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1. Summaryof Report

1.1 TeamSummary

Swamp Launch Rocket Team
MAE-C Room 134

571 Gale Lemerand Drive
Gainesville, FL 32611

1.1.2 Final Launch Location
The team will be completingits
final launch at Huntsville

Backup Final Launch Plant City,
FL z Tampa Bay Rocketry
Association (Tripoli Prefecture
17,NARSection934)

President: JohnMackiewicz
jmackiewicz@tampabay.rr.com

1.2 Launch Vehiclesummary
Launch Vehicle Title: Fasten Your Seatbelf§ator Air)

1.1.3 Team Mator

Jimmy Yawn (NAR#85660, TRA
#09266)

Level 3 Certified
jimmy.yawn@sfcollege.edu
(352) 281-2025

1.1.4 Hours

FRR Hours986

Launch Vehicle Summary

Official Target Altitude 5000 ft

Final Motor Choice AeroTech L1150
Rail Size 1515, 144 in

Dry Mass (without Ballast) 558.5 oz

Dry Mass (with Ballast) 579.5 oz

Wet Mass 625.6 oz
Burnout Mass 552.7 oz
Landing Mass 471.9 oz

GPS

Eggfinder Mini

Main Altimeter

Stratologger CF

Backup Altimeter

MissileWorks RRC3

Drogue Parachute

SkyAngle CERT Drogue

Main Parachute

Fruity Chutes96 in Iris Ultra

Section Payload Central Aft Total
Length 55.0in 54.0in 245in 133.5in
Mass 254.7 oz 143.2 0z 227.7 0z 625.6 oz
Table 1: LaunchVehicle Summary
1.3 Payload Summary

PayloadTitle: Put Your Tray Tables Up
The payload is a remotecontrolled aircraft with thin, bendable wings that fold up inside the launch vehicle
and unfurl when released from the payload retention system at 408. It will safely transport four STEMnauts
to the ground. The wings, made of thin carbon fiber, can roll in one direction for stowing aboard the vehicle,
but load stiffen in the other direction during flight. A ground control station will receive a live video feed with
telemetry overlaid from the payload. The gound station, in turn, can control payload separation and flight
via a radio transmitter. Acceleration data will be recorded and used to calculate thefgrces the STEMnauts
will experience, determining whether the landing satisfied the defined criteria fohuman survivability.

University of Florida
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2. Changes Since CDR

2.1 Changes to Vehicle Criteria

The nosecone shoulder was initially designed to be 3.0 in long. Once constructed, it was cut to 2.78 in, which

still adheres toNASA Requirement 2.4.1.

Following the repairs completed after OEA OAAIl 6 O /EE O UddicleAD2Ddisirabod Flighe OE A
approximately 2 in of the forward coupler was cut to removehe damaged section. An additional B in of

3.898 in diameter coupler was cut andeattached using JB Weldyith a piece of fiberglass material epoxied

onto the inner surface of the reinforcementThis change increased the overall length of the forward coupler
from 10.5into 11.0 in.

The main and droguerecovery harnesgeswere changed from7/16 -in tubular Kevlar to 1in flat Kevlar. The
lengths of the recovery harnessesvere also increased from 25 ft to 2 ft.

The main parachutechangedfrom an 84 in Iris Ultra to a 96 in Iris Ultra made by Fruity Chutes.

2.2 Changes to Payload Criteria
The payload will adhere to the requirement thd it will obey the same kinetic energy requirenents as the
launch vehicle NASARequirement 3.3.

The STEMnaut survivability criteria was changedrom an instantaneousto g-force to a sustained onelfa ¢

£l OAA COAAOAO OEAT wC8O0 EO, $TEMnAUD dAiabiligicddditibns @ikbe OE A1
considered to be violated

The piezo was changed to a part with a lower current requirement so it would get enough current to function.

The electronic speed controller was changed to one with a higher maximum curreoapacity to reduce the
risk of overcurrent.

The RFID module will not be flown during flights where it is not required.

The software flow was altered to adjust which tasks occurred in which states but remains functionally the
same. The mavlink library to communicate with the flight controller from the raspberry pi was switched from
Dronekit to pymavlink as pymavlink is morecompatible.

Fasteners in the payload were changed to metric sizes due to available parts in inventory.

Neither the drogue nor main parachute were built, both ordered from a thireparty manufacturer. Testsand

7.1.5.110 Transmitter Range Demonstration (LVR-5) were conducted to ensure that the drag coefficients

I £/ OEA DAOAAEOOAO | AOAEATableBE Kor éaéhl plraeiute OtieQdp@edddra@ A1 O A
coefficient matched the experimental value, as determined in.1.5.1.12 Parachute Drag Test§he drogue

descent rate is 91.4 ft/s and the main descent rate with payload is 16.2 ft/s (Table 23).

2.3 Changes to Project Plan

#1 1 ET 2EAA EO 11 x OEA OAAI 80O &I ECEO $UTAIEAO ! 001 AE
Thel AOT AE AAOA £ O OEA OAAI 80 6AEEAI A $ AivitoFéotued OET 1
24t and the launch site changed from Tampa Bay Rocketry Associatiofripoli Prefecture 17/NAR Section

934) to the Spaceport Rocketry AssociationT(ripoli Prefecture 73/NAR Section 343 due to weatherrelated
cancellations.

University of Florida 2024 Flight Readiness Review 7



3. Vehicle Criteria

3.1 Design and Construction of Vehicle

3.1.1 Changes in Launch Vehicle Design

Following the Vehicle Demonstration Flight on February 24, the recovery harnesses of the launch vehicle
were changed due tcan unforeseen failure Following main parachute deployment, thepayload section of
the launch vehiclecollided with the aft section which led to failure in the eyeboltand bulkhead attached to
the payload section(5.1.7 OffNominal EV). To mitigate this risk going forward, the lengtls of the recovery
harnesses were increased from 25 ft to 3ft, to ensure that sections of the launch vehicle do not touch when
the recovery harness is fully tensioned during descent. Theidths of the recovery harnesses wre also
increased from 7/16in to 1 in to lower the risk of zippering the airframe.

Due to an increase in the abuilt weight in comparison to theweight predictions in CDR, the main parachute
also had to be changed following VDF. With the originally planned 84 in Iris Ultraain parachute by Fruity
Chutes, the maximum kinetic energy of a launch vehicle upon landing was 82.01bit, well over the 75 ftlbf
requirement. The new main parachute is a 96 in Iris Ultra parachute by Fruity Chuteshich increased the
weight of the launch vehicle by 6 out also decreased the kinetic energy upolanding to 63.53 ftibf, under
the 75 ft-Ibf requirement and the 65 ftibf bonus requirement. The descent time and drift requirements are
also still met with the new main parachute.

