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Abstract

Thisdocumernis the Critical Design Review Report for the Northrop Grumman CollaboratidrERagject Med
AircraffMEA) rescue drone. This document will go through the design description, justification and logistics of the
detailedesign dhisprojet. The goal of thiltirolaircraft is to be atdesuppress a simulated fire and to interface

with an automated ground vehicle to pick up a simulated wounded individual and saifedijvicarstpart the

designed are@he document describesMEAI r ¢ prinérynission objectives of fire suppression and payload
transportation in the context of a mock rescue, and then describes hostrara®hsobthsemblies satisfy

these requirements or work in concert tordgpsavidgustification ftire claims of the de&@duonctionality,

results adetailecnalysesn thestrength arstiffness of the systandits ability to properly actuapaitoad

retrieval and fiseppression systehave beedescribed inighCritical Design Review. Additmmahon the

planned manufacturing and assembly process of the drone are outlined. The last primary topicaith this document is
future plans for testing functionality of the drone and ensuring itdpesit@tions thatereestablished as

requirements earlier in the design probessonclusions reached from -feptih analysis of the d&one

functionality and testing of its structural prototype indicated that the drone will be allenézssamyplete
requirementand additionally wilbbefficient aircrafatform.
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1 Introduction

The Northrop Grumman Collaboration ProjecigM&GIRjborative club project sponsored by Northop
Grumman for the students 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 régpongible dotatomous
flight vehicle that can suppress a fire and retrieve apeaWeabanical Design Team of the CPSL{S team
responsible for the design of the frame, electronics housing, and payload and fire supprlssion systems.
Mechanical Bign Team created the
design to be discuss fuithéris document. This docudmenisses the selected desagithe manufacturing
plans andlanned tests to cmmpleted on this designmos ur e t he cust omer dés requirements are fulfil

Since the last design review, the mission parameters haveoohangiedkortie to accomplish rtfigsion
(suppressing a fire and retrieving a payload frongroer@PRehigleo tweeparate sorties, one for each task.
As for changes in the design, the core material for the composite arms has been char{fibdrériass Nomex
honeycomb) ligh densityinylfoam (H8Divinyceltp allow fothe use dfolts, nuts, and wasterassemble

the drone.

2 System Design [Formatted: Font: Arial Narrow

Thissection will discuss the fine deft#file current design eatt estimation of the parts.

2.1 Design Description

Thedesign scope includes the fsgstemthe fire suppression systerpatfiead retrieval system, and the
electronics houssygtemin Figurel below, the fosections of the design ba seerEach otheseour
sections will ldéscussed in more detail in the following subsections.

Electronics Assembly

Frame Assembly

Figurel: Full CAD assembly for thesfitnsystentsf the drone the Mechanical Team is resporgibl&done system, the
fire suppression system, the payload retrieval system, and the electronics housing system.
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2.1.1 Frame Subsystem

The firssubsysterof the desigathe frame system. Ehibystenis comprised of several components
summarized Trablel and shown in Figure 2 below.

3.Top plate

|/ 4 Bottom plate

5.Motor cuffs

Figure: CAD model of the components iittesyfstem

The top and bottom plates will serve as central structural components. The top plate will be a mounting surface for
the fire suppression system and electronics housing, and the bottera platentiigtsurface for the winch

box. The arms extend outward to hold the propulsion motors, so the propellers will have proper clearance from other
components. The motdfswill fit around the ends of the arms, and they will provide a flaeasyface fo

installation of the propulsion motors. The frame is 47 inftbesmaider cufimotocuff The legs will be each

be attached to the arms with one bolt, but they will not rotate due to the extrusions that fit around the arms.

Tablel: Frame Subsystem Component Summary

Label in Figurg Component Namg Quantity Brief Description
1 Long Arm 1 Supports two motors prabides structural
support to drone
1 Short Arms 4 Supports one motor eantiprovidestructural
support to drone
2 Leds 6 Sipports droran landing and tedféas welas
9 insulate the carbon fiber fpmund contact
3 Top Plate 1 zrrggldestructural suppartd mounting surfa
a Bottom Plate 1 :rrg:des structural supportranahting surfac
Motor Cuff 6 Providesmounting surfacegoopulsion motor

NorthopGrumman Collaboration Project
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2.1.2 Fire Suppression Subsystem

The next subsystem is the fire suppression system. It includes severghabhgiporestainand actuate

the Kidde HAOR2.5Ibsfire extinguishém.Table?, thecomponents of the fire suppression system, the respective
guanties, and a brief description of their functimvenas well as tineespective figure lakielBigures).

Table2: Fire Suppressant§/stem Components

Label in Figure | Component Name Quantity Brief Description
Kidde FA110G 2.5Ib . . . .
1 - A 1 Fire extinguisher unit
FireExtinguisher
5 ShorLink 1 Attaches to fire extinguisher handle
long arm
Attaches to short arm, rides in the s|
3 LondLink 1 guide, and connects to the fire syste
spool via a cable
4 Slot Guide 1 Ensures long arm ahdrt arm follow
linear paths
Fire Extinguisher Hold the fire extinguisher and fire sy
5 2
Brackets motor to top plate of drone
Wraps around the fire system spool
(Not shown) | Cable 051t connects to the long arm
6 Fire System Spool 1 Connects cable and small motor
; Small Motor 1 Supplies torque to the cable to pull {

extinguisher handle.

