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above ground level
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1. Summary oFRR Report

1.1 Team Summary

1.1.1 Team Name and Mailing Address
Name: HighPowered Rocketry Club at NC State, Tacho Lycos
Mailing Address: 911 Oval Drive, Raleigh, NC 27695
Primary Contact: EvaWaldron, emwaldro@ncsu.edu, (919481396

1.1.2 Mentor Information

Name: Alan Whitmore Name: Jim Livingston
Email: acwhit@nc.rr.com Email: livingston@ec.rr.com
Phone: (9199295552 Phone: (9105125858

TRA Certification: Level 3, 0594 TRA Certification: Lelv8, 02204

1.1.3 Time Spent oRRR Milestone
The team spent a total &#40hours working towards completion of tHeRR milestone.

1.2 Launch Vehicle Summary

1.2.1 Official Target Altitude
¢tKS GSFYQa 2FFAOALE G NBASHforjustiicatipmzRS A& nnTc

1.2.2 Final Motor Choice
¢CKS GSIFYQa FTAYIlLE Y2G§2N) asSt SabB@ryistificationi KS ! SN

1.2.3 Launch Vehicle Size and Mass
Theasbuilt launch vehicle i$10.25inches longvith a diameter of 6L7inches. The fully
loaded mass ofhe launch vehicle with the final motor onboard49.3 Ibs. See section
3.1for additional launch vehicle size discussion.

1.2.4 Recovery System
The recovery system design is a ddaployment system controlled by two independent
PerfectFlite Stratologger CRialeters. An 18nch drogue parachute will be deployed at
apogee, and a 12ihch main parachute will be deployed at 700 feet AGL. See section
3.4.1for discussion of the recovery system.

1.3 Payload Summary
The lander has been designated the Lander for Obsenvaiti Planetary Surface Inclination,
Details, and Environment Data, abbreviated to LOPSIDED. The imaging system contained
within LOPSIDED is designated the Planetary Observation System, abbreviated as POS. During
the descent of the launch vehicle, the LOPEDBPOS system will be removed from the
payload bay by the main parachute recovery harness. The LORBIDEWill then detach
itself from the recovery harness by means of an Advanced Retention Release Device (ARRD).
The LOPSIDHEDS will descend under @w/n parachute. After landing, LOPSIDED will record
its angle relative to vertical, then disengage four solenoid latches, allowing gravity to rotate
two concentric rings such that LOPSIDED is oriented vertically with respect to gravity.
LOPSIDED will theecord its final orientation. The POS will then capture an image from each
of the four onboard cameras. The P@48l then transmit these images over slescan
G§StSoAaAzy G2 | I LI 2 LIhé @poOp will$hen ba ysediok@nbiteS | Y Q &
these separate images into a single 2B@ree panoramic image.
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2.

Changes Made

of these changes.

Table2-1

SInEPR

2.1 Changes Made to Launch Vehicle

Table2-1 below lists all changes made to the launch vehicle diife, along with justification

Changes to Launch VehiSimce CDR

Description of Change \ Justification of Change
The main parachutbay
has been lengthened
from 17 inches to 19
inches.

Additional space is required to pack the main parachute
and its associatedardware. This change has been
approved by the Student Launch team.

Theforward AV bay
coupler has been
shortened from 6 inches
to 2 inches.

Additional space is required to pack the main parachute
and its associated hardware. This reduction is deemed
acceptable since the forwarlVcoupler is not an iflight
separation pointThis change has been approved by the
Student Launch team.

The mairmparachute will
now be packed behind
the piston in the main
parachute bay.

This allows for all hardware to fit within the payload
coupler and main parachute bay. When the main
parachute previously resided in the payload coupler, the
was not sufficient rom to join all sections of the launch
vehicle.

The forward rail button
has been moved from
the middle centering ring
to the engine block.

This reduces the risk of the rail buttons binding on the
launch rail due to the forward CG of the launahhicle.

The exposed section of
the nose cone is 26
incheslonginstead of 24
inches.

Due to a misinterpretation of manufacturer dimensions,
the nose cone is 2 inches longer than predicted. The ng
cone is still a 4:1 ogive geometry, as these extra Rdsc
are a straight section at the base of the nose cone.

The payload parachute
has been changed from |

CNHzA G & [/ Kdzi
Ultra Compact to a Fruity
| KdziS&a nyé
Elliptical

The LOPSIDHEDS weight as built was lower than
designed resulting in thLOPSIDEROS exceeding wind
drift limits with the larger parachute selected at the CDR
level designso a smaller parachute was selected.

2.2 Changes Made to Payload
Table2-2 below lists all changes made to the payload siGB&, along withustification of
these changes.
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Table2-2 C

hanges to Payload Since CDR

Description of Change

An ArduinoNanois now usedin
addition to a StratologgeCF
altimeter for control of the payload
retention latch.

\ Justification of Change

Continuous current must be provided to the
retention latch to keep it unlocked. The
altimeter alone ionly capable of
instantaneous currenso an Arduino
controller is necessary.

SSTV will now be used for image
transmissiorinstead d digital SSTV
(DSSV).

DSSTVs much more ifficult to implement,
and documentation is limited ecopared to
SSTV.

Themetal brackets connecting the
LORSIDED landing legs to the
leveling system rings are now
straight instead of curved.

Limited manufacturingapabilitiesavailable
to the team made curved brackets not
feasible.There is no appreciable difference
strength between the curved and straight
brackets.

The IOPSIDED el&onics sled is
now offset fromthe center ofthe
LOPSIDEBwer canpartment.

This offset places the battery as close to th
center of LOPSIDE® vertical axis as possibl
improving the levelingccuracyf LOPSIDED

2.3 Changes Made to Project
Table2-3 below lists all changes
of these changes.

Table2-3

Description of Change

Plan

made tioe project plan since CDR, along with justification

Changes to Project Pl&ince CDR

The Payload Demonstration Flight
will now be conducted separately
from the VehicleDemonstration
Flight. The PDF is scheduled for
March 20, 2021.

Justification of Change

The payload was not ready in time for the
VDF, so a mass simulator was flown in its
place. A separate PDF is now necessary.

The maximum transmission range
required byTDR4.14 has been
reduced from 4500t to 2500 ft.

Sincethe team will be launchingt the

team®@ home field in Bayboro, NC, the tean
is able to locate its ground station closer to
the launch pad than at the Huntsville launcl
site. The payload will land within 2500 ft of

the launch pad.
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3. Vehicle Criteria

3.1 Launch Vehicle Design

3.1.1 Full Assembly
Whenfully assembled, the launch vehicle 0125 inches long with a launch weight of
49.3 Ibf and empty weight of 3.6 bf. The nose cone design has changed based on a
misunderstanding witllimensions given bihe manufacturey which is explained in more
detail in Section3.1.2 The dimensions of the AV bay and main parachute bay have been
adjusted to give more space for the recovery systdime launch vehicle will separate
between the payload bay and main parachute bay and between the AV bay and fin can.
Blackpowder willbe inblast caps on eitherred of the AV bay and in the ARRD on the
payload.

Nose Cone

Payload Bay

Main Parachute Bay

Figure3-1 Launch Vehicle Sections

33.00

B 26.00 F 3000 1900
|
‘ 8.00 | 1475 ,‘ 10.00 5 20.75
L | 400
Figure3-2 Launch Vehicleibensions

Black Powder

Main Separation Drogue Separatior

Figure3-3 Launch Vehicle Points of Separation and Etierly&aterials
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3.1.2 Nose Cone
Thenose cone design changed duea misunderstandingvith the manufacturer It was
expected that the nose cone would be a-iddhlong 4:1 ogive with an integrated
coupler. However, the part we received was 26 inches &mcame with the coupler as
a sepaate part. he extra2 incheswere completely straighto allowfor a coupler to be
insetted. The nose cone bulkhead is still positioned in the same place with respect to the
aft edge of the nose cone.

24.00 600

609

Figure3-4 CDR Expected Nose Cone Dimensions

6.00 .2.00 24.00

Figure3-5 Actual Nose Cone Dimensions

Figure3-6 Nose Cone
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3121 Nose Cone Bulkhead
Thebasicdesign of the nose cone bulkhead is unchangiede CDRThe latch and

associated electronics that have since been added are discussed in Se6tiog

Figure3-7 Nose Cone Bulkhda

3.1.3 Payload Bay
The dimensions of the payload bay itself are uncharsjjece CDRbut the coupler section
has had a slight modificatioffthe teanrealized that the location of the payload ring was
to be more than 6 inches from the aft end of the payload bayas intended that the
payload ringwould sit inside the coupler section so upon deployment it would get
caught on thetransition from ody tube to coupler. To remedy this, an additio@al'5
inches of coupler section were added inside the payload bay whengaylead ring could
be secured.

6.00 - 30.00

14.75 |

Figure3-8 Payload Bay Dimensions
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Figure3-9 Payload Bay

3.1.4 Main Parachute Bay
The main parachute bayas been lengthened td9 inches toaccommodate extra space
for parachutes and shock cord, but thistonremainsunchanged.

19.00

0.50

6.00 4.00

Figure3-10 Main Parachute Bay Dimensions

Figure3-11 Main Parachute Bay
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4.00

0.50

Figure3-12 Piston Dimensions

AR AR

Figure3-13 Piston

3.1.5 AV Bay
The basic design of the AV Bay and bulkheadsunchangedsince CDRbut the
dimensions have been altered slightly. Due to some issues with packing parachutes and
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other recovery materialghe teamdecided to shorten the forwardrel ofthe AV coupler
by 4 incheso accommodatextra spacdor the parachutes

10.00

| 200 _ 2.00
|

0.375 0.75

Figure3-14 AV Bay Dimensions

/ poi WVM A e\ »\\_'-‘,‘“"'

-
7

-

(]

Figure3-15 AV Bay

3.1.6 FinCan
The fin can dimensiormemainunchangedince CDR
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3.1.7

33.00

| 050

0.25

20.75

Figure3-16 Fin Can Dimensions

Figure3-17 Fin Can

Payload Mass Simulator
Since the final payload was not ready in time for the vehicle demonstration flight, a

payload mass simulatawasbuilt to take its place. The mass simulator was designated
the Device forAssistingn Validation ofintegrationand Defoyment, or theDAVID The

DAVID was made to be approximately the same size and weight of the payload, as well as
have its center of gravity in the same location in the rocket.

The body of the DAVID was adapted from the body of the payload and mehdifre
inches not includingxternalhardware.An ARRD was mounted to the aft elndseparate
from the main shock cordlong with two Ubolts that hooked into the payload parachute.
Another Ubolt was atached to the forward enavhich attached to the latch on theose
cone bulkhead via quick links.
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To reach the estimatefl Ibf payload mass, additional weight needed to be added to the
DAVID in the form of leapelletsand epoxy3D printed spacers were added inside the
DAVID to help place the correct volume of lgaallets at the desired center of gravity
location. The additional space past the spacers was used to mount an altimeter used to
control the ARRD and hinges were added to one of the side panels for easy access. Before
the leadpelletsand epoxy were poured in, a sthmetal tube was inserted through the
spacers to route wires from the altimeter to the ARRBa last touchal/2-inch plywood

ring was slid over the DAVED it could be held in the payload coupler w0 nylon

shear pinsA small portion was cdtom the ring so the parachute shock cord could pass
through.

