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1. Summary of Report 

1.1 Team Summary 
Swamp Launch Rocket Team 

University of Florida ς MAE-C Room 134 

571 Gale Lemerand Drive 

Gainesville, FL 32611 

1.1.1 Team Mentor 
Jimmy Yawn 

NAR #85660, TRA#09266, Level 3 Certified 
jimmy.yawn@sfcollege.edu 
(352) 281-2025 

1.1.2 Launch Plans 

The ǘŜŀƳΩǎ final launch of the competition is anticipated to take place on 4/15/2023 at the primary 

competition launch field in Huntsville, AL. ¢ƘŜ ǘŜŀƳΩǎ ƭƻŎŀƭ ƭŀǳƴŎƘ ǎƛǘŜ ǿƛƭƭ ōŜ ǘƘŜ Tripoli Tampa Rocketry 

Association (Prefecture #17) site in Plant City, FL. 

1.1.3 Hours 
The total number of hours spent developing the CDR milestone was 515 hours. 

1.2 Launch Vehicle Summary 
Section Length (in) Mass (oz) 

Nosecone 18.0 26.9 

Forward 44.0 126.8 

Aft 53.0 266.4 

Total  115.0 420.0 
Table 1: Vehicle Dimensions 

The targe altitude of the launch vehicle is 4600 ft. The motor selected is the Aerotech L1090W. The 

vehicle does not have any ballast. The dry mass of the launch vehicle is 334.0 oz. The wet mass of the 

launch vehicle is 420.0 oz. The burnout mass is 371 oz. A 12 ft 1515 launch rail will be used. Two rail 

buttons will be used, one located at the center of gravity and another 4 in from the aft. 

1.3 Payload Summary 
Payload Title: InvestiGator  

The payload contains three camera systems aligned with each of the three fins, spaced 120° apart, so that 

one will always be normal to the ground upon landing. This is achieved through the natural orientation of 

the launch vehicle upon landing, as the vehicle will come to rest on two fins, leaving one oriented normal 

to the ground. Each camera system will have a camera housing that holds a camera, camera mount, and 

motors. Additionally, the payload includes an electronics sled that retains electronics for controlling the 

payload. An Inertial Measurement Unit (IMU) will detect the orientation of the launch vehicle and 

determine which camera to activate so that only one camera will be in use when taking photos of the 

surroundings. A Software Defined Radio (SDR) dongle will be incorporated in the payload to receive 

Automatic Package Reporting System (APRS) commands from NASA. The Raspberry Pi processes the 

digitalized APRS command and then sends the commands to the upright camera system. 

mailto:jimmy.yawn@sfcollege.edu
mailto:jimmy.yawn@sfcollege.edu
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2. Changes Made Since PDR 

2.1 Changes Made to Vehicle Criteria  
The length of the forward payload coupler was increased to 9.0 in. Previously, the forward payload coupler 

was 8.0 in long. This change was made to provide more space for the payload electronics and its retention 

system in the payload forward coupler.  

¢ƘŜ ǇŀȅƭƻŀŘ ŀŦǘ ŎƻǳǇƭŜǊΩǎ length was increased from 7.0 in to 8.0 in. The length of the aft payload coupler 

was increased to improve the structural integrity of the connection point between the payload and aft 

airframes.  

The length of the payload airframe increased from 25.0 in to 29.0 in to provide enough space for the 

payload housing since changing the couplers resulted in them occupying more space in the airframe. The 

length of the forward airframe was decreased from 27.0 in to 23.0 in to maintain the original length of 

launch vehicle. The nosecone coupler length was decreased from 6 in to 4 in. in order to maintain the 

same amount of space in the forward section for the parachute and recovery harness.   

The dimensions of the slots for the payload housings in the payload airframe were changed from 4.52 in 

by 1.73 in to 4.84 in by 1.65 in. This was altered so the camera system movement does not interfere with 

the airframe when it rotates out of the housing. The distances between each of the payload housing slots 

were decreased from 1.73 in to 1.16 in to fit all components in the payload airframe without interfering 

with the couplers. In addition, a 0.5 in thick bulkhead was added to the aft end of the forward payload 

coupler as part of the payload electronics retention system. 

The motor was changed from an Aerotech K1000 to an Aerotech L1090 to achieve the designated target 

apogee altitude of 4600 ft. The Aerotech K1000 did not supply the impulse needed to achieve this target 

apogee altitude, so it was determined that a higher impulse motor, the L1090, was necessary. A 2.242 in 

diameter motor tube was selected ǘƻ Ŏƻƴǘŀƛƴ ǘƘŜ ƳƻǘƻǊ ƛƴ ǘƘŜ ŀŦǘ ŀƛǊŦǊŀƳŜΦ {ƛƴŎŜ ǘƘŜ ƳƻǘƻǊ ǘǳōŜΩǎ ƭŜƴƎǘƘ 

was increased from 18 in to 26 in, a fourth centering was added to the forward end. This centering ring is 

in the aft payload coupler, so it has an inner diameter of 2.2 in and outer diameter of 3.8 in. The inner 

diameter of all centering rings was changed to 2.2 in.  

The location of the rail buttons changed as well. The forward rail button was moved to be located at the 

center of gravity, which is 8.80 in from the forward end of the payload airframe. The aft rail button was 

placed 4 in away from the aft end of the aft airframe instead of 12 in.  

The location of the main parachute separation point also changed from between the avionics bay and 

forward airframe to between the forward airframe and nosecone. This change was made so that the 

ejection charges could be positioned directly next to the avionics bay, minimizing the risk of them moving 

unexpectedly during flight or disconnecting the backup charges.  

2.2 Changes Made to Payload Criteria 
The payload housing design has changed to fit the true dimensions of the motors. The accommodated 

change in length includes a 0.62 in tall lip, extruded from the base of the housing. This change caused an 

addition to the payload housing to maximize available space. The drawing schematics provided by Uxcell 

did not include wiring dimensions, and so the design of the housing did not account for the protruding 

wires at the side of the motor. The new design accounts for those wires. 
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A push-button was added to each payload assembly to detect when the camera system rotates out of the 

airframe. If the solenoid failed and the stepper motor attempted to rotate the system about the z-axis, 

the stepper could break the camera system if attempting this. Upon releasing the solenoid, the button 

will be unpressed as the camera system rotates outward. Using this mechanism, the software will be able 

to include a safety feature that ensures the stepper will not attempt to rotate the camera system until it 

has rotated out of the airframe. This change is reflected in the Payload Housing drawing (Figure 19). 

The electrical schematic of the payload was changed due to the addition of 3 push buttons and a piezo. 

Three push buttons are used as feedback to make sure stepper motors do not turn the camera when they 

are locked inside the payload coupler. The piezo is used as output device to announce the state of payload. 

Three push buttons are simply connected to Raspberry Pi through GPIO (General Purpose Input Output) 

pins and a 10K pull-down resistor. The piezo is controlled through an N-Channel MOSFET gate that is 

connected to Raspberry Pi through a GPIO pin.  

The camera housing now features two rectangular holes for the electronics wires to fit through instead of 

one, since the motor drawings did not include schematics for the wiring. The dimensions for the second 

rectangular hole are 0.59 x 0.55 in. through the wall in the Payload Housing drawing (Figure 19).  

The spring-loaded hinge previously selected from McMaster-Carr did not include details of load capacity 

or spring constant. It was decided to manufacture a spring-hinge by modifying hinge pieces and winding 

a coil. After testing, it was determined that the solenoid has a safe maximum load capacity of 7.94 oz. The 

minimum torque required for the spring was calculated to be 0.375 lb-in. This was calculated after finding 

a safe distance of 3.94 in and load mass of 1.5238e-3 oz. The maximum torque allowed for the given 

solenoid was found using the maximum load capacity of 7.94 oz. From this range of tolerances, it was 

decided to make a spring-hinge using spring wire for the coil and steel plates for the hinge to weld 

together. 

The footprints of electrical parts are also changed due to the inaccurate dimensions provided by the 

manufacturers. Each electrical part is measured using a caliper and a custom footprint is created in Altium 

to make sure the PCB (Printed Circuit Board) will fit all the components.  

The shape and layout of the PCB are also changed due to the height constraints of payload coupler. The 

XL6009 Boost Power Converter and 3 ULN2003 Stepper Motor Controllers are placed in the middle of the 

PCB. The hole location of the bulkhead is also moved down by 0.2 inch to give more space for these 

electrical parts.  

2.3 Changes Made to Project Plan 
Various changes to the project plan have taken place since the PDR milestone regarding team structure 

and funding.  

With respect to the team structure, the ǘŜŀƳΩǎ ŀŘǾƛǎƻǊ is now solely Dr. Sean Niemi, instead of both Dr. 

Niemi and Dr. Richard Lind. Also, the team is welcoming a new subteam lead to the flight dynamics team: 

Mary Rowe. 

Additionally, oƴŜ ƻŦ ǘƘŜ ǘŜŀƳΩǎ ǎǇƻƴǎƻǊǎΣ .ƭǳŜ hǊƛƎƛƴΣ Ƙŀǎ increased their initial sponsorship by $1000, 

which allocates $500 to the USLI project budget. ¢ƘŜ ǘŜŀƳΩǎ ōǳŘƎŜǘ ŀƭǎƻ ŘŜŎǊŜŀsed to $6800.00 on 

account of eliminating the necessity of new motor hardware. 
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3. Vehicle Criteria 

3.1 Design and Verification of Launch Vehicle 

3.1.1 Mission Statement 
The mission of the launch vehicle is to perform a safe and successful flight and carry the payload and 

electronics without any damage. The mission success criteria includes that the launch vehicle will reach 

an altitude of 4600 ft., deploy recovery systems upon descent, and complete the payload mission once 

the vehicle has safely landed. For the flight to be a success, it must be recoverable, reusable, and not 

sustain irreparable damage.  

