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1. Summary of Report

1.1 Team Summary  
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 completing its 

final launch at Huntsville. 

Backup Final Launch: Plant City, 

FL ɀ Tampa Bay Rocketry 

Association (Tripoli Prefecture 

17, NAR Section 934) 

President: John Mackiewicz 

jmackiewicz@tampabay.rr.com 

1.1.3 Team Mentor  
Jimmy Yawn (NAR #85660, TRA 

#09266) 

Level 3 Certified 

jimmy.yawn@sfcollege.edu 

(352) 281-2025 

1.1.4 Hours 
FRR Hours: 986 

1.2 Launch Vehicle Summary 
Launch Vehicle Title: Fasten Your Seatbelts (Gator  Air)  

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-3 Drogue 

Main Parachute Fruity Chutes 96 in Iris Ultra  

Section Payload Central Aft Total 

Length 55.0 in 54.0 in 24.5 in 133.5 in 

Mass 254.7 oz 143.2 oz 227.7 oz 625.6 oz 

Table 1: Launch Vehicle Summary 

1.3 Payload Summary 
Payload Title: Put Your Tray Tables Up 
The payload is a remote-controlled aircraft with thin, bendable wings that fold up inside the launch vehicle 

and unfurl when released from the payload retention system at 400 ft. 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 ground station, in turn, can control payload separation and flight 

via a radio transmitter. Acceleration data will be recorded and used to calculate the g-forces the STEMnauts 

will experience, determining whether the landing satisfied the defined criteria for human survivability.  
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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 to NASA Requirement 2.4.1. 

Following the repairs completed after ÔÈÅ ÔÅÁÍȭÓ ÆÉÒÓÔ ÁÔÔÅÍÐÔ ÏÆ ÔÈÅ Vehicle Demonstration Flight, 

approximately 2 in of the forward coupler was cut to remove the damaged section. An additional 2.5 in of 

3.898 in diameter coupler was cut and reattached using JB Weld, with a piece of fiberglass material epoxied 

onto the inner surface of the reinforcement. This change increased the overall length of the forward coupler 

from 10.5 in to 11.0 in. 

The main and drogue recovery harnesses were changed from 7/16 -in tubular Kevlar to 1in flat Kevlar.  The 

lengths of the recovery harnesses were also increased from 25 ft to 32 ft.  

The main parachute changed from 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 that it will obey the same kinetic energy requirements as the 

launch vehicle (NASA Requirement 3.3).  

The STEMnaut survivability criteria was changed from an instantaneous to g-force to a sustained one. If a g-

ÆÏÒÃÅ ÇÒÅÁÔÅÒ ÔÈÁÎ ωÇȭÓ ÉÓ ÍÅÁÓÕÒÅÄ ÆÏÒ ÍÏÒÅ ÔÈÁÎ υ ÓÅÃÏÎÄÓ, STEMnaut survivability conditions will be 

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 current capacity 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 more compatible.  

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 third-party manufacturer. Tests and 

7.1.5.1.10 Transmitter Range Demonstration (LV-R-5) were conducted to ensure that the drag coefficients 

ÏÆ ÔÈÅ ÐÁÒÁÃÈÕÔÅÓ ÍÁÔÃÈÅÄ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÖÁÌÕÅÓ Table 8). For each parachute, the reported drag 

coefficient matched the experimental value, as determined in 7.1.5.1.12 Parachute Drag Tests. The 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  
#ÏÌÉÎ 2ÉÂÁ ÉÓ ÎÏ× ÔÈÅ ÔÅÁÍȭÓ &ÌÉÇÈÔ $ÙÎÁÍÉÃÓ !ÓÓÏÃÉÁÔÅ ,ÅÁÄȢ  

The ÌÁÕÎÃÈ ÄÁÔÅ ÆÏÒ ÔÈÅ ÔÅÁÍȭÓ 6ÅÈÉÃÌÅ $ÅÍÏÎÓÔÒÁÔÉÏÎ &ÌÉÇÈÔ ÈÁÓ ÃÈÁÎÇÅÄ ÆÒÏÍ &ÅÂÒÕÁÒÙ ρχth to February 

24th and the launch site changed from Tampa Bay Rocketry Association (Tripoli Prefecture 17/NAR Section 

934) to the Spaceport Rocketry Association (Tripoli Prefecture 73/NAR Section 342) due to weather-related 

cancellations. 
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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 24th, the recovery harnesses of the launch vehicle 

were changed due to an unforeseen failure. Following main parachute deployment, the payload section of 

the launch vehicle collided with the aft section which led to failure in the eyebolt and bulkhead attached to 

the payload section (5.1.7 Off-Nominal Ev). To mitigate this risk going forward, the lengths of the recovery 

harnesses were increased from 25 ft to 32 ft, to ensure that sections of the launch vehicle do not touch when 

the recovery harness is fully tensioned during descent. The width s of the recovery harnesses were also 

increased from 7/16 in to 1 in to lower the risk of zippering the airframe. 