Figure3-18  DAViDside View
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3.1.8

Figure3-19  DAViDStanding Véical

Test Pieces

Two test pieces were built alongside the launch vehicle that were meant to test the
structural integrity of he nose cone bulkhead and the AV bulkheall®e design has
identical bulkheads mounted on either side of a short piece of coupler sectiob-aotts

on each bulkheathat are connectedo a universal testing machin&he tensile machine
would increase the tensiléoading until either the plywod, the nose cone bolts, or the
AV threaded rods failed. These pieces would help to confirm the validity of the ANSYS
simulations and that our parts had a sufficient factor of safety per requirem&m 2.2
Additionally, to sheatest the nose cone bolts andhear pins, holes were made in two
small pieces of steel so they could be mounted in the universal testing mazhsteown

in Figure3-24.
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Figure3-20  Nose Cone Bulkhead Test Piece

Figure3-21  Nose Cone Bulkhead Test Piece Dimensions
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Figure3-22  AVBulkhead Test Piece

Figure3-23 AV Bulkhead Test Piece Dimensions
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Figure3-24  Shear Testing Plates

3.2  Flight Reliability

3.2.1
3.21.1

3.2.1.2

3.2.1.3

Structural Elements

Airframe

The airframe of the launch vehicle is made from G12 fiberglass whicte isf the
strongest available materials for hobby rocketiye to its durability and damage
resistance. As proven by many previous launches, this material can easily resist in
flight loads as well as any impacts upon landing. Another important feasute
water resistancewhich will prevent damage to the airframe should it land in water.
These characteristics will allow the launch vehicle to be launched and recovered
safely.

Fins

Each fin is made of two layers of 1if&h aircraft grade birch plywoofbr greater
strength. The fins are secured with epoxy connectionghie motor tube, middle
centering ring, and fin slots. These connections are then filleted to distribute stress
more evenly. The process is described in more detefeation 3.3.3.2 While the

fins do not experiencextremely highoadings, these connections prevent undesired
movement during flighbr damage upon landing

Bulkheads

All the bulkheads in the launch vehicle are made of layers ofrflt® thick aircraft
grade birch plywood which &trongerthan typicalplywood. The designs for each
bulkhead were testd using ANSYS to ensure they would have a high enough factor
of safety under expected loadiras per requiremenTDR 2.2Physical tests of the
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nose cone and AV bulkheads are scheduled to otlcerweek after the FRR
document is due t€COVIBL9-relateddelays in lab access. Based on success in past
years using similar designs and the same material, the team can be confidbat i
reliability of these parts. An example of theA-&nalysis is shown in thégure3-25
below. Table3-1 below gives the expected maximum loading and factor of safety for
each part.The maximum deployment force on each of the bulkheads has changed
sine CDR, these changes are reflectedable3-2.

0.000 1.500
0.750 2.250

3.000 (in)

ANSYS

2020 R2
ACADEMIC

Figure3-25 MaximumPrinciple Stress on Nose Cone Bulkhead

Table3-1 Maximum Stress and FoS for Each Bulkhead
BULKHEAD MAX FORCE (Ibi MAX STRESS (ps F.o.S. \
Nose Cone 206 1600 2.81
AV Bay 343 2200 2.05
Engine Block 106 488 9.23
Aft Centering Ring| 397 427 10.5

3.2.1.3(a) Epoxy Connection
The centering rings and engine block in the fin can are secured with an epoxy
connection. The mixture of West Systems 105 Epoxy Resin and 206 Slow
Hardener has a tensile strength of 7,32€, which is more than strong enough
to hold the bulkheads in pla@®nsidering the loading they experience. Fillets are
also added to theonnectionby mixing the epoxy with #0Colloidal Silicavhich
helps distribute stresand further increases the strength.

3.2.1.3(b) Bolted Connection
The nose cone bulkhead is held in place 0424 machine screws/hich go
through the body tube and the-lirackets mounted to the bulkhea&tructural
simulations found thathe bolts closest to the {bolt only experiencel00 Ibf of
loading These screwbave a tensile strength of about 100d,lland their shear
strength can be estimated as about 60% of this value, or 800HIs gives a factor
of safety of6 which is more than requiredections of the body tube are bolted
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together in a similar fashiomescribed in more detail iBection 3.3.2.3 Shear
testing will be done to find the exact strength the bolts but success in past
flightswith similardesigngyives confidence in the connection.

3.2.1.3(c) Threaded Rods

The AV bulkheads are held in place3-inch-thick threaded rods. These rods
have aoad capacity of 60bf. With the highest deployment loading expected at
343lIbf, this gives the threaded rods a factor of safety &fsince the force is split
between the two of themso they should easily resg¢ployment forces.

3.2.1.3(d) Attachment Hardware

3.2.2
3.22.1

3.2.2.2

3.2.2.3

U-bolts are used on most of the bulkheads as mounting points for shock cord.
Structural simulations show that thmaximum deployment forces will not be
enough to damage the bulkheads to the point that thdvdlts are ripped out.
Washers and plates are algsed to better distribute the applied loading. The U
bolts themselves aré&/16-inchesthick with aload capacity of 60bf. The yield
strength of the Woolts is likely higher than theapacity With the highest
deployment loading expected 84 3Ibf, the U-boltsshould havea factor of safety
greater than 2 andghouldbe able toresist deployment forces.

Electrical Elements

Wiring

All onboard wiring is comprised b6-gaugecopper wire. Quick disconnects are used
for all portions of the wiring harness running between different sections of the
launch vehicle, for example between the AV sled and AV bulkheads.sVéire
securedo fixed portions of théaunch vehicleife. bulkheads, AV sled) using zip ties.

Switches

All four altimeter arming switches and thé®S arming switch are Missile Works 6
32 screw switches. These are secured to laser cut frames udidglon standoffs
and bolts. The laser cut frames are epoxied teeuse portion of the launch vehicle
or LOPSIDEPOS. Alviring harnessonnectionsto the switchesare soldered and
remove before flightags are used to prevent premature contact being made by the
screw switclon all switches used to arm energetic materials

Battery Retention

All onboard batteries are contained on the AV sled, nosecone bulkhead, or onboard
the LOPSIDEROS. On the AV slade two 9V batteries powering the altimeter and
a 7.4V LiPo batterysed to powerthe GPS tracker. All three of these batteries are
mounted inside laser cut boxes, held closed by fow#tO4machine screwsThe
nosecone contains an additional 9V battery anti2V battery powering the payload
retention altimeter and the rotaryatch,respectively. The 12V battery is mounted in
an off the shelf battery holder epoxied to the nosecone bulkhéldte 9Vbattery
controlling the payload ascent retention setup is @ned in a 3D printed PLA
plastic housing, tloughbolted to the nosecone bulkhead using tweB8 machine
screws
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3224 Avionics Retention
All avionics components are mo@d using 440 machine screws andylon
standoffs. These fasteners atadughbolted to robust structural components such
as bulkheads or the AV sled.

3.3 Launch Vehicle Construction

3.3.1 BulkheadAssembly
3311 Laser Cutting
The bulkheadsvere designed in Solidworks with laser cutting in mind, so the parts
alreadyhad the necessary holes for any hardwaeeded. The CAD files for the
bulkhead layers, the fins, and some of thé #led parts were exported so they could
be read by the VLS6.60 laser cutter. 8assues were encountered using the laser
cutter, but all parts were able to be cut in one visit.

Figure3-26 LaserCutting in Progress

3.3.1.2 Layups
To prepare for layups, all the layers were sanded to promote adhesi@f-ilach
dowel rod was cut into short pieces to go through the bulkheaus help keep the
layers aligned while the epoxy cured. With ttiewel rod cut, twepart epoxy was
mixed and applied in a thilayer between each of the contacting fac@s.prevent
excess epoxjrom leakingout of the bulkheadsas they curd, which wouldrequire
extra sandingthe team was carefub useonly the necesary amount of epoxy. With
all the bulkheads and finsroperly coated inepoxyand assembledhey were each
wrapped in a layer of peel ply to prevent the epoxy from stickingrtgthing They
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were thenwrapped again in a layer of burlap breather matet@kensure vacuum

would be applied evenly. aKSSd 2F @Ayet o1 & dzaSR Ay
putty to create a seal around the parts and then a vacuum line was inserted and

turned on. Weights were placed atop eachtbe parts to add extra compression

The epoxy only takes 115 hours to cure, but the parts weteft to curefor 24 hours

as a precautiorand as specifid by TDR..1.

Figure3-27 Bulkhead Layups

3.3.13 Hardware
Once the epoxy had cured, the bulkheads and fins were removed. A small amount
of excess epoxy had leaked out the sides and ihe precut holes, so the parts
were sanded and filed untd good fit was achieved. With this donebblts were
added to the nose cone bulkhead, AV bulkheads, and the engine block. In addition,
threaded rods were added to the Avilkheads and-brackes were mounted to the
nose cone bulkhead.

3.3.2 Body Tube Assembly
3321 Machine Shop

The fiberglass tubing was only available in specific lefigtfisR 2 dzNJ f | 6 Qa (2 2
not cut through the 0.088nch wall thicknesssoli KS Y OKAYy S aK2LJQa | 3
required to cut the tubes to the lengths requiretihe tubes were measured to the
O2NNBOUG fSyadK GKSYy oNRdAAKG (2 G§KS YI OKAY
fiberglass dust and lubricantere washed off then the cut ends were sanded to

ensure theywere smooth and level.
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Figure3-28 Body Tube iBandsaw
Since the body tube supplier did not offer to cut fin slots as part of the order, the
YI OKAYS &akKz2LIQa | aaha alding & 8ill, the tnachiiB haph NS R |
supervisor was able to cut the three slots to the correct dimensions.

Figure3-29 Fin Slots Cut by Mill
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3.3.2.2

3.3.23

Epoxy

Once the pieces had been cut thaérzh AV switch band was centered on the AV
coupler and epoxiednto place. Additionally, the payload coupler was epoxied in
place with 6inches exposedo meet requirementNASA 2.5.1Contact info for our
team lead was written on thaft AV bay coupler to meet requiremeMASA2.20.

Figure3-30  Team Lead Contact Info

Attachment Points

With the epoxy cured, thattachment points between each of the section had to be
made. The separation points betweéme payload bay and main parachute bay as
well as the AV bay and fin can were to be held together d4d® nylonshear pins.

The tubes were slid together and four holes were marked evenly spaced around the
circumference. One through hole was drilled matghthe size of the shear pina
singlepin wasthen inserted to prevent the tubes from rotatingnd the remaining
three holes were drilledA similar process was followed for the bolted connections
between the nose cone and payload bay and the main gar@cbay and AV bay.
Four equally spaced through holes matching the diameter of thes vegre drilled
through the tubes. The tubes weseparatedand a larger drill bit was used to create

a countersink in the body tube to helpd bolt sit flat relativeto the surface of the
launch vehicleBecause the nose cone bulkhead and the inside of the AV bay would
be exceedingly difficulto reachto hold nuts in place, the nuts were epoxied to the
inside surface of the AV bay and to thérackets on the nose cenbulkhead. This
allows forthe bolts to be threaded into the nuts from outside the launch vehicle
without needing access to the inside.
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3.3.3
3331

Figure3-31 Nuts Secured to the Inside diet AV Bay

Figure3-32 Bolted Connection between Main Parachute Bay and AV Bay

Fin Can Assembly

Motor Tube

The fin can assembly startedth the construction of the motor tube assembiihe
middle centering ring was slid onto the motor tube and epoxied at the desired
location. The motor tube was then stood vertically using tingjifi to support the
centering ring at the corredieight. The engine block was then placed on top of the
motor tube and epoxied in place. Once the epoxy had cured, fillet® vadded
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3.3.3.2

between the centering ring and engine block where they contacted theontobe
as this area would be unreachable once placed in the finTHa@ entire motor tube
assembly was then slid inside the fin can to the correct depth and left to cure.