InFigures, the componerakthe fire suppression systetatztednd colored to help identify each component.

Whe thecamerdpart of the | wsdftéase€omputeengineeringubteand s
send a signal to the small rfibtoFigured) tostart spinninghich within the spof@ inFigures), and in turn,

wrap the cable around the spool. Tpislwik lonmk(3 inFigured) along the slot guide (Bigures), and
being that the ldivikis connected to the shiok{2 inFigures), the shotinkwillalso get pulléckward3he
shorlinkwill be connected tolewer of the fire extinguisherHigumes), which shoutdlease the fire
suppressant powdHrefire extinguishand themall motare secured to the top of the drone fiia the
extinguisher brackets Ednres). These brackdtave theame geometogsi® the rear brackeds an
additiondeature that allows sheall motaobe secureand place the spool aréggired height.

All componeritsTable?Fabie2 (excluding the fire extinguisher and the small mot®f) wilhkexd out of
polylactic acid (PLA)etpwithmaintaiminimum subsystem weighraefadive) ease of manufacturing.

NortihopGrumman Collaboration Project
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6. Fire System

Spool \

3. Londrink 4. Slot Guide

2. Shortink

7.Small Motor

5. Fire Extinguisher Brackets
1. Kidde Fire
Figure3: CAD model of tbemponents of fiire suppression system Extinguisher

2.1.3 Payloa®ubsystem

Thethirdsubsystens the payload retrieval system, which is composed o§ttsysitech and {begyload
retrievablatfornsubsystem. Themponents for the swbsystenmsan be seen Trable3 withtheiuantity,
figure label and a brief description ofFigackl shows the components of the retrieval mechanism.

Table3: Payload Retrieval Mecha@msmponents

Label in Figur§ Component | Quantity | Brief Description
Name
Winchmotor 1 The motawillturn the winaaft and wrap therd
1 . .
raising and loweringghgoadlatform
2 Winclttage 1 Mounts the winch to the framkarsds the winch
motor
3 Bearing 1 Supports the shafthewinch cage
4 Shaft 1 wind the cords to raise or lowpatead platform
5 MotoiShaft 1 Translates the rotation from the winch motor to th
coupler
6 Bottom 1 Platform tsupporpayload
Platform
7 Long wall 2 Walls to help locate and contain payload
8 Short wall 2 Walls to help locate aodtain payload
Truss 1 Rigid structureftzilitatéhevertical motion of the
9 L
payload and minintped entanglement
(Not Shown)| Cord 25ft Toconnect trusswalls and truss to shaft

NorthopGrumman Collaboration Project



5. Moteshaft coupler

1.Winch motor

Winch Assembly

3. Bearing

2. Winch cage

8. Short wall

Payload Platform
Assembly

6. Bottom
Platform

7. Long wall

Figurel: Sketch of Retrieval Mechanism System.

Thewinch cage, truss, aagload platform assembly will al) IpeiBted out of PLA to allogufck
manufacturirggnd to maintain lassembly weight. The shaft wilae of metalsupport theeight of the
payload platform assembly and to ndiéifit&ion whilaisng or lowering the payload.

2.1.4 Electronics Housing Subsystem

The final subsystem is the electronics housing. The components of this subsystéabsre Biown in
structures of this subsystem wiDh@iited in Pt#veduce weight aménéacturingme.

NorthopGrumman Collaboration Project 7



Tabled: Electronics Box Components

Label in Figure Componen] Quantity Brief Description
Name
1 Boxl 1 Three walled compartment to shield electronics
water
5 Box2 1 Three walled compartment to shield electronics
water
3 Box3 1 Three walled compartment to shield electronics
water
1 Three walled compartment to shield electronics
4 Box 4
water
1 Three walled compartment to shield electronics
5 Box 5
water
(Not Shown) Lid1 1 Rigid plate® cover tthethree walled compartmen
(Not Shown) Lid 2 1 Rigid plate to covethethree walled compartmen
(Not Shown) Lid3 1 Rigid plate to cover to the three walled compart
(Not Shown) Lid 4 1 Rigid plate to cover to the three walled compart
(Not Shown) Lid 5 1 Rigid plate to cover to the three e@itgdrtment
(Not Shown)| Cushioning TBD To isolate sensitive electronicwyitocations

The electronics housing will confsigiradividually printed containers. The containers will be arranged in a U

shape around the fire suppression system. To allow clearance for the bolt heads protruding from the top plate, the
floor of the electronics housing will be raised. It will bi® éttacbpglate by bolting it through the mounting

legs. A waterproof lid will be placed on top of the electronics housing; it is easily removable for fast access to the
electronic&igures shows the features of the electronics housing.

Electronics

3. Box compartment

4.Box4

2. Box 2

5.Box5  Support legs

Mounting legs

Figuré: CAD model of the electronics housing
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2.2 Design Function

The followinglssections will discussftimetions of the respective systems aeddmone islesignéto
achievdsrespective functions.

2.2.1 FrameSystem

The frame systémas the primary function of prostdliigsupport to the propulsion equiphtestill be

achieved sixarmgthat will be boltexdtwalates Thenarrovarmsprovide support the propulsion motors while
presenting minirdkrference of tietor sweep araéider arms wolildit th@amount of thrust due tdatger
surface areaf the arms blockingdhélow of the rotors. The two plates (top and bottom) sandwaidthe arms
help to providéiffnesso thearm structuees well asrpvent tharms frorbucklingt the center.