3.1.2 Separan Points

The launch vehicle features a standard dual deployment system foecovery; the system hasa drogue
parachute and a main parachute, with twoeparation points (Figure 1). The payload will be deployed using
a door built into the payload sectionsoit will not require any energetics for deployment.

The drogueparachute, installed in the central airframe, will be ejected first at apogee with a separation point
on the aft end of the airframeBlack powder gection charges will be positioned against the aft avionics bay
bulkhead so that they push the parachuteout of the airframe upon separation. The main parachute is
installed in the forward airframe and will be ejected at an altitude of 550 ftwith a separation point at the
connection between the payload and forward airframe. This main ejection charge will be positioned aft of
the main parachute, against the avionics bay, to propel the parachute out of the launch vehicle. Backup
ejection charges will be fired at apogee + 1s for the drogue parachute and an altitude of 500 ft for the main
parachute for redundancy to ensure separation(Table 8). Delays in the deployment time and altitude are
present for the backup ejection charges to ensure ovgaressurization does not occur.

Nosecone
Payload Airframe
Forward Airframe e S — S — -
Avionics Bay (_,_,.»’*“' = L : - T ._,: | EJI.
Central Airframe T Vol S | |9
Aft Section D
Parachutes [Jli|
Ejection Charges [l

Figure 1: Launch Vehicle Separation Points

3.1.3 Launch Vehicle éatures

3.1.3.1 Structural Elenents

The structural elements of the launch vehicle comprise a polypropylene plastic nose cone, G12 fiberglass
airframe, G12 fiberglass couplers, G12 fiberglass motor tub&ype Il PVC bulkheads, Delrin plastic payload
door half bulkheads, plywood centering rings, G10 fiberglass finand Delrin plastic rail button standoffs

University of Florida 2024 Flight Readiness Review 8
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The launch vehicle's airframe, coupler, and motor tube are constructed from G12 fiberglass. The vehicle
comprises two airframes of differing sizes: 5.525 in diameter on the forward end and 4.02 inches in diameter
on the aft end. The coupler haan outer diameter of 3.9 in,and the motor tube measures 3.0 in for its outer
diameter. All tubes were precisely cut to size using the Rdih bandsaw and then deburred using 10@rit
sandpaper.After the construction and assembly ofll outer components the surfaceof the airframe waswet
sanded using 600 grit sandpaper and coated with three layers of paint and two layers of clear cOgigure

2).

Figure 2: Forward Airframe

TheType Il PVC bulkheads werenanufacturedusing a manual lathe to precisely turn the workpiece to match
the diameter they couple into.The forward, avionics, and aftbulkheadsfeature a central hole designed to
attach the eyebolt used for securing the launch vehicle's recovery harness and parachutése 1/4 -20
eyebolts wereepoxied with JB Weld andastenedwith a hexnut. The eyebolts chosen and th&ype Il PVC of
the bulkheads willensure functionality of the recoverysystemduring the deployment of the main parachute
The strengths of the recoverycomponentsare further explained in 3.2.3 Robustness of Structural Elemerst
Moreover, the avionics bulkheads include extra holes for securing terminal blocks, routing avionics wiring,
and fastening two 1/4-20 threaded rods used to secure these bulkheads within the avionics bay coupler
(Figure 3).

s

F/u;e 3: Avionics Bulkheads

The payload forward and aft bulkheads weramanufactured using CNQOmill from type Il PVC stock. A CAM
program was developed to execute operations for creating thdesignedparts. These bulkheads serve as
mounting points for various componentsof the payload retention system(Figure 4). The payload aft
bulkhead is designed to be 0.5 in thick with m outer diameter of 5.525 inches, facilitating coupling into the
payload airframe. Additionally, a 0.25n thick step with a diameter of 3.9 in wadurned to couple into the
forward end of the transition assembly. Théackface of this bulkhead features several slotsecmounting slot
to accommodate one of two sets of rack and pinion systems, while anothapt is designatedto mount the
battery powering both the payload retention system. Additional slots were incorporated to reduce weight in
the payload section by removing excess material.

University of Florida 2024 Flight Readiness Review 9
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On the opposite face of the bulkhead, a contoured slot accommodates the payload door half bulkh&#udu
holes are also created to allow the passage of electrical wires from the payload retention mechanism into the
payload bay, for thefasteners that mount the bulkhead into the launch vehicle, and a slot for the rack and
pinion retention mechanism. Figure 5).

Jia
1 S

. 4 ean
Figure 5: Payload Aft Bulkhead Front Face

Figure 4. Payload Aft Bulkhead Back Face

The Delrin plastic payload door half bulkheadsare fixed into the payload door assembly andvere
manufactured using theCNC mill.A CAM program was developed to execute operations for creating the
designed parts These half bulkheads are0.25 in thick and feature a slot designed to align with the
corresponding slot on the payload bulkheads, where the beam of the rack and pinion mechanism intersects.
Serving as the pivotal point of thepayload door halfbulkhead, an extended arm joint is integratedvhere a
shoulder head screw carfasten the payload door assembly into the launch vehiclé-{gure 6).

Figure 6: Payload Door Half Bulkheads

The fins and centering rings were manufactured using an abrasive water jet, from a 0.197 in thick G10
fiberglass and 0.5 in thick plywood sheets respeistely (Figure 7).

University of Florida 2024 Flight Readiness Review 10



Figure 7: Fins and Centering Rings

The three fins were secured into the aft airframe by cuttinghree equally spaced fin slots in the aft airframe
using a manual mill.LEmploying a throughthe-wall attachment technique, the fins weresecuredto both the
exterior and interior of the airframe, as well as the exterior of the motor tube, providing six connection points
per fin. Cyanoacrylate adhesivewas initially applied to the root of the fins and fixed in place into the aft
airframe with the aid of a fin jig.JB Weld was used to epoxy the firto the exterior of the aft airframe and
Aeropoxy wasused to epoxy thefin tabs to the interior of the aft airfframe and exterior of the motor tube
(Figure 8).

il

= =y ? £
Figure 8: Fins Attached to the Aft Airframe

The rail button standoffs werecustomized and manufacturedo considerthe change in diameter throughout
the launch vehicle which makes it 1.22 in talllt was designed tofollow a large airfoiled shapefit standard
1515 rails,and have a filet finish to reduce drag and a contour of the 82 in airframe at the base to create a
better fit. A CAM program was developed to execute operations for creating the designed piaoim Delrin
plastic stock, which is a common and standard material used for rail buttongigure 9).
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3.1.3.2 Electrical Elements

The Eggfindermini-GP3ransmitter will be mounted in the nosecone of the launch vehiclasing atwo-part
GPS and battery mounthat was 3D printed out of PETG The base of the mounis secured in the nosecong
while the second part of the GPS mouhblds the GPS transmitter as well as the battery and was designed to
be removable from the base moun{Figure 10). Prior to launch, the battery will be wired to the GPS
transmitter and will then be placed into the corresponding slotin the base nount in the nosecone The
transmitter will be secured using the twabolts that thread into two nuts attached to the base mountKigure
11).