3.1.2 Final Design 
The final design of the launch vehicle is composed of three sections: a nosecone section, a forward section, 

and an aft section (Figure 1). An avionics bay, which contains components relating to the recovery system, 

is located in the forward section. There is also a payload airframe, which contains the payload housings, 

payload electronics, and payload retention system, in the aft section.  

 

 

Figure 1: Launch Vehicle modeled in Fusion360 (above) & OpenRocket (below) 

One alternative design that was considered included externally mounted camera systems located in the 

aft section. While the payload design would have been mechanically simpler compared to the final design, 

it would have caused issues with aerodynamics and become over stable. Another design that was 

considered included three cameras in the aft section aligned with the fins, similar to the final design. Upon 

landing, the cameras would extend radially outward using linear actuators. This design was not selected 

due to the extra weight from the linear actuators and insufficient space to store the camera system and 

motors.  

3.1.2.1 Nosecone Section 

The nosecone section consists of a 4 in diameter 4.5:1 Von Karman nosecone, a nosecone coupler, a 

bulkhead, and a Big Red Bee 900 GPS (Figure 2). The nosecone is made of G12 fiberglass and has a metal 

tip. The G12 fiberglass nosecone coupler is 4 in long and connects to the nosecone with three plastic 

rivets. A type II PVC bulkhead is epoxied in place inside of the nosecone coupler. A ¼-20 steel eyebolt is 

secured to the bulkhead using a hex nut and is epoxied in place. The eyebolt attaches to the recovery 

harness to keep the nosecone section connected to the forward section after main parachute 

deployment. A Big Red Bee 900 GPS is located in the nosecone and secured using Velcro tape.  
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Figure 2: Assembly Drawing of Nosecone Section 

3.1.2.2 Forward Section 

The forward section consists of a forward airframe, avionics bay, and central airframe (Figure 3). The 

airframe and couplers are made of G12 fiberglass. The two avionics bay bulkheads are made of type II 

PVC. The forward section will connect to the nosecone section using three 2-56 nylon shear pins. The 

avionics bay consists of a coupler, a switchband, two type II PVC bulkheads, two ¼-20 eyebolts, and 

avionics hardware. The switchband is epoxied onto the coupler with RocketPoxy. Each end of the coupler 

is sealed with a bulkhead. The ¼-20 eyebolts are attached to the bulkheads and secured in place with a ¼-

20 hex nut and RocketPoxy. The eyebolts connect to the recovery harnesses to keep the forward section 

connected to the nosecone section and aft section upon separation. Inside of the avionics bay there is a 

3D printed PETG sled that secures the avionics components in place. The sled is connected to the two 

avionics bay bulkheads using two ¼-20 threaded rods. The threaded rods also keep the avionics bay 

bulkheads secure. The avionics bay is connected to the forward and central airframe with three equally 

spaced rivets on each side.  
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Figure 3: Assembly Drawing of Forward Section 

3.1.2.3 Aft Section 

The aft section consists of a payload bay, a payload airframe, three payload housings, a payload aft 

coupler, an aft airframe, a motor assembly, three fins, and two rail buttons (Figure 4). The aft section is 

connected to the forward section using three 2-56 nylon shear pins. The payload bay is secured to the 

payload airframe using three plastic rivets. The payload bay contains a sled for the electronics retention 

system. This sled is retained in the coupler using two ¼-20 threaded rods that are secured to the 

bulkheads. The forwardmost payload bay bulkhead has an eyebolt that is epoxied in place. This eyebolt 

will be used to attach the recovery harness. The payload airframe features three rectangular slots that are 

equally spaced radially and are linearly offset from each other (Figure 5). The airframe contains three 

payload housings, that will be attached to the airframe using 8-32 screws. The payload aft coupler 

connects the payload airframe to the aft airframe with three rivets.  The coupler and airframe are attached 

using three rivets. The aft end of the aft payload coupler is epoxied into the aft airframe. The aft airframe 

contains the motor assembly and fins. The motor assembly consists of a G12 fiberglass motor tube and 

four plywood centering rings. The three G10 fiberglass fins are attached through the wall of the airframe 

and are secured in place both externally and internally using RocketPoxy and JBWeld, respectively. The 

forward and aft rail buttons are attached to the payload airframe and the aft airframe, respectively.  
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Figure 4: Aft Section Assembly Drawing 

 

Figure 5: Payload Airframe Assembly Drawing 
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3.1.3 Separation Points 
The launch vehicle will have two separation points. Black powder ejection charges will be used to cause 

separation. Each separation point will use two ejection charges as a redundancy, and each secondary 

ejection charge will be 25% larger than its respective primary charge to ensure that separation occurs. 

Expected masses for all ejection charges are presented (Table 2). 

Ejection Charge Masses 

 Primary (g) Secondary (g) 

1st separation point 1.7 2.1 

2nd separation point 2.8 3.5 
Table 2: Ejection Charge Masses 

The ejection charge masses were calculated using the ideal gas law, which relates pressure in the 

parachute compartment (P) or the force required to eject the parachute per unit of cross-sectional 

bulkhead area (F/A), volume of the parachute compartment (V), ejection charge mass (m), the specific gas 

constant for black powder (R), and the burning temperature (T) for black powder (Equation 1). The specific 

gas constant is 5.979 
 Ͻ 

 Ͻ Ј
 and the burning temperature for black powder is 3307 °R. The force required 

to separate was set to 96.5 lb, which is enough force to shear three shear pins. 

ὖὠ
Ὂ

ὃ
ὠ άὙὝ 

Equation 1: Ideal Gas Law 

Parachute compartment volume was calculated using the formula for a cylinder, and Equation 1 was 

rearranged to solve for m. 

The force required to shear a single shear pin was calculated with Equation 2, where „ is the tensile 

strength of the material and ὃ is the minimum cross-sectional area. The shear pins that will be used are 

2-56 nylon fasteners. They have a minor diameter of 0.064 in and a shear strength of 10,000 psi, which 

yields a required force of 32.17 lbs for a single shear pin. 

Ὂ  „ὃ 

Equation 2: Shear Force 

The first separation point is between the central airframe and aft section. This separation will deploy the 

drogue parachute. The second separation point is between the nosecone and forward section (Figure 6). 

This separation will deploy the main parachute. The second separation point was changed from between 

the avionics bay and forward airframe to between the forward airframe and nosecone so that the ejection 

charges could be positioned directly next to the avionics bay, minimizing the risk of them moving 

unexpectedly during flight or separation events. 
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Figure 6: Separation Points 

 

The first separation event will separate the central airframe and aft section, deploying the drogue 

parachute (Figure 7). This event will occur at apogee. The ejection charges for this event will be directly 

aft of the avionics bay and forward of the drogue parachute. The secondary charge will go off 1 second 

after apogee. A recovery harness will be used to connect the separated sections of the launch vehicle to 

each other and to the drogue parachute.  

 

Figure 7: First Separation Event 

The second separation event will separate the forward airframe and nosecone, deploying the main 

parachute (Figure 8). This event will occur at an altitude of 600 ft AGL, and the secondary ejection charge 

will go off at a delay of 50 ft, or an altitude of 550 ft. Both the primary and secondary ejection charges for 

this event will be directly forward of the avionics bay. 

 

Figure 8: Second Separation Event 
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Quick links will be used to connect the recovery harness to eyebolts on the avionics bulkheads, payload 

bulkhead, nosecone bulkhead, and to the parachutes. The quick links will be oval shaped with a length of 

2 in, a thickness of 9/32 in, and a carrying capacity of 1000 lbs. The quick link for the parachutes will be 

tied to the recovery harness 1/3 of the way from forward section to prevent the separated sections from 

colliding with each other during descent (Figure 9). 

 

Figure 9: Vehicle Orientation After Parachute Deployment 

3.1.4 Manufacturing Methods 
The launch vehicle was modeled using Fusion360 and detailed drawings were created to aid with 

manufacturing. Assembly drawings were created to aid in building the launch vehicle once components 

are manufactured. All members who participated in manufacturing must have worn proper PPE, which 

included safety glasses, long pants, and closed-toe shoes. To use the machinery in the workspace, 

participants completed the required training which explains the safety hazards, proper use of the 

machinery, and emergency procedures. Depending on the material being used, other additional safety 

measures were taken.  

3.1.4.1 Nosecone Section 

To construct the nosecone section, an off-the-shelf nosecone needs to be purchased and the nosecone 

bulkhead and shoulder need to be manufactured. Rivet holes are drilled into both the nosecone and 

nosecone shoulder, so rivets can be installed to attach them together. Shear pin holes need to be drilled 
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into the nosecone coupler so it can be attached to the forward airframe. To manufacture the nosecone 

section, a lathe, Roll-In bandsaw, and power tools are used.  

3.1.4.1.1 Nosecone 

The nosecone shoulder is manufactured using the Roll-In bandsaw and power tools. (Figure 10).  