The secondary function of the frame system is supiamed® mount the requnisdiorequipmenivhich

includes the fsappressicystem, the sensor packdgeelectronibsusing system, and the payload retrieval
system. The frame achievissecondary function via the top and bottom plates. The top plate provides surface to
mount the fire suppression sydterg with the electronics housing systebottom platows the payload
retrievadystem and the sensor packagesezbelymounted to the frame system.

2.2.2 FireSuppressidbystem

The primary function of the fire suppression systeionisrtmusly dispense the fire supp(edsant

prompted to do so via the s@astiage and electronics of the dron&).athieved loyounting small motor
with a spotd the fire extinguisher bracket (which is bolted to the frame system viaThestugoplate)
connectedith a strong polymer catbéesimple tvbarlinkagewhichin turpis bolted to thetive lever of the

fire extinguish&vhen the sensor packag®irmghepresence of the fire, the electronics system will send a
signal to the small matoich will wingh the cabeandthus depresbe leveand actuate the fire extinguisher.

2.2.3 Payload Retrieval System

Theprimary function of the payload retrieval systsuuegety contain and tranagayload of approximately
1.5Ibs anfilin X8in x 5in in size. This will be achievsthby simpléinged boas the platfortm contain the
payload and a winch system to raise and lpaydo#teplatforithis box will be comprised of afoasevalls,
and a truss, all of which wililyeriited out of PlThe base and the four walls will haverirdkss into them
so that the team can attach thetoviilibasebyhandsewing nylon webbiwdich also acts as hinges

The winch portion of the payload retrieval system wilb&@£» pravegart, which will act as the winch motor
mount and assapport to tlveinch shaft will have three open sides to allow for easy maintenance of the winch
motor and shaft as well as reduce the component weight of the drone.

2.2.4 Electronics hang

The electronics housing provides a renfbechphl e encl osure to protect
lids allow quick access into the electrasiogaliowing for easy replacement or maintenance of the electronic

components such as batteries and microcomtrellEextronics boxes are waterproof, althowgh beere

holes in the boxes for wires, the holes will be on the bottom of the bexéadimevedtierttall inside the

boxPadding materiatih e el ectronics housing will serve to isolate the electron

vibrations.

NortihopGrumman Collaboration Project 9



2.3 Cost Estimate

The budget foretmechanical teansv000and the club overall had a bud§éd@d. A breakdown of what
componentsereused and haive money was spent can be seen in Appendix A and Appendix B Tiespectively.
currenfinal estimated cost for the drone is $3000. This cost is estimated due to the price of carbon fiber not being fully
described. The current carbon fiber estinsed isstimated total surface area of material, using the price point

of $30 per square foot.

3 Design Justification

Thissectiomoes overow the design will niketdesign requirememeviouslgterived in the Scope of Work.

3.1 MeetindesigrSpecifications

This subsection shows how the top concept design will meet each of the design specifications derived for this project.
In Appendix D, the full failure amatleffects analy@$/EAgan be seemhich discusses fbeeseeable

points of failure in the design addwheange effects these would have on the systelaealigrallpart of

the design would fail, however, some systems @atastaghic to the mission, like a frameAfdureorking

througlthe FMEA, the team inaseased awareness of the critical failure poidesafrthe

For conveniendeables shows the specifications we delivered in the scopéthfseonk modificatitins
handle a change in specifications as requested by our Aeraspace Team

Tableb: Table containing the engineering specifications that will drive the droretiesighudBseatridged descriptions
of the specifications along with requirements and tolerances

Specification| Parameter Descriptiof Requirement/Target Tolerance | Compliance?®

#

1 Full Weight of Drone | Less than 55 Ibs. Exact Limit AlS
Effective Diameter of | Less than 10 ft Exact Limit

2 Drone '

3 Equipment Weight 10 Ibs. Maximum + 1llbs Max Al
Time to Access No more than 1 minute Exact Limit

4 Electronics T
Ensure no structural [Modified requirements Exact limit with
failures safety factors in

i.  Landing gear preferabl| the
able to withstand a dro| requirement/targ
from 10 feet when the
impact is distributed

5 between all six legs an ALT = [Formatted Table

being able to withstand
drop from 3 feet when
landing on one leg

NortihopGrumman Collaboration Project 10



Compliance**

is defined as: Analysis

(A), Test (T), Similarity to Existi@gdessi§hsuod Inspection (1).

Specification
#

Parameter Descriptio

Requirement/Target

Tolerance

Compliance*

Ensure no structura|
failures

Strength of material

Exact limit with

not reached during

safety factors in

maximum thrust fro
motors with a safety|

the
requirement/targ

factor o?
Maximum deflection

VHV.

V.

arm within an
acceptabliémit that
will noteduce flying
capabilities
substantially
(determined to be a
maximum of 0.2% in

Natural frequency
substantially under g
critical rotor frequen

Safety factor 6fo
maximum stress an
deflection for a
dynamic response a
critical frequencies

A LT+

Flight Time

15 Minutes or greater

Exact Limit

T,

Payload Capacity

1lbs

+/8 oz

T,

Area of Extinguishin

3ftx 3 ft

+£0.5 ft

© || N |

Displacement of payl
during flight

Less than 1 inch

+£ 0.5 inches

Al

Amount of non
waterproof materialg

Exact Limit

11

Number of pinch poir

Exact Limit

NortihopGrumman Collaboration Project
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Compliance** is defined as: Analysis (A), Test (T), Sixitdirity Resigns or Codes (S) and Inspection (I).

