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Abstract

The NortbpGrumman Collaboration Project (NMGCR)llaborative club project sponsored by Northop

Grumman for teeidents of Cal Poly San Luis Obispo (CPSLO) and Cal Poly Pomona (CPP) to create a fleet of
vehicles to aid in the simulated rescue of stranded hiker. The CPSLO club is responsible for delivering an
autonomous flight vehicle that can suppress a fiie\and paiyload. Mechanical Design Team of the CPSLO

team was responsible for the design of the frame, electronics housing, and payload and fire suppression systems.
TheMechanicddesigrTeamcreate@ightpotential drone configurationsamicgptgathered during ideation.

These eight designs werefeéeimto a weighted decision matrix (see Appewniditermine the best drone
configuration based orcti®omer requiremefite decision matrix retufoedimilarlyankedopdesigns

Thedesign witkhehighest score was determinedtbelbestoption for the teamisTesign includepkate

style frameé¢eAppendiB.4)made of carbon fiteeR.9bs.multipumgse dry chemidaé extinguishisee

Appendix B,k folding box payload retrégrstém (see Apperigli®) made of3 printed material, and

modular3D printedlectronics box (see AppendiatBa8hed to the top of the diidmie design was

determined to be the most fedgifiign due to theatilely simple frame desigrspack for implementation of

3D printed componem®liminangstingn the anticipated carbonrfibagéerial properttessconfirmed the

validity of the frame desigth, a safety factdmearly 3fbr thearns bendig (due tmtor thrustBased on the

t eamds knowl erhgpieandtie prelimigaryriestihg, tearbglieves this desjgovidea

good framewdrkmeet the needs of the custordditional testing, inspection, and analysis is planned to further
demonstrathis desighs abi | i t y trequirtnoehts. i | | the customerso




Table of Contents
A DS O, sttt ittt ittt ettt eemieeteieessieesessiesmmeeemeessesssssesesssmmmeasssssiesssssiessssssmassssiesssssiesssiecssasennned i

1.

L1 (o]0 [U T} [ o OO PP PP PP 1.

2.

Concept Development...........

2.1 Concept Ideatian

2.2 Morphological Matrix

2.3 Decision MatriX.........cceeeiieeennen
3. CONCEPE DESIANL ittt ettt e ettt ettt 5..
3.1 DESION DESCIIPION. 1.ttt ettt eeee ettt ettt ettt aeeaae e 5.
3.1.1 Provide STIUCIUIE. .. .euitiiiiiii ettt ettt ettt ettt eene 5
3.1.2 Fire SUPPIreSSION .. uuiiiuriiiiitiiitanie ittt ittt emtee ettt it s mtrae e e enee i nennne i
3.1.3 Lift PAYIQAU. ... eeiiiiiiiiiiiiianie ettt e 7.
3.1.4 HOUSE CONLIOIS. . uuiieiiiiiieiiieenie ittt et smttee ettt s et s i crean sttt it i e 7
3.1.5 FUNCHONAIIY . .eiiieeiiiieiiiisiiee ittt meeee st r ettt tenn ettt 8.
3.2 CAD MOUEL. .ttt st e ettt 8.
3.3 CONCEPt PrOtOtYPE. .ot ieee e eriae ettt enmn s e s e e mnnee e 8.
3.4 Undefined Components and CONCEPES ... .uuriiiiaraaetiiiiiiiiiiiie e it i i eennee e 11
3.5 Manufacturing SpeCifiCatiONS. .......cuiuuiiiaaeeeiiiisiiiise et 11.
3.5.1 COMPOSItE SNEELS. . eiueeiiiiiiiiiiecee ettt tean e 11
3.5.2 Electrical Box and WiNCh SYSteM .. ...uuiiiiiiieiaasiiiiiiieiiiseeeiii s 12
4. Concept JUSHIfICAION. . .eueeriiieii i ieeee ittt sttt e 12
4.1 Specifications Met DY DeSION. ....vvviiiiiiieranaiiiiiiii it iaiiee it 12.
4.2 Preliminary CalCulations. ..........uiuviiisaiieiiiiiiiii ittt 13
4.2.1 Strength of Frame........oooouieeiiimiiceiiiiciiis i ieree i trenn e 13
4.2.2 Estimated Weight and Center 0f MASS........ovuiiauanniiiiiiiiiiiiiiiteaeiiiisiie e 14
4.2.3 Payload Mechanism LOAGING. ... .ccuueiriiianiiasiiiiiiiiiiiiiimtia it 15
4.3 DeSION HAZAIAS. .. .ueiiiiiiiiiiceiee it etee sttt 15
4.4 DesSigN ChallenNQes. . .uueiiiiiii ettt iartee ettt 15
5. FULUIrE WOEK ...oiiiiiiiii ettt 16.
5.1 PlannNed ANAIYSES ... uuiiiiiiiiit ettt et 16
5.2 Planned Purchases.............c..cccceees .17

6.

5.3 Preliminary Construction.Rlans....

CONCIUSIONS. 1ot eeieeee et eeeeae et e et eeeee e et ee et e s mmmmmm sttt mmnmeeeeeeeeeeeeeeeeeas 17.