 

Figure 10: Nosecone Drawing 

1. Put on safety glasses and respirator.  

2. Mark three rivet holes 120.0° apart and 17.00 in from the tip of the nosecone.  

3. Measure and mark 4.0 in of the nosecone coupler.  

4. Clamp nosecone coupler in the Roll-In bandsaw vise.  

5. Turn on vacuum and place near cutting area for fiber evacuation.  

6. Cut nosecone coupler to size using the Roll-In bandsaw.  

7. Debur edges of the coupler using 80-100 grit sandpaper.  

8. Insert nosecone shoulder into the nosecone.  

9. Clamp nosecone in a vise.  

10. Drill one 0.154 in hole at a marked rivet hole.  

11. Sand holes until smooth using sandpaper. 

12. Insert a rivet into the drilled hole.  

13. Repeat steps 12-14 until all three holes are drilled.  

14. Clean machinery, work area, and workpiece.  

3.1.4.1.2 Nosecone Bulkhead 

A 0.25 in thick nosecone bulkhead was manufactured by using a lathe, Roll-In bandsaw, and power tools 

(Figure 11).  
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Figure 11: Nosecone Bulkhead Drawing 

1. Put on safety glasses. 

2. Measure raw type II PVC stock. Ensure there is at least 2.0 in of material to machine and at least 

1 in to clamp into the chuck. 

3. Measure nosecone shoulder inner diameter and PVC stock to determine the amount of material 

to remove.  

4. Load stock into chuck and clamp material securely.  

5. Load turning/facing tool into lathe tool post and ensure that it is aligned with spindle axis.    

6. Lower safety guard to cover stock and chuck.  

7. Turn lathe into high range and turn on machine.  

8. Set speed to 800 RPM. 

9. Turn the stock 0.25 in deep using 0.050 in roughing passes with auto feed. Use oil for all roughing 

passes.  

10. Measure diameter of stock with calipers and test the fit of the stock with the nosecone shoulder.  

11. Repeat steps 8-10 until ǎǘƻŎƪΩǎ ŘƛŀƳŜǘŜǊ is about 0.1 in larger than inner diameter of the shoulder.  

12. Turn the stock using 0.020 in or less finishing passes with auto feed.  

13. Measure the diameter of the stock with calipers and test the fit of the stock with nosecone 

shoulder.  

14. Repeat steps 12-13 until stock fits in nosecone shoulder.  

15. Load the center drill into the tailstock and center drill the part. Oil must be used during all drilling 

operations.  

16. Remove the center drill and load the 0.25 in drill bit into tailstock. Drill 0.25 in deep through the 

center.  
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17. Remove the 0.25 in drill bit and load the 0.257 in drill bit into tailstock. Drill 0.257 in deep through 

the center.  

18. Remove the workpiece and the tools.  

19. Measure and mark 0.25 in. in length from the end of the material.  

20. Clamp material into bandsaw vise.  

21. Place oil onto material where the blade will cut and cut to size using the Roll-In bandsaw. 

22. Clean machines and work area.  

23. Clean workpiece and sand edges.  

3.1.4.1.3 Nosecone Section Assembly 

The steps necessary to assembly the nosecone section is listed (Figure 2).  

1. Put on gloves in preparation for epoxying.  

2. Attach an eyebolt to the bulkhead and secure with a nut.  

3. Apply RocketPoxy around the eyebolt and nut.  

4. Allow epoxy to cure for at least 6 hours.  

5. Sand interior nosecone shoulder and nosecone bulkhead. Clean sanded area with paper towel to 

remove extra dust. 

6. Apply RocketPoxy to the sanded area in the nosecone.  

7. Insert bulkhead and twist into place.  

8. Apply RocketPoxy between coupler and bulkhead to create a fillet.  

9. Allow epoxy to cure for at least 6 hours.  

3.1.4.2 Forward Section 

The forward section consists of the forward airframe, the avionics bay coupler, avionics bay switchband, 

and two avionic bulkheads (Figure 3). The components are manufactured using a milling machine, lathe, 

Roll-In bandsaw, and power tools.  

3.1.4.2.1 Forward Airframe 

The forward airframe is manufactured using a bandsaw and power tools (Figure 12).   
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Figure 12: Forward Airframe Drawing 

1. Put on safety glasses.  

2. Measure and mark a length of 23.0 in on a G12 fiberglass airframe.  

3. Put on respirator. Turn on vacuum and place near Roll-In bandsaw blade.  

4. Cut airframe to size using bandsaw.  

5. Debur edges of the airframe using 80-100 grit sandpaper.  

6. Mark three shear pin holes that are 120.0° apart and 1.00 in from the forward end of the airframe.  

7. Mark three rivet holes that are 120.0° apart and 21.00 in from the forward end of the airframe.  

8. Clean machinery, work area, and workpiece.  

3.1.4.2.2 Avionics Switchband 

The avionics switchband is manufactured using the Roll-In bandsaw and power tools (Figure 13).  
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Figure 13: Avionics Switchband Drawing 

1. Put on safety glasses.  

2. Measure and mark 1.0 in of airframe.  

3. Put on respirator. Turn on vacuum and place near cutting area. 

4. Cut airframe to size using bandsaw.  

5. Clean machinery and workpiece.  

6. Debur edges using 80-100 grit sandpaper.  

7. Mark two 0.625 in diameter holes, 90.0° apart, and 0.5 in from bottom of airframe.  

8. Mark four 0.063 in diameter holes, 90.0° apart, and 0.5 in from bottom of part.  

9. Clean work area. 

3.1.4.2.3 Avionics Coupler 

The avionics coupler is made by using the Roll-In bandsaw to cut to length. Holes for the keylock switches, 

rivets, and pressure points are also drilled (Figure 14).  
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Figure 14: Avionics Coupler Drawing 

1. Put on safety glasses.  

2. Measure and mark 9.0 in of coupler.  

3. Put on respirator. Turn on vacuum and place near cutting area.  

4. Cut coupler to size using Roll-In bandsaw.  

5. Clean machinery and workpiece.  

6. Debur edges of coupler using 80-100 grit sandpaper.  

7. Mark two lines onto the coupler: one at 4.0 in and another at 5.0 in from the aft end of the 

coupler.  

3.1.4.2.4 Avionics Bulkheads 

The avionics bulkheads are manufactured using the lathe, Roll-In bandsaw, and mill (Figure 15).    
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Figure 15: Avionics Bulkhead Drawing 

1. Put on safety glasses. 

2. Measure raw type II PVC stock. Ensure there is at least 2.0 in of material to machine and at least 

1 in to insert into chuck. 

3. Measure inner diameter of forward airframe and diameter of PVC to know how much material to 

remove.  

4. Load stock into chuck and clamp material securely.  

5. Load turning/facing tool into lathe tool post and ensure that it is aligned with spindle axis.    

6. Lower safety guard to cover stock and chuck.  

7. Turn lathe into high range and turn on machine.  

8. Set speed to 800 RPM. 

9. Turn the stock 0.5 in using 0.050 in rough passes with auto feed. Use oil during rough passes.  

10. Turn off machine, measure the diameter of the stock using calipers, and test the fit of the stock 

with the airframe.  

11. Repeat steps 8-9 until material is about 0.1 in away from the inner diameter of the airframe.  

12. Turn the stock using 0.020 in or less finishing passes with auto feed.  

13. Measure stock with calipers and test the fit of the stock with airframe.  

14. Repeat steps 11-13 until stock fits in airframe. 

15. Turn the stock 0.25 in using 0.05 in rough passes with auto feed. Use oil during rough passes.  

16. Turn off machine and test the fit of the stock with the avionics coupler.  
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17. Repeat steps 15-16 until material is about 0.1 in away from the diameter of the avionics coupler.  

18. Turn the stock using 0.020 in or less finishing passes with auto feed.  

19. Measure the diameter of the stock using calipers and test the fit of the stock with avionics coupler.  

20. Repeat steps 18-19 until stock fits in avionics coupler. 

21. Load the center drill into the tailstock and center drill the part. Oil must be on drill bit during all 

drilling operations.  

22. Remove the center drill and load the 0.5 in drill bit into tailstock. Drill 0.5 in deep through the 

center.  

23. Remove the 0.25 in drill bit and place 0.257 in drill bit into tailstock. Drill 0.5 in deep through the 

center.  

24. Remove the workpiece and the tools.  

25. Measure and mark 0.5 in on the material.  

26. Clamp material into bandsaw vise.  

27. Place oil onto material where the blade will cut and cut into size using the Roll-In bandsaw. 

28. Remove workpiece from vise.  

29. Load the workpiece into milling machine vise using v-blocks.  

30. Load a keyless chuck into the spindle with a cylindrical edge finder.  

31. Zero the part with cylindrical edge finder using center hole.  

32. Remove the edge finder and load a center drill into chuck. Place oil on bulkhead face.  

33. Locate and center drill all holes.  

34. Remove the center drill and load a 0.25 in drill bit into the chuck. Drill four thru holes.  

35. Remove the 0.25 in drill bit and load a 0.257 in drill bit into the chuck. Drill four thru holes.  

36. Remove the 0.257 in drill bit and load a 0.136 in drill bit into the chuck. Drill a hole.  

37. Remove the part and tools.  

38. Clean machines and work area.  

39. Clean workpiece and sand edges.  

40. Repeat steps 1-39 for second avionics bulkhead.  

3.1.4.2.5 Avionics Bay Assembly 

The procedure to assembly the avionics bay is listed. To assemble the avionics bay power tools are 

needed.    