The following list layout how the team will meet the specificaticris distbde.
1. Weight of the drone and its components are minimized, and the drone will be weighed prior to flight.
2. The minimum diameter of the drone set by therA&rd47.5 in without rotors andl BiAwith
rotorswhiclfalls within this limit ardct meesuremenniill be measured once frame is assembled.
3. The components of the drone (fire system, retrieval system, and elgbtrsingerisesigned for
theminimum weight thatmits them to compie¢ér functionsndthe componentsll be wghed.
4. Access time to the electronics can be measured from the time the drone is at rest (rotor not spinning) on the
ground/workbench to when the electronics box is opened (using a stopwatch).
5. UsindEFEA modeling, impaedequations, and material properties, tésting
team will ensuthe drone is riely to break during the expected op&rasion further explored in
section 3.1.1.
Testingsdependent on Aero team
The expected weighhefpayload ufiitm Pmonas roughl¢lh and the
retrieval mechanisrdéasigned to weigh 2.8ltik anotor that is rated to lift 32Ibs at thd klsaifs
further explored in section 3.1.2.
8. The area of extinguishing of the seleagtirfirgher isated to cover 10,000 sq. ft. accordimg te
further explored in se@idr3
9. The payload platform has been sel&mvninimal linear displacement durind/isghat inspection of
the payload tray whéeng secured.
10. Design usewaterproof/watesistant materials.
11. Pinch points in retrieval ltilaye been minimizeditye of the designd
any necessary oned be covered

No

3.1.1 Design specification: Ensure no strizdhures.

Theimpact force was calculbyetriving thenpact time from the speed of sound in a gi{EnT$aid
calculations are presented in AppehdbigDres, the normal compressive stnedghe safety facioe
plotted as functswf the height of a drop when the mepacs on one lagd the impact is perfedtigticThe
safety factor was determirygle maximum impact fofdeLA being1 fib/in[2].

NorthopGrumman Collaboration Project 12



Normal compressive stress [MPa]

Safety factor

g

200

10

Perfect plastic impact (no bounce)

I||l|llll|"
|IIII|‘I|||“Il.ll“"ll\l'll!ll\lllll
‘\llllll“ )
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Height [m]
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0.5 1 15 2 o= ’
Height [m]

Figures: Normal compressive stress and safety factor for a perfect plastic impact.

InFigure7, the normal compressive stnedghe safety facoeplotted as functsmf the height of a drop when
the impact occurs on oneated) the impact is perfectly elastic

Normal compressive stress [MPa]

- N W b
8 8 8 8

o o
o

B~

Safety factor
N

Perfect Elastic impact (perfect bounce)

0.05 0.1 0.15 02 025 03 035 04 045 0.5
Height [m]

T T T T T T T T T

0.05 0.1 0.15 02 025 0.3 035 04 045 0.5
Height [m]

FigureZ: Normal compressive stress and safety factor foretapédfegact
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For the plastic imp#ut kinetic energgforempact wasssumed to be converted to work done during
deformatidB]. When considering a perfect elagéctthechange in momentum was usitdomine the

forcg1]. The maximum height for a safety factor of 1 was found to be 8.35 feet for a perfect plastic impact and 1.31
feet for a perfect elastic impact. When dropping from 10 feet and having the impact force distributed between all six
legs of the landing gearsétfety factor was calculated to be 5.55 for a perfect plastic impact and 1.37 for a perfect
elastic impact. However, the actual safety factor would depend on the medium in which the landing gear collides.
Thereforgheaverage between these safetydéae been used for the time, heirgvalue of 3.46

A static analysis of the maximum stress and deflection widemaximum thrust from the mots's
performedsing the finite element method in Abaqus. The resalidateniéth beartheoryand are available
in Append®R. The material properties used in the aarayisited in Taléle

Tables: Engineering constants used for analysis.

E.[GPa]
150

E[GPa] Gi2[GPa]
150 5

Viz []
0.25

The analysis assumed a uniform load distribution from the motor thrust, rather than point loads, to avoid stress
concentrations. The maximum thrust from a single motor was calculated to be 13.2 pounds of force. The arm was
fixedat the huand modeled ugijuadratic tetrahedral elenveitiissseed sizef 0.2 inches. The total number

of elements used in the analysis was 17745, with two elements noted as distorted. The results of the analysis, in
terms of von Mises effective stress, are presentedioftlaectintour pldEigures.

S, Mises
(Avg: 75%)
+3.764e+03
+3.451e+03
+3.137e+03
+2.823e+03
+2.509e+03
+2.196e+03
+1.882e+03
- +1.568e+03
- +1.255e+03
+9.411e+02
+6.274e+02
- +3.137e+02
+1.015e-02

Max: +3.764e+03

Elem: DRONEARM-1.9852
Node: 24167

Min; +1.015e-02
1&m: -1.
E ? %NA{&?&QG Tet.odb Abaqus/Standard 2022

v ‘ie‘ tep: Step-1

ZIncrement 17 Step Time =
Primary Var: S, Mises

Figure3: Contour plot of effective Von Mises stress of one drone arm during maximum thrust from a motor.

Max: +3.264e+03

Min: +1.