(=) (=] A=Y P PP PP PP PP P PP 18




ADDENAICES ettt it iee ettt i et eeeeeeeeeeeeet ettt eetttet e mmmnm e teaaeeeeiiesenssneeeeeeeeerereierieeieeieeean 18

AppPendiX A: 1d€a LISt. ... .uuueuiiiiiiitraa ittt e e 18
Appendix B: |[deation MOOEIS ... .cuuueiiieiiiiaaaiiiiiiiii ittt et 31
B.1 Fire System ldeation MQdelS. ... ..ueieviiiianneiiiiiiiiiiiiiiiieee it 31
B.2 Payload Retrieval System Ideation ModelS............ceuueeeeiiiiiiiiiiiiiiiiiieeeiiiiciiiiieiiiiiees 33
B.3 Electronics Housing Ideation MOdelS...........ouierameiceiiiiiiiiiiiiiiiinee i icceiiiimeeeees 34
B.4 Frame Ideation MOAEIS. .......uuuviiisiiiiiceaiiiiiiii ittt 34.
AppendiX C: DECISION MaIIICES. . .eueeiiiiiiiitiaa sttt et ettt seeee e see e 36..
C.1 Frame PUQN MaIHX. ..ouuiiriiieiii et eii ittt et s ittt tene ettt e it s eeennes 36
C.2 Fire System PuUgh MatEX ... .eeieeiiiiiiieiaa sttt ettt semtee e 38.
C.3 Payload Retrieval System PUgh.MatriX........ccoouemeeeeeiiciiiiiiiiiiiiiiieseeieeiiieiieieraeee . 40
C.4 Electronics Housing PUGh MatriX. . ...vuiiiiiiieiaaiiiiiiieisi e 42
C.5 Morphological MatriX.......cuueiseiiiranneiiiiiiiiiiiiiiiisismee e iieieiieiesireeee i B0
C.6 DECISION IMAITIX. 1ottt ittt ettt ittt 47
Appendix D: Preliminary ANAIYSIS. . .. .eo.viiiirmmraeiiiiiiiiiiiiieiteanniii it iisnmee e 48.
D.1 Carbon Fiber Rectangular Tube Stress.ANalYSIS..........oiveeenceeeeiiiiiiiieiiiiiineeeeiiieeenee A8,
D.2 Rotor Wash Test Stand Setup. ... .cuuvveiiiaiceeeiiiiceiiiieiiiiciean it eeenneenee 49
Appendix E: Design Hazard CheCKLlSE. ... ... .uviiiaeeasiiiiiiiiiiiiiieiciaic i 50
Appendix F: Gantt CRAIt.......c.uuiiiii i eeeceiii ettt 53




1. Introduction

The Northrop Grumman Collaboration Project (NGCP) is a university club project sponsored by Northrop Grumman.
The participating universities are Cal Poly San Luis Obispo and Cal Poly Pomona. The objective of this project is to
design and build three amous vehicles and a Ground Control Station (GCS) capable of collaboratively

completing a simulated rescue mission. The rescue mission is based on an emergency scenario in which a hiker is
injured to the point of immobility in the wilderness and ruaseteceatsafe location, and a fire on the ground

must be suppressed or extinguished. In the staged rescue mission, autonomous vehicles must collaborate to find and
relocate a payload (a sedé®dn model hiker) and to suppress a fire. Cal Polys Pesponaible for

developing the GCS and two autonomous vehicles, anmaltir@d aerial vehidig\, and an unmanned

ground vehicle. Cal Poly SLO is responsible for developing one autondnaousderacl&€AV that will

relocate the payloawi @emonstrate fire suppression capalfiliiegnior project group is responsible only for

the UAV frame design, fire suppression system, payload retrieval system, and the waterproof electronics housing.

This document contaliresprocegbe NGCP mechanical design team follenesteéaheonceptesigmmost
suitedo meet the needs of the custofaionally, there are sections contadlgtagled description of the
desigrwithanaccompanyif@ADmodel an€1/2 scaleoncept prototype images, justification for the chosen
design elementnd a tentative schedulméming forwaniththe desigihere have been no changes to the
specifications or scope of this project since the scope of work document (SOW).

2.Coaept Developent

This section explainsptozess the team followed to find the top design.

2.1 Concepdeation

Thebrainstormimyocess wasitiatedy asking the questiblow might ®HMW,inspired bt anf or d 6 s
design project gujdgwhere the questions were derived from the functional decomposition. The brainstorming was
also switched witlemethod gbraindumpinguggested Iyteractiobesign Foundati@h wlich is a method
wherebrainstorming is done individid@gtiomodels were created for each fuiittéfunctional

decompositiari the drons presented kigurel.

Develop a UAV.

| | | |

Provide Structure Pickup Payload Suppress Fire House Controls

Land Safely Reduce Sway € Cover Fire-Area Attribute: Removable

Integrate Propulsion Aveid Pinchpoints <] Eject Suppresant Atiribute: Waterproof

Actuate Pickup  [€

Figurel: Functional decomposition diagram of the primary design categories of the UAV



Ideation models are presented in Appendix A. Some of the ideation models were built to ensure their feasibility and
generate new ideas (see Appendix B). When the ideation phase was finished, a controlled convergence study was
conducted where the feagibflififferent ideas was evaluated. A Pugh matrix was made for each function with the
remaininfunction concepihe Pugh matrix consisted of ratingiteasofeachof thecustomer's needs and

wantsas specified in @@FD(Quality Function DeplayyThe concepts that were the weakest were eliminated,

and a second Pugh matrix was created with the top ideas for each function (see Appendix C). Since the project is in
collaboration with the NGCP Club, the ideation models were constraiilgilitppthbdeash's requirements.

