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1.

Summaryf FRRReport
1.1TeamSunmary

1.1.1

1.1.2

TeamNameandMailingAddress

Name:High-PoweredRocketryClubat NCState, TachoLycos

Mailing Address911OvalDrive,RaleighNC27695
PrimaryContact:AshbyScrugg¢Email:alscrug2@ncsu.ediPhone:(910086-0180)

Mentor Information
Name:Alan Whitmore
Email:acwhit@nc.rr.com
Phone:(919)929-5552
TRACertification:05945Level3
Name:JamegJim)Livingston
Emaillivingston@ec.rr.com
Phone:(910)612-5858
TRACertification:02204/LeveB

1.2 LaunchvehicleSummary

1.2.1

1.2.2

1.2.3

1.2.4

1.3.1

SizeandMass

The current leading launch vehicle designis 108.06incheslong with a diameter of 6
inches. Themassof the leadinglaunchvehicledesignwith the leadingmotor option is
47.51bs.

Motor Choice

Thecurrentleadingmotor optionisthe AerotechL15207PS.

OfficialTargetAltitude
Theofficialtarget altitude is 4420ft.

RecovengBystem

The current leading design uses a dueldeployment recovery system using two
PerfectFlite StratologgerCRltimeters, a Fruity Chutes24" CompactElliptical drogue
parachute deployed at apogee,and a Fruity Chutes 120" Iris Ultra Compactmain
parachutedeployedat 500 ft altitude.

1.3 PayloadSummary

BilateralUptakeRoverfor Regolih Ice TransportOperationdBURRITO)
ThepayloadhasbeendesignatedBURRITGan acronymthat standsfor BilateralUptake
Roverfor Regolithlce TransportOperations.The BURRIOrover will deploy from the
payloadbayof the launchvehicleon landing.Dedoymentwill be completedby meansof
a pusherplate moving alongtwo threaded rods, which will pushthe rover out of the
payloadbay. The rover itself consistsof two parallel drive wheelspowered by electric
motorsandmountedto a plywoodchassisaswell astwo stabilizatiorwheelsthat deploy
followingremovalfrom the payloadbay.Theroverwill be radio-controlledby anoperator
who will drive it awayfrom the payloadbaytoward a simubtedice recoverysite. There,
BURRIT@ill deployits SICCWSinulated Ice Collectionand ContainmentJnit) system,a
setof two scoopghat will pickup a 10 mLsampleof simulatedice. Oncethe samplehas
been scoopedup, the operator will drive the rover away from the recoverysite by 10
linearfeet.
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2. ChangeMadeSnceCDR

Table2-1, belowlistsall changesnadeto the full-scalelaunchvehiclesinceCDRsubmission.

Table2-1

Launt VehicleChangesSinceCDR

Descriptionof Change ' Reasorfor Charge

TheEggFindemXhasbeen
relocatedfrom the backsideof the
AVsledto insidethe nosecone
forward of the noseconebulkhead.

Thethreadedrodsrunningthroughthe lengthof the AVbayare likely to
attenuatethe rangeof the signal,sothe transmitter hasbeenmovedinto
the nosecondo providemaximumrange.Asa sideeffect, the transmitteris
muchfurther from the altimeterswith numerousbulkheadsseparating
them, eliminatingthe needfor shieldingwithin the AVbay.

TheAVsledhasbeenshortened
from 10incheslongto 7.5inches
long.

Theremovalof the transmitter allowedfor a shortenedsled.

Thepistonejectionsystemhas
beenreplacedby a plugoverthe
payloadcenteringring.

Dueto the couplersectionjoiningthe mainparachutebayandpayloadbay
beingpermanentlyattachedon the mainparachuteside,the couplerpiece
of the plugwould be stoppedby the couplerand createa sealedsection
without inducingsepaation. Asaresult, a plug protectingthe payload
sectionof the rockethasbeen implemented.

Ejectionchageshavebeenresized
accordingo ejectiontest results.

Section3.5.7detailson the resizingof ejectioncharges.

The LiPobattery for the Eggfinder
TXhasbeenreplacedwith a9V
battery, andthe LiPobattery for
the EggfindeRXwasreplacedwith
3xAAbatteries.

Theavailabilityof 9V batteriescomparedto LiPaobatterieswasdeemed
enoughof anadvantageo switchto their usefor the TX.The TXwill be in
the noseconeandinaccessibldy the night beforelaunch,soanexternal
switchis necessanandreducesthe importanceof battery life. An AAbattery
holderwasincludedin the RXBluetoothcase andthe ability to quickly
exchamge batterieswasdeemedsuitale for the purposesof battery life.

NoseconeéBulkheaddesignwas
changed

Thenoseconebulkheadnow features6 L-Bracketsasopposedto the
previous4. Thislayoutallowsfor more contactpointsto the bulkheal, which
leadsto increasedsecurityof the bulkhead.Thisdecisionwasa cautiorary
measurerather than anecessaryne.

NoseconeBulkhead_ocationwas
changed

Thiswasdoneto accommodatehe threadedrodsfrom the payload
retention system.

Table2-2, belowlistsall changesnadeto the payloadsinceCDRsubmission.

Table2-2

PayloadChangesinceCDR

Descriptionof Change \ Reasorfor Change

Chassiplatesadheredwith wood glue.

Wood glueis sufficiently strongto bondtwo piecesof wood glue;
simplerto applythan epoxy.

Upperchassiplate maderemovable.

Seesection4.4.1

Chassigplate holesalteredand
multiplied.

Seesection4.4.1

chassiplate.

Added L-shapedwood piecesto lower

Seesection4.4.1

Divotsdrilled into drive motor axles.

Seesection4.4.2
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Castemwheelarmsretainedby servo
arms.

Seesection4.4.2

Electronicdbayexpandedand
modified.

Seesectin4.4.3

Switchaddedto BURRIT®Iectronics.

Seesection4.4.3

Buckconverteraddedto BURRITO
electronics.

Seesecion 4.4.3

Addeddisconnectgo drive motors.

See sedion 4.4.3

Voltageindicatorsremovedfrom
design

Seesection4.4.3

9CCUGearDiameterReduced

Enablegreateramountof clearancebelow the BURRITO

SICC&coopProfile GeometryChanged

Enablegreaer amountof clearancebelowthe BURRITO

SICCBraceAdded

IncreasedsICClkliability increasedby ensuringproper gearto-gear
engagement

RadialSupportsspanthe entire
payloadbayandnow locatedevery90-
degreeoffset.

Tominimizeflexingof the lead screwsandto ensuredeployment

Drivemotor upgradedto a2050zin
motor

Retentionmotor to 650 0z-in motor

Neededadditionaltorque to appropriatedeployandunlockthe rover.

Table2-3, below, listsall changesnadeto the projectplansinceCDRsubmission.
Table2-3 ProjectPlanChangesSinceCDR

' Reasorfor Change

Descriptionof Change

Removabf PistonEjectionTest| Nolongernecessangincepistonejectioncannotbe used.
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3. VehicleCriteria

3.1LaunchVvenhicleMissionStatement
Themissionof the launchvehicleisto safelyreachthe declaredtarget apogeeandreturn to
the groundin a reusablecondtion. Themissbn of the launchvehicleis alsoto supportthe
missionof the payloadby safelylandingit within the competitionarea.

3.2LaunchvenhicleMissionSucces€riteria
Missionsuccesss first definedascompliancewith both the NASASLrequiremerts in section
7.3 andthe team derivedrequirementssection 7.4. Successs further definedasfollowsin

Table3-1.
Table3-1 Laurch VehicleMissbon Succes€riteria

Levelof Success Definition

Launchvehiclerecoverable
Nominallaunchvehicletakeoffand descent
CompleteSuccess | Roverisundamagedandfully functionalfollowingthe flight of

the launchvehicle
Launchoperationscanbe repeatedthe sameday
Launchvehiclerepairable
PartialSuccess Successfuhunchvehicletakeoff and descent
Roverisrepairablefollowing the flight of the launchvehicle
Launchvehiclerepairable
PartialFailure Successfuhunchvehicletakeoff and unsuccessfullescent
Roverisrepairablefollowingthe flight of the launchvehicle
Launchvehicleunrecoverable
Roverunrecoverable

CompleteFailure

3.3LaunchvenhicleDesign

Thefollowing are a collection of dimensionsand their built counterpart. Thisprovesthat the
rockethasbeenbuilt in its entirety.

3.3.1 FullAssembly

Thecompleied launchvehicleis shownbelow alongwith dimensions All launchvehicle
sectionsare connectedto eachother via shearpinsor fasteners.Separationpoints are
connected by shear pins, while non-separation points are connected by fasteners.
Sparationgpointsarebetweenthe AVbayandfin can,andbetweenthe AVbayandmain
parachute bay. Non-separationpoints are between the main parachute bay and the
payloadbay, and betweenthe payloadbay and the nosecone All sectionsdo not have
issuesconnecting andno lubricantis needed.
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Main Parachute Bay T
Nosecone
AV Bay

Lo ?

Figure3-1 LaunchvehicleComponents

108.06

1868 2:00 33.00

31.00 ) 2406

Figure3-3 FullLaunchvehicle
3.3.2 FinCan
Thereare a few dimensionalchangego the fin canfrom the originallyplanneddesign.
Thecentercenteringhasseena slightshiftto its postion dueto fin tab issueshut it is by
anarbitrary amount. Additionality, the centeringis now n @ Tapopposedto the original
n ¢ Pteabbulkheadsizesemainthe same.Finsare the samesizeasplanned.

33.00

Figure3-4 DimensionedFinCan
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Figure3-5 FinCanAssembly

3.3.3 AVBay
Therewere no major changego the dimensionsof the AV bay. A manufacturingerror
causedthe body tube sectionto be p ® dironé the aft sectian of the couplerinsteadof

the intended c €bkt this shouldnot be an issue.All bulkheaddimensionsremain the
same.

11.75
11.00

Figure3-6 DimensionedAVBay

Figure3-7 AVBay

3.3.4 MainParachte Bay
Therewere no dimensionakchangedo the mainparachutebay.

2020 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

12.00

18.00

Figure3-8 DimensionedParachuteBay

Figure3-9 ParachuteBay

3.3.5 PayloadBay
Thedimensionsof the payloadbayhavenot beenchanged.

24.06

Figure3-10 DimensionedPayloadBay

Figure3-11 PayloadBay
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3.3.6 Nosecone
The noseconebulkheadhas moved further forward into the noseconethan originally
designedThisisbecausespaceneededto be madeto accommodatdhe leadscrewsrom
the payload retention system. Theselead screws are inserted into the nosecone
bulkhead.Thissystemis describedfurther in section4.5.

Figure3-12 DimensionedNoseCone

o)

Figure3-13 NoseCone

3.3.6.1 NoseconaBulkhead

Additionally, the design of the noseconebulkhead was altered. The nosecone
bulkheadnow features6 L-Bracketsas opposedto the previous 4. Thisis seenin
Figure3-14. Thislayoutallowsfor more contactpointsto the bulkhead whichleads
to increasedsecurityof the bulkhead.Thisdecisiorwasa cautionarymeasurerather
thananecessarpne. Thenosecondulkheadisthe mainstructuralelementholding
the payloadbay during recovery,soit is bestto givethat elementa high factor of
safetyof 8. Thedownsideof this designisthe alignmentissuesthat comewith more
contact points beingintroduced. Properly insertingthe noseconebulkheadis now
more difficult, but not difficult enoughto the invalidatethe design.Theprocesshas
becomefasterwith practice.
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Figure3-14 NoseConeBulkhead

3.3.7 FlightReliability

33.7.1

3.3.7.2

3.3.7.3

BodyTubeMaterial

TheN2 O (A 2filieéylassairframewill ensurethe reliability and reusabilityof the
launchvehicle. Thiscompositematerial providessufficient strength to bear flight
forces. It is thick enoughto negatecommonpunctureand compressivdorces.The
body tube is rated for 27 ksi of compressivestress. The launch vehicle is only
expectedto experience.5ksiof stress givingthe airframeafactorof safetyof 3.17.

Additionaly, G12fiberglassis resistantto moisture damage. This eliminates the
chancethat the airframewould be harmedby previousexposureto moisture.

BulkheadVaterial

Bulkheadswvere constructedof m k gircraft gradeplywood. Thisprovidesa stepup

in strength from normal plywood,includedaddedmoisture resistance Addtionally,

aircraftgradeplywoodmustpaststandarddor strength,sothereislittle chancethat

the team would usea compromisedpieceof plywood. While it wasmore costly, it

wasimperativethat we usedto thismaterialto ensurethe integrity of the bulkheads.
M K phwvoodisusedasthe teamhasaccesgo alasercutter than canaccuratelycut

plywood of this dimension.Any materialthickerwould be harder/impossibleo cut

accurately.Layersare help together usingthe layup processdescribedin secion

3.4.3

BulkheadDesign

Bulkheadswvere all designedto have the appropriatethicknessto ensurethat they
areretainedin their appropriatesedion. Increasedhicknesslecreasedendingdue
to deploymentand increasessurface areafor epoxyto attachto. Theappropriate
thicknesseswere determined through Finite Element Analysisand then verified
usingtestingdescribedn section7.1
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3.3.74

3.3.7.5

ANSYS
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Figure3-15 FEAon FinCanBulkhead

Figure3-15isanexampleof FEAtestingdoneto ensurethe integrity of our
bulkheaddesignsTheultimate stressof ordinaryplywood is 30MPa,so the design
needsto keepbulkheadstressbelowthat amount. Sirce the actualbulkheadis
utilizingaircraftgradeply, this ultimate stresswill be higherin the actualbulkhead.
However to ensurea highfactor of safety,the ultimate stressof regularplywood
wasusedasthe standad.