Mon Feb 06 20:49:29 Pacific

1.000

The results of the analysis showed that the maximum effective von Mises stress was 3.764 ksi, located at a specific
node labeled as *. The carbon fiber laminate material used has a tensile strength of 264 ksi, resulting in a safety
factor of 70.14. Howeiteshould be noted that the stress concentrations that may occur at sharp corners may be

less pronounced in the actual design, as the edges are somewhealitjl.€to provide a more accurate

representation, the maximum von Mises stress values were also analyzed at three and six nodes from the node with
the maximum value. These results showed a von Mises stress of 3.018 ksi and 2.595 ksi, respectively. The maximum
effective von Mises stress and corresponding safety factors for each node arahjegsented in

Tableb: The maximum effective von Miess ahd safety factor to tensile strength at node *, 3 nodes from * and 6 nodes from *.

Node * 3 Nodes from *| 6 Nodes from *| Tensile Strength
A EOE 3.76 3.02 2.60 264
70.1 87.4 102 1

NortihopGrumman Collaboration Project
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The data frofableb supports our design by indicating that the design should not fail when used within the
expectegarameters and use ca¥#sen considering that theswatéop and bottom would add more stiffness
this safety factor increases. A sample calculation of how this is calculated is sh@Thiesapzéneixare
significantly higher than the tsafpty factor ofThecontour plot for the defle@ishown iRigure.

U, Magnitude
- +2.291e-02
+2.100e-02
- +1.909e-02
+1.718e-02
+1.527e-02
- +1.337e-02
+1.146e-02
+9.547e-03
+7.637e-03
+5.728e-03
+3.819e-03
+1.909e-03
+0.000e+00

Max: +2.291e-02

Node: DRONEARM-1.23
Min: +0.000e+00

Node: DRONEARM-1.1

Min:/ +0.00Q0]

X
ODB: FINALO2seedTet.odb Abaqus/Standard 2022 Mon Feb 06 20:49:29 Pacific
v .,L Step: Step-1
Z Increment 1: Step Time = 1.000
Primary Var: U, Magnitude

Figure: Contour plof deflection ofie drone arm during maximum thrust from a motor.

Theresults of the analysis indicated tima&xiraum deflection @8291 inches. This value is considéred
within acceptable limits and is not expected to significantly impact the drone's flying capabilities.

The natural frequency of the arm wasteddly modeling it as a cantilever beam with end mass using Euler

beam theof$].The resulting natural frequency was determined to be 41 Hz. This value is important as it helps to
ensure that the arm does not resonate with the motor frequeappresiroatsly 60 Hz during hovgying

calculating the natural frequency of the arm and comparing it to the motor frequency, the team can ensure that the
arm will not experience resonance during normal operation. This istnititatabitiegrity of the drone, as

resonance can cause excessive vibration and lead to structural failure.

Afinite element analyBi&4 model for the full drone is being developed to take a dynamic response into account
forany critical frequenciesich would be frequencies that the rateedsngeamount of tinee during a
critical taskurthermoreibration testing for the arms is being planned

3.1.2 Design specificatiBayload capacity

The winch and retrieval tray will be testetingythemretrieval tray with a payload of 1 Ibs. The winch motor will

then be actuated and will be watched to ensure the raising and lowering of the retrieval tray is steady and relatively
quickThe winch motbiat was selectedsa lifting capacity3gflbfwhen attached to a 5 mm diameter shaft

(Appendix rovidingsafety factar at least for thgpayload capacityhe reason whych a high

safety factor was selected is tahelcord wraps around the sthaft, s dffecfivé diasnetecrease This

means that the winch motor will have a lower lifting capacity for the samedatqueps #neund itself and

the shafRegardlesshe high safety factor ensures that thevilinetable tift the payload.

3.1.3 Design specification: Arsaighression
The fire system hzen assessed for incidental rotodispstsing the fire suppressawidely. Two trjals

one witlin18inchfan to simulatiee rotor wash and one without, shawediléthe rotor waskddisperse the
suppressanthere wasufficient suppressant coverage over the targeéarde fire system was actuated at 65
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inchesbove the targBurther testing of the actuation mechanisdedared will be donéh@snechanism is
a part of the structural prototype

Testing dhefire actuation system was done by printing the designed components (fire brackets, linkages, slot
guide, and spgdand using a depressurized fire extinguisher (Kidde FA110G). The desired cord that connects the
linkage to the spool was not used as the order did not arhee/@avéiméne ordered cord has a higher tensile
strength and should pose no extrafaglre. This test provided additional confionéatesign, as the

motor waable to fully depress the pin under the active lever by applying & iibisiofiorcesthich is the

standardized forcegbaneheld fire extinguist&r Themotor was also able to maintain sufficient force on the

active lever for the requiresk20nd timeframe in which the suppressant would be released fronT e canister.

test also highlighted the nelkdv® theomputer/software temrte a motor fildto limit thepeed of the

motoras the motaised during testinguld only run at full speetifor much longer than the fire actuation

system would require.

3.2 Safety, Maintenance, & Repair

This section discussesttected safetyaintenance, and repaircerns and processes involvetiavith
construction and operation of this drone.