‘ ) t" )

Figure 10: Removable GPS Transmitter and Battery Mount  Figure 11: Configuration of the GPS Mount in the Nosecone

To secure the altimeters and their corresponding keylock switches and batteries in the avionics bayheee-
part avionics sled was 3D printed out of PET@&n the bottom part of the sled, the two keylock switches for
the altimeters are positioned 90 degrees apartin line with the holes in the avionics switchbandand are
secured tothe sled using epoxyThe altimeters are mountedto the opposite side of the sledThe terminals
of the keylock switches are accessible via a through hdlethe sled, which simplifies wiring (Figure 12). The
two 9V batteries are then eacthousedin their own compartment which have lids for security during flight
(Figure 111). The wiring specifics are explained more in depth i13.24 Robustness of Electrical
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3.1.4 Flight Reliability Confidence

Theflight reliability confidence is determined fromthe mission success criteridor the launch vehicle(Table
2).

Mission Success Criteria Confirmation
Apogee altitude within the required 4000 ft to 6000 ft range, Apogee of 4270 ft for the first attempt and4324 ft for the
with a target apogee of 5000 ft. second attempt of the Vehicle Demonstration Flight.
A minimum thrust to weight ratio of 5:1 will be generatedby The thrust to weight ratio for the fully ballasted asbuilt
the launch vehicle motor. launch vehicle is6.40:1.
. o Altimeters indicate that the drogue parachute deployed at
The drogue parachute will deploy at apogee within one apogee for the first and second attempt of Vehicle
second. ) ;
Demonstration Flight.
The main parachute will deploy at 550 ft. Altimeters indicate main deployment separation at an altitude

of 550 ft for both Vehicle Demonstration Flight attempts.
The total drift of the launch vehicle wasl911 ft and 946 ft for
The launch vehicle will remain within the drift radius. the first and second attempt of Vehicle Demonstration Flight
respectively.
The launch vehicle was recovered with no damaggristained
following Vehicle Demonstration Flight second attempt.
Table2: Flight Reliability Confidence Overview

The launch vehicle will be fully recoverable and reusable.

Further mission success criteria are detailed i7.2.1.2Vehicle Requirementsand are met to demonstrateghe
flight reliability confidenceof the launch vehicle.

3.1.5 Launch Vehicle Construction

Detailed drawings and manufacturingplans for all launch vehicle componentsvere generated and verified

by qualified individuals to ensure readiness of all components for productiorand were outlined in Swamp

, AOT A E 62024 Criticaldesign Report Tools and machines thatvere used to manufacture the launch
vehicle components include a manual mill, manual lathe, CNC mill along with CAM programs, {Roll
bandsaw, abrasive waterjet, and other power tools such as hand drill and Dremel.

y

I 1

Payload Section Central Section Aft Section

Figure 13: Launch Vehicle Design Modeledh Fusion 360
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Figure 14: AsBuilt Full Scale Launch Vehicle
3.1.5.1 Payload Section

The overall length of the payload section is 58.0 in ant contains the nosecone, payload airframe, payload

door assembly payload retention system transition assembly, and forward bulkhead(F
¥ ¥

igure 15).

ITEM NO. PART NUMBER

DESCRIPTION

o

2

1 SLRT-101

NOSECONE

SLRT-102
SLRT-103

PAY LOAD AIRFRAME
PAYLOAD DOOR ASSEMBLY

SLRT-104

PAYLOAD FORWARD BULKHEAD

SLRT-105

PAYLOAD AFT BULKHEAD

RACK AND PINION MECHANISM

SLRT-107

TRNSITION SECTION ASSEMBLY

SLRT-108

FORWARD BULKHEAD

2
3
1
[ SLRT-108
7
a
9

SLRT-001

RIVET

10 SLRT-002

1/4-20 HEAD SCREW, 1IN LONG

1" SLRT-003

144% - 20, 2* SHANK LONG EYEBOLT
W NUT

= m) | =] =] =] =] =] =] =] =] 5

TLE

DR, DRAWN ANA JO FONG
TOLERANCE UNLESS NOTED o ANAIOFONG TOLERANCE UNLESS NOTED
DIMENSION BLAGESINDINENSION |~~~ | e PLACE S IN DNENSION DESIGNED ANAJO FONG
TYPE 00 | 0.00 0000 |SIZE |[DWG NO REV TR 0.0 | 0.00 Joooo|SZE [owG no REV
LLLLLLLLLL -0 050[0020[z0005| A | SLRT-100 C LOCAT -0050/=0020[<0 005| A | SLRT-100 [
uuuuuu 35 | =2 |05 | 16 [sneer 12 <5 | 22 | 205 [SHEET 272

ANGULAR
Poare ZENE

Figure 15: Payload Section Exploded View Drawing and Bill of Materials

The nosecone, made from polypropylene plastic, has a buitt shoulder that couples to the forward end of
the payload airframe and is secured with three rivets. The 5.525 in diameter G12 fiberglass payload airframe
houses the payload and payload retentiosystem.The payload airframe also features a rectangular cutout,
with the removed portion of the airframe being used as the payload doowithin the payload door assembly
This assembly is then repositionedack into the cutout area and fastened intahe forward and aft payload
bulkheads.The forward and aft payload bulkheadsvere made from type 1l PVC andre usedto mount the
payload retention system.The forward payload bulkhead was epoxied in place with JB Weld while the aft
payload bulkhead was fastened into the transition assembly with two 1/420 head screws, granting access
to the payload retention electronics upon removal. Coupled to the aft end of the payload airframe, the

OOAT OEOETT AOOAI AlUu EO APiI @EAA EIT DI AA

A xEOE

*x N

in on the forward end of the launch vehicle to 4.02 in on the aft endlastly, a forward bulkhead, made from
type 1l PMC, holds a 1/420 eyebolt that connects to the main parachute and its recovery harness. This was

epoxied with JB Weld in the aft end of the transitionssembly(Figure 16, Figure 17).
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Payload Retention

Payload Retention
System System
Payload Forward Payload Aft Forward bol
Bulkhead Bulkhead Bulkhead ~ Eyebolt
GPS

Rivets Payload Dolor Assembly

1 I
% L =
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2
| J L )\ I
T Y Y
Nosecone Payload Bay 'Il‘ransition Assembly
I
Payload Airframe

Figure 16: Payload Section View

Figurel7 : Payload Section Assembled
3.1.5.1.1Nosecone

The nosecone is 24.0 in longncluding the built-in nosecone shoulder. The nosecone shoulder was cut to
2.78in using a Rollin bandsaw and deburred with 100 grit sandpaper. Three rivet holes were drilled20

deg apart positioned at 1.50in from the aft end of the nosecone shoulder, using a 0.154 in drill bit installed
on a hand drill (Figure 18, Figure 19).