Figure3-33 Motor Tube Assembly

Fins

With the motor tube assembly in the fin can, the fins were ready to install. Some
sanding and filing had to be done to ensure a smooth fit into the sddisemelwas

then used to round the fin tabs and the edges of fins themselves to give them better
aerodynamic performanc@aVith this done, the fins were epoxied in pladée inside

of the fin can was then filleted at all intersections between the fins, the body tube,
the motor tube, and themiddle centering ring toensure the fins would be secure.
The laer cut fi jig was used to keep the fins aligned while the epoxy and fillets
cured. Fillets were also added to the outside of the fin can around the fin slots, this
A YS dza A yape tddivd syhdofharmliats.
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3.3.3.3

Figure3-34 Fin Can in Fin Jig

Motor Retainerand Rail Buttons
With the fins in place, the fin can could be closed off with the aft centering ring. The

aft centering ring was slid overtop the motor tube and epoxied in pldoen filets
were addedaround the outer edge where it met tHgody tube. The motor retainer
was then placed over the remaining motor tube and epoxied in place, with an
additional fillet at its baséor a stronger connection.
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Figure3-35 Motor Retainer

The locations of the two fin can centering rings had been madkethe outside of

the body tube so that rail buttons could later be install@avo vertically aligned
holes were drilled through the fiberglass and bulkheadnsuring that they would

not be in line with any bolt holes or shear pin holes as this wouldeczgses on the
launch rail.A larger bit was used to drill through the fiberglass so that the wood
screws would only need to thread into the wood of the bulkheads. The two 1515 rail
buttons were then screwed into the launch vehicle.
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3.3.4

Figure3-36  Ral Buttons

Nose Cone Assembly
The nose cone coupler came as a separate piece from the nose cone itself, so the coupler

would need to be epoxied in lateBefore inserting the coupler, four evenly spaced holes
were drilled into the couplerThesewould dign with the bolt holes in the payload bay

and would holdhe nose cone bulkhead in the correct position with respect to the nose
cone. The coupler was then epoxied in place with 6 inches exposed as per requirement
NASA 2.5.2

r
<

N/

Figure3-37 Nose Cone Coupler Attached

2021 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

3.3.5 AV Sled Construction
The AV sled is made from laser cut, ti8hesthick aircraft grade birch plywood. Jigsaw
style piecesvere laser cut out, and the interlocking teetliere bonded together using
wood glue.The AV sledvasassembled in two halves,itlr the wiring mounted on the
inside of the sled. The two halves of the AV siede secured together by the same 3/8
inchthreaded rods that securkthe AV sled to the AV bulkheads.

3.3.6 Payload Mass Simulator
The basic structure for thé@AViDwas laser cut aththe layers were epoxied together to
be 2 layers thick as opposed to the payload which is 3 layers TiekUbolts and ARRD
were mounted in appropriate locations on the end pieces ahd structure was
assembled and epoxied together with one side gfen so more work could beone
inside.Two hinges were then attached to tli®or so it could be closed during flightit
coud be opened to access the altimeter.

lr;'
’ g0
|

#

Figure3-38  The DAVilC&ructure Being Assembled

Calculations were done to find the density of the lgemilletsand epoxy mixture and the
approximate volume needed to reachidd as found.Two spacers were 3D printed to hold
the leadpelletsin the correct location. The larger spacer was madé gpace for tie U

bolts to stick througlandhad a hexshaped hole to hold a nut that the ARRD could thread
into. Both spacers were coated with a thickened epoxy mixture so epoxy would not leak
out of the specified area.
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Figure3-39  3DPrinted Spacers

With the volume marked, epoxy and leadlletswere added until the weight totaled 9

Ibf. A portion of the door was cut off and epoxied over tofthe spacers and the lead
pelletsto ensure it would not come loose. Once everything had cured, a ring was dlid ove
this portion of the DAVID ahepoxied in place at the center of gravity. Fillets were added
for additional strength and four equally spaced holes were drilled in the ring matching
holes in the payload coupler where it was to be mounted.
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Figure3-40 Lead and Epoxy Mixture

3.3.7 TestPieces
The test pieces were made at the same time as the lawetiicle,so their construction
process wassimilar. The bulkheads were all made the same way and hardware was
mounted once they were pulled out of the vaculseal The AV bulkhead test piece was
assembled at this point as it only needed the threaded rods to hold it together. With the
L-brackets mounted to the two test nose cone bulklds, holes were marked and drilled
at either end of the coupler section so the badlads could be mounted:he Ubolts on
the nose cone bulkheads were aligned so tibst piece would not rotate in the universal
testing machine.

3.4 Recovery Subsystem

3.4.1 Summary
All recovery system events are controlled by four PerfectFlite StratoLogger CF Altimeters
and two Jolly Logic Chute Release parachute retention devifethe four altimeters,
one acts as the primary flight controller while a second controls a redundant system.
These two altimeters control the launch vehicle recovery eveélfisy are mounted to an
I A2y A0&a &af SR YIRS ¥ N Ychplywacsaid nivdnied imsidgy € | A NJ
the avionics bay to two parallel threaded roda. third altimeter mounted to the
nosecone bulkhead;ontrols theR4EM rotarylatch and the fourthaltimeter, mounted
onboard the LOPSIDE&xts to separate the LOPSIDEOSfrom the main parachute
shock cord. The two parachute retention devices iterlocked to form a redundant
system keeping the payload parachute furled during theployment of the main
parachute and main recovery harnegdl altimeters are armed using four independent
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screw switches, accessible from outside the airframe through holes in the nosecone,
payload bay, and AV switch band. These holes are large enodiglatecrewdriver and
serve as sampling ports for tlzdtimeters.

At apogee, the primary altimeter detonates a black powder charge, separating the fin can

from the midsection. One second after apogee, the secondary altimeter will detonate the
redundant ba&kup black powder charge in case of failofehe primary system. Also at

apogee, the latch altimeter will unlatch the f&M rotary latchThe two sections descend

dzy RSNJ I CNMzA G & / KdziSa wmyé¢ [/t aaxod 9ttt ALIAOL
by a 40 ft length of 3166 (G dzo dzf F NJ YS@f I NJ aK20] O2NR® ¢KS
by ad é&sheet ofNomex fabric.Loops in the end of the shock cord are formed using

bowline knots and connected to-hblts on structural bulkheads usifgl6" quick links.

The aft end of the drogue shock cord is secured to a permanent bulkhead in the fin can,

while the forward end is secured to the removable aft AV bulkhead. This bulkhead is held

in place by twa3/8¢ G KNBIF RSR NRRa I ytRe aft A& Dbllkegiddaida O 2 Y LJ
the companion forward AV bulkhead on the opposite side of the AV coupler. This AV can
assembly contains the main and drogue ejection charges, avionics sletheatalinch

vehicle altimeters.

At 700 ft, the primary altimeter will detonate the prary main parachute blaclopvder
charge, separating the nosecone and payload bay from the midsection. At 650 ft the
secondary altimeter will fire the backup black powder charge. Followingethgat, the
launch vehicle will descend under a Friifyutes 12 ¢ L NA & | f G NF / 2YLI Ol Y
stored and protected up until ejection by a Nomex deployment. Bdge nosecone and
midsection are tethered together by an identical length of shock cord to the drogue
recovery harness and make use of the sais" quidk links to connect to bulkheads.

The aft end of the main recovery harness is tethered to the forward AV bulkhead,
discussed above. The forward end of the same is tethered to a removable bulkhead in the
nosecone. Also tethered to the main recovery harnesheéLOPSIDEPOS by way of the
ARRD, and the payload parachwtéich is stored in a Nomedeployment bag.The
payload parachute is kept furled during flight by a pair of redundant chute releases,
discussed previously. At 600 ft, these chute releasesuwiitch, freeing the payload
parachute.

The payload altimeter will detonate the ARRD black powder charge at 500 ft, jettisoning
the LOPSIDEROS from the main recovery harness. Twbdlls tether the LOPSIDED
POS to one end of the payload osery harnessising 2" quick links. The other end of the
payload recovery harness is tied to the shroud lines of the payload parachutesisig
quick links. As the LOPSIDEOS falls, it pulls the payload parachute clear of the
deployment bag, which remains on theain recovery harness. The LOPSHPELS will
descend under a Fruity Chutd$¢ Classic Ellipticgdayload parachuteFor the vehicle
demonstration flight, theDAViDpayload mass simulator descended undéraity Chutes
cné LNRa ! fGNF/2YLI OG t I N OKdzi So

The LOPSIDHEDS is protected during main parachute deployment by means of a
piston. This is a frefloating section otouplertubing capped by a bulkhead at one end.
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3.4.2
3421

34.2.2

The piston is tied into the main recovery harness and resides in the main parachute bay
during flight. During ejection, it caps the pressurized section in the forward direction

and transfers ejection force®s the coupler section epoxiedto the payload bay,

causing failure of the shear pins leading to successful section separation.

Structural Components
AVBulkheads
¢KS '+ odzZ { KSIFRa I NB YI RS -giade bitch giydaed Odzi f |
epoxied taether to a thickness of %.". The bulkheads have been put through
structural simulations in ANSYS to ensarsufficient factor of safety and physical
testing is planned to occwoon Both the Ubolts and the threaded rods will be
strong enough to resistaployment forces. More details on the bulkheads can be
found inSection3.1.5

Avionics Sled

The! + &t SR Aa O2yadNMzOGSR 2dzi 2F fFaSN Odz
together except forthe battery compartmentcovers.Two threaded rods running

through the AV bay hold the AV sled in plaEke tilted plates hold the altimeter

screw switches at a 90° angle to each othet &G+ yR2FFa& I+ NB dza SR
screw switches to ensure that they are easy to locate and activate on the launch pad.

The launchvehicle altimeters are mounted to the AV sled using %2" standoffs to

ensure that the pressure sensors, mounted on the bottom of the altimeter board,

have sufficient space to adequately measure pressure in the AV bay. The altimeters

are mounted inlinesuchthat the wires do not interfere with each other as they

would if the altimeters were mounted sidaey-side. The box on the top of the AV

sled contains the two 9V batteries powering the launch vehicle altimeters. The box

on the bottom of the AV sled contairike 7.4V LiPo battery powering the GPS
transmitter. Tke Eggfinder TX unit mounted using the same %2" standoffs as the
altimeters.All wires are internal to the AV sled. The eight signal wires emerge from

holes cut in the end of the two AV sled halves.
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Figure3-41 AV Sled as of VDF

Following the reduction in length of the AV bay, the AV sled was redesigned. To make
full use of the reduced length available, the two 9V batteries were moved to the
opposite side othe sled from the altimeters. The figure below shows CAD models

of the updated AV sled.
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Figure3-42 Redesigned\V Sled

3423 Quick Links
Quick links will be used to tether all body sectiorecovery hardware, and pbad
elements remaining attached to the recovery harnessthe recovery harness
discussed in Sectioh4.42! f £ 1ljdzZA O] fAyl1a FINBE SAGKSN o
N} SR dzLJsl NRa 2F wmMHnn fo0ad pk meehiclelj dzdi O
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3424

3.4.3

3431

sections dueto the large Wbolts utilized, and to tethetthe parachutes to the

recovery harness. The ¥4" quick links are used to tie in the ARRD, deployment bags,

and Nomex sheets.

