the CDR milestone

Subscales are required to use
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minimum motor impulse class
of E (Mid Powr motor)..

The subscale model SHALL]|
resemble and perform as

The aerodynamics lead designs a uniqu

NASA | similarly as I_OOSSIbIetO the full subscale launch vehicle which performg Inspection | Aerodynamics N?F TBD
2.18.1 scale model; however, the fulll . . Verified
. similarly b the fultscale launch vehicle
scale will not be used as the
subscale model.
The subscale model SHALL cg  The recovery lead installs an altimeter
NASA an altimeter capable of capable of recording theubscale launch Inspection Recover Not TBD
2182 | NEBO2NRAyYy3a (KS| vehicle' apogee altitude in the subscale P y Verified
altitude. launch vehicle.
The subscaleehicleSHALL be
The teantonstructs a new subscale laung .
NASA newly constructed rocket, . . . o . Project Not
: . o vehicle, designed and built specifically fg  Inspection . TBD
2.18.3 designed and built specifically this vear's proiect Management | Verified
F2NJ GKAA &8I years project.
Proof of a successful flight
SHALL be supplied in the CD
report. Altimeter flight profile
h R lity vi . .
NASA sk?(;\?vli)n S)s Scc:sqsl;lj :gu\éfﬁ Zn The team supplies proof of a successfu Inspection Project Not TBD
2.18.4 9 subscale flight in the CDR milestone repq P Management| Verified
recovery events as deemed b
the NASA management pane
are acceptable methods of
proof.
NASA | The subscaleehicleshall not The aerodynamics team lead designs 4 _ Aerodynamics Not
2185 | exceed 75% of the dimension{  subscalevehiclebased on the fulscale Inspection Structures | Verified TBD

(length and diameter) of your

design that does not exceed 75% of thg
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designed fulscale rocket. For
example, if your fulscale
vehicleis a 4" diameter 100"
lengthlaunch vehicleyour
subscaleshall not exceed 3"
diameter and 75" in length

dimensions. The Structures team lead bui
the launchvehicleto those specifications.

Vehicle Demonstration Flight
All teams SHALL successful

The team launches and recovers tioé-

See Section 6.

2N 1A95 'i‘ launch and recover their fulll scaldaunch vehicle in its final flight Demonstration MaE;OJGe}?;ent Vglrﬁ‘:e q for the project
T scalevehicleprior to FRR in its| configuration prior tahe FRR milestone. g plan timeline
final flight configuration.
NASA The vehicle and recovery No anomalies are detecteql in thg . Project Not
system SHALL have functiong performance of the launch velé&and its | Demonstration e TBD
2.19.1.1 . : Management| Verified
as designed recovery system during the VDF.
The fultscalevehicleshall be a
NASA nevyly cons.tructecthunch. The f[eam:ongtructs a new fuﬂ;calg.launch . Project Not
21912 vehicle designed and built vehicle, designed and built specifically fg  Inspection Management| Verified TBD
A ALISOATFAOLT £ & this year's project. g
project.
If the payload is not flown, mag If the payload is not flown on the VDF, th
NASA . : : . Not
519.1.3.1 simulators SHALL be used tq structures lead installs mass simulatorst  Inspection Structures Verified TBD
T simulate the payload mass. simulate the payload mass.
The mass smulators SHALL If the payload is not flown on the VDF, th
located in the same ) . .
NASA . . structures lead install mass simulators in { . Not
approximate location on the . . o Inspection Structures . TBD
2.19.1.3.2 same approximate location of the missin Verified

launch vehicleas the missing
payload mass.

payload mass.
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If the payload changes the
external surfaces of thunch
vehicle(such as camera

housings or external probes) @
manages the total energy of th
vehicle, those systems SHALL
active duriry the fullscale
Vehicle Demonstration Flight.

NASA
2.19.14

If the payload changes the external surfag
or manages the total energy of the launc
vehicle, the project management team
activates those systems during the VDH

Inspection

Project
Management

Not
Verified

TBD

Teams shall fly the competitio
launch motor for the Vehicle
Demonstration Flight. The tear
may request a waiver for the
use of an alternative motor in
advance if the home launch
field cannot support the full
impulse of the cometition

launch motor or in other
extenuating circumstances.

NASA
2.19.1.5

The aerodynamics lead installs the Laun
Day motor for the VDF.

Inspection

Aerodynamics

Not
Verified

TBD

The vehicle shall be flown in it
fully ballastedconfiguration
during the fuliscale test flight.
Fully ballasted refers to the
maximum amount of ballast
that will be flown during the
competition launch flight.
Additional ballast may not be
added without a reflight of the
full-scale launch vehicle.

NASA
2.19.1.6

The gructures lead installs all required

ballast for the VDF.

Inspection

Structures

Not
Verified

TBD
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NASA
2.19.1.7

After successfully completing
the fulkscale demonstration
flight, the launch vehicle or an
of its components SHALL not f
modified without the
concurrence of the NASA Ran

Safety Officer (RSO).

Following a successful VDF, the project
management team does not allow
modification of the launch vehicle or any (
its components without approval from theg
NASA RSO.

Inspection

Project
Management

Not
Veified

TBD

NASA
2.19.1.8

Proof of a successful flight sha
be supplied in the FRR report
Altimeter flight profile data
output with accompanying
altitude and velocity versus
time plots is required to meet
this requirement.

The recovery leathcludes altimeter data
from the VDF in the FRR milestone repol

Inspection

Recovery

Not
Verified

TBD

NASA
2.19.1.9

Vehicle Demonstration flights
shall be completed by the FR
submission deadline. No
exceptions will be made. If thg
Student Launch office
determines that a Vehicle

Demonstration Rdlight is
necessary, then an extensior
may be granted. THIS
EXTENSION IS ONLY VALID
REFLIGHTS, NOT FIRST TII
FLIGHTS. Teams completing
required reflight shall submit
an FRR Addendum by the FR

Addendum dadline.

The team completes the VDF by the FR
milestone report submission deadline. If
re-flight is required, the team submits an
FRR addendum by the FRR addendun
deadline.

Inspection

Project
Management

Not
Verified

TBD
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Payload Demonstration Flight
All teams SHALL successful
launch and recover their full

The team completes the PIpFor to the

See Section 6.

NASA scalevehiclecontaining the PDF deadline using thammevehicleto be Inspection Project N?F for the project
2.19.2 : Management | Verified o
completed payload prior to the flown on Launch Day. plan timeline
Payload Demonstration Flight
deadline.
The payload shall be fully
retal'ned unti the mtenqled The payload remains fully retained until th
point of deployment (if . . .
: . point of intended deployment with each
NASA applicable), altetention : . . . Payload Not
. . retention mechanism functioning as | Demonstration . . TBD
2.19.2.1 | mechanisms shall function ag _ . Integration Verified
. . designed and notisstaining damage
designed, and the retention requiring repair during the PDF
mechanism shall not sustain quiring rep g '
damage requiring repair
NASA | The payload flown shall be thg The payload flown on the PDF is the fing Inspection Project Not TBD
2.19.2.2 final, active version. active version of the payload. P Management | Verified
NASA Payload Demonstration Flight The PDF is completed by the FRR Adden . Project Not See Secthn °.
shall be completed by the FR . Inspection " for the project
2.19.2.4 . deadline. Management | Verified S
Addendum deadline. plan timeline
An FRR Addendum SHALL |
required for any team If the team is completing the PDF or a NA|
completing a Payload required VDF rdlight after the submission Proiect Not
NASA 2.2( Demonstration Flight or NASA of the FRR Report, the team lead submit§  Inspection ) . TBD
Management | Verified

required Vehicle Demonstratio
Reflight after the submission o
the FRR Report.

FRR Addendum by the FRR Addendun|

deadline.

2022 NASAtudent Launch | Tacho Lyc<lﬁ




NC STATE UNIVERSITY

Teams required to complete g
Vehicle DemonstratioReFlight

NASA and failing to submit the FRR| The team lead submits the FRR Addendy Inspection Project Not TBD
2.20.1 Addendum by the deadline by the FRR Addendum deadline. Management| Verified
SHALL not be permitted to fly
final competition launch.
Teans who successfully
complete a Vehicle
Demonstration Flight but fail tg
NASA gualify the payloaq by The project management tegm marexgthe . Project Not
520.2 satisfactorily complgtlng the schedule such that a PDF is successfql Demonstration Management| Verified TBD
Payload Demonstration Flighy completed by the FRR Addendum deadli
requirement SHALL not be
permitted to fly a final
competition launch.
¢KS GSIYQa yli
Day contact information shall
be in or on thdaunch vehicle
airframe as well as in or on an The team lead places their contact
section of the vehicle that information on thelaunch vehiclairframe
separates during flight and is| and any section of the vehicle that is nof . Project Not
NASA 2.21 not tethered to the main tethered to the mairairframe in a manner Inspection Management| Verified TBD
airframe. This information shal that allows this information to be retrieveq
beincluded in a manner that | without opening or separating the vehicle
allows the information to be
retrieved without the need to
open or separate the vehicle.
NASA 2 21 Al Lithium Polymer batteries| The safety team ensures all Lithium Polyy ~ Analysis; Safety Not TBD
Inspection Verified

SHALL be sufficiently protectg

batteries are sufficiently protected from
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from impact with the ground
and will be brightly colored,
clearly marked as a fire hazar
and easily distinguishable fron
other payload hardware

ground impact and are marked
appropriately.