Because of this, some decisions were made by eliminating all other optiaméeds#biidyheir

22 Morphalgical Matrix

After ideation, the ideas genesatethken by function and turned into a set of Riegls Mhaich are included
in Appendi®.4 These Pugh matrieesethen used to determine theixfynction concepisich thewere
placed into the morphological raagixin AppendiXdCrhe morphological matrix th@veeangighoutputs
which are defined by the serialized system of naming, wherein the serial numbeptssidmetépts
the numbers whielspectiveljefine function ideas withimtrgph matrix

2.3Decision Matrix

The decision matféatureih Appendif.6, took theightesults of the morph maidecide the besiplevel

concepfThe concepts were each graded on a variety of functional points to ensure that no design was biased
towards due to lack of consideratimnsieights for eaekegoryveredecided based tive preferences of the
Mechanical Team with a focus on feasibility of function and mamefalesigngcategories that were most
impadulwereWeight, Apparatus Weight, and Fire Suppressidie design that ukdijaton was 4(12)15

(Il dea 1, t h)edue i Rdiesiga raliabiity ®riegch af the four main fuhetEmslose win as

another competing design was slightly less effective bithehéegision matrix can be seen in Figigiee.

3 shows the enlarged images of the eight ideas.



Caimhis Ge, |
ﬁxfsf;fl_%v Idea 1 Idea 2 Idea3 | Idead Idea 5 | Idea 6 | Idea 7 | Idea 8
Morph Serfal- 41215 2242 5434 3125 4551 | 1231 | 2113 [ 2212
i L &y 4 o A5
Specifications | Weight \ Y v v i N
‘Weight of drone 10 g 7 S i S g 3 7 6
Effective Diameter | 2 10 ] oo 0 3 n n
Equipment ‘Weight 10 8 10 5} | 8 5] 4 8 3
Ease of Electronics 7 q 10 5 i g 10 7 g 10
Remaoval [
Hard Landing
Duribility 6 6 4 2 8 6 2 4 4
Flight Time: 1 g 8 8 | 8 8 g g g
Payload Capacity 4 10 g 10 10 6 g 10 g
Extinguishing Area i
of Effect 4 7 1 1 | 1 S 9 7 6
Payload Security S 10 7 2 n 10 5} 7 10 7
‘waterproof 6 10 10 10 10 10 10 S 10
Pinch Points 9 7 10 1 | 7 3 10 7 10
Manufacturability 8 8 5} 2 ! S g 4 S S
Cost 5 7 8 2 1 5 10 4 7 7
Repairability 3 10 10 3 | 10 10 2 10 10
Ease :f Fire‘System 7 8 g 8 8 10 4 8 7
ctuation
Aesthetics 2 9 9 10 i 9 3 7 9 9
Payload Comfort 2 10 g 1 10 5 g 10 g
"°°‘.‘3'a°” afFire 4 10 § § 6 6 8 10 3
ystem
Totals 350 639 757 s | o 737

Figure 2: Decision Matrix andl&\ag) Concepts included in Decision Matrix



Ideal Idea 2 Idea 3 Idea 4
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S gmarr 2 Cevts2? 3 g

| S = \;:f\ )\ <i:/l,- 7 i .

"r,!é\w'/\l‘?-"‘ e E
N 1 |

Idea 5 Idea 6 Idea 7 Idea 8

4551 | 1231 | | 2212

Figure3: Enlarged images of theL'Bopl Concepts.

Idea 1 has an electronics box shaped to fit around the fire extinguisher. It has a folding basmnétrieval mechan
has asixarm frame with horizontal arms.

Idea 4itilizes a tarp for its payload retrieval pasixamgled arms for its frame to raise the center of propulsion
and it uses a dry powdeffismtexplosive sappresfre hazards.

Idea das a circular frame iitpropedirscoming off therfra. The circular frame is built on astlapetd
water vestibule thalibe utilizetb put out fires with a water spray. Alternatively, it can drop a dry powder explosive
to put out fires from the center. Additionally, it uses a mechaidalpdinm payload.

Idea 4slikeldeal except thatisesdry powder explosive balls to suppress the fire anéliédtasal box that
is below it®p plate thatfesseredto it like a skirt.



Idea 5 has reusable water balloatcanbedropedon the fire. It has a square box mounted on top of the frame.
It uses a net to retrieve the pajlad. a-&rm frame with horizontal arms.

ldea 6 has an OHO6 shaped f r thatweyldesprayedantotthefirei dal container containing
electronics and winchdrein themiddlefthe toroidal water contalhesesa tarp to retrieve the payload.

Idea 7 haarms that are angled upwards. It has a fire extinguisheutttedis top of tHeexagonal frame
plate The electrosiand winch are mounted on the bottorhefabenallate Awaterproakirt around the
hexagonaillateprevents rain from coming in contatievéthctronidsuses afolding box to retrieve the
payload.

Idea 8 has arms that are angled upwaadsa lfire extinguisher and winch box mounted on the bottom of the
frameand a hexagonal electronics box on the top.

The top competing desigae41215|dea ), 2242(|dea 2 4551(Idea p and 2218dea § All these designs

were generally sintilat had variations in frame dgsiglnad pickup devared fire suppression mechanism.