Pressure Sampling Ports
For the altimeters to detect the altitude of the launch vehicle at all points of the

flight, pressure sampling ports must be drilled in the launch vehicle to sense the

static pressure correctlyThe sizing of these static ports wadetermined by
recommenddions set forth by PerfectFlite, the altimeter manufactur@he user

manual recommends using at least 4 holes set at 90° intervals for larger diameter
rockets to avoid any fluctuations in the static pressure due to wind, angle of attack,

or turbulence praluced by the launch vehicle upstream of theessure port. The

following equation provided in the StratoLogger user manual is used to determine

hole size.

Q O zizmgrmmy Q)
Where d is the diameter of the switch hole, D is the inner diameter ofk#ution
and L is the interior length of treection On the AV bay and nosecone, the ports are

aligned so that sampling ports can be used as access to the altimeter screw switches.

Parachute Selection

The launch vehicle uses a Fruityd@hS& wmMuHné LNARA ! f GNF/ 2YLI O

recovery and a Fruitg¢hutesmy ¢ L NR & / fFa&8A0 9ff ALIGAOLf
LOPSIDEBPOS uses a Fruity Chuts® Classic Ellipticglarachute for payload recovery.
Theseparachuteselections ave been made based on parachute availability, descent

time, wind drift, and kinetic energy at landing. Launch vehicle speed under parachute can

be determined by the equation below.

b6 — )

In the equation above, m is the burnout mass df taunch vehicle, g is the acceleration

LJF

RdzS (G2 3INXrg@gAGez °~ Aa GKS RSyaate 27F | ANEZ

coefficient of drag of the parachute. While the area and drag of the vehicle sections

themselves do contribute to the velocity which they fall, their contribution is negligible
in comparison to the parachute. The current launch vehicle as built has a bunmasas
of 2.8 slugs.

Main Parachute

¢ KS CNXYzA (& / Kdzi S ahasieen Ehode\ek the main paNithitefof LI O U

the launch vehicle. This parachuteused for its favorable kinetic energy and wind
drift performance. The main parachute has a reference area of 7&8B8dta G of
2.11, giving a descent rate of 14.9 ft/s with the LOPSIPES to the launch vehicle
and a descent rate of 13.3 ft/®llowing detachment of the LOPSIBEDS. In

N

addition, the team already possesses a Frutjutesm H n € LNR& ! 34N/

parachute conserving team funds.
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3.4.3.2

3.4.3.3

3.4.34

Drogue Parachute

¢KS CNUzA Geé / KdziSa wmyé¢ /tFLaaro 9ttt ALIAOI

parachute for its high descent rate and team ownersHipis drogue parachuteas

a reference area of 1.77 ftand a @ of 1.43. Thigjives a descent rate of 120.6 ft/s
under drogue parachute, giving the high descent rate needed to remain within
descent time and wind drift limits while satisfying TRR- drogue descent velocity
will beunder 125 ft/s.

Payload Parachute

The Fruity Chuted8 Classic Ellipticadarachute has been chosen as the payload
parachute for its kinetic energy performance. This parachute was provided the
lowest descent velocity while remaining within wind drift liations. The48¢ Classic
Ellipticalhas a reérence area 012.57 ft>and a @ of 1.44. This gives the LOPSIBED
POS a descent rate 88.04ft/s. For the VDF flighthe DAViDmass simulator was

heavier than the LOPSIDPDSandl CNMXzA & / KdziS&a cné L NRaA

was used. This parachutas a reference area of 19.634dind a Gof 2.16.This gives
the DAViDmass simulator a descent rate of 13.4 ft/s.

Parachute Opening Shock

Parachute opening shock was calculatediébermine the loading on launch
vehicle bulkheads during each deployment evéntule of thumb for parachute
inflation time is that it takes a time approximately equal to the time it takes air to
travel from the edge to the center of the furled parachu@pening time is
computed using the following equatiowhere tis the inflation time of the
parachute, r is the parachute radius, and V is the descent velocity prior to
parachute deployment. The coefficient of 8 is taken from Ludtke for a cloth
parachute

¢ JYQw (3)
The following equation ishen used to determine the opening force for a given
section mass based on the deceleration of the launch vetakkn as the difference
in terminal velocities under main and drogue parachutes over the main parachute
inflation time. Here vy is the drogue desent velocity, v is the main descent velocity,
tiis the parachute inflation timeand mecioniS the section mass.

"0 z 4 4)

At main parachute deploymenthe forward assembly will experiend&7 Ibf at the
nosecone bulkead, the midsection will experienc@Blbf at the avionics bulkheads,
and the fin can will experienck01 Ibf at the engine blockAt the main parachute
attachment point, a loading &93Ibf will be encounteredThesdoading conditions
fall well within the FoS of 2 set forth iMDR2.2 and discussed further in Section
3.2.1.3

2021 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

Table3-2 BodySecion Opening Stk

Launch Vehicle Body Body Section Parachute Main Parachute

Section Mass Opening Time Opening Shock
IF\)I(c;sSecone w/ LOPSIDE .5835slugs | .3s 177 Ibf
Full Launch Vehicle 1.2037slugs | .3 s 393 Ibf
Midsection and Fin Can| .7102slugs | .3 s 3271bf
Fin Can .332 slugs 3s 101 Ibf

3.4.4 Recovery Brness
¢KS YIFIAY YR RNR3IdAZS NBO2@GSNE KIFINySaasSa I NB
GKS LI ef2FR ag201i dibdiR NI &Y SMEESD ik § K 2 GK 2 @3 NI«
rated for loads up to 6000 Ibf, while the predicted maximum load on the shocksdBP
Ibf. This gives BoSof 14 for the launch vehicle shock cord. The LOPSHIEDIs expeate
to experience loading up tbl Ibf during payload parachute deploymearid loadng up
to 206 Ibf during the removal of the LOPSIEHEDS from the main parachute bay eThA"
shock cord material used is rated for up to 1700 Ibf, providing a FoS of 8.3 for the payload
recovery harness.

344.1 Drogue Recovery Harness Description
The drogue recoverparness has a bowline knot tied on each end, and a third
bowline knot tied in the middle. The drogue parachute adomex sheet are
O2yySOUSR o0& | pkmcé |jdzh O skiokeydgndaithe G KS Y
RNR3IdzS &aK201 0O2NR ukkilink@hé #fSAV hutkRead) and thek mc € |
long end is connected to the engine block in the fin can. This causes the midsection
to hang above the fin can during drogue descent, lessening the chance of the fin can
fouling the main parachute during deploymernithe fgure below shows the exact

position of these knots along the drogue shock cord.

160 in 320in

Figure3-43 Drogue Sbck Cord Dimensions
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3.44.2 Main Recovery Harness Description
The main recovery harness has bowline knots tied in each end much as the drogue
recovery harnessconnecting to the nosecone bulkheéand forward AV bulkhead
gAUK pkwmc é Aldpglzheddngtht ok tfig riain recovery harness are four
bowline knots and two stevederknots. The positions oéll main recovery harness
attachment pointsare shown in the diagram below.

Main Parachute

NS 11t /
17 ft 21t \\v/ -
— i I I l—_
’ \ 21t 16 ft i
Nosecone and iy \ ™ '
Payload Bay ‘.‘f \ L Ny |
/ I
/

Payload Parachute Main Parachute
in deployment bag Deployment Bag

2 ft Midsection

LOPSIDED-POS

Figure3-44  VDF Main Parachute Recovery Harness Layout

As flown, all four middle bowline knots are tied forward of theiston. Moving

forward from the aft end of the shock cord are the two stevedore kraikling the

piston in place along the harnesfist the main parachute deployment bag is
connectedusingt  p k mc ¢ |j drirphrachuleywhich is Agéis attached with

I pkmcé ljdza O -HOB yDAVIDwItKtBe ARRD cprinéct@dsusing a

51c ¢ ljdzA Ol ftAYy12 FYyR GKS LI e&ft2FR LI NI OKc
FY20KSNI pkmcé [jdzA O]l tAYy]®

Following the Launch Vehicle Demonstration Flight, several issues were identified
with this recovery harneskyout sincethis layout is a suboptimal configation
resulting from insufficient space in the main parachute bay following
implementation of the piston ejection systemhelengthenedmain parachute bay
allows for the main parachute and main parachute deployment bag to be connected
to the main recovenjharness aft of the pistonMoving this allows the payload
parachute to be moved aft of the LOPSIEHEDS, reducing the chance of the
parachute fouling in the legs of the LOPSHPELS during deployment. The exact
locations and distances of these-iie points are shown in the figure below.
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Main Parachute

Piston

165t 21t 2ﬂ\ “V
S x 1 = e
— 16 ft
Nosecone and - 2ft [ 15ft Midsection
Payload Bay / \ T~ /,

/ \ Payload Parachute ~ Main Parachute
' in deployment bag ~ Deployment Bag
LOPSIDED-POS

Figure3-45  Updated Main Parachute Recovery Harness Layout

3443 Payload Recovery Harness Description
Thefifteen-foot shock cord used for the payload recovery harness has two knots tied
at each end. On one end is a bowline knot, which is connected to the main recovery
KFNySaa dzaAy3a | pkmcé ljdzh O fBiryfilglame KS 2
bowline knot, which it bowline with multiple loops. This connects to the twaitie
points on the LOPSIDEDS or payload mass simulatsing’" quick links
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3.4.5 Avionics

AV Sled

Primary Avionics Secondary Avionics

Primary Main Secondary
Ejection Main Ejeciion
Charge Charge
h 4
StratoLogger StratoLogger ;
9VBattery ———» CFPrimary <——— Screw Switch + | 9VBattery F Secondar Screw Switch | |
Altimeter Altimeter :
Primary Secondary
Drogue Drogue
Ejection Ejection
Charge Charge

Launch Vehicle Tracking System
B Egafinder TX S 900 MHz Radio Eggfinder RX Ground
;fa:#epo —  » GPS —— > g;':mg:;’: el s Dongle ——»|  Station
T Transmitter Reciever Phone/Lapiop

LOPSIDED-POS Nosecone Bulkhead

Payload Avionics o o
Y 1 y Payload Retention Avionics
ARRD ] ]
Release
Ejection
Charge ] :
: StratoLogger :
' 9V Battery » CFlatch =€ Screw Switch |
: Allimeter !
StraloLogger
9V Battery > CF Payload < Screw Switch | | !
Altimeter 1 I

12VBatiery ——»| R“'EL';'ERhota“'

LOPSIDED-POS Tracking System

15 LiPo 3 ERBS00 GPS Quarter-Wave
Battery Transmitter Stick Antenna
900 MHz Radio
Handheld Ground
Radio. =~ —— = Stalion
Reciever Laptop

Figure3-46 RecovenAvionics Master Block Diagram

The above bldcdiagramshows all components of the recovery avionics system and how

each is interconnected. The dashed green box contains all components of the primary
recovery system. This primary system contains tbengetition altimeter which will
recordthetea?d 2 FFAOALFE F1L123ISSs a ¢Sttt a GKS O:
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drogue deployment eventdhe altimeter is connected to a 9V battery, a screw switch,
and two Ematches. One Hnatch is housed in the drogue compartment and is fired at
apogee, whilghe other Ematch ishoused in the main compartment and is fired at 700
ft. A fresh 9V battery is installed before each flight to ensure the altimeter has sufficient
power to fire both Ematches, record flight data, and meehe pad stay time
requirementsset forth inNASA 2.7

The dashed gray box contains all components of the secondary recovery system,
providingan independent, redundant backup to the primayionics systemThe sole
difference is in the mass and timing of the black powder charges, outlined further in
Section3.4.7. The drogue charge is programmed to fire one second after apogee, while
the main charge is set to fire at 650 ft. Both systems are capable of indepdy
recovering the launch vehicle, and a lack of interconecpirovides system redundancy.
Should any one component of either system fail, the other system will activate in its place
and allow for safe recovery.