Due to an increase in the as-built weight in comparison to the weight predictions in CDR, the main parachute 

also had to be changed following VDF. With the originally planned 84 in Iris Ultra main parachute by Fruity 

Chutes, the maximum kinetic energy of a launch vehicle upon landing was 82.01 ft-lbf, well over the 75 ft-lbf 

requirement. The new main parachute is a 96 in Iris Ultra parachute by Fruity Chutes, which increased the 

weight of the launch vehicle by 6 oz, but also decreased the kinetic energy upon landing to 63.53 ft-lbf, under 

the 75 ft-lbf requirement and the 65 ft-lbf bonus requirement. The descent time and drift requirements are 

also still met with the new main parachute.  

3.1.2 Separation Points  
The launch vehicle features a standard dual deployment system for recovery; the system has a drogue 

parachute and a main parachute, with two separation points (Figure 1). The payload will be deployed using 

a door built into the payload section, so it will not require any energetics for deployment.  

The drogue parachute, installed in the central airframe, will be ejected first at apogee with a separation point 

on the aft end of the airframe. Black powder ejection charges will be positioned against the aft avionics bay 

bulkhead so that they push the parachutes out of the airframe upon separation. The main parachute is 

installed in the forward airframe and will be ejected at an altitude of 550 ft, with 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 over-pressurization does not occur. 

 

Figure 1: Launch Vehicle Separation Points 

3.1.3 Launch Vehicle Features  
3.1.3.1 Structural Elements  
The structural elements of the launch vehicle comprise a polypropylene plastic nose cone, G12 fiberglass 

airframe, G12 fiberglass couplers, G12 fiberglass motor tube, Type II PVC bulkheads, Delrin plastic payload 

door half bulkheads, plywood centering rings, G10 fiberglass fins, and Delrin plastic rail button standoffs. 
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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 has an 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 Roll-In bandsaw and then deburred using 100 grit 

sandpaper. After the construction and assembly of all outer components, the surface of the airframe was wet 

sanded using 600 grit sandpaper and coated with three layers of paint and two layers of clear coat (Figure 

2). 

 
Figure 2: Forward Airframe 

The Type II PVC bulkheads were manufactured using a manual lathe to precisely turn the workpiece to match 

the diameter they couple into. The forward, avionics, and aft bulkheads feature a central hole designed to 

attach the eyebolt used for securing the launch vehicle's recovery harness and parachutes. The 1/4 -20 

eyebolts were epoxied with JB Weld and fastened with a hex nut. The eyebolts chosen and the Type II PVC of 

the bulkheads will ensure functionality of the recovery system during the deployment of the main parachute. 

The strengths of the recovery components are further explained in 3.2.3 Robustness of Structural Elements. 

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). 

 
Figure 3: Avionics Bulkheads 

The payload forward and aft bulkheads were manufactured using CNC mill  from type II PVC stock. A CAM 

program was developed to execute operations for creating the designed parts. These bulkheads serve as 

mounting points for various components of the payload retention system (Figure 4). The payload aft 

bulkhead is designed to be 0.5 in thick with an outer diameter of 5.525 inches, facilitating coupling into the 

payload airframe. Additionally, a 0.25 in thick step with a diameter of 3.9 in was turned to couple into the 

forward end of the transition assembly. The back face of this bulkhead features several slots: a mounting slot 

to accommodate one of two sets of rack and pinion systems, while another slot is designated to mount the 

battery powering both the payload retention system. Additional slots were incorporated to reduce weight in 

the payload section by removing excess material.  
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On the opposite face of the bulkhead, a contoured slot accommodates the payload door half bulkhead. Thru 

holes are also created to allow the passage of electrical wires from the payload retention mechanism into the 

payload bay, for the fasteners that mount the bulkhead into the launch vehicle, and a slot for the rack and 

pinion retention mechanism. (Figure 5). 