Ideas 2 andv&re almost identical so they scored almost the samethégweraot as effective lagas 1

and Soecause they utilized a frame design and fire suppression systems that contributed to a much greater weight.
The finabp designs wddeas 1 and Boweveldea was the better choice ab e aquipndest weight and

fire suppression area were snidllsris aesulbfldea fising droppable balls filled with water, making them very
heavy and not as reliable as a fire extinghistincipal idea we learned from the decision rttzdtitheas
weightequirememtumped all other aspects of the design as every part of our drone was Weighat/gmited
22poundthatare dedicated to propulsion and energy, the remaonimdsl@&ur35paindgoalmust be

distributed across the frame, fire suppressionjeddwusing and lifting mechdiisnpressure air

i we i g h tlead asdompickithe bghter alternatives.

3. Concept Design
This section providedetailedescription of ttedesigralongvithimages of the fractional smaieept
prototype.

3.1 Design Description

The design concept that was seigedt®@5(Idea 1jrom our morgind decisianatricegrefer to Appendix

C.6. This desigaslighth ased on t he pr e Whedransis seatedioioseNaB@P desi gn.
main functiorBroviding StructuBeippressirfgre Lifting Payload, and lastly, Housing Cohaséur

primary functions are each fulfilled by a specifismeEharstructure is providedtasbadiber composite
hexacoptdrameThe fire suppression systewnigposed ofsmall, lightweight fire extingutsites actuated

to eject its suppressant onto a fire below. The payload is lifted thimngtidhetaminch mechanism and a

box that folds under tensiastly, the controls are housed in a hekigboalon the top that can easily be

accessed and is waterproof.

3.1.1Provide Structure
The structure willgrevided byhexagonal frame design composed of carbon fib&hbdzeams will be
attachetbetween two hexagonal carbon fiber Pletdsexagonal plates will be structurally beneficial because
they willesi$ sideways motiohthedronearms, and theyillsene as mounting surfaces for the electronics and
winch b@s.The top plate will lsefprateébr weight reductiaa can be seen in Figure 4



Top Plate

Frame Arm:

BottonPlate

Figurel: Section view of the frame center.

The arms may be attached to the plates with composite bonding adhesive and carbon fiber brackets. This option is
the most lightweight, tddets not allow for replacement of individifeharans breaks duringrtgSthe

alternativis to bolt the arms to the plattsugbolts arslightiyheavier than carbon fiber brackets, they will

allow for easy replacement of the armsahaasecident.

For t he f rkeamsdrbonib@ramonsthighteveight conell be useffigure 3 shows a

schematic of the composite constribéarore material density was set to®3Wdnivift corresponds to

Nomex honeycomb. Nomex honewdtimeiensityf1.8 IbmAis also commercially availabig.igan option

to consider in future design revisaweveindepth analysis of the core material is yet to be performed, so the
more conservative density waskigede 5 shows a labeled image of the carbon fiber construction.

Face Sheet 2

Face Sheet 1

Core

Figurés: A crossection of the composite layup for the drone arms and legs. Face Sheet 1 and Face Sheet 2 are both carbon fiber, and the
core is a very lightweight material like Nomex honeycomb.

To manufacture this complos@mFaceSheetl will be saturated with ypaxd it will be joined to the core

under vacuum pressure. Once it iskagesheet2 will be saturated with epoxy, wrapped around the core and
FaceSheetl, and cured under vacuum pressure. Compared to a traditional sandwich panel (two face sheets on
either side of the cotfeis layup geometry will prevent delamination, or the separation of the face sheet from the
core. Furthermore, it will preventimtatsion into the core matéhal.arrangement can be seen in Figure 6.



Figures: Section view @Eomposite beam. The &t are colored differentlyteaveé exaggerated thickf@ssisibility.

Multiple layers of face shaetisicker face shemigy be usedtiis determined that arms require higher strength.
Theface sheets wilbstikely be oriented so that the fibgraratke| tthe long axis of the bémrause this
orientation will provide the highest bending strength foiTte dth@moption is to have the fibers at a 45
degree angle from litveg axis of the bedrhisorientation will provide higher torsional strength for the beam and
improvéhe face sheiéxibilitwrenit is wrapped arounddbmersf the beanturing manufacturifgce

sheet flexibility may be a concern if thicker face sheets are used.

3.1.2FireSuppression
The fire suppression system is composed of a fire extingmabeatargl mechanis@onsiderirthatthe
predicted environment of tdsgiing a bush fire, it was necessary to have a fire extinguisher capable of putting out
Atype firegAtype fires are fueled by solid material such a&mexsdiing fire extinguibhsrbeen selected
to be implemented in this deBignonly undetermined part of this design is how to actuate the &xtinguisher
that will depend on the surrounding electrCatrentithere aréhreecandidate fiextinguishers which have
been slected for design consideratimmost likely selectisthe Kidde FAIGt hasa lengtiof14.2inckes
and a diametef325inctesand isavailablet Home Depot

3.1.3.ift Payload
The lifting mechanism is composed of a folding box and a winch. The folding baxtwill be basede vi ous year 0s
designgictured in Figure 6). The box unfolds when laid flat on the ground and folds under the tension of a retracting
winchThe winch stem will be a long 5mm steel bar directly dvivemolbgrs. The previous &eaaotors
which operateti 6 oZn torqueveretoo weak to actuate thédifthateasonthis design will be actuated/dy
40 ozin torquenotors. THargencreas inmotor sizesbecause wanticipate that this saayloadnay go up
to 4ibs.(4 times larger than the previous year).