The dashed purple box contains all qgmnents of the payload recovery system. This
system contains an altimeter, screw switch, 9V battery, and-arateh connected to the
ARRD black powder charge. The drotereninal blocks are left unconnected, and the
main terminal blocks are wired to the RR Ematch. At 500 ft., the ARRDniatch is
programmed to fire, separating the ARRD and detaching the LORBD&EDm the
main recoveryharness.A redundant system is unnecessary here, since a failure of the
payload recovery system will result in the ISIPEEPOS descending under the main
parachute, ascenariofor which the recovery system has been designed.

The dashed orange box contains all components of the pay&gadtion avionics system.

This system is comprised of the payload retention altimeter, a screw switch, a 9V battery,
and the R4EM rotary latch. The rotary latch is wired to the drogue terminal blocks on the
altimeter. At apogee, the altimeter is programmed to send a signal taltibgue terminal
blocks, which will unlock the latch and let the LOPSIPEB be retained by only the shear
pins. As with the payload recovery system, a redundant system is not included since a
failure of the latch to release will still result in a safedig within mission parameters.

The solid blue box contains the launch vehicle tracker, the Eggfinder GPS, discussed
further in Sectior3.4.6while the solid yellow box contains the LOPSHPELS tracker, a
BRB900, discussed in the same section.

3451 Altimeters
Al recovery events are controlled by one of four PerfectFlite StratoLogger CF
altimeters. Two of these, housed in the AV bay, are designated the primary and
secondary altimeter, and control the launch vehicle recovery events. One
StratoLogger is housed onaia the LOPSIDHEPOS and is designated the payload
altimeter, responile for controlling the ARRD separation of the LOPSPED
from the main recovery harness. Theurth altimeter is mounted on the forward
face of the nosecone bulkhead andlesignatedhe latch altimeterresponsble for
releasing the rotary latch retaining the LOPSHPELS during ascent. The primary
altimeter serves as the nominal operating point for the recovery procedure and is
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YEN]J SR da GKS GSIYQa O2 YWhdSpiinaiyAainfeterNB L2 NIi
detonates its drogue charge at apogee and its main charge at 700 ft AGL, while the
secondary altimeter delays its charges by one second and 50 ft respectively. Delays

are crucial to prevent simultaneous detonation of the ejectioargesresulting in

over pressurization of the parachute cavitide payload altimeter is programmed

to fire its main charge at 500 ft, dropping the LOPSHBEB free of the main

recovery harness and deploying the payload parachute. The latch altimeter is
programmed to send a signal to the latch at apogee, takhmy weight of the
LOPSIDEBROS off the retention strap and transferring it to a series of shear pins for

the remainder of the descent until main parachute deployment.

The StratoLogger CF is arima#tter known for high precision, with prior team flights
using a pair of StratoLogger CFs recording apogee within 10 ft of each other. The
team already owns multiple StratoLoggerie fine tunability of the StratoLogger CF

is another favorable point, with apogee delay being tuned in 1 second increments
and main deployment in 1 ft increments. This makes the StratoLogger CF suitable for
use for dl four altimeters Each altimeter can also Isetto beep out its programming

at differentpitches to help personnel distinguish each individual altimé&i@m the

others.
Terminal Terminal
Block bl
s Main
v Ejection
Sl StratologgerCF SRR Charge
. PerfectFlite it B
Screw o
i Battery

Figure3-47  Stratologger CF Wiring Schematic
Figure3-47 above shows the wiring of the PerfectFlite StratoLogger CF altimeter.

3.45.2 Paraclute Retention Devices
Concers about the payload parachute unfurling during the main parachute and
recovery harness deployment sequence of events led to the implementation of a
system to keep the payload parachute furled until sometime after the main
parachute is deployed. Twinlly Lgic Chute Release devices are used to accomplish
this task. The parachute releases have an onboard altimeter set tét.608ce the
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correct altitude is detected, a latch is disengaged, releasing a rubber band that is
wrapped around the parachut&y conneting the free end of the rubber band into

the opposite parachute release as shown in the diagram below, the system is
redundant. Should eithesf the chute releasefail to unlatch, the other will unlatch

and free the parachute.

Figure3-48 Payload Parachuta Deployment Bag with Two Jolly kd@huteReleases

3453 Screw Switches
A total of five screw switches are used to arm various elements of the recovery
system. Of these, four are accessed from outside the laurbicle following being
raised onto the launch pad\ll five are securedto las@ dzii L) @ 622 R FTNI YS&
standoffs so they may be visible and easily accessible from outside the launch
vehicle. This allows fotthe launch vehicleto be brought to the lauoh pad fully
assembled without any continuous connection between amdch and a power
source. Once the launch vehicle is in the upright position, all four altimeter screw
switches can bdightened by ateam member using a screwdrivethis setup
protectsteam members from premature black powder detonations and conserves
the battery life of the altimeters. Screw switches also provide a strong mechanical
force to maintain the connectiorensuing that the altimeters remain powered on
despite any flight force or vibrations in the AV bay tre launch vehicle.

3454 Batteries
All altimeters are powered by fresh 9V batteries for each flight. Before each flight,
an unused 9V battery is tested to ensure a voltage of at least 9V, before being
connected to the system and enclosed in the proper battery compartmEmese
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compartmentsare designed to provide a tight fit such that there is no chance for the
battery to come disconnected from its connector, ensuring uninterrupted power
regardless of flight or external forces. This model of battery has lseenessfully
testedas outlinedin Section7.1.1.7to ensure sufficient battery life

LiPo Batteries will be used to power the BRB900 and Eggfinder TX transmitters. The
BRB900 uses a 1S, 3.7V battery that is attached to the underside of the transmitter
unit. The Eggfinder uses a 2S{\rbattery that is housed in a battery housing on the

AV sled much like the altimeter 9V batteries.

3.455 Redundancy Features
The recovery avionics system contains two fully independent sysiEémeseare two
entirely independent altimeters, screw switches, Qtteries, ematches, and black
powder charges. If any one component of one system were totfiglother system
would activate and ensure a safe recovery of the launch vefibkeJolly Logic Chute
Release system is also redundant with two interlinkedchphute releases such that
the release of one will fully free the parachute. Further redundancy is incorporated
into the black powder charges, with the secondary charges being 0.5 g larger than
the primary chargesThis will increase the chances of sects@paration in case the
primary recovery avionics system functions as designed but the body sections fail to
separate properly after detonation of the primary charge. As such the recovery
system is protectecggainst equipment failure, miscalculations, aalokerrations in
the separation proces.he recovery system of the LOPSIHPEDS is designed such
that recovery avionics systeffiailures will result in the LOPSIDEDS remaining
attached to the launch vehicler main recovery harnesand descending under éh
main parachute.Should the rotary latch fail to release, the LOPSIBES will
remain in the payload bay and descend under the main parachute. If the opening
shock is sufficient to overcome the rotary latch or some structural component of the
LOPSIDERPCS and remove it anyway, the LOPSHPELS will be able to be
recovered ina safe manner as planned. Should the ARRD fail to release the
LOPSIDEROS from the main recovery harness, the LOPSHIED will then
descend under the main parachute.

3.4.6 Tracking Device
As two components of this system will be descending independently of each other, there
are two tracking devices that will be used to recover the launch vehicle and LOPSIDED
POS. The launch vehicle makes use of an Eggfinder TX/RX GP&usysteni ORSED
POS uses a BigRedBee BRB900. Both systems are GPS trackers transmitting on the 900
MHz ISM band.

The launch vehicle transmitter is located on the AV sled in the midsection of the rocket.
This location was selected due to insufficient room on the noee bulkhead for the
tracker. The transmitter is armed during A&ylbassembly by tightening a screw switch to
power the transmitter. This switch is mounted in a similar fashion as the altimeter screw
switchesdescribed aboveThe EggfindelTX transmitter is paired with the Eggfinder RX
receiver programmed to the same frequency3##1 MHz on ID 3. The transmitter power
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is 100 mW, satisfying requirement NA3&2.8 The transmitter has eange ofaround

10000 ft maintaining onnection during gound testing. Even should the transmitter exit

the range of the receiver during flight, since the launch vehicle will descend within 2500

ft of the launch pad signal will be able to be reacquired during descent or aftentandi

The receiver is mounted @plastic case also containing a battery holder for 3 AA batteries

and a Bluetooth module. This module is paired to the phone of a member of the field
recovery teamvia Bluetooth. GPS data is then plotted on the phone using the Rocket
Locator app. Theapp)t 2 1a GKS @OSKAOf SQ& T AYdzikK €20 G
LINE GARAY3I (KS OSKAOf SQa RA&GIYyOST FfGAGdzRS:
of the phone to the vehicle. Specific latitude and longitude information can be easily
obtainedfrom the logs of the app. No redundant tracking transmitter is included in the
launchvehicle sincethe GPS tracker serves as the redundant backup to the primary

method of flight tracking; visual observation ofite launch vehicle.

As required by NASA12.], each section of the launch vehicle and payload descending
independently requires its own tracker. To this end, the BigRedBee BRB900 was selected

for tracking the payloadThe BRB90O0 is ideal for its small form factor and light weight.

The BRB900 transmitsn 900 MHz and utilizes a handshake system to prevent
interference.The receiver is a dedicated radio unit that displays the latitude and longitude
coordinates on a readout. It can also be paired with a laptop and the data ported into

Google Earthtoviet KS o5 LJ 23 2F (GKS fFdzyOK @SKAOf SQ

3.4.7 Ejection Charge Sizing
Black powder ejection charges were calculated by considering the gaseshlaunch
vehicle body cavity as a mixing problem between the gaseous products of the black
powder combustion andhe air in the cavity at the ambient conditions. The reaction
model belowwas used to determine the mass percentage of a given black powder charge
converted intoa gaseous productlF black powdeis used for all energetic events.

PTEUW OY Yo coodod i ov™ i VO Q @UL Q (5)

It was assumed then that mass of gas 33.58te mass of the black powder chargas
added to the mixing chamber at the adiabatic flame temperature of black powder as
obtained from the manufacturer data target pressure rise was specifiemddetermine

the amounts of each product gas (N2 and CO2) that would be required for the desired
pressure risdoy considering theartial pressureof all three gases in the chambeSince

this required mass is a known fraction of the black powder mass burned, it is trivial to
back out therequired powder charge mass.

Validation testing of this model has been carried out with great success, and these tests
are covered further in Seion 7.1.1.5 Forflight, a target pressure rise of 10 psi was
determined. This increase in pressure generates sufficient force to shear four shear pins
with a FoS oR.02, acceptable for this context. The exception to this is on the main
parachute, where a pisure rise of 15 psi was specified over concerns about added
frictional forces resulting from the piston deployment system. Tres®ernshave been
further negated by theapplication ofsilicone lubricant during assembly the piston
body.With al5 psipressure rise, the main primary ejection charge gives a FBDaf
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If the shear pins do not break with the primary ejection charge, the secondary charge is
sized up from the primary. Here a mass increase of 0.5 grams was specified. This ensures
that evenif the primary black powder charge does not cause section separation, the
backup charge will be able to do sd¥e remaining small enough that a sympathetic
detonation will not over pressurize the body section.