3.2.1 Safety

The greatebizard that is to be anticipated will be the drone falling on a person. During all regular testing and
operatiorthe droe will be flovah a R&ehicle airstrip and will be entirely autonbdditicnally, no personnel

will be allowed under or near the drone while it is powered wgsdo indtightesttirone fall or people to cut

them with itropellerghe light path for the drone and the greater area around it have no buildings, so there can
be no damage to extraneous prapertyrone will have all of its electronics stored in contained waterproof boxes
with no live wires or contact points open tadniaen

3.2.2 Mainénance

Duringomponent manance, theropeller motors will not be aoretbure there © chance of accidental
rotor actuatiam harm to the people working on theTdreménch baxdesigned so that the wimator and
shaft are easily accessible. The winch baetyapen architectumith walls on only two sittes allows
space fahe usage tdols (such as a wrench to tighten the bolts on the ceiling of thesidtectnbaxinch
box. Furthermg itprovides high visibility of the wiech h a nomponedts, makihgmeasy to seand
manipulatehen maintenance is neetleel winch box payload subassemblies are rdyeoaabtethey are
attached to the frame with bolts that can be unscrewed

The electronics bokese easily removadliponlids allowing for fast access to electronic components for
maintenancsuch as replacing a batfenghermore, the electrdroges can be individually removed from the
drone framgy unscrewing bolts. Users carygaiove the electronics boxes, perform mairterthace
electroni¢csind bolt thedectronidsoxes back orttee frame.

The fire extinguisher can be quipldgdbyloosening its strapkding it oof the brackednd inserting a new

fire extinguishd@e fire extinguisbeaicketan also be removeainthe drone frame in case it is not Mfeeded

the payload retriesaitie. The removal offiteebracketan be achieved by unscrewing the bolts that attach it to
the frame.

The frame assembly does not requimaiatgnancéut the camera mount caereved not needed
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3.23 Repair

As stated before, thtene assembly is desigetthat all thedividual components caejpleced as needed.
Thismeans thahe drone and its components will be fastenedrbthieoltisan permanent fastening methods
such as a bonding adheBiweexample, if one arene to break, tlaam could be removed from the frame and
new arm could be bolted onto the frame to replace it. Althougmstgagfml®nding adhesive leads to a
slightiynigher frame weight, the weight is still at an acceptabl&éegabaraf tepair resultingHewvimg
removable bolts is worth the slight weight increase.

3.3 Remaining Concerns

The analysis of the cAasllling scenario is a preliminary assessment of the impact forces generated and should be
considered gonjunction with further analysis and testing. Further investigation may be necessary to quantify the
impact forces more accurately and to determine the full structural response of the drone in the event of a crash
landing. It is important to note thabimrolled environment this would not occur, and this is just an analysis of the
worsttase scenario.

The static analysis of one arm of the drone was performed under maximum thrust from the motors. The results were
validated using classical beam #ebfgund to yield a safety faictes more than adequate. In addition,

the natural frequency of the arm was calculated and found to be lower than any frequency generated by the rotors
during normal operation. However, a dynamic analysis, including the full drone frame, must im®eonducted for
comprehensive understanding of the structural rigidity of the drone. A finite element analysis (FEA) model is being
developed to consider these factors, although it has yet to be finalized. Furthermore, to verify a future dynamic
analysis of thaifine, a vibration test should be conducted on the arms to find the excitation frequencies of the arms.
Despite this, the static analysis of one arm and the calculation of its natural frequency have produced results that
give the team confidence in thetdesign. These results suggest that the structure will not approach its yield

strength and that the natural frequency is not close to any critical frequency.

In the analysis, the material properties used were not representative of the aufttiad praperitéso be

used. To obtain accurate mechanical properties of the composite, a tensile strength test will be performed, and the
results will be utilized for subsequent analysis. However, the properties utilized in previous analgses were determine
to be relatively close to the actual properties, and the error from using these properties would not change the design
choice due to the satisfactory safety factors established in the current analysis.

4 Manufacturing Plan

4.1 Procurement

Therequired matals will be sourcad online ordeiestore purchases, and froredh®osites lab aNGCP
workroom on campus. The teautd like to have all materials ordere@hy dié-ebruary of 2023 so that
assembly and any modifications can bearpdlbe foam core materiaDfi@m) has been purchased at a
local distributand the rest of the carbonviibavewill be purchased from the comgabitdhe fasteners will
also be source locally at hardware stores, as will the fire extinguisher and actuafoprozble. The 3
components will either be printed at the shops on cenpeusarralwnedrinters of the team.

4.2 Manufacturing
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Thee will be a variety of different manufacturing pusedssethe construction of this project, from carbon fiber
layups to 3D printidgsummary table of the anticipated manufacturing methods can be viewedlineAppendix F
frame will be carboerfiteams and plates; the electronicpdydaacdetrieval tray, wircdge and several

components in the fire suppression system will be @RglyilreAandhe propulsion motor brackets will be
made bynodifyingluminum batockAll manuféuring steps are outlined in Appendix G.

4.3 Assembly

The entire assembly process for the drone is deppigedlin Ghe process involves assemblidgtebased
on its current mission sdrtiedrone is assembled throud@tLitsubassemblies. The anlg s e rddpengedits

onthe selected misspbor t i e are the fire system and the payload system. The pay

incorporated during the assembly of theyfstento poperly integrate it. There are no other dependencies in
assembling the drone.