U-Bolts

All'shockcordsare connectedto U-Boltsthat are securednto the bulkheadsTheU-

Boltsare madeof galvanizedsteelwhichasa yield strengthof 10751bs. Thismore

than enoughto endure recovey loads. Thisyield strength alsoR 2 S aindicaie
completefailure. If a U-Boltyieldsit will deform but it will not rupture. It will secure
its respectiveshockcord. Additionally, U-Boltshavetwo points of contactto each
bulkhead mitigatingthe charcesof a U-Bolt shearingout of bulkhead.

BodyTubeto BulkheadConnections

3.3.7.5(a) Epoy

Thelocationof the bulkheadfrom the end of the body tube wasmeasuredand

markedaroundthe entire insidediameterof the bodytube. Then both the inside
of the body tube andthe circumferenceof the bulkheadwere sandedwith low

grit sandpaperTwo-part epoxywasthen appliedaroundthe innercircumference
of the body tube. The bulkheadwasthen slid into placeinsidethe body tube.

Once the epoxy completely cured, fillets were applied to the contact areas
betweenthe bulkheadandfin can.Filletscorsistof two-part epoxymixed with

404silicafiller.
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Theepoxythat wasusedis WestSysteml05epoxywith 206 slowhardener.This
epoxywaschosenbecauseof its ability to create highstrength moistureresistant
bonds as well as its extendedworking and cure time. The cured epoxy hasa
tensilestrengthof 7,300psianda compressioryield of 11,500psi.

3.3.7.5(b) Bolts+ L-Brackets
The#8 bolts usedto connectbulkheadso the bodytube are rated to withstand
1,200Ibf. Themaximumexpectedload on the bulkheadss 9001bf, sothereisa
factor of safetyof 8 on all bolts securingoulkheads.

3.3.7.5(c) AVBulkheads
AVBulkheadsare securedto eachother vian @ Hsgeelrodsthat spanthe length
of the AV bay couwpler. Thestainlesssteelthreadedrods usedhavean ultimate
stressof about~3400lbs. Betweenthe two threadedrods, this givesan ultimate
stressof ~6800Ibs. Thisis more than enoughstrength to withstand recovery
loads.Additionally,the tests shownin section6.6.2 showthat that the U-Bolts
will not shearout duringrecovery.

3.3.7.6 FinSecurity
Finsareinitially securedinto slotson the fin canusingtwo-part epoxy.Then,epoxy
fillets were addedto both sidesof the fins aswell asat the leadingedgeof the fins
wherethe finsjoin the bodytube. Theseremovestressconcentrationsalongcontact
surfacedo preventfracturingor failure of adhesivesTheseconnectionswill provide
more than enoughstrengthto securefins during flight asthe fins are not bearinga
significantioad.

3.4Laurch VehicleConstruction

3.4.1 CuttingBodyTubes
Bodytubeswere cutusingb / { dr@pbandsawA drop bandsawallowedfor cleanand
easycutsasG12fiberglasds a hard materialto cut with lesspowerful tools. Bodytubes
were placedon the cutting areaof the bandsaw,and then leveledusinga telescoping
stand.Thisensuredthat bodytubeswere cut properly.

To ensurethat that all body tube sectionswere level, the body tubeswere placedon a
level surfaceof ground and then a bubble level was usedto checkif the tube stood
straight.No bodytubesneededto be fixed.
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Figure3-16 DropBandsaw

3.4.2 AssembldodyTubesandCouplers
Threecoupler piecesneeded to be attachedto body tubes. Thiswas for the payload,
paracute, and AV Bay.Contactareason both the bodytubeswere premeasuredThese
sectionswerethen sandedn orderto roughenthe surfaceto allowfor astrongersurface
bond. Two-part epoxywasappliedto the end of the body tube and the couplersection
was inserted. Carewas taken to ensurethat the coupler stood out 6 incheswhere
applicable Sectionswvere laid horizortally to dry to preventthe piecesfrom slipping.

3.4.3 BulkheadAssembly
3.4.3.1 LaserCutting
Eachbulkheadlayer was designedin SolidWorksThe CADfile wasimported to a
UniversalLaserSystemd/LS6.60asercutter. Asinglesheetof 1/8 inchaircraftgrade
birchplywoodwasloadedinto the lasercutter. Asmanylayersas couldfit onasingle
sheetwere cut at the sametime. Ateam memberobservedthe cutting processand
checkedthe dimensionsof eachpart following eachcut. Thisprocesswvasrepeated
until all required layerswere completed. The scrap plywood was savedin case
smallerpartsneededto be cutin the future.

3.4.3.2 Layups

Atfter the layershad beenlasercut, all faceswere sandedwith low grit sandpaper.
Thiswasdone in order to create more surfaceareaon the facesthat were glued
creatinga strongerbond. Next, 1 @ Hdpvéel rods were cut to the thicknessof the

bulkhead All layersof the bulkheadwere then dry fit togetherusingthe dowelrods
in orderto ensurethat the individuallayerswerelined up properly.Beforethe parts
were glued, the vacuumbaggingarea was prepared Vinyl was laid out over the

surfaceto be usedand peel ply waslaid over that. Two-part epoxywasthen mixed
andappliedliberallyto eachf | & &htdetiace.Thelayerswere then stackedonce
againusingthe dowel rods for alignment. Another layer of vinyl was then placed
overtop and a sealwascreatedusingplumé S Nty A vacuumline wasinserted
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creatinga vacuumunder the vinyl. Eachlayup wasthen left to cure for 24 hours
beforeremovingit from the vacuum.

N
PO

Figure3-17 Bulkhead/CenteringingLayup

3.4.3.3 HardpointAttachment

Oncethe bulkheaddinishedcuring,anyrequiredhardpoints,suchasU-BoltsandL-
bracketswere attached.Todo this, first, the installationpointswere measuredand
markedon the bulkhead.Appropriatelysizedholeswere then drilled through the
bulkheadwith a drill press.For U-Bolt installation,a washerwasinstalledon each
end of the U-Bolt, then the U-Bolt wasinsertedinto the holeson the bulkhead.The
U-Bolt wasthen fastened usinga washerand nut on eachend and tightened using
two adjustablewrenches For L-Bracketinstallation,the bracketwasalignedin the
properorientationoverthe hole. Abolt wastheninsertedthroughthe hole,andtwo
nuts were usedto fastenthe bolt.

3.4.4 AVBayAssembly
TheAVBayassemblybeganby cutting to length one length of couplerand one length of
outer body tube accordingto the dimensionsin Figure3-6. Thesesectionswere then
bondedtogetherusng WestSystems-part epoxy.After curing,the drill presswasused
to drill all necessarypressureportsinto the AVbayswitchband

3.4.5 FinCanAssembly
Thefin canwasthe mostdifficult part of the rocketto assembleand neededto be done
asasequened processTheie were issueswith the initial fin canorderedwith Mad Cow
rockery in that the fin slots were too thin. The slotswere 0.125inchesthick and the

plannedfin tabswould be 0.25inchesthick. Excessivesandingand effort were put into
makngthe fin slotslarger.
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Initially, the forwardmostbulkheadwas installedinto the fin can. The location of this
bulkheadwaspremeasuredandthen the contactareawassanded Epoxywasappliedto
the contactareaandthe bulkheadwasinserted.

Figure3-18 FinCanForwardBulkheadRecoery Harnessoint7

Figure3-19 Motor BlockandMotor Retainer
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Oncethe epoxycompletelycured,fillets were appliedto the contact areasbetweenthe
bulkheadandfin can.Filletsconsistof two-part epoxymixed with 404 silicafiller. Thisis
picturedin Figure3-18.

Themotor tube wasthen markedandtreated wherethe centeringring will be attached.
Epoy wasthen applied to that areaand the centeringring was inserted. Filletswere
appliedto the forward sideof the centeringring, but not the aft end. Thisisbecausehese
fillets would interfere with the fin tabsonceinserted.

Figure3-20 Centering RingAttachment

Oncethe motor tube wasattachedto the fin can,the finswere insertedinto the fin can.
Thiswere insertedinto the aforementionedfin slots.Nonfilled epoxywasappliedto
the contactspoints betweenthe finsandthe motor and betweenthe finsandfin can.
Finswere heldin placeby afin jig that the team construckd, picturedin Figure3-20.
Thiswasleft to setfor 24 hours.After this had set,afin hadto reposiioned. Thisis
becausdt hadbecomeunalignedwhile setting. Thiswasdoneusingacetone.Once
repositioned,it wasre-epoxiedto its respectivecontactpoints.
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e

Figure321  FinJig

After this, fillets were applied to thesesamecontacts.Additionally fillets were applied
to the centercenteringring andthe motor tube. Thesefillets were given24 hoursto set.

Thefinal bulkheadinsertedwasthe aft mostcenteringring. Thisbulkheadwasdesigned
to be flushwith the fin tabs, soits positiondid not needto be premeasuredAfter
surfaceprep andepoxyapplicationto the contactarea,the bulkheadwaspushedinto
the fin canuntil it wasstoppedby the fin tabs. After the piecewasallowedto setfor 24
hoursthe bulkheadwasfilleted aroundthe accessible&ontactareas.

Themotor retainer usedfor the launchvehiclewasan AeroPack75mmretainer,which
is mountedwith adhesivesBeforeapplyingepoxy,the moto retainerwasdry fit to
ensurethat the retainer satlevelwith the motor tube. Thecontactpoint betweenthe
motor tube andthe motor retainerwasprepped,andepoxywasapplied.After this
piececurrent,fillets were addedto the baseof the motor containerandthe
constructionprocesswvasfinished.

3.4.6 Nosecone

3.4.6.1 Couple Attachment
Thenoseconewasattachedto the rest of the rocketvia insertion of the nosecone
couplerinto the payloadbay. Four holeswere drilled through the couplerat 90
degreeanglesto eachother. A #8 nut wasattachedto the insideof eachhole with
metal JBWeld. Whenthe noseconecouplerwasinsertedinto the payloadbay,the
holesin the couplerwere alignedwith matchingholesin the payloadbay.A#8 bolt
wasthen screwedinto eachnut to securethe two sectionstogether.
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3.4.6.2 Nosecome Bulkhead
Thenoseconéebulkheadfeatures6 L-bracketsthat are usedto attachthe nosecone
bulkheadinto the noseconeThesebracketsuse#8 bolts and nutsthat passthrough
holesin the nosecongo securethe bulkhead.Thebulkheadalsohasa U-Boltthat is
usedasoneendpointof the mainparachuterecoveryharnessThisU-Boltis secured
asdescribedn section3.4.3.3

3.4.7 ShearPinandFasteneMounts
Shearpin holesweredrilled throughthe bodytube andcouder betweenthe payloadbay
and main parachutebayaswell asthe AVbayandfin can.Theholeswere drilled usinga
handdrill with a 3/32-inch bit to fit 4-40 shearpins. Fastenemountswere drilled to fit
#8 screws Eachhole wascountersunkusinga countersinkingdrill bit.

3.4.7.1 AttachingNuts
Nutson the insideof the airframefor fastenermountsare currently attachedusing
metal JBWeld. Therewere separationissuesthat occurredduring flight; however,
thesedid not compromisethe integrity of the launch vehicle. The® are shownin
Figure3-22. In orderto makethesemountsmoresecure the nutswill bere-attached
usingtwo-part epoxy.

Figure3-22 Nut Detachmenin NoseCone
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3.5Recoery Subsystem

3.5.1 Summary
The recovery systemis controlled by two PerfectFliteStrabloggerCFRaltimeters. One
altimeteractsasthe primaryflight computer,while the other isaredundantsystem Both
the altimeters and their respectivebatteries and switchesare mounted on an avionics
sledcreatedout of lasercuto k nvbarch plywoodandsupportedby two parallelthreaded
rods. After the vehicleis mountedon the launchrail, the altimetersare armedusingtwo
independentscrewswitches,accessibldrom the outside through holesin the airframe
large enoughto fit a screwdriverthat also serve as pressuresamplingports for the
altimeters.

At apogee the primaryaltimeter detonatesa blackpowderchargeseparatinghe fin can
and midsection.Theredundantaltimeter detonatesanother chargeto achievethe same
goall secondaterin caseof failurein the primarysystem.Thetwo sectionsseparateand
descendunderaFruityChutesH nGlassi&llipticaldrogueparachutetetheredto the two
sectionshby a 40 ft length of p k yubular Kevlar shock cord and protected by two
overlappedsheetsof Nomex.Loopsat the endof the shockcordare connectedo U-bolts
on bulkheadsin the airframe by © équicklinks. Thefin canis tethered by a permanent
bulkhead,while the midsectionis tethered by a bulkheadthat is part of the AV Bay
assembly.Thisbulkheadis held in place by a threadedrod and nuts compressinghe
bulkheadand a companionbulkheadon the opposite end of a length of coupler. This
assemblycontainsthe altimeter electronics and ejection chargesand can be prepared
separatefrom the rest of the vehicleduring launchprocedures At 500 ft, the primary
altimeter detonatesa blackpowder chargeseparatingthe noseconeand midsection.At
450 ft, the redundant altimeter does the same. Figure 3-23 shows the expected
performancesof the recoverysystem.

Apogee -
Drogue Deployment
~4420 ft AGL

2/\1‘

I Descent 4 T
Main Deployment

500 ft AGL
| A\

Figure3-23 RecovenCONOPS
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The noseconeand midsectionare tethered by an identicallength of shockcord asthe
droguerecoveryharnessand usesthe same® éyuicklinksto comectto bulkheadsThe
midsectionis tethered to the AV bay bulkheadon this side,describedearlier, while the
nosecondstetheredby aremovablebulkheadin the noseconeThisremovablebulkhead
isbeyondthe payloadsection,andassuchalengthof shackcordisrouted throughahole
in the payloadbay centeringring to reachthe bulkheadin the nose. Supportingthis
recovel harnessis a Fruity Chutesm H Jiri§ UltraCompat parachute.The parachuteis
stored and deployedby a Nomexdeploymentbag. The payloadbay is sealedoff from
ejection gasesusinga removableplug, a pseudobulkheadthat is puttied betweenthe
parachuteand payloadbayandattachedto the shockcordwith a U-bolt.