The aerodynamics lead designs the laun

There are no

NASA The launch vehicle SHALL ng . : o . . Not plans for such
. . vehicle such thiit does not utilize forward| Inspection | Aerodynamics i .
2.23.1 utilize forward firing motors . Verified a design per
firing motors. .
Section 3.1
The launch vehicle SHALL ng See Section
NASA utilize motors that expel The aerodynamics lead selects a motor t Inspection | Aerodvnamics Not 3.1.6 regarding
2.23.2 titanium sponges (Sparky, does not expel titanium sponges. P y Verified | leading motor
SkidmarkMetalStorm, etc.) selection
See Section
NASA The launch vehicle SHALLn¢ The aeraynamics lead selects a motor inspection | Aerodvnamics Not 3.1.6 regarding
2.23.3 utilize hybrid motors. containing exclusively APCP. P y Verified | leading motor
selection
See Section
NASA The launch vehicle SHALLNnqg  The aerodynamics lead selectsiagle Inspection | Aerodvnamics Not 3.1.6 regarding
2.23.4 utilize a cluster of motors. motor only for use in the launch vehicle. P y Verified | leading motor
selection
NASA The launch vehicle SHALL nd Th.e structures lead installs a mot.or. . Not See Septlon 3.
. o retention system that does not use frictioff  Inspection Structures o regarding the
2.23.5 | utilize friction fitting for motors. " Verified . :
fitting. vehicle design
NASA The launch vehicle SHALL n¢ The aerodynamics lead designs thanch Not _
2936 exceed Mach 1 atany point | vehicle such that it does not exceed Maclf  Analysis | Aerodynamics Verified See Section

during flight

at any point during flight.

3.3.2regardinc
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velocity of the
vehicle

Vehicle ballast SHALL not
exceed 10% of the total
unballasted weight of the

The aerodynamics leatksigns the launch

See Section 3.

NASA | launch vehicles it would sit on| vehicle such that it does not require balla Analysis; Aerodviamics Not reqarding the
2.23.7 the pad (i.e. daunch vehicle exceeding 10% of the total unballasted| Inspection y Verified veaicle dgsi N
with an unballasted weight of weight of the launch vehicle. g
40 Ibs. on the pad may contai
a maximum of 4 Ibs. of ballast
T issi - .
ran§m|33|on§chm onboa_rd The safety team verifies all transmitters
transmitters, which are active g . . .
NASA . . . activated prior to landing are not capable . Not
2.23.8 any point prior to landing, transmissions exceeding 250 mW of pow Analysis Safety Verified TBD
¢ | SHALL not exceed 250 mW ( 9 P
. pertransmitter.
power (per transmitter).
Transmitters SHALL not creat
excessive interference. Team| The safety team verifies no transmitter
NASA will utilize unique frequencies,| creates excessive interference. The safe Analysis: Not
handshake/passcode systemg team enforces the usage of unique , Safety . TBD
2.23.9 . . . . ... | Demonstration Verified
or other means to mitigate frequencies to mitigate interference with
interference caused to or other teams.
received fromother teams
Excessivand/or dense metal
SHALL not be utilized in the
NASA | construction of the vehicle. Us{  The structuresead minimizes the amount Inspection StruCtUres Not TBD
2.23.10 | of lightweight metal will be of metal onboard the launch vehicle. P Verified

permitted but limited to the
amount necessary to ensure

structural integrity of the
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airframe under the expected
operating stresses.

The fuliscale launch vehicle
SHALL stage the deployment
its recovery devices, where a
drogue parachute is deployed
apogee, and aain parachute

See Section
is deployed at a lower altitude . 3.2.2.1%or
The recovery leadesigns a dual . Not .
NASA 3.1| Tumble or streamer recovery Demonstrationl Recovery e leading
. deployment recovery system. verified
from apogee to main parachut recovery
deployment SHALL also be system design
permissible, provided that
kinetic energy during drogue
stage descent is reasonable, g
deemed by the RSO.
See Section
The main parachute SHALL i The recovery lead designs a recovgygtem 3.2.2.1%or
NASA . . Not .
deployed no lower than 500 | that deploys the main parachute no lowe| Demonstration, Recovery e leading
3.1.1 verified
feet. than 500 ft. recovery
system design
See Section
The apogee event SHALL The recovery lead desigtise recovery 3.2.2.11for
NASA . . Not .
contain a delay of no more tha| system sothatthe apogee event has a dg Demonstrationl Recovery o leading
3.1.2 verified
2 second of no more than 2 seconds. recovery
system design
NASA ul\;l(e);[:lo;o?efi?no:r SgrAsLeI::g(rJIBSS The recovery lead designs a recovery sys Inspection Recover Not See Section
3.1.3 primary Y thatdoes not utilize motor ejection. P Y| verified | 3-2.2.1%or
deployment. leading
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recovery
system design

Each team SHALL perform 3

successful ground ejection tes See Section
for all electronically initiated | The recovery lead performs ejection test Not 5.4.1.3for
NASA 3.2 recovery events. on the ground for each electronically | Demonstration|  Recovery verified leading
initiated recovery event. recovery
prior to the initial flights of the system design
subscale and fuicale vehicles
Each independent section of tt] The recovery lead designs a recovery sys .
. C See Section
launch vehicle SHALL have : such that the kinetic energyf each . Not
NASA 3.3 : L : : : Analysis Recovery o 3.3.7for
maximum Kinetic energy of 7§ descending section of the launch vehiclg verified Kinetic Ener
ft-Ibf at landing. does not exceed 754bf at landing. gy
The recovery system SHALL
contain redundant,
commercially available The recovery lead designs a recovery sys See Section
NASA 3.4 altlrr]eter{s. TheAte.r{mA that utilizes at least two independent, Inspection Recover Not 3.2.2.4for
' at UAYSUSNH  commercially available altimeters in the P y verified | block diagram
includes both simple altimeters recovery system. of altimeters
and more sophisticated flight
computers.
Each altimeter SHALL have . See Section
_ The recovery lead designs the recovery
dedicated power supply, and a . 3.2.2.4for
. . system so tht each altimeter has an . Not .
NASA 3.5| recovery electronics will be : Inspection Recovery o leading
: independent supply of power from verified
powered by commercially recovery

available batteries.

commercially available batteries.

system design
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Each altimeter SHALL be arm
by a dedicated mechanical

arming switch that is accessib| The recovery lead designs a recovery sys See Section
that utilizes dedicated mechanical arming : Not
NASA 3.6 itch ile f h ior of th Inspection Recovery ified recovery
exterior of thelaunch vehicle SW|tcI es ahccei‘?‘ll efromt r<?eiqerlor of t verifie system
airframe when thevehicleis in aunch vehicle, for each aftimeter. description
the launch configuration on thq
launch pad.
Each arming switch SHALL b See Section
capable Of being locked n the The recovery lead utilizes arming switche . Not 3.2.for
NASA 3.7 ON position for launch (i.e., - Inspection Recovery . recovery
. that can be locked to the ON position. verified
cannot be disarmed due to system
flight forces). description
. . See Section
The recovery system electric§  The recovery lead designs the recovery 3.2 2 dor
circuits SHALL be completely system suchthat the recovery electronid . Not o
NASA 3.8 . S : Inspection Recovery o leading
independent of any payload | circuits are completely independent from verified recover
electrical circuits. the payload electronics. y_
system design
Removable shear pins SHALL|  The recovery lead designs the recovery See Section
used for both the main system to use removable shear pins to Not 3.2.1for
NASA 3.9 parachute compartment and secure both the main parachute Inspection Recovery verified leading
the drogue parachute compartment and drogue parachute recovery
compartment. compartment. system design
See Section
The recovery area SHALL bg The recovery lead S.e lects parachqtes th . 3.3.9for
- . prevent the descending launch vehicle frq  Analysis; Not .
NASA 3.1( limited to a 2,500 ft. radius - . Recovery o leading
drifting more than 2,500 ft. from the launc| Demonstration verified
from the launchpads. recovery

pads.

