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1. Summary of Report

1.1Team Summary

Swamp LauncRocket Team

University of Floridg MAEC Room 134
571 Gale Lemerand Drive

Gainesville, FL 32611

1.1.1 Team Mentor
Jimmy Yawn
NAR #85660TRA#09266, Level 3 Certified

jimmy.yawn@sfcollege.edu
(352) 2812025

1.1.2 Launch Plans

Thel S | #h@l &aunch of the competition is anticipated to take place4/15/2023at the primary

competition launch field in Huntsville, AE. K S G S YQa f 2 OF t TripdliTdayipaRockétry i S & A f
Associabn (Prefecture #173ite in Plant City, FL.

1.1.3 Hours
The totalnumberof hours spent developing the CDR milestone &&shours.

1.2 Launciehicle Summary

Section Length (in) Mass (0z)
Nosecone 18.0 269
Forward 44.0 126.8
Aft 53.0 266.4
Total 115.0 420.0

Tablel: VehicleDimensions

The targealtitude of the launch vehicle ¥600ft. The motorselectedisthe AerotechL1090W. The
vehicle does not have any ballashe dry mass of the launch vehicl&84.0 oz The wet mass of the
launch vehicle i420.0 oz The burnout mass 8710z A 12 ft 1515 launch rail will be usetwo rail
buttonswill be used, one located at the center of gravity and another 4 in from the aft

1.3 Payload Summary

PayloadTitle: InvestiGator

The payload contains three camera systaiigned with eaclof the three finsspaced 120° aparso that

one will always be normal to the groumgbon landingThis is achieved through the natural orientation of

the launch vehicle upon landing, as the vehicle will come to rest on two fins, leaving one oriented normal
to the ground.Each camera system will have a camera houiagholdsa camera, camera aunt, and
motors. Additionally, the payloadhcludesan electronics sled thaktainselectronics forcontrolling the
payload. An Inertial Measurement Unit (IMUYill detect the orientation of the launch vehicle and
determine which camera to actite so that only one camera will be in use when taking photos of the
surroundings. A Software Defined Radio (SDR) dongle will be incorporated in the payload to receive
Automatic Package Reporting System (APRS) commands from NA&SRspberryPi processes the
digitalized APRS command and tlemds the commands to the upright camera system.


mailto:jimmy.yawn@sfcollege.edu
mailto:jimmy.yawn@sfcollege.edu

2. Changes Made Since PDR

2.1 Changes Made to Vehicle Criteria

The length of théorward payload coupler waisicreased t®.0in. Previously, te forward payload coupler
was8.0in long This change was made to provide more space for the payload electronics and its retention
system in the payload forward coupler.

¢ KS LJ &f 2 Rendthwés indreadadifrdBR @ 8.0in. Thelengthof the aft payloadcoupler
was increasedo improve the structural integrity of theonnection point between the payload and aft
airframes

Thelength of the payload airframecreasedfrom 250 in to 29.0 in to provide enough space for the
payloa housingsince changing the couplerssulted in them occupying more space in the airfraifige
length of theforward airframe was decreasddom 27.0 in to 23.0 in to maintain the originalength of
launch vehicleThenoseconecouplerlength wasdecreased from 6 in to 4 inn order to maintain the
same amount of space in the forward section for the parachute and recovery harness.

The dimensionsf the slots for the payload housings the payload airframavere changed from4.52in

by 1.73into 4.84 in by 1.65 inThis waslteredso thecamera systenmovementdoes notinterfere with
the airframewhenit rotatesout of the housingThe distances betweesach of thepayloadhousingslots
were decreased fronl.73 in to 116 in to fit all components in the payload airfranwgthout interfering
with the couplers In addition, a0.5 in thickbulkhead was added to the aft end of the forward payload
coupleras part otthe payloadelectronicsretention system.

The motor was changed froan Aerotech K1000 tan Aerotech L109@o achieve the designated target
apogeealtitude of 4600 ft The Aerotech K1008id not suppiithe impulse neededo achievethis target
apogeealtitude, so it wagletermined that a higher impulse motor, the L1090, wasassaryA 2.242 in

diameter motor tubewasselectedii 2 O2y (il Ay (GKS Y20i2NI Ay GKS ¥4 F AN
was increaseffom 18 in to 26 ina fourth centering was added to tHerwardend. Ths centeringringis

in the aft payloadcoupler,so it hasaninner diameter of 2 in and outer diameter of 3.8 in. The inner

diameter of all centering rings was changed toi.2

The location of theail buttons changed as well. Therward rail buttonwas movedo be located at the
center of gravity, whicls 8.80in from the forward end of the pajoad airframe Theatft rail buttonwas
placed 4 in away from thaft endof the aft airframe instead of12 in.

The location of thenain parachuteseparation point also changed from between the avionics bay and
forward airframe to between the forward airframe and nosecoiibis change was made #uat the
ejection charges could be positioned directixhto the avionics bgyminimizing the risk of them moving
unexpectedly during fligior disconnecting the backup charges

2.2 Changes Made to Payload Criteria

The payload housindesign hashangel to fit the true dimensions of the motors. The accommodated
change in lengtlincludes &0.62in tall lip, extruded from the base of the housinghis change caused an
additionto the payload housintp maximize available spac&he drawing schematics prided byUxcell

did not include wiring dimensions, and so the design of the housing did not account for the protruding
wires at the side of the motor. The new design accounts for those wires.
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A pushbutton was added to each payloadsemblyto detect when the camera system rotates out of the
airframe.If the solenoid failed and thsteppermotor attempted to rotate thesystemabout the zaxis,

the stepper could break the camera system if attempting this. Upon releasing the soldmiuljtton

will be unpressed as the camera system rotates outward. Using this mechanism, the software will be able
to include a safety feature that ensures the stepper will not attempt to rotate the camera system until it
has rotated out of the airframe.his change is reflected in theayload Housindrawing(Figurel9).

The electrical schematic of the payload was changed due to the addition of 3 push buttons and a piezo.
Three push buttons are used as feedback to make sure stepper motors do not turn the camera when they
are locked inside the payload coupler. The piezsé& as output device to announce the state of payload.
Three push buttons are simply connected to Raspberry Pi through GPIO (General Purpose Input Output)
pins and a 10K puflown resistor. The piezo is controlled through atChannel MOSFET gate that is
connected to Raspberry Pi through a GPIO pin.

The camera housing now features two rectangular holes for the electronics wires to fit through instead of
one, since the motor drawings did not include schematics for the willihg.dimensions for the second
rectangular holeare 0.59x 0.55 in.through the walin the Payload Housing drawifigigurel9).

The sprindoaded hinge previously selected from McMas@arr did not include details of load capacity
or spring constantlt wasdecided to manufacture a spridgingeby modifyinghingepieces andvinding

a coil.After testing, it was determined that the solenoid has a safe maximum load capaci8daiz The
minimum torque required for the spring was calculated to0b@75 Ibin. This was calculated after finding
a safe distancef 3.94 inand load mass 0f.5238e3 0z.The maximum torque allowed for the given
solenoid was found using the maximum load capacity.8f oz From this range of tolerances, it was
decided to make a spridginge using spring wire for the coil and stgddites for the hinge to weld
together.

The footprins of electrical partsare also changed due to the inaccurate dimensions provided by the
manufacturersEach electrical part is measured using a caliper and a custom footprint is created in Altium
to make sure the PCB (Printed Circuit Board) will fit all the components.

The shape and layout of the PCB are also changed due to the height constfgiatdoad couplerThe
XL6009 Boost Power Converter éhtdLN2003 Stepper Motor Controllers are placethémiddle ofthe
PCB. The hole location of the bulkheadlso moved down by 0.2 inch to give more space for these
electrical parts.

2.3 Changes Made to Project Plan
Variouschanges to the project plan have taken place since the PDR milestgasling team structure
and funding

With respect to the team structure, thé S I Y Q & isindw@dlely DNSean Nigrnnstead of both Dr.
Niemi and Dr. Richard Lin#llsq the teamis welcoming a new subteam lead to the flight dynamics team:
Mary Rowe.

Additionally, ¥ S 2F (GKS (SF YQa aindedsddtheh ibitial. spodsSrship MASADO, = K | 3
which allocates $500 to the USLI project budgetK S G S| YQ& 0 dzRdtS $6800.00a08 R S ONJ
account ofeliminating the necessity of new motor hardware.
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3. Vehicle Criteria

3.1 Design and Verification of Launch Vehicle

3.1.1 Mission Statement

The mission of the launch vehicle isgerform a safe and successful fligirtd carry the payloadand
electronicswithout any damageThemission success criterincludes that the launch vehicle will reach
an altitudeof 4600ft., deploy recovery systems upon descent, and complete the paytdagiononce
the vehicle has safely landeHor the flight to be a success, inust be recoverablereusable and not
sustainirreparable damage

3.1.2 Final Design

The finadesign of the launch vehicle is composethoée sections: anoseconesection, dorwardsection,
andan aft section(Figurel). An avionics bay, which contains components relating to the recovery system,
is locatedin the forward sectionThere is also a payload airfranvehich containsthe payload housings
payloadelectronics and payloadretention system, in the aft section.

| Nosecone Section | | Forward Section | | Aft Section

Avionics Bay Payload Assembly

’ AR LN T T R O
El AV AV~ Vs A R s
N WY IS L N s L iR Se=se

Figurel: Launch Vehicle modeled in Fusion@tbve)& OpenRocket (below)

One dternative desigrthat wasconsideredncluded externally mounted camera systems located in the
aft section.While the payload design would have beaachanicallysimpler compared to the final design,

it would have caused issues with aerodynamics and become over stahdgher designthat was
considered included three cameras in the aft sectitigreedwith the fins,similar tothe final designUpon
landing the cameras woul@xtendradially outward using linear actuators. This design was not selected
due to the extra weight from the linear a@tors andinsufficientspaceto store the camera system and
motors.

3.12.1Noseconé&ection

The nosecone section consists of a 4 in diameter 4.5:1 Von Karman nosacuseconecoupler, a
bulkhead, andi Big Red Bee 900 GH&gure2). The nosecone imade ofG12fiberglassand hasa metal
tip. TheG12 fiberglasmoseconecoupleris 4 inlong and connects to theaosecone with threglastic
rivets. Atype Il PVC bulkhead is epoxied in plat®de of the nosecone couplek Y220 steeleyebolt is
secured to the bulkheadsing ahexnut andis epoxied in placeTre eyeboltattaches to the recovery
harness to keep thenosecone section connected to the forward sectiafter main parachute
deployment A Big Red Bee 900 GPS is located in the nosecorseamedusing Velcro tape.
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NO. PART NUMBER DESCRIPTION QTy
1 SLRT-101 NOSECONE 1
SLRT-102 NOSECONE BULKHEAD 1
3 SLRT-103 NOSECONE COUPLER 1
4 SLRT-003 1/4-20 EYEBOLT 1
5 SLRT-002 RIVET 3

NOTES:
1. DIMS IN INCHES
2. QUANTITIY: 1

"™ Nosecone Section

DRAWN LAYALI BAZAR

TOLERANCE UNLESS NOTED

OmENSION | _PLACES INDIMENSIoN | PES'GNED LAYALIBAZAR

TYPE 0.0 | 0.00 |0.000] SIZE |DWG NO REV
LOCATIONAL |0.050[+0.020(+0.005] A | SLRT-A-100 A
ANGULAR 5 | 2 | 205 | 14 SHEET 1/1
eaLe

Figure2: Assembly Drawingf Nosecone Section

3.1.2.2 Forward Section

The forward section consists afforward airframe, avionics bay, and central airfraifiréguie 3). The
airframe and couplers are made of GiBefglass.The two avionics bayulkheads are made of type Il
PVC.The forward section wikonnectto the nosecone section using three58 nylon shear pins. The
avionics bay consists of a couplerswitchband two type Il PVC bulkheads, twe2@: eyehlts, and
avionicshardware The switchband is epoxied onto the couphith RocketPoxyEach enaf the coupler
issealed witha bulkheadTheY#20 eyeboltsare attachedto the bulkheadsind secured in place with %
20 hexnut andRocketPoxyThe eyeboltsonnect to the recovery harneassto keep the forward section
connected to the nosecone section and aft section upon separditiside of the avionics bay thereds
3D printed PETGsledthat secures the avionicsomponents in place. Thdesl is connected to théwo
avionics baybulkheadsusing two %20 threaded rodsThe threaded rodslso keep the avionics bay
bulkheads securelrhe avionics bay is connected to the forward and central airframe with three equally
spaced rivet®n each side
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ITEM NO. PART NUMBER | DESCRIPTION QTY.
1 SLRT-201 FORWARD 1
AIRFRAME
SLRT-202 AVIONICS BAY 1
SLRT-203 CENTRAIL 1
AIRFRAME
4 SLRT-002 RIVETS 6
-+
NOTES:
1. DIMS IN INCHES
2. QUANTITY: 1
TITLE .
Forward Section
DRAWN LAYALI BAZAR
TOLERANCE UNLESS NOTED
DESIGNED LAYALI BAZAR
DIMENSION PLACES IN DIMENSION
TYPE 0.0 | 0.00 |0.000|SIZE |DWG NO REV
LOCATIONAL |+0.050|+0.020[+0.005] A | SLRT-200 A
ANGULAR +5 +2 | £05 | 1:7 SHEET 1/1

£eALE

Figue 3: Assemblyrawing of Forward Section

3.1.2.3 Aft Section

The aft sectionconsiss of a payload bay, a payload airframe, three payldadisings, a payload aft
coupler,an aft airframe, a motormassemblythree fins, and two rail buttongFigure4). The aftsectionis
connected to the forward section using threes8 nylon shear pinsThe payload bay is secured to the
payload airframe using three plastic rivets. The payload bay cantasled for the electroniggtention
system This sled igetained in the coupler using two %20 threaded rods that are securdd the
bulkhead. The forwaranost payload bay bulkhead has eyebolt that is epoxiedh place This eyebolt
will be used to attach the recovery harne$be payload airframéeaturesthree rectangularsiots that are
equally spaced radiallgnd are linearly offsetfrom each other(Figure5). Theairframe containsthree
payload housingsthat will be attached to the airframe using3 screws. The payload aft coupler
connects the payload airframe to the aft airfranvéeh three rivets The coupler and airframe are attached
using three rivetsThe aftend of theaft payload coupler is epoxied into tladt airframe.The aft airframe
contains the motor assembly and fins. The motor assembly consists of a G12 fiberglass motor tube and
four plywood centering rings. The three G10 fiberglass finattezhed through the wall of the airframe
and are secured in place both externally and internally uBiagketPoxy and JBWelekspectivelyThe
forward and aftrail buttons areattached tothe payloadairframe and theaft airframe, respectively
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ILEOM PART NUMBER DESCRIPTION Qry
1 SLRT-301 PAYLOAD BAY 1
2 SLRT-302 PAYLOAD AIRFRAME 1

ASSEMBLY
3 SLRT-303 PAYLOAD AFT 1
COUPLER
4 SLRT-304 AFT AIRFRAME 1
5 SLRT-305 MOTOR ASSEMBLY 1
6 SLRT-306 FINS 3
7 SLRT-004 RAIL BUTTON 2
8 SLRT-002 RIVET 9

NOTES
1. DIMS IN INCHES
2. QUANTITY: 1
TITLE .
Aft Section
DRAWN Layali Bazar
TOLERANCE UNLESSNOTED [ ———————
DMENSION | _PLACES IN DIMENSION yall Bazar
TE_ | 0.0 | 0.00 |0.000SIZE |DWGNO REV
LOCATIONAL [0.050[0.020/x0005| A | SLRT-300 A
ancuaR | =5 | #2 [ 205 [ 1M1 SHEET 1/1
&eale
Figure4: Aft Section Assembrawing
ITEM NO. PART NUMBER | DESCRIPTION Qry.
1 SLRT-307 PAYLOAD 1
AIRFRAME
2 SLRT-308 PAYLOAD 3
HOUSING
3 SLRT-309 8-32 PAN HEAD 6
SCREW
P
TITLE .
Payload Airframe Assembly
DRAWN LAYALI BAZAR

TOLERANCE UNLESS NOTED
pRrT PLACES IN DIMENSION DESIGNED LAYALI BAZAR

TYPE 0.0 | 0.00 |0.000| SIZE |DWG NO REV
LOCATIONAL [+0.050{+0.020(0.005| A | SLRT-302 A
ANGULAR +5 +2 | £05 | 1:7 SHEET 1/1
&eaLe

Figure5: Payload Airframe Ass®ly Drawing
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3.1.3 Separation Points

Thelaunch vehiclawill havetwo separation pointsBlack powder ejection charges will be used to cause
separation.Each separation point will use two ejection charges as a redundamcheach secondary
ejection charge will be 25% larger thas respectiveprimary charge to ensure that separation occurs.
Expected masses for all ejection charges are presditable2).