1. Wear gloves in preparation for epoxy.  

2. Sand outer diameter of avionics coupler and inner diameter of the switchband.  

3. Clean sanded area.  

4. Place tape on the aftmost marked switchband line.  

5. Apply RocketPoxy between the marked switchband lines.  

6. Twist the switchband into place.  

7. Remove tape and clean any excess epoxy. 

8. Allow RocketPoxy to cure for at least six hours. 

9. Clamp the component into the vise.  

10. Drill a 0.25 in hole in one of the marked keylock switches on the avionics bay switchband.  

11. Drill the hole up to 0.368 in.  

12. Drill the hole up to 0.625 in.  

13. Debur the hole. 
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14. Repeat steps 10-13 for the second keylock switch hole.  

15. Drill a 0.060 in hole into one of the marked pressure holes.  

16. Debur the hole.  

17. Repeat steps 15-16 until all four pressure holes are drilled.    

18. Clean the part and tools.  

3.1.4.2.6 Central Airframe 

The central airframe is made by using the Roll-In bandsaw and power tools (Figure 16).  

 

Figure 16: Central Airframe Drawing 

1. Put on safety glasses.  

2. Measure and mark 20.0 in on a G12 fiberglass airframe.  

3. Put on respirator. Turn on vacuum and place near Roll-In bandsaw blade.  

4. Cut airframe to size using bandsaw.  

5. Sand edges of the airframe until smooth using 80-100 grit sandpaper.  

6. Mark three rivet holes that are 120.0° apart and 2.00 in from the forward end of the airframe.  

7. Mark three rivet holes that are 120.0° apart and 18.00 in from the forward end of the airframe.  

8. Clean machinery, work area, and workpiece.  

3.1.4.2.7 Forward Assembly 

The procedure to assembly the forward section is provided below (Figure 3).  

1. Insert the avionics bay 4.5 in into the forward airframe.  

2. Secure component into a vise.  

3. Drill a 0.154 in hole into a marked rivet hole.  
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4. Debur the hole.  

5. Insert a rivet into the drilled hole.  

6. Repeat steps 3-5 until all rivet holes are drilled.  

7. Remove from vise. 

8. Insert the aft end of avionics bay coupler 4.5 in into the central airframe.  

9. Secure component into a vise.  

10. Drill a 0.154 in hole into a marked rivet hole.  

11. Debur the hole.  

12. Insert a rivet into the drilled hole.  

13. Repeat steps 10-12 until all rivet holes are drilled.  

14. Remove from vise.  

3.1.4.3 Aft Section 

The aft section consists of a payload bay, payload airframe, payload aft coupler, aft airframe, three fins, 

and a motor assembly. The payload bay has two bulkheads and a coupler. The motor assembly has four 

centering rings and a motor tube. The tools and machines that will be used to manufacture the parts 

include a milling machine, lathe, bandsaw, abrasive waterjet, and power tools.  

3.1.4.3.1 Payload Airframe 

The payload airframe is manufactured using a Roll-In bandsaw, Dremel, and a power drill (Figure 17, Figure 

18).   

 

Figure 17: Payload Airframe Drawing 
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Figure 18: Payload Airframe Drawing Side View 

1. Put on safety glasses.  

2. Measure and mark 29.0 in on a G12 fiberglass airframe.  

3. Put on respirator. Turn on vacuum and place near Roll-In bandsaw blade.  

4. Cut airframe to size using bandsaw.  

5. Sand edges of the airframe until smooth using 80-100 grit sandpaper.  

6. Mark three rivet holes that are 120.0° apart and 2.50 in from the forward end of the airframe.  

7. Mark three rivet holes that are 120.0° apart and 27.00 in from the forward end of the airframe.  

8. Mark a rail button hole 8.80 in away from the forward end of the payload airframe.  

9. Drill a 0.250 in diameter hole through the rail button hole. 

10. Drill a 0.316 in through the same hole.  

11. Debur the hole. 

12. Mark the three slots 120.0° apart.  

13. Use the Dremel to cut the marked slots. 

14. Mark the six screw holes for the payload housings.  

15. Drill a 0.217 in diameter hole through the screw hole mark using a power drill.  

16. Repeat step 14 until all drill holes are made.  

17. Debur all holes. 

18. Sand inner diameter of airframe near the rail button hole using 80-100 grit sandpaper.  

19. Clean the airframe.  

20. Put on gloves in preparation for epoxy.  

21. Apply RocketPoxy on a 1/4-20 t-nut. 

22. Insert t-nut into drilled hole.  

23. Clean machinery, work area, and workpiece.  
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3.1.4.3.2 Payload Bay Coupler 

The payload coupler is manufactured using a Roll-In bandsaw and power tools (Figure 19).  

 

Figure 19: Payload Bay Drawing 

1. Put on safety glasses.  

2. Measure and mark 9.0 in on 3.898 in diameter coupler.  

3. Put on respirator. Turn on vacuum and place near cutting area.  

4. Cut coupler to size using Roll-In bandsaw.  

5. Clean machinery and workpiece.  

6. Sand edges of coupler using 80-100 grit sandpaper until smooth.  

3.1.4.3.3 Payload Bay Forward Bulkhead 

The payload bay forward bulkhead is manufactured using a lathe, Roll-In bandsaw, and milling machine 

(Figure 20).  
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Figure 20: Payload Bay Forward Bulkhead Drawing 

1. Put on safety glasses. 

2. Measure raw type II PVC stock. Ensure there is at least 2.0 in of material to machine and at least 

1 in to insert into chuck. 

3. Measure inner diameter of central airframe and diameter of PVC to know how much material to 

remove.  

4. Load stock into chuck and clamp material securely.  

5. Load turning/facing tool into lathe tool post and ensure that it is aligned with spindle axis.    

6. Lower safety guard to cover stock and chuck.  

7. Turn lathe into high range and turn on machine.  

8. Set speed to 800 RPM. 

9. Turn the stock 0.5 in deep using 0.05 in rough passes with auto feed. Use oil during rough passes.  

10. Turn off machine, measure the stock using calipers, and test the fit of the stock with the airframe.  

11. Repeat steps 8-9 until material is about 0.1 in larger than the inner diameter of the airframe.  

12. Turn the stock using 0.020 in or less finishing passes with auto feed.  

13. Test the fit of the stock with airframe.  

14. Repeat steps 12-13 until stock fits in airframe. 

15. Turn the stock 0.3 in deep using 0.05 in rough passes with auto feed. Use oil during rough passes.  

16. Turn off machine and test the fit of the stock with the payload bay coupler.  

17. Repeat steps 15-16 until material is close to size of the inner diameter of the payload bay coupler.  

18. Turn the stock using 0.020 in or less finishing passes with auto feed.  

19. Measure the stock using calipers and test the fit of the stock with payload bay coupler.  
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20. Repeat steps 18-19 until stock fits in payload coupler. 

21. Load the center drill into the tailstock and center drill the part. Oil must be used during all drilling 

operations.  

22. Remove the center drill and load the 0.5 in drill bit into tailstock. Drill 0.5 in deep through the 

center.  

23. Remove the 0.25 in drill bit and place 0.257 in drill bit into tailstock. Drill 0.5 in deep through the 

center.  

24. Remove the workpiece and the tools.  

25. Measure and mark 0.5 in on the material.  

26. Clamp material into bandsaw vise.  

27. Place oil onto material where the blade will cut and cut into size using the Roll-In bandsaw. 

28. Remove workpiece from vise.  

29. Load the workpiece into milling machine vise using v-blocks.  

30. Load a keyless chuck into the spindle with a cylindrical edge finder.  

31. Zero the part with cylindrical edge finder using center hole.  

32. Remove the edge finder and load a center drill into chuck. Place oil on bulkhead face.  

33. Locate and center drill all holes.  

34. Remove the center drill and load a 0.25 in drill bit into the chuck. Drill two thru holes.  

35. Remove the 0.25 in drill bit and load a 0.257 in drill bit into the chuck. Drill two thru holes.  

36. Remove the part and tools.  

37. Clean machines and work area.  

38. Clean workpiece and sand edges.  

3.1.4.3.4 Payload Bay Aft Bulkhead 

The payload aft bulkhead was manufactured using the lathe, Roll-In bandsaw, and a milling machine 

(Figure 21).  
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Figure 21: Payload Aft Bulkhead 

1. Put on safety glasses. 

2. Measure raw type II PVC stock. Ensure there is at least 2 in of material to machine. 

3. Measure inner diameter of payload airframe and diameter of PVC to know how much material to 

remove.  

4. Load stock into chuck and clamp material securely.  

5. Load turning/facing tool into lathe tool post and ensure that it is aligned with spindle axis.    

6. Lower safety guard to cover stock and chuck.  

7. Turn lathe into high range and turn on machine.  

8. Set speed to 800 RPM. 

9. Turn the stock 0.5 in deep using 0.05 in rough passes with auto feed. Use oil during rough passes.  

10. Turn off machine and test the fit of the stock with the airframe.  

11. Repeat steps 9-10 until material is close to size of the inner diameter of the airframe.  

12. Turn the stock using 0.020 in or less finishing passes with auto feed.  

13. Test the fit of the stock with airframe.  

14. Repeat steps 12-13 until stock fits in airframe. 

15. Turn the stock 0.3 in deep using 0.05 in rough passes with auto feed. Use oil during rough passes.  

16. Turn off machine, measure the stock using calipers, and test the fit of the stock with the payload 

bay coupler.  

17. Repeat steps 15-16 until material is 0.1 in larger than the inner diameter of the payload bay 

coupler.  

18. Turn the stock using 0.020 in or less finishing passes with auto feed.  
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19. Measure the stock using calipers and test the fit of the stock with payload bay coupler.  