system design
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i See Section
Descent time of the launch
: o The recovery lead selects parachutes th - 3.3.8for
vehicle SHALL be limited to 9 . Analysis; Not :
NASA 3.11 allow the launch vehicle to touch down , Recovery o leading
seconds (apogee to touch - . Demonstration verified
down) within 90 seconds of reaching apogee. recovery
' system design
An electronic GPS tracking
device SHALL be installedin t| The recoveryead utilizes a GPS tracking See Section
launch vehicle and SHALL | device that transmits the position of the Inspection: Not 3.2.2.1%or
NASA 3.1 transmit the position of the tethered launch vehicle and any P ; Recovery o leading
. . : . Demonstration verified
tethered vehicle or any independent sections daunch vehiclgo a recovery
independent sectionto a ground receiver. system design.
ground receiver.
Anylaunch vehiclesection or See Section
payload component, which The recovery lead installs GPS tracking 4.6.65for
NASA . . . Not .
3121 lands untethered to the launch devices on any section that lands Inspection Recovery verified leading
T vehicle, SHALL contain an act untethered to the launch vehicle. recovery
electronic GPS tracking device system design
. : See Section
The electronic GPS tracking The recovery ledhensures that the GPS 3.2.2 1%0r
NASA device(s) SHALL be fully devices utilized on the launch vehicle ar{ Inspection; Recover Not .Iela(.jin
3.12.2 functional during the official fully functional during the official Demonstration y verified recove?
competition launch. competition launch. y
system design
The recovery system electroni _
SHALL not be adversely affect]  The recovery lead designs the recovery 265 28 ?;Iron
NASA 3.1 by any other quoard system so that the reovery electronics ard  Inspection; Recover Not .Ie;';\d.in
" electronic not adversely affected by other dward | Demonstration y verified recove?y

devices during flight (from
launch until landing).

electronic systems.

system design
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The recovery system altimeter

SHALL be physically ltedina | The recovery lead designs an avionics b See Section
NASA separate compartment within which houses recovery electronics in a Not 3.2.2.3for
3131 the vehicle from any otherradi¢ compartment that igohysically separate Inspection Recovery verified leading
o frequency transmitting device from all other radio transmitting or recovery
and/or magnetic wave magnetic wave producing devices. system design
producing device.
Ther r m electroni . . ion
© recovery sy§te electroni The recovery lead designs and installs See Sectio
SHALL be shielded from all o 3.2.2.4or
NASA o : shielding for the recovery system electron . Not .
onboad transmitting devices td . Inspection Recovery o leading
3.13.2 L o that protects it from all onboard verified
avoid inadvertent excitation of] " . recovery
. transmitting devices. .
the recovery system electronic system design
The recovery system electroni
SHALL be shielded from all
onboard devices which may The recovery lead designs and installs
NASA | generate magnetic waves (suq shielding for the recovery system electron Inspection Recover Not See Section
3.13.3 | asgenerators, solenoidvalved from all electromagnetic wave generating P y verified | 3.2.2.4for Av.
and Tesla coils) to avoid devices on board.
inadvertent excitation of the
recovery system.
The recovery system electroni See Section
SHALL be shielded from any The recovery lead designs and installs
i . . 3.2.2.4for
NAR other onboard devices which| shielding for the recovery system from a . Not .
Inspection Recovery o leading
3.13.4 | may adversely affect the prope systems that may adversely affect the verified recover
operation of the recovery recovery system electronics. y_
. system design
system electronics.
The team SHALL designa | The Payload Team dgss a payload to be _ Payload Not See Section
NASA 4.1 payload capable of launched in a higipowered rocket. The | Demonstration ntegration; | yerified 4.10.1and
autonomously locating the | payload is capable of autonomously locat Payload 4.10.2
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launch vehicle upon landing by the launch vehicle by identifying the laung Structures; regarding
ARSYGATeAYd G| OSKAOE SQa INRR LRA Payload payload
grid position on an aerialimag without using GPS. Imaging; designs
of the launch site without the Payload ECD
use of global positional syster
(GPS).
The dimensions of the griddeq The Payload Imaging Lead will confirmatth
NASA launch field SHALL not exten( the aerial photo of the launch field does n Inspection Payload Not TBD
4.2.1 beyond 2,500 feet in any extend over 2,500 feet from the launch rg P Imaging verified
direction. in any direction.
The launch vehicle and any The Recovery Lead angl Aerodynamics L
I design thdaunch vehicleind recovery )
NASA jettisoned components SHAL . . Recovery; Not
- systems such that thieunchvehiclelands | Demonstration \ o TBD
4.2.1.1 | land within the externaborders L . . . Aerodynamics| verified
: within the area depicted in the gridded
of the launch field. .
image.
Payload
A legible gridded image with § The Payload Team includes a gridded im Int:;]rli :f()jn;
NASA | scale SHALL be provided to th of the launch field with a legible scale at t Inspection Struyt s Not TBD
4.2.2 NASA management panel fof CDR milestone for approval by tNASA spectio Pacltl;la((aj ' verified
approval at the CDR milestong Management panel. Yic .
Imaging;
Payload ECD
NASA The dimensions of each grid b .The ngload I.maglng Lead confirms the _ Payload Not
4221 SHALL not exceed 250 feet j gridded imag@ grid spaces are no largerthi Inspection Imaain verified TBD
T 250 feet. 250 feet by 250 feet. ging
The entire launch field, not to
NASA exceed 5,000 by 5,000 feet, Payload Imaging Lead will confirmthe | |pspection Paquad Not TBD
4.2.2.2 gridding of the image dhe 5,000 feet by Imaging verified

SHALL be gridded.
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5,000 feet field into appropriately sized
spaces.

The Payload Imaging Lead confirms that

NASA | Eachgrid box SHALL be squg . . . Payload Not See Section
. grid spaces are square in shape when| Inspection . o
4.2.2.3 in shape. . . . Imaging verified 45.8
providingthe gridded image.
NASA | Eachgrid box SHALL be equal When prowdmg the grldded.lmage, th? . Payload Not
. Payload Imaging Lead confirms all grid  Inspection . o TBD
4.2.2.4 size. o Imaging verified
spaces are equal in size.
NASA Each grid box SHALL be Payload Imaging Lead will confirm the : Payload Not
. o Inspection . o TBD
4.2.2.5 numbered. numbering of each individual box. Imaging verified
¢KS ARSYUATAS The Payload ECD Lead designs a See Section
NASA grid box,upon landing, SHALL  communication system to transmit the Demonstrationl  Pavioad ECD Not 4.10.6 for data
4.2.2.6 | be transmitted tothe ground fl dzyOK @SKAOf SQa y verified | transmission
station. station. plan
Payload
Integration;
. : : Payload
NASA | GPS SHALL not be used to ai{ The Payload team will not use GPS in a : Not
L . Demonstration| Structures; i TBD
4.2.3 | any part of the payload missiof part of the mission. verified
Payload
Imaging;
Payload ECD
GPS coordinates of the launc
BSKAOf SQa f I yH The Recovery Lead will include a GPS trg
NASA be known and used solely for;  in thelaunch vehiclevhich successfly Demonstration Recovery Lea Not TBD
4231 the purpose of verification of | recorded the GPS location on the landin y verified

payload functionality and
mission success.

site.
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Payload
Integration;
NASA | GPS verification data SHALL The Payload Team mcluo!es GPS for , Payload Not See Section
4939 included in the PLAR verification of thdaunch vehicldocation | Demonstration| Structures; verified 4509
R ' and includes this data in the PLAR. Payload e
Imaging;
Payload ECD
T.hegrldd'ed image SHALL be The Payload Imaging Lead confirms thd
high quality, as deemed by thg ridded image provided by the Payload
NASA | NASA managementteam, tha g g _p y y . : Payload Not
. Team from amerial photograph or satellit§  Inspection . o TBD
4.2.4 comes from an aerial : L . Imaging verified
. image is high quality and deemed so by t
photograph or satellite image g NASA Management Team
the launch day launch field. g ’
Payload
The location of the launch pad Integration;
SHALL be depicted on the | The Payload Team will confirm with NAS Payload
NASA ) ) _ . . _ Not
4241 gridded image and confirmed| about the marked location accuracy of th{  Inspection Structures; verified TBD
R by the NASAnanagement launch pad on the provided gridded imag Payload
panel. Imaging;
Payload ECD
No external hardware or
software SHALL be located| The Team Lead keeps all team equipme .
NASA 1o gl a ARS GKS @ contained within the launch vehicle and| Demonstration| . eCt Not TBD
4.2.5 L . . Management| verified
the launch vehicle itself prior tg prep area prior to launch.
launch.
Black Powder and/or similar See Section
NASA | energetics SHALL not be usd  The Payload Integration léaesigns the | pemonstrationl - 2Y°ad Not 41023
4.3.1 for any surface operations. | payload deployment systems without the Integration | verified re.gar- di.ng

Black Powder and/or similar
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energetics SHALL only be usé
for deployment of iAflight
recovery systems.

use of black powder and energetics for
surface operations.