Ejection Charge Masses
Primary (g) Secondary (g)
1st separation point 1.7 2.1
2nd separation point 2.8 3.5

Table2: Ejection Charge Masses

The ejection chargenasseswere calculated using the ideal gas |amhich relatespressurein the
parachute compartmen{P) or the force required to eject the parachute per unit of crosectional
bulkheadarea { A), vdume of the parachute compartmen(y), ejection chargenass fn), the specific gas
constant for black powder jRandthe burning temperaturéT) for black powde(Equationl). The specific

gas constant is 5.97—93—OJ and theburning temperaturdor black powder i8307°R.The force required
to separatewasset t096.51b, which is enouglfiorceto shear three shear pins.

O,
Dw xw a'YY
(o]
Equationl: Ideal Gas Law

Parachute compartment volumeas calculated using the formula for a cylinder, giguation1 was
rearranged to solve fam.

The force required to shear a singleeah pin was calculated witkEquation2, where,, is the tensile
strength of thematerial andd isthe minimumcrosssecional area. The shear pins that will be used are
2-56 nylon fastenersThey have a minor diameter @.064 in and ahearstrength of 10,000 pswhich
yields a required force of 32.17 Ibs for a single shear pin.

"O ” 6

Equation2: Shear Force

The firstseparation poinis between thecentral aiframe and aft section. This separation will deploy the
drogue parachute. The second separation point is between the nosecone and fa®aiiohn(Figure6).

This separation will deploy the main parachulbe second separation point was changed from between
the avionics bay and forward airframe to between the forward airframe and nosecone so that the ejection
charges could be positioned directly next tiee avionics bay, minimizing the risk of them moving
unexpectedly during flightr separation events
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[] Nosecone [] Aft Section
[ ] Forward Airframe Il Separation Point
[ Avionics Bay ['] Parachute
[] Central Airframe B Ejection Charge

=
=

Figure6: Separation Points

The first separation event wieparate the central airframe and aft sectiathgploying the drogue
parachute Figure7). This event will occur at apoge€he ejection chayes for this evenwill be directly

aft of the avionics bay and forward of the drogue parachute. The secondary charge will go off 1 second
after apogeeA recovery harness will be used to connect the separated sections of the launch vehicle to
each other and to the droguparachte.

D Nosecone

[l Forward Airframe
['] Avionics Bay

[] Central Airframe

['] Aft Section

Il Recovery Harness
[] Parachute

[ f— Ao ] o

Figure7: First Separation Event

The second separation event will separate the forward airframe and nosecone, deploying the main
parachute Figure8). This event will occur at an altitude of 600 ft A&hd the secondary ejection charge

will go off @ a delay of 50 ft, or an altitude of 550 ft. Both the primary and secondary ejectiogehéor

this event will be directly forward of the avionics bay

["] Nosecone

"] Forward Airframe
] Avionics Bay

[ ] central Airframe
] Aft Section

I Recovery Harness
"] Parachute

Figure8: Second Separation Event
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Quick linkswill be used taconnect therecovery harness to eyebolts on the aviorticskheads payload
bulkhead, nosecone bulkhd, and to theparachutesThe quick links will be oval shaped with a length of
2 in, a thickness of 9/32 in, and a carrying capacity of 1000 Hesquick linKor the parachute will be
tied to the recovery harnesk3 of the wayfrom forward sectionto prevent the separated sections from
collidingwith each other during descenEigure9).

1N

Drogue Main

Figure9: Vehicle Orientation AftdParadiute Deployment

3.1.4 Manufacturing Methods

The launch vehicle was modeled using Fusion360 and detailed drawings were dedet] with
manufacturing. Assembly drawings were creatediid in building the launch vehictence components
are manufactured All members who participatkin manufacturing mushave wornproper PPE, which
included safety glasss long pants, and closeibe shoes.To use the machinery in the workspace,
participants completed the required training which explains the safety hazargsoper use of the
machinery and emergency procedures. Deming on the material being usedther additional safety
measuresvere taken.

3.1.4.1 Nosecongection

To construct the nosecone sectionn aff-the-shelf noseconaeeds to be purchased and the nosecone
bulkheadand sholder need to be manufacturedRivet holesare drilled into both the nosecone and
nosecone shoulderso rivets can be installed attach them together. Shear pin holes need to be drilled
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into the nosecone coupler so it can be attached to the forward airframe. To manufacture the nosecone
section, a latheRoltin bandsaw, and power tooksre used.

3.1.4.1.1 Nosecone
The nogscone shouldeis manufacturedisingthe Roll-In bandsawand power tools.(Figurel0).

©0.154 THRU; — [~ @0.081THRU;
120° APART; | | 120° APART;
3PLACES | | 3PLACES
= <
NOTES:
1.00 1. DIMS IN INCHES
2. G12 FIBERGLASS
3. QUANTITY: 1
4. SHAPE: 4.5:1 VON KARMAN
TOLERANCE UNLESS NOTED | TITLE
20.0 OPERATION |_FHACES N DINENSION Nosecone
0.0 | 0.00 [0.000] prawn  LAYALI BAZAR
MACHINING |+0.050]+0.020[+0.005
CUT OFF (SAW, CHECKED LAYALI BAZAR
BURN, SHEAR) | +0.1 |£0.060 SIZE |DWG NO REV
WELDING | 0.1 |=0.060 A | SLRT-101 A
ANGULARDIMS | +5 | +2 | +05 [ 155 [sHeET 111
deae

FigurelO: Nosecone Drawing

1. Put on safety glasses angspirator.

2. Markthree rivet holes 120.0apart and17.00in from the tip of the nosecone.
3. Measureand mark4.0in of the noseconeoupler.

4. Clamp noseconeouplerin the Roll-In bandsawvise

5. Turn on vacuunand place near cutting ardar fiber evacuation
6. Cutnoseconecouplerto size usinghe Rolkn bandsaw.

7. Deburedges of thecouplerusing 86100 grit sandpaper.

8. Insert nosecone shoulder into the nosecone.

9. Clamp noseconin a vise.

10. Drill one 0.154 in helat a marked rivehole.

11. Sand holes until smooth using sandpaper.

12. Insert a rivet into the drilled hole

13. Repeat steps 124 until all three holes are drilled.

14. Clean machinerywork area, and workpiece.

3.1.4.1.2 Nosecone Bulkhead
A 0.25 inthick nosecone bulkhead was manufactureduming a lathe Roll-In bandsawand power tools
(Figurell).
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Figurell: Nosecone Bulkhead Drawing

Put on safety glasses.

Measure raw type |l PVC stock. Ensure there is at least @fGmaterial to machine and at least
1 in toclampinto the chuck

Measure nosecone shoulder inner diameter &dC stock tdetermine the amount ofmaterial
to remove

Load stock into chuck and clammaterial securely.

Load turning/facing toolnto lathetool postand ensure that it is aligned with spindle axis
Lower safety guard to cover stock and chuck.

Turn lathe into high range and turn on machine.

Set speed to 800 RPM.

Turn the sbck0.25in deepusing0.050 in roughing passes wittauto feed.Use oilfor allroughing
passes.

Measure diameter of stockith calipersand test the fit ofthe stockwith the nosecone shoulder.
Repeat steps-80untild (i 2 O1 Q & isd®dut-0X & largatianinner diameter othe shoulder.
Turnthe stock using 0.020 in or less finishing pasgés auto feed.

Measure the diameter of the stockith calipersand test the fit of the stock with nosecone
shoulder.

Repeat steps 123 until stock fits in nosecone shoulder.

Load the center drill into the tailstock and center drill the p&ilmustbe usedduring all drilling
operations.

Remove the center drill and load the 0.25 in drill bit into taist Drill0.25 indeepthrough the
center.
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17. Remove the 0.25 in drill bit aridad the0.257 in drill bit into tailstockDrill 0.25 in deep through
the center.

18. Remove the workpiece and the tools.

19. Measure and mark 0.25.iin length from the end ahe material.

20. Clamp materiainto bandsaw vise.

21. Place oil onto material where the blade will cut and cut to size usingrtildn bandsaw.

22. Clean machines and work area.

23. Clean workpiece and sand edges.

3.1.4.1.3 NoseconBectionAssembly
The steps necessaty assembly thaosecone sectiors listed(Figure2).

Put on gloves in preparatidior epoxyng.

Attach an eyebolt to the bulkhead and secure with a nut.

ApplyRocketPoxy around the eyebolt and nut.

Allow epoxyto curefor at least6 hours.

Sandinterior nosecone shouldesind nosecone bulkhealeansanded areavith paper towelto
remove extra dust.

ApplyRocketPoxy to the saed area in the nosecone.

Inset bulkhead and twist into place.

Apply RcketPoy between coupler and bulkhead to create a fillet.

9. Allow epoxy to curdor at least 6 hours.

arwNPRE
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3.1.4.2 Forward Section

The forward section consists of the forward airfrarttee avionics bay coupler, avionics bay switchhand
and two avionic bulkhead$igue 3). Thecomponents are manufactured using a milling machiathe,
RolHn bandsaw, and power tools.

3.1.4.2.1 Forward Airframe
The forward airframés manufacturedusing a bandsawnd power toolgFigurel?).
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Figurel2: Forward Airframe Drawing

Put on safety glasses.

Measure and mark length 0f23.0in on a G12 fiberglass airframe.

Put onrespirator. Turn on vacuum and place ndRoltin bandsaw blade.

Cut airframe to size using bandsaw.

Deburedges of the airframe usir@D-100grit sandpaper

Mark threeshear pirholesthat are120.0° aparand1.00in from the forward end of the airfram
Mark three rivet holes that are 120.0° apart anti@in from the forward end of the airframe.
8. Clean machinery, work area, and workpiece.

NOoO~wDhRE

3.1.4.2.2Avionics Switdband
The avionics switddland is manufactured using tHeolHn bandsaw angower tools(Figurel3).
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Figurel3: Avionics Switdland Drawing

Put on safety glasses.

Measure and mark 1.0 in afrframe.

Put onrespirator. Turn on vacuum and place neartting area.

Cut airframe to size using bandsaw.

Clean machinery and workpiece.

Deburedgesusing 80100 grit sandpaper

Mark two 0.@25in diameter holes90.0° apart, and.5 in from bottom of airframe.
Mark four 0.08 in diameterholes,90.0° apart, and 0.5 in from bottom of part.
Clean work area.

©ONOOOGALNRE
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3.1.4.23 Avionics Coupler
The avionics coupler is made by usingRwéin bandsaw to cut to length. Holes for the keylock switches,
rivets, and pressure points are alddlled (Figurel4).
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Figurel4: Avionics Coupler Drawing
1. Put on safety glasses.
2. Measure and mark 9.0 irf goupler.
3. Put onrespirator. Turn on vacuum and place near cutting area.
4. Cut coupler to size usirigoltin bandsaw.
5. Clean machinery and workpiece.
6. Deburedges of coupleusing 80100 grit sandpaper
7. Mark two lines onto the couplerone at4.0 in andanother at 5.0 in from the aft end of the

coupler.

3.1.4.24 Avionics Bulkheads
The avionics bulkheads are manufactured using the |&od:in bandsaw, and milFigurelb).
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Figurel5: Avionics Bulkhead Drawing
1. Put on safety glasses.
2. Measure raw type Il PVC stock. Ensure there is at le@&t 8f material to machinend atleast
1 in to insert into buck
3. Measure inner diameter of forward airframe and diameter of PVC to know how much material to
remove.
4. Load stock into chuck and clamp material securely.
5. Load turning/facing tool into lathe tool post and ensure that it is aligned with spindle axis.
6. Lower safety guard to cover stock and chuck.
7. Turn lathe into high range and turn on machine.
8. Set speed to 800 RPM.
9. Turn the stock G&in using 0.08 in rough passes with auto feed. Use oil during rough passes.
10. Turn off machingmeasure the diameter of the stocising calipersand test the fit of the stock
with the airframe
11. Repeat steps-8 until material iabout 0.1 in away fronthe inner diameter of thairframe
12. Turn the stock using 0.020 in or less finishing passes with auto feed.
13. Measure stock with calipers anddt the fit of the stock withairframe
14. Repeat steps 113 until stock fits imairframe
15. Turn the stock 0.25 iasing 0.05 in rough passes with auto feed. Use oil during rough passes.
16. Turn off machine and test the fit of the stock with taeionics coupler
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17. Repeat step45-16 until material isabout 0.1 inaway fromthe diameter of theavionics coupler

18. Turn thestock using 0.020 in or less finishing passes with auto feed.

19. Measure the diameter of the stock usindipars and &st the fit of the stock witkavionics coupler

20. Repeat stepd 8-19 until stock fits imavionics coupler

21. Load the center drill into the tailstock and center drill the part. Oil must be on drill bit during all
drilling operations.

22. Remove the center drill and load the 0.5 in drill bit into tailstock. Drill 0.5 in deep through the
center.

23. Remove the 0.25 in drbit and place 0.257 in drill bit into tailstock. Drill 0.5 in deep through the
center.

24. Remove the workpiece and the tools.

25. Measure and mark 0.5 in on the material.

26. Clamp material into bandsaw vise.

27. Place oil onto material where the blade will cuttdacut into size using thRolkn bandsaw.

28. Remove workpiece from vise.

29. Load the workpiece into milling machine vise usirgocks.

30. Load a keyless chuck into the spindle with a cylindrical edge finder.

31. Zero the partwvith cylindrical edge finder usingister hole.

32. Remove the edge finder artidad acenter drillinto chuck. Place oiln bulkhead face.

33. Locate anatenter drillall holes.

34. Remove the center drill and load a 0.25 in drill bit into the chuck. Drill four thru holes.

35. Remove the 0.25 in drilitand load a 0.257 in drill bit into the chuck. Drill four thru holes.

36. Remove the 0.257 in drill bit and load a 0.136 in drill bit into the chuck. Drill a hole.

37. Remove the part and tools.

38. Clean machines and work area.

39. Clean workpiece and sand edges.

40. Repeat steps-B9 for second avionics bulkhead.

3.14.2.5 Avionics Bassembly
The procedure to assembly the avionics bay is listeml assemble the avionics bay power tools are
needed.