20. Repeat steps 18-19 until stock fits in payload coupler. 

21. Load the workpiece into milling machine vise using v-blocks.  

22. Load a keyless chuck into the spindle with a cylindrical edge finder.  

23. Zero the part with cylindrical edge finder.  

24. Remove the edge finder and load a center drill into chuck. Place oil on bulkhead face.  

25. Locate and center drill all holes.  

26. Remove the center drill and load a 0.25 in drill bit into the chuck. Drill two thru holes.  

27. Remove the 0.25 in drill bit and load a 0.257 in drill bit into the chuck. Drill two thru holes. 

28. Zero the part using the center of the left 0.257 in hole.  

29. Remove 0.257 in drill bit and load an endmill into the chuck.  

30. Cut slots on part using endmill.  

31. Remove the part and tools.  

32. Clamp material into bandsaw vise.  

33. Place oil onto material where the blade will cut and cut to size using the bandsaw. 

34. Remove the part from the vise.  

35. Clean machines and work area.  

36. Clean workpiece and sand edges with 80-100 grit sandpaper.  

3.1.4.3.5 Payload Aft Coupler 

The payload aft coupler is manufactured using a Roll-In bandsaw and power tools (Figure 22).  

 

Figure 22: Payload Aft Coupler 
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1. Put on safety glasses.  

2. Measure and mark 8.0 in on 3.898 in diameter coupler.  

3. Put on respirator.  

4. Turn on vacuum and place near cutting area.  

5. Cut coupler to size using Roll-In bandsaw.  

6. Clean machinery and workpiece.  

7. Sand edges of coupler using 80-100 grit sandpaper until smooth.  

3.1.4.3.6 Fins  

The three fins are manufactured using an abrasive waterjet (Figure 23). 

 

Figure 23: Fin Drawing 

1. Put on safety glasses. 

2. Model a fin in Solidworks and export file to a 1:1 .dxf file.  

3. Put on ear protection.  

4. Create cutting path for three fins and save as .ord file.  

5. Open .ord file and select material type and thickness.  

6. Place and clamp material in cutting area.  

7. Verify material is aligned with x and y axes of work area.  

8. Set z-axis of water jet nozzle.  

9. Run the waterjet and cut the path.  

10. Remove material.  
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11. Clean machinery, work area, and workpiece.  

12. Sand fins using 80-100 grit sandpaper.  

3.1.4.3.7 Aft Airframe  

The aft airframe was manufactured using a Roll-In bandsaw, milling machine, and power tools (Figure 24). 

 

Figure 24: Aft Airframe Drawing 

1. Put on safety glasses.  

2. Measure and mark 23.0 in on a G12 fiberglass airframe.  

3. Put on respirator. Turn on vacuum and place near Roll-In bandsaw blade.  

4. Cut airframe to size using bandsaw.  

5. Sand edges of the airframe until smooth using 80-100 grit sandpaper.  

6. Mark three rivet holes that are 120.0° apart and 2.00 in from the forward end of the airframe.  

7. Mark a rail button hole 19.00 in from the forward end of the airframe between two fins. 

8. Ensure both rail button holes align.  

9. Clamp component into vise.  

10. Drill a 0.25 in diameter hole through the rail button hole. 

11. Drill the hole up to 0.316 in. 

12. Debur the hole. 

13. Remove airframe from the vise.  

14. Mark three fin slots, 120.0° apart and 22.25 in from the forward end of the airframe.  

15. Load workpiece into milling machine custom vise.  

16. Load a keyless chuck into the spindle with a cylindrical edge finder.  

17. Zero the part using the v-blocks and aft end of airframe.  
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18. Remove the cylindrical edge finder and load a 1/8 in endmill into the chuck.  

19. Cut the fin slot with the endmill along the markings. 

20. Debur the slot.  

21. Measure thickness of fins and slot using calipers.  

22. Test the fit of the fins in slot.  

23. Remove endmill from spindle.  

24. Repeat steps 11-18 until all three fin slots are completed.  

25. Remove part and tools from milling machine.  

26. Sand inner diameter of airframe near the rail button hole using 80-100 grit sandpaper.  

27. Clean the airframe.  

28. Put on gloves in preparation for epoxying.  

29. Apply RocketPoxy on a 1/4-20 t-nut.   

30. Insert t-nut into drilled hole and allow RocketPoxy to cure for 6 hours.  

31. Clean machinery, work area, and workpiece.  

3.1.4.3.8 Centering Rings 

The four centering rings are manufactured using an abrasive waterjet (Figure 25).  
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Figure 25: Centering Rings Drawing 
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1. Put on safety glasses. 

2. Model a centering ring in Solidworks and export file to a 1:1 .dxf file.  

3. Put on ear protection.  

4. Create cutting path for three centering rings and save as .ord file.  

5. Open .ord file and select material type and thickness.  

6. Place and clamp material in waterjet area.  

7. Verify material is aligned with x and y axes of work area.  

8. Set z-axis of water jet nozzle.  

9. Run the waterjet and cut the path.  

10. Repeat steps 4-9 for the forward centering ring.  

11. Remove material.  

12. Clean machinery, work area, and workpiece.  

13. Sand centering rings using 80-100 grit sandpaper. 

3.1.4.3.9 Motor Tube 

The motor tube was manufactured using a bandsaw (Figure 26).  

 

Figure 26: Motor Tube Drawing 

1. Put on safety glasses.  

2. Measure and mark 26.0 in on 2.24 in diameter fiberglass motor tube.  

3. Put on respirator. Turn on vacuum and place near Roll-In bandsaw blade.  

4. Cut motor tube to size using bandsaw.  

5. Sand edges of the motor tube until smooth using 80-100 grit sandpaper.  
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3.1.4.3.10 Motor Tube Assembly   

1. Put on gloves in preparation for epoxying.  

2. Mark a line 9.75 in away from the aft end of the motor tube for the central centering rings.  

3. Apply a layer of epoxy.  

4. Twist the central centering ring in place 10.25 in away from the aft end of the motor tube.  

5. Mark a line 17.50 in away from the aft end of the motor tube for the second central centering 

rings.  

6. Apply a layer of epoxy.  

7. Twist the second central centering ring in place 17.50 in away from the aft end of the motor tube 

for the second central centering rings. 

8. Apply epoxy at the forward end of the motor tube.  

9. Twist the forward centering in place flush with the end of the motor tube.  

10. Allow epoxy to cure for at least 6 hours.  

3.1.4.3.11 Aft Assembly 

1. Secure three payload housings in payload airframe with 8-32 screws. 

2. Insert the payload bay coupler 5.0 in into the payload airframe.  

3. Secure component into a vise.  

4. Drill a 0.154 in hole into a marked rivet hole.  

5. Debur the hole.  

6. Insert a rivet into the drilled hole.  

7. Repeat steps 4-6 until all rivet holes are drilled.  

8. Remove from vise.  

9. Insert the payload aft coupler 4.0 in into the aft end of the payload airframe. 

10. Secure component into vise.  

11. Drill a 0.154 in hole into a marked rivet hole.  

12. Debur the hole.  

13. Insert a rivet into the drilled hole.  

14. Repeat steps 11-13 until all rivet holes are drilled.  

15. Remove from vise. 

16. Put on gloves in preparation for epoxying.  

17. Sand outer diameter of aft payload coupler and inner diameter of aft airframe with 80-100 grit 

sandpaper.  

18. Clean all sanded surfaces.  

19. Apply layer of JBWeld epoxy 4.0 in from aft end of aft payload coupler.  

20. Insert the payload aft coupler 4.0 in into the aft airframe. 

21. Allow epoxy to cure for at least 6 hours.  

22. Secure component into vise.  

23. Drill a 0.154 in hole into a marked rivet hole.  

24. Debur the hole.  

25. Insert a rivet into the drilled hole.  

26. Repeat steps 23-25 until all rivet holes are drilled.  

27. Remove from vise. 

28. Sand forward end of the aft airframe with 80-100 grit sandpaper.  

29. Clean all sanded surfaces.  
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30. Put on gloves in preparation for epoxying.  

31. Remove rivet from aft airframe.  

32. Apply JBWeld on the rivet and aft airframe.  

33. Allow epoxy to cure for 6 hours.  

34. Repeat steps 31-33 until the three aft airframe rivets are epoxied in place.  

35. Put on gloves in preparation for epoxying.  

36. Sand all fins, motor tube, and inner and outer diameter of aft airframe using 80-100 grit 

sandpaper.  

37. Clean all sanded surfaces. 

38. Apply a layer of JB Weld to the inside of the aft payload coupler 1.0 in from the forward end of 

coupler.  

39. Apply a layer of JB Weld to the inside of the aft airframe 5.0 in from the forward end of airframe. 

40. Apply a layer of JB Weld to the inside of the aft airframe 12.25 in from the forward end of airframe.  

41. Insert motor assembly, so motor tube is flush with aft end of the airframe.  

42. Allow epoxy to cure for at least 6 hours.  

43. Apply cyanoacrylate adhesive to root of a fin and attach to the motor tube through the fin slots. 

44. Allow to dry for 15 minutes.  

45. Repeat steps 43-44 until all three fins are set.  

46. Apply ǇŀƛƴǘŜǊΩǎ tape 0.25 in above and below the fin on the aft airframe.  

47. !ǇǇƭȅ ǇŀƛƴǘŜǊΩǎ ǘŀǇŜ on both sides of the fins, 0.25 in above the fin slot.  

48. !ǇǇƭȅ ǇŀƛƴǘŜǊΩǎ ǘŀǇŜ 0.25 in from the fin slot to the airframe. 