lander
deployment

The Safety Officer shall review the desigt

See Section 3
regarding

NASA Teams SHALL abide by ?" F the payload and confirm that it follows FA] Demonstration Safety N.o.t safety rules
4.3.2 and NARules and regulations. . verified
and NAR regulations. and
regulations
Anyexperiment element that is
jettisoned durllng th_e recovery The Payload Integration Lead will have See Section
SHALL receive retiine RSO i . ) . :
NASA . . . confirmationfrom the RSO immediately . Payload Not 4.6.8regarding
permission prior to initiating the : Demonstration : o
4.3.3 - prior to the launch for any element Integration verified lander
jettison event, uniess exempte jettisoned during recover deployment
from the requirement at the J g y: pioy
CDR milestone by NASA.
Unmanned aircraft system
(UAS) payloads, if designed t| The Payload Integration Lead designs a
be deployed during descent, | UAS deployment systems that will be use See Section
NASA SHALL be tetheredto the | during descenta be tethered to the vehicld Demonstration Payload Not 4.6.8 for
4.3.4 vehicle with a remotely with a remotely controlled release Integration verified Lander
controlled release mechanisn| mechanism until the RSO gives permissi deployment
until the RSO has given to release the UAS.
permission to release the UAS
_ The Safety Officer will confirm that any U/ See Section 3
Teams flying UASs SHALL al}  apides by all FAA regulation including th regarding
NASA by all applicable FAA Cl!'Qa {LISOAIf wdz . Not
435 NEJdA F GA2YES | Demonstration Safety verified safety rules
regulations

UASs abide by all applicable rules.
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Any UAS weighing more thar
0.55Ib SHALL be registered W

The Payload Structures Lead will registdg

NASA the FAA, and the registration any UAS deS|gn_e dto be over O.'55 Ilg Wit Demonstration| Payload N.o.t TBD
4.3.6 the FAA and will mark the registration Structures verified
number SHALL be marked of .
. number on the vehicle.
the vehicle.
Eachteam SHALL use alaun
and safety checklist. The fina
checklists will be included in th] Launch and safgtchecklists are included i Not
NASAS.1 FRR report and used during tH FRR and are used during all launch activit _ Safety Verified TBD
Validation of
LRR and any Launch Day
. Records
operations.
Eachteam shall identify a SeeSection 5.1
NASA 5.2 student safgty officer \(vho W.'” The Safety Officer is Frances McBride. Validation of Safety Verified for Safety
be responsible for all items in Records Officer
Section 5.3. Declaration
The role anadesponsibilities of
the safety officer shall include
but are not limited to
mo.nltormg ‘e"f‘m activities, The Safety Officer, Frances McBride,
implementing safety - o , .
NASA 5.3 . upholds all responsibilities detailed in Saf{ Demonstration Safety Verified TBD
procedures, maintaining safety .
. o Requirement 5.3.
documentation, and assist in
0KS gNRGAY3T 27
analyses, failure modes
analyses, androcedures.
During testflights, teams shall  Clearance is given by the RSO to fly thy Not
NASA 5.4| abide by the rules and guidang |aunch vehicle and payload configuration Demonstration Safety o TBD
0KS Of dzo Verified

27T
allowanceof certain vehicle

detailed in this document, the proposal.
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configurations and/or payloadd

at the NASA Student Launch
does not give authority for
teams tofly those vehicle

configurations at other club

launches.
¢CKS GSFYQa LX Iy G2
Teams shall abide by all ruley general guidelines for high power rocketry . -
NASAS.5 set forth by the FAA. detailed inSection 4 of the proposal. The Demonstration Safety Verified TBD

team follows this plan.

6.1.1 Team Derived Requirements
Table 62 below covers the requirements verification matrix for safety tedemnived requirements.

Table6-2 Safety Team Derived Verification Matrix

Safety Team Derived Requirements

Verification o
Status Status Description

Description Justification Success Criteria Method

FunctioralRequirements

Having uncured epox| All epoxied parts

All Epoxy use8HALbe weakens the overall P P Current manufacturing

- are unmoved from .

left to cure for atleast 24| structural stability of . . . . Not procedures specify for at

STD 1 . : their positions until | Inspection o .
hours prior to any load the launch vehicle, . verified | leasta 24hour cure perd

being applied making components the date and time for all epoxied parts
g appiied. g comporn listed on their label. poxied parts.
vulnerable to failure.
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The use of PPE will
help reduce the The HPRC PPE
Safety glasseSHALbe likelihood of skin and| cabinet contains 23 pairs of safety glasses
. . . Not . ;
STD 2 provided to personnel | eye injury from small| safetyglasses for| Inspection verified are in the PPE cabinet, we
working with power tools.| and large debris due| every working team exceeding lab capacity.
to working with member.
power tools.
The use of PPE will
Nitrile gloves, sa}fety : h?'p reduce Fhe The PPE cabinet 23 glasses, 11 boxes of
glasses, and particulate| likelihood of skin and .
. . contains gloves, gloves, and 3 cases of
masksSHALbe proviced | eye injury from small . Not :
STD 3 . : . glassesand masks| Inspection e masks are in the PPE
to personnel working with| and large debris due . verified . .
o . : for every working cabinet, well exceeding lal
volatile liquid and powder to working with :
. Lo team member. capacity.
chemicals. volatile liquids or
powders.
Launch day attendees | Maintaining a steady| Team members will
SHALImaintain a walking| walking pace at all have one foot on Team members are briefe
. . . . . Not .
STD 4 | pace at all times, including times decreases the| the ground atall | Inspection . prior to launch on launch
. o . . . verified .
during assembly, launch| likelihood of slipping,| times duing the day pace and etiquette.
and recovery tripping, and falling. launch day.
. - e . All h
All hazards identified as| Mitigating potentially | . . .aza.trds
orange or red in the risk| dangerous/frequent identified in the
g . g d CDR document fall 46.3% ofcurrent hazards
assessment matr@HALL| hazards creates a . . Not .
STD5 in the yellow or Inspection o fall in the green or yellow
be decreasedto yellow o more robust launch verified
. green zones after zones.
green by CDR through vehicle + payload o
o mitigation are
mitigations. system. .
applied.
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Table 63 below covers the requirements verification matrix for launch vehicle tdanved requirements.

Table6-3 Launch Vehicle Team Derived Verificatiofrida

Launch Vehicle Team Derived Requirements

Description

. Success Verification
ification o
Justificatio Criteria Method Status

Status Description

FunctioralRequirements
Higher speeds
and . .
. Simulations
acceleration .
are done in
are not

, The maximum velocity of the
) RockSim to
LVE 1 The launch vehicle SHALL n{ necessary anc

confirm the Analysis Verified launch vehicle is Mach 0.56.
go above Mach 0.7. endanger the : y SeeSection3.3.2 for mission
launch vehicles -
payload and . performance predictions.
maximum
other velocit

structural y

components.

Acceleration | Simulations

of higherthan| aredone in

The launch vehicle SHALL | L8CS could | RockSim to

The maximum flight
LVF 2

cause confirm the acceleration of the launch
exceed 16Gs of acceleratior : Analysis Verified vehicle is 300 ft/s"2. See
. problems for | launch vehicleg . .
during ascent. . Section 3.3.2 for mission
the payload maximum .
. performance predictions.
team and their ascent
structures. acceleration.
DesignRequirements
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manipulate on

This will
ensure that
any The factor of
assumptions | safety of each The factor of safety is
made during critical determined through
All critical components of the] analysisor | component is simulations and testing. See
launch vehicleSHALbe higher than reported in Analysis, . Section 3.1.4.13 for detigs on
LVvD 1 : ) . . Not verified | . . I
designed with a minimum expected | documentation Test simulations. Additional analys
safety factor of 1.5. loading will | and proven by and testing methods will be
not cause structural presented in future
unexpected analysis and documentation.
failure of the testing.
launch vehicle
during fight.
Any larger
diameters
would cause
more
aerodynamic )
' drag and add The Inner
The launch vehch§HALb§ more weight. dlameter Of. . - SeeSection 3.1.3 for launch
LVD 2 no larger than 6 inches in Additionally, the airframeis| Inspection| Not verified vehicle size
diameter limiting the not larger than '
size of the 6 inches.
launch
vehicles make
it safer and
easierto
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the launch
field.