3.5.2 StucturalComponents

3.5.2.1 AVBayBulkheads
Bulkheadassemblyand structure are analyzedurther in section3.3.

3.5.2.2 AvionicsSled

Figure3-24  AVSledasBuilt

Picturedabove is the fully assemlbed AV sled, with all electronicsand required
hardwaremounted.Thesledis constructedout of lasercuto k nvbarchplywoodand
wood gluedtogether with the exceptionof the battery compartmentcoveron the
left side.Thesledis held in placewithin the AV bay by the threadedrods running
throughthe length of the bay. Thetilted piecesto the right hold the screwswitches
in placeat a90°angleto eachother. Thescrewswitchesareattachedto thesepieces
usingm standoffsto elevatethe screwswitchesandmakethem easierto locateand
activate on the launch pad. The arced piecesholding these in place are slotted
through holesin the sledand keptin placewith bolts runningthroughthe tabson
the bottom side. The altimeters are mounted using oy éstandoffs to ensurethe
pressuresensorsjocatedon the bottom of the board, are givenadequatespaceto
properly measurethe pressurein the AV bay. The altimeters are mounted in
oppositedirectionssothat the battery and switchwirescould run throughthe space
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3.5.23

3.5.24

UNIVERSITY

betweenthe altimeters,while e-matchwiresranonthe outside edge makingwiring
slightly more convenient. The box to the left housestwo 9V batteries for the
altimeters. Thetop pieceof this boxis fit onto the sidesviathe jigsawcutoutsand
held in placeoncethe batteriesare connectedvia screwsthat extend through the
baseplate andterminate with nuts on the oppositeside.
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0 0
o0 go; * ge5ig

| EpEpEEEEEEEEEEEEEEEEgE gy -y -

FEANEEEREREENENERERENEERNERIERNE NN

1.438
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Figure3-25  AvionicsSledDimensiorDrawing

Figure3-25 showsthe assembledavionicssledas builtwith important dimensions
includedin inches.Thesledwithout any additional electronicsmounted is what is
depicted.

Quicklinks

Quicklinks will be usedto tether all body sectionsand recoveryhardware to the
recoveryharnesslescribedn section3.5.4 Allquicklinksare at leasto &teel rated
upwardsof 1200Ibs.Largemuicklinksare usedto tether the vehiclesectionsdueto
the large U-bolts utilized, while more moderate quick links are utilized to attach
parachutesandrecovel hardware.

PressureéSamplingHoles
Forthe altimetersto properly detect the altitude of the vehicleat all points of the

NE O {flight, Préssuresamplingholesare locatedon the AVbaybody tube. These
static ports are recommendedby PerfectFlite,the altimeter manufacturer. The
StratoLoggerCERltimeter user manualsuggestplacingthese holesat least4 to 5
timesthe bodydiameterawayfrom the noseconeshoulder,andusing 4 holesat 90°
intervals,especiallyfor largerdiameterrockets.Thesehelpto avoidanyfluctuations
in the read static pressuredue to wind, angle of attack, or any turbulence or
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irregularitiesproducedby the body upstreamof the static port. Theholesare sized
accordingto the followingequation,providedby the dza Srhakuat:

Q 0OzO0zizaginmmy
Whered is the diameter of the switch hole, D is the inner diameterof the AV bay,
andL is the interior length of the AVbay.With aninner diameterof p ® T angdan
interior lengthof m n ddasa@proximatelyth k o andaEsuchall static ports arethis
size.The ports are alignedto the sled within the AV bay to allow for two of the
neighboringstatic ports to serve as accessto the primary and secondaryscrew
switcheswhichactivatethe altimeters.

3.5.3 ParachuteSelection
Thevehicleusesa Fruity ChutesH n Glassi&llipticalparachutefor droguerecovery,and
a Fruity Chutesm H Jirig UltraCompactparachutefor main recovery.Theseparachutes
have been chosenbasedon team availability,descenttime, drift, and kinetic energy
performance. Vehicle descent speed under parachute can be cdculated using the
terminal velocityformula below?.
¢

0
0

o:

In the equationabove,m is the burnout massof the launchvehicle,g isthe acceleration
due to gravity, " is the density of air, A is the area of the parachute,and G is the
coefficient of drag of the parachute.While the area and drag of the vehicle sections
themselvedo contributeto the velocityat whichtheyfall, their contributionis negligible
in comparisonto the parachute.Thecurrent launchvehicleasbuilt hasa burnout mass
of 1.342slugs.

3.5.3.1 DrogueParachute
TheH n ElassiEllipticalwas chosenasthe drogue parachutefor its high descent

speedandteamownership,in accordancevith TDR3.3.TheH nGlasg Ellipticalhas
a referenceareaof 3.14 ft2 and a G of 1.47, causingthe vehicleto descendat a
steadystate speedof 88.0fps. Thisdescentspeedallowsthe vehicleto descendat
a fairly rapid rate, reducingdescenttime and wind drift while still complying with
TDR3.2¢ droguedescentvelocityshallbe lessthan 100fps.

3.5.3.2 MainParachute
TheFruity Chutesm H Jri§ UltraCompachasbeenchosenfor the main parachute
primarily for its wind drift, descenttime, andkineticenergyperformance.Them H n €
Iris UltraCompacthas a referenceareaof 78.4 ft? and a G of 2.11, resultingin a
descentrate of 14.72fps. In addition, the team alreadypossesses Fruity Chutes

L sLCttp:/mww. perfectflite.com/SLCF.html. deessed 29 Feb. 20.
2 Fluid Frictionhttp://hyperphysics.phyastr.gsu.edu/hbase/airfri2.html. Accessed 7 Nov. 20109.
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M H Jiri§ UltraCompaciparachute,conservingfunds aswith the drogue parachute
andsatidying TDR3.3.

3.5.4 RecovenHarness

Therecoveryharnesgsaren xQ K Kavlarshockcord. Thisshockcordisrated for loads
upward of 20001b, and current massand accelerationpredictionssuggesta maximum
loadof 3001b in the caseof 40 3 @i@Adthe midsedtion andfin canduringmaindeployment
. Thedrogue shockcordhasa bowlineknottied in eachend aswell asaloop onethird of
the way alongits length. Thedrogueparachuteandtwo Nomexclothsare attachedby a
singlequicklink to this loop. Theshorter end of the shockcord is attachedby quicklink
to the midsection,while the longer end is attachedto the fin can. This causesthe
midsectionto hangabovethe fin canduring drogue descent.Thispreventsthe fin can
from collapsinghe mainparachute upon deploymentandreducesthe risk of entanglirg
shockcordandshroudlinesat maindeployment.Themainshockcordisfed throughthe
holein the payloadcenteringring andterminatedin a bowline knot to whicha quicklink
is affixed and tethered to the noseconebulkhead.Approximatelyc €rom the aft most
point of the payload centering ring is another loop to which the plug is tethered.
Approximatelyc €rom this loop is anotherloop to which the deploymentbag for the
main parachuteis attachedby quicklink. Anotherm Mr@m this loop is the loop to which
the mainparachuteitselfistethered, placedherein orderto createat leastashroudf A y S Q &
distancebetweenthe two loopsto ensurethe main parachutefully deploysfrom the
deploymentbag. The other end of the shockcord againterminatesin a bowline knot
whichistetheredto the midsection.

3.5.5 Avionics
T e
1 1
§ Drogue Deployment Drogue Deployment .
grf’;gg Black Powder Charge 1 Black Powder Charge g"j;t“e”nfa”’ 1
¥ Apogee 1 Apogee +1 sec ¥ 1
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\ / # \ | emmmmmm=—- L ? e A 3y !
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: Primary Altimeter [ L . 1+ Redundant Altimeter 1 :
‘ 9V Battery H Stratol ogger CF H Screw Switch 1 i Screw Switch :Q-DI StratoL ogger CF :Q-P‘ 9V Battery
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Main Deployment
Black Powder Charge
500 1t

Main Deployment
Elack Powder Charge
450 1t

Figure3-26 RecovenElectronicdDiagram

Thediagramaboveillustratesthe componentshousedwithin the AVbay and how all of
them arewired to eachother. Thedashedgreenbox containsall the componentsof the
primaryaltimeter recoverysystem.Thissystemcontainsthe competitionaltimeter which
will recordthe i S I Wfizial apogee,aswell asall the componentsnecessaryfor the
requiredrecoveryevents.Thealtimeter has4 pairsof terminalscrewsthat are connected
to a 9V battery, a screw switch, and 2 Ematches. One Ematch is in the drogue
compartment and triggered at apogee, while the other is in the main parachute
compartmentandtriggeredat 500ft. Afresh,testedbattery isinstalledwith eachflight
to ensurethe altimeter hasenoughpower to detonate both chargesand record flight
data.
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Thedashedgrey box housesthe secondaryaltimeter recoverysystem,which is nearly
identicalto the primarysystem with the blackpowderchargedeingthe only difference.
Thedroguechargeis programmedto detonateone secondafter apogee while the main
chargeis set to detonate at 450 ft. Both systans are independentlycapableof safely
recoveringthe launchvehicle andasthey are not connectedn anyfashionthis createsa
redundancyin the system.If anyone componentisto fail, the other systemwill activate
in its placeandallow for saferecovery.

3.5.5.1 Altimeters

The @ S K A @do® évents are controlled by two PerfectFliteStratoLoggerCF
altimeters, one primary altimeter and one redundant altimeter. The primary
altimeter servesasthe nominal operationpoint for the recoveryprocedureand act
asthe (i S| Yo@petitionreporting altimeter. The primary altimeter detonatesits
drogue chargeat apogeeand its main chargeat 500 ft AGL while the secondary,
redundantaltimeter delaysits detonaions by one secondand 50 ft respectively.
Thesedelaysare implementedto prevent the simultaneousdetonation of both
charges and result in over pressurization of the parachute cavities. The
StratoLoggerCIs precise,with prior team flights usingtwo StatoLoggershavinga
measured apogee difference less than 10 ft. The team already owns multiple
StratoLoggerswhich satisfiesrequirement TDR3.3 ¢ the launchvehicleshalluse
recoverydevicesthat the team owns. The StratoLoggerC&llowsfor programming
an apogeedelayin secondsaswell asmain deploymentin 1 ft increments.These
factorsmakethe StratoLoggerCsuitableasboth a primaryandredundantaltimeter.

Terminal Terminal
Block Block
Drogue g Main
Ejection -5 Ejection
Charge E:ratol_oggerr_F g _ Charge
PerfectFlite &
Screw 9V
Switch Battery

Figure3-27 StratoLoggerCWiringSchematic
Figure3-27 showsthe wiring of the PerfectFliteStratoLoggerC&ltimeter.

3.5.5.2 ScrewSwitches
Twoscrewswitchesaremountedon the avionicssledasdescribedn section3.5.2.2
Eachscrewswitchisindependentlyconnectedto the switchterminalson one of the
attimeters. Eachof the screw switchesis accessiblevia a screwdriverand the
PressureSamplingHoles describedin section 3.5.2.4 This allows for the entire
vehicleto be assembledand brought to the pad without a continuousconnection
betweenan Ematchanda power source.Oncethe vehicleis on the launchpadand
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in the upright position,ateammembermayarm the altimetersusinga screwdriver.
These switches protect team members from premature black powder charge
detonationsand conservebattery life for the altimeters.Screwswitchesmayalsobe
tightened significantlyin order to ensurethat altimeter power is retained despite
anyflight forcesor jostlingof the AVbayor launchvehicle.

3.5.5.3 Batteries

Bothaltimetersare poweredby fresh9Vbatteriesfor eachflight. Beforeeachflight,
an unused9V battery is tested to ensure a voltage of at least 9V, before being
connectedto the systemand enclosedin the battery compartmentof the AVsled.
The battery compartmentof the sledis designedto createa tight fit suchthat as
long asthe lid of the compartmentis on, there shallbe no way for the batteriesto
become disconnected from their connectors, ensuring uninterrupted power
regardlessof flight or external forces. The model of battery usedhasbeentested
with the (i S I ¥ltn&tersasdetailedin section7.1to ensureproper battery life,
lastingat least3 hours without issue.

3.5.5.4 Redundancyeatures

The recoveryelectronicssystemcontainstwo separae recovery systemswithin.

Therearetwo entirelyindependentaltimeters,screwswitches 9Vbatteries,drogue
e-matches,andmaine-matchesIf anyone componentof a systemwereto fail, the

secondsystemwould be just as capableof safelyrecoveringthe launchvehicle.In

additionto this, the redundantaltimeteris connectedo slightlylargerblackpowder
charges.In the event the primary recoverysystemfunction as designedand the

chargesare detonated, but body sectionsfail to separate,a larger charge on the

redundantsystemincreaseshe chance®f the systemproperlyseparatingiponthe

redundant O K I NJHefofdion. The use of two separate systems creates
redundancythat protectsagainsttcomponentfailure,while the largerchargesonthe

redundant system protect against miscalculationsor aberrations in the force
necessaryo separatethe sections.