49. Repeat steps 46-48 for the three fins. 

50. Apply JB Weld to create two fillets where the two upper fins contact the motor tube.  

51. Apply JB weld to create two fillets where the lower fin contacts the aft airframe.  

52. Apply RocketPoxy to the exterior of the aft airframe where the upper fins touch the airframe.  

53. Smooth out exterior fillets with popsicle stick.  

54. Allow epoxy to dry for at least 6 hours. 

55. Repeat steps 50-54 two more times while rotating the airframe to ensure all fillets are made at 

each connection point.  

56. Apply JB Weld onto end of motor tube and the inner aft airframe. 

57. Insert aft centering ring until flush with fins.  

58. Allow epoxy to cure for 6 hours. 

59. Install three #10 threaded inserts into aft centering ring, spaced 120 degrees apart. 

60. Insert thrust plate into aft airframe and screw in three #10 flathead fasteners. 

3.1.4.4 Overall Vehicle Assembly 

1. Insert nosecone shoulder 2.0 in into the forward airframe. 

2. Secure components into a vise.  

3. Drill a 0.081 in hole at the marked shear pin location.  

4. Debur the hole.  

5. Insert a shear pin into the drilled hole.  

6. Repeat steps 3-5 until all three marked shear pin holes are drilled.  

7. Remove from vise.  

8. Insert payload bay 4.0 in into the central airframe.   

9. Secure components into a vise.  
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10. Drill a 0.081 in hole into a marked shear pin hole.  

11. Debur the hole.  

12. Insert a shear pin into the drilled hole.  

13. Repeat steps 10-12 until all three marked shear pin holes are drilled.  

14. Remove from vise.  

15. Clamp forward rail button into the vise.  

16. Drill 0.316 in diameter hole into the rail button.  

17. Repeat step 23 for the aft rail button.  

18. Secure both rail buttons into the t-nut using a ¼-20 flat head screw.  

19. Wet sand the exterior of the launch vehicle.  

20. Prime and paint the launch vehicle.  

3.1.5 Design Justification 

3.1.5.1 Material Justification 

Alternative materials were evaluated using decision matrices and a set of objectives for each component 

of the launch vehicle. Qualitative score assessments were derived from a predetermined qualitative score 

assignment (Table 3).  

Qualitative Score 

Great 10 

Good  8 

Okay 6 

Fair  4 

Poor 2 
Table 3: Qualitative Scores 

3.1.5.1.1 Nosecone 

The two materials considered for the nosecone were polypropylene and G12 fiberglass (Table 4). Each 

material was evaluated based on its cost, density, and tensile strength. The selected material was G12 

fiberglass since the tensile strength and compressive strength is much higher than polypropylene. The 

nosecone must be able to withstand tensile and compressive forces from the ejection events and landing. 

G12 fiberglass scored well, in terms of density, because it caused the center of gravity to move forward 

making the launch vehicle more stable. Even though the cost of the G12 fiberglass nosecone is greater, 

the vehicle performance relies on the density, tensile strength, and compressive strength. Therefore, the 

tensile strength, compressive strength, and density of G12 fiberglass were the reasons it was the selected 

material for the nosecone.  

Nosecone Polypropylene G12 Fiberglass 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost  0.1 USD 24.75 10.0 1.00 75.9 3.3 0.33 

Density 0.30 lb/ in3  0.03 4.5 1.34 0.067 10.0 3.00 

Tensile Strength 0.30 ksi 6.50 0.6 0.18 115 10.0 3.00 

Compressive Strength 0.30 ksi 5.80 1.9 0.58 30.00 10.0 3.00 
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Overall value     3.10     9.33 
Table 4: Nosecone Decision Matrix 

3.1.5.1.2 Airframe and Couplers 

For the airframe and coupler, four different materials were evaluated based on their cost, density, 

compressive strength, and machinability (Table 5). These include blue tube, G12 fiberglass, phenolic, and 

quantum tube. The airframe and couplers need to be able to withstand compressive forces caused by 

launch and landing. The main components of the launch vehicle are its airframe and couplers, so it is 

important for machining to not be time consuming and for the overall mass to minimized. Cost was also 

evaluated to ǎǘŀȅ ǿƛǘƘƛƴ ǘƘŜ ǘŜŀƳΩǎ ōǳŘƎŜǘΦ The cost, density, and machinability of G12 fiberglass do not 

impact the performance of the launch vehicle so the material was selected based on its compressive 

strength. Since G12 fiberglass has a high compressive strength and scored the highest compared to the 

other materials, it was selected as the material for airframe and couplers. 

Airframe  Blue Tube  G12 Fiberglass  

Objective  
Weighting 

Factor  
Parameter  Mag.  Score  Value  Mag.  Score  Value  

Cost  0.17  USD/in  0.92  8.04  1.34  2.12  3.49  0.58  

Density  0.17  lb/in3  0.05  10.00  1.67  0.07  6.19  1.03  

Compressive Strength  0.50  ksi  4.28  1.43  0.71  30.00  10.00  5.00  

Machinability  0.17  experience  good  8.00  1.34  okay  6.00  1.00  

Overall value      5.1      7.6  

Airframe  Phenolic  Quantum Tube  

Objective  
Weighting 

Factor  
Parameter  Mag.  Score  Value  Mag.  Score  Value  

Cost  0.17  USD/in  0.74  10.00  1.67  0.87  8.51  1.42  

Density  0.17  lb/in3  0.05  9.83  1.64  0.05  9.42  1.57  

Compressive Strength  0.50  ksi  13.50  4.50  2.25  18.20  6.07  3.03  

Machinability  0.17  experience  good  8.00  1.34  good  8.00  1.34  

Overall value      6.9      7.4  
Table 5: Airframe and Couplers Decision Matrix 

3.1.5.1.3 Motor Tube 

Three different materials were considered for the motor tube. These include G12 fiberglass, blue tube, 

and phenolic (Table 6). The material selected for the motor tube needs to be able to resist compressive 

forces from the motor upon launch. G12 fiberglass scored the highest overall compared to all the 

materials, especially in compressive strength.  The cost, density, and machinability of the motor tube does 

not impact the overall performance of the launch vehicle, so they were weighed less compared to 

compressive strength. G12 fiberglass was therefore selected as the material for the motor tube due to its 

high compressive strength.  

Motor Tube  G12 Fiberglass  Blue Tube  

Objective  
Weighting 

Factor  
Parameter  Mag.  Score  Value  Mag.  Score  Value  

Cost  0.17  USD/in  1.20  3.33  0.56  0.40  10.00  1.67  
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Density  0.17  lb/in3  0.07  6.87  1  0.06  7.80  1.30  

Compressive Strength  0.50  ksi  37.10  10.00  5  5.08  1.37  0.68  

Machinability  0.17  experience  fair  4.00  0.67  good  8.00  1.34  

Overall value      7.37      4.99  

Motor Tube  Phenolic        

Objective  
Weighting 

Factor  
Parameter  Mag.  Score  Value  

      

Cost  0.17  USD/in  0.71  5.63  0.94        

Density  0.17  lb/in3  0.05  10.00  1.67        

Compressive Strength  0.50  ksi  13.50  3.64  1.82        

Machinability  0.17  experience  fair  4.00  0.67        

Overall value      5.10        
Table 6: Motor Tube Decision Matrix 

3.1.5.1.4 Fins 

Three materials were considered for the fins. These include structural FRP fiberglass, plywood, and G10 

fiberglass (Table 7). These materials were evaluated and compared based on their shear strength, cost, 

density, and impact strength. The cost and density of the fins does not impact the vehicle greatly due to 

there being only three fins. The fins must be able to withstand the shear forces experienced during 

landing. Since G10 fiberglass has the highest shear and impact strength and overall score in the decision 

matrix, it was selected for the fin material. 

Fins  Structural FRP  Plywood  

Objective  
Weighting 

Factor  
Parameter  Mag.  Score  Value  Mag.  Score  Value  

Shear Strength 0.33  ksi  21.50  10.0  3.3  2.00  0.9  0.3  

Cost 0.17  USD/ft2  27.89  1.5  0.2  4.10  10.0  1.7  

Density 0.17  lb/in3  0.06  4.0  0.7  0.02  10.0  1.7  

Impact Strength 0.33  ft-lb/in  8.00  6.7  2.2  3.70  3.1  1.0  

Overall value      6.5      4.7  

Fins  G10 Fiberglass        

Objective  
Weighting 

Factor  
Parameter  Mag.  Score  Value  

      

Shear Strength 0.33  ksi  21.50  10.0  3.3        

Cost 0.17  USD/ ft2  62.75  0.7  0.1        

Density 0.17  lb/in3  0.07  3.7  0.6        

Impact Strength 0.33  ft-lb/in  12.00  10.0  3.3        

Overall value      7.4        
Table 7: Fins Decision Matrix 

3.1.5.1.5 Centering Rings 

Three materials that were evaluated for the centering rings (Table 8). These materials include structural 

FRP fiberglass, plywood, and type II PVC. These materials were evaluated based on their density, cost, 

shear strength and machining time. Based on the decision matrix, the selected material for the centering 
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rings was plywood. While the shear strength of plywood is not the strongest, it will still be able to 

withstand the shear forces from launch. Thicker centering rings allow for more contact to be made with 

the airframe and centering rings when epoxying. Since plywood has the lowest density, the thickness will 

have minimal impact on the overall mass of the vehicle. Plywood was also the cheapest material compared 

to the other options and is least time consuming to machine. For these reasons, plywood was the selected 

material for the centering rings.  