=

Wear gloves in preparation f@poxy.
Sand outer diameter of avionics coupler and inner diameter of the switchband.
Clean sanded area.
Placetape on theaftmostmarkedswitchband line.
Apply RocketPoxy between the marked switchband lines.
Twist theswitchband into place.
Remove tape and clean any excepsxy.
Allow RocketPoxy tourefor at least six hours.
Clamp the componerinto the vise.
. Drill a 0.25 irhole in one of the marked keylock switches on the avionics bay switchband.
. Drillthe hde up t00.368 in.
. Drillthe hole up t00.625 in
. Debur the hole.
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14. Repeat steps 123 for the second keylock switch hole.
15. Drilla 0060in hole into one othe markedpressure holes.
16. Debur the hole.

17. Repeat steps 126 until all four pressure holes are drilled.
18. Clean the part and tools.

3.1.4.26 Central Airframe
The central airframe is made by using Rellin bandsawand power toolgFigurel6).
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Figurel6: Central Airframe Drawing

Put on safety glasses.

Measure and mark 20.0 in on a G12 fiberglass airframe.

Put onrespirator. Turn on vacuum and place ndRoltin bandsaw blade.

Cut airframe to size using bandsaw.

Sand edges of the airframe until smooth us@tgl00 gritsandpaper.

Mark three rivet holes that are 120.0° apart a280 in from the forward end of the airframe
Mark three rivet holes that are 120.0° apart ab800 in from the forward end of the airframe.
8. Clean machinery, work area, and workpiece.

NoOok~wbdhRE

3.1.4.27 Forward Assembly
The procedure to assembly the forward section is provided befogue 3).

1. Insert the avionics ba4.5in into the forward airframe.
2. Secure component into a vise.
3. Drill a 0.154 in hole into a marked rivet hole.
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4. Debur the hole.

5. Insert a rivet into the drilled hole.

6. Repeat step8-5 until all rivet holes are drilled.

7. Remove from vise.

8. Insert the aft end of avionics bay coup#bin into the central airframe.
9. Secure component into a vise.

10. Drill 2 0.154 in hole into a marked rivet hole.
11. Debur the hole.

12. Insert a rivet into the drilled hole.

13. Repeat steps 122 until all rivet holes are drilled.
14. Remove from vise.

3.1.4.3Aft Section

The aft sectiortonsistsof a payload bay, payload airframe, payload aft couplfiramframe, three fins,

and a motor assembly. The payload bay has two bulkheads and a coupler. The motor assefaliy has
centering rings ané motor tube. The tools and machines that will be usedni@anufacture the parts
include a milling machine, lathe, bandsaw, abrasive waterjet, and power tools.

3.1.4.3.1Payload Airframe
The payload airframis manufactured usingRoltinbandsawDremel, and gowerdrill (Figurel7, Figure
18).
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Figurel7: Payload Airframe Drawing
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Figurel8: Payload Airframe Drawin§ide View

Put on safety glasses.

Measure and mark20 in on a G12 fiberglass airframe.

Put onrespirator. Turn on vacuum and place ndRoltin bandsaw blade.

Cut airframe to size using bandsaw.

Sand edges of the airframe until smooth us#tgl00 gritsandpaper.

Mark three rivet holes that are 120.0° apart an8Q@in from the forward end of the airframe
Mark three rivet holes that are 120.0° apart a&d00 in from the forward end of the airframe.
Mark a rail button holeB.80 in away fronthe forward endof the payload airframe.

Drill a 0.2® in diameter hole through the rail button hale

. Drill 20.316in through the same hole.

. Debur the hole.

. Mark thethree slots 120.0&part.

. Use theDremelto cut the marked slots.

. Mark the sixscrew holes for the payload housings.

. Drill 2 0.217 in diamet hole through thescrew holemarkusing a power drill.
. Repeat step 14 until all drill holes are made.

. Debur all holes.

. Sand inner diameter of airframe near the rail button hole using .80 grit sandpaper.
. Clean the airframe.

. Put on gloves in prepatian for epoxy.

. Apply RocketPoxy on a :2Dt-nut.

. Insertt-nut into drilled hole.

. Clean machinery, work area, and workpiece.
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3.1.4.3.2Payload Bagoupler
The payload coupler is manufactured usingatn bandsaw and power tool${gurel9).
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Figurel9: Payload Bay Drawing

Put on safety glasses.

Measure and mark 9.0 in on 3.898 in diameter geu

Put onrespirator. Turn on vacuum and place near cutting area.
Cut coupler to size usirigolHn bandsaw.

Clean machinery and workpiece.

6. Sand edges of couplesing 80100 grit sandpapeuntil smooth.

uokhwpbpE

3.1.4.3.3 Payload Bay Forward Bulkhead
The @myload bay forward bulkheaid manufactured using lathe, Roltin bandsaw, and milling machine
(Figure20).
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Figure20: Payload Bay Forward Bulkhead Drawing

Put on safety glasses.

Measure raw type Il PVC stock. Ensure there is at least @fQriaterial to machine and at least
1 in to insert into buck

Measure inner diameter afentralairframe and diameter of PVC to know how much material to
remove.

Load stock intolwuck and clamp material securely.

Load turning/facing tool into lathe tool post and ensure that it is aligned with spindle axis.
Lower safety guard to cover stock and chuck.

Turn lathe into high range and turn on machine.

Set speed to 800 RPM.

Turn the stock 0.5 in deep using 0.05 in rough passes with auto feed. Use oil during rough passes.

. Turn off machinemeasure the stock using calipeas\d test the fit of the stock with the airframe.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Repeat steps-8 until material isabout 0.1 in largethan the inner diameter of the airframe.

Turn the stock using 0.020 in or less finishing passes with auto feed.

Test the fit of the stock with airframe.

Repeat steps 123 until stock fits in airframe.

Turn the stock @in deep using 0.05 in rough passes with auto feed. Use oil during rough passes.
Turn off machine and test the fit of the stock with thayload bay coupler

Repeat steps 136 until material is close to size of the inner diameter of gag/load bayouger.

Turn the stock using 0.020 in or less finishing passes with auto feed.

Measure the stock using calipers amdtthe fit of the stock witlpayload baycoupler.
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20.
21.

22.

23.

24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

Repeat steps 189 until stock fits inpayloadcoupler.

Load the center drill into theailstock and center drill the part. Oil must bsedduring all drilling
operations.

Remove the center drill and load the 0.5 in drill bit into tailstock. Drill 0.5 in deep through the
center.

Remove the 0.25 in drill bit and place 0.257 in drill bib itailstock. Drill 0.5 in deep through the
center.

Remove the workpiece and the tools.

Measure and mark 0.5 in on the material.

Clamp material into bandsaw vise.

Place oil onto material where the blade will cut and cut into size usingttidn bandsaw.
Remove workpiece from vise.

Load the workpiece into milling machine vise usidgocks.

Load a keyless chuck into the spindle with a cylindrical edge finder.

Zero the part with cylindrical edge finder using center hole.

Remove the edge finder and load a center drill into chuck. Place oil on bulkhead face.
Locate and center drill all holes.

Remove the center drill and load a 0.25 in drill bit into the chDehkltwo thru holes.

Remove the 0.25 in drill bit and load a 0.257 in drill bit into the chuck t®ailthru holes.
Remove the part and tools.

Clean machines and work area.

Clean workpiece and sand edges.

3.1.4.3.4 Payload Bay Aft Bulkhead
The paybad aft bulkhead was manufactured using the latRalHn bandsaw, anca milling machine
(Figure21).
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Figure21: PayloadAft Bulkhead

Put on safety glasses.

Measure raw type Il PVC stock. Ensure there is at least 2 in of material to machine.

Measure inner diameter of payload airframe and diameter of PVC to know how much material to
remove.

Load stock into chuck and clamp material securely.

Load turning/facing tool into lathe tool post and ensure that it is aligned with spindle axis.

Lower safety guard to cover stock and chuck.

Turn lathe into high range and turn on machine.

Set speed to 800 RPM.

Turn the stock 0.5 in deep using 0.05 in rough passes with auto feed. Use oil during rough passes.

. Turn off machine and test the fit ofi¢ stock with the airframe.

. Repeat step9-10 until material is close to size of the inner diameter of the airframe.

. Turn the stock using 0.020 in or less finishing passes with auto feed.

. Test the fit of the stock with airframe.

. Repeat step42-13 until stock fits in airframe.

. Turn the stock 0.3 in deep using 0.05 in rough passes with auto feed. Use oil during rough passes.
. Turn off machinemeasure the stock using calipeasd test the fit of the stock with the payload

bay coupler.

. Repeat steps 3-16 until materialis 0.1 in larger tharthe inner diameter of the payload bay

coupler.

. Turn the stock using 0.020 in or less finishing passes with auto feed.
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19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Measurethe stock using calipeandtest the fit of the stock with payload bay coupler.
Repeatsteps B-19 until stock fits in payload coupler.

Load the workpiece into milling machine vise usifgocks.

Load a keyless chuck into the spindle with a cylindrical edge finder.

Zero the part with cylindrical edge finder.

Remove the edge finder anddd a center drill into chuck. Place oil on bulkhead face.
Locate and center drill all holes.

Remove the center drill and load a 0.25 in drill bit into the chuck. Drill two thru holes.
Remove the 0.25 in drill bit and load a 0.257 in drill bit thi® chuck. Drill two thru holes.
Zero the part using the center of the left 0.257 in hole.

Remove 0.257 in drill bit and load an endmill into the chuck.

Cut slos on partusing endmill.

Remove the part and tools.

Clamp material into bandsaw vise.

Pla@ oil onto material where the blade will cahd cutto size using the bandsaw.
Remove the part from the vise.

Clean machines and work area.

Clean workpiece and sand edgeith 80-100 grit sandpaper

3.1.4.35 Payload Aft Coupler
The payload aft couer is manufactured usingRoltn bandsaw and power tool$-{gure22).
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6.00 2. G12 FIBERGLASS
3. QUANITITY: 1
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OPERATION | _PLACES NDIMENSION Payload Aft Coupler
0.0 | 0.00 |0.000| prawN  LAYALI BAZAR
MACHINING |+0.050+0.020|+0.005
CUT OFF (SAW, CHECKED LAYALI BAZAR
BURN, SHEAR) | 201 |+0.060 SIZE |DWG NO REV
WELDING | +0.1 |0.060 A | SLRT-303 A
ANGULARDIMS | +5 +2 | =05 | 1:2 SHEET 1/1
&eaLe

Figure22: Payload Aft Qapler
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Put onrespirator.

2 S o

Put on safety glasses.
Measure and marB.0in on 3.898 in diameter coupler.

Turn on vacuum and place near cutting area.
Cut coupler to size usirigolHn bandsaw.
Clean machinery and workpiece.

7. Sand edges of couplesing 80100 grit sandpapeuntil smooth.

3.1.4.36 Fins
The three fins are manufactured using an abrasive wateffigiufe23).
¥
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Figure23: Fin Drawing
1. Put on safety glasses.
2. Model a fin in Solidworkand export file to a 1:1dxf file.
3. Put onear protection.
4. Create cutting patlfior three finsand save asord file.
5. Open.ordfile and select material type and thickness.
6. Place and clamp material qutting area.
7. Verify material is aligned with x and y axes of work area.
8. Set zaxis of water jet nozzle.
9. Run the waterjet and cut #hpath.

10. Remove material.




11.
12.

Clean machinery, work area, and workpiece.
Sand fins using 8000 grit sandpaper.

3.14.3.7 Aft Airframe
The aft airframe was manufactured usadolIn bandsaw, milling machine, and power todisgure24).
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Figure24: Aft Airframe Draving

Put on safety glasses.

Measure and mark20 in on a G12 fiberglass airframe.

Put onrespirator. Turn on vacuum and place ndRoltin bandsaw blade.

Cut airframe to size using bandsaw.

Sand edges of the airframe until smooth us@@g100 gritsandpaper.

Mark three rivet holes that are 120.0° apart and 2.00 in from the forward end of the airframe
Mark arail button hole 19.00 in from the forward end of the airfrafpetween two fins.
Ensureboth rail button holes align.

Clamp component into vise.

. Drill a2 0.25 in diameter hole through the rail button hole.

. Drillthe hole up t00.316 in

. Debur the hole.

. Remove airframe from the vise.

. Mark three fin slots12Q0° apart and2.25 in from the forward end of the airframe.
. Load workpiece into milling machimestomvise.

. Load a keyless chuck intwe spindle with a cylindrical edge finder

. Zero the part using the-locks andaft end of airframe.
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18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

Remove the cylindrical edge finder alodd a1/8 in endmill into the chuck.
Cut the fin slowith the endmill alonghe markings.

Debur theslot.

Measure thickness of firend slotusing calpers.

Teg the fit of the fins in slot.

Removeendmillfrom spindle.

Repeat step41-18 until all three fin slots are completed.

Remove part and tools from milling machine.

Sand inner diameter of airframe near the rail button hole using.80 grit sandpaper.

Cleanthe airframe.

Put on gloves in preparation for epimg.

ApplyRocketPoxpn al/4-20t-nut.

Insert tnut into drilled holeand allow RocketPoxy to curerfé hours
Clean machinery, work area, and workpiece.

3.1.4.38 Centering Rirgy
Thefour centering rings are manufactured using an abrasiveewet (Figure25).
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Figure25: Centering Rings Drawing
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Put on safety glasses.

Model acentering ringn Solidworksand export file to a 1:1dxf file.

Put on ear protection.

Create cutting patlfior three centering ringand save asord file.
Open.ord file and select material type and thickness.
Place and clamp material in waterjet area.
Verify material is aligned with x and y axes of work area.

Se z-axis of water jet nozzle.
Run the waterjet and cut the path.

3.1.4.39 Motor Tube
Themotor tube was manufactured using a bandsdig(re26).

aOk~wbhPRE

. Repeatsteps 49 for the forward centering ring.
. Remove material.
. Clean machinery, work area, and workpiece.

. Sandcentering ringsusing 80100 grit sandpaper.
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Figure26: Motor Tube Drawing

Put on safety glasses.

Measure and mark6.0 inon 2.24 in diameter fiberglass motor tube
Put onrespirator. Turn on vacuum and place nd@oltin bandsaw blade.

Cutmotor tubeto size using bandsaw.