5 Design Verification Plan

The design verification piablished thests that will be condutdgatove th#tedesigrwillrelidlymeet its
requirementEhe full test plan can be seé&ppendi® with all the currently planned tests. The only test that has
been evaluated as of this document is the Fire Extinguisher Actuation tegstemthe Fire Extinguisher
Actuation systeroved that the structural component to the design works a$oweretethe test identified

an unforeseen complexity of programmigaihprofile, which is attestkthe club seéire team is tackling with

input from the Mecharezah All the tests are either testing specifications frons@wf Quality or our EMEA

6 Conclusions

This document outlines the details and rationale for tifettasigmomous flight vehicle that can suppress a
fire and retrieve a payld&eergineeringesign specificasdhatwere derived from the custoeneiremesit

in the SOalso showas Tableb) are shown to be fulfilled by this dasijtest and analydestussed about
support the validity of the design.
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Appendices

Appendix Alndentedill of Materials (iBOM)

Assembly  Part Description aty Cost  TitCost Source More Info
Level  Number
wio i1 wi2 i3 wi4

0 100000 _Final Assembly
1 110000 Frame Assembly =
2 111000 Top Plate 1 Manufactured Carbon Fiber-2 ply layup
2 112000 Bottom Plate 1 Manufactured Carbon Fiber-2 ply layup
2 113000 Long Arm 1 Manufactured Carbon Fiber- Wrapped Sandwich
2 114000 Short Arm 4 Manufactured Carbon Fiber- Wrapped Sandwich
2 115000 Motor Cuffs 6 Manufactured
2 116000 Camera Mount 1 Manufactured 3-D Printed from PLA
2 117000 Screws TBD Home Depot
2 118000 Washers TBD Home Depot
2 115000 Nuts TBD Home Depot
1 120000 Fire Assembly =
2 121000 Fire 1 Home Depot Kidde FA110G 2.5 Ibs Fire Extinguisher
2 122000 Fire Bracket 2 Manufactured 3-D Printed from PLA
2 123000 Fire Actuation Assembly -
3 123100 Short Arm 1 Manufactured 3-D Printed from PLA
3 123200 Long Arm 1 Manufactured 3-D Printed from PLA
3 123300 Slot Guide 1 Manufactured 3-D Printed from PLA
3 123400 Cord 1 Home Depot
3 123500 Screws T80 Home Depot
3 123600 Nuts 8D Home Depot
2 124000 Fire Spool 1 Manufactured 3-D Printed from PLA
2 125000 Fire Motor 1
2 126000 Strap 2
1 130000 Payload Assembly —~
2 131000 Winch Assembly =
3 131100 Winch Cage 1 Manufactured 3D Printed from PLA
3 131200 Winch Motor 1
3 131300 Motor Bracket 1 Manufactured 3-D Printed from PLA
3 131400 Coupler 1
3 131500 Shaft 1
3 131600 Bearing 1
3 131700 Spool? TBD
3 131800 Fasteners TBD
2 132000 Payload Platform Assmebly -
3 132100 Cord 8
3 132200 Truss 1 Manufactured 3-D Printed from PLA
3 132300 Payload Box Assembly -
4 132310 Bottom Platform 1 Manufactured 3-D Printed from PLA
4 132320 Long Wall 2 Manufactured 3-D Printed from PLA
4 132330 Short Wall 2 Manufactured 3-D Printed from PLA
4 132340 Fabric (Nylon?) 4 TBD
4 132350 Thread 4 TBD
1 140000 Elecetronics Assembly -
2 141000 Box Assembly -
3 141100 Box 1 1 Manufactured 3-D Printed from PLA
3 141200 Box 2 1 Manufactured 3-D Printed from PLA
3 141300 Box 3 1 Manufactured 3-D Printed from PLA
3 141400 Box 4 1 Manufactured 3-D Printed from PLA
3 141500 Box 5 1 Manufactured 3-D Printed from PLA
3 141600 Ld1 1 Manufactured 3D Printed from PLA
3 141700 Lid2 1 Manufactured 3-D Printed from PLA
3 141800 Ld3 1 Manufactured 3D Printed from PLA
3 141900 Lda 1 Manufactured 3D Printed from PLA
3 142000 Ld5 1 Manufactured 3D Printed from PLA
p 143000 Screws 8D Home Depot
2 144000 Cushioning TBD TBD
2 145000 Nut TBD Home Depot
2 146000 Baolts TBD Home Depot

Total Parts 63
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Appendix BProject Budget

MECHANICAL TEAM MATERIALS LIST

Key: Estimated
Ongoing/Ordered
Bought

Aluminium Rectangle
Tube 1.5x2x0.125
Tube 6061 2 ft

Urgent
Running Sum: 52,436.78
ITEM QUANITY | COST/PER LINK Reason Notes
ESTIMATED CARBON Cost will be handled at end
FIBER Structural Material for by paying professor
(and SLDILEE N/A drone Elg‘;r :d(‘:r. gEsl:;imation is
expoxy/hardener) based on a $30/sqft
1/4'x 4" x 8" HBO Structural Material for Picking Up from local
Foam Sheet drone

vendor 2/11/2023

metals.com/en/buy
Jaluminum/1-5-x-2-

%-0-125-aluminum-

Kidde Single Use Fire
Extinguisher 1-A:10-
B:C. Model FA110G

Metal Motors Cuffs

Must be cut and machinied

s lo 200l
https:/fwww.home

depot.com/p/Kiddeq

Basic-Use-Fire-

Extinguisher-with-
Easy-Mount-

Southwire Poly Line
500 (500 f)