 
Figure 4: Payload Aft Bulkhead Back Face 

 
Figure 5: Payload Aft Bulkhead Front Face 

The Delrin plastic payload door half bulkheads are fixed into the payload door assembly and were 

manufactured using the CNC mill. A CAM program was developed to execute operations for creating the 

designed parts. These half bulkheads are 0.25 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 the payload door half bulkhead, an extended arm joint is integrated where a 

shoulder head screw can fasten the payload door assembly into the launch vehicle (Figure 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 respectively (Figure 7).  
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Figure 7: Fins and Centering Rings 

The three fins were secured into the aft airframe by cutting three equally spaced fin slots in the aft airframe 

using a manual mill. Employing a through-the-wall attachment technique, the fins were secured to both the 

exterior and interior of the airframe, as well as the exterior of the motor tube, providing six connection points 

per fin. Cyanoacrylate adhesive was 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 fins to the exterior of the aft airframe and 

Aeropoxy was used to epoxy the fin tabs to the interior of the aft airframe and exterior of the motor tube 

(Figure 8). 

 
Figure 8: Fins Attached to the Aft Airframe 

The rail button standoffs were customized and manufactured to consider the change in diameter throughout 

the launch vehicle, which makes it 1.22 in tall. It  was designed to follow a large airfoiled shape, fit standard 

1515 rails, and have a fillet finish to reduce drag and a contour of the 4.02 in airframe at the base to create a 

better fit. A CAM program was developed to execute operations for creating the designed part from Delrin 

plastic stock, which is a common and standard material used for rail buttons (Figure 9). 
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Figure 9: Rail Button Standoffs 

3.1.3.2 Electrical Elements  

The Eggfinder mini -GPS transmitter will be mounted in the nosecone of the launch vehicle using a two-part 

GPS and battery mount that was 3D printed out of PETG. The base of the mount is secured in the nosecone, 

while the second part of the GPS mount holds the GPS transmitter as well as the battery and was designed to 

be removable from the base mount (Figure 10). Prior to launch, the battery will be wired to the GPS 

transmitter and will then be placed into the corresponding slot in the base mount in the nosecone. The 

transmitter will be secured using the two bolts that thread into two nuts attached to the base mount (Figure 

11). 

 
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 bay, a three-

part avionics sled was 3D printed out of PETG. On the bottom part of the sled, the two keylock switches for 

the altimeters are positioned 90 degrees apart, in line with the holes in the avionics switchband, and are 

secured to the sled using epoxy. The altimeters are mounted to the opposite side of the sled. The terminals 

of the keylock switches are accessible via a through hole in the sled, which simplifies wiring  (Figure 12). The 

two 9V batteries are then each housed in their own compartment which have lids for security during flight 

(Figure 111). The wiring specifics are explained more in depth in 3.2.4 Robustness of Electrical . 
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Figure 12: Access Point to Keylock Switches 

3.1.4 Flight Reliability Confidence  
The flight reliability confidence is determined from the mission success criteria for the launch vehicle (Table 

2). 

Mission Success Criteria Confirmation 
Apogee altitude within the required 4000 ft to 6000 ft range, 

with a target apogee of 5000 ft. 
Apogee of 4270 ft for the first attempt and 4324 ft for the 

second attempt of the Vehicle Demonstration Flight. 
A minimum thrust to weight ratio of 5:1 will be generated by 

the launch vehicle motor. 
The thrust to weight ratio for the fully ballasted as-built 

launch vehicle is 6.40:1. 

The drogue parachute will deploy at apogee within one 
second. 

Altimeters indicate that the drogue parachute deployed at 
apogee for the first and second attempt of Vehicle 

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 launch vehicle will remain within the drift radius. 
The total drift of the launch vehicle was 1911 ft and 946 ft for 
the first and second attempt of Vehicle Demonstration Flight 

respectively. 

The launch vehicle will be fully recoverable and reusable. 
The launch vehicle was recovered with no damage sustained 

following Vehicle Demonstration Flight second attempt. 
Table 2: Flight Reliability Confidence Overview 

Further mission success criteria are detailed in 7.2.1.2 Vehicle Requirements and are met to demonstrate the 

flight reliability confidence of the launch vehicle. 

3.1.5 Launch Vehicle Construction  
Detailed drawings and manufacturing plans for all launch vehicle components were generated and verified 

by qualified individuals to ensure readiness of all components for production, and were outlined in Swamp 

,ÁÕÎÃÈȭÓ ςπςσ-2024 Critical Design Report. Tools and machines that were used to manufacture the launch 

vehicle components include a manual mill, manual lathe, CNC mill along with CAM programs, Roll-In 

bandsaw, abrasive waterjet, and other power tools such as hand drill and Dremel.  