Sand edges of theotor tube until smooth using0-100 gritsandpaper.
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3.1.4.310 Motor TubeAssembly
1. Puton gloves in preparation for epory.
2. Mark aline 9.75in away from theaft end of the motor tube for theentral centering ring.
3. Apply alayer of epoxy
4. Twist the central centering ring placel0.25 in away from the aft end of the motor tube.
5. Mark a line 17.50 in away from the aft end of thetor tube for the second central centering
rings.
Apply a layer of epoxy.
7. Twist the second central centering ring in place 17.50 in away from the aft end of the motor tube
for the second central centering rings.
8. Apply epoxy at the forward end of the mattube.
9. Twist the forward centering in place flush with the end of the motor tube.
10. Allow epoxy to cure for at least 6 hours.

o

3.1.43.11 Aft Assemly
1. Securehree payloachousings in payload airframe with3 screws.
Insertthe payload bay coupl€s.0in into the payload airframe.
Secure component into a vise.
Drill a2 0.154 in hole into a markeiet hole.
Debur the hole.
Insert a rivet into the drilled hole.
Repeat stepd-6 until all rivet holes are drilled.
Remove from vise.
Insert the payload aft couplet.0in into the aft end of the payload airframe.
. Secure component into vise.
. Drill a 0.154 in hole into a markeiyet hole.
. Debur the hole.
. Insert a rivet into the drilled hole.
. Repeat step41-13 until all rivet holes are drilled.
. Remove from vise
. Put on gloves in preparation for epoxying.
. Sand outer diameter of aft payload coupler and inner diameter of idfitaane with 83100 grit
sandpaper.
18. Clean all sanded surfaces.
19. Applylayer ofJBWeld epoxy 4.0 in from aft end of aft payload coupler.
20. Insert the payload aft couplet.Oin into the aft airframe.
21. Allow epoxy tocurefor at least 6 hours.
22. Secure compond into vise.
23. Drill 2 0.154 in hole into a marked rivet hole.
24. Debur the hole.
25. Insert a rivet into the drilled hole.
26. Repeat stepg3-25 until all rivet holes are drilled.
27. Remove from vise
28. Sand forward end of the aft airframe with 8@0 grit sandpaper.
29. Clean all sandesurfaces.
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30. Put on gloves in preparation for epoxying.

31. Remove rivet from aft airframe.

32. Apply JBWeld orhe rivet and aft airframe.

33. Allowepoxyto curefor 6 hours.

34. Repeatsteps 3133 until the three aft airframe rivets are epoxied in place.

35. Put on gloves in preparation for epoxying.

36. Sand all finsmotor tube, andinner and outer diameter of aft airframeusing 806100 grit
sandpaper.

37. Clean all sanded surfaces.

38. Apply alayer of JB Weld to the inside of the aft payload coupler 1.0 in from the forward end of
coupler.

39. Apply a lagr of IBWeld tothe inside of the aft airfram&.0in from the forward end of airframe.

40. Apply a layer of J®/eld to the inside of the aft airfragil2.25in from the forward end of airframe.

41. Insert mador assemblyso motor tube iflush with aftend of the airframe.

42. Allow epoxy to cure for at least 6 hours.

43. Applycyanoacrylate adhesive to root afiin andattach to the motor tube through thén slots.

44, Allow to dry for 15 minutes.

45. Repeat stepg3-44 until all three fins areset

46. ApplyLJI A y tap® 023 énabove and below théin on the aft airframe.

47.1 LILI & LJ- Aoy tibth Bldesiof thelfih@325 in above the fin slot

48.1 LILJ & LJ- A0y23iirsfiein the fith $1dtdS the airframe.

49. Repeat stepd6-48 for the three fins.

50. Apply JBNeld tocreate two fillets where théwo upper firs contactthe motor tube.

51. Apply JB weld to creatsvo fillets where the lower fircontacsthe aft airframe.

52. Apply RocketPoxy to the exterior of the aft airframe where tpeerfins touch the airframe.

53. Smooth out exterior fillets with popsicle stick.

54. Allow epoxy to dry for at least 6 hours.

55. Repeat step$0-54 two more times while rdating the airframe to ensure all fillets are made at
each connection point.

56. ApplyJBWeld onb end ofmotor tube and the inner aft airframe

57. Insert aft centering ringintil flush withfins.

58. Allowepoxyto cure for6 hours.

59. Installthree #10threaded inserts into aft centering ring, spaced 120 degrees apatrt.

60. Insert thrust plate into aft airframe and screwthree #10 flathead fasteners.

3.1.4.40verall Vehicle sembly
1. Insert nosecone should&.0 in into the forward airframe.
Secure compeentsinto a vise.
Drill a 0081in holeat the markedshear pinocation
Debur the hole.
Insert ashear pininto the drilled hole.
Repeat step8-5 until allthree marked shear piholes are drilled.
Remove from vise.
Insert payload bay.0 in intothe central airframe.
Secure componestinto a vise.

© N A WN
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10. Drill 2 0.081 in hole into a marked shear pin hole.

11. Debur the hole.

12. Insert a shear pin into the drilled hole.

13. Repeat steps X2 until all three marked shear pin holes are drilled.
14. Remove from vise.

15. Clampforward rail button into the vise.

16. Drill0.316 in diameter hole into the rail button.

17. Repeat step 23 for the aft rail button.

18. Secure both rail buttons into thienut using a %20 flat head screw.
19. Wet sand the exterior of the lanch vehicle.

20. Prime and paint the launch vehicle.

3.1.5Design]ustification

3.1.5.1 Material Justification
Alternative materials were evaluataging decision matrices araset of objectives for each component
of the launch vehicleQualitative score assessmentgere derived frona predetermined qualitative score

assignmen{Table3).

Great 10
Good 8
Okay 6
Fair 4
Poor 2

Table3: Qualitative Scores

3.1.5.11 Nosecone

The two materials considered for the noseconerapolypropylene and G12 fiberglagBable4). Each
material was evaluated based on its cost, density, and tensile strefpthselected material was G12
fiberglass sicethe tensile strengthand compressive strength much higher than polypropylendhe
nosecone must be able to withstand tensdled compressivérces from the ejection events and landing
G12 fiberglasscored well, in termef density, because itausedthe center of gravity to move forward
making the launch vehicle more stablEven though the cost of the G12 fiberglass nosecogeeiater,
the vehicle performance relies on the density, tensile strength, and compressivei. Therefore, the
tensilestrength compressivestrength and densityf G12 fiberglass @rethe reasorsit was the selected
material for the nosecone

Objective Wﬁi?g?g Parameter| Mag. | Score| Value | Mag. | Score| Value
Cost 0.1 uUsD 2475| 10.0 | 1.00 | 759 | 3.3 | 0.33
Density 0.30 Ib/inz 0.03 4.5 1.34 | 0.067| 10.0 | 3.00
Tensile Strength 0.30 ksi 6.50 0.6 0.18 | 115 | 10.0 | 3.00
Compressive Strength 0.30 ksi 5.80 1.9 0.58 | 30.00| 10.0 | 3.00
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Overall value 3.10 !

Table4: Nosecone Decision Matrix

3.1.51.2 Airframe and Couplers

For the airframe and couplerptir different materials were evaluated based tmeir cost, density,
compressive strength, and machinabilffyable5). Theseanclude blue tube, G12 fiberglass, phenolic, and
guantum tube.The arframe and couplers needo be able to withstanccompressive forces caused by
launch and landingThe main componeustof the launch vehiclare its airframe and couplers, so it is
important for machining to not be time consuming and for the overall mass to minimized. Cost was als
evaluatedoda G & 6 A G KAY (Theécosh GehsifyQand madkihabityi@b?2 fiberglasso not
impact the performance of the launch vehide the material was selected based on its compressive
strength Since G12 fiberglass $1a high compressive strength anstored the highest compared to the
other materials, it was selected as the material for airframe and couplers.

Airframe Blue Tube G12 Fiberglass
Objective W;;gc?élrng Parameter | Mag. | Score | Value | Mag. | Score | Value
Cost 0.17 USD/in 092 | 8.04 | 1.34 | 2.12 | 3.49 | 0.58
Density 0.17 Ib/inz 0.05 | 10.00 | 1.67 | 0.07 | 6.19 | 1.03
Compressive Strengtl 0.50 ksi 428 | 1.43 | 0.71 |30.00 | 10.00 | 5.00
Machinability 0.17 experience | good | 8.00 | 1.34 | okay | 6.00 | 1.00
Overall value 51 7.6
Airframe Phenolic Quantum Tube
Objective W':e;gc]:ct)lrng Parameter | Mag. | Score | Value | Mag. | Score | Value
Cost 0.17 USD/in 0.74 {10.00 | 1.67 | 0.87 | 851 | 1.42
Density 0.17 Ib/in3 0.05 [ 9.83 | 1.64 | 0.05 | 9.42 | 1.57
Compressive Strengtl  0.50 ksi 13.50 | 450 | 2.25 |18.20| 6.07 | 3.03
Machinability 0.17 experience | good | 8.00 | 1.34 | good | 8.00 | 1.34
Overall value 6.9 7.4

Table5: Airframe and Couplers Decision Matrix

3.1.51.3Motor Tube

Three different materials were considered for the motor tuliéesenclude G12 fiberglass, blue tube,
and phenoliqTable6). The material selected for the motor tube needs to be able to resist compressive
forces from the motorupon launch G12 fiberglass scored the higheasterall compared to all the
materials especially in compressive strengffhe cost, density, and machinability of the motor tube does
not impact the overall performance othe launch vehicle, so they were weighed less compared to
compressive strengthG12 fiberglass waberefore selected a the material for the motor tube due to its
high compressive strength

Motor Tube G12 Fiberglass Blue Tube
Objective Wﬁ;%?élrng Parameter | Mag. | Score | Value | Mag. | Score | Value
Cost 0.17 USD/in 1.20 | 3.33 | 0.56 | 0.40 [10.00| 1.67
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Density 0.17 Ib/inz 0.07 | 6.87 1 0.06 | 7.80 | 1.30
Compressive Strengtl  0.50 ksi 37.10| 10.00 5 5.08 | 1.37 | 0.68
Machinability 0.17 experience | fair | 4.00 | 0.67 |good | 8.00 | 1.34
Overall value = 4.99
Objective B Parameter | Mag. | Score| Value
Factor
Cost 0.17 USD/in 0.71 | 5.63 | 0.94
Density 0.17 Ib/inz 0.05 |10.00| 1.67
Compressive Strengtl  0.50 ksi 1350 | 3.64 | 1.82
Machinability 0.17 experience | fair | 4.00 | 0.67
Overall value 5.10

Table6: Motor Tube Decision Matrix

3.1.51.4Fins

Three materials were considered ftire fins. Thesénclude structural FRP fiberglass, plywood, and G10
fiberglass(Table7). These materials were evaluated and compared based on their shear strength, cost,
density, aand impact strengthThe cost and density of the fins does not impact ¢ldicle greatlydue to

there being only three finsThe fins must be able to withstand the shear forcesperiencedduring
landing.SinceG10 fiberglasasthe highestshearand impat strengthand overall score in the decision
matrix, it was selecteébr the finmaterial.

Objective Wlf;?:?;'rng Parameter| Mag. | Score | Value | Mag. | Score | Value
Shear Strength 0.33 ksi 21.50 | 10.0 3.3 2.00 0.9 0.3
Cost 0.17 UsSD/fe [27.89 | 1.5 0.2 4.10 | 10.0 1.7
Density 0.17 Ib/ins 0.06 | 4.0 0.7 0.02 | 10.0 1.7
Impact Strength 0.33 ft-Ib/in 8.00 6.7 2.2 3.70 3.1 1.0
Overallvalue 6.5 4.7
| Fns | GlOFiberglass |
Objective R Parameter| Mag. | Score | Value
Factor
Shear Strength 0.33 ksi 21.50 | 10.0 3.3
Cost 0.17 UsD/ft | 62.75| 0.7 0.1
Density 0.17 Ib/inz 0.07 | 3.7 0.6
Impact Strength 0.33 ft-Ib/in 12.00 | 10.0 3.3
Overall value !

Table7: Fins Decision Matrix

3.1.51.5Centering Rings

Three materials that werevaluated forthe centering ringgTable8). Thesemateriak include structural
FRP fiberglass, plywood, and type Il PVC. These materials were evaluated b#seid demsity, cost,
shear strength and machimg time Based on the desion matrix, the selected material for the centering
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rings was plywood.While the shear strength of plywood is not the strongest, it wiill be able to
withstandthe shear forces from launcfrhicker centering rings allow for more contact to be madgn wi
the airframe and centering ringghen epoxyingSince plywood has the lowest density, the thickness will
have minimalmpactonthe overall mass of the vehiclelywood was also the cheapest material compared
to the other options andsleast time consumingp machine For these reasonplywood was the selected
material for the centering rings.

3.1.51.6 Bulkheads

Table8: Centering Rings Decision Matrix

Objective W;i?g?g Parameter| Mag. |Score|Value |Mag. |Score| Value
Density 0.30 Ib/inz 0.06 3.3 | 0.99 |0.02|10.0 | 3.00
Cost 0.10 USD/in 4.67 0.7 | 0.07 |0.31 | 10.0 | 1.00

Shear Strength;  0.30 ksi 21.50 10.0 | 3.00 | 2.00 | 0.9 | 0.28

Machining Time| 0.30 mins 13.00 3.8 | 1.15 | 5.00 | 10.0 | 3.00

Overall value 5.2

Objective WL Parameter| Mag. Score| Value

Factor

Density 0.30 Ib/inz 0.05 40 | 1.21
Cost 0.10 USD/in 2.18 4.7 | 0.47

Shear Strength 0.30 ksi 1.50 0.7 | 0.21

Machining Time 0.30 mins 25.00 2.0 | 0.60

Overall value 2.5

Three materials for the bulkheads were considerBukesenclude type Il PVC, plywood, and FRP fiberglass
(Table9). These materials were compared based on their density, tensile strength, assembly, and cost.
The selectednaterial for the bulkheads was type Il R\B®en though type Il PVC did not score the highest

in tensile strength, ifs stillable to withstand the forces caused during ejection. Another advantage of
type Il PVC is thdhe bulkheadsan bemade of onecomponent, while the other materialequire two
componentghat are epoxied togethemwhich could result imisalignment issued he density and cost of

type Il PVC do ndtave a largémpactoni K S

t | dzy Pefor@eddé thebefof, thay were weidpted

lower than the other objectiveslype Il PVC was the selected material for the bulkheads due to its ease

of assembly and tensile strength.

Objective W't:aia%r;gpg Parameter | Mag. | Score | Value | Mag. | Score | Value
Density 0.1 Ib/ins 0.05 4.0 0.4 | 0.02 | 10.0 1.0
Tensile Strength 0.5 ksi 7.6 5.6 2.8 4 3.0 15
Assembly 0.3 experience | Great | 10.0 3.0 Fair 4.0 1.2
Cost 0.1 USD/ft"2 8.42 4.9 05 | 410 | 10.0 1.0
Overall value i 4.68
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Objective ng;grg Parameter Mag. | Score | Value
Density 0.1 Ib/inz 0.06 3.3 0.3
Tensile Strength 0.5 ksi 135 10.0 5.0
Assembly 0.3 experience Fair 4.0 1.2
Cost 0.1 USD/ft"2 27.89 15 0.1
Overall value 6.68

Table9: Bulkheads Decision Matrix

3.1.51.7Epoxy

For applications involving the exterior fillets for fins, epoxying eyebolts, and epoxying bulkbeads
selected epoxy was RocketPother goxies like JIBWeld harden quickly and are more difficult to
smooth out once applied-or exterior fin filletsRocketPoxy was selected since it is strong enough to
securethe fins and does not need to withstand a large amount of h&ate toW. 2 S &bRit® &
withstand heat praluced by the motorit was selected fanterior fillets and epoxying the centering rings
to the motor tube.

3.15.2DimensiosJustifiation

The launch vehicle hasnmminal outer diameter of 4.0 itt was selecteds it is ssufficient sizdo fit all

the internal components, such as the parachutes, payload, avionics bay, electronics, and motor, system
inside the vehiclet KS f I dzy OK @S Kah Quferli@rietel ok alidtitNJO2virSand<ringr diameter

of about 3.90 in.