3.5.6 TrackingDevice
Thelaunchvehicleis locatedusingan Eggfier GPSThe systemconsistsof a standard
EggfinderTransmitterTXwith the includedstick antennaand a 9V battery, transmitting
to a Bluetooth EggfindeiRXdongle. Thetransmitter is locatedin the noseconeforward
of the noseconebulkhead,with a screwswitch accessiblédrom outsidethe vehicle.The
transmitter and attachedbattery are attached within the noseconeusingstrips of hook
andloop fasteneragainstthe inner wall of the noseconeTheswitchis mounteddirectly
againstthe inner wall with electrical tape to make the screw easily accessible The
transmitter is pairedwith areceiwer, programmedto the samefrequencyof 913MHzon
ID 3. The transmitter operates on a transmission power of 100 mW, satisfying
requirementNASA2.22.9.Thetransmitter hasdemonstrateda rangeof at least3000ft,
maintainingconnectionthroughoutthe as@nt of the vehicledemonstrationflight. Even
if the range does not exceedthe apogeeof the flight, the receivershould be able to
reacquiresignalduringdescentgiven that the vehicleshalldescentwithin 2500ft of the
launchpad. Thereceiveris mounted in a plasticcasewhich alsohousesa 3x AAbattery
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3.5.6.1

3.5.7

holderand Bluetoothmodule. Thereceiveris pairedto the phoneof ateammemberon

the field recoveryteam via Bluetooth. The GPSlatais then plotted usingthe app Rocket
Locatoron the phone.Theapp plotsthe @ S K A IGratiBr@risatelliteimageryaswell as
givingthe @ S K A distagc@aititude, and an azimuthline from the current location to

the vehicle.The@ S K A latifude @ritl longitudeare alsoavailablein the logsof the app.
A redundant trackingdeviceis not includedin the vehicledue to the tracking device
servingas a secondarymethod to visualidentification of the vehicle during descent.
Addtionally, anothertrackingdevicewould haveto be locatedin closeproximity to the

current tracking device, increasing the likelihood of interference between the

transmission®f both devices.

Sensitivityto Transmitters

The locating transmitter will be located 60 inchesfrom the neareste-match or
altimeter, severely limiting the effect of radio transmissionson premature
detonations.Thealtimetersare alsoby designnot sensitiveto RFradiation,though
additionalbarriershelp increasethe level of confidencein this lack of sensitivity.2
bulkheadsandthe entirety of the payloadsystemaswell as2 pairsof threadedrods
helpto attenuatethe effect of RFradiationin the AVbay.

EjectionChargeSizing
Blackpowderchargeswvere sizedaccordingo the idealgasequation shownbelow:

PV=mRT

WherePis the pressureproducedby the black powdergas,V is the volumeof the cavity
it fills, m is the massof blackpowder in the charge,Ris the gasconstant,and T is the

combustiontemperature of blackpowder. With a ¢ énner diameterfor both sections,
and a length of 7 inchesin the drogue compartment and 21 inchesin the main

compartment this givesavolumeof 197.9in® and593.8in° respectivelyRocketryforums
recommend15 psiasan appropriateseparationpressurefor most rockets,with tighter

fits possiblyrequiring 20 psi. In order to reach 20 psi, the drogue chargewas initially

projected to be 2.0 gramsand the main 6.1 grams. An experiencedteam member
suggestedupping the drogue chargeto 2.5 grams,which team decidedto do. Upon
preliminary ejectiontesting, both chargeswere deemedto be excessiveespeciallythe

main charge.The chargeswere subsequentlydownsizedto 2.3 gramsand 5.5 grams
respectivelycreatingapressureof 22.5psiand 17.9psirespectively Thesechargesvere

also deemedto be appropriately sizedfollowing the ground ejection test detailed in

section7.1 Inorderto createredundancyagainstmiscalcuhtionsandaberrationsn flight

conditionsthe redundantchargesareslightlylargerthanthe primaryones.Thesecharges
were arbitrarily determinedto be 2.7 gramsand 6.0 gramsfor the drogue and main

redundantchargegespectively.

3.6MissionPerformarce Predictions

3.6.1

LaunchDayTargetAltitude
Thel S | ¥eB&redaunchdaytargetaltitude is 4,420feet.
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3.6.2 FlightProfileSimulaions

Oncethe full-scalevehiclewas assembledand measured the modelsin RockSinwere
updated to more accurately predict the flight performance of the launch vehicle.
Primarily,the total massand center of gravity locationwere overridden in the RockSim
file. Frominformation collectedfrom www.weatherunderground.conthe atmospherc
conditionswere updatedin RockSinto reflectthe conditionsexpectedat the launchsite,
this datais discussedurther in section 5. Thealtitude plots from these simulationscan
be seenbelowin Figure3-28. Thealtitude predictionswere verifiedusingthe Barrowman
Equationsandis discussedurther in section3.6.3

Altitude Plots from RockSim Data
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Figure3-28  RockSimltitude Predictionsof AsBuilt LaunchVehicle

Thesimulatedthrust curveof the AerotechL1520Tthat wasusedfor all simulationscan
be found belowin Figure3-29.
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Figure3-29 AerotechL1520TThrustCurve
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FromFigure3-28it isnotedthat simulationswere conductedacrossarangeof pre-loaded
wind conditionsthat RockSinoffers. Fromthesesimulationsthe predictedapogeeof the
full-scalevehicleis 3,775feet, arail exit velocityof 70.1feet per secondandamaximum
velocity of 497 feet per second or Mach 0.45. These values comply with NASA
requirements2.16and?2.227, respectively

3.6.3 Altitude Verification
The altitude mentioned in the previous section was verified using. I NN g Y| Yy Qa
equations.Fromthis setof equations the calculatedapogeewas3,649feet. Thisgivesa
percentagedifferenceof 3.5%comparedto RockSir@ valueof 3,775feet. Thisminimal
differenceensureghe accuracyof the predictedapogee.

3.6.4 StabilityMarginSinulation

Thecenter of gravity and final massof the launchvehiclewere updatedin RockSinso
that the stabilitymarginof the launchvehiclecould be accuratelypredicted.Forturately,
all changesvere relativelyminor, andno majorimpactwasmadeonthe launchd S K A Of SQa
stability margin.However the final massof the vehicleendedup beingnearly3 pounds
heavier than expected. Estimatesbefore the assemblyof the vehicle predicted the
stability margin to be 2.18 calibers, once the vehicle was fully assembledit was
determinedthat the stability of the assembledrehiclewas?2.15. The stability wasagain
measuredon the launchvehicleoncethe motor wasinsertedinto the vehicleandit was
then determined that the true stability of the vehicle on rail is 2.17 caliberswhich
complieswith NASAequirements2.14.Thefinal CGand CPlocationsare shownin Fgure
3-30.

€6 =59.25 | : R

CP=17876

Figure3-30 CGand CPlocationsof the FinalLaunchvehicleasBuilt

3.6.5 KineticEnergyat Landing
Kinetic Energycan be calculatedusingthe following equation, where KEis the kinetic
energyof the object, m isits mass,andVisits velocity?:

ve Paw
C

3Kinetic Energy The Physics Hypertextbadktps://physics.info/enegy-kinetic/. Accessed 7 No2019.
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3.6.5.1

3.6.6

3.6.7

At landing,the vehiclewill be descendinguinderthe main parachute.Thus,the velocity
under main shallbe usedto calculatethe kinetic energyfor eachsectionasseenin the
table below. Themassof eachsectionwasweighedon a scaleasbuilt.

Table3-2 KineticEnergyat Landing
: . KineticEnergy
Main Velocity at Landing
Nosecone .5532slugs 14.72ft/s 60.0ft-Ibs
Midsection | .3916slugs 14.72ft/ s 42 4Aft-lbs
Fincan .3792dlugs 14.72ft/s 41.1ft-Ibs

With the heaviestsectionof the launchvehicledescendingwith a kinetic energyof 60.0
ft-lbs, the vehiclehasa large marginbetweenthis value and the maximumas givenby
requirementNASA3.3.

AlternativeCalculatiorMethod

Kineticenergyat landingwasalsocalculatedusingRockSinasa method of verifying
the resultsof hand calculations The RockSinmodel hasbeen masslockedto the
rocket in its fully assembledand ready-for-launch status. The descentvelocity as
calcuated by RockSinunder no-wind conditionshasbeen usedwith the massof
ead body sectionasdescribedaboveto calculatethe kineticenergy.

Table3-3 RockSinKineticEnergyat Landng

Section Mass ‘ Main Velocty ‘KineticEnergyat Landin%

15.39ft/s
15.39ft/s
15.39ft/s

Nosecone
Midsection
Fincan

.5532slugs
.3916slugs
.3792slugs

65.5ft-lbs
46.4ft-Ibs
44 9ft-Ibs

Thetable abovetabulatesthe kineticenergyof eachsectionand showsonly a minor
increase from hand calculations. There is approximatelya 0.7 ft/s difference
betweenthe RockSinandhandcalculateddescentratesdueto the methodbywhich
RockSindeterminesthe descentvelocity of parachutes RockSh accountsfor the
spillhole of the parachuteand usesan assigned rather than determiningit based
on manufacturerratings. Evenwith a slightly higher descentrate, the nose cone
descendsvith amarginof approximatelyl0 ft-lbs.

DescenfTime
Descentime hasbeencalculatedasa necessargomponentof the wind drift calculations
andis detailedfurther in the following section.

Wind Drift

Winddrift calculationsvere doneby assuminghat the rockettraveledstraightup to the
projected apogee,deployed its drogue parachute,immediately started descendingat
terminal velocity underdrogue,deployedthe main parachuteat 500ft, andimmediately
acceleratedo terminal velocityunderthe main parachute . Fromapogeeto landing,the
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3.6.7.1

rocket is assumedto travel in a singledirection at constantspeedequalto the wind
condition. While not wholly accurateto actualperformance this model coversthe time
between recovery events well. Assumingthe rocket immediately reachesterminal
velocity at apogee will reduce descenttime by a few semnds, while assumingit
immediately reaches terminal velocity at main losesa secondor two, as the main
parachutetakesa secondor soto fully deployand acceleratethe rocket. Assuminghe
rockettravelsat wind speedin a singledirectionis alsoa worst-casescenario.

Giventhe distancebetweenapogee maindeployment,landingandthe rate at whichthe
rocketis falling betweenthese locations,the descenttime of the rocket canbe simply
calculatedas such,where t is the descenttime, ¢ is apogee,¢ is main deployment
altitude, 0 isdescentrate underdrogue,and0 isdescentrate undermairt:

¢ o @

0 - ;
0 0

Theselectedparachutesalongwith an apogeeof 4420and maindeployaltitude of 500
giveadescenttime of 79 secondausingthe equationabove.Multiplying this descent
time by the speedof a givenwind conditiongivesthe distancetraveledby the rocket
constantlysustaininghesewinds,asseenin the table below.

Table3-4 Descenflimeand Drift Distance
Apogee D_IGE;:]:gnt Drift Distance
0 mph 4420ft AGL 79s Oft
5mph 4420ft AGL 79s 576ft
10mph 4420ft AGL 79s 1151ft
15mph 4420ft AGL 79s 17271t
20mph 4420ft AGL 79s 2303ft

In 20 mphwinds,the worst-casescenarioconsideredthe vehicleis projectedto descend
in 79 seconds, 11 secondsless than the required maximum, and cover 2303 ft,

approximately 200 ft lessthan the required maximum. Given these numbers, this
parachutecombinationis satisfactoryandleavesalargeenoughmarginto remainrobust
to uncertainty.

AlternativeCalculatiorMethod

In orderto verify the validity of handcalculatedresults,wind drift calculationsvere
alsoperformedusingRockSimAtest casewasrun for eachwind speedsettinglisted
in the table below, assuminga constantwind speedthroughoutthe flight. RockSim
modelspositiontwo dimensionally,so the vehicleis assumedo be launchedinto
the wind at a 5° angleand drift in the direction of the wind after apogee.Drift

4 Equations of Motiorg The Phgics Hypertextbookttps://physics.info/motionequations/. Accessed 7 Nov. 2019.
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distanceis calculatedby finding the difference betweenthe rangeat apogeeand
range at landingdata points provided in the details of the flight. Descenttime is
similarlycalcuated, usingthe time at apogeeandtime at landingdata points. This
findsthe descenttime andwind drift of the rocketassumingdescentstartsdirectly
abovethe launchpad.

Table3-5 RockSinDescenfTimeandDrift Distance

Descent

Apogee Time Drift Distance
0 mph 4420ft AGL 67s Oft
5mph 4420ft AGL 67s 490ft
10mph 4420ft AGL 66s 9761t
15mph 4420ft AGL 66s 1443ft
20mph 4420ft AGL 63s 18551t

Thetable aboveshowsthe resultsof the RockSintalailations.Drift valuesbeginto
drasticallydecreasdén comparisorto the handcalculationsaswind speedincreases.
Thisis likely a combination of the previousy mentioned faster descenttime in
RockSinfrom parachutecalculationsandthe factthat wind speedcanin somecases
increasethe vertical descentspeedwith the RockSimmodel. As such, RockSim
calculationgrovidealargemarginfor satisfyingrequirements NASA3.10 and NASA
3.11. RockSinproduceda result of 23 secondsf leewayin descenttime and over
600ft of spacein drift distanceat the highestconsideredwinds.
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4.

PayloadCriteria

4.1

4.2

PayloadMissionStatement
Thepayloadmissionis the collectionof a suitablesamplesizeof simulatedlunarice from a
location near the launchvehicle landingsite by a remotely controlled rover following the
deploymentof saidroverfrom the launchvehicle.Followingsamplecollection,the roveristo
move a set distancefrom the samplecollectionareaas per the requirementsof the NASA
StudentLaunchCompetiton.

PayloadSucces€riteria
Payloadsuccesss definedfirstly by the requirementsset forth by the NASAStudentLaunch

Competitionasdefinedin section7.3 aswell asthe team derivedrequirementsset forth by
the team derived requirementsdefinedin section7.4. Additionalsucces<riteria aswell as
levelsof successndfailure are further definedbelowin Table4-1.