 
Figure 13: Launch Vehicle Design Modeled in Fusion 360 
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Figure 14: As-Built Full Scale Launch Vehicle 

3.1.5.1 Payload Section 

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

door assembly, payload retention system, transition assembly, and forward bulkhead (Figure 15). 

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

The nosecone, made from polypropylene plastic, has a built-in 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 retention system. The payload airframe also features a rectangular cutout, 

with the removed portion of the airframe being used as the payload door within  the payload door assembly. 

This assembly is then repositioned back into the cutout area and fastened into the forward and aft payload 

bulkheads. The forward and aft payload bulkheads were made from type II PVC and are used to 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 1/4-20 head screws, granting access 

to the payload retention electronics upon removal. Coupled to the aft end of the payload airframe, the 

ÔÒÁÎÓÉÔÉÏÎ ÁÓÓÅÍÂÌÙ ÉÓ ÅÐÏØÉÅÄ ÉÎ ÐÌÁÃÅ ×ÉÔÈ *" 7ÅÌÄ ÁÎÄ ÒÅÄÕÃÅÓ ÔÈÅ ÁÉÒÆÒÁÍÅȭÓ ÅØÔÅÒÉÏÒ ÄÉÁÍÅÔÅÒ ÆÒÏÍ υȢυσυ 

in on the forward end of the launch vehicle to 4.02 in on the aft end. Lastly, a forward bulkhead, made from 

type II PVC, holds a 1/4-20 eyebolt that connects to the main parachute and its recovery harness. This was 

epoxied with JB Weld in the aft end of the transition assembly (Figure 16, Figure 17).   
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Figure 16: Payload Section View 

 
Figure 17: Payload Section Assembled 

3.1.5.1.1 Nosecone 
The nosecone is 24.0 in long, including the built-in nosecone shoulder. The nosecone shoulder was cut to 
2.78 in using a Roll-In bandsaw and deburred with 100 grit sandpaper. Three rivet holes were drilled 120 
deg apart, positioned at 1.50 in from the aft end of the nosecone shoulder, using a 0.154 in drill bit installed 
on a hand drill (Figure 18, Figure 19). 

 
 Figure 18: Nosecone Drawing  
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Figure 19: As-Built Nosecone 

3.1.5.1.1.1 GPS Mount 

To secure the GPS mount in the nosecone of the launch vehicle, the GPS mount consists of two parts, the base 

mount and the GPS and battery mount (Figure 20, Figure 21). The base of the mount was designed to follow 

the contour of the nosecone and was secured in the nosecone using epoxy (Figure 22). On the forward end 

of the mount base, two nuts are press fitted and superglued in line with the bolt holes. The removable GPS 

and battery mount then align with the slots in the GPS mount base and are secured to the base using two 

bolts. 

 
Figure 20: GPS Mount Base Drawing 
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Figure 21: GPS and Batter Mount Drawing 

 
Figure 22: GPS Mount Base 

3.1.5.1.2 Payload Airframe and Payload Door 
The payload airframe was cut to a length of 28.0 in using the Roll-In bandsaw. A 22 in long by 5.525 in wide 

rectangular cutout was made in the center of the payload airframe using a 1/8 in endmill installed on the 

manual mill. All cut edges were deburred using 100 grit sandpaper. Three 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 Airframe Drawing 

 
Figure 24: Payload Door Drawing 

To ensure precise cutting of the payload door from the payload airframe, an airframe fixture was created 

using 80/20 aluminum T-slot bars along 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 rotary chuck 
(Figure 26). Once fixed in place, the payload airframe was cut by rotating the airframe 180 deg for the short 

edges and moving the manual mill table along the X-axis for the long edges (Figure 27). 

 
Figure 25: Airframe Fixture 

 

 
Figure 26: Payload Airframe Mounted to 

Fixture and Rotary Chuck on Manual 
Mill  

 
Figure 27: Payload Airframe Cut 

 

3.1.5.1.3 Payload Door Assembly 
The payload door assembly consists of the payload door cut from the payload airframe, payload forward and 

aft half bulkheads, shoulder head screws, hinge bushings, and 2-56 head Phillip screws. The payload door 

holds a forward and aft payload door half bulkhead, which were made from Delrin plastic. These half 



 

  
 19 

 

 

University of Florida    2024 Flight Readiness Review 

bulkheads were secured using both JB Weld epoxy and five 2-56 Phillips screws. Moreover, these bulkheads 

hinge about shoulder screws which are secured with bushings (Figure 28).  