The launch vehicl&SHALbhave

This ensures
that the
launch vehicle
is
aerodynamic
and ensures

The launch
vehicle has
four fins
equally spaced
from each
other around
the airframe

SeeSection 3.1.4.10 for fin

LvD3 symmetrical fins and camerg the CGis on | along with two Inspection | Not verified | designandsection 4.5.2.1 for
center by cameras
mounts : . camergplacement.
causing equal| positioned
aerodynamics centrally
on both sides| between the
and equal fins and on
weight opposite sides
distribution. of the
airframe.
This ensures
that the motor | Two centering
tube has rings along
The launch vehch.SHALUSe adequate Wl'th the . - SeeSction 3.1.4.9 for fin can
LvD4 at least 2 centering ringsto| support to engine block | Inspection| Not verified .
; : design.
support the motor tube experience the|[ will be usedto
high force support the
caused by the| motor tube.
motor.
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Stgblllty The
margins lower .
aerodynamics
than 2 are .
. lead designs
prohibited by the launch
NASA in .
, . vehicle such .
The launch vehicl8HALbave | requirement that a Analvsis SeeSction 3.3.2and 3.3.6or
LVvVD5 a stability margin between 2 2.14, and . Y .| Not verified | stability calculations for the
. minimum Inspection . ) .
and 24 calbers stability stabilit leading launch vehicle degi.
margins highel . Y
margin of 2
than 2.2 cause .
and maximum
the launch .
. of 2.2 calipers
vehicletobe | . .
is achieved.
over stable.
The nose cone . . :
and upper Simulations in
ANSY [
payload bay SYS using Factor of safety of the
FEA and . :
The nose conSHALbhave a | aretethered conrection points are
. ) structural tests .
connection point for a shock| to the launch determined through
. : are done on . . : )
cord capable of sustaining th| vehicle and as Analysis, . simulations and testing. See
LVD6 . . the nose cone . Not verified . .
maximum loads expectedin| suchneed to Inspection Section 3.1.4.13 for details on
. . - . bulkhead and . . . ,
flight to our defined minimum|  withstand simulations. Additional testing
. hardware to o
safety factor of 2. flight forces confirm the and analysis will be presente
and any in future documentation.
factor of
unexpected safet
loading. Y-
The lower payload ba§HALL| The lower Simulations in Factor of safety of the
have a connection point for g payload bay | ANSYSusing| Anpalysis, - connection points are
LVDr shock chord capable of | and fin canarg ~ FEAand | |nspection Not verified determined through
sustaining the maximum load tetheredto | structuraltests simulations and testing. See
expected in flight to our the launch are done on Section 3.1.4.13 for details on
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2022 NASAtudent Launch | Tacho Lyc<

defined minimum safety factg vehicle and as| the lower simulations. Additional testing
of 2. such needto| payload bay and analysis will be presente
withstand bulkhead and in future documentation.
flight forces hardware to
and any confirm the
unexpected factor of
loading. safety.
This is to give
the payload The lower
team enough | payload bay is
The lower payloaql baGHALL spaceto designedto . . SeeZction 3.1.4.8 for leading
LVvD 7 have at least 6 inches of . Inspection | Not verified .
L adequately | have 6 inches lower payload bay design.
interior length L
house the of interior
lower payload length.
electronics.
Having
accessible
energetic The Avionics
The launch vehicle blast cap material Bay has blast . .
LVvD 8 SHALDbe exposed and containers | caps which arg Inspection| Not verified. SeeSec.t Ior.] 3.14.7for I'eadlng
. : Avionics Bay design.
accessible. allows for easily
safer loading accessible.
of the
energetics.
EnvironmentaRequirements
The launch | The airframe _ _ _
LVE 1 | The airframeSHALbe capablel  vehicle is materialis | INSPection, | .\ cified The leading material, G12
of launching in temperatures| planned to | ratedto not be| Analysis fiberglass,
operatein a | damagedor
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between 20 and 100 degree;
Fahrenheit.

variety of
launch fields
and seasons,
including
winter in
North Carolina
and spring in
Alabama.

deformed
under these
temperatures.

LVE 2

The launch vehicle airframe
SHALDbe water resistant.

The team's
home launch
field has
several large
irrigation
ditches which
typically are

filled with
water.
Additionally,
we may have
tolaunchin a
variety of
weather
conditions,
including high
humidity and
after recent
rain. A water
resistant
airframe will

help mitigate

The airframe is
not damaged
or deformed

upon exposure)

to water.

Inspection,
Analysis

Not verified

SeeSection3.1.4.1 for details
on material selection.

2022 NASAtudent Launch | Tacho Lyc<lﬁ



NC STATE UNIVERSITY

any potential
damage.

Table 64 below covers the requirements verification matrix for recovery teggrived requirements.

Description

Table64

RecoveryTeam Derived Requirements

Justification

FunctioralRequirements

Success Criteria

Verification
Method

Payload Team Derived Verification Matrix

Status Description

RF1

The descent velocity unde
drogue SHALL be less thj
100 ft/s.

Having a dscent
velocity higher than
100 ft/s canlead to

large main parachute
shock.

The chosen
parachute will have
a terminal velocity
of less than 100 ft/s

with the given mass
of the rocket

Analysis

Not
Verified

The drogue parachute
selected has a descent
velocity of 83.2 ft/s

RF 2

The lander SHALL not dri
farther than 800 feet from
the launch vehicle
following separation from
the main parachute.

If the lander drifts too
far from the launch
vehicle,
communication
between the two will
be impossible.

The lander lands ai
or less thar800 feet
from the launch

vehicle

Inspection,
Analysis

Not
Verified

The predicted drift at 20
MPH for the payload is 71
ft. See Section 3.2.2.8

RF 3

The secondary black
powder charges SHALL K
larger than the primary
black powder charges

Should the mai black
powder charge not be
enough to blow the
sections a part, the

secondary charges ar

The amount of blacl

powder poured into

the secondary blast
cap will be more
than the amount

Inspection

Not
Verified

The rule of thumb in black
powder calculations is to
calculate the primary and
then add .5 grams to the
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supposed to be large| poured into the secondary for it to be
to blast the sections ¢ primary last cap larger. See Section 3.2.2.]
part.
Insufficient voltage New batteries will The procedure fomistalling
New 9V batteries SHALL g be chosen and . altimeters includes
. could mean that the e Inspection, Not ]
RF 4 used for thealtimeters . verified to be 9 volts . . checking that the voltage ¢
) black powder is not : Analysis | Verified :
before every flight rooerly ianited before being placec the batteryis 9V. See
properly ig on the AV sled Section 3.2.2.4
DesignRequirements
U-Bolts provide two | U-Bolts are installec
U-Bolts SHALL be used fc points where shock | on the bulkheads a . Not U-Bolts .are being used in
RD1 : can go throughthe | anchor points for | Inspection . the design for the launch
all shock cord connections . Verified . .
bulkhead toincrease the recovery vehicle. See Section 3.1.3
stability. harness
The | h vehicle SHAL -
€ launch vehicle .S Threaded quicknks All recovery They are used to connect
usethreaded quicKinks ) :
. are unlikely to detach| harnesses will be . Not the recovery harness to th
RD 2 | for attaching all recovery . . . Inspection o
during flight and are attached using Verified U-Bolt see the recovery
harnesses to the launch o o .
) ) easyto attach quicklinks. description inSection3.2.1
vehicle attachment points
, Deploymen bag is : ,
Deployment bag SHALL t The main parachute used in folding the Discussion about Fhe
.| needs to be protectec : . Not deployment bag is
RD 3 | used to protect the main L parachute andis | Inspection . : . .
from the ejection Verified discussedin Section
parachute attachedto the
gases . 3.2.2.9
main shock cord
Recovery section SHALL| This is to make sure| The Kinetic Energy :
. ) . _ Not The calculations have bee
RD 4 able to still fulfil NASA that the recovery | calculations for bothl  Apalysis R
, : . Verified | done with this in mind and
requirement 3.3 in the system canhandle | payload deploying the max kinetic eneravin
scenario that the lander either the lander and if the payload i gy
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does not deploy from the deploying or the still attached are
launch vehicle lander getting stuck | both less than 75 #t SeeSection 3.3.7

and unable to deploy. Ibf.
This is to have a safe
recovery systemand
protect thelaunch
vehicle

all scenas is 74.9 fibf.

EnvironmentaRequirements

Insulation protecting

the shock cords and| Theinsulation used : . .
. The insulation going to be
- . parachutes mayfall | inthe parachute .
RE1 All protective inslation out and to reduce all | bays will be checke( Inspection Not used in the parachute bay
SHALL be biodegradable . y o P Verified | is biodegradable fiber. Se
impact we have on | to make sureitis Sction 3.2.3
the lower payload biodegradable o
bay.

Table 65 below covers the requirements verification matrix for payload tedarived requirements.