The noseconshape and lengthvere constrained by available off the shelf parfss a resulta 4.02 in
diameter 4.5:1 Von Karmannosecone was selectedhe noseconecoupler was provided with the
nosecone, however, wasut to a length of 40 in, resulting in a2.0 in shoulder which meets the
NBIljdANBYSyiGa 2F GKS aSLINYdA2y LRAYyG o0SAy3 Fd €St

The forward airframe length of30 in was selected becaude has enoughspaceto house half the
nosecone shouler, the nosecone ejection charges, half of the avionics bay, thepasaithute insulation
material and the recovery harnesghe avionics bay has a length d¥ @, which provides sufficient space
to house the avionicsled, batteries, and wiringlhe avionics bay bkheads ared.5 in thick which is
sufficienty strongto protect the avionics systems fromlack powder ejection charge3he central
airframehas a length of 20 in, which providesnoughspaceto hold the drogue parachute, insulation
material, therecovery harnesshalf of the avioits bayand4.0in of the payload bay.

The forward payload bay length ofd3n was selectedo housethe payload sledhatteries,two bulkheads,
and electronics The payload balength needed to be at least twice the diameter of the launch vehicle
due to being a separation pointhe payload airframe length 89.0in was selectedo containthe three
payload housings,.8in of the payload bayt.0in of the payload aft coupleand wiring The aft airframe
has a length of 20 in, whichprovides enough spad®e hold 40 in of the payloadaft coupler motor,
motor tube, and centering rings.
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All hulkheads have ahickness of 0.5nj aside from the 0.25 in thick nosecone bulkheadhich was
selected so that they would be sufficiently strangorderto be able towithstand forces fronthe ejection
charges and separation events

3.1.5.3 Component Placemduistification

Three finsare inthe aft end of the aft airframe. Thiaree fins are 120.8apart to ensure thathere will

be one finpointed upward upon landing o keephe fins inplace, the fin tas are flustwith two aftmost
centering ringsThe fns areplaced in the aft end of the launch vehicle to have the center of pressure
behind the center of gravity.

The payloads inthe payload airframesince the payload housings need toibghe same section a$e
finsafter separation and upon haling.Due to the payload housings needing to stay oriented with the fins
it must be connected to the airfrant@at containsthe fins.

The drogue parachute is located in the censisframe andhe main parachute is in thierward airframe
Due to the main parachute being heavier than the drogue parachute, it allows the center of gravity to be
closer to the forward end of the launch vehicle.

3.1.6 Design Integrity

3.1.6.1 Fin Suitability

A trapezoidal fin design waelectedto allow stability for the vehicle and balance the paylo@dere will

be three fins on the launch vehicle so upon landingagload housing with be orientedormal to the
ground.To minimize&he numberof payload housingenly three finswere necessary3/16 in thickG10
fiberglass was selectdzbcause it camwithstand the shear forces upon landing. The fins will be attached
usinga throughthe-wall attachment method This is wherthe fins are attachedo the exterior and
interior of the airframeandto the exterior ofthe motor tube allowingor three points of connectionon
each side ofhe fins a total of six per finThe fins will be flustvith two centering ringso secure the fins

3.1.6.2 Material Suitability

G12 fiberglass is the material for the nosecone, airframe, couplers, and motor@it&fiberglastas
high compressivetrength, hightensile strength and duraliity, allowing forthe launch vehicle to be
recoverable withminimal damage G12 fiberglasgs water resistant so if the launch vehicle were to land
in a wet area the launch vehicle would not be damageto fiberglass is the selected material for the fins
due to its high sheaflexural,and impact strengththat will be able to sustain the foesexperiencedipon
landing.

Type Il PVC is the material used for all bulkheads in the launch veiscte itseaseof machinability and
tensile strengthlarge enough to withstand sepation. During launch, bulkheads undergo maeysile
forces during ejection and from the recovery harness.

The three centering rings located in the aft airframe are made of plywood. Plyha®d shear strength

fFNBS Sy2daK (2 6AGKaGI YR KS Plywedd laldtd hdsloNBensinS & T NP

whichminimallyimpactsthe mass of the launch vehicle and stéhter the motor within the airframe

3.1.6.3 Motor Retention

An Aerotechb4/2800motor casingsusedandsecurednsidethe motor tube. The motor tubéscentered
using four centering rings. The forward centering rirgflush with the motor tube the forward central
centeling ring ign the middle of theforward end of the motor tube and finhe aft central centering ring
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is flush with the forward end of the fins, and the aftmost centering ligmfjush with theaft end of the
fins. Thefour centering ringsare used to center the motor tube in the airframé&he forward centering
ring is epoxied onto the motor tube araft paybad coupler andhe other centering ringsare epoxied
onto the motor tube and aft airframe to secure tineotor tube during launch. MAerotech4 in54 mm
thrust plateis screwed into the aft centering using three #10 screwsAArotech54 mm motor retainer
wassecured to the thrust plate using six3& screws.

3.1.6.4 Final Mass Estimates

A finalestimate of the vehicl@ domponent masses was developdablel0).

Subteam Component Mass (0z)
Structures Nosecone 21.1
Structures Nosecone Bulkhead 4.8
Structures Eyebolt 1.0
Total 26.9
. FowadSecton |
Subteam Component Mass (0z)
Structures Switchband 0.8
Structures Forward Airframe 184
Avionics and Recovery Main Parachute 13.4
Avionics and Recovery Recovery Harnesses 32.0
Avionics andRecovery Eyebolts 2.0
Structures Bulkheads 9.6
Avionics and Recovery Sled and Electronics 25.1
Structures Central Airframe 16.0
Structures Coupler 8.3
Avionics and Recovery Drogue Parachute 15
Total 126.8
. mtSecon
Subteam Component Mass(0z)
Structures Payload Airframe 23.1
Structures Rail Buttons 0.7
Structures Couplers 15.6
Avionics and Recovery Eyebolt 1.0
Payload Electronics Electronics 21.0
Payload Mechanics Payload Housing 36.1
Structures Bulkheads 9.6
Structures Aft Airframe 18.3
Structures Centering Rings 5.8
Structures Epoxy 22.2




3.2 Subscale Flight Results

Tablel0: FultscaleFinal Masses

3.2.2 Launch Conditions and Simulation
The successfiubscale launch demonstrati@tcurredon the first attempton December 3, 2022
under the following launch conditior(3ablel1):

Structures Motor Retainer 4.9

Structures Thrust Plate 2.5
Structures Fins 11.4
Flight Dynamics Motor and Motor Casing 86.0

Structures Motor Tube 8.6
Total 266.4

Launch angle 5°
Launch rod length 39in
Latitude 28.6°N
Longitude -80.6°N
Elevation 85.3ft
Temperature 75°F
Pressure 1 atm

Tablell: Subscale Launch Conditions

An OpenRockedimulation was performed under these conditions and yielded an apogee altitude of 3543
ft. The simulated value®r dtitude over time (Figure27), total velocity over timgFigure28), and total
acceleration over timéFigure29) were plotted.
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Subscale: Altitude vs. Time
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Figure27: Subscale Altitude vs. Time

In the velocity profil§Figure28), the maximum thrust from the motor ignition indicated by the initial
spike in the graph. This spike indicates a predicted maximum velocity of 48dgtiwalent to Mach
0.63.The predited ground hit velocity was 18.5 ft/s.

Subscale: Total Velocity vs. Time
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Figure28: Subscale Total Velocity vs. Time

In the acceleration profileHigure29), the maximum thrust from the motor ignition is indicated by the
initial spike.Thesecond maximunindicates the deployment of the main parachufehe maximum
acceleration was predicted to [®87 ft/s%,
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Subscale: Total Acceleration vs. Time
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Figure29: Subscale Accekgion vs. Time

3.2.1 Scaling Factor

To maintain geometric similaritgndlaunch model integritythe overall sizef the subscaldaunch vehicle
wasscaled to 75% of ithull-scalesizeto have a nominal diameter of 3 in and an overall lengtB&R5

in. To keep the aerodynamic shape of the launch vehicle constiaagimensionaproportionsof the fins
andoveralllaunch vehicleemained the sara as forfull-scale Additionally,the & dzo & OF £ S € | dzy OK ¢
rivets, shear pins, eyebolts, and rail buttoemained the same athe full-scalevehicle The roseone

was not scaled to exactly 75% of ftdl-scalesize, because is an offthe-shelf part andonly a 5:1
nosecone was ailable for the airframe diameterTo account for this larger nosecarihe overall
airframelengthwas shortened below 75% of iggaling factoto maintain the aerodynamic similarity to

the full-scalelaunch vehicleThepayloadcomponents werescaledust below 75% of their overall sizés

ensure that thestructural integrity andsurface textures of the subscale launch vehicle would be
representative of the fulscale launch vehicl@he parachutes thaimulatedthe closest descent ragdo

the simulateddecent rates for the fulscale launch vehicle were selectddhese parachutes were a 60 in
Rocketman elliptical for the main and an unmarked 24 in parachute for the drogue. The main parachute
has a coefficient of dragf 1.5, and OpenRockeatimulations of the subscale launch vehicle with this
parachute gave a predicted descent rate of 18.5 ft/s, whiabmut 0.5 ft/s greater than thesimulated

main descent rate for the fulicale launch vehicle. The coefficient of drag for the drogue patacvas
determined by parachute drag testing\éR-1) and was0.75 The simulated drogue descent rate was 70
ft/s, which was about 13 ft/s less than the simulated drogue descent rates for thechlkk vehicleThe

Aerotech J418V motor was selected becauskiringl KS  a dzo a OF £ S @ SikploduteSitzd RS & A =
same thrust to weight ratio 08.53:1 asthe Aerotech L1090 motor did for thell-scale vehicleWhen

ballast had to be added to the subscale vehafter it was manufactured, its thrust to weight ratio

decreased tb.34:1, which still meetthe minimum requirement of 5:1The resultingsubscale apogee

altitude wasscaled 172 I & | NBadz & 2F GKS @OSKAOf SQa T1p» aolft
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3.2.3Subscale Fliginalysis

3.2.3.1Flight Data

Thepredicted apogee altitudef 3543 ftwas 14 ftlower than the experimentahpogee altitudeof 3557
ft (Tablel2). This yielded a negligibfeercent error of 0.395%However, there was a higher error yieitl

6.86%between thepredicted(52.5 in)and experimenta{56.1 in)values othe center of gravig. This was
likely due tothe imperfect calculation of ballast that was added to ffayload section to compensate for

both the scaled mass difference atite mass difference fareplacing the48in main parachute witlthe
60 in main parachuteThiscalkulation erro most likely contributed to the 3.10% error between the

predicted (484 ft/s) an@éxperimental (469 ft/s) values for maximum velocty/well.

Subscale Flight Data
Data Type Predicted Experimental Percent Error
Apogee Altitude 3543ft 35571t 0.395%
Center of Gravity 52.5in 56.11in 6.86%
Maximum Velocity 484ft/s 4609 ft/s 3.10%

Tablel2: Subscale Flight Data

The experimental altitudeand velocity profiles recorded by the altimeterare shown in Figure 30.

Compared to the simulated altitude profi{€igure27), the experimental altitude profileagrees withthe

simulation data.l 2 4 SGSNE (G KS &A YdzZ Figuke2sydags natf@ly fighiwitketheLINR F A f
experimental velocity profileThe experimental velocity profile shows oscillations between 15 and 75
seconds but the simulated velocity profile does nsthow these oscillationg.his discrepancy is likely the

result ofthe inability of OpenRocket taccuratelysimulatethe variableacceleration, ojerk, that occurs

upon deployment of the drogue parachutEhe altimetercan detect these velocity oscillations, however,

due to the sensitivity of its sensors.
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Figure30: Subscale Resulting Velodtyd Altitudevs. Time
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3.2.3.2 Drag Coefficient Calculations

To determine thdull-scaledrag coefficient, the method of altitude backtracking was implemented using
OpenRocket-irst, the experimenteapogee altitude was compared against the predicted apogee altitude.
Because the experimental apogee altitude was greater than the predicted apogee altitude, the modeled
coefficient of drag was determined to bess than what was predicted in the OpenRocket simulations.
The total coefficient of drag was then manually lowered as a fixed constadia new simulation was
performed using the same subscale launch conditiosed in the previous simulation$he resiting
predicted apogee altitude was then compared to the experimental apogeadstgiven ly thealtimeter

data. The coefficient of drag was then adjusted again according to this comparison. If the predicted
apogee altitude was too higlthe total coefftient of drag was increased; if the predicted apogee altitude
was too low, the total coefficient of drag was decreas€lis process was iterataghtil the predicted
apogee altitude matched the experimental apogee altitutlsing this method, the fulicaé launch
GSKAOEt SQa O2SFFTFAOASYG 2F RNIXY3I gl a SadAyYrdiSR G2 oS

3.2.4Impact on FulBcale Design

The success of the subscale flight demonstration confirmed the integrity of thendesageling, and
manufacturing practices the team implementedring the subscale phas&herefore,most aspects of
GKS GSIYQa LINI O A OSrae peedision withdBhich the/teanejeicédyiedeSdarg
ballast mass and placemetnsideringupdates to recovery component massesl] improveto mitigate
similarfull-scalemodeling erros. Since thesubscale flight demonstration, improvements to the fdhle
vehicle design were madé bulkhead was added to the forward payload coupleratow for the
implementation of gpayload electronicsetention systen. It was also determined that langerpayload
aft coupler would be a necessary addititmnimprovethe structural integrity of the launch vehicl&he
aft bulkhead of the aft coupler wasmoved, becausé was determined unnecessarsince thepayload
housings and electronics were protected without it.

3.2.5 Descent Analysis

Both parachutes wer@eployed successfullylhe altimeter data suggests that the drogue parachute
deployed atapogee,the programmedtime for the primaryaltimeter, since the descent rate is mostly
constant between apogee and main deploymébwever taking thetime derivative of this data suggests
an average drogue descent rate of 55 ft/s, which is significantly slowetthiegoredicted drogue descent
rate of 70 ft/s. This differencenay be due to wind and uncertainty in the coefficient of drag of the drogue
parachute, whicthad to be determined experimentally sincenias unmarke.

Additionally,it is likely that the primary ejection charge for tteecond separation event wamt large
enough to cause separatiomhe slope of the altitude vs. time curve does change until an altitude of
roughly 460 ft is reached-{gure31). The primary altimeteset off the primary ejection charge for this
event at the correct altitude d800 ftand no change in descent rate occurred, so the secondary ejection
charge caused separation at the lower altitudée ejection charge sizeslMie increased for full scale to
account for this riskTheaveragemain descent rate was 19 #/ whichis dose tothe predicted main
descent rateof 18.5 ft

53



Altitude (Feet) Velocity (Feet/Second)

4,000

ﬁ

!

T T T T T T

T
[ 15 3 45 ) 5 0 105

|

Figure31: Subscale Flight Data with Programmed (thick line)Astdal (thin line)Main ParachuteDeploymen Altitudes

The GPS was functiondiliring and after the subscale flig{figure32).

Figure32: GPS Receiver

The GPS wanstalledin the nosecone shouldett was securd with Velcro attached to the insidef the
nosecone shoulder and to the GPS battery. inBile of the nosecone bulkhead was covered in aluminum
foil to minimize RF interference with the altimetefSdure33).

B

Figure33: GPS Transmitter in Launch Vehicle
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3.3 Recovery Subsystem
The recovery subsysterwill use two parachutesto recover the launch vehicle. Appropriately sized
parachutes forecoverywere selectedo allow for a safe recovery and to meet all descent requirements.