Level

CompleteSuccess

Table4-1 PayloadSucces€riteria

ProjectAspect
Successfudamplerecovery,
rover movement,andpayload
deployment
Recoverableover
Unimpededpayload
deploymentand operation

HumanAspect

No nearmissesand/or injuries
to teammembersand/or
spectatorsrelatedto
operationalor non-operational
factors

PartialSuccess

Successfudamplerecovery,
rover movement,andpayload
deployment
Roverrepairable
Payloaddeployment or
operationimpededor
otherwisedelayedduring
operation

Nearmissincidentsinvolving
team membersand/or
spectatorrelatedto operational
or non-operationalfactors

PartialFailure

Failureto recoverrequired
sample
Payloadailsto deploy
Repairdle damageto roveror
deployment
Roverrepairable

Minor team memberand/or
spectatorinjuriestreatablewith
basicfirst aid dueto operational

or non-operationalfactors

CompleteFailure

Deploymentsystemfailsin a
mannerthat leadsto severe
airframedamage
Unrecoverableover

Severdeammemberand/or
spectabr injury dueto
operationalor non-operational
factors
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4.3BURRITOesign

Thedesignfor the payloadvehicleis a rover with two coaxial,independentlymotorizedwheels
utilizing a plywood body and standardwheels.Becauseof its two-wheeleddesign,the rover is
designatel BURRIT@ilateralUptakeRoverfor Regolithice Transpat Operations.Thetwo drive
wheelsare eachdriven by their own motor; these motors and their sharedbattery are housed
insidethe BURRIT©hassisThecontrol systemsf BURRIT©@onsistof a microcontrollerrelaying
signalsfrom a radio receiverto the r2 @ Siidacontroller and servos.Thecontrol electronics
are housedin a box in the center of the rover chassiscalledthe electronicsbay. To maintain
stabilitywhile driving,the BURRIT @&aturestwo springloadedarmswith casterwheelsattached
to them. Thesearmsdeployfrom the N2 & Saldk@rid suchthat, whenthe rover drivesforward,
the casterwheelspreventthe body from rolling backward.Onthe undersideof the chassisthe
simulatedice collectiondevice,designatedSICCUs mounted, with its servosplacedinsidethe
chassisAmodelof the BURRIT@esign(asbuilt) canbe seenin Figure4-1, Figure4-2 andFigure
4-3. Figure4-1 showsthe stowedconfigurationof the rover, viewedfrom the front. Figure4-2 is
an explodedview of the BURRIT@hat showsthe subsystem®f the rover. Figure4-3 showsthe
major dimensionsof BURRITOn inches.

Figure4-1 BURRIT®rontView,SpringLoadedCasteiWheelsStowed

5¢Hitec HS®380THServp 05 /!5 a2RSf [AONINEB pu DNIOG/!5dé why
https://grabcad.com/libray/hitec-hsb-9380thserve 1. [Accessed: De2019].

G [ H p3DCADModel Library |Gk 6/ | 5 ®@¢  @h Y f hitps:BoBabicad.cant/library/|Z0865 Y

[Accessed: Dez2019].

GCNI 1@& -ywpugkos HyBSyayR2lRESSt [ AONI NBE p DNI oG/ ! 5d0¢ whyf
https://grabcad.com/library/frskyx8r-w-o-antennasl. [Accessed: De2019].

G C A¢R&mdircesc AndyMark Ind@ ¢ @ h y £ A y I8tesdl wiwdahdynbatkadrh/@adyes/resources
files?prefix=STEP%20Fild&ccessed: De2019]
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Electronics Bay Battery

//Chassis
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Rover

Interface Plate Drivetrain

siccu /_‘m‘ ‘ﬁ-
Caster Wheels —— & b

Figure4-2 BURRIT@xplodedviewwith Labelkd Subsystems

17.28

11.94

Figure4-3 BURRIT®rontViewwith Dimensionsn Inches

4.3.1 Chassi$tructure
. 1 ww Lohds<ixa constructedout of birch plywood plates, which were laser cut to
shapeand adheredtogether usingwood glue. Thiskind of plywood structure hasbeen

oBlank Hub with 0.125 imimpled Online]. Availablehttps://www.andymark.com/products/hub
aluminumblankwith-125
dimple?via=22IkOi8vYW5keW1lhcmsvV29ya2FyZWEG60OKNhdGFsb2c60kNhdGVnb3J5LzVhZjhhYjYOYmM2
ZJZKNWUzNmYyMzM1ZAccessed: De2019]

G! NRdzZAy2 !bh IyYyR a9dlibraBppnDpNI 05! bohle:adbBRE AyS8d | gI
https://grabcad.com/library/ardino-uno-andmega2560-1. [Accessed: 1Dec2019].

G[ aupdc p o5 /15 a2RSt [AONINEB py DNIOG/!5dé- hyfAy
5. [Accessed:-Mar-2020].

& { V® NitecHS55 | 3D CAD Model Library N> 6/ | 5d¢é¢ whyf Ay Sed | gFAfl of Sy
https://grabcad.com/lilrary/ servehitec-hs-55-1. [Accessed:-Mar-2020].

GMkné . 2NB oH LYOK {KIFd az2dzyd tAyA2y DSOBNEDPE why
4-bore-32p-shaftmount-pinion-gears. [Accessed:Nar-2020].

G{SiG { ONBg K IaFhiy f AdguBBsIBNGEZSENOEIty.com/ sescrewshaft-couplers.

[Accessed: Mar-2020].

2020 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

4.3.2

usedin previousyearsin the avionicsbaysof rocketsandis thus capableof sustainhgthe
high accelerationsof launchwhile remaininglightweight. The platesthat make up the
OK | &siles Bage rectangular teeth that allow them to interlock with one another,
forming a robust structure once gluedor bolted together. Eachof the platesconsistsof
two n & m thipkdayersof plywood,bondedtogetherwith wood glue. Theplatesfeature
holescut suchthat the motor shafts,servogears,casterwheel arms, and parts of the
electronicshaycanprotrude from the insideof the structure. Trianguér, patternedholes
on the front, top, and backsidesform a trusslike structure that removessome of the
weightof the chassisvithout sacrificingsignificantamountsof strength.Theseholeshave
an added benefit of creatinga small amount of visibility and accessto the BURRITO
internals,easingthe processof anyrepairs.To allow greateraccesdo the insideof the
chassisthe two sideplatesandupperplate of the chassiareboltedon, ratherthanglued
in place.Theboltsattachadjacentplatestogethervial-bracketsat the cornersof the side
plates. This was be helpful during construction, as it would have otherwise been
impossiblefor the motorsto be attachedandwired into place.Thestructure consistsof
atotal of 8 separateplate pieces;the renderingin Figue 4-4 showsthe platesassembled
into the chassis.

Figue 4-4 BURRITQGhassi&ssembled

Drivetrain

Thedrivetrainof BURRIT©@onsistof two wheels4.35inchesin diameter,eachpowered
by a DCelectricmotor. Theselectedwheelsare manufacturedoy Andymarkandfeature
G LI | Qugdg@op teads, whose malleability allows the wheelsto maintain a large
contact areawith the ground,providinghightraction. Theselectedmotors are 350 RPM
PremiumPlanetaryGearMotors from Actobotics;thesemeet the torque androtational
speedrequirements for the NB @ $péfation. The mathematicalrationale for these
motors is detailed in the section about the powertrain selection calculations
0 a LJ2 ¢ S mritigta ofly the motorsandbattery).

Betweenthe wheelsandthe motorsare modifiednylon washersAsBURRIT@ launched
while restingon the faceof one of its wheels the loadsof launchwould normallytransfer
throughthe thin axleof the connectedmotor, potentiallycausingdamageThenylonrings
provide a buffer for the N2 & @igitdo rest on; they serveto take compressivdoads
off the Y 2 (i Zakés . fdditionally,the washershavea low coefficientof friction of 0.06
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when placedagainstthe aluminumwheel hubs,allowingthe motorsto spinfreely while
BURRIT@rives® Thedistane createdby the thicknesghe washersalsoensureshat the
boltsthat partially protrude from the wheelhubsdo not collidewith the rover chassis.

Both motors are powered (througha motor driver) by the samebattery, a DRIVEL1.1V
20C3SLiPobatterywith acapacityof 4000mAh. It wascalculatedhat this capacitywould
be enoughto carrythe roverthe maximumpossibledistanceto the icerecoverysite, with
someleftover capacity. Theselectionof a LiPobattery wasideal due to the high energy
densityof this type.” Thesamebattery alsosuppliespower to the control electronicsof
BURRIT@nd the servos(through a buck converter). The sizingand selectionof the
battery is detailed in the powertrain selectioncalculationsin section4.3.3 Figure4-5
showsBURRIT@:ith onlyits powertrainandsomestructureto illustratethe arrangement
of theseparts.

Figure4-5 BURRIT®owertrain

Onthe backsde of the rover are two springdeployedarmswith casterwheelson their
ends.Thepurposeof theseisto providestabilitywhenthe rover drivesforward; without
them,. | ww Lchasddéould rotate backwardspreventingforward driving. Thearms
are comectedto springloaded hinges,suchthat, once deployed,the arms canretain
their positionwith someflexibility. A pair of smallHitecHS55 servospreventthe spring
hingesfrom deployingthe casterwheelsearly;their arms(alsoknownasd K 2 NBfo&é 0
the outward movementof the casterarms.Eacharm is 3D-printed suchthat, whenthe
rover is stowed,a smalltab contactsthe adjacentd S NJ2n@dd holdsthe casterarm
in position. Whenthe casterwheelarm deploys,a separatetab on the I NJyuQdrside
preverts it from extendingtoo far; eacharm holdsa casterwheelsuchthat they swivel
as the rover turns. Figure 4-6 and Figure 4-7 show the retracted and deployed
configurationsof one of the casterwheelarms

@l GSNRALFE /2ydl OG0 t NRPLSNIASE ¢FofSdé ohytAaAySeo ! g
http://atc.sjf.stuba.sk/filesimechanika_vms_ADAMS/Contatable.pdf. [Accessed: JaR020].

7TG[ At 2 QALDBNABREY/ 2¥ ¢¢g2 az2ald t2LdzZ N . FGGSNE ¢@&LIS
Available: https://blog.ampow.com/lipos-nimh/#LiPo_vs_NiMH_Weight. [Accessed:-9&020].
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Figure4-6 BURRITQasteiWheelArm Stowed

Figure4-7 BURRITQasteiWheelArm Deployed

4.3.3 PowertrainSelectiorCalculations
Anonlinesizingtool was usedto determine the motor andbattery specificationsequired
for BURRIT®Thefollowing seriesof equationswere takenfrom the tutorial pageon this

tool; these equationsdetail how to producethe battery and motor specificationgrom
rover characteistics?®

ThoughBURRIT@vasintended to operate on a relatively flat competition field, it was
unknown exactly how much resistancethe rover would encounter to its forward
movement. Theonline motor sizingtool suggestedhat a decentapproximationof the

8ro0 2 U AK2 LIV Aa020EAYINE DSt 2 (1 YRD R AGIIEDRLIE HAMOD whyf Ay
https://www.robotshop.com/community/blog/show/drivemotor-sizingtool. [Accessed: De2019].
9060Syaz2ys G5NAGS az2i2N) {ATAYy3I ¢dzi2NRIFf dé w2020{ K21
https://www.robotshop.com/commurty/blog/show/drive-motor-sizingtutorial. [Accessed: @e2019].

2020 NASA Student Launch | Tacho Ly




NC STATE UNIVERSITY

resistancefrom driving could be obtained by modellingthe rover asaccelerating on an
incline of a specifiedangle, basedon the assumptionthat the traction between the
wheelsandthe surfacewasperfect. Thefollowing equationwasthen usedto producea
worst-caseestimate for the required stall torque (e.g. maximumtorque) of the drive
motors.

pTTYD® Qi &

y _
Q 0

In the aboveequation,Ris the radiusof the wheel,M is the massof the rover, ais the
desiredaccelerationof the rover, g is the accelerationdue to gravity,and” isthe angle
of the incline, e isthe efficiengy of the motors,and N isthe numberof motors.

Asthe motors neededto run for a specifiedtime, the power they consumedhadto be
estimated to determine the capacity of the required battery. The first property
determinedwashow fast the motors would need to spinto maintainthe desiredrover
speed.Thefollowing equationdeterminedthe rpm of the motor that would producethe
neededvelocityfor the rover.

bo
Y

In the aboveequation,. isthe rotational speed(in rad/s) of the required motor (this is
normallyconvertedto rpm), while u is the voltageof the Y 2 {i Zpdld@rsourceand Ris
the radiusof the attachedwheel.

Not only did the rotational velocity of the motors needto be known, but the time the
battery neededto operatefor hadto be determined.Thefollowingequationdetermined
the time of operationbasedon the N2 & Spiddandthe distanceit hadto travel.

)

C =
W
Inthe aboveequation t isthe time the rovermustoperatefor, Disthe distancethe rover
musttravel,andVisthe desiredspeedfor the rover.

Oncethe neededrotational speedand time of operationwere obtained, the following
equationwasusedto determinethe capacityof the battery neededto supplythe motors
with power.

g

O —0
w

In the aboveequation,cisthe amp-hour capacityof the battery needed, Tisthe torque
of the motors beingused,. isthe rotational speedof the motors, Visthe voltageof the
battery, andt is the time the battery needsto operatefor. It shouldbe noted that the
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capacityc is per motor, meaningthat the total capacityneededfor BURRIT@ould be ¢
multiplied by the numberof motors °

Theamount of current the battery neededto supplyeachmotor wasalsodetermined,
usingthe following equation.

~ D
C —
w

Inthe aboveequation,l isthe currentrequiredper motor, Tisthetorque of eachmotor,
. isthe rotational speedof the motors,andV isthe voltageof the battery. Thecurrent,
like the capacity s alsoper motor, meaningthat the battery will needto supplyenough
currentfor both motorscombined.