3.1.4House Controls
Theelectronics baxr fi b,0 ao fn  inlsehoube adl magor control components anddfdtterdgsne.
Componentwot required to be placed whithibox include visual sensors such aagarmot@rsandsome
communication equipment such as certain antennas. The box will ber inexdieatditium sh8&: Printed



PLA(polylactic aciak) polycarbonaléhe secondary goals of the braardioxbe easily removable and
waterpropés requested by Northrop Grumimaomplete these requirements the brain béxiiyill be
removabl held on by clamps, industrial Velcro, or reziptiabl® satisfy the waterproofing requirément,
brain box will be watsistardindfully enclosedave for an openabldtlitiay be necessary to 3D print two or
more smaller boxes instéamhe large box, depending on the maximum print aizelabk@P printers

315 Functionality
Each component will operate independently and with a sdpamale gdlaér componeritse structure must
remain rigid during flightiamdingThis is qualified by its ability to withstand vibrations from the motors and
possible impacts during travel and |Jingiivg. extinguishing systaitactuate when given the proper
autonomous command and will do seilirtgeisher hasnspletely empti€ar thiseasonthe actuating
mechanism of the fire suppression system can be unidirectional as the drone musfltreyaysesitionce.
mechanism will be uagfirst to retract the folding box into a bay of soamsrddrmgport, drop it down once
it reaches the target site, intesfititte Cal Poly Pomona gralnade tpick ughe payload, then retract the
folding box back into the Dasing all theggeractions and functions, the brain bwulaithe elettonics
from the outside environment and psgkibleng of the fire suppresant the drone lands, the payload will
beunloadedind the brain box will be removed to check for ease of accessibility.

32 CADModel

In Figuré&, the labeleédometric view of the CAD model is $hev®AD model was created with SolidWorks.
While the labegisrtainio thecompnents the team is responsible for, the propulsion system is &lso present
provide scale to theage.

ELECTRICAL
"BRAIN" BOX

FIRE SUPPRESSION
EXTINGUISHER

WINCH
SYSTEM

Figure”: Labeled CAD moaledirone. Labeled components are the responsibility of the mechanical design team. Figure includes components
of the propulsion and electrotonic controls systems for clarity of scale and system interfacing.

3.3 Concept Prototype
The following figudeptt the conceptodel we produced. The moalgbisximately55timeshe scale of the
full desigrrigure3 shows a crude demonstration of the structural frame.



Figure8: Concept prototype frame. Wooden arms and legs held togeberintgt &b and Velcro attachment points for the
electronics housing and winch bay.

The real frame will likely have an aligning tool such as the central thetfigivogvtuch like the prototype
the final design will have the fire extinguisher, the &ndithgowinch system all modular and removable.

Figureéd showcases the anticipated extinguisher/eldstronicabination.

Figuré: Electronics housing and fire suppression sydtemar€Chox is the electronics housing and white PVC (polyvinyl chloride) pipe
represents the fire extinguisher.



For the sake of ease of actuation and effective volume usage, these will likely be attached together in the final design
as wellFigurelOshovg how the electronics box and fire suppression system are designed to interface.

FigurelQ Electronics housing and fire extinguisher mounted to the frame.

By having thedectronics box and fire extinguisher on tqgaté tiieey remain easily adseasd will not
requirespecial work fixtures to be designed to hold the fully assertddedaidrgave been helpful for the
previous year6s drone).

Figurdlls hows t he previous year 6s f olTHeidesgnvmesucceasdusi gn f or the payl oad r e
last year, so this year the team decidsy¢te the idea and mal@ovements the design of the trasswell
as adjust the dimensions tonacwdate Cal Poly Podana gr ound vehicle design.

1c



Figurel1 Payload retrieval platform. The black and grey walls fold up when tension is applied to the truss Vinabe wfitectt cables.
yeards payli3ad retrieval bay

The concept prototype two distinct purposée first is to helpe NGCRechanical design team better
demonstrate the cholighlevel design concept to other members of the NGCP team and to the Northrop
sponsorslhe second is to help the N@€IBn team better understamaolume distribution and attachment
points of the drone and anticipate joining methods for components.

3.4 Undefined Components and Concepts

Currentlywithin the desidhere aréhreeunddined concepts that must be addsesssedThese are the joining

of the electrical box tofithme, the actuation of the fire extingansitiee material of the electricallthex.

mounting of the brain box to the frame has not begrdegaltal lack of confidenca strong and effective

method to secure the box. The current ideas of industiis@8¥elinted clampsgeddeasput the team

wants to ensure that the final selection is Tékahtguation of the fire extingbsheot been decided as it

depends heavily on the layout and contents of the electrical box. This will be decided and designed as soon as the
Mechanical Design team gets confirmation from{@werPBter Engineerihgam on t he box6s contents.
Lastlythe material of takectrical box will be alumipalycarbonatey, fully 3D Printed Pdgpendingn
which is easiermanufacture and has a lighter total weight.