Centering rings  Structural FRP Fiberglass  Plywood  

Objective  
Weighting 

Factor  
Parameter  Mag.  Score  Value  Mag.  Score  Value  

Density 0.30  lb/in3  0.06  3.3  0.99  0.02  10.0  3.00  

Cost 0.10  USD/in2  4.67  0.7  0.07  0.31  10.0  1.00  

Shear Strength 0.30  ksi  21.50  10.0  3.00  2.00  0.9  0.28  

Machining Time 0.30  mins  13.00  3.8  1.15  5.00  10.0  3.00  

Overall value      5.2      7.3  

Centering rings  Type II PVC        

Objective  
Weighting 

Factor  
Parameter  Mag.  Score  Value  

      

Density 0.30  lb/in3  0.05  4.0  1.21        

Cost 0.10  USD/in2  2.18  4.7  0.47        

Shear Strength 0.30  ksi  1.50  0.7  0.21        

Machining Time 0.30  mins  25.00  2.0  0.60        

Overall value      2.5        
Table 8: Centering Rings Decision Matrix 

3.1.5.1.6 Bulkheads 

Three materials for the bulkheads were considered. These include type II PVC, plywood, and FRP fiberglass 

(Table 9). These materials were compared based on their density, tensile strength, assembly, and cost. 

The selected material for the bulkheads was type II PVC. Even though type II PVC did not score the highest 

in tensile strength, it is still able to withstand the forces caused during ejection. Another advantage of 

type II PVC is that the bulkheads can be made of one component, while the other materials require two 

components that are epoxied together, which could result in misalignment issues. The density and cost of 

type II PVC do not have a large impact on ǘƘŜ ƭŀǳƴŎƘ ǾŜƘƛŎƭŜΩǎ performance; therefore, they were weighted 

lower than the other objectives. Type II PVC was the selected material for the bulkheads due to its ease 

of assembly and tensile strength.  

Bulkhead Type II PVC Plywood 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Density  0.1 lb/ in3   0.05 4.0 0.4 0.02 10.0 1.0 

Tensile Strength 0.5 ksi 7.6 5.6 2.8 4 3.0 1.5 

Assembly 0.3 experience Great 10.0 3.0 Fair 4.0 1.2 

Cost 0.1 USD/ft^2 8.42 4.9 0.5 4.10 10.0 1.0 

Overall value     6.70     4.68 
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Bulkhead FRP Fiberglass 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value 

Density  0.1 lb/ in3  0.06 3.3 0.3 

Tensile Strength 0.5 ksi 13.5 10.0 5.0 

Assembly 0.3 experience Fair 4.0 1.2 

Cost 0.1 USD/ft^2 27.89 1.5 0.1 

Overall value     6.68 

Table 9: Bulkheads Decision Matrix 

3.1.5.1.7 Epoxy 

For applications involving the exterior fillets for fins, epoxying eyebolts, and epoxying bulkheads, the 

selected epoxy was RocketPoxy. Other epoxies, like JBWeld, harden quickly and are more difficult to 

smooth out once applied. For exterior fin fillets RocketPoxy was selected since it is strong enough to 

secure the fins and does not need to withstand a large amount of heat. Due to W.²ŜƭŘΩǎ ability to 

withstand heat produced by the motor, it was selected for interior fillets and epoxying the centering rings 

to the motor tube.   

3.1.5.2 Dimensions Justification 

The launch vehicle has a nominal outer diameter of 4.0 in It was selected as it is a sufficient size to fit all 

the internal components, such as the parachutes, payload, avionics bay, electronics, and motor system, 

inside the vehicle. ¢ƘŜ ƭŀǳƴŎƘ ǾŜƘƛŎƭŜΩǎ ŀƛǊŦǊŀƳŜ Ƙŀǎ an outer diameter of about 4.02 in and inner diameter 

of about 3.90 in.  

The nosecone shape and length were constrained by available off the shelf parts. As a result, a 4.02 in 

diameter 4.5:1 Von Karman nosecone was selected. The nosecone coupler was provided with the 

nosecone, however, was cut to a length of 4.0 in, resulting in a 2.0 in shoulder, which meets the 

ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ǎŜǇŀǊŀǘƛƻƴ Ǉƻƛƴǘ ōŜƛƴƎ ŀǘ ƭŜŀǎǘ ѹ ƻŦ ǘƘŜ ōƻŘȅΩǎ ŘƛŀƳŜǘŜǊΦ      

The forward airframe length of 23.0 in was selected because it has enough space to house half the 

nosecone shoulder, the nosecone ejection charges, half of the avionics bay, the main parachute, insulation 

material, and the recovery harness. The avionics bay has a length of 9.0 in, which provides sufficient space 

to house the avionics sled, batteries, and wiring. The avionics bay bulkheads are 0.5 in thick which is 

sufficiently strong to protect the avionics systems from black powder ejection charges. The central 

airframe has a length of 20.0 in, which provides enough space to hold the drogue parachute, insulation 

material, the recovery harness, half of the avionics bay, and 4.0 in of the payload bay.  

The forward payload bay length of 9.0 in was selected to house the payload sled, batteries, two bulkheads, 

and electronics. The payload bay length needed to be at least twice the diameter of the launch vehicle, 

due to being a separation point. The payload airframe length of 29.0 in was selected to contain the three 

payload housings, 5.0 in of the payload bay, 4.0 in of the payload aft coupler, and wiring. The aft airframe 

has a length of 27.0 in, which provides enough space to hold 4.0 in of the payload aft coupler, motor, 

motor tube, and centering rings.  



   

 

 47 
 

All bulkheads have a thickness of 0.5 in, aside from the 0.25 in thick nosecone bulkhead, which was 

selected so that they would be sufficiently strong in order to be able to withstand forces from the ejection 

charges and separation events.  

3.1.5.3 Component Placement Justification 

Three fins are in the aft end of the aft airframe. The three fins are 120.0ɕ apart to ensure that there will 

be one fin pointed upward upon landing. To keep the fins in place, the fin tabs are flush with two aftmost 

centering rings. The fins are placed in the aft end of the launch vehicle to have the center of pressure 

behind the center of gravity.  

The payload is in the payload airframe since the payload housings need to be in the same section as the 

fins after separation and upon landing. Due to the payload housings needing to stay oriented with the fins 

it must be connected to the airframe that contains the fins.  

The drogue parachute is located in the central airframe and the main parachute is in the forward airframe. 

Due to the main parachute being heavier than the drogue parachute, it allows the center of gravity to be 

closer to the forward end of the launch vehicle.  

3.1.6 Design Integrity  

3.1.6.1 Fin Suitability 

A trapezoidal fin design was selected to allow stability for the vehicle and balance the payload. There will 

be three fins on the launch vehicle so upon landing a payload housing with be oriented normal to the 

ground. To minimize the number of payload housings only three fins were necessary. 3/16 in thick G10 

fiberglass was selected because it can withstand the shear forces upon landing. The fins will be attached 

using a through-the-wall attachment method. This is when the fins are attached to the exterior and 

interior of the airframe and to the exterior of the motor tube allowing for three points of connection on 

each side of the fins, a total of six per fin. The fins will be flush with two centering rings to secure the fins.  

3.1.6.2 Material Suitability 

G12 fiberglass is the material for the nosecone, airframe, couplers, and motor tube. G12 fiberglass has 

high compressive strength, high tensile strength, and durability, allowing for the launch vehicle to be 

recoverable with minimal damage. G12 fiberglass is water resistant so if the launch vehicle were to land 

in a wet area the launch vehicle would not be damaged. G10 fiberglass is the selected material for the fins 

due to its high shear, flexural, and impact strength that will be able to sustain the forces experienced upon 

landing.   

Type II PVC is the material used for all bulkheads in the launch vehicle due to its ease of machinability and 

tensile strength large enough to withstand separation. During launch, bulkheads undergo many tensile 

forces during ejection and from the recovery harness.  

The three centering rings located in the aft airframe are made of plywood. Plywood has a shear strength 

ƭŀǊƎŜ ŜƴƻǳƎƘ ǘƻ ǿƛǘƘǎǘŀƴŘ ǘƘŜ ǎƘŜŀǊ ǎǘǊŜǎǎŜǎ ŦǊƻƳ ǘƘŜ ƳƻǘƻǊΩǎ ǘƘǊǳǎǘΦ Plywood also has a low density 

which minimally impacts the mass of the launch vehicle and still center the motor within the airframe.  

3.1.6.3 Motor Retention 

An Aerotech 54/2800 motor casing is used and secured inside the motor tube. The motor tube is centered 

using four centering rings. The forward centering ring is flush with the motor tube, the forward central 

centering ring is in the middle of the forward end of the motor tube and fins, the aft central centering ring 
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is flush with the forward end of the fins, and the aftmost centering ring is flush with the aft end of the 

fins. The four centering rings are used to center the motor tube in the airframe. The forward centering 

ring is epoxied onto the motor tube and aft payload coupler and the other centering rings are epoxied 

onto the motor tube and aft airframe to secure the motor tube during launch. An Aerotech 4 in 54 mm 

thrust plate is screwed into the aft centering using three #10 screws. An Aerotech 54 mm motor retainer 

was secured to the thrust plate using six 6-32 screws.  

3.1.6.4 Final Mass Estimates 

A final estimate of the vehicleΩǎ component masses was developed (Table 10). 