Thesizingtool usedthe equationsto determinethe motor andbattery specificationghe
rover would needto have.In order to correctly determine the battery size,a battery
neededto be presdectedsothat its masscouldbe addedto the total massof the rover
inthe cdculations Likewisemotorsneededto be preselectedsothat their weightwould
beincluded.Thepreselectedattery wasthe HyperionG550C3S4000mAHLiPoBattery,
asit exceededpreviousestimatesfor the capacityrequiredandfit wellinsidethe chasss
of BURRIThepreselectednotorswere the family of PremiumPlanetaryGearMotors
by Actobotics,as many of them sharedthe samemassand only variedin their torque
androtational speed,makingselectionmore flexible.

With the preselectedcomponentsn place, Table4-2 wasusedto add up the weightsof
the componentsfor BURRITOthe total massfrom this was then used with the
aforementionedequationsin the online tool to determineif the batteriesand motors
wereof the correctspecificationlt shouldbe notedthat the total massat the endof the
table is not the sameasthe NP @ Gdthiiliémass these calculationswere completed
prior to actud assemblyof the rover. TheN2 @ Ssi¥diltimassis 4.761bs (note that this
includesthe addedweight of the SICClsystemand the interface plate for retention
whereasoriginalestimatesdid not).

Table4-2 Lig of Weightsfor FinalRoverComponents

ProductName Weight (Ibf)

(2x)350RPMPremiumPlanetaryGearMotor 0.4
HyperionG550C3S4000mAhLiPoBattery 0.65
(2x)4" PlactionWheel 0.98
(2x)BlankHub 0.3
HiLetgolL298NMotor Driver 0.01

(2x)1" Diameer RigidCasteiWheel 0.04
(2x)SpringHinge 0.06

006S8Syaz2ys 4G45NADGS az2i02NJ {ATAYy3I ¢dzi2NALFE dé w2020{ K2LIZ HA!
https://lwww.robotshop.com/community/blog/show/drivemotor-sizingtutorial. [Accesed: Dee2019].
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FrSkyTaranisCompatibleReceiveiX8R 0.04
(2x)PlanetaryGearMotor Mount A 0.04
(BirchPlywood) 0.25

TOTAL 2.77

Oncethe weightof the roverwasknown, the other characteristicef the designcouldbe
enteredinto the online calculationtool. Table4-3 outlinesthe inputsthat were usedfor
the final design.Someof the inputswere left to their defaultvaluesprovidedby the tool;
this was done to remain consistentwith the i 2 2éstimatesfor motor efficiencyand
rover traction. Thespeedof the rover wasassumedo be 4 mph, slightly abovewalking
speed,suchthat driving the rover would not take up significanttime. The maximum
distancewastakento be 2550ft, approximdely the farthestdistancearocketcouldland
from a recoverysite basedon the field map for the StudentLaunch competition. The
speedand distancecombinedyielded an operatingtime of 7.24 minutes. It shouldbe
noted that the estimateddistancewas higher than in the requirementsestablishedfor
the rover;the higherestimatewasconsiderednore accurateandresultedin the addition
of rangebuffer that wasassumedo accountfor someof the additional power draw of
drivingoverroughterrain.

Table4-3 FinalRoverDesignCalculatiorinputs

VariableName& Units Value Default?
Totalweight, Ibf 2.77 N
No. of drive motors 2 N
Radiusof wheels,in. 2.175 N
Velocity,ft/s 5.87 N
Maximumincline,deg 20 Y
Suply voltage,V 11.1 N
Desiredaccelerationm/s? 0.2 Y
Desiredoperatingtime, s 7.24 N
Totalefficiency % 65 Y

Thetool returned specificationavhich were comparedagainstthe preselectedbattery
andmotors;they arelistedin the Table4-4.

Table4-4 FinalRoverDesignCalculatiorOutputs

VariableName& Units Value

Motor rotational speed,rpm 309
Motor stalltorque, ozin. 26.9
Maxcurrent (total), A 1.10
Batterycapacity(total), mAh 2674

Theresultingrotational speedandtorque specificationavere well within the capabilities
of the 350 RPMPremiumPlanetaryGearMotor from Actobotics,whosestall torque is
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434

79.20zin't. ThepreselectedHyperionbattery alsoexceededhe required specifications
by alargemargin,with amaximumcurrentof 100Aanda capacityof 4000mAh*? Though
the battery model was later changedto the DRIVEnsteadof the Hyperionbrand, the
output voltageand capacity With largemarginsin both motor specificationsandbattery
spedfications,the final designfor BURRIT@asdeemedcapableof traversingeventhe
maximumdistancepossiblefrom the icerecoverysites.

Electronics

Theelectronicsof BURRIT@©onsistof a microcontrollerconnectinga radio receiverto a
motor speedcontroller and four servos;the microcontrollerand servosare poweredby
abuckconverter.Themicrocontroller,receiver,motor controller,andbuckconverterare
all housedin a protective casingto shieldthe componentsfrom dirt and moisture. This
casingknown asthe electronicsbay, is 3D printed out of ABSgnsuringa perfectfit with
the plywood chassif the rover andthe electronicsinside. Thebayhasa removablelid
suchthat the electronicsare easilyaccessiblethis lid is bolted into placeon each corner
to preventaccidentalopeningduring operation. Theelectronicsbay alsofeaturesholes
on all sidesthat allow power and signalwires to be connectedbetween the battery,
motor, servos,and the componentsinside the bay. Additionally,the undersde of the
electronicsbay holdsthe LiPobattery in placewithin the chassisThebay itself is bolted
to the O K I augparply@oodplate onits cornersandis removableto allow accesgo the
battery. Figure4-8 showsthe arrangementof componentsinsidethe electronicsbay;the
lid has been separatedfrom the bay and flipped 180° position to show the attached
electronics.

Figure4-8 BURRIT@&IlectronicBaylinterior

Ugopn wtiadzvt NEY y S NBE D S200N [@rdine]2edikabiehifpS/Nixe dervatity.com/350
rpm-premiumplanetarygearmotor. [Accessed: De2019].

12 ¢Hyperion G5 50C 3S 4000mAh LiPo Battgry w2 0 2 (1 { K2 LJZ ilablemp® whyt Ay S8 ¢
https://lwww.robotshop.com/en/hyperiong5-50¢-3s-4000mahlipo-battery.html. [Accessed: De2019].
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The microcontroller is an Arduino Uno. The simplicity of the | y 2 g@ramming
language alongwith the availabilityof online tutorials for connectingit to motor and

servosystems,made the Arduino an ideal chaice for the simple control applicdion of

BURRITOrhe motor controller is the L298NMotor Driver,a commonlyusedchip with

the ability to power two motors from the samepower supply.Becauset utilizesan H-

bridgecircuit, it candrive the connectedmotorsforward aswell asin reverse®® Theradio
receiverisan FrSkyx8Rwhichoperateson the sameband(2.4GHzyasthe compatibleX-

Lite transmitter the team alreadyowns. The X8Rfeatures8 PWM channelsmore than

enoughto controltwo motorsandfour servos.Thebuckconverterisan LM2596,capable
of receivingand outputting a wide rangeof voltages.

TheArduinoUnoiswired suchthat it receivessignalsrom the X8Randtranslatesthose
signalsto movementsin the servosand the motors, goingthrough the L298Nto send
motor signalsThe connectionsbetweenthe ArduinoUno, X8R servosandL298NMotor
Drivertransmit PWM (PulseWidth-Modulation) signals Asfor power transmissionthe
DRIVE1.1V battery directly connectsto the L298NMotor Driverandthe LM2596buck
converter. TheL28Ntransferspower to the drive motors on command,while the buck
converterregulateshe voltagedownto 7.0V soasnot to damagethe connectedArduino
andservos Figure4-9 illustratesthis setupin the form of aflow chart.

BURRITO

Motor L Motor R
v Vv
v

L298N
Motor Driver

«———Y | 12596 Buck Converter

3-Cell LIP0

Receiver
X8R

v Arduino Uno

Caster Arms

Hitec Servo HS-55
PWM

HiTec Servo HiTec Servo
HSB-9380TH HSB-9380TH

Hitec Servo HS-55
PWM

SICCU

Figure4-9 BURRIT@lectronicd=lowChart

B 82l ys

! NRdzA y 2 5 /¢L298Ni| P\WM JH2 MX RIBBTOMednat®mids, 2a19. [Online].

Availablehttps://howtomechatronics.com/tdorials/arduino/arduinadc-motor-control-tutorial-1298npwm-h-

bridge/. [Accessed: De2019].
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Thefollowing scenariallustratesexactlyhow dataflows throughthe electronicssystems
to drive the rover. First, the operator of BURRIT@novesthe left stick of the radio
transmitter upward. Thesignalof this movementis receivedby the X8R which causest
to activatethe correspondinghannelout of the 8 that it has.Awire carriesa PWMsignal
from this channelto the ArduinoUno. TheArduino| Yy 2sQffivareinterprets the PWM
input usingits onboardprogram;it then sendsa PWM output on three different output
pinsto the L298NMotor Driver.Uponreceivingthe three signalsthe L298Ntranslates
the PWMinput to a voltageoutput anddirection for the left motor. Becaisethe signals
are receivedon the left sideof the [ H ¢ yirp@sithe voltageoutput is appliedto the
left motor. ThePWMsignalson two of the pinscarryinformation on whichdirectionthe
motor shouldrotate, andthe third determineshow quicklythe motor shouldspin.Asthe
operator movesthe left stickup, the left motor rotates forward. Thisprocessis largely
the samefor operatingthe servosin the SICClitecollectionsystemandthe casterwheel
deploymentsystem butdoesnot require the medium of a motor driver. The servosfor
the scoopsof the SICCltollection systemare actuated by moving the left and right
controllersticksto their left andright. Theservosor the casterwheeldeploymentsystem
are movedby flipping a switchon the back of the controller.

Figure4-10is aschematicshowingthe electricallayout of the BURRIT®ystemsThefive
channelsconnectedfrom the X8Rreceiverto the ArduinoUno carrythe signalsreceived
from the 2 LIS NJ réntldodiroller. After the Arduinointerprets thesesignalsports
connectedto the servosandthe motor controllercommandthe movementof the servos
and motors. It shouldbe noted that a switch controlspower flow from the battery; this
mustbe flippedto the & 2 yositionprior to launch.
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Figure4-10  BURRIT@lectronicsSchematic

4.3.5 SICCWounting
In order to maintain. | w w Lcteardanhéeoff the ground, a large portion of the SICCU
systemis mountedinsidethe chassi®f the rover; namelythe servos.Theservosselected
for SICClarejustthin enoughto fit betweenthe drive motorsandthe battery,andshort
enoughto be sandwichedbetweenthe upper and lower plates of the chassisBoth of
theseO K | Platdsteddure cutouts suchthat the servosare constrainedirom shiftingin
all directions.Additionalcutoutsallow enoughroom for the servosignaland powerwires
to loop backinto the electronicsbay. Another pair of cutouts allow gearsto transmit
rotation from the servosto the scoopsbelow. Therenderingin Figure4-11 showshow
the SICClsystemwill interface with the strucure of the BURRIT@hassisthe front
chassigplate hasbeenremovedfor visibility.
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Figure4-11 BURRIT Gterfacewith SICCU

4.3.6 SICCU
TheSICCldonsistsof four major subsystemdbeingthe scoop,the arm, gearsystemand
the servo.Together,they function in concertto provide the capabilityof acquiringand
retaininga sampleof simulatedlunarice. Theentirety of the systemwith the chassisof
the rover canbe seenin Figure4-12. Thegoverningdimensionsof the SICCLl$ystemcan
be seenin Figure4-13 and Figure4-14.

Figure4-12  AngledViewof SICCU

2020 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

2.04

1.25

R0.75

1.65

Figure4-13  Dimensione®ICCWProfile

1.38
3.30

Figure4-14  Dimensione®ICC&idc

4.3.6.1 Scoops
Thescoopsaremadefrom n & TSphédule40 PV (Qipe. Thispipe hasbeencut axially
and deformed suchthat the width hasincreasedwhile the depth decreasedThis
wasdone for the purposeof ensuringa suitableinternal volumewhile maintaining
favorableclearancdor the BURRIT@lativeto the terrain andcanbe seenin Figure
4-15. Thefront and rear endsof the scoopsare cut at an angleto better facilitate
the fit of the BURRIT®@ the payloadbayasseenin Figure4-16.
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Figure4-15 AngledProfileViewof SICC&coop
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Figure4-16 SideViewof SICC&coop

4.3.6.2 Arm

Themethodfor connectinghe scoopto the gearto the armisthroughanaluminum

arm that is madeup of two partsbeingthe Arm Shellandthe Arm Tab.TheShellis

an oy septibnof n d phanneledaluminum. Thisportion of the arm functionsto
providestructuralstrengthwhile the scoopdigs.TheArm Shellalsoasservesasthe
attachmentpoint betweenthe armandthe gearviaJBWeld. TheArm Tabisam ®n p €
piece of n ® @léminum bar. The Arm Tab servesas the mechanicalmember
attachingthe Scoopto the restof the arm. TheArm Taband Arm Shellare pinnedto
eachother at two positionsn ® capatt.

AN\

Figure4-17 ProfileViewof the Arm
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4.3.6.3 GearSystem
Thegearsystemisthe criticalsubsystenof the SICCldueto its role in deliveringthe
powerto the restof the SICCUThecomponentsare asfollowsthe Coverthe Gears,
the Brace andthe Rod.TheCoveris madeof 3D-PrintedPLAandservesto keepthe
Rodalignedand in-place. The exposedgearis a n ® HBore 32 Pitch Shaft Mount
PinionGearwith a pitch diameter n ® @ lis@earis engagedwith the interior gear
that isa 32P,25T3FSplineMount ServoGearwith a pitch diameterof m €THeBrace
ismadeof two aluminumbarsthataarem ®lerg.It hasan @ thpl€éandn & rhdie
drilled through both bars that are n ® capait. The Braceservesto keepthe two

gearsproperly engaged.Connectingall of these componentstogetherisan ®H p €
threadedrod.