3.5 Manufacturing Specifications
This subsectiemamines the manufactymiogesses anticipated for this design.

3.5.1 Composite Sheets
Manufacturing for all primary functions was considered during the feasibility stédyroéntioiebsarlier,
the structurédamewill be made of carboerfiy other composites. The design team has participated in making
composite sheetsutalerstanthe process of layups and epoxy cdaémocess is ragidrus to have
enough material to construct our frame and hamrggarentthe processkasaboufive to tehours of
labor over abduto to fivdaysThis includes laying up the first sheet of composites, cutting it into strips and
laminating the cut facestifmrmat shown in Figure 2.

11



3.5.2%lectrical Box and Winch System
Mostonmajor structural componsnth as covers for electr@mdshe outer frame of the Winch sygitem
befully 3D printed due to the ease of manufacturing of complex contipeirsamtscaadble strengthe
main electrical bas discusseadieris still up for debate and will likely be composed of interlocking 3D printed
piecespolycarbonate held together with brackets, or bent aluminum sheet metal that is spot welded.

4.Concept Justification
This section veillmmarizéne evidence support of thep design identified in the decision Agierdix C).

4.1SpecificatisiMet by Design
This subsectishows how the topnceptlesigwill meet each of thesign specificatiatesivedor this project.
For convenience, Tdbddows the specifications we delivered in the scope of work.

Tablel: Table containing the engineering specifications that will drive the drone design. The table includes abridged
descriptions of the specifications along weimergaind tlerances.

Specification 4 Parameter Description Requirement/Target Tolerance
1 Full Weight of Drone Less than 55 Ibs. Exact Limit
2 Effective Diameter of Drone Less than 10 ft Exact Limit
3 Equipment Weight 10 IbsMaximum + 1lbs Max
4 Time to Access Electronics No more than 1 miny Exact Limit
5 Maximurwithstandblelanding forcd 110 Ibs. +£ 10 lbs.
6 Flight Time 15 Minutes or greate| Exact Limit
7 Payload Capacity 1lbs +£8 0z
8 Area of Extinguishing 3ftx 3 ft ++£0.5 ft
9 Displacement of payload during f| Less than 1 inch ++0.5 inches
10 Amount of navaterproof materials| 0 Exact Limit
11 Number of pinch points 0 Exact Limit

After ideation, we selected three frame (owguigtate, and cdgemple images of each can be seen in
Appendix)Ao compareameneightsn CADQvhen using aluminpian stock. We found that the plate design was
the lightest of the threedueral poundsowever, it wapproximately 14, liahiclexceeded oureight limit for

the framgfire supprelssmisystem, payload retrieval systeralesnibnics enclosureus, the aluminum frame

would fail specification 3, and likely specifivé¢icheh considered using composite materials, such as carbon
fiberWherwe changed tAD modébcarbon fibgthe weight of thiatestyle frame was reduced to
approximate}lbs Thechosen fire extinguidhes a total weight of 4The CAD modeithonly the

components we are responsibeifgind 1.65 I which does exceed the 11 Ibs maafrepeitications.

However, thilght weightill be quickly redueedording tbeflight plan designatedhe RFP (request for
proposal) from Northup Grumman. Thikafligtates that ttiene will first fly to the fireeatidguish it prior to

flying to the payload extraction amimeans thefter extinguishing the fire, the drone will be approximately 2.5
Ibs lighter (due to the absence of the fire suppressant agent), ahwlaydbswitiiin the 10 Ibs requirement

of speification3during the planned flight.

Thespecification pfalucing a drone witheffiective diametetesis than 10 ft (sgeetior2)wasmet as the
CAD modei Figure Shows an effective dianwted4 inor 5 féd in). This was @otlesign specification we
wereconcernedith exceedingowever, tltBmensions were driven primarily by theb dasticsateasnd
their request to have at leashoheeparation between each girtpellers.



Tomeetpecification einfe to access and remove the eledimi)icseesigned &D printeénclosure that
wouldpartially surround the fire extinguashtegen igure 1The printed enclosure wakoered using
fastenerthat are eas#éycessible to aid intihreeneededo access the electronic components.

To medhemaximum anticipated landing force of. {ghedhsatiors), wehavedesignethe drone legs to
bemade ba similacarbon fibatructuréothe arm®Based on tranticipated material properties of the carbon
fiber this will bmore thasufficient to withstdrid Ibsof landing force on one leg.

Perthe club aeronautics team, the drone will ke afagialeast 15 minutes of @ipéct. 6)yprovided that the
dronéhas a totdlight weight lefss than 485Ibs.

The payload capasjpgcificatidispedicatior7)was met hysing dolding bdiét platform for the payload and
twomotor®f sufficient size in the winchTlhéy systermithe only systeotated beneath thenewhich
minimizemterferendeetween systeride lifting platform and winch bay enclosure are desigiedrintbd
to help minimize weagid reduce manufacturing kinsectiod.2it is showcaséat the maximum possible
weight is very achievablethétivailable motors.

The area of extinguisgpgdficatio)for amultipurpose dry chemical fire extinguishbetaege
10063000 sdt per unit @lepending on the amoucmbustible material in the,aeeording to the NFPA
(National Fire ProtecfisrociatiQriOtable 6.2.2[4]. The chosen fire extinguisher fig@srating ofA10

B:C which meatitscan at minimuraffectively supprd$¥00 sq. ft obmbustible matenahich isore thaten
times thearget area. Thagess ofoverage areadadonusas some of tkappressaagens will be
unintentionaffysplaced by thator wash.