3.3.1 Selected Components

Final selections focomponents in the recovergystemare presentedn the following sections, and
include the main and drogue parachutes, altimeters, altimeter arming switches, the recovery harness,
GPS, and recovery hardware. These selections are also compared to alternativebeframliminary
DesignReview.

3.3.1.1Main Paradwute
The main parachute was selectedth a decision matrixTable13). Updated descent rate predictions
from OpenRocket simulationgere usedo verify this selection

Main Parachute Fruity Chutes 84" Iris Ultra| Rocketman 72" Elliptical
Objective Wg;%?g?g Parameter| Mag. Score | Value Mag. Score | Value
Cost 0.2 usD 326.66 4.1 0.8 135 10 2
Weight 0.1 0z 19 6.6 0.7 12.6 10 1
Packed 0.1 in 8.8 57 | 06 5 10 1
Length
Descent Ratg  0.35 ft/s 14.7 8.5 3 19.8 8.7 3
Shroud Line o
Quality 0.25 qualitative | great 10 2.5 okay 6 15
Overall value 7.5 8.5
Main Parachute SkyAngle Cert 3 X Large| Fruity Chutes 72" Iris Ultra
Objective WIS;%TSPQ Parameter| Mag. Score | Value Mag. Score | Value
Cost 0.2 uUsD 189 7.1 14 248.33 5.4 1.1
Weight 0.1 0z 34 3.7 0.4 13.4 9.4 0.9
Packed 0.1 in 12 42 | 04 6.2 81 | 08
Length
Descent Rateg 0.35 ft/s 16.4 9.5 3.3 175 9.9 3.5
Shroud Line I
Quality 0.25 gualitative | good 8 2 great 10 2.5
Overall value 7.6 8.8

Tablel3: Main Parachute Decision Matrix

The FdzA & / KdziSa TtwHé LNARA ! f3ONF LI N} OKdziS a02NBR
parachute.It has a coefficient of drag of 2&hd aweight of 13.4 ozlt has apredicted descent rate of

17 5ft/s from the OpenRocket simulationshich isclosest to the target descent rate of 18 ftlts shroud

lines are made o400 Ib flat Nylon, which is strong enough to support the weight of the launch vehicle
and withstand foces during deployment
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3.3.1.2 Drogu®aratute
Similar to the main parachutehe drogue parachuteselectionwas verified with an updated decision
matrix (Table 14). The parachute from th decision matrix with the highest overall scoveas the
{, andiywrl Ibe\LiBed agheNdogDdpamrifite

w201 SaYly

HnE

Objective ng,:grg Parameter Mag. Score Value Mag. Score Value
Cost 0.2 UsD 335 6.6 1.3 22 10 2
Weight 0.1 (074 15 7.3 0.7 1.1 10 1
Packed 0.1 in 15 6.7 0.7 1.75 5.7 0.6
Length
Descent Rate 0.35 ft/s 81.8 10 3.5 94.5 2 0.7
Shroud Line o
Quality 0.25 qualitative great 10 2.5 okay 6 15
Overall value 5.8

Objective ngcfggrg Parameter Mag. Score Value Mag. Score Value
Cost 0.2 uUsD 50 4.4 0.9 62.89 3.5 0.7
Weight 0.1 0z 2.1 5.2 0.5 1.7 6.5 0.6
Packed 0.1 in 1 10 1 35 2.9 0.3
Length
Descent Rate 0.35 ft/s 64.7 0.9 0.3 87.9 7 2.5
Shroud Line o
Quality 0.25 qualitative okay 6 15 good 8 2
Overall value 4.2 6.1

. Weighting
Objective Factor Parameter Mag. Score Value
Cost 0.2 uSsSD 27.5 8 1.6
Weight 0.1 oz 3.1 3.5 0.4
Packed .
Length 0.1 in 6 1.7 0.2
Descent Rate 0.35 ft/s 98.7 14 0.5
Shroud Line o
Quality 0.25 qualitative great 10 25
Overall value 5.1

Tablel4: Drogue Parachute Decision Matrix

Thepredicted descent ratdor the drogue parachutes 81.8 ft/s, whichis closest to thdaarget descent
rate and will meet all descent requirementBhe shroud lines are made of 22(idonand are sufficiently
strongto support the launch vehicle

3.3.1.3 Recovery Harness
The recovery harness will B#16 in wide, 25 ft long tubulaKevlar.Therecovery harness width was
decreased from 5/8 in to 7/16 in to ensure titaere will be enough spade the parachute compartments
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to fit the recovery harness, parachute, and recovery waddiigo, he length of the recovery harness
was increasedrom 24 ftto 25 ftto account for the recovery harness length that will be used to seture
quick links on both endshile staying above theninimum length of 2.5 times the launch vehicle length.
The recovery hamss materiahas a strengttof 5300 Ib,which is sufficiently strong to withstand forces
during separation and parachute deploymentvo identical recovery harnessedll be usedwith one for
each separation event.

3.3.1.4 Altimeters
Two altimeters will be used for redundandyhe primary and secondary altimeters were the two highest
scoring altimeters in the following decision matfbablel5).

Objective WE;%TEPQ Parameter | Mag. | Score | Value Mag. Score | Value
Cost 0.2 usbD 35 10 2 54.96 6.4 1.3
Resolution 0.3 ft 1 5 1.5 1 5 1.5
PCB Size 0.3 in? 3.9 4.3 1.3 1.68 10 3
Weight 0.2 0z 0.705| 5.4 1.1 0.38 10 2
Overall value 5.9
Objective Wg;%r:g?g Parameter | Mag. | Score | Value Mag. Score | Value
Cost 0.2 usb 400 0.9 0.2 115 3 0.6
Resolution 0.3 ft 0.5 10 3 1 5 1.5
PCB Size 0.3 in? 4.063| 41 1.2 2.519 6.7 2
Weight 0.2 0z 1 3.8 0.8 0.4 9.5 1.9
Overall value 6
Objective Wg;%Tg?g Parameter | Mag. | Score | Value Mag. Score | Value
Cost 0.2 usbD 341.3 1 0.2 96.5 3.6 0.7
Resolution 0.3 ft 1 5 1.5 | unknown 0 0
PCB Size 0.3 in? 2.9 5.8 1.7 3.626 1 0.3
Weight 0.2 0z 0.5 7.6 15 0.6 6.3 1.3
Overall value 5 2.3

Tablel5: Altimeter Decision Matrix

The primary altimeter will be BerfectfliteStratologger CF and the secondary altimeter will be an Entacore
AIM. These altimeters scored the highest overall in the decision matitk the Stratologger CF having
an overall score of 7.8 and the Entacoi®/having an overall score of 5.9. Both altimetesi$ record
flight data andset off ejection charged.hey will be located next to each other in the avionics bay and will
be powered by separate 9V batteries.
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3.3.1.5Switches

Keylock switches will hgsed to arm the altimeterfom outside the launch vehicl&eyed switches were
chosen over other alternatives such as push buttonsmrswitchesdue totheir low risk ofunintended
closing or opening of the switdnd ease of access from outside therch vehicleA keyed switch can
only beclosed or opened by inserting and turning a keynimizing the risk of premature arming or
disconnection of avionics circuitry due to flight forc&ds makes additional preventative devices such as
covers for pghbuttons unnecessary, enabling the switches to be accessed quickly.

Thekey switcheswill be secured to the avionics sled so that the keys line up with drilled holes in the
avionics coupler, allowing a team member to arm them from outside the lauelsicle (Figure34).

Figure34: Avionics Bawith Key Switches

3.3.1.6 GPS

The GPS selected for the launch vehicle is a Big Red Bdeo&libndatais sentfrom the transmitterto

the receivemwith a900 MHz spectrum transmitteilhis GP®as chosen for itkong transmission range of

6 miles,its high resolution of 8.2 ft, antbecause it does not require any radio licensingop®rate,
enabling any team member to use Tthe GPS transmitter will be powered by a single cell LiPo battery of
3.54.2 V and has an expected battery life of 6 hatesting from a full chargdt will not be connected

to the avionics or payloadectronics in anway andwill be inside the nosecone shouldétdditionally,

the nosecone bulkheadill be covered in aluminum foil tminimizeinterference from the GPS with other
electronics in the launch vehicle.

3.3.1.7 Attachment Hardware

The recovey hardware will bea galvanized steel eyebaliith an inner diameter of 0.5 in. The eyebolt has

a width of 1 in, a total length of 3 i@ mass 00.9980z, and a carrying capacity of 500 Ibke outer
dimensionsare smaller among the alternative boltshigh allows for more space on the bulkheads to be
used for threaded rods and terminal blocks, and reduces the space taken up by the bolt in the parachute
compartment. Additionally, the bolt is sufficiently strong to withstand forces during separation and
parachute deployment. Eyeboltsill be secured in the center of bulkheads at separation poantd
recovery harness will be secured to them with quick links. The quick links will be oval shapet&ngtin a

of 2 in and a thickness of 9/32 in. Theaick links have a carrying capacity of 1000 Ibs, which is also
sufficient.
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3.3.2 System Redundancy

To minimize the impact of an altimeter or ejection charge failure, a redundant system of two altimeters
and two sets of ejection charges will be us&gchaltimeter will controla main and drogue ejection
charge, so a total of four ejection charges will be used for each fliglays betweerthe primary and
secondary ejection chargesill be used to prevet damage to the launch veh&l A delay of 1s after
apogee will be used for the first separation event and a delay of 50 ft will be used for the second separation
event. The secondary charges will also be 25% larger thein tbspective primary charge to ensure that

the launch vehicle separateEhe altimeers will be wired separately-{gure35), and each will be powered

by a separate 9V batteryfhis wiring ensures thaine of thealtimeters carseparate the launchehicle

and collect flight data if the other loses power.

Primary Primary Secondary Secondary

Drogue Main Drogue Main

Ejection Ejection Ejection Ejection

Charge Charge Charge Charge
o * - A GND B

Entacore AIM

(S;:?;:al:ygill?‘l;nigter) (Secondary Altimeter)

Arming Arming
Switch Switch
+ +

9V Battery 9V Battery

Figure35: Altimeter Wiring Diagram

3.4 Mission Performance Predictions

3.4.1FlightProfileSimulations

Thelaunch conditions used in the simulati@me shown inTable16. Based off these conditions, the
GSKAOf SQa I L2 3 IBOofthinithe siNdatRrA Tha &fRialaigtappdee is predicted to be

4600 ft. The drogue is expected to deploy at apogee and the main is expected to deploy at 600 ft. The
total flight time is expected to b89.8s. The flight profile of the launch is showrFigure36.

Launch Conditions in Huntsville, Alabama
Wind 5 mph
Launch Angle 10°
Launch Rod Length 144 in
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Latitude 34.6°N

Longitude -86.7°E
Altitude 800 ft
Temperature 80°F
Pressure 1 atm

Tablel6:Launch Conditions used in Simulations
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Figure36: Altitude vsTime

The velocity profile of the launch vehicle is shownFigure37. The maximum thrust from the motor
ignition is indicated by the initial spike in the graph. The initébcity off the rail is expected to &y
ft/s, meeting the competition requirement dhe 52 ft/s minimum. The maximum velocity is expected to
be 646ft/s, equivalent to Macl0.57. The ground hit velocity is expected to b@ft/s.

Total Velocity vs. Time
700
600
500
400
300
200

Total Velocity (ft/s)

100

0 20 40 60 80 100 120
Time (s)

Figure37: Total Velocity vsTime
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The acceleration profile of the launch vehicle is showrigure38. The maximum thrust from the motor
is indicated by the initial spike. The second spike is due to the main parachute depBadagse it is
instantaneousit can be considered negligible tbe overall acceleration of the vehicle. The maximum
acceleration is expected to (832 ft/s?.
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Figure38: Total Acceleration v§ime

3.4.2Motor Seletion

The official motor selected for the competition is the Aerotdct090 It uses 200grams of propellant to
produce a maximum thrust of4B7N and a total impulse of6Z1N-s. The maximum thrust occurs at the
launch rod and allows the vehicle to propef tfe rail at a velocity 087 ft/s. The Aerotech.1090has a
burn time of 25 seconds and provides a thrust to weight ratio &b631, fulfilling the competition
requirement of 5:1. The thrust curve data of the motor is showRigure39.

This motor was selected due to the ability to provide the necessary thrust to weight ratio, as well as the
short burn time. It allowed the team to prioritize a motor that can safalynch the vehicle in a consistent
manner. The size restraint of the mottube was & important considerationin choosing the motor, so

the other motors that were considered included Aerotech K780,.850, L1420<1000,and L1170.
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Aerotech L1090: Thrust vs. Time

1400
1200 M—-\‘
1000
= °
= 800 e
: 600 ® .‘
= °
o
400 S
.o
200 ..
0 w
0 0.5 1 1.5 2 2.5 3 35 4
Time (s)

Figure39: AerotechL1090Thrust vsTime

3.4.3Stability Margin

Thevehicle isstaticallystable when the center of pressure is located at least 1 body caliber behind the
center of gravity. However, it is recommendchave a stability margin within-5% of the length of the
rocket. In other words, at least a minimum of 2 body calibers asq@apetition guidelines. The center of
gravity of the rocket with the motor ig1 in from the tip of the nosecone. The center of pressure of the
rocket with the motor i34 in from the tip of the nosecone. Therefore, the static stability of the vehicle
(loaded) on the launch pad 827 calibers. The static stability at the rail exiRi&3 calibers. During flight,
the stability gradually increases to a maximund@9calibers, due to theverall vehicle masdecreasing
from propellant burnout After themotor burns out, the stability decreases to a minimunfef4 as the
velocitydecreases as the launch vehicle approadmgee Figured0displays the change in stability over
time where the oscillations are an indication of simulated wind gusts.

62



Stability vs. Time
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Figure40: Stability vsTime

3.44 Simulation Verifiations

To verify the OpenRocket simulation for accuracy and precisidioyge Carlo Simulation was conducted

in MATLAB to test the sensitivity of the launch vehicle to wind conditions and launchamykbeir

effects on apogee. A total of 10000 simulations were conducted with wind profiles based on the
probability weight as shown in the table. The probability weights were assigned after reviewing the launch
aA0SQa OfAYFGS GNBYR | ohPTabeR? dispkagstheiMoneSCab Fesultss S O 2 Y LI
guantify the average altitude for each wind condition and the most probable altitude given the range of

launch condiibns. The results produce that the most probable altitude %l8ft which isclose tothe

predicted apogedrom OpenRocketThis indicatedallast is expectetb be addedor the launch vehicle

to reach the previouslgeclared target apogee of 4600 ft.

The differences in the results between OpenRocket and MATLAB are minimal and due to the variations in
wind measurement that OpenRocket does not account for. Both simulations are relatively accurate as
they use the same foundational mathematics. Howeveeré¢hare differences in the atmospheric model

used in the simulations as well as drag coefficient estimates that can only be predicted accurately by
experimentation.

Monte Carlo Simulation: Altitude
Launch Wind Probability Predi¢ed Average
Angle Condition Weight Altitude (ft)
0 0 mph 5% 4931
5 deg 5 mph 10% 4780
5 deg 10 mph 70% 4707
10deg 15 mph 10% 4659
10 deg 20 mph 5% 4656
Most ProbableAltitude 47181t

Tablel7: Tabulated Monte Carlo Results
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3.4.5 Descent Predictions

Three methods were used to predict descent values for the launch vehicle: simple calculations in Excel,
OpenRocket simulations, and MATLAB simulatibhsdtiple methods were used teerify the accuracy of
predicted values.