 
Figure 28: Payload Door Assembly Bill of Materials 

3.1.5.1.3.1 Payload Door Forward and Aft Half Bulkheads 

Delrin plastic stock was used to manufacture the payload door forward and aft half bulkheads (Figure 29, 

Figure 30). These were secured into the payload door and are 20 in apart from each other.  

 
Figure 29: Payload Door Forward Bulkhead Drawing 

 
Figure 30: Payload Door Aft Bulkhead Drawing 

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 in and 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 joint (Figure 31). 
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Figure 31: CAM Programming Steps for Payload Door Aft Half Bulkhead 

Prior to running the CAM program, the Delrin stocks were cut to a 6 in by 4 in rectangular piece. These were 

glued to an aluminum base using the blue tape method, where the top face of the aluminum base and the 

bottom base of the Delrin stock were taped and glued with cyanoacrylate adhesive. This common 

workholding technique for plastics was employed to prevent damage to the machine vise and tools when 

performing the drilling and contouring operations (Figure 32). 

 
Figure 32: Payload Door Aft Half Bulkhead (left) and Forward Half Bulkhead (right) Mounted on the CNC Mill 

To secure the payload door half bulkheads into the payload door, the half payload bulkheads were pre-drilled 

in the drill press and tapped for five equally spaced out 2-56 3/8 in long Phillips fasteners (Figure 33, Figure 

34).  

 
Figure 33: Pre-Drilling Payload Door Half Bulkheads 

 
Figure 34: Payload Door Half Bulkheads Fastened into Payload 

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 

3.1.5.1.3.2 Payload Hinge 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 completed, all edges were deburred (Figure 36).  

 
Figure 36: Payload Hinge Bushing Drawing 

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 centering ring found on the transition assembly while the bushing 

used to fasten the payload door forward bulkhead was inserted into the payload forward bulkhead (Figure 

37). 

 
Figure 37: Payload Hinge Bushing and Shoulder Head Screw 



 

  
 22 

 

 

University of Florida    2024 Flight Readiness Review 

3.1.5.1.4 Payload Forward and Aft Bulkheads 
The payload forward and aft bulkheads were manufactured from 1.5 in thick type II PVC stock with a 

diameter of 6 in (Figure 38, Figure 39). These bulkheads are found 20 in apart from each other within the 

payload bay. The payload forward bulkhead is epoxied with JB Weld while the payload aft bulkhead is 

fastened into the forward transition centering ring from the transition assembly. 

 
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 setup of the payload aft bulkhead consists of an initial facing pass 

using a 1/2 in endmill, followed by turning passes which created a 0.25 in step with a diameter of 3.9 in and 

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

transition assembly while the larger diameter couples into the payload airframe. Various endmills were used 

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

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 alignment of the ÐÁÙÌÏÁÄ ÁÆÔ ÂÕÌËÈÅÁÄȭÓ ÆÅÁÔÕÒÅÓ ÆÏÒ 

the second setup (Figure 43). 

 
Figure 40: CAM Programming Steps for First Setup of Payload Aft Bulkhead 
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Figure 41: Zeroing Axis for Second Setup 

 
Figure 42: Facing Pass on Payload Aft Bulkhead 

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 aft half bulkhead. Then, a 1/4 in endmill was used to create the boring hole for the 1/4-20 

head screws used to fasten the payload aft bulkhead into the transition assembly (Figure 43). 

 
Figure 43: CAM Programming Steps for Second Setup of Payload Aft Bulkhead 

 
Figure 44: As-Built  Payload Aft Bulkhead 

3.1.5.1.5 Transition Assembly 
The transition assembly consists of a 6 in long 3D 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 filament and 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 extends to the larger diameter, and two centering rings were 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 shroud and through the 

centering rings. The forwardmost centering ring is made from type II PVC and has threaded holes, which 

allows for 1/4 -20 head screws to be mounted from the payload aft bulkhead and allowing easy access to the 

payload electronics. The aftmost centering ring is made from plywood. A 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 section. The coupler also extends 4 in into the central section 

(Figure 46). 