Fire Extinguishing system

Necessary for fire system

depot.com/p/South
wire-500-ft-210-lbs-
Tensile-Strength-

‘WO-4205M-01P
Stepper Motor

Used for payload retireval
bay and fire extinguisher
actuator

Misc Cable usage for fire
system and payload system

Dol )i

https: .digike

y.com/en/products/

detail/lin-

engineering/\W0o-
4205M-

01P/11564352

1/4 - 20 Nyloc Insert

Actuation for winch

Payload system actuator

Picking Up from local

NorthopGrumman Collaboration Project

Zi :
inc Plated Nuts: 100 N/A Fasteners vendor
pack
1/4 - 20 Hex Head Picking Up from local
Bolts: 100 pck N/ Fasteners vendor
Nylon Strap 1 In thick. N/A Strapping Down Electronics Picking Up from local
150 Ft and Extinguisher vendor

21




Appendix CSupportingvidence

Stress and deflection analysis of drone arm during maximum thrust

$latic stres ond defloction analysis
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Sample calculation stresses and deflection during maximum thrust from motors considering a plate on top.
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Calculation fstresses and deflection during impact
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MATLAB code

Maximumtiessand deflection analysis
clear all ,close all ,clc

format long

L=23; 9%Length of one arm inches

h=1.66;

b=1.16;

t1=0.08;

t2=0.04;

E=2.18*10"7;

S=(h/2 - t1)"2/2*2*t2+((h/2)"2 - (h/2 -t1)"2/2*b)
F=13.2;

I_y=b*h"3/12 - ((b - 2*t2)*(h - 2*t1)"3/12);
sigmax_max=F*L*h/(2*|_y);
tau_xz_max=F*S/(l_y*2*t2);
delta=F*L"3/(3*E*);

Naturalrequency of arm

clear all ,close all ,clc

format long

E=1.5E07

h=1.66;

b=1.16;

11=0.08;

t2=0.04;

I_z=h*b"3/12 - ((h -2*t1)*(b - 2*t2)"3/12)
m_beam=0.00523; %slugs

m_end= 0.01829; %slugs

L=11; %in
f1=1/(2*pi)*sqrt((3*E*I_z)/((0.2235*m_beam+m_end)*L"3)) %Cantilever with end mass
formula to find first eigenfrequency

Impact force

https://www.researchgate.net/profile/Pabasara -
Rathnaweera/post/what_is_the_compressive_strength_of PLA/attachment/59d64ed379197b807
79a8174/AS%3A494648244137984%401494944739534/donload/MakerBot_R__PLA_and_ABS_Strengt
h_Data.pdf

clear all ,close all ,clc

format long

E=4.107*10"9;

rho=1240;

m=14;

L=0.20574;

0=9.82;

A=0.0254*0.0381;

sigma=sqrt(E/rho)

%Maximum impact compression strength for PLA
F_impact_ult =218.853*10"3; %N
sigma_c_impact_ult=F_impact_ult/A %Pa

%Perfect Elastic impact
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h=[0:0.005:0.5];
F_impact_elastic=m*sigma*sqrt(2*g*h)/L;
sigma_normal_elastic=F_impact_elastic/A;
safety_elastic=sigma_c_impact_ult./sigma_normal_elastic;
subplot(2,1,1)

stem(h, sigma_normal_elastic/(10"6))

title(  'Perfect Elastic impact (perfect bounce)' )
ylabel( 'Normal compressive stress [MPa]' )
xlabel( 'Height [m]' )

subplot(2,1,2)

stem(h, safety_elastic)

ylabel( 'Safety factor' )

xlabel( 'Height [m]" )

%Maximum height plastic impact
h_max_elastic=(F_impact_ult*L/(m*sigma*sqrt(2*g)))

%Perfect plastic impact

h=[0:0.025:3];
F_impact_plastic=m*sqrt(2*g*h)*sigma/(4*L);
sigma_normal_plastic=F_impact_plastic/A;
safety_plastic=sigma_c_impact_ult./sigma_normal_p lastic;
figure

subplot(2,1,1)

stem(h, sigma_normal_plastic/(10"6))

title(  'Perfect plastic impact (no bounce)' )
ylabel( 'Normal compressive stress [MPa]' )
xlabel( 'Height[m]" )

subplot(2,1,2)

stem(h, safety_plastic)

ylabel( 'Safety factor' )

xlabel( 'Height[m]" )

%Maximum height plastic impact
h_max_plastic=(4*L*F_impact_ult/(m*sigma*sqrt(2*g)))"2

%210m/s impact

V_impact=10;

F_impact_elastic_20=m*sigma*v_impact/L/6
sigma_normal_elastic_20=F_impact_elastic_20/A
safety_elastic_20=sigma_c_impact_ult/sigm a_normal_elastic_20
F_impact_plastic_20=m*v_impact*sigma/(4*L)/6
sigma_normal_plastic_20=F_impact_plastic_20/A
safety_plastic_20=sigma_c_impact_ult/sigma_normal_plastic_20

%Dropping from 10 feet distributed between 6 legs

h=3.048 ;

legs= 6;

F_impact_elastic _h=m*sigma*sqrt(2*g*h)/L/legs;
sigma_normal_elastic_h=F_impact_elastic_h/A;
safety_elastic_h=sigma_c_impact_ult./sigma_normal_elastic_h
F_impact_plastic_h=m*sqrt(2*g*h)*sigma/(4*L)/legs;
sigma_normal_plastic_h=F_impact_plastic_h/A;
safety_plastic_h=sigma_c  _impact_ult./sigma_normal_plastic_h
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Calculation fistingcapacityf wincimotor

Calculation for first natural frequearcy. of
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