W
@0.154 THRU;
3 PLACES;
120° APART
@5525
/ @5.375
B \ N
_J""I =—1.50 NOTES:
2.78 [=— 1. DIMS IN INCHES
| 238 2. MAT'L: POLY-PROPYLENE PLASTIC
3. QUANITY:1
TOLERANCE UNLESS NOTED | TITLE
PLACES IN DINENSION NOSECONE
OPERATION
00 | 0.0010.000/ppaywn  anasoFONG

MACHINING |0.060/0.020(=0005
CUIT OFF (SAW, CHECKED RYLAN ANDREWS
BURN, SHERR) | 201 (20080 SIZE [DWGHO REV

WELDNG | +01 |=0.060 A | SLRT-101 B
ANGULARDIMS | =5 | =2 | =05 | 15 SHEET 1/1

.y

Figure 18: Nosecone Drawing

University of Florida 2024 Flight Readiness Review 15



Figure 19: As-Built Nosecone

3.1.5.1.11 GPS Mount

To secure the GPS mount in the nosecone of the launch vehicle, S mount consists of two parts, the base
mount and the GPS and battery mountKigure 20, Figure 21). The base of the mount was designed to follow
the contour of the nosecone and was secured in the nosecone using epokig(re 22). On theforward end

of the mount base, two nuts are press fitted and supergludd line with the bolt holes. The removableGPS
and battery mount then align with the slots in the GPS mount base and are secured to the base using two

bolts.

All fillets R.13

NOTES:

1.QTY: 1
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3. ALL HOLES THRU
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BURM, SHEAR)

0.1
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WELDING

0.1

+0.060

SIZE |DWG NO REV
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ANGULAR DIMS

+5
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0.5
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Figure 20: GPS Mount Base Drawing
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Figure 21: GPS and Batter Mount Drawing

W

Figure 22: GPS Mount Base

3.1.5.1.2 Payload Airframe and Payload Door

The payloadairframe was cut to a length of 28.0 in using the Relh bandsaw. A 22 in long by 5.525n wide
rectangular cutout wasmade inthe center of the payload airframeusing a 1/8 in endmill installed on the
manual mill. All cut edges were deburred using 100 grit sandpapeithree rivet holes were drilled 120 deg
apart, positioned at 1.50 from the forward end of the payload airframe, using a 0.154 in drill bit installed on
a hand drill (Figure 23, Figure 24).
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Figure?23: Payload AirframeDrawing Figure24: Payload DoorDrawing

To ensure precise cutting of the payload door from the payloadirframe, an airframe fixture was created
using 80/20 aluminum T-slot bars dong with 3D printed centering rings (Figure 25). A total of three 3D
printed centering rings were used one for attachment to the airframe fixture, another positioned midway
through the payload airframe to mitigate vibrations during cutting, and a third affixed to the rotarychuck
(Figure 26). Oncefixed in place, the payload airframevas cutby rotating the airframe 180 deg for the short
edges andmoving the manual mill table along the Xaxis for the long edgesKigure 27).

[ 5 i
Figure 26: Payload Airframe Mounted to Figure 27: Payload Airframe Cut

Fixture and Rotary Chuclon Manual
Mill

Figure 25: Airframe Fixture

3.1.5.1.3 Payload Door Assembly

The payload door assembly consists of the payload door dubm the payload airframe,payload forward and
aft half bulkheads,shoulder head screws, hinge bushings, and-26 head Phillip screws.The payload door
holds a forward and aft payload door half bulkhead, whictwere made from Delrin plastic. These half
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bulkheadswere secured using both JB Weld epoxy and five55 Phillips screws. Moreover, these bulkheads
hinge about shoulder screwswvhich are secured with bushings Figure 28).

ITEM NO. |PART NUMBER DESCRIPTION Qry
1 SLRT-103A PAYLOAD DOOR 1
2 SLRT-103B PAYLOAD DOOR FORWARD BULKHEAD 1
3 SLRT-103C PAYLOAD DOOR AFT BULKHEAD 1
4 SLRT-103D HINGE BUSHING 2
5 SLRT-103E SHOULDER SCREW 3/16" SHOULDER DIAMETER, 1/2" 1
SHOULDER LENGTH, 8-32 THREAD

] SLRT-103F SHOULDER SCREW 3/16" SHOULDER DIAMETER, 3/4" 1
SHOULDER LENGTH, 8-32 THREAD

7 SLRT-103G 18-8 SCREW WASHER

8 SLRT-103H 2-56 3/8 " LONG HEAD PHILLIP SCREWS 10

TITLE
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DRAWN ANA JO FONG

TOLERANCE UNLESS NOTED

DESIGNED ANAJO FONG
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TYPE 0.0 | 0.00 |0.000|SIZE [DWG NOD REV
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ANGULAR +5 | 22 [ 05| 14 [sneeT 11

QkALE
Figure 28: Payload DooiAssembly Bill of Materials

3.1.5.1.3.1 Payload Door Forward and Aft Half Bulkheads
Delrin plastic stockwas used to manufacture the payload door forward and aft half bulkhead&igure 29,
Figure 30). Thesewere securedinto the payload doorand are 20 in apart from each other.
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Figure 29: Payload Doororward Bulkhead Drawing Figure 30: Payload Door Aft Bulkheadrawing

To create the outer countered outline, slots, and drilled holes, a CAM program was developed using Fusion
360. Various endmills, including a 1/2 in, 1/4 inand 1/8 in, were used for the contouring and slot operations
and a 0.196 in drill bit was used for the hole at the extended hinging arm joi{Figure 31).
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Figure 31: CAM Programming Steps for Payload Door Aft Half Bulkhead

Prior to running the CAM program, the Delrirstocks were cut to a 6 in by 4 in rectangular piec&hese were
glued to an aluminum base usingthe blue tape method where the top face of the aluminum base and the
bottom base of the Delrin stock were taped and glued witttyanoacrylate adhesive This common
workh olding technique for plastics was employed to prevent damage to thanachine viseand tools when
performing the drilling and contouring operations (Figure 32).