 
Figure 46: Transition Section Exploded View and Bill of Materials 



 

  
 25 

 

 

University of Florida    2024 Flight Readiness Review 

3.1.5.1.5.1 Forward Transition Centering Ring 

The forward transition centering ring was manufactured by turning a type II PVC stock in the manual lathe 

and drilling the holes illustrated on the hole table of the drawing in the manual mill . 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 A1 is used for the shoulder head screw which fastens 

the payload door assembly (Figure 47). 

 
Figure 47: Forward Transition Centering Ring Drawing 

The forward transition centering ring was turned on the manual lathe to the inner diameter of the payload 

airframe, which measured 5.375 in. Following each turning operation, the fit of the centering ring was 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). Once the ring was created, 

the part was installed on the manual mill and the drill bits illustrated on the hole table of the drawing were 

used for the drilling operations. 
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Figure 48ȡ 4ÅÓÔÉÎÇ &ÏÒ×ÁÒÄ 4ÒÁÎÓÉÔÉÏÎ #ÅÎÔÅÒÉÎÇ 2ÉÎÇȭÓ &ÉÔ 

with Payload Airframe 

 
Figure 49: Boring Bar Removing Center Material to Create 

Forward Transition Centering Ring         

3.1.5.1.5.2 Aft Transition Centering Ring 

The aft transition centering ring was modeled in Fusion 360 and exported as a DXF file, with the diameters 

being adjusted by 0.01 in to compensate fit the ring in the transition  assembly. The inner diameter was 

increased from 4.02 in to 4.03 in, which fits in the forward extension airframe, and decreasing the outer 

diameter from 5.375 in to 5.365 in, which couples into the aft end of the payload airframe (Figure 50). 

 
Figure 50: Aft Transition Centering Ring Drawing 

A 0.5 in thick plywood sheet was clamped into the bed of an abrasive waterjet that is pressurized to 55,000 

psi. The DXF file was uploaded to a local computer and the cutting path was drafted for the centering ring 

(Figure 51). 
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Figure 51: Plywood Sheet Clamped into Waterjet 

3.1.5.1.5.3 Forward Extension Airframe and Forward Coupler 

The 4.02 in forward extension airframe was cut to a length of 9.5 in and the 3.898 in forward coupler was cut 

to a length of 10.5 in, both being cut using the Roll-In bandsaw (Figure 52, Figure 53).  

 
Figure 52: Forward Extension Airframe Drawing 

 
Figure 53: Forward Coupler Drawing 

All cut edges were deburred using 100 grit sandpaper (Figure 55). The forward extension airframe was 
epoxied with JB Weld into the forward coupler, 4 in from the aft end. Three shear pin holes were drilled 120 
deg apart, positioned 2.50 in from the aft end of the forward coupler, using a 0.081 in drill bit installed on a 
hand drill . 
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Figure 54: Airframe in the Roll-In Bandsaw 

 
Figure 55: Deburring Cut Edges of Airframe with Sandpaper 

3.1.5.1.5.4 Transition Shroud 
The transition shroud was modeled in Fusion360 to decrease the ÌÁÕÎÃÈ ÖÅÈÉÃÌÅȭÓ ÁÉÒÆÒÁÍÅ ÄÉÁÍÅÔÅÒ ÆÒÏÍ 

5.525 in to 4.02 in. The length of the shroud was determined through CFD calculations to be 6.0 in, which is 

the ideal length to not cause flow separation (Figure 56, Figure 60). 

 
Figure 56: Transition Shroud Drawing 

The Fusion 360 part was exported as a STL file into a 3D printing slicer program, with the printing settings 

for PETG filament, fill density to 50%, and fill pattern to cubicȢ /ÎÃÅ ÐÒÉÎÔÅÄȟ ÔÈÅ ÔÒÁÎÓÉÔÉÏÎ ÓÈÒÏÕÄȭÓ 

measurements were checked and the surface was sanded with 100 grit sandpaper for preparations for 

epoxying into the forward extension airframe for the transition assembly (Figure 57, Figure 58). 



 

  
 29 

 

 

University of Florida    2024 Flight Readiness Review 

 
Figure 57: 3D Printed Transition Shroud 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 ×ÉÔÈ 35ςȭÓ .ÁÖÉÅÒ-Stokes solver under 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 root-mean-square (RMS) residuals plotted 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 in Figure 60, no flow 

separation was detected for the 6 in transition shroud. 