Table6-5 Payload Team Derived Verification Matrix
Payload Team Derived Requirements

Verification inti
Success erificatio Status Description

Description Justification S Method

FunctioralRequirements

This limit is set

The lander SHALL deploy ¢ to reduce the
an altitude below 575 ft. drift distance of

the lander

2022 NASAtudent Launch | Tacho Lyc<‘iﬂ
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The LPRBIlectronics system

while being | altitude of 575
above the feet.
minimum

altitude
deployment
limit of the
lander.
The LPB
Having altitude measures and
records

data will allow

altitude data

for more . - .
SHALL measure and recor thatis sentto . Cannot be verified until LPE
PF 2 . . accurate Test Not Verified .
vehicle altitude data that cal . the parent is completed and tested.
. calculations of .
be processed podanding. . microcontroller
launch vehicle i .
. and is used in
location
post-
processing.
The LPB
measures and
This data will be accﬁg‘r’;‘z’; e
The LPB electronics syster| the primary . .
) ) orientation
SHALL measure andrecor| information . - .
. . . data thatis - Cannot be verified until LPE
PF 3 vehicle acceleration and used in Test Not Verified :
. . . sent to the is completed and tested.
orientation data that can be| calculating the
} . parent
processed postanding. launch vehicle | .
location microcontroller
' that is then
used in post
processing.
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If the
microcontroller
runs out of The LPB
storage space, memory
The LPB parent data for storage unit
microcontroller SHALL hav| processing will| stores all flight . . Cannot be verified until LPE
PF 4 capacity to store all flight | be lost. This is| data without Analysis Not Verified is completed and tested.
data. required by our| needing to
decision to do | stop recording
data processing| or delete any.
and fusion upon
landing.
Previously
identifying The payload's
. landmark im
Thepayload's image zllc()jwsaforS roczgsein
processing framework SHAI ) . P g Cannot be verified until
: : relative location| framework . . . |
PF 5 recognize previously Test Not Verified | image processing software
. i : of the launch accurately
identified landmarks in : . o completed and tested.
images vehicle to be | identifies pre
ges. calculated from selected
known landmarks.
dimensions.
] Images are The LPB
The LPB camera system camera system
SHALL take ima esydurinc ngeded or collects ir>T/1a e Cannotbe verified until LPE
PF 6 a9 N Image g Test Not Verified and launch vehicle are
the launch vehicle ascent |  (acoanition data
dd g h hout th completed.
and descent. which is needed t roug O‘Utt e
to determine entire flight.
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launch vehicle

away and it still

receives data

location
None of the
Removable .
electronics electronic
All electronic components ir allow for easier components in Inspection Cannot be verified until LPE
PF 7 the launch vehicle SHALL K the launch P ' Not Verified | UPB, and launch vehicle ar
changes and . Test
removable. . vehicle are completed.
adjustments to
desian permanently
gn. fixed in place.
The ground
The LPB parent . stgtlon
. Ground station| receives the
microcontroller SHALL needs to launch
transmit the launch vehicle' ; . L . Cannot be verified until LPE
PF 8 . receive datain vehicle's Test Not Verified ,
location to the ground . is completed and tested.
station within one hour of a reasonable | location from
. amount of time.| the LPBin 60
landing. :
minutes or
less.
The lander
Driftrange | sends data anc
The lander SHALL . )
commun?c:tedﬁurierical dati needs to be the LPB Camot be verified until
PF 9 | accounted for | receives data Test Not Verified lander and LPB are
to the LPB over a range of| .
in landerLPB | when they are completed and tested.
800 feet .
communication.| atleast800
feet apart.
The launch | The LPB sesd - _
PE 10 | The LPB SHALL communic{ vehicle could | data, and the Test Not Verifieg | Cannotbe verified until LPE
numerical data to the groun{ land 1 mile | ground station is completed and tested.
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station over a range of at needs to when they are
least 1 mile. transmit data | 1 mile apart or
farther.
The Payload
: Structures
The legs locking Lead will

The lander legs SHALL loc

into place help

designthe legs

See Sectiod.6.3.4for

_ - . leq lock
PF 11 into place once deployed er_lsurethe legs so that the legs Test Not Verified preliminary eg ocking
will hold up the . . mechanism
will lock into
lander
place once
deployed
If the legs have The Payload
. Structures
multiple Lead will
The lander legs SHALL on|  degrees of desian the le Cannot beverified until
PF 12 movein one degree of freedom they . g g Inspection | Not Verified| lander is completed and
: hinge, so the
freedom. will not leas onlv move tested.
adequately hold| . 9 y
up the lander in one degree
of freedom
Thepayload
Keeping the | structures lead
legs fixed in | will design the
The Ignder Iegs SHALL be place will stop | lander Iggs so Cannot be verified until
fixed in place in the UPB | the legs from they will be , . :
PF 13 . . : . . Inspection | Not Verified| lander is completed and
prior to main parachute putting fixed in place tested
deployment. pressure on the| inthe UPB '
interior of the prior to main
launch vehicle parachute
deployment
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DesignRequirements

The Payload
Integration and
Structures
A 9 Ib. weight | leads designs
The lander, UPBlectronics, limit for these the lander,
: components UPB
and UPB retention . . .
will allow the electronics, : . See Sectiod.6.9for
PD 1 components SHALL have i . Inspection | Not Verified . .
: : . launch vehicle and UPB preliminary weights
maximum combined weight :
to reachthe retention
of 9 Ib. .
desired components to
altitude. have a
maximum
combined
weight of 9 Ib.
Theinterior of The Payload
the launch
S Structures
vehicle is & Leads designs
The lander SHALL be lesq inches so this the Iander?o
PD 2 tha.n 6 mcheg wide atall deggn be less than 6|  Inspection Not Verified See SecFlon.G.ISfor lander
points while in stowed requirement | . ) dimensions
. . inches wide at
position will guarantee . .
. all points while
the lander fits ,
. in stowed
in the launch osition
vehicle. P
The gimbal system on the A Iarge The Paylo:d See Sectiod.6. 2for
PD 3 lander SHALL level the correction ECDan Test Not Verified | preliminarygimbal system
angleis needeq  Structures design
camera up to 40 degrees 0 . :
to get the leads will

2022 NASAtudent Launch | Tacho Lyc<‘i|i



NC STATE UNIVERSITY

the angle the lander is
positioned on the ground

camera taking
photos level or
close to level
with the field.

designthe
gimbal system
on the lander
to level the
cameraup to
40 degrees of
the angle the
lander is
positioned on
the ground

The electronics

The Payload
Structures lead

. can be easily | will design the
The electronics in the lande . . - .
: adjusted, electronics in . . Cannot be verified until
PD 4 body SHALL be easily Inspection | Not Verified .
. checked, and the lancer lander is completed.
accessible :
replaced inthe| body to be
lander body. easily
accessible
A highpower The Payload
capacity ECD lead will
reduces choose a
The LPB battery SHALL hal likelihood of battery that
PD 5 capau.ty to power all LPB | power related has t.he Test Not Verified C.annot be verified until LPE
electronics at full current for error and capacity to is completed and tested.
1 hour electronics not | power all LPB
having electronics at
adequate full current for
power 1 hour
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The Payload
An unprotected Integraﬂoq
battery could lead will design
TheLPB battery SHALL bq daﬁqa og | aforthe LPB
protected from impact and . g battery be Analysis, . Cannot be verified until LPE
PD 6 . leading to lack . Not Verified| .
puncture from its protected from Inspection is completed and tested.
. of power and .
surroundings. . impact and
electronic
. puncture from
failure .
its
surroundings.
A highpower The Payload
capacity ECD lead will
reduces choose a
The UPB battery SHALL hg likelihood of battery that
PD 7 capacfty to power all UPB| power related has t.he Test Not Verified annot be verified until UPE
electronics at full current for, error and capacity to is mmpleted and tested.
1 hour. electronics not | power all UPB
having electronics at
adequate full current for
power 1 hour
An unprotected| The Payload
Integration
The UPB battery SHALL b| aueryeould | o e
. be damaged | '€ad will design . " .
protected from impact and , a for the UPB Analysis, - Cannot be verified until UPE
PD 8 uncture from its leading to lack Inspection Not Verified is completed and tested
P . of power and | batterybe P P '
surroundings. clectronic protected from
failure impact and
puncture from
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its
surroundings.
. The Payload
A E'aghg’coi‘t’ver ECD lead wil
reguceg choose a
The lander battery SHALL| likelihood of ba:aeg:fe‘at oot be verified unti
have capacity to power all| power related . . .
PD 9 lander electronics at full error and capacity to Test Not Verified| lander is completed and
current for 1hour. electronics not power al tested.
havin lander
ade uzgte electronics at
o?ver full current for
P 1 hour
The Payload
Structures lead
An unprotected will desian a
battery could g
The lander battery SHALL k for the LPB . .
rotected from impact and be damaged battery be Analysis Cannot be verified until
pp10 | P P leading to lack y ySIS, Not Verified| lander is completed and
puncture from its of ower and protected from Inspection tested
surroundings. P . impact and '
electronic
failure puncture from
its
surroundings.
Electron?cs The Payload
The electronics temperature SJ/:JBG;I(I)F;Q: =CD a.nd Camot be verified unti all
PDI11 | o | nogwcend lp 10F | likelv resultin Integration Analysis | Not Verified | elements of the payload are
' hei :! | q leads wil completed and tested.
their failure and) hoyse and set
mission failure up the
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electronics in a
way that their
temperature
does not
exceed 140 F.