As flown, the main parachute ejection chargad a primary mass of 2.9 g and a secondary
mass of 3.4 g. The drogue ejection charges had a primary mass of 2.6 g and a secondary
mass of 3.1 g.The ARRD ejection charge is sized according to manufacturer
recommendations, and is approximately 0.JFglowing the increase in main parachute
baylength after the VDF, the main parachute ejection charge maasescreased to a

3.8 g primary and a 4.3 g secondary

Table3-3 Ejection Charge Masses

EjectionEvent Black Powder Mass

Main Parachute PrimarnNDF 29g
Main Parachuté&secondary, VDF | 3.4 g

Drogue Parachute Primary 2649
Drogue Parachute Secondary | 3.1 g
Main Parachute Primary 3.8¢

Main Parachute Secondary 4349

3.5 Mission Performance Predictions

3.5.1

3.5.2

Launch Day Target Altitude
Based on simulations ran for PDR, the team determinedtdihget apogeeto be 4473
feet.

CurrentFlight ProfileSimulations

Before the launch vehicle demonstration flight, the CG and weight of the launch vehicle
were recorded, and the RockSim file was updated to reflect these recorded vAlses
as the team is now planning on launching the final performancetflighn Bayboro, NC
rather than in Huntington, AL, the weather daita RockSim was changed to reflect
historical trends in weather for this locatiobbaunch simulations were ran wittb&launch
rail angle, a 12oot launch rail, and in four different wind regimesnging from 0 to 25
mph. The team found an updated apogee @78 feet by running twenty simulations and
taking the average of their results. The velocity at launch rail departias calculated to
be 8.44ft/s and the maximum velocity reached wagl432 ft/s, orapproximately 0.28
Mach. The flight profile of one of the simulations can be found below.
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Figure3-49 Predi¢ed Launch ®hicle Right Profile

As the exactveight of the payload is not yet knowrhe final constructed weightf the
payload could affect the apogee on launch day. Windspeed is another variable that could
varywidely on launch day. Due to these uncertaintiastolerance study was condiacl

using RockSim, which is displayed in the figure below. All simulated launches bsed a
launch rail angle, a ot launch rail, and in four different wind regimeanging from 0

to 25 mph
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Figure3-50 Effects of Payload and Wind Speed on Apogee

Due to some early estimates on the construction of the weighgoundswas set as a
lower bound for the final payload weighf\s can be seen in the figure, regardless of the
weight, the launch vehicle is predicted to reamber 3000 feet However,as long as the
payloadis under 10%verweigh, the payload will be within 900 feet of declared apogee
The tolerance study also reveals that the final weight of the payload will play the greater
role in achieved apogee on laundhythan wind speed will.

Altitude Verification

The team decided to verithe altitude prediction of RockSim using an algebraic method.
All of the variables used in this method are described in the table bdlbefirst step of

this method is to calculate thevind resistance coefficienk, usingtheRSy aA e 2 F
the reference area of the launch vehicle, A, and the CD of the launch of vehiale.
variableggandxdo not represent physicaklues butare merely used to simplify the final
equation.

2021 NASA Student Launch | Tacho Ly

A



NC STATE UNIVERSITY

Table3-4 Variable Efinition for Altitude Verification

Quantity Variable
Density ” 1.225 Kg/m?
Radius R 0.078 m
Coefficient of Drag G 0.292 N/A
Average Thrust T 1,567.8 Newtons
Mass M 22.348 Kg
Gravity g 9.81 m/s?
Burn Time t 2.4 S

o “'Y PP PP I A

~ - QQ
Q ™0 0 08 pZp nd—

, Y 0°Q a

f o @CRTF
’?’Qr d
ENLE

With x and q calculated, the maximum velocity of the launch vehiclgs, can be
calculated:

. PG &
b Mg erEoy

Usingvmax the height upon motor burnout can be calculated:

0, .Y DO

(@ ﬁa € ~ 50 p X & Tat

The height gained during coast was calculated next:

0. .0C
—a €

¢co - b b ol

The maximum height can be calculated by adding together the two previous values:
0 0 0 pmEBa ouv @PQAQQO
Table3-5 Altitude Prediction Results

Method Result

RockSim 3678feet
Algebraic 3511.8
Using an algebraic method of calculating the altitude, a result was calculated that was
within 5% of the RockSim calculatidgiventhe simplicity of the algebraic method, and
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the neglection of drag and atmospheric condition, the team decided this avas
acceptable error margin.

3.5.4 Stability Margin Simulation
RockSim was used to calculate the C8, and static stability margin of the launch vehicle
throughout the flight. RockSim simulations yieldediaitial stability margin of 2.7 and
a stability margi of 223 at launch rail departure.
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Figure3-51  Sability MarginSimulation Results

design forthe nosecone of the launch vehicle is 24 inches, which gives:

O T e p B YPNEDI
The next value to be calculated is the sweep angle. The sweep angle is a simple
trigonometric relationship between the fin sergpan,§ and the fin sweep length when

measured parallel to the launch vehicle bolly, The leading design has S=6.00 inches
and X=3.5 inches.

The sweep angle allows for the calculation of the fin-gtidrd line lengthls. Other
values which are needed to calculdteare chord tip lengthCr, and chord root length,
Gk The leading design h&s= 3.5inches andx= 10.5 inches.

P. . e s T
0 6 Fi e} T WEMWI
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With Le calculated, the coefficient for the fin€g, canbe calculated using the radius of
the launch vehiclelR,and the number of find\. The leading designh h&&= 3 inches and

N=3.
&y . Y ey
v T 1h ¢
0y czyY &
6 LU
p ‘Y' lY ('_’) “ ﬁ (p&
pp
& 5 5 g

In order for the arm length of the fins to be calculated, the distance from the tip of the
nose cone to the fin root chord leading edge, must be used. Thieading design has
anXs = 95.25 inches.

. . @06 ¢ p.,. ., 60 o s ¢
® @ — —0 0 3 — p Tl CQEMI
oo 0 (0} 0 0
Given thaio chwith these values, the center of pressure is calculated:
. o&® O ez,
o 5 & P & CQEMI

Using themeasured CG frorthe fully constructed launch vehi¢lE:c=67.175inches,

the stability margin can be calculated. The stability margin from both the Barrowman
method and RockSim simulations can be found in the table belo® .NB 898% |
difference between the two calculation methods, but baidtisfy the NASA
requirement of 2.0 calipers upon launch rail departure.

Table3-6 Stability MargirPrediction Results

Computation Method | Result (calipers)

Barrowman "V 2315

RockSim 217

A summary ofhe variables, and the values of those variables, used in the Barrowman
method can also be found below.

Table3-7 Variable Definitions for Stability Caldidas

Lr ¢ Mid-chord line | X=¢ Fin arm length | Xz ¢ Fin sweep Xg ¢ nose cone tip

length length measured | to fin root chord
parallel to launch | leading edge
vehicle body

Lv ¢ Length of nosg Gy ¢ Nose cone Xv ¢ Nose cone arm| —¢ Sweep angle

cone coefficient length

R¢ Radius of & ¢ Root chord G ¢ Tip chord

launch vehicle length length

S¢ Fin semispan

N ¢ Number of fins

G- ¢ Fin coefficient
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3.55

Table3-8 Measured Stabilityafiable Values

Variable | Input Value Units

Gy 2 N/A

Ly 24 Inches
R 3 Inches
S 6 Inches
N 3 N/A

G 10.5 Inches
G 35 Inches
Xs 99.25 Inches
X 35 Inches
CG 67.83 Inches

Table3-9 Calculated Stability Variable Values

XN 11.184 Inches
— 30.25 Degrees
Lr 6.541 Inches
G 6.755 N/A

Xe 98.604 Inches
Xcp 78.634 Inches
Vi 2.369 Calipers

Stability Margin Tolerance Study

To account for variances in thgal manufactured weight and CG of the payload, the
team conducted a tolerance study to determine how this uncertainty would affect the
stability of the launch vehicle.

RockSim was used to calculate the stability margin of the launch vehicle while trelCG
weight of the payload were varied. The weight was varie@d.Bfb increment, starting at
7lbs, which has been determined as a lower bound for the final constructed weight of the
payload. Additionally, the CG of the payload was varied in 1imaremens up to a
threshold oft2 inches of the predicted C@.visualization of how stability changed with
these variables can be seen in the figure below.
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Figure3-52 Stability Tolerance Study

A lower bound of 2.0 calipers is defined by NASA and an upper bound of stability is
defined as 2.3 calipers to help reduce the effects of weathercocking. The predicted CG
of the payload is denoted by a solid black trendline on the figure; each data mne a

or below the line represents an inch change in the CG either forward .o ladt stability
tolerance study shows that the launeihicle shows no signs of falling below 2.0
caliperswhen accounting for possible variations in payload weight and C@adhit

occur during manufacturing. Additionally, as long as the payload is under 20%
overweight,the stability of the launch vehicle will stay below 2.3 calipers.

Kinetic Energy at Landing
Kinetic Energy can be calculated using the following equation, evk&r is the kinetic

energy of the object, m is its mass, and V is its velocity.

LL r —bo ©)
At landing, the launch vehicle will be descending under its main parachute and the
LOPSIDEROS will be descending under its payload parachute. The velocity of each
component under its respective parachute will be used to calculate the kinetic energy for
each section as seen below. The mass of each section was obtayneighing the
section as flown. Results are provided for nominal payload deployment, partial payload
deployment, and a failure of the payload to exit the payload bay.
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Table3-10 Lawnch Vehicle Kinetic Energylainding

Kinetic Energy at = Main Velocity-  Kinetic Energy at

Section Mass Landing- Payload Payload Landing- Payload Pgﬂj:)nagi(;i:z;lec
Attached Attached Detached

Nosecone | 5157 slugs | 61.8 fibs 146 ftis N/A 133 ftis

w/ Payload

Nosecone | .4281 slugs | 38.8 ftlbs 146 ft/s 32.2 ftlbs 133 ft/s
LOPSIDED 2176 slugs

POS ' 23. ftlbs 146 ft/s N/A 133 ft/s

DAVID 2797 slugs | 29.6 ftIbs. 14.6 ft/s N/A 12.9 ft/s
Midsection | .3781 slugs | 40. ft-Ibs 146 ft/s 33.3 ftlbs 133 ft/s

FinCan .332 slugs 35.2 ftlbs 146 ft/s 29.2 ftlbs 133 ft/s

Thesection landinginetic energy limiof 75 ft-lbs set forth by NASA.3 is sufficiently
clearedby the heaviest launch vehicle section during the waeste payload deployment
scenario at61.8 ft-lbs. However, this represents an edfiesign condition that would
constitute at minimum a partial mission failure. For a nominal deployment of the
LOPSIDEBRQOS, the heaviest section of the launch vehicle would have a kinetic energy of
33.3ft-lbswhich isunderhalf of the limit set forth by NASA3.