 
Figure 59: Residuals from Transition Shroud CFD 

 
Figure 60: Transition Shroud Pressure Contour Solution 

 

3.1.5.1.6 Forward Bulkhead 
Located at the aft end of the forward coupler, the type II PVC forward bulkhead is epoxied in place with JB 

Weld, 0.25 in away from the aft edge of the forward coupler. The forward bulkhead was turned to a diameter 

of 3.755 in using the manual lathe and a center hole was drilled using a 0.257 in drill bit (Figure 61). 
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Figure 61: Forward Bulkhead Drawing 

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 recovery harness (Figure 62, Figure 63). 

 
Figure 62: As-Built Forward Bulkhead 

 
Figure 63: Eyebolt Nut Tightened and Covered with JB Weld 

3.1.5.2 Central Section 

The central section has a length of 51.0 in and contains the forward airframe, central airframe, avionics bay, 

avionics switchband, avionics bulkheads, and rail button mount (Figure 64). 
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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 airframes, and is secured with rivets. A 1.0 in long avionics 

switchband was epoxied to 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 forward side 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 forward and 

central airframes to the avionics bay during flight. Moreover, the forward rail button is positioned on the 

ÃÅÎÔÒÁÌ ÁÉÒÆÒÁÍÅȢ 4ÈÒÅÅ ÓÈÅÁÒ ÐÉÎÓ ÁÒÅ ÐÌÁÃÅÄ ÁÔ ÓÅÐÁÒÁÔÉÏÎ ÐÏÉÎÔÓ ÔÈÒÏÕÇÈ ÔÈÅ ÔÒÁÎÓÉÔÉÏÎ ÓÅÃÔÉÏÎȭÓ ÃÏÕÐÌÅÒ 

and the forward airframe, and through the central airframe and aft coupler (Figure 65, Figure 66). 

 
Figure 65: Central Section View 

 
Figure 66: Central Section Assembled 

3.1.5.2.1 Forward Airframe and Central Airframe 
The 4.02 in forward airframe was cut to a length of 31.0 in and the central airframe was cut to a length of 

22.0 in, both being cut using the Roll-In bandsaw. All cut edges were deburred using 100 grit sandpaper 

(Figure 67, Figure 68). 
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Figure 67: Forward Airframe Drawing 

 
Figure 68: Central Airframe Drawing 

Shear pin and rivet holes were marked and drilled on both the forward and central airframe. Three shear pin 
holes were drilled 120 deg apart, positioned at 2.00 in from the forward end of the forward airframe, using 
a 0.081 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 0.154 in drill bit was used to make rivet holes (Figure 69). 

 
Figure 69: Forward Airframe 

The shear pin and rivet holes for the central airframe were created 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 the central airframe 

(Figure 70). 

 
Figure 70: Central Airframe 

3.1.5.2.2 Avionics Bay Coupler and Avionics Bay Switchband 
The 3.9 in G12 fiberglass avionics bay coupler was cut to 9.0 in using the Roll-In bandsaw (Figure 71). The 

coupler surface was then marked at 4.0 in and 5.0 in from one end to ensure centered alignment of the 

avionics bay switchband. The avionics switchband was cut to 1.0 in using the Roll-In bandsaw (Figure 72). 

All cut edges were deburred using 100 grit sandpaper.  
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Figure 71: Avionics Bay Coupler Drawing 

 
Figure 72: Avionics Bay Switchband Drawing 

Once the avionics bay coupler and switchband were cut to size, the avionics bay switchband was epoxied 

with JB Weld in between the marked lines on the avionics bay coupler and left to cure for at least 6 hours. To 

precisely drill the altimeter keylock switch holes 90 deg apart and pressure ports 45 deg apart, the epoxied 

avionics bay was installed into a rotary chuck. Four pressure ports were drilled using a 0.118 in drill bit and 

two altimeter keylock switch holes were drilled using a 0.60 in drill bit (Figure 73). Additionally, three 0.154 

in rivet holes were drilled 120 deg apart and 3.0 in from both the forward and aft end of the avionics bay 

coupler (Figure 74). 

 
Figure 73: Drilling Keylock Switch Hole 

 
Figure 74: Avionics Bay and Switchband 

3.1.5.2.3 Avionics Bay Bulkhead 
The avionics bay bulkheads were manufactured from type II PVC and turned to a diameter of 3.9 in and 3.755 

in using the manual lathe, and a center hole was drilled using a 0.257 in drill bit. The additional holes on the 

avionics bay bulkheads were made on the manual mill. A 0.27 in drill bit was used to create two holes at a 

distance of 1.5 in from the center hole for 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 the terminal blocks (Figure 75). 
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Figure 75: Avionics Bay Bulkhead Drawing 

A 1/4-20 eyebolt was inserted into the center hole, tightened with a hex nut, and epoxied in place with JB 

Weld. This eyebolt was used to connect to the parachutes and recovery harnesses (Figure 76). 