To secure thepayload door half bulkheads into the payload door, the hagtfayloadbulkheads were predrilled
in the drill press and tapped forfive equally spaced ouR-56 3/8 in long Phillips fasteners(Figure 33, Figure

34).

g

) A 429 Qe
Figure33: Pre-Drilling Payload Door Half Bulkheads Figure 34: Payload Door Half Bulkheads Fastened into Payloa
Door

Once fastened 20 in away from each other, the payload door half bulkheads were epoxied in place with JB
Weld (Figure 35).
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Figure 35: Payload Door Half Bulkheads Assembled
3.1.5.1.32 PayloadHinge Bushing
Two payload hinge bushings were manufactured using the manual lathe. An aluminum rod was turned to a

diameter of 0.40 in and 0.25 in. A 0.136 drill bit was used to center drill the workpiece followed by tapping
8-32 threads. Once the operations were compled, all edges were deburredFigure 36).
¥
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Figure 36: Payload Hinge Bushingrawing

The hinges were used to secure the payload door assembly into the payload section of the launch vehicle by
fastening 3/16 in diameter shoulder screws. The bushing used to secure the payload door aft half bulkhead
was epoxied to the forward transition centeging ring found on the transition assembly while the bushing

used to fasten the payload door forward bulkhead wamserted into the payload forward bulkhead(Figure
37).

P Wi
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Figure 37: Payload Hinge Buhfngma’ Shoulder Head Screw
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3.1.5.14 PayloadForward and Aft Bulkheads

The payload forward and aft bulkheadswere manufactured from 1.5 in thick type Il PVGtock with a
diameter of 6 in (Figure 38, Figure 39). These bulkheadsare found 20 in apart from each other within the
payload bay. The payload forward bulkheadis epoxied with JB Weld while the payload aft bulkhead is
fastenedinto the forward transition centering ring from the transition assembly.
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Figure 38: Payload Forward Bulkhead Drawing Figure 39: Payload Aft Bulkhead Drawing

To create the outer countered outline, slots, and drilled holes, a CAM program was developed using Fusion

360 with two different setups. The first setupof the payload aft bulkheadconsists of an initial facing pass

using a 1/2 in endmill, followed by turning passeswhich created a 0.25 in step with a diameter of 3.9 iand

another 0.25 in step with a diameter of 5.375 in. The smaller diameter couples to the forwasnhd of the

transition assembly while thelarger diameter couples into the payload airframeVarious endmills were used

to createthe pockets,including 1/4 in and 1/8 in, and the drill bits illustrated on the hole table of thedrawing

were used for the drilling operations(Figure 39). Two additional horizontal 0.25 in holes were drilled on the
remaining stock. These were created to ensure proper alignmentof t#AUT | AA AZE£O AOI EEAAA
the second setup Figure 43).

Figure 40: CAM Programming Steps for First Setup of Payload Aft Bulkhead
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Figure4?2: Facing Pass on Payload Aft Bulkhead

Figure4l: Zeroing Axis forSecond Setu

The second setup of the payload aft bulkhead consists of the facing pass, which faced the bulkhead down to
0.75 in thick. Using the same 1/2 in endmill, an adaptive pass was taken to create the curvature that mirrors
the payload door afthalf bulkhead. Then, a 1/4 in endmill was used to create the boring hole for the 1/20
head screws used to fasten the payload aft bulkhead into the transition assembBigure 43).

3.1.5.1.5 Transition Assembly

The transition assembly consists of a 6 in longD printed transition shroud, two centering rings, forward
extension airframe, and forward coupler (Figure 45).
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Figure 45: Transition Assembly Section View

The transition shroud was 3D printed from PETG filamentand reduces the airframe diameter from 5.525 in
to 4.02 in. A portion of the 4.02 in diameter G12 fiberglass airframe from the central section of the launch
vehicle extendsto the larger diameter, and two centering ringavere epoxied with JB Weld between the two
airframe diameters to hold them together. The forward extension airframe is necessary to distribute the
compressive stress experienced by the airframe, redirecting it from the transition shroudnd through the
centering rings. The forwardmost centering ringis made fromtype Il PVC andhas threaded holes, which
allows for 1/4 -20 headscrews to be mounted from the payload aft bulkheadnd allowing easy access to the
payload electronics.The aftmost centering ring is made from plywoodA section of 3.89 in G12 fiberglass
coupler material is also epoxied with JB Weld into the 4.02 in diameter airframe that makes up the transition
This couples the airframe just aft of the payload sectianThe coupleralsoextends 4 in into the central section
(Figure 46).

¥
ITEM NO. PART NUMBER DESCRIPTION Qry.
1 SLRT-107A FORWARD TRANSITION CENTERING 1
2 SLRT-107B AFT TRANSITION CENTERING RING 1
3 SLRT-107C FORWARD EXTENSION AIRFRAME 1
4 SLRT-107D TRANSITION SHROUD 1
5 SLRT-107E FORWARD COUPLER 1
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wee_ | 0.0 | 0.00|0.000|SZE [DWGNO REV
LOCATIONAL |=0050]=0020[=0 005| A | SLRT-107 A
aNowAR [ =5 | x2 [ =05 1:4 [SHEET 111
GenE

Figure 46: Transition SectionExploded View andBill of Materials
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3.1.5.1.5.1 Forward Transition Centering Ring

The forward transition centering ring was manufactured by turning a type Il PVC stock in the manual lathe
and drilling the holesillustrated on the hole table of the drawingin the manualmill. The inner diameter of
the forward transition centering ring fits in the forward extension airframe while the outer diameter couples
into the aft end of the payload airframe Additionally, holes B1 and B2 are used to fasten the payload aft

bulkhead to the forward transition centering ring. Hole Alis used for the sholder head screw which fastens
the payload door assembly{Figure 47).

HOLE TABLE
HOLE | XDIM | Y DIM DESCRIPTION
A | 225 | 45 |@25% 5
B | 185 | -1.45 |@20157 5
1/4-20 UNC - 1B d
B2 23 | -5 |@20157¥ 5
11420 UNC - 1B

4-'1 ’-%050

@4.02 THRU

25375 NOTES:
1. DIMS IN INCHES
2. MATL: TYPE Il PVC
3. QUANTITY: 1

TOLERANCE UNLESS NOTED TMLE

PLACES IN DIMENSION FWARDMSNUN MRNG le

OPERATICN

0.0 |0.00|0.000| ppavty  ANAJOFONG
MACHINING 0050 <0020/0.005
CUTORF (3, CHECKED RYLAN ANDREWS
sURN, sHenR) | =01 |+0.00 SZE [DWGNO REV
WELDING | =01 [0080 A | SLRT-107A B
ANGUARDIMS | =5 | =2 | =05 [ 1:3 [SHEET 141
EAE