The kinetic energy for thédAViDand the LOPSIDEEDS landing independently is
presented in the table belovithe LOPSIDEDh { A& |yl f &l SR dzaAy3a (KS
whiletheDAVIDA & |y f &@T SR a Ft2¢6y dzaAy3d (GKS cné L

Table3-11 Payload Kinetic Energy at Landing

Section Mass Kinetic Energy at Landing  Main Velocity

DAVID 2797slugs | 25.ft-lbs 13.4ft/s
LOPSIDEROS .2176slugs | 35.4ft-Ibs 18. ft/s

3.56.1 Alternative Calculation Method
To verify the validity of results calculated using the above method, the kinetic energy

at landing was determined using RockSim. A test case wassing the worstcase
scenario configuration wherein the LOPSIBEDS fails to exit the payload bay.
RockSim does not consider the configuration of the launch vehicle during descent,
and as such cannot directly output section kinetic energy. The descentityeht
landing as computed in RockSim is therefore used to compute the kinetic energy at
landing for each body section as below.
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Section Mass

Table3-12 RockSim Kinetic Energy at Landing

Kinetic Energy at Landint  Main Velocity-

- Payload Attached Payload Attached

Nosecone w/ 6457 slugs | 67.6ft-Ibs 15.22ft/s
Payload

Nosecone 4281 slugs | 42.4ft-lbs 15.22 ft/s
LOPSIDEROS .2176 slugs | 25.2ft-Ibs 15.22 ft/s
DAVID 2797 slugs | 32.4 ftlbs 15.22 ft/s
Midsection .3781 slugs | 43.8ft-lbs 15.22 ft/s
Fin Can .332 slugs | 38.5ft-Ibs 15.22 ft/s

3.5.7 Descent Time

3.5.8

Descent time has been calculated as a necessary intermediate step in the wind drift
calculations described in the negkction and is presented as a component of those
results.

Wind Drift

Wind drift calculations were done by assuming that the rocket traveled straight up to the
projected apogee, deployed its drogue parachute, and immediately accelerated to
terminal velocityunder droguedeployed the main parachute at 700 ft amdmediately
decelerated to terminal velocity under main parachutben accelerates to the new
terminal velocity under main parachute following the LOPSIPEB release at 500 ft.
From apogee to landing, tHaunch vehicle and LOPSIDEDSs assumedo travel in a
single direction at constant speed across the ground at a constpeéd equal to the
steady wind condition.

Although simplifying assumptionare containedwithin this model, it is sufficiently
accurate to realityfor the purposes of this exercisé&ssumingthe launch vehicle
immediately reaches terminal velocity at apogee will reduce total descent time by a few
secondswvhile assuming tk launch vehiclanmediately reaches terminal velocity at main
loses a second or two since the main parachute takes a akeseconds to deploy and
fully inflate. Assuminghat the launch vehicle travels insingle direction at a constant
wind speed also constitutes a woistse scenario.

The distances between apogee, main deployment, and landing are known as is the
descent elocity of the launch vehicle during each stage of the recovery process. The
descent time can therefore be easily calculated as below where t is the total descent time,
Zy is the drogue deployment altitude,nzis the main deployment altitude,,2s the
LCPSIDEPOS deployment altitude4¥s the descent velocity under droguesivs the
descent velocity under main with the LOPSIBEILS attached, and.vis the descent rate
under main following separation of the LOPSIBHEIS.

] .D 'D D_ D_ (7)

om Oh O

<
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Using the target apogee of 4473 ft gives a descent time of 81.0 seconds per the equation
above. Multiplying this descent time by a given wind speed gives the distance traveled
across the ground by the launch vehidenstantly sustaining these wind speeds, as
shown in the table belovior the nominal payload deployment sequence

Table3-13 Launch Vehicle wind Drif
g/\r/) '23 q Apogee D_(?isrggnt Drift Distance
0 mph 4473ft 81ls 0 ft
5 mph 447 3ft 8ls 596.5 ft
10 mph 4473t 8ls 1193. ft
15 mph 4473t 8ls 1789.5 ft
20 mph 4473t 8ls 2386. ft

The same calculations were performed for the LOPSIBED following separation from
the main recovery harnes$he wind drift for the LOPSIDIP®S is presented in the table

below.
Table3-14 LOPSIDEPOS Wind Drift

Wind T

Speed Drift Distance

0 mph 0 ft

5 mph 531.1ft

10 mph 1062.2ft

15 mph 1593.4ft

20 mph 2124 5ft

Table3-15 DAVIDWind Drift

Wind e

Speed Drift Distance

0 mph 0 ft

5 mph 610.1ft

10 mph 1220.3ft

15 mph 1830.4ft

20 mph 2440.6ft

l'd GKS YFEAYdzY LISN¥YAaairoftsS 6AyR &LISSR
estimated drift distance is 2386 ft, well within the maximum allowable drift distance of

T2 NJ
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3.5.8.1

2500 ft set forth by requirement NASA.10. The LOPSIDHEDS under nominal
deployment onditions is &pected to drift 213 ft at a wind speed of 20 mplsafely
remaining within the same criterifheDAViDalso remains withintte 2500 ft wind drift
limit, with a calculated worst case drift of 2441 ft.

Alternative Calculation Method

To confirm the validity of the above wind drift calculations, the wind drift was
modeled in RockSim at the same wind speeds used for the hand calculation cases.
The launch vehicle is assumed to be launched into the wind at a 5° launch rail angle.
Wind drift dstance is calculated by finding the difference between the range at
apogee and the range at landing data points provided in the RockSim output.
Descent time is calculated in a similar manner, taking the difference between the
time at apogee and time at taling data points. Thus, the descent time and wind
drift are determined as if the launch vehicle begins to descend directly above the
launch pad.The LOPSIDHEDSseparationwas not considered in the alternative
calculations since RockSim makes no pronifio independent descent of portions

of the launch vehicle.

Table3-16 RockSim Launch Vehicle Wind Drift

;AFI) Igs d Apogee D‘I?isrgim Drift Distance
0 mph 3688ft 70s 0ft

5 mph 3710ft 59s 431.1t

10 mph 3715 ft 60s 879.7ft

15 mph 3701 ft 70s 1542.7ft
20 mph 3665 ft 71s 2075.2ft

The RockSim calculations predict significantly lower descent times and wind drift
distances than the hand calculations. This arises ftben RockSim model not
consideringseparation of the LOPSIDIPO®S at 500,fwhich would reducé¢he mass

of the launch ehicle assemblyAs sucha higher main descent velocity is retained
until touchdown.
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4.

Payload Criteria

The objectie of the payload mission is to design, construct, and launch a planetary lander
within a highpowered launch vehicle. This lander will achieve an upright orientation and be
able to sellevel within five degrees of horizontal. The initial and final angiegtive to
horizontal will be recorded. After leveling is complete, the payload will capture @8¢e

2F (KS

4.1 Payload Mission Statement
LI y2NF YAO LIK2 {2
station.

4.2 Payload Success Criteria

The payload team has edilished the following criteria for categorizing the payload success
levels based on the ability of the LOPSHPELS or Lander for Observation of Planetary

fFyRAY S

AAGS I yR

Surface Inclination, Details, and Environment Datal the Planetary Observation Systam,
fulfill its mission as stated in Sectidnl. These success criteffimve remained unchanged

since the CDR document.

Table4-1

Success Level

Complete Success

Payload Aspect
LOPSIDED successfully la
in its uprightconfiguration;
the selfleveling procedure

is completed within 5
degrees of horizontal; the
POS captures and transmi
at least one 360degree
image of the landing site,
which is received by the
team.

Payload Success Criteria

Safety Aspect

No injuries are inflicted on

individuals present durip

the execution of mission
requirements.

Partial Success

LOPSIDED successfully la
in its upright configuration;
the selfleveling procedure
fails to level the vehicle
within 5 degrees of
horizontal, or the leveling
system is impeded in somg
way; the P@ captures and
transmits at least one 360
degree image of the landin
site, which is received by
the team.

One or more close calls
involving individuals presen
during the execution of
mission requirements, but
no injuries occur.

Partial Failure

LOPSIDEfails to land

upright; selfleveling cannot

be attempted; the POS is
still able to capture and
transmit photos, but the

images do not properly

Minor injuriesinflicted on

individuals present during

the execution of mission
requirements.
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4.3

encapsulate the landing
aAGST REYF3S
landing gear/leveling
system can be repaired.

Complete Failure

[ ht {L595Q4&
system fails, leading to an
unrecoverable payload; ng

images are captured or

transmitted.

Major injuries inflicted on

individuals presentiuring

the execution of mission
requirements.

PayloadMission Overview
The final design of the LOPSIBEEDS consists of an upright rectangular body of varying

GKAOlySaacx

GAGK F2dzNJ Sljdzl £ €@

aLl OSR

f S3a F2NJ

axis, gyroscopic leveling system. The leveling system consists of two concentric rings that will
allow the body of the lander to rotate about two axégvelingwill be driven by gravitational

force acting on the body of the lander. As stated in the Pay®ammary irgection 1.3, the
combined lander body and leveling system are designated LOPSIDHRNnaer for
Observation of Planetary Surface Inclination, Details, and Environment Data. In addition to
the components related to payload leveling am¢overy, LOPSIDED will also house the POS,

or the Planetary Observation System. The POS is responsible for capturing a series of images
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launch field. Once the inggs are received, they will be spliced together using an automated
script to form two 366degree panoramic images.

The figure below depicts an overview of the payload mission, highlighting the major events
that occur during operation and the subsystemsdbesvents pertain to. When the launch
vehicle reaches apogee, a rotary latch attached to the payload bulkhead opens, which will
allow the LOPSIDHBOS to be removed from the payload bay. This ejection occuf6Qat

feet, when the main parachute deploys apdlls the LOPSIDHEDS from the payload bay.

The LOPSIDHBDS will descend with the launch vehicle main parachute until 500 feet, when
an Advanced Retention Release Device (ARRD) attached to the top surface of the LOPSIDED
POS, separates the payload freime main parachute shock cord. This event also releases the
LOPSIDEROS parachute from its parachute bag and allows the payload to descend under its
own parachute. Once the LOPSIEREDS lands, two electronic latches will open to release the
parachute, andhe initial surface inclination of the landing site will be recorded. Then, the
solenoid latches will open to release the graxassisted leveling system, and the final angle
postleveling will be recorded. After this, the POS will initiate the imageucasequence,

the images will be processed and compressed as necessary, and the images will be
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At 675 feet, main At5001t, ARRD

Launch LOPSIDED- = recovery events
vehicle Rotary latch patachile SEPEEES FOS parachute
—» deploys, pulls —» LOPSIDED-POS —>»
reaches opens - released from N .
apoges LOPSIDED-POS from main shock parachute bag [ | =leveling events
from payload bay cord
1  =POSevents
Electronic
latches
release
arachute - -~ - -,
P " Solenoid y \ I mage Y I Y I ™
LOPSIDED- 21':::2 Final angle capture Image Image
FOS lands leveling recorded sequence processing transmission
P initiated
_ _ | SEE \ J \ J \ J
Initial landing
angle
recorded

Figured-1 LOPSIDEPOS Mission Overview

4.4 LOPSIDERPOS Design
4.4.1 LOPSIDEDesign
[ht {L595Qa YAaairzy Aagidnd tofedNigiciasiaufilingzy OK |y
NASA requirements 4.3.2, and 4.3déhd to hold the POS so that it can fulfill its
requirements. LOPSIDEDonsists of two mairassemblies, the body/chassis, and the
leveling system.