To mitigate any unintentidisplacement of the payload dliginigspedficatio®), we have designed the
lifting platform to haeticentering walisd datching mechanitrsecure thgayload trusgs the winch bay
during flight. Additionallypéytoad trugsovides stabilgggainstotational displacensuringhedescent and
ascent of the payload lifting platform

Regardinthe use of namaterproof materi@fsedficatiorl 0, we have designed the dronertmbe

primarily of carbon fiber and PLA (polyldictitzaeiterial used feD3JrintingCabon fibecan besensitive to
watedepending on ttype ofayup formasedespeciallgandwich pangl§o help combat ttas well as
provideecessary strength to the frame, we have designed the carbon fiber sandedelvpaeisao
wrap of carbon fikgee Figur®, which seals there from water intrusion

To minimize the number of pinch points the payload is gxpdSedtitoil) we have desigribe
folding bato havelimensiorthat interface with @RP Cal Poly Pomgnmayloadelivery mechanisoththat
the payloaslirface is sufficiently distant frdisidimg regions of the payload lifting platform.

4.2 Preliminary Calculations
Ths subsection briefly describes the preliminary calculations acohgpialgsk® validate the design.

4.2.1 Strength of Frame
We did stress calculations for the drone ar ms, using a carbon fiber
width®& 6, and wall thickness 0.0120 (the thickness of a single sheet o
to the CAD model. We chose to model the arm as a tube because the bending stiffness of the core material is
negligiblehereforghe loads wikIsustained entirely by the carbon fiber face sheets. We also neglected the extra
wall thickness due to the carbon fiber flap that wraps around; neglecting this will result in a more conservative
calculation. The free body diagramisheigurd2was snplified to include only a bending moment for the
calculation.
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Figurel2 Free body diagram of forces and moments acting on a drone arm. Due to the high aspect ratio of the anmi @ength/height = 16
reasonable to neglect everything exceptie bepding moment due to thrust.

Using the maximum thrust capable of ,fravidedgyther oduced by the droneds

NGCP Aerospace team), the ultimate safety factor for this carbon fiber tube was determined i& be 30.41 (Append
D.1). Further calculations and tests will be required to ensure structural integrity during the landing phase, when the

drone impacts the ground.

4.2.2 Estimated Weight and Center of Mass
Figure 3shows an unlabebigpiction of the full CAD model to help visusytetine and analysis below.

D
Q&)

-

Figurel3: Full CAD model of drone.

The totakeight adll components included in the CAD model is Z8eléghexcludinbatteries and

motorswas 11.65 Ib&ter expending the contents of the fire extinguisher, the weight will be reduced to 9.15 Ibf,
which is lower than our target of A6 #dwn in Figure 14e tenter of mass of the drdht8igches

beneath the rotating surfatteenfotorswherettepropellergill be mourtteThis distance is within the

acceptable range requested by the NGCP Aerospace Team, for purposes of drone stability and maneuverability.
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Figure 4 Location of the center of massligily under the sopfacef the motors.

The CAD model was also used to ensure that the drone will have its center of mass properly aligned with its
geometricentral axighe axis that is geometrically ceriver of glropelle)sThe center ofass has a

horizontal offset of 0.08 inches frg@atmetric central aXisis offses small and will be able to be balanced by

the positioning of other components not yetimthed€AD mogtlereforéwill not strongly affect flight
characteristickhe horizontal and vertical locations of the center of massskidghtlyahge the fire

extinguisher is depleted.

The centdo-center distancéopposite propellers is 43.41 inches. The propelleiamhater @f 20 inches.
Thisensures that our rotors do not collide into eaah t@koné minimum sizebsundy rotor contact.

4.2.3 Payload Mechanism Loading
In terms of the payloaethanism, vaeticipate a maximum weighbsfMost steppsized motarerhich
would fit our power draw and frammrecpirementgroducd to 100 e of torque varying with size. The
previouy e ades@ymisedwo6 ozin motors to powerwirch system. After a motor burn out, it was determined
thatone6 ozin stepper motor was enough to stall the mechanism but not enough to pullTthis fokkesight.
sense as a 6-0rtorque on a 5mm shaft pufs @pdunds of fora¢ maximum outpsn fighting the other burnt
motor, it makes sense why it would not lift the payloagdwithishgaticipatedeighincreasesve would
needrd GFTST p Q& p w @ IE a "Qf=a minimum of 12.8iwof torque frarstepper motwYiththe
current desigwe are planning to upgrade to a rangé0od20 stepper mota@sd justinderpowdhem to
ensure the ascent is at a safe speed.

4.3Design Hazards

For the current chosen design, a Hazard shegltisé\ppendix E goes over all the anticipated hazards of the
design. The general description of the exzdatisd to the fact that the drone is a giant suspended mass that
can gwvery fasfTheconceriis that the drone will fall onto people or prapaatyage it. There is no way to
guarantee that the drone will not crash into qigegtietmt we can take precautions to minimizesthealisk

as avoidgits travel path and staying away when the drone is pdersdammeiost concerningzhed is

the high voltage ofthe o systdéins The drone runs off a paralléhgoddd.4 V battery pairs, meaning that it

is putting out a lot of current EntcbBvoltage. To endbesafety of operators and technithi@nslectronics

must be properly secured and insulated in the electronics box.