Figure 47: Forward Transition Centering Ring Drawing

The forward transition centering ring wasturned on the manual latheto the inner diameter of the payload
airframe, which measured5.375 in.Following each turning operation, thefit of the centering ringwas tested
using the payload airframe(Figure 48). A center drill was installed into the tailstock, and by gradually
increasing the drill bit size by 0.25 in, the center hole of the ring was created until the boring tool could fit.
The boring tool was used to turn the inner diameter of the forward transition centering ring to the outer
diameter of the forward extension airframe which measured 4.02 in{Figure 49). Oncethe ring was created,

the part wasinstalled on the manual mill and thedrill bits illustrated on the hole table of the drawing were
used for the drilling operations.
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Figure48q 4AOOET ¢ &i OxAOA 40AT Figure49: Boring Bar Removing Center Material to Create
with Payload Airframe Forward Transition Centering Ring

3.1.5.1.5.2 Aft Transition Centering Ring

The aft transition centering ring was modeled in FusiorB60 and exported as @&XFfile, with the diameters
being adjusted by 0.01in to compensatefit the ring in the transition assembly Theinner diameter was
increasedfrom 4.02 in to 4.03 in which fits in the forward extension airframe,and decreasingthe outer
diameter from 5.375 in to 5.365 in which couples in? the aft end of the payload airfram@-igure 50).

-~ [—os0
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> <
NOTES
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WELDING | +0.1 [=0.060 A | SLRT-107B B
ANGULARDMS | +5 | =2 | =05 | 1.3 [SHEET 111
Gene

Figure 50: Aft Transition Centering Ring Drawing

A 0.5 in thick plywood sheet was clamped into the bed afn abrasivewaterjet that is pressurized to 55,000
psi. The DXF file was uploaded to a local computer and tloaitting path was drafted for the centering ring
(Figure 51).
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Figure 51 ' Plywood Seef /ampeﬂno Waterjet

3.1.5.1.5.3 Forward Extension Airframe and Forward Coupler
The4.02 inforward extension airframe was cut to a length of %.in and the 3.898 inforward coupler was cut
to a length of 10.5 in, both being cut using the Rdlh bandsaw(Figure 52, Figure 53).

ﬂ7 W

- 105 -
05 -1 2,00 |-
- ©4.02 03,808
03755
@39
E k
= \ 20,081
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2. MAT'L: G12 FIBERGLASS g :ﬁ)ﬂ:’h'\ﬂ‘\'z:‘ BERGLASS
3 QUANTITY:1 : ;
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0.0 [0.00J0.000] ppann  AnaJOFONG WACHINING |20 00]+0020] 0,005
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ANGULAROINS | =5 =2 | 205 |13 |5I‘EEF 1M M‘::‘:‘:m‘s +5 =2 25|13 ‘SHET n
BEAE . .
; . : ; ; Figure53: Forward Coupler Drawin
Figure52: Forward Extension AirframeDrawing 9 P g

All cut edges were deburred using 100 grisandpaper (Figure 55). The forward extension airframe was
epoxied with JB Weld into the forward coupler4 in from the aft end.Three shear pinholes were drilled 120

deg apart, positioned2.50in from the aft end of the forward couplerusing a 0081 in drill bit installed on a
hand drill.
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Figure 54: Airframe in the RoHin Bandsaw Figure 55: Deburring Cut Edgeé ovairframe with Sandpaper

3.1.5.1.5.4 Transition Shroud

The transition shroud was modeled inFusion360 to decrease thé AOT AE OAEEAI A8O AEOA&AO
5.525 in to 4.02 in. The length of the shroud wadetermined through CFD calculationgo be 6.0 in, which is
the ideal lengthto not cause flow separation(Figure 56, Figure 60).

|
A 5525 4.12 6
/ 0.25"X 45.0°
A =3 NOTES:
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Figure 56: Transition Shroud Drawing

The Fusion360 part was exported as a STL filmto a 3D printing slicer program, with the printing settings

for PETG filament, fill density to 50%, and fill pattern to cub8 / T AA DOET OAAh OEA O
measuremens were checked and the surface was sanded withOO grit sandpaper for preparations for

epoxying into the forward extension airframe for the transition assembly Figure 57, Figure 58).
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Figure57: 3D~1Printe niti h»roud Front View Figure 58: 3D Printed Transition Shroud Side View

The length of the shroud was determined by performing computational fluid dynamics (CFD) analysis to
ensure flow separation will not threaten the structural integrity of the launch vehicle. The axisymmetric CFD
simulation was performed during the PDR stage E OE 3 5 ¢-8tdkes.solveér EnRll€ the conditions most
likely to cause flow separation, specifically the maximum Mach number (0.54) and Reynolds number (~40
million) the launch vehicle could experience. According to the roemean-square (RMS) residualglotted in
Figure 59, the simulation stabilized in 6000 iterations, and could be considered converged, as the highest
error was under the order of one. According to the pressure contour solution shown iRigure 60, no flow
separation was detected for the 6 in transition shroud.

RMS Residuals vs. Iteration

0&—*
E R
3 —4
x
w
=
o
—51 —e— Velocity in X-direction Error
—e— Velocity in Y-direction Error
—e— Density Error
2 1000 2000 3000 4000 5000 5000 Figure 60: Transition Shroud Pressure Contour Solution

Iteration

Figure 59: Residuals from Transition Shroud CFD

3.1.5.1.6 Forward Bulkhead

Located atthe aft end of the forward coupler, the type Il PVC forward bulkhead is epoxied in place with JB
Weld, 0.25 in away from the aft edge of the forward couplei he forward bulkhead wasturned to a diameter
of 3.755in using the manual latheand a center hole was drilled using a 0.257 in drill bigFigure 61).
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Figure 61: Forward BulkheadDrawing

A 1/4-20 eyebolt was inserted, tightened with a nut, and epoxied in place with JB Weld. This eyebolt was
used to connect to the main parachute and recovetyarness (Figure 62, Figure 63).

2N =y,

rad T o o

Figure 62: As-Built Forward Bulkhead Figure 63: Eyebol 'Nut Tightened ad Co

vered with JB Welc
3.1.5.2 Central Section

The central sectionhasa lengthof 51.0 in and contairs the forward airframe, central airframe, avionics bay,
avionics switchband, avionics bulkheads, and rail button mour(tFigure 64).
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ITEMNO | PART NUMBER DESCRIPTION ary

1 SLRT-201 FORWARD AIRFRAME 1

2 SLRT-202 CENTRAL AIRFRAME 1

3 SURT-203 AVIONICS SWITCHBAND [

4 SLRT-204 AVIONICS BAY 1

0 5 SLRT-001 RIVET G
b G SLRT-006 SHEAR PIN G

7 SLRT-007 RAIL BUTTON MOUNT i

(O
I Y| |

é ®

e TLE
CENTRAL SECTION CENTRAL SECTION
ORAWN  ANA JO FONG DRAWN  ANA JO FONG
TOLERANCE UNESS NOTED [ TOLERANCE UNLESS NOTED
T P ANA JO FONG
EM $zE Jowano Rev - 00 | 000 lo 000|S2€ [oweno REV
LOCAPONL [+0 080 [=0.00 [= A | SLRT-200 A LOCATONA. |20050}=020|=0005| A | SLRT-200 A
ANGUR | o5 | =2 [ 20516 [sheer 122 ANGUAR | 25 | 22 | 205 [sreeT 272
[T ferre