Being able to
take a picture in
every direction

ensures thatalll The lander
The lander SHALL be able | Ianzl(::::ﬁlsecan i;zgsgr:aeli:) See Sectiof. 6. 2for
PD 12 take a picture in every - Test Not Verified preliminary gimbal and
L be seen to get direction . .
direction. the mod around the rotation design
accurate lander.
location with
respect to the
landmarks.
Two feet of the When the
ground will lander is in
allow the standing
The cameras on the landel| camerato see| position, the Inspecton See Section.6.5for planned
PD 13 | SHALL be at least teet off | over small hills camerais ’ Not Verified o
) Test lander height
the ground. or bumps in the| measuredat 2
terrain and be feet off the
able to see the ground or
big landmarks more.
The electronic connections o The Payload Cannot be verified until all
PD 14 SHALL withstandall | Thisisto ensure aads will Analysis Not Verified | electronics decisions are
anticipated vehicle forces. | the electronics design the finalized.
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requirement
will guarantee
the LPB fits in

exceed 6
inches.

will work electrical
properly components to
be protected
and able to
withstand all
anticipated
forces from the
vehicle
The Payload
integration
The LPBsled| -€d Wil
designthe
needs to electrical
The LPB sled SHALL withstand the components o
PD 15 withstand all anticipated | forces to keep P Analysis Not Verified TBD
. be protected
forces from vehicle. all the
L and able to
electronics in .
lace proper] withstand all
P Properly. anticipated
forcesfrom the
vehicle.
The interior of The final
; vehicle is 6
The LPB eIectromcg sled - hes <ot length of thg . - See Section 4.5.11 for
PD 16 SHALL have a maximum _ LPB electronic§ Inspection | Not Verified lamed LPB sled lenath
length of 6 inches. design sled does not P gin.

2022 NASAtudent Launch | Tacho Lyc<nil




NC STATE UNIVERSITY

The lander SHALL have a

the launch
vehicle.
The Payload
The Upper | Structures lead

Payload Bay is
24 inchesand

will designthe
lander to not

See Sectiod.6.8for planned

acceleration.

PD 17 | maximum length of . In ion Not Verifi .
aximu §towed ength o the lander is seff  exceed 22 spectio ot Verified lander height
22 inches. . . .
at 22 inches, sq inches whenn
it will fit. stowed
position.
ThePayload
Integration
This is to ensurd lead will design
The camera housing SHAL| the camera the camera
PD 18 | be able to sustainatleast 2| housings can | housing to be Analysis Not Verified TBD
Gs of axial acceleration. survive the | able to sustain
entire launch. | atleast24 Gs
of axial
acceleration.
The Payload
Integration
The LPB electronics sled This is to ensurq lead will design
SHALL be able to sustain ¢ the LPB the LPB
PD 19 . 9 electronics can| electronics sleg Analysis Not Verified TBD
least 24 Gs of axial .
. survive the to be able to
acceleration. . .
entire launch. | sustain at least
24 Gs of axial
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The Payload
Structures lead
The lander SHALL be able -I;ES II:ntdOeerncsaur:( V\Ilgln((jji?tgontjze
PD 20 | sustain ateast 24 Gs of axig . , Analysis Not Verified TBD
acceleration survive the able to sustain
' entire launch. | atleast 24 Gs
of axial
acceleration.
The ground
statlpn will be The ground
inan i
environment station does
The groundstation SHALL b where power is not require Cannot be verified until the
PD 21 powered with portable Iimitg dso anything to be Inspedion Not Verified ground station has been
batteries. plugged into a finalized.
portable .
. fixed power
batteries are source
needed to '
power it.
EnvironmentaRequirements
The Iander The Payload
could land in
Structures lead . . )
The lander SHALL be wate| water or wet . . Analysis, . Cannot be verified until the
PE 1 . will design the . Not Verified .
resistant areas andthe Inspection lander is completed.
lander to be
water should .
L water resistant
not ruin it
The lander SHALL be able | The gimbaland The Payload Cannot be verified until the
PE 2 remain upright on uneven | the camera | Structures lead anpalysis, Test| Not Verified| lander is complegd and
ground. would not be | will design the tested.
ableto get lander to be
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adequate able to remain
pictures of the upright on
surroundings if uneven
the lander fails ground.
to remain
upright.
The payload
structures lead
The lander will design the
The lander SHALL remain,  should not lander to - ,
fully intact and will not leave leave an remain fully . . Cannot pe verified until the
PE 3 . . ) . : Analysis, Test| Not Verified lander is completed and
behind any debris on the | environmental | intact and will
. : tested.
launch field. impact or break| not leave
upon landing. behind any
debris on the
launch field.
The Recovery,
Payload
The lander Integration,
should not and Payload
leave an Structures Cannot be verified until the
PE 4 The lander parachute SHAL environmental leads will Analysis Not Verified lander is completed and
be recoverable. . .
impact and to designthe tested.
maximize lander
reusability. parachute to
be
recoverable.
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6.2 Budget
Table 6.1 below details the 202D22 budget for the NASA Student Launch competition.

Table6-1 Preliminary Budget for the 2022022 Competition

Item Quantity Prl'j ﬁitper Item Total

Aerotechl435F14A 2 $56.00 $112.0C

Aero Pack 38mm Retainer 1 $27.00 $27.00

Motor Casing 1 $340.00 (Already own) $0.0

Rail Buttons 2 $2.50 $5.00

[ SYy3dK né¢ OF 1 $46.50 $46.5(

3 Fin Slots 1 $12.0¢ $12.0C

SOl VIEA NFNF YS né RAL 1 39.95 39.9¢
SOOIl n ¢ FAY OFy né RA 1 12.50 12.5C
4 $1.00 $4.00

Blast Caps 4 $2.50 $10.00

Terminal Blocks 3 $7.00 $21.00

Paint 1 $100.00 $100.0C

Key Switches 2 $12.00 $24.00

Subtotal: $413.95

g‘l'oGtslz Airframe, Full Length (60"), 3 1 $264.00 $264.0C

6" G12 Airframe, Half Length (30") 1 $114.00 $114.0C

3"/75mm G12 Motor Tube, 22" length 1 $37.00 $37.00

cHMH [/ 2dzLI SNI mné 1 $70.00 $70.0(

6" G12 Coupler 12" Length 1 $60.00 $60.00
E‘;I;fforgfss 4:1 Ogive Fiberglass 1 $149.95 $149.95

Domestic Birch Plywood 1/8"x2x2 8 $14.82 $118.5€

Full scale Aerotech 75/3840 Motor Case 1 $360.00 (Already own) $0.0
S8 /5 mm Motor Retainer 1 $72.00 $72.00
Rail Buttons 2 $2.50 $5.00

U-Bolts 4 $1.00 $4.00

Aerotech L1150RS 2 $224.00 $448.0C

Aerotech 75mm Forward Seal Disk 1 $37.50 $37.50

BlastCaps 4 $2.50 $10.00

Terminal Blocks 3 $7.00 $21.00

Paint 1 $150.00 $150.0C

Key Switches 2 $12.00 $24.00

: $1,585.0:
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Payload

SEWNVYENIG" Deployment Bag

Miscell

Subscale camera (already bought) 2 $29.15 $58.3(
Lander camera (in &fc) 1 $50.00 $50.0(
Arduino nandgep model) 2 $20.0¢ $20.0(
1 $35.0(¢ $35.0(
Lipobattery high capacity 2ell 2 $40 $80.0(
Lipolow capacity 1 cell 1 $10 $40.0C
IMU Yost 1 $90.0d $90.0(
Fancy IMU $300.0( $300.0(
915 MHz transceiver 2 $6.0(Q $12.0(
Stepper motor 4 19.95 79.8
Aluminum sheet metal 1 21.48 21.4¢
Servo motorsl 2 15 30
Servo motor2 1 15 15
StratologgeCF Altimeter 2 $69.95  (Already Own) $0.(
ARRD 1 $119 (Already Own$0
ARRD springs 3 $2 $6
Threaded Rods 3 $6.89 (Already Own$0
1 $2.66 $2.6€
4 $5 $2C
8 $2 $16
$876.24
Standoffs 1 $10.99 $10.99
CNYzi G A {K220a o
Parachute 1 $433.0( $433.0(
Stainless Steel Quick Links 14 $1.97| (AlreadyOwn) $0.00
5/8 inchKevlar Shock Cord (yard) 26.7 $6.35| (AlreadyOwn) $0.0(C
Black powder 1 $17.95| (AlreadyOwn) $0.0(
Ematches 1 $80.25 $80.25
Shear Pins 8 $1.00 $8.00
StratoLogge€CF 2 $49.46| (Already Own$0.00
Classic Elliptical 18" Parachute 1 $57.17| (Already Own) $0.C
1 $46.23 $46.23
VYISl 1 8" Nomex Cloth 1 $24.00| (AlreadyOwn $0.0C
Eggfindeim X Transmitter 1 $70.00| (Already own) $0.0
Eggfinde XReciever 1 $55.00[ (Already own) $0.0
4" Deployment Bag 1 $43.00 $43.00
13" Nomex Cloth 1 $16.00| (AlreadyOwn $0.0C
Subtotal: $621.4°
Epoxy Resin 2 $86.71 $173.42
Epoxy Hardener 2 $45.91 $91.82
Nuts (box) 1 $5.50 $5.50
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Promotion