Figure4-18 GearSystem

4.3.6.4 Servo

The Servois a HiTecD951TWmodel and was chosendue to its hightorque

capability.Accordingto the manufacturersincethe servosare operatedat ~7.0Vit
is specifiedto have~4860zin of output.

Figure4-19 SICCl®ervo
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4.4BURRITQonstriction
The following subsectionglescribehow BURRIT@rogressedrom a designto aworkingpayload
vehicle.Themanufacturingprocessesnvolvedare covered,as well asthe designchangeshat
resultedfrom issueswith construction.

4.4.1 Chassi$tructure
Constuctionof the chassidbeganwith the CADmodelsof the vehiclechassisA2-D sketch
of eachpieceto be lasercut wascreatedat 1:1 scale,and lasercut out of m K wircraft
grade birch plywood. Eachplate of the chassiswvas created usingtwo nearly identical
sheetsof cut plywood, with the inner and outer platesdiffering slightlyto providewells
in which certain componentssit and are preventedfrom moving suchas the motors,
servosandcasterwheelhinges.

Eachof thesenearidenticalplateswasglued to its mate usingwood glue,andthe front,
back,and bottom plateswere gluedto eachother alongtheir jigsawpiece connections
usingwood glue.

In order to accessandinstallthe drive motors, the left andright plateshadto be made
removableandinstallade overthe drive motor. Theseside plateswere installedusingL-
bracketsbolted to the bottom plate. Boltswere fastenedthroughthe side platesto the
L-bracketsandnutswere usedto holdthemin place .Holeswere countersunkonthe side
platesto preventthe boltsfrom interferingwith wheelmovement.Figure4-20 showsthe
L-bracketsthat held the sideplatesto the bottom plate.

Figure4-20 AnlL-bracketsecuringhe BURRIT®lates

Thetop plate of the chassiswvasinitially intendedto be gluedtogether alongwith the
front, back,and bottom plates,but this conceptwasmodified after considerationavere
madeto the modification or repair of components.Havingthe top plate permanerily
affixed would have made removal of certain componentssuch as the drive motors
impossible,in addition to greatly increasingthe complexity of wiring components
together inside the chassisAsa result, the designwas modified to makethe top plate
removable.Thetop plate wasaffixedto the rest of the rover usingL-bracketsbolted to
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the side plates. Thetop portion of the L-brackethad a bolt adheredwith JBWeldto it
suchthat the threadedend standsstraightup, shownin Figure4-21. Thetop plate, with
correspondindholes,wasfit overtheseboltsandinto the jigsawedgesthen heldin place
with nuts threadedon the freestandingthreadsof the bolts. Thismadethe nuts easily
accessiblavith awrenchif the top neededto be removedfrom the rover.

Figured-21 L-Brackewith adheredbolt

SmallL-shapedpieceswere cut out of spruceand gluedon the two sidesof eachof the
SICClgearbracket,which servedto keepthe gearspowering the scoopsmechanically
connectedto one another. Thiswas done becausethe slots originally cut for the gear
bracketswere too large and the bracketswould rotate within the slots. The L-shaped
wood piecesprovidedstructuralfiller to preventsuchmovement. Thewood piecescan
be seenon either sideof the gearbracketin Figure4-22.

Figure4-22 ShapedNoodto Hold GearBracketin Place

Whenit wasdecidedthat additionalservoswere neededfor the casterwheelsystem,as
well aswhenthe SICCWasinstalled,additionalholeswere drilled into the bottom plate
of the chassis.

Duringinstallationof the battery andelectronicsbay,extensiongo the holethat heldthe
electronicsbay were madeso that power wires comingfrom the battery and routing to
the Arduino} y 2b@réel port hadenoughroomto pass.

2020 NASA Student Launch | Tacho Lym



NC STATE UNIVERSITY

4.4.2 Drivetrain

Constructionof the drivetrain beganafter the rover chassisvas completed. The drive
motorswere heldin placeby holescutin the woodenchassiandby boltsonthe mot2 NR Q
front faces. Connectorswere soldered onto the Y 2 (i 2 pelieé tabs after it was
determinedthat a breakableconnectionto the electronicsbaywasneeded.Divotswere
drilled into the keyedportion of the motor axlesfor reasonsexplainedin the following
paragraphsBoththe bolts holdinga motor in placeand a divot drilled in its axlecanbe
seenin Figure4-23.

Figure4-23 DCMotor Mountedto Chassis

It wasdeterminedthat a divot neededto be drilled in the motor axlesbecausehe wheels
relied on a set screwusingfriction to stayattached.It wasfound that the wheelscould

be pulled off the axleeasily,so divotswere drilled into the axlessothat the set screws
would set inside them. By doing so, the divots preventedthe set screws,and thus the

wheels,from slidingoff their axles.

Thewheelsthemselvesvere built from a primarywheelpart bolted onto a hub by three
bolts. At the centerof this hubwasa 0.5inchdiameterhole that accommodatedan axle
adapter.Theaxleadapterhadholesfor setscrewson eachendof it. Theoneinsideof the
hub had a 0.5-inchlong set screwplacedin it that waslong enoughto go through both
theaxlel R I LJGo& Wddacorrespondingholedrilledinto the sideof the hub. This0.5-
inch setscrewpreventedthe axleadapterfrom slidinginto or out of the wheel. At first,
adaptermovementinto the wheelwasrenderedimpossiblewhen the 0.5inchdiameter
hole wasnot drilled deepenough;this preventedproperinstallationof the axleadapter.
This problem was remedied when new hubs were ordered that featured a 0.5-inch
through-hole.

Inthe initial design,nylonwashersthat provideda slicksurfaceand axialsupportfor the
wheelswere to be lasercut from a largersectionof material. Instead,existingwashers
were purchasedandthen drilled to haveholesthat couldaccommodatehe protruding
headsof the bolts holdingthe motor in place. Thewasherswere alsocut on a scrollsaw
suchthat the setscrewsthat retainedthe wheelsto the axlescouldbe accesseadncethe
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wheelswere slid into placeand the set screwswere positionedover the divotsin the
motor axles. Figure 4-24 shows the wheel assembly,along with the nylon washer
surroundingthe axleadapterandthe blackset screwusedto attachthe wheel.

Figure4-24  WheelAssemblyvith NylonWasher

Duringmanufacturingof the casterwheelsystem,it wasrealizedthat the payloadbay of
the rocket would not be capableof holding the casterwheel arms closeddue to its
diameterbeinglargerthan assumedAsaresult,it wasdecidedthat smallservosneeded
to be addedsuchthat their armscouldhold the casterwheelarmsshutagainstthe force
of the springhinges.Sincethe servosto deploythe casterwheelswere addedatfter the
chassisvasalreadylasercut, 3D-printed supportswere neededto provide a surfacefor
the servas to mount to. Thesewere printed onthe i S | Ra3tckMax V2 3D printer,
and featured holes such that the servoscould be bolted onto them and the parts
themselvescould be bolted into the lower plate of the chassisOncenew holeswere
drilled in the chassisthe smallservoswere attachedin placenext to the casterwheel
arms.Oneof the two casterdeploymentassemblie$s shownin Figure4-25.

Figure4-25 CasteWheelDeploymentAssembly

Tocreatethe armsthat held the casterwheels,a CADmodel of the casterwheel arms
wassentto the i S | Ra&@tdckMax V2 3D printer and printed. After the first attempt
resultedin supportmaterial filling a necessaryslot, the parts were split in two in CAD.
Theseparts,however,were of low qualitywhenprinted dueto their smallsize.lt wasalso
realizedat thistime that smallservoswould needto retain the casterwheelarms,sothe
shapeof the armshadto be alteredto facilitatethis. Forthe nex iteration of thesearms,
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4.4.3

the files were sentto a correspondentwith accesdo a hightresolution 3D printer with
dissolvablesupports. The resulting parts were stronger and had more preciseshapes.
Onceit wasdemonstratedthat thesearmscouldbe held backby the casterdeployment
servos,the casterwheelswere bolted alongwith washersto the endsof the arms.The
springhingeswere bolted on one end to the casterarms,and on the other end to the
lower chassiplate. Oneof the two completedcager wheel assembliess shownin Figure
4-26.

Figure4-26 DeployedCasteiwWheel

Duringinitial ordering of the parts, the Hyperian G511.1V4000mAhLiPobattery was
replacedby the DRI\E 11.1V4000mAHLiPobattery. Thiswas becausethe Hyperion
batterieswere out of stock;the replacementwas acceptabledue to the two batteries
havingthe sameoutput.

Electronics

Theelectronicsbayandlid were 3D printed on a RostockMax V2 3D printer. Thelid was
the first elementmodified for manufacturingand wasredesignedo includedchamfered
sideswhichincreasedhe internalvolumeof the electronicsbay. Thepreviousdesignwas
flat andallowed componentsto protrude throughthe top unprotected Oncethe newlid

was printed, the electronic componentswere placedin the electronicsbay, with the

ArduinoUno, L298Nmotor driver, and X8Rreceiverplacedfarther apart than originally
intendedto increaseavailablevolumefor wired connections.nitially, the Arduinoand
motor driver were mounted usingstandoffswithin the electronicsbay.However,due to

the lackof spacewithin the electronicsbay,the standoffson the motor driver (and,once
introduced,the buck converter)were removed. The motor driver was attachedwith a
pieceof packingfoam sandwichedetweenit andthe undersideof the lid; this prevented
the protrudingpointsof the O 2 Y LJ2 ypigfron@beingdamagedvhenthe driverwas
boltedin place.

Another designmodification was the addition of the LM2596 buck converter. It was
discoveredhat the Arduinoneededalowervoltagethan providedfrom the directbattery
connectionsand that Arduinodid not provide the power necessaryto drive the servos.
Thebuckconverterreducedthe battery-supplied11.1Vto 7 V,whichwasusableby both
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the Arduinoand servos.It wasmountedto the electronicsbaylid in the samefashionat
the motor driver. Initially, it was mounted usingstandoffs;thesewere removedfor the
reasonsstatedalready.

Whenit wasfound how manywiresneededto reachoutsidethe electronicsbayto reach
the battery, servos,and Arduino, a rectangularhole wascut to allow thesewiresto be
routed. Whenit wasfoundthat the Arduinobarrelport wasinaccessibléo a power plug,
the upper plywoodplate wasmodified sothat there wasa largerhole aroundthe barrel
port. Additionally,a power switchwasdeemednecessargothat the powerto the whole
rover could be toggledwithout disconnectingand reconnectingthe battery. A 0.5-inch
diameter hole was bored into the electronicsbay lid, and a rotary power switch was
mounted and connectedvia directly solderingwires. The rotary power switch was
selectedasit waslesslikely to be switchedon or off accidentally.The modifications to

the electronicshayandthe plywoodchassicanbe seenbelow.

G 2 Lo

Figure4-27 Holesin ElectronicBayLid

Drive motor power was provided to the motors from the motor driver via quick
disconnectsshownin Figure4-28. A permanentconnectionwas not used,asit would
preventthe electronicsbayfrom beingremovedif needed.

: NSRS "o I
nnn 200
,../

R POWER YOUR PASSiwne

Figure4-28  QuickDisconnecattachmers
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4.4.4

Within the electronicsbay, powerto the buckconverterand motor driver were provided
by multi-threadedwires solderedor screwedinto place,and powerto ArduinoUnowas
providedby a barrekackconnector.Any signalconnectionsbetweencomponentswere

achievedhroughDupontstyle jumpercablesWire connectionsvere all cut-to-lengthas
neededto reduceexcess/olume.Theantennasof the receiverprotrudedthroughahole
in the lid, which had to be widened after printing. The arrangementof wires and

componentdnsidethe eledronicsbaycanbe seenin Figured4-29. Theelectronicshaywas
successfullyolted closedon all four cornerswith the componentsinside.Once closed,
the baywassuccessfullypolted on all four cornersto the upperplate of the chassis.

Figure4-29 OpenElectronicBay

It shouldbe noted that the voltageindicatorswere removedfrom the design;this was
becausehere wasno justifiableneedfor them. Theroverwould be fully chargedprior to
launch,and the amountof distanceit would needto travel could not be controlled. As
such,the driver of the rover would be workingwith a full battery with a set distanceto
travel. Theamountof remainingchargecould not givethe driver anyinformationto act
on, astheywouldtry to drive the distanceno matter how largeit was.

Systemintegration

The designedplate for connectingthe rover to the retention systemwas successfully
installedon . | w w L Iéfthdfiv& wheel. Figure4-30 shows how this plate protrudes
throughthe spokesof the wheelandfastensto the other side.
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Figure4-30 Placemenbf RetentionPlate

2020 NASA Student Launch | Tacho Lym



NC STATE UNIVERSITY

4.5PayloadntegrationDesign
Thepayloadretention systemconsistsof three primary subsystemswhichwill be coveredin the
following order: mechanicalatch, rover interface, and radial supports.Followingthe predicted
maximumof 403 @rddthe initial roverweightof 6 pounds the systemhasbeenbuilt to withstand
aminimumof 360 1bf. Thefollowing secionswill breakdown eachcomponentof the system as
built, how it hasperformedundertesting.

4.5.1 Mechanicalatch
4.5.1.1 BasePlateandGuideTracks

1.00 £0.01

Figured-31 BasePlateDesign

Thedimensionsof the guide tracksand retention plate, aswell asthe rest of the

payloadretention and deploymentsystemshave stayedwithin 0.01 inchesof the

reported valuesduring the designphase.All componentswere 3D printed to size,
modeled specfically off the Y I y dzF | CspedificRtidtieésentto b / { MREA
precisionmachineshop. Theinsidewall of the guidetrackswere tapped, and four

C440 bolts were threadedthrough the taps and into the PLAbaseplate, securing
the guidetracksto the retention plate.