4.4 Design Challenges

The current challengéth this design incltitinterface between the frame arms and the propulsjtimemotors
fire @tuatiomechanism, atitewinch bay attachmeenthe framd@he arm angtopulsiomotor interface

presents a challenge thiberectangulahape of the arms and the circular base of th&neototsrs



requiresufficient areagecure fowscrewsothe armPue to theoneycomb cavéthearm structurecrewing
directly into the armas advisabsmost ofhe scresthreadsvill not bengagedThereforepme method of
interfacing will need to be designed.

The challenge with the fire actuation system is cedatiagt@owprofilesystem that capply a minimum
force of 30 (6.7 Ibfto the lever of the fire extinguihie.7 Ibf/alue is th@esigmequirment for ghlortable
fireextinguishers aiscastandardetby the NFRAhis challenge will likely rempsearch into lgarofile motors
andgear trainsahcan achieve the desired output.

The challenge of securingvtheh bay to the franmnslar to the amotor interface challersgeewing
directly to the frame isarsetcure method of attachriégsolution to thikidlenge will require creatirgking
andconsciousnessavhilable spaom the drodes f r a me .

5. Future Work

Over the next sevenainthswe will begin to construct and test theashelsagmtinue seek feedback from the
club and the Northrup GrunspamsoiWith CDR (critical design review) schedule@ébruary 2023, the
following subsections briefly describe the project Adnedeléetailed list of tasks can be seen in Appendix
which shows an updated Gantt chart for this project.

5.1Planned Analyses

We plan on testing and analyzifrgutine, the payload retrieval mechanism, and the fire system to validate our
designThe othespecifications in Tablell be ssessedising inspection arthlysis methottfgt will not
requireletaileglans.

For the frame, we plan on testing theoexprasite material to failure to define an estimated strength of the
materiaWe anticipatesing thetrength testing machining in the compbsiteder the supervision of the
composites instrucWye are not planning on testing the final ph@totgmkie to the cost and time associated
with composite material constriweptanto havell the composite materiaentgMarc2023so thathe
construction of the drone frame dimished by the end of April 2023.

To test the payload retlimexhanism, we plan to @acepoundveighin the retrieval bay and ensure the
winch motocanfully retrache payloadtothe bay to the transportation poShisriest is tentatively planned
for early February 2023, as the payload retrieval system is primarily ddppoteztistiilRtures which have
notyetbeen printetVe have also been told that we may have to lift a payload 4#bse@ryhas reason

we are ensuring thabs.is our maximum payload capacity.

For the fire system, we have already completed a qualitative test to further understand the effects of rotor wash on
the proposed fire suppressant agent. This test was oonrSpletethg1/5and involved spraying colored

water via spray bottle under a singlecson@iée Appendixfortest standetup The results showed the

colored water was dispersed more evenly and finely over the area directly belowathemotord Weng

some further academic research on this topic.

Aftercompleting ti@DR andeceiving approvaltbe final design, we may test the fire and payload retrieval
systems again to ensure they work as anticipated.
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52Planned Purchases

Toour knowledge, none of the materials we are anticipating to purchase have lead times greater than two weeks.
That said, we expeqturchase all the currently anticipated materials before March 2023 to ensure the
manufacturing phase can begin in M&ahillEliso allow us a small time cushion if additional materials/products
need to be purchased to ensure the final build functions as designed. Below is a list of the materials we anticipate
purchasing.

1 Conposite materials i Fire actuation motor

1 Fire extinguisher (x2) 1 Nuts, bolts, fasteners

1 PLA 1 Auxiliarbatteries for winch éinel
1 Wirch motors (x2) suppressant systems

5.3Preliminary Construction Plans

Moving forward with the top design, we are planning on speaking with the composites instructor about the best
composite layup for each frame component and the best method for cutting th&drame pigtgsate

having the full desio#D and dramg package completedrgo CDREgbruraiyebruarg4)so that it can be

included in the report and preseridéamould like togiehe frame assembliviarct2023 andee the final

prototype complets/ the beginning of May 2023. This means that the electronics housing, fire, and payload
retrieval systems would havededignedndmanufactured concurrently with the composite material to ensure
sufficient time is available to order the motasssgpatial components necessary for assembly

6.Conclusions

After a detailed ideation pehedi1218dealos hort handedl| y )desigpnwagseldctele fAPi zza Desi gno
from our weighted decision matrix. To confirm this design aslevelfowaddept desjgre have done some

lowlevel engineering analysis to prove it has the necessary liginakgseghdenter of masdditionallye

have tested analyzeis payload afide suppression mechanism to ensure that our selsovith@tioperly
incorporate themselves into the design. We have conttislddsiugt is the optimal cfmickone

development. It is important to consider that this design does have its hazards and chahengezafswvever,

are not unique to the design and the chaiéenigesovercome witbper desigiWe plan to further test our

selected apparatus for each function to ensure we made the right decision while we continue developing this
concept. We plan to belgitailed design as sagpmoasible and have already prepared to construct the frame. We
are requesting apprdrah the NGCP team and the engineers at Madoggpdeveloping tbgevel

concept design as our finalized concept design.
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Appendices

Appendix:Adea List
1. FRAME
a. Provide Structure

1¢


https://canvas.calpoly.edu/courses/84346/files/7744223/download

iii. Cage

iv. Plate

v. Ring

vi. Cables



]
et

vii. Straight legs

viii. Straight legs 2

Damping

2



ix. Materials
1. Carbon Fiber
2. Aluminum Square

3. Aluminum Round
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