Figure 64: Central Section Exploded View Drawing and Bill of Materials

The forward airframe is 31.0 in long and the central airframe is 22.0 in long. Both are made from G12
fiberglass airframe with a diameter of 4.02 in. The avionics bay contains the components used for the
recovery system and couples into the two airframesand is secured with rivets. A 1.0 in long avionics
switchband was epoxiedo the midpoint of the avionics bay and holes were drilled for the altimeter keylock
switches and pressure ports. The avionics bay has a bulkhead on each end to attach to the recovery harnesses
with an eyebolt. The main parachute harnesses on the forwardde of the avionics bay while the drogue
parachute harnesses on the aft side. Additionally, two threaded rods run across the avionics bay, which are
secured to the end of each bulkhead with nuts. A total of six removable plastic rivets secure the forwardia
central airframes to the avionics bay during flight. Moreover, the forward rail button is positioned on the
AAT OOAT AEOZOAI A8 4EOAA OEAAO PET O AOA bpiI AAAA AOD
and the forward airframe, and throughthe central airframe and aft coupler(Figure 65, Figure 66).

Avionics Avionics

Bulkhead Bulkhead
Shear Pins Switchband Rail Button Mount Shear Pins
l Threaded Rod Rivets Rivets Eyebolt
T l T
(G 2
3 3
L )\ J \ J
T T Y
Forward Airframe Avionics Bay Central Airframe

Figure 65: Central Section View

------------------------------------------------------------------------------------------

3 .
L) Ld\¢

Central Section Assembled -

'gue 66

3.1.5.21 Forward Airframe andCentralAirframe

The 4.02 in forward airframe was cut to a length 081.0in and the central airframe was cut to a length of
22.0 in, both being cut using the RoHin bandsaw. All cut edges were deburred using 100 grit sandpaper
(Figure 67, Figure 68).

University of Florida 2024 Flight Readiness Review 31



R —
9316 THRU
310
29.00 220
200
0102 20
1 19 200 2402
B \ 4> | Cf 23.9 K
20.081 THRU; 20.154 THRY, NOTES \ _/ NOTES
\ 3 PLACES; 3 PLACES; 1. DIMSIN INCHES “3 éf}}'ég”‘ 5‘3’ 2&{22”‘ 1. DIMSIN INCHES
120° APART; 120° APART 2. MATL: G12 FBERGLASS 120° APART 1200 APART 2. MAT'L: G12 FIBERGLASS
3. QUANTITY:1 3. QUANTITY:1
TOLERANCE UNLESS NOTED TITLE TOLERANCE UNLESS NOTED TITLE
e sean| " FORWARD ARFRAVE TG RSO [T GENTRAL ARFRAVE
0.0 | 000 |0.000| ppayn  anasoFoNG 0.0 ]0.0010.000]ppppn  anasorFoNG
MACHINING |+0 050 (20 020|+0 MACHINING |20.050 |+0.020|0.005
CUT OFF (SAW/, L0060 CHECKED RYLAN ANDREWS T OFF (A, T|CHECKED  RYLAN ANDREWS
BLRN, SHEAR) | 201|204 Sz [owono REV BURN sHEAR) | 201 |£0.060) SIZE [DWGNO REV
WELDING | 0.1 [20.060) A | SLRT-201 B WELDING | 0.1 |<0.060 A | SLRT-202 A
ANGULARDIVE | 5 | 22 | 205 | 15 [sHeeT 11 ANGULARDIS | =5 | =2 | =05 | 15 [sneeT 11
foue Boac
Figure67.: Forward Airframe Drawing Figure68: Central Airframe Drawing

Shear ph and rivet holes were markedand drilled on both the forward and central airframe.Three shear pin
holes were drilled 120 deg apart, positioned a2.00 in from the forward end of the forward airframe, using

a 0081 in drill bit installed on a hand drill. Once the avionics bay was constructed, it was placed on the aft
end of the forward airframe and a.154 in drill bit was used to make rivet holeg Figure 69).

Figure 69: Forward Airframe

The shear pin and rivet holes for the central airframe werereated in the same manner as the forward
airframe. Additionally, a 0.316 in hole was drilled at 11.5 in from the forward end of theentral airframe
(Figure 70).

LM A
A3 S T8 S S0 2 3

Figure 70: Central Airframe

3.1.5.22 Avionics Bay Coupler and Avionics Bay Switchband

The 3.9 in G12 fiberglass avionics bay coupler was cut to 9.0 uising the Roltin bandsaw (Figure 71). The
coupler surface was then markedat 4.0 in and 5.0 infrom one endto ensure centered alignment of the
avionics bay switchband.The avionics switchbandwas cut to 1.0 in using the Rolln bandsaw (Figure 72).
All cut edges were deburred using 100 grit sandpaper.
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FigureT1: Avionics Bay Coupler Drawing Figure72: Avionics Bay Switchband Drawing

Once theavionics bay coupler and switchband were cut to size, the avionics bay switchbands epoxied
with JB Weld in between the marked lines on the avionics bay couplaend left to cure for at least 6 hoursTo
precisely drill the altimeter keylock switch holes90 deg apartand pressureports 45 deg apartthe epoxied
avionics bay wasdnstalled into arotary chuck. Four pressureports were drilled using a 0.118 in drill bit and
two altimeter keylock switch holes were drilledusing a 0.60 in drill bit(Figure 73). Additionally, three 0.154
in rivet holes were drilled 120 deg apart and3.0 in from both the forward and aft end of the avionics bay
coupler (Figure 74).

Figure73: Drilling Keylock Switch Hole Figure74.: Avionics Ba yan Switchband

3.1.5.23 AvionicsBay Bulkhead

The avionicsbay bulkheads were manufactured from type Il PV@ndturned to a diameter 0f3.9 in and3.755
in using the manual latheand a center hole was drilled using a 0.257 in drill bifThe additional holes on the
avionics bay bulkheads were made on the manual milA 027 in drill bit was used to create two holesat a
distance of 1.5 in from the center holefor the threaded rods that hold the bulkheads in the avionics bay
coupler. A 0.14 in drill bit was used to drill a hole that secures thierminal blocks (Figure 75).
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Figure 75: Avionics Bay Bulkhead Drawing
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A 1/4-20 eyebolt was insertedinto the center hole, tightened with ahex nut, and epoxied in place with JB
Weld. This eyebolt was used to connect to the parachutes and recovery harnes@égure 76).