4.5.1.2 LinearActuatedLocking
Aspreviouslystated, all dimensionshave stayedconsistentto the those presented
within the CDRdocumentationto 0.01inches.Figure4-32 showsa sideview of the
retention plate. Most of the load duringmain chute ejectionis transferredthrough
the guidetracksandan additional0.2inchesof PLAwasincludedto the thicknessof
the retention plate underneaththe tracksto offer additional support. A second
modificationwasmadeto the plate in order to connectthe retention plate to the
electronicsbay of the overallsystem.Thismodificationcanbe seenon the bottom
ofthe LJt | sidevikdin Figured-32, whichshowstwo holessizedto fit quarterinch
dowel rodsthat were usedto securethe two componentsThered circleswithin the
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following images denote problem areasthat had to be addressed during the
manufacturingof the systemandare coveredwithin section4.6.

Figure4-32 RetentionPlateSideView

R0.68

Figure4-33 RetentionPlateFont View

4.5.2 Rovernterface
Themost complexpieceof the retention systemcanbe seenin Figure4-34 and Figure
4-35. Thiscomponentis permanentlyfixed to the rover and is only fixed to the rocket
throughoutthe flight phase.The piecewas machinedfrom an aluminumblockthe two
2.25inchlegsfit throughthe spokesin the BURRIT@ndthe C440 holesthroughthe legs
allow for a lockinga N tg Begplacedon the aft side of the rover wheel, securingthe
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plate to the rover. The bottom left subimagein Figure4-34 also depictstwo pairs of
additionalC440holes,that securetwo squarelockingbracketso the retention platethat

canbe seenin Figure4-35.

-

2.25
0.25
S
3

Figure4-34 RoverinterfaceDrawings

Figured-35  AssembledRovernterfacingPlate

Thegearracksprotrude .365inches(0.615inincludingthe thicknessof the bracket)
throughthe lockingbrackets.Theretention motor providessignificantresistanceand
the retention gear is unableto rotate on its own accord.Therefore there is no possible
way for the roverto becomeunlatchedin anopenenvironmentandthisis further
reinforcedwith the confinedenvironmentfrom the payloadbodytube and additional

supports.

4.5.3 Supports

4.5.3.1 RadiaSupports
Thedesignof the radialsupportshasstayedconsistentwith what waspresentedin

the CDR.Theindividual piecesof the radial supportswere cut with a lasercutter
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from 1/8" inch aircraft gradebirch plywood. Theindividualpieceswere then glued
togetherwith wood glueandanassembledCADmodelcanbe viewedin Figure4-36.

Figure4-36 CADof RadiaSupport

4.5.3.2 CenteringRing

Thecenteringringisthe lastform of radid support,whichalsoallowsfor utilization
of three inchesof spaceof the couplersectionat the aft end of the payloadbay.The
centeringring itself wasconstructedof four layersof the birch plywood.Eachof the
lasercut layershadthree slotsto interfacewith the PVQGextrusbn, andaslot for the
shockcord. Twoof the layershad pre-cut holeswherethe leadscrewsare fixedinto
place. The CADmodel depictingthe finalizeddesignfor this systemis disdayedin
Figure4-37.

Ve

PVC interf

Figure4-37 PayloadCenteringRing

4.5.4 Payloaddeployment
4.5.4.1 DrivePlate
The deploymentmechanismworks off a linear actuated system,where a motor
drivesageartrain that turnstwo nutspushingthe roverandthe integrationsystems
towardsthe aft end of the payloadbay bodytube. Themodelshownin Figure4-38
shows
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Motor Table Interface

Figure4-38 DrivePlateDimensions

Figure 4-39 shows how each of the gearsare mounted and how the systemis
connectedto the leadscrewsthat drive the systemout of the bodytube. Thehub of
the nut is slidthroughthe drive plate andis securedto the systemthroughtwo set
screwson each of the external gears.The mid gearswere secured from a bolt
bondedinto the motor table. Thedrive gear(hiddenbehindmotor table)ismounted
bytwo setscrewsnto a0.5-inchcouplerthat isfriction fitted to the drive gearsbore.
Thetwo holesat the bottom of Figure4-39 showwere quarterinch dowel rodswill
securethe drive plate to the electronicsbay. Theonly changefrom the CDRs that
the motor table waswidened at the top to allow the mid gear mounting rods to

attachto the table.

l | Electronics Bay Interface l

Figure4-39 GearMounting

4.5.5 ElectronicBBay

4.5.5.1 OveralDesign
Outsideof the drive motor at the forward end of the integration system,all other

electronicsare containedwithin the electronicsbay. Theseelectronicsincludethe
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power supply, retention motor, Bluetooth module, the Sparkfun Redboard
microcontroller, and the Ardumoto motor shield. The orientation of the
componentswithin the electronicsbayare displayedn their final statesandcanbe

seenin Figure4-40.

.

‘
I Drive plate interface

—

Retention olate interface _

U0

Figure4-40 ElectronicBay

Theimagealsodisplayshow the electronicsbaycomponentis connectedto eachof
the forward andaft plate. Not depictedin the imageis the battery, whichis secured
to the bottom of the electronicshayviaahookandloop strip andazip-tie iswrapped
aroundthe entire system.It shouldalsobe noted that the electronicsbayis not an
opensystemandhasalid that is alsosecuredinto placethroughthe zip-tie.

4.5.5.2 Programming

The programming of the electronics has also stayed consistentwith the CDR
documentation.Theteamwill utilize anapplicationcalledBLETerminal,availablein
the applestore or googleplaystore. TheRedboarchasbeenloadedwith acodethat
changeghe operational statesof eachof the independentmotors. Thecommands
presentedin Table4-5 canbe enteredinto the BLETerminalapplicationto deploy
andunlockthe retention system.

Table4-5 DeploymeniCommands

Command | Operational State |
0 Motor 1 OFF
1 Motor 1 OUT
2 Motor 1IN
3 Motor 2 OFF
4 Motor 2 UNLOCK
5 Motor 2 LOCK

Figure4-41 showsthe generallogicthat controlsthe deploynent system.Oncethe
rocket has successfulljanded and the recoveryteam approachesthe rocket, a
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member can connectto the integration systemvia Bluetooth communicationand
the BLETerminalapplicationon their smartphone.Onceconnected the commands
listedin Table4-5 will be utilizedto controlthe deploymentprocedurewhichwill be
coveredin the payloaddeploymentconstructionsection.

DC Motor A DC Motor B
Operauonal_S:a:% TOperanoual_State
Ardumoto I —— Arduino Uno [¢——— Battery
Motor_State 1.V
TSystem_State
User
Input
HC-06 Bluetooth
Bluetooth Module Device
Figured4-41 DeploymentSequencé.ogic

4.6Paybad IntegrationConstruction
4.6.1 MechanicalLatch
The slot cut in each of the guide trackswas slightly too large for the shoulder bolt
(discussedh the LinearActuatedLockingsection) whichallowedthe gearracksto slightly
rotate aboutthe axialaxisof the guidetracksandcanbe seenin Figure4-42.

Figure4-42 Initial Platelteration
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Thisplayin the systemcauseda higherfrictional force betweenthe unlockingmechanism
andthe guide tracks,whichpreventedthe systemfor operatingasintended. Tominimize
the rotation in the system,two shimswere createdfor eachside of the slot. The largest
shim, located on the long side, depictedas shim 1 in Figure4-43, was 3D printed and
sandeddownto afriction fit before beingwedgedinto the guidetracks.Onthe shortside,
additionalshimsmadeup of two sheetsof analuminumsodacananddenotedasshim2.

. Short side
Long side ;

Figure4-43 GuideTrackDesign

Theinsde channelof the guide trackswas alsolined with lithium greaseto reduceas
muchfriction aspossibleand providelessstrainon the retention motor.

Figured-44 GearRackwith Sacers

Thefirst modification, asdenotedin Figure4-42, wasto adda spacetto fill the 0.125inch
gapthat existedbetweenthe top faceof the shoulderon the shoulderbolt andthe upper
faceof the guidetrackchannel Thisggp alsocontributedto the rotational playof the gear
racksystemandallowedthe gearracksto movevertically(axiallywithin the rocket). The
addition of thesespacersaandthe shimsasdiscussedn the previoussectionsignificantly
reducedthe amountof & ¢ 2 0 that &asinitially in the system.Theactualspacersare
shownin Figure4-44 andthe improvementsto motion of the gearrackscanbe seenin

Figured-45. Theoffsetanglerelativeto the horizortalis dramaticallyreduced,whichcan
be noticed by comparingFigure4-45to Figure4-42. Thesecondmodificationmadewas
to tap a setscrewholein the lockinggearin orderto fix it in placewith the shaft coupler
of the retention motor. Therewasno wayto accesshis sethole and anaccesgort was
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drilled through the retention plate. Thishole was createdapproximatelyat the location
of the circlenumbered¥ HnQection4.5.1.2

Figure4-45 Imagedepictingreducedmotionin gearracks

Thethird modification,depictedin section4.5.1.2 wasa reductionin the length of the

gearracksfrom 2into 1.5in in order to reduceweight. Thefinal modificationto this part

of the retention systemwasto swapthe 104 0zin retention motor for a6500z-in motor.

After loadingthe BURRIT@ito the payloadbayfor the first time, it wasdeterminedthat

the additional friction from the cantilewer effectsof the roverweretoo greatto overcome
andthat this motor adjustmentwasnecessaryor successfutleployment.

4.6.2 Rovernterface
Theonly modificationto this designfrom the proposedplanin CDRsthe lockingd NJA. y 3 €
Inthe CDRjt wasstatedthat there would be four legson the retention plate andthat
the plate would be securedto the rover by two bolts runningthrougha pair of legs.
However the geometryandavailablespacingdid not accommodatethis courseof
adion. Thealternativewasto createtwo arcedpiecesthat fit aroundthe legsandwould
securethe plate to the rover by screwinga 4-40 through eachsideof the lockingrings
andthroughthe legsof the plate. Eachpieceis a 55 degreearcthat waswater jetted by
the machineshop.Thisis shown by animageof the updated CADmodelin Figure4-46
andthe finalizedpiecein Figure4-47.
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Figure4-46  Updatedroverplate modelwith finalizedlockingrings

Figured-47 Imagedepictingthe assembledoverinterfaceplate securedo the rover
wheel

4.6.3 Supports

4.6.3.1 RadiaSupports
Theinitial designfor these supportsincludedtwo pairs of the supportsshownin
Figure4-36 insteadof lining the entire payloadbayto saveweight. Thesesupports
would havebeenplacedflushwith the centeringringandwherethe N2 & HiM&Ed
wheel would rest during the flight phase. However, it was discowered from
preliminary deploymenttestingthat the leadrodswould not be ableto supportthe
weight of the rover when the systemreachedthe approximatehalfway point of
deployment.Therewere two modificationsthat hadto be performedto ensurethat
the flexing of the rod would be reducedto a negligibleamount. Thefirst wasto
increasethe number of supports,suchthat the supportsspanthe entirety of the
payloadbay.However thesesupportsonly mitigatedthe flexingif the rocketlanded
with the leadscrewshorizantal relativeto the ground.A secondmodificationcalled
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for the systemto be supportedevery90degreesandasecondpair of radialsupports
werecreatedto linethe payloadbay.Thenewsupportsactonthe maindrivingplate
of the deployment mechanismThecombinationof the woodensupportsand newly
3D printed supports offer a normal force pushingthe rover and overall system
toward the centerof the payloadbay. Thesesupportsallow for smoothdeployment
and restrict any radial motion of the payloadand integration systemsduring the

flight phase.Thesemodificationshavebeenupdatedin the mostrecent CADmodel,
which canbe seenin Figure4-48 and the actual suppats that have been bonded

into the payloadbayis shownin Figure4-49.

Figure4-48 SolidWorksnodelof updatedradialsugport design

Figure4-49  AssembledRalial Supports

Afinal note on the supportpiecesisthat all individualpieceswere coatedwith alayer
of clearnail polish. Thisgavethe supportsa muchsmootherfinishin order to reduce
friction duringthe deploymentprocess.

4.6.3.2 CenteringRing
ThePV(had to havematerialcut from one endto createlegsthat would fit through
the slotswithin the centeringring. Thelegswere then epoxiedinto the centering
ring and Bondowas appliedto fill in any gapsin order to improve the structural
integrity of the resultantcomponent.Holeswere alsodrilled out of the PVQn order
to reduceits weight, which canbe seenin Figure4-50. Thefinal centeringring was
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then epoxiedandbolted sixinchesabovethe aft end of the payloadbaydueto the
requirementof a full body diameterof couplerbetweenseparatingsections.

Figure4-50 Centeringingand PVQGextrusion

Theinner diameter of the PVCendedup perfectly patchingthe outer diameter of
the NB @ @ieE). Ahereis enoughtolerancesothat it is not friction fitted and will
not resistthe deployment mechanismput a tight enoughfit to ensurethat there
will be no radial movementof the rover during the flight. Thetolerancebetween
thesetwo componentsis shownin Figure4-51.

Figure4-51  Aft Roveiwheelin centeringring

Thecenteringringradialsupportconcludeghe constructionand modificationof the
retention mechansm.

4.6.4 PayloadDeployment
4.6.4.1 DrivePlate
Theonly majormodificationrequiredfor the assemblyandsuccessf the drive plate
portion of the deploymentsystemwasamotor swap.Thesamebrandof motor was
usedfor its ideal dimensionsand weight, but the team opted to downgradethe
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