3.4.5.1DescenfimeCalculations
Descent times in Excel were calculated for each paracliigadtion3). The times were then summed to
find a total descent time from apogee landing.

00 i OED WA 6 ¢ GRWID ¢ O W & ¢ CERTBD
! ® 2 Q1 £ '@ 00 ®Q A 0@l 0k ®O

Equation3: Total Descent Tien(Excel)
Equatonr3RSLISY Rad 2yfeé 2y (KS KSAIKG GNIF St SR dzy RSNJ S| C
sotime spent accelerating to the final descent rates and delay in the parachutes opening arewntadc
for. As a result, these calculations made with this method are less accubateent rates for the

parachutes were obtained frorthe OpenRocket simulatioflable18). Apogee for thesespreadsheet
calculations was set to780ft, the target apogee, and the main deployment height \&as ft.

Descent Rates from OpenRocket
Drogue Parachute 81.8ft/s
Main Parachute 175ft/s

Tablel8: Parachute Descent Rates

OpenRocket simulations were also used to estimate descent time. OpenRockektigase times under
each parachuteinstead providing the total flight time and time to apogee. The total descent tinfeeis t
difference between these time&quationd).

QQi OO TG @NQE Q@ QORI £ "QQQ
Equationd: Total Desent Time (OpenRocket)

The MATLAB simulation uses an ordinary differential equation stuva&slve the differential equations
created when balancinthe vertical forces on the launch vehicle and parachuthich are weight and
drag force Equation5).

0°Y 0 i a@ Q Q Q
0Y Op a'a Q Q Q
Equation5: Forces on the Parachute During Descent

In Equation5, ~ is air densityv is velocity,Sis the area of the drogue or main patate, G is the
coefficient of drag
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Air density(") is determined for each step in the simulation calculations \itiuation6, where” is
density at sea level (1.225-), Y is the temperature at sea levé88.16 K, Ris the specific gas constant

for air(287—o), anda isthe variation of temperature with altitud¢0.0065—).

Equation6: Air Density at Altitude
T, the temperatre for each step in the simulation, was determinedhiiguation?.
Yoquygpe Mrmeu Q
Equation7: Temperature at Altitude

The MATLAB simulation stops calculating valuben the altitudeh is at ground leveland the total
descent tineis the simulated time for the duration of the simulati¢fiable19).

Descent Time Results
Time under drogue 51.1s
Excel Calculations Time under main 34.3s
Descent time 85.4s
Flight time 99.8s
OpenRocket Simulation Time to apogee 169s
Descent time 82.9s
MATLAB Simulation Descent time 84.1s

Tablel9: Descent Time Calculation Results

TheExcel calculationgeld the longest descent time value85.4s. Thisdifference is most likely because
the Excel calculationR 2 y Qi | Geddedayion tinfefdN¥ariations in air density, and the difference
between the OpenRocket and MATLAB simulations may tesudt of the different methodsused to
calculate descent ratéddditionally,the OpenRocket simulatiortslculate an apogee instead of using the
apogee of 4780 fthat was used for the other methodall of the descent rate predictions are below the
90s maxnum.

3.4.5.2 Drift Calculations

Excel spreadsheet, Openrocket, and MATLAB methods werdaiseltulate drift. For each methodrift
was calculatedor 0-mph wind, 5mph wind, 16mph wind, 15mph wind, and 2@nph wind. It was
assumed that apogewas reached above the launch pad.

Drift was calculated in Excel wiltquation8 for the drogue and maiparachutes, where descent time is
the descentimes determined irSection3.4.5.1DescentTimeCalculations

QI QMO OB QEH'G 'QQQ
Equation8: Drift

Drift in the MATLAB simulath was determined with the samequation where descent time is the
descent time calculated from the simulatioApogee was assumed to be a constant 4780 ft for all drift
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valuescalculated with these methodas a result ofetting the apogee ifsection3.4.5.1DescentTime

Calculations

OpenRocket includelateral distance from the launch pad its simulation butdoes not assuméhat

apogee is reached directhbove the launch pad. As a restlte launch vehicle may drift back towards

the launch pad for part of the simulatioRifure41). To determine drift with the assyption that apogee

was reached directly above the laungad, the largest lateral distance near apogee was added to the final

lateral distanceThe launch rod angle for these simulations was sefto inimizelateral motion before

apogee.
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Figure4l: A Plot of Lateral Distance vs. Time from an OpenRocket Simulation
The final drift calculations were tabulated and compar€die20).
Drift Calculation Results
Wind Speed 0 mph 5 mph 10 mph 15 mph 20 mph
Drift under 0 ft 375ft 749 ft 11241t 1499 ft
Excel drogue
Calculations Drift under 0 ft 251 ft 503ft 754 ft 1006ft
main
Drift O ft 626 ft 1252 ft 1878 ft 25051t
Peak lateral 8 ft 166 ft 294 ft 337ft 355ft
distance
BN Total lateral 71t 416t 8681t 14211t 2028ft
Simulation .
distance
Drift 15 ft 582 ft 1162ft 1758ft 23831t
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MATLAB Drift 0 ft 616ft 1233ft 18491t 2466ft
Simulation

Table20: Drift Results

The OpenRocket simulations consistently gave &iwgft valuesof the methodsused This maybe due
to errors when indirectly determinindrift by addition and a result ofsetting the simulatiorlaunch rod
angle to 0, which might lead to less lateral motion than the other methods predibe Excel calculations
andMATLAB simulation resultsere close, andthe Exceresultswerelarger.The Excel calculatiomgere
likely the largest because theassumed that the launch vehicle instantaneously readtsefinal velocity
for each parachuteThe largest drift predictiowas from theExcel calculationat wind speeds of 20 mph
with a drift of 205ft, which i ft greaterthe maximum drifiallowed However both simulation methods
predictdrift values less than 2500ift 20 mph windsThe OpenRocketimulationaccounts for variations
in wind speed, air density, amptadual changes in velocity during parachute deploymemd,the MATLAB
simulation accounts for changes in air densitfhese simulationgre more accurateo real world
conditions than the Excehlculations, so th&aunch vehicle should drift less than the 2500 ft maximum.

3.4.5.3 Kinetic Energy Calculations

Kineticenergy at landingvas calculatedor each section of the launch vehigEequation9). OpenRocket
does not calculate kinetic energy, so the spreadsheetMAdLAB methods were used. The spreadsheet
used the predicted main descent rate frofable18, and the MATLAB simulation us#éd simulated
velocity before ground hitor both methods, it was assumed that the sections were traveling at the main
LI N} OKdzii SQ&Taie31a OSy G NI G S

00 AT Qb Qg,x & 28 OMQL GIOd ®0

Equation9: Kinetic Energy at Ground Hit

Kinetic Energy at Growd Hit Calculation Results
Section Nosecone Forward Aft
Excel Calculation$t-lbs) 8.0 37.7 64.5
MATLARft-Ibs) 8.2 38.6 66.1

Table21: Kinetic Energy Results

Both calculationmethodsyieldedsimilarkinetic energwalues and differences between the predictions
were larger for more massive sectionis difference may be because the MATLAB simulations use a
different calculation method to determine the main descent rate. Both kinetic energy predictions are
below the 75 ftlb maximum.

3.4.5.4 Predicted Deployment Load

The pedicted deployment load was determined wilyuation10, where30 ‘Gs the difference between
kinetic enery during drogue and main descent adds the vertical distance traveled during parachute
deployment. The kinetic energies used to deterraiz-0 Owere foundusing descent rates frorthe
OpenRocket and MATLAB simulati¢fable2?2). It was assumed thatllthe sections of the launch vehicle
traveled at the same speed, Hte section with the largest kinetic energy change is the aft due to its larger
mass.
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Equation10: Deployment Load

PredictedDeployment Load
KE of Aft Section Under Drog(@penRocket) 1409.2ft-lbs
KE of Aft Section Under Mai@penRocket) 64.5ft-Ibs
30 ‘QOpenRocket) 1344.7ft-lbs
d 751t
Load(OpenRocket) 2870z (17.91b)
KE of Aft Section Under Drog(MATLAB) 14381 ft-lbs
KE of Aft Section Under Main (MATLAB) 66.1 ft-Ibs
30 QMATLAB) 1372.0ft-Ibs
Load (OpenRocket) 2930z (18.31b)

Table22: Predicted Deployment Load

Thedistance traveled duringarachutedeployment wasset to 75 ft andvasdetermined from data from
OpenRocket simulation&igure42), whered is the distance between 600 ft, when the main parachute
deploys, and the altitude at which thiunch vehiclereaches the ma parachute descent ratelhis
distancewasdeterminedfor OpenRocket simulations at a varietywifid speeds and averaged

The largest predicted deploymentioad is293 oz or 18.3 Ib of force onthe recovery equipment. All
components in the recovery system (hardware, quick lirkovery harness, parachute shroud lines) are
rated at significantly higher capacitiaad will withstand the forces on them during deployment.
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Figure42: Distance Traveled during Main Parachute Deployment (distagiweeen blue lines)

4. Payload Criteria

4.1 Design of Payload Equipment

Thepayloaddesign consists of three camera systeand their associated electronicBhe camera systems
will be positioned 120° apagnd aligned with the finso that one will always be aligned with thexis
upon landingFigure43). This ishecausehe vehiclewill have to land on two finsTherefore pne fin, and
the corresponding camera system, will be aligneatmal to the ground The airframe has three
rectangularcut-outs that each camera systecandeployout of, should it behe systemaligned with the
z-axis The camera mount sitglmostflush with the cutout airframe They are positionedo thatthe
camerasystemcandeployout of the airframe upon landingnd subsequentlyotate about the zaxis to
image the surrounding environmerAn Inertial Measurement Unit (IMWnd a barometewwill be used
for launch and landing detection. The IMulll alsodetect the orientation of the launch vehiclgon
landingand determine which camera to activate so that only one camera will be in use takimg photos
of the surroundingsPush buttons are used as feedbdokmake sure theeamea will not rotate before
the camera is released from camera housing
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A Software Defined Radio (SDR) dongle will be incorporated in the payload to receive Automatic Package
Reporting System (APRS) commands from NASA. The payload aasgberry Pi and custom software

to manage and control all the motors, cameras, sessand radiosThe control circui of all the motor
andfeedbackeircuits from the camera housiraye all integrated into a custom Printed Circuit Board (PCB)
designed by the teaniThe software will begin running when the Raspberry Pi is powered on dirgewi

a statebased system interacting with specific software subsystems.

Figure43: Fultscale Assembly Payload aligned with fins

4.2 Selected Design Alternatives
4.2.1 SelectetMechanical Components

4.2.1.1 First Design

The first concept was an externally mounted camera design. It consisted of clear tealdopd
housingscontaining cameramountedon the outside of the airframe. Each one would have been aligned
with a fin so hat one of the mounts would be vertically oriented upon landing. This is because the launch
vehicle would land with two fins contacting the ground and with the third fin and its corresponding camera
oriented normal to the ground. The design advantages vitsrkow motor count, complexity, and cost. It

only requiral three motors whichwould minimize thecost andnumber of componentsrequired to
implement the concept. The most significant disadvantage for the externally mounted camera idea was
the effects ithad on the aerodynamics of the launch vehickee to the negative aerodynamics effects,

this design alternative was not chosen.

4.21.2 Second Design

The second concept involvetiree cameradocated within the airframe, each aligned with a firhe
camerawouldradially extend out of the airframe using linear motion. It would have used linear actuators

to push the cameras out of the airframe through milled cut outs in the airframe using a lead screw. The

linear extension design had raerodynamicrisks, which was one of its main advantages. The primary
disadvantage fothe linear extension concept is that it would requireore room for the linear actuator

which ultimatelywould notfit andintrinsically increases complexity and cost; the desigroduces too

many potential points of failure. SOl dza§ 2F G(KS RS&aA3IyQa O2YLX SEAGEST |

4.21.3 Third Design
The third concept required a spring hinge to rotate a camera and a camera housing out of the airframe. It
would have cameras mounted inside the airframe in housings that would be flush with milleditsuin
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the airframe. The camera aligned with the vertical fin would spring out of the airframe on a hinge. The
ALINAY3A KAYy3IS RSaAIYQa eslpdséllbytieloficd dleasi Phe @Sign prt&ts B&K | £ S
cameras during flight, has no external protrusions during flight, and could be designed such that the holes

in the airframe are covered by the camera mount flush with the airfrak@ditionally,the hinge is

oriented in the direction opposite of the flight direction to prevent premature extension of the cameras

during flight. The design only requires two motors per subsystem totaling six motoss/asthe selected

design.All other deci®ns, including material selection and electronics, were then maaedon this

design

4.21.4 Material Alternatives Given Leading Orientation Design

Material durability was determined from opesource data regarding resistance to fatigue, heat, and
chenicals. According to the Material Selection matrix, the best choice for the maferi@D printed
componentss PETG. Its durability was well suited for the design than any other ch@iable23).

Test Measurement PLA PETG
Stiffness Difficult bend /10 75 5
Durability Fatigue, heat, chemical resistance /] 4 8
Max Surface Temperature Before bending under load in Celsild 52 73

Table23: 3D Print Material Decision Matrix

4.21.5 Fastening Alternatives Given Leading Orientation Design

Threaded inserts were chosen as the best option for fastening the payload systems to the airframe as
shown in the matrix(Table 24). The thickness for the airframe was determined to be too small for
O2dzy  SNBRdzy| FlLadSySNaAR® ¢KS GKNBFRSR AyaSNlia |faz2
on stabilitysincethe inserts do not require bolts on opposing sides

Fasteners Threaded Inserts Countersunk Exterior Nut
Objective | Weigh | Parameter| Mag. | Score| Value | Mag. | Score| Value | Mag. | Score| Value
Cost 0.2 Cost | 900 | 2 | 04 |800| 6 | 12 | ° 10 2
Aero Impact | 0.5 Area | Great| 10 5 Fair | 4 2 Poor | 2 1
Thickness 0.3 Binary 1 10 3 1 10 3 2 10 3
Overall value 8.4 5.2 6.0

Table24: Fastener Decisiadatrix

4.2.2 Selected Electronic Components

4.2.2.1Microprocessor Selection

Raspberry Pi 4 Model B, Arduino Uno Rev3, and Libre Computer Boaf899FIKCC wereavaluated by
performance, number of IO (Inp@utput) pins, ease of use, and c@Bable25). The Raspberry Pi 4 Model
Bfeaturesthe highestperformance 08.45 hllion instructions per second as measured by the Dhrystone
integer beaxchmark and this satisésthe requirement of Software Defined Radithe Raspberry Pi 4 has
40 10 pins,is considered easy tosedue to the amount ofdocumentationavailable anchasa cost of
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$16300. The Raspberry Pi 4 Mo@ahaschosenbecause it provides the best performance witiorough
documentation.