1 $5.00 $5.00

1 $5.00 $5.00

1 $13.00 $13.00

1 $11.00 $11.00

3M Electrical Tape 4 $8.00 $32.00
OV Batteries 2 $14.00 $28.00
2 $3.00 $6.00

Rubber Bands 1 $5.00 $5.00
1 $25.00 $25.00

Battery Connectors 3 $5.00 $15.00
Shipping $1,000.0C
hardare. safety equipmer) SL500.X
Subtotal: $2,915.74
Student Hotel Roons4 nights (# 4 $791.70 $3.,166.8C
Mentor Hotel Rooms 4 nights (# 3 $1.178.10 $3.534.3(
an Rentals (# cars) 2 $198.00 $396.0C
1144 $0.60 $686.4C

$7,783.5C

40 $14.00 $560.0C

30 $25.00 $750.0C

Stickers/Pens 500 $0.37 $185.0C
Subtotal: $1,495.0C
$16,105.3

otal Expenses:
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2021 - 2022 Budget Breakdown

$413.95

$1,585.01

SB76.24

5621.47
57,783.50
$2,915.74
51,485
B Subscalke Structure N Fullscale Structure Payload
B Recovery and Avionics g Miscellaneous m Promotion

0 Trave

Figure6-1 20212022 Categorized Budget Distribution for 2@222 Competition

6.3 Funding Plan

The North Carolina State University Hgtwered Rocketry Clytrimarily receives funding

from the StudentGovernment & & 2 O AAppliopriatibr® Eommitteeghe Engineering
Technology Fee, the College of Engineering, and the North Carolina Space Grant.

¢KS b/ {G1rGS | yADSNEAGE {0dZRSYyld D2@SNYYSyi
responsiblefor distributing university funds to campus organizations. Each semester the
application processonsists of proposal, presentation, and anaerson interview. During

the 20202021academic year, HPRC received a total of $2,100: 78 fall semesteand

$1,350 in the spring semestérhis year a request of $750 was placed in the 2021 fall
semester, but we only received $328.order toaccount for the difference, we plan to
NBljdzSad Pmpnn F2N 0KS aLINAYy3I ar&SymiablyldsaNtd ¢ KA &
the impactof the 2019 COVHD9pandemic.

TheEducational and Technology Fee is an NC State University furalltcaite Sunding for

academic enhancement through student organizations. Their funding of about $1,500 will
primarily pay fori KS (St YQa T OdA & | ROAaA2NA GNI @St 02
{GdzRSY G FyR YSyid2NJ N ¢St Oz2aita oAt 0S 02
Enhancement Funds. These funds come from a pool of money dedicated to supporting
engineering extracurriculars at NC State. Tietal travel cost founiversityaffiliated
attendeescomesto an estimated $5,500.

In addition to funding through NC State organizations, North Carolina Space Grant

will provide a large amount of monetary support to the club. NCSG accepts funding ploposa

during the fall semester and teams can request up to $5,000 for participation in NASA
competitions. NCSG will review the proposal and inform the ofube amount awarded,

which willlikely bethe full amountrequested. These funds will be available fize starting

November 2021.
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In the past, HPRC has held sponsorships with Collins Aerospace, Jolly Logic, and more. The
team is currently seeking out new sponsorships and reaching out to past sponsors. The team
hopes to gain a couple thousand dollars man funding from various companids.
{SLWKGSYOSN)I Haum ¢S Sy3alF ISR Ay | LI NOYSNHEKALI
getting $134.

These totals are listed in TalBe below, which compares the projected costs and incoming

grants for the 202021 school year.

Table6-2 Launch Vehicle Mission Success Criteria
Fall :
— Spring School Year
Organization Semester N Tl
Amount

Engineering Technology F¢ - - $1,500.0C
SGA Appropriations $322.00] $1500.0¢ $1822.0C
Sponsorships $500 $150( $2,000
NC Space Grant 3 } $5,000.0C
College of Engineering ) } $5,500.0C
Total Funding: $15822.0C
Total Expenses $15690.91
Difference: $131.0¢

6.3.1 Project Timeline
Table 63 below shows a tabulated schedule for the 2022 Student launch Competition with
start dates and end dates for every event.
Table6-3 20212022 NASA Student Launch Schedule

Event/Task Start Date End Date/Submission

Request for Proposal Released August 21, 2021

Proposal August 21, 2021 September 20, 2021, 8 a.m. CD1
Preliminary Design Review (PDR) Rep

Q&A October 7, 2021 N/A

PDR October 7, 2021 November 12021, 8 a.m. CDT
Sub Scale Launch Opportunity October 23, 2021 | October 24, 2021

PDR Teleconference November 2, 2021 | November 23, 2021,

Critical Design Review (CDR) Report ¢ November 30, 2021 N/A

CDR November 30, 2021} January 3, 2022, 8 a.m. CDT
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CDR Teleconference January 6, 2022 January 26, 2022

Flight Readiness Review (FRR) Repor{ January 27, 2022 | N/A

FRR January 27, 2022 | March 7, 2022,8 a.m. CDT
Full Scale Launch Opportunity February 19, 2022 | February 20, 2022
FRRIeleconference March 9, 2022 March 23, 2022
Launch Window (Not Traveling to

Huntsville) April 5, 2022 May 9, 2022

Post Launch Assessment Review (PLA

for those not traveling to Huntsville April 5, 2022 14 Days After Launch
Launch Week Q&A April 6, 2022 N/A

Travel to Huntsville April 20, 2022 N/A

Launch Readiness Review (LRR) April 20, 2022 April 21, 2022
Launch Week Activities April 21, 2022 April 22, 2022
Launch Day April 23, 2022 N/A

Backup Launch Day April 24,2022 N/A

PLAR due for teams that traveled to
launch week April 25, 2022 May 9, 2022, 8 a.m. CDT

Figure 62 is a Gantt chart for th2022 Student Launch Competition.

2021-22 Student Launch Competition Gantt Chart
TACHO LYCOS

End ~ »

Task Name ) &

&S 3

*

IR T I R R I R

& &SSP S

YRGS IES I RS R I IR RN S SRS R SRS

Proposal

Preliminary Design Review

PDR Teleconference

Subscale Launch Window

CDR Teleconference

Flight Readiness Review

2

3

4
Critical Design Review 5
6

7
Fullscale Launch Window |8
9

FRR Teleconference
Launch Week
Activities/Launch

Post Launch Assessment

" W36 was
Review (TRAVEL TEAMS)
Launch Window (NON-
TRAVELING TEAMS) 2 W33 Wi
PLAR (NON-TRAVELING 13 w3 was

TEAMS)

Figure6-2 GANTT Chart for CompetitiBequirements

Figure 63 is a Gantt chart for the subscale buldowing the progression of the build until
launch day. Charts like this will be created for Full scale and for the payloads.
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| .
2021-22 Student Launch Subscale Build Gantt Chart
TACHO LYCOS
Task Name SN S |
Rocksim Files 1 Do1 | Pl el
Order Parts 2 Dog
Cut Body Tubes 3 D13
Body Tube Layups 4 D15
Laser Cut Fins and Bulkheads |5 D17
Fin and Bulkhead Layups 6 D20
Bulkhead Hardware Installation |7 D22
Fin Can Assembly 8 D23
Payload Bay Assembly 9 D28
Nosecone Assembly 10 D28
Body Tube Material Treatment |11 D30
Paint 12 D:
Checklist Writing 13 D28
Ejection Testing 14 D33
Launch Prep/ Run Through 15 D34
Launch Day 16 D35

Figure6-3 GANTT Chart for Subscale Build Schedule

Figure &4 is a Gantt chart for our funding windows throughout the yeaome funding
sourcecan only be gert for certain times in the year, so it is important to know when these
windows are angblan out when we order partaccordingly

2021-22 Student Launch Funding Source Gantt Chart

TACHO LYCOS
End »

Task Name week | € & &

Spring 2021 Student Gov. 1
Appropriations

Fall 2021 Student Gov.
Appropriations
Engineering Technology
Fund

NC Space Grant 4
Spring 2022 Student Gov. 5
Appropriations
College of Engineering
Travel Fund

& ds e SRR IR RIS IR RS IO R

Figure6-45 GANTT Chart for Funding Schedule
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Figure 65 is a PERT chahat is an alternate way to show thetepsthis project will go

through.

Subscale

Fullscale

Construction

11/1 1month [11/20

Construction

1/11 |1 month | 2/20

Preliminary
Design Review

10/6 |1 month | 11/1

Critical Design

11/4 |2 months| 1/3

Flight Readiness
Review

1/4 |3months| 3/7

BS1 and BS2
Construction +

Assembly

11/16 3 months| 2/20

Neural Network

FRR Addendum

3/8 | 22days | 3/29

Training

1/11 1month | 2/12

Figure6-5

Payload Testing

11/30 2 months| 1/29

Launch Vehicle

Structural Testing

11/30 2 months| 1/29

PERT Chart

Competition

launch

421 | 2days | 4f22

Post-Launch
Assessment
Review

425 | 14 days | 5/9
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