G

Figure 76: As-Built Avionics Bay Bulkhead

A four slotted terminal block was added tahe outer surface ofeach bulkheadusing a screw and nut in the
small top-center hole.JB Weldwas added on the nut to increase strengthnd to plug the hole, preventing
gasses from the ejection charges from entering the avionics baligure 77).
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3.1.5.24 Avionics BaySled

Figure 77: Avionics Bay Bulkhead with the Terminal Block

The avionics bay sled wa8D printed usingPETG filamentwith a 25% infill. The battery caps were printed
with a 100% infill to ensure the altimeter batteries stayed secure during flightThe sledwas printed in three
parts to simplify manufacturing as the 3D printer utilized was not large enough to print the entire avionics
sled in one piecq Figure 81). Following printing, the three pieceswere combinedto form a single large sled
using two threaded rodsthat secure to the bulkheads on both sides using a nut and washer to distribute the
forces. Holes are included in the 3D printed sled to mount the altimetes; house the 9V batteries, andpoxy
the keylock switches in the correct location.
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Figure 78: Avionics Bay Sled (Left)
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3.1.5.25 Ral Button Mount

The rail button mount consists of an iRhouse manufactured rail button standoffal/4 -¢ 1t 6

Figure 81: Avionics Bay Sled wittNo Electronics

Lot

OAOA x

and a rail button coupler reinforcement epoxied to the inner diameter of the airframe where the rail button
standoff is mounted Two sets othe rail button mount assembly were manufactured One walaced on the
central airframe and one onthe aft airframe of the launch vehiclg Figure 82).
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Figure 82: Rall Button Mount Exploded View and Bill of Materials
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3.1.5.25.1 Rail Button Standoff

The rail button standoffwas designedto follow an airfoil shape with rounded top edge to reduce dragnd fit
into standard 1515 rails. Moreover, the base of the rail button standoffvas contoured to fit the 4.02 in
diameter airframe (Figure 83).
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Figure 83: Rail Button Standoff Drawing

To create the outer countered outlins and drilled hole a CAM program was developed using Fusi@60

with two different setups. The first setup of therail button standoff consists of an initial facing passising a
1/2 in endmill, followed by contouring passesuntil 0.5 in deep into the stockThen, a 2D contour operation
using a 1 in diameter slot mill with a radius of 0.01 irand height of 0.125 in, was performedo create the slot
that fits into the 1515 rails. The 1/2 in endmill was swappedackand theremaining contour was completed.
To create the hole for the 1/420 fasteners, a 1/2 in 90 deg countersink driland 0.266 in drill bit were used
(Figure 84).

Y

Figure84.: Rail Button Standoff First Setup Figure85: Rai/ Button
Standoff Operationon CNC
mifl

A second setup was created to contour the base the rail button standoff to mirror the 4.02 in diameter
airframe. To do this, soft jaws were 3D printed in order tdix the workpiece at a horizontal position. A 1/2
in endmill was used to create the contourfigure 86).
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Figure86. Rail Button Standoff SecondDperation /:/gufé 8330 Printed Soft Jaws

Two rail button standoffs were manufactured, and the dimensions were verified<gure 88).

AT i »
Figure 88: As-Built Rail Button Standoffs

3.1.5.25.2 Rall Button Coupler Reinforcement
A section of the 3.9 in coupler was cut to a length’5 in using the RoHIn bandsaw.
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Figure 89: Rail Button Coupler Reinforcement Drawing

The surface of the rail button coupler reinforcement was sanded with 100 grit sandpaper in preparation for
epoxying to the inner surface of the airframeJB Weld was applied to the outer surfacef the reinforcement
and was then pressedgainst the airframe, allowing it tocure for at least 6 hoursAn initial 0.25 in drill bit
was used tocreate the hole for the screw mount, followed by a 0.306 in drill bit. JB Weld was applied to the
outer surface of the screw mountnd then pressed against thairframe, fitting through the hole previously
made (Figure 90, Figure 91).

Figure 90: Cut Rail Button Coupler Figure 91: Rail Button Mount Assembled

3.1.5.3 Aft Section
The aft sectionhasa length of 24.5 in and contaiathe aft bulkhead, aft coupler, aft airframethree fins, motor
retention assembly,motor, rail button mount, and thrust plate(Figure 92).
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Figure 92: Aft Section Exploded View Drawing and Bill of Materials

The 4.02 in G12 fiberglass aft airframe has a length of 24.5 in, and three equally spaiiedlots were made
along its surface to fit the three fins. The rail button mount was positioned onto the aft airframe. The motor
retention assembly is composed of four centering rings epoxied around a 29.25 in long G12 fiberglass motor
tube, which has adiameter of 3.0 in. The outer diameter of the motor tube centering rings was then epoxied
with JB Weld to the aft airframe to vertically align the motor, while the aft coupler centering ring, which is
the forwardmost centering ring in this section, was epried to the inner surface of the aft coupler. The 3.9 in
G12 fiberglass aft coupler extends 5.5 in into the central airframe and connects the aft airframe to the central
section. The coupler is capped with an aft bulkhead that connects the aft section be tdrogue parachute and
recovery harness via an eyebolt, which is secured in place with a hex nut and epoxied with JB Weld.
Additionally, expanding foam was applied between the motor tube and aft airframe once all the epoxy was
fully cured to provide more strength to the attachment of the fins. Then, the aftmost centering ring was
epoxied with JB Weld and reinforced with a thrust plate that connects to the motor retainef~{gure 93,
Figure 94).

Motor Retention Assembly

|
f Aft Coupler Fins !
| |
[ 1 [ \

Aft Coupler Motor Tube
Centering Ring Centering Rings

|

Eyebolt Rail Button Mount

| I
Aft

Bulkhead Shear Pins Rivets

T
Aft Airframe

Figure 93: Aft Section View
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Figure 94: Aft Section Assembled

3.1.5.3.1 AfAirframe
The 4.02 inaft airframe was cut to a length of 24.5 using the Relh bandsaw.All cut edges were deburred

using 100 grit sandpaper(Figure 95).

Figure 95: Aft Airframe Drawing

The locations of the fin slots of the aft airframe were marked 120 deg apart from each oth&he aft airframe
was thenmounted to \-shaped vise jaws on the manual mill to create the fin sletUsing a 1/8 in endmill, the
fin slots were created from 1.0 in from the aft end to 9.0 in from the aft end’he additional support of both
the V-shaped vise jaws and a bulkhead helped reduce deflection from occurring during drillinigrigure 95).

All edges and surfaces of the aft airframe were sanded with 100 grit sandpaper for preparation for epoxy.
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