Objective Wlf:ig(:gpg Parameter| Mag. | Score | Value | Mag. Score | Value
Performance 0.5 DIMPs 9450 10 5 8 0.08 0.04
(@) 0.2 # of pins 40 10 2 14 3.5 0.7
Ease of use 0.2 Experience| Good 8 1.6 Great 10 2
Cost 0.1 dollars 163.00| 1.7 0.2 27.60 10 1
Overall value 3.7
Objective i) Parameter [ Mag. | Score | Value
Factor
Performance 0.5 DMIPs 3450 3.65 1.83
10 0.2 # of pins 40 10 2
Ease of use 0.2 Experience| Fair 6 1.2
Cost 0.1 dollars 60.00 4.6 0.5
Overall value 5.5

Table25: Payload Microprocessor Decision Matrix

4.2.2.2Camera Selection

16MP Autofocus Camera for Raspberry Pi, Arducam 8MP IMX179 USB M12 Lens Camera, and Spedal Wide
Angle USB Webcamere evaluated based on cost, complexity, area, and resolutiable 26). The
complexity is measured by the number of GPIO (General Purpose-Qupptit) pins neededThe

Arducam 8MRMegaPixels)MX179 USB camera use&@IO pinsmaking it the easiest to interfacét

alsohasa cost of $61.00an area of 0.88 ir?, and a resolution of 8 M This cameravaschosen because

it provides a high resolution while maintaining @asy interface.

I o e

Objective WE;%TEPQ Parameter | Mag. Score | Value Mag. Score | Value
Cost 0.3 USsD 126.0 3.5 1.0 61.0 7.2 2.2
Complexity 0.3 # of GPIO 6 1.7 0.5 0 10 3
Area 0.2 In? 0.037 10 2 0.088 4.2 0.8
Resolution 0.2 megapixels| 16 10 2 8 5.0 1.0

Overall value 5.5 -
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Objective R Parameter | Mag. Score Value
Factor
Cost 0.3 uUsD 44.0 10.0 3
Complexity 0.3 # of GPIO 0 10 3
Area 0.2 In? 0.797 3.0 0.6
Resolution 0.2 megapixels 2 1.3 0.3
Overall value 6.9

Table26: Payload Camera Decision Matrix

4.2.2.3IMU Selection

BNOO055, LSM9DS1, and LSM6DSOX + LISaiEdvaluated bytheir cost, sizeand data varietfTable
27). Data varietiesefer to the different types of output data IMU can outpdihe Adafruit BNOO55 IMU
features a cost of $33.4@ size of 0.8 f Furthermore, itcanalso provide 8 differentypes of data
(absolute orientation in both quateion and Euler vectgrangular velocity vector, acceleration vector,
magnetic field strength vector, linear acceleration vector, gravity vector, and temperaBM€)055 was
chosen because it provides thecessary gravity vector aflés a reasonable size and cost.

Objective ng?g?g Parameter | Mag. Score | Value Mag. Score Value
Cost 0.2 uUsD 33.4 6.0 1.2 40.0 5.0 1.0
Size 0.4 In? 0.8 9.6 3.9 1.0 7.8 3.1

Number of
Data variety 0.4 data types 8 10.0 4.0 3 3.8 15
Overall value 5.6

Objective Bl Parameter | Mag. Score | Value
Factor
Cost 0.2 uUsD 20.0 10.0 2.0
Size 0.4 In? 0.8 10.0 4.0
Number of
Datavariety 0.4 data types 3 3.8 15
Overall value 7.5

4.2.2.4Barometer Se

lection

Table27: Payload IMU Decision Matrix

Adafruit BMP390, MRA115A2 and Adafruit BME28@ere evaluated by their cost, size, accuracy, and

number of extra components needetigble28). The Adafruit BMP390 features a cos$t0.95,asize of

468 mm?, accuracy to 0.25 metsrand no extra componentare needed. BMP39Was chosen because
it has the best accuracy while requiring no extra componemiaking it thebest component and easiest
to interface at the same time.




Overall value -l

Objective WIS;%T;TQ Parameter | Mag. | Score| Value | Mag. | Score | Value
Cost 0.2 dollars 10.95 | 10.00| 2.00 | 15.49 | 6.00 1.20
Size 0.2 mm? 468.00 | 7.31 | 0.73 | 342.00| 10.00 | 2.00
Accuracy 0.4 meters 0.25 10.00| 4.00 0.30 8.33 3.33
Extra
Requirements 0.2 components| 0.00 10.00| 2.00 3.00 3.33 0.67

7.20

Objective R Parameter | Mag. | Score| Value
Factor
Cost 0.2 dollars 1495 | 7.32 | 2.20
Size 0.2 mm? 2086.56| 1.64 | 0.16
Accuracy 0.4 meters 1.00 2.50 1.00
Extra
Requirements 0.2 components| 0.00 10.00| 2.00
Overall value 5.36

4.2.2.5 Solenoid Selection
Adafruit Small PusRull Solenoid, Adafruit Lock Style Solenoid, and Uxcell 4.5mraFRilisBolenoidvere
evaluated by theibody length, mass, stroke length, and coBalfle29). A small body length is desired
due to the space constraint in payload, while a bigger stroke length is démzdise it ensures a more
secure loclof camera during flight. The 4.5mm Stroke R&shl Solenoid features a bodsnigth of 0.8
inch, a mass of 1.0 ounces, a stroke lengtl®.@finch, and a cost of $10.00. This solene&$ chosen
because it provides thimngest stroke length while having the shortésidy length and lightest weight.

Table28: Payload Barometer Decision Matrix

Objective ng;‘g?g Parameter| Mag. | Score | Value | Mag. | Score | Value
Body Length 0.3 inches 15 5.4 1.6 2.1 3.8 1.1
Mass 0.3 ounces 1.4 7.1 2.1 51 1.9 0.6
Stroke Length 0.2 inches 0.2 9.0 1.8 0.2 9.0 1.8
Cost 0.2 dollars 7.5 10.0 2.0 15.0 5.0 1.0

Overall value 7.5 4.5

Objective W) Parameter | Mag. Score | Value

Factor
Body Length 0.3 inches 0.8 10.0 3.0
Mass 0.3 ounces 1.0 10.0 3.0
Stroke Length 0.2 inches 0.2 10.0 2.0
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Cost 0.2 dollars 10.0 7.5 1.5

Overall value 9.5
Table29: Payload Solenoid Decision Matrix

4.2.2.6Stepper MotoSelection

28BY48 Reduction gear, NEME, and NEMA motorswere evaluated based otheir volume, cost,
mass and torque Table30). The 28BY48 Reduction Gear Stepper Motor features a volume ofirf?,1
costof $8.50, mass of 1.3pand a torque of 1.0 ¢in. This motor was chosen because of its low volume,
cost, and massThe low volume and masse criticalfor fitting into the payload airframe.

Stepper Motor 28BYJ-48 Reduction Gear NEMA-17 Motor
. Weightin
Objective Ea%t;r 9 Parameter| Mag. Score | Value Mag. Score Value
Volume 0.3 In3 1.1 6.5 1.9 5.1 1.3 04
Cost 0.3 dollars 8.5 10.0 3.0 14.0 6.1 1.8
Mass 0.2 ounces 1.3 10.0 2.0 13.8 0.9 0.2
Torque 0.2 0z*in 1.0 0.1 0.0 84.0 10.0 2.0
Overall value 7.0 4.4
Stepper Motor NEMA-8 Motor
o Weighting
Objective Parameter| Mag. Score | Value
Factor
Volume 0.3 In3 0.7 10.0 3.0
Cost 0.3 dollars 20.3 4.2 1.3
Mass 0.2 ounces 2.1 6.2 1.2
Torque 0.2 0z*in 2.3 0.3 0.1
Overall value 55

Table30: Payload Stepper Motor Decision Matrix

4.2.27 Radio Receiv&election

AnRTL-SDR (Software Defined Radio) dongle was chosen as a radio receiver. This radio dongle converts
radio signals to digital signals and themdehose sighalyia USB (Universal Serial Bus) portshi®
Raspberryito decode. This method of receiving ragiaschosen because the integrated radio receivers

that are commercially available dwt operate in therange 0f144.90 MHz to 145.1MHz, whichis the
rangeNASA will be transmitting off he receivers that are commercially available are too big tabed

in this payload. As a resulin integrated SDR dongleaschosen as the method to receive APRS radio
signal from NASA.

4.2.3 Selected Software Components

4.2.3.1 Serial Communication Protocol

The payload design makes use of an extelii&) and barometer. These components are needed to get
acceleration, orietation, and pressure data to the Raspberry Pi so a serial communication protocol will
need to be implemented. The options available are limited as the IMU only supports the 12C and UART
protocols and the barometer only supports the 12C and SPI protocols.

I2C was chosen in large part because both external components share the 12C protocol. This means that
software and physical complexity is reduced since the same code and wires can be used to interface with
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both devices. The alternative being that the IMUulbuse the UART protocol, and the barometer would

use the SPI protocol. The UART protocol relies on asynchronous communication meaning two different
RX and TX data transmission lines would need to be used. In addition to the four different wires needed
for the SPI protocol. Therefore, if I2C was not chosen there would need to be six wires connecting to the
external components instead of two and both protocols would need to have separate software libraries
written to control the sending and receiving of daDue to these complications, 12C was chosen and will

be used to communicate with both the IMU and barometer.

4.3 System Level Design

4.3.1 PayloadviechanicalDesign

Thepayloadsystems will be positioned 120° apanmd linearly offset Eachpayloadsystem will have a
camera housing that integrates a camera, camera mount, #iedmotors. The airframe has three
rectangularcut-outs that each cameraystem will rotate at of. The camera mount sitdmostflush with
the cutout airframe so that each camera can exit the airframe upon landing.

Eachpayloadsystem includes: a camera with a case, a solenoid to hold¢dh®gera, camera case, and
camera mountown, a stepper mir to rotate the system about the-axis, and a spring hinge to rotate

the system upward relative to the grouné&igure44). The camera case is fastened to the camera to
protect the lens from environmental daage.The solenoid tongue is extended into a cylindrical hole in
an extrusion of the camera mount, and the system remains in the airframe cutout until the tongue is
retractedand system released. The stepper motor is fastened to the spring hinge and spyunt with

8-32 fasteners so that when the solenoid tongue is retracted and spring hinge releases toptsBion
(Figure53), the stepper motorcanrotate the camera and camera mount about thexs.

The camera mount will be 3D printed so tlog surface isalmostflush with the original curvature of the
airframe, 0 the camera mountsninimally affect aerodynamicdJpon landingpne solenoid tongue will
retract, and thatcamerasystemwill rotate 90° out of the airframe Astepper motor will rotate the camera
mount, and thus the camerabout the zaxis.

Spring Hinge deploys
camera assembly 90°
once solenoid unlocks

Locking Socket \ 90° Hinge

Mount

Solenoid Motor

Solenoid tongue locks and St Mot
unlocks camera mount

Figure44: Camera System with Labeled Components
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4.3.1.1 Camera Mount and System

The camera system includes a camera mounted to the®Edmera moungFigure45, Figure47) and is
enclosed by a camera cagdédqure46) fastened to the inside of the airframe. Each camera system will be
mounted on a 90° sprinlpaded hinge with M4 fasteners, so that it lays almost flwith the exterior of

the launch vefcle during flight and can rotate out of the airframe on the hinge once the vehicle has
landed. The shape of the mount was designed to ensure there wouldhib@anal effects on the
aerodynamics while still functioning away that minimizes space and alls¥er rotation of the system.

The springoaded hinge is secured closer to the forward end of the airframe so that the direction of the
airflow will always push the hinge closed during flight. This is to protect the launch vehicle and ensure
that mechanichfailures will have no effect on the aerodynamics of the launch vehicle. The base of the
mount has a small cutout for the hinge to be fastened to a flat rigid lip. The dpddgd hinge is secured

to the surface of the camera mount that is flush witlethirframewith M6 fasteners One side of the
hinge is fastened underneath the contacting surface of the camera mount, and on the other side to a
spring mount The spring mount is fitted on the stepper motor that will rotate the camera, mount, locking
lug, and spring system when prompted by RF comméridsire48, Figure49).

* 0.12
T T ) -
0.34 T g N
4( ) | ~
‘ 1 I’JG 'y | - ©0.128 ¥ 0.1;
1.24 1 | - 4 PLACES
1.57 l ‘ B dom
| ‘] J‘ -
|
|
/j? | oy T
__35L '—71.344" D12—T
©0.157 THRU; 19
2 PLACES ’
2.29
242
3.76
B 1 i =
0.28 r I_‘_‘_T ] | *
I 0.16 0.2—f
0.12 { ) 008
T - ——L_l_ NOTES:
1. DIMS IN INCHES
3.56 - 2. MATERIAL: PET-G
| 3. QUANTITY: 3
! 419
TOLERANCE UNLESS NOTED | TITLE
R PLACES IN DIMENSION Camera Mount
OPERATION
> 0.0 | 0.000.000| prawn  Gabrielia Pebum
< MACHINING [0.050[0.020[£0.005
CUT OFF (SAW, CHECKED Gabriella Peburn
BURN, SHEAR) | 0.1 |£0.060 SIZE |DWG NO REV
WELDING | +0.1 |+0.080 A | SLRT-312 B
ANGULARDIMS | 45 +2 +05 1:1 | SHEET 1M1
enLe

Figure45: CameraMount Drawing
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Figure46: Camera Case

Figure47: Camera Mount CAD
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Figure48: Payload Camera System Side View

<2

Figure49: Payload Camera System Isometfiew

The PETG camera mounincludes a locking lug extrusion inside the airframe next to the canfégaire

50). The lug extrusion features a cylindrical -cuit for a mini solenoid tongue to fit inside. The camera
system is held down by the tongue of the solenoid motor and can carry a maximum load of 7.94 oz, well
more than the required load of 1 oz. It will rettatself out of the lug after the launch vehicle lands. The
retraction of the tongue releases the hinge and springs the camera system out of the airframe. The
solenoid tongue is extended by default, so the system is locked while powered off. The soleisbloem

powered on to retract, so the camera systems cannot be extendedilighd, providing mechanical safety
for electronic failure.
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Figure50: Camera Mount includes Locking Lug

4.3.12 PayloadSystem

The payloadystemrefers o everything inside the payload housing including the componenEguare
50. When the solenoid is retracted, the camera mount system will rotate up so the dpiadgd hinge
will spring to its naturally released state out of the airfrag(res3, Figures4). The springoaded hinge
(Figureb1l) is fastened to a spring mount and hukigure52). The mount and hub are 3D printed with
PETG, and the torque is transmittettirough one M6 threaded insert and set scrélihe spring mount is
secured to a stepper motor that rotates the camera system about thgiz The stepper motor aligned
with the fin normal to the grounwvill receive commands for the payload challerdyg.IMU accelerometer
will determine which camera mount is rotated up, and only that camera will receive the commands and
capture images. The correspondiatgppermotor will rotate the entire camera system, including the
hinge, at the surface of the airfran{igure55).
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Figure51: SpringLoaded Hinge Drawing
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Figure52: Stepper
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Figure53: Payload System Rotated 90° Out of Airframe

Figure54: Payload System Rotated Isometric View
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Figure55: Direction of Rotation of Stepper for Camera System

Figure56: Motor Hub and Mount Assembly

83



4.3.1.3 Payload Housing

Eachpayloadhousingwill be mounted inside the airframe with threaded inserts an828fasteners so

that the outer surface of the mount is flush with taiter diameter of theairframe.The cameratepper

motor is fastened under the airframe, and each of the threenera systems has its own housifdiglre

57). Each housing features two rectangular holes in its base for motor wires to pass through. The housing
serves the purpose of securing the motors and fasteners while also protecting the laeiiche from
unwanted uncertainties like mechanical failuFequre58, Figure59). Thecentral payload housingf the

three payloadhousingswill include a designated fastening compartmdat the radio. The 3D printed

bottom surface of the radio compartment will be fastened to the walls of that compartment with M2.5
fasteners.

Figure57: Payload Housing Dravgn
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