     
Figure 76: As-Built  Avionics Bay Bulkhead 

A four slotted terminal block was added to the outer surface of each bulkhead using a screw and nut in the 

small top-center hole. JB Weld was added on the nut to increase strength and to plug the hole, preventing 

gasses from the ejection charges from entering the avionics bay (Figure 77). 
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Figure 77: Avionics Bay Bulkhead with the Terminal Block 

3.1.5.2.4 Avionics Bay Sled 
The avionics bay sled was 3D printed using PETG filament with a 25% infill. The battery caps were printed 

with a 100% infill to ensure the altimeter batteries stayed secure during flight. The sled was printed in three 

parts to simplify manufacturing as the 3D printer utilized was not large enough to print the entire avionics 

sled in one piece (Figure 81). Following printing, the three pieces were combined to form a single large sled 

using two threaded rods that 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 altimeters, house the 9V batteries, and epoxy 

the keylock switches in the correct location. 

 

Figure 78: Avionics Bay Sled (Left) 
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Figure 79: Avionics Bay Sled (Middle) 

 

Figure 80: Avionics Bay Sled (Right) 
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Figure 81: Avionics Bay Sled with No Electronics 

3.1.5.2.5 Rail Button Mount 
The rail button mount consists of an in-house manufactured rail button standoff, a 1/4 -ςπȱ ÓÃÒÅ× ÁÎÄ ÍÏÕÎÔȟ 

and a rail button coupler reinforcement epoxied to the inner diameter of the airframe where the rail button 

standoff is mounted. Two sets of the rail button mount assembly were manufactured. One was placed on the 

central airframe and one on the aft airframe of the launch vehicle (Figure 82). 

 
Figure 82: Rail Button Mount Exploded View and Bill of Materials 
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3.1.5.2.5.1 Rail Button Standoff 
The rail button standoff was designed to follow an airfoil shape with rounded top edge to reduce drag and fit 

into standard 1515 rails. Moreover, the base of the rail button standoff was contoured to fit the 4.02 in 

diameter airframe (Figure 83). 

 
Figure 83: Rail Button Standoff Drawing 

To create the outer countered outlines and drilled hole, a CAM program was developed using Fusion 360 

with two different setups. The first setup of the rail button standoff consists of an initial facing pass using a 

1/2 in endmill, followed by contouring passes until 0.5 in deep into the stock. Then, a 2D contour operation 

using a 1 in diameter slot mill with a radius of 0.01 in and height of 0.125 in, was performed to create the slot 

that fits into the 1515 rails. The 1/2 in endmill was swapped back and the remaining contour was completed. 

To create the hole for the 1/4-20 fasteners, a 1/2 in 90 deg countersink drill and 0.266 in drill bit were used 

(Figure 84). 

 
Figure 84: Rail Button Standoff First Setup 

 

 
Figure 85: Rail Button 

Standoff Operation on CNC 
mill  

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 to fix the workpiece at a horizontal position. A 1/2 

in endmill was used to create the contour (Figure 86). 
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Figure 86: Rail Button Standoff Second Operation 

 
Figure 87: 3D Printed Soft Jaws 

Two rail button standoffs were manufactured, and the dimensions were verified (Figure 88). 

      
Figure 88: As-Built Rail Button Standoffs 

3.1.5.2.5.2 Rail Button Coupler Reinforcement 
A section of the 3.9 in coupler was cut to a length 1.5 in using the Roll-In 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 airframe. JB Weld was applied to the outer surface of the reinforcement 

and was then pressed against the airframe, allowing it to cure for at least 6 hours. An initial 0.25 in drill bit 

was used to create 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 mount and then pressed against the airframe, 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 section has a length of 24.5 in and contains the aft bulkhead, aft coupler, aft airframe, three 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 spaced fin slots 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 a diameter 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 epoxied 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 to the drogue 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 retainer (Figure 93, 

Figure 94). 

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

3.1.5.3.1 Aft Airframe 
The 4.02 in aft airframe was cut to a length of 24.5 using the Roll-In 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 other. The aft airframe 

was then mounted to V-shaped vise jaws on the manual mill to create the fin slots. Using 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. The additional support of both 

the V-shaped vise jaws and a bulkhead helped reduce deflection from occurring during drilling (Figure 95). 

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








































































































































































































































































































































































































