Figure4-2 Entre LOPSIDEROS
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[ ht { L595 Q& sraaly 8f a detal skdledalichasses bear most of the loads.
That chassis is covered in lasert aircraft grade plywoodThis assembly housegher
subl S Y Q4 s thedPDE &dbme integration equipment

Figure4-3 LOPSIDEBIuminum Chassis

The body itself can be broken inBosections, with different purposes: an upper, middle,
and lower sectionsThe upper section features a skeletal bracket that mounts the
integrationequipment, the ARRD and the cabinet latches for the gargc The POS is

mounted beneath this bracket where clepolycarbonatewalls surround it protecting it
and allowing for maximum visibility.
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Figured-4 LOPSIDHEBody Sections

The middle sectiosardwiched by the remaining two skeletal bracke&sves to connect
the upper and lower sections and ioterfacewith the levelling system. It is surrounded
by the skeletal bracketotboth mount the other sections together and to disperse an
loadthroughou the structure.

The lower section will feature a sled thaill host all the electronic necessary for the
mission.It will be mounted to the lower bracket on the underside of the middle section.
It will also havea U-bolt on its bottom section for integtan.

The leveling system consistbtwo gyroscopic ring® allow for rotationacross two axes.
The middle section that the inneinginterfaces wih features two solenoid locks that will
interface with the inner rod locking rotation across that axis. Two more solerzoels
mounted on the inner ring that interface with the outer ribhglock rotation about that
second axis.
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Figured-5 Leveing Systen{Without Inner Ring

The outer ring has 4 mounting blocks to which the legs will att@bb.legs, torqued by
torsional springswill flay out to 60 degreesff perpendicular to the outer ring on which
they are mountedA cable skto a certain lengttwraps around the leg joint and attads
to the legs Once the cable is pulled taught, the legs will rest at their desired angle.

The four total solenoidswhile inactive, will be engaged with the rings preventing rotation

and locking LOPSIDED in its neutral position. Once LOPSIDED has landed and recorded its
initial orientation, it will retract the solenoid locks allowing the gyroscopic leveling system

to reorient as best as possible.
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Figure4-6 Inner Ring SolenoiatkOrientation

Figure4-7 Outer Ring Solenoid Lock Oridita

The battery and other electronics intlie2 6 SNJ aSOGA 2y KSfAQtai2 f 2 6
beneath thetwo axes so thattican seHlevel with the POS able to see up tophe

electronics sled is offséb keep the CG centerdd the middle of the rings where the two

axes cross. Without disturbances anith locks releases, LOPSID®ID rest with its

horizontal surfaces (including the onswhich the POS block is mounjesbmpletely

level or perpendicular to the force due to gravity.
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Figure4-8 Level LOPSIDERmonstratig Centered CG

4.4.2 POS Design
The PO% usedto capture and transmit 36degree images of the payload landing site,
to fulfill NASA requirements 4.2 and 4.34.3.4.4 The POSconsists of orboard
componentsncludnghardware for image capture, hardware for radio transmissimd
an onboard computer for operating these componenithe POS ground station consists
of off-board componengfor the receptionandprocessingf the transmitted POS images
in order to generate the necessary 3@@greepanoramas.

The PO4&utilizes bur Arducam Fisheye Raspberry Pi camera modules. The camera
modules are oriented 90 degrees from each other and attachealwooden mounting

block in the upper section of LOPSIDED. Each module has four mounting holes which allow
the cameras to be attached with M3 screws
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Figure4-9 POS Camera Modules and Mounffigture

As per TDR 4.1, tleamera moduls selectechave a horizontal field of view (HFOV) of
194 degrees, which allows two cameras to capture a full@&free image. The POS
utilizes four camera modules, which allows it to capture two separate panoramic
images, offset by 90 degrees. This provides redundandyeievent that one module

fails, or two oppositgfacing modules fail. Even if two adjacent modules were to fail, the
captured fieldof-view of the two operational cameras would be 284 degreasmost

79 percent of the surveyable arehe HFOV of each caraenodule has been verified

to exceed 180 degreebigure4-10 andFigure4-11 below showthe two panoramic

images produced duringround testing.

Figure4-10 Panorama Test Image 1
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Figured4-11 Panorama Test Image 2

These camermodulesinterfacedirectly with a Raspberry Pi 3Bwhich serves as the
on-board computer for the LOPSIDEPDSStandard Raspberry Pi boards are equipped
with one Camera Seriéiterface (CSl), which allows only one camera module to be used
with the board. For this reason, an Arducam Mdtamera Adapter Board is used. The
Adapter Board allows for four individual camera modules to be attached to one
Raspberry PiThe camera modaek are connected using ribbon cabl&s.ensure the
cameras are not damaged and/or do not become disconnected during fligtmchi4

long ribbon cables will be usétis cable lengtprovidesenough slack to ensure the
connections remain stae.

Figure4-12 Raspberry Pi 3B#ith Camea Board

After leveling is detected by the droard orientation sensor, a Python script will initiate
image capture. These imagare saved andransmittedwith an Adafruit RFM69HCW
433 MHz transmitterSlow Scan Television (SSiEWhe method of image transmission
utilized by the POShis is a communication method common in amateur HAM radio,
which allows static images to be transmitted via radio waves tng distances. This is
achieved by converting images into WAV audio files and transmitting this audio data
over HF, VHF, or UHF radio frequencies. On the receiving end, a personal computer
equipped with SSTV software can be used to demodulate the imgpsignals

2021 NASA Student Launch | Tacho Lym



NC STATE UNIVERSITY

Originally, the POS was going to utilize Digital Slow Scan Television (DSSTV) in order to
achieve a higher quality efansmitted imagesHowever, this was changed to traditional
SSTV, since DSSTV was found to be much more difficult to inmlestie Python on

the Raspberry PDSSTV @lso a lesdrequently used method ofammunicationamong

HAM radiooperators, and tis documentation about its usend modulation techniques
islimited compared to SSTV

To receive POB NI yaYAadaaAizyas | (Sl Viseyupped witNAa LIS NA ;
Adafruit SDR Radio USB Stick. This device consists of a tunable antenna and RTL dongle
connected to a USB pofThis model is tunable between 24 and 1850 MHz, allowing it to

receive 433 MHzransmissions easilyThe SDR receiver pairs with SDRSharp, an SDR
software that creates an interface foobserving and analyzing incoming radio
transmissions

99.900.000 # # = v B

Figure4-13  SDR Reosér with SDRSharp Software

A free SSTV software called MMSSAIW be usedsimultaneously todemodulate the
transmissions receiveahd save the POS images to the laptop. After the images are saved,
a Python scriptautonomously splicethe POS images together into the two distin
panoramic imagementioned previously.

The POS ansmitter will be equipped with a quartevavelength whip, or monopole
antenna. The total length of the antenna can be calculated with the formula

_=cof
L=_/2
E=L/2

Where_ is the wavelengthg is the wave speed,is the wave frequency,is the total
antenna length, andtis the dipole length. The total length of a quarHeave antenna is
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total antenna length is 0.173 meters; 6.8 inches. Space within the LOPSHPELS is

limited, so this length can be decreased by introducing loading coils. Coiling s@ftion

GKS FyaSyylr gANB ltft2ga | aK2NISNI 20SNYff f
guarter-wavelength antennaThis will allow the antenna to fit within the limits of the

lower LOPSIDED section.

da’y

A quarter wavelength antenna inductance calculator can be used to determine the

matching impedance of a loaded antenna. The online calculator shown below uses a

formula¥ 2 NJ OF £ Odzf F Ay 3 f2F RAY 3 -ceater badédyipotzO (i | y OS
FYydSyylLazsée gNAGGSY o0& WHO| t2yd2y Ay MpTnd
antenna length, coil position, and wire diameter. A coil inductance calculator, such as

(oil64, can be used to determine the physical dimensions of the coils itself, such as the

number of turns, the length of winding, etc.

Caoil Inductance LC circuit

Inductance L: |:| microH

Former diameter D: I:I mm
Wire diameter d: I:I I
Wire diameter with I:I

) ) I
insulation k:

Wire material:

@ Copper

() silver
Select the coil form O Aluminum
== One layer close-winding coil ~ O Tin

== One layer coil with round wire
== (One layer coil with rect wire

Q) One layer coil on a poligonal former

22 Multilayer coil @] Calculate

ny

Multilayer coil on a rectangular former
= Multilayer foil-wound coil

QO Ferrite toroid coil

@ Pc flat coil

@) Tesla flat soiral coil

Figure4-14 Coil64 Software for Loadingilddetermination

4.4.3 LOPSIDEPOS Electronics
The leveling, imaging and deploymesystems of the LOPSIDEDS each require
multiple electronic componentslhese systems will be powered by the same 12V, 1600
mAh battery and will be controlled by the same Raspberry Pi 3Bis.is to reduce weight
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and cost of the LOPSIDIPDS, and to esure that the electronicomponents areble to
fit within the 69 x 69 x 180 mmolume of the lower LOPSIDED secti®ower is provided
to the Raspberry Pi from the 12V battery using a HilddgeDC buck stejplown USB
modulevoltage converter. Thisonverts 12V to 5¥nd allows the Pi to be powered from
its microUSB port, which is theagest and most reliable way to power a Raspberry Pi

R ‘ §
<
l 3
R I
= S
Eo SRS

~
s

Figure4-15  LOPSIOEPOS Electronics Sled witimBnsions

POS electronics consist of four Arducam Fisheye camedules the MultiFCamera
Adapter Boardand an Adafruit RFM69HCW 433 MHz transmitter, Wiriansmits to an
we¢[ HyoH {5w NBOSAGSNI t20FGSR I (coark® (Sl YQ
to a laptop computeto receive the transmitted PG8ages. Electronics for the leveling
system consist of four 5V solenoid latches, two for each gimbal amg\dafruit TB612
motor driver, and an Adafruit BNOO55 orientation sensd@m LM2596buck voltage
converter isused to step down the battery voltageom 12V to 5V for the solenoids.
Electronics for the recovery system consist of two Dormakaba 3510LM 12V
electromechanical locksan Adafruit TB6612 motor drivea, StratologgerCF altimeter, a

9V battery, and a BRB900 GPS tracker. The GPS transmitteorwihunicate with the
BRB900 receiver, which will be located with the team at the ground staflére
Stratologger altimeter and the GPS tracker module are both powered from separate
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batteriesq a 9VAlkaline battenfor the altimeter and a 3.7V LiPo betyfor the GPSThe
motor drivers allow the Raspberry Pi to actuate the solenoids and the electronics latches
despite thedifferencein logic levelbetween these devices and the RaspberryTRie
motor drivers are rated for up to 13V and 1.1A, whiit the specifications of both the
solenoids and the electromechanical locksich motor driver has four output channels,
which allows it to control up to four solenoids on one baard

Figure4-16  LOPSIDEPOS Electronics Flow Chart

The StratologgerCRltimeter will communicate with the ARRD, which will be activated
using ematches. The details of the ARRD will be provide&eiction 4.6.1.3 1t is
important to clarify that the altimeters will be protected from the transmitter's frequency
with the use of aluminunfoil to prevent interference that can cause a failed ARRD
ignition. A failed ARRD ignition means that the ARRD ignites too early or too late in which
cases the payload could either not exit the launch vehicle at all as it will remain locked by
the shear |ins, or the payload could be falling too fast as it deploys its parachute at a
lower altitude than intendedThe testing setup for RF interference for the StratoLoggerCF
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