Nosecone Section 

Subteam Component Mass (oz) 

Structures Nosecone 21.1 

Structures Nosecone Bulkhead 4.8 

Structures Eyebolt 1.0 

Total  26.9 

Forward Section 

Subteam Component Mass (oz) 

Structures Switchband 0.8 

Structures Forward Airframe 18.4 

Avionics and Recovery Main Parachute  13.4 

Avionics and Recovery Recovery Harnesses  32.0 

Avionics and Recovery Eyebolts 2.0 

Structures Bulkheads 9.6 

Avionics and Recovery Sled and Electronics 25.1 

Structures Central Airframe 16.0 

Structures Coupler 8.3 

Avionics and Recovery Drogue Parachute 1.5 

Total  126.8 

Aft Section 

Subteam Component Mass (oz) 

Structures Payload Airframe 23.1 

Structures Rail Buttons 0.7 

Structures Couplers 15.6 

Avionics and Recovery Eyebolt 1.0 

Payload Electronics Electronics 21.0 

Payload Mechanics Payload Housing 36.1 

Structures Bulkheads 9.6 

Structures Aft Airframe 18.3 

Structures Centering Rings 5.8 

Structures Epoxy 22.2 
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Structures Motor Retainer 4.9 

Structures Thrust Plate 2.5 

Structures Fins 11.4 

Flight Dynamics Motor and Motor Casing 86.0 

Structures Motor Tube 8.6 

Total  266.4 

Overall Total  420.0 
Table 10: Full-scale Final Masses 

3.2 Subscale Flight Results 

3.2.2 Launch Conditions and Simulation 
The successful subscale launch demonstration occurred on the first attempt on December 3, 2022, 

under the following launch conditions (Table 11): 

Subscale Launch Conditions 

Launch angle 5° 

Launch rod length 39 in  

Latitude 28.6 °N 

Longitude -80.6 °N 

Elevation 85.3 ft 

Temperature 75 °F  

Pressure 1 atm 
Table 11: Subscale Launch Conditions 

An OpenRocket simulation was performed under these conditions and yielded an apogee altitude of 3543 

ft. The simulated values for altitude over time (Figure 27), total velocity over time (Figure 28), and total 

acceleration over time (Figure 29) were plotted. 
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Figure 27: Subscale Altitude vs. Time 

In the velocity profile (Figure 28), the maximum thrust from the motor ignition is indicated by the initial 

spike in the graph. This spike indicates a predicted maximum velocity of 484 ft/s, equivalent to Mach 

0.63. The predicted ground hit velocity was 18.5 ft/s.  

 

Figure 28: Subscale Total Velocity vs. Time 

In the acceleration profile (Figure 29), the maximum thrust from the motor ignition is indicated by the 

initial spike. The second maximum indicates the deployment of the main parachute. The maximum 

acceleration was predicted to be 237 ft/s2. 
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Figure 29: Subscale Acceleration vs. Time 

3.2.1 Scaling Factor 
To maintain geometric similarity and launch model integrity, the overall size of the subscale launch vehicle 

was scaled to 75% of its full-scale size to have a nominal diameter of 3 in and an overall length of 86.25 

in. To keep the aerodynamic shape of the launch vehicle constant, the dimensional proportions of the fins 

and overall launch vehicle remained the same as for full-scale. Additionally, the ǎǳōǎŎŀƭŜ ƭŀǳƴŎƘ ǾŜƘƛŎƭŜΩǎ 

rivets, shear pins, eyebolts, and rail buttons remained the same as the full-scale vehicle. The nosecone 

was not scaled to exactly 75% of its full-scale size, because it is an off-the-shelf part, and only a 5:1 

nosecone was available for the airframe diameter. To account for this larger nosecone, the overall 

airframe length was shortened below 75% of its scaling factor to maintain the aerodynamic similarity to 

the full-scale launch vehicle. The payload components were scaled just below 75% of their overall sizes to 

ensure that the structural integrity and surface textures of the subscale launch vehicle would be 

representative of the full-scale launch vehicle. The parachutes that simulated the closest descent rates to 

the simulated decent rates for the full-scale launch vehicle were selected. These parachutes were a 60 in 

Rocketman elliptical for the main and an unmarked 24 in parachute for the drogue. The main parachute 

has a coefficient of drag of 1.5, and OpenRocket simulations of the subscale launch vehicle with this 

parachute gave a predicted descent rate of 18.5 ft/s, which is about 0.5 ft/s greater than the simulated 

main descent rate for the full-scale launch vehicle. The coefficient of drag for the drogue parachute was 

determined by parachute drag testing (LV-R-1) and was 0.75. The simulated drogue descent rate was 70 

ft/s, which was about 13 ft/s less than the simulated drogue descent rates for the full-scale vehicle. The 

Aerotech J415-W motor was selected because during ǘƘŜ ǎǳōǎŎŀƭŜ ǾŜƘƛŎƭŜΩǎ ŘŜǎƛƎƴ ǇƘŀǎŜΣ it produced the 

same thrust to weight ratio of 8.53:1 as the Aerotech L1090 motor did for the full-scale vehicle. When 

ballast had to be added to the subscale vehicle after it was manufactured, its thrust to weight ratio 

decreased to 5.34:1, which still meets the minimum requirement of 5:1. The resulting subscale apogee 

altitude was scaled тт҈ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜΩǎ тр҈ ǎŎŀƭŜ ŦŀŎǘƻǊ ŀƴŘ ǘƘŜ ƳƻǘƻǊ ǎŜƭŜŎǘƛƻƴΦ 
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3.2.3 Subscale Flight Analysis 

3.2.3.1 Flight Data 

The predicted apogee altitude of 3543 ft was 14 ft lower than the experimental apogee altitude of 3557 

ft (Table 12). This yielded a negligible percent error of 0.395%. However, there was a higher error yield of 

6.86% between the predicted (52.5 in) and experimental (56.1 in) values of the center of gravity. This was 

likely due to the imperfect calculation of ballast that was added to the payload section to compensate for 

both the scaled mass difference and the mass difference for replacing the 48 in main parachute with the 

60 in main parachute. This calculation error most likely contributed to the 3.10% error between the 

predicted (484 ft/s) and experimental (469 ft/s) values for maximum velocity as well.  

Subscale Flight Data 

Data Type Predicted Experimental Percent Error 

Apogee Altitude  3543 ft 3557 ft 0.395% 

Center of Gravity  52.5 in 56.1 in 6.86% 

Maximum Velocity  484 ft/s 469 ft/s 3.10% 
Table 12: Subscale Flight Data 

The experimental altitude and velocity profiles recorded by the altimeter are shown in Figure 30. 

Compared to the simulated altitude profile (Figure 27), the experimental altitude profile agrees with the 

simulation data. IƻǿŜǾŜǊΣ ǘƘŜ ǎƛƳǳƭŀǘƛƻƴΩǎ ǾŜƭƻŎƛǘȅ ǇǊƻŦƛƭŜ όFigure 28) does not fully align with the 

experimental velocity profile. The experimental velocity profile shows oscillations between 15 and 75 

seconds, but the simulated velocity profile does not show these oscillations. This discrepancy is likely the 

result of the inability of OpenRocket to accurately simulate the variable acceleration, or jerk, that occurs 

upon deployment of the drogue parachute. The altimeter can detect these velocity oscillations, however, 

due to the sensitivity of its sensors.  

 

Figure 30: Subscale Resulting Velocity and Altitude vs. Time 
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3.2.3.2 Drag Coefficient Calculations 

To determine the full-scale drag coefficient, the method of altitude backtracking was implemented using 

OpenRocket. First, the experimental apogee altitude was compared against the predicted apogee altitude. 

Because the experimental apogee altitude was greater than the predicted apogee altitude, the modeled 

coefficient of drag was determined to be less than what was predicted in the OpenRocket simulations. 

The total coefficient of drag was then manually lowered as a fixed constant, and a new simulation was 

performed using the same subscale launch conditions used in the previous simulations. The resulting 

predicted apogee altitude was then compared to the experimental apogee altitude given by the altimeter 

data. The coefficient of drag was then adjusted again according to this comparison. If the predicted 

apogee altitude was too high, the total coefficient of drag was increased; if the predicted apogee altitude 

was too low, the total coefficient of drag was decreased. This process was iterated until the predicted 

apogee altitude matched the experimental apogee altitude. Using this method, the full-scale launch 

ǾŜƘƛŎƭŜΩǎ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ŘǊŀƎ ǿŀǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ōŜ лΦфоΦ  

3.2.4 Impact on Full-Scale Design 
The success of the subscale flight demonstration confirmed the integrity of the design, modeling, and 

manufacturing practices the team implemented during the subscale phase. Therefore, most aspects of 

ǘƘŜ ǘŜŀƳΩǎ ǇǊŀŎǘƛŎŜǎ ǿƛƭƭ ǊŜƳŀƛƴ ǳƴŎƘŀƴƎŜŘΦ The precision with which the team determined necessary 

ballast mass and placement, considering updates to recovery component masses, will improve to mitigate 

similar full-scale modeling errors. Since the subscale flight demonstration, improvements to the full-scale 

vehicle design were made. A bulkhead was added to the forward payload coupler to allow for the 

implementation of a payload electronics retention system. It was also determined that a longer payload 

aft coupler would be a necessary addition to improve the structural integrity of the launch vehicle. The 

aft bulkhead of the aft coupler was removed, because it was determined unnecessary, since the payload 

housings and electronics were protected without it.  

3.2.5 Descent Analysis 
Both parachutes were deployed successfully. The altimeter data suggests that the drogue parachute 

deployed at apogee, the programmed time for the primary altimeter, since the descent rate is mostly 

constant between apogee and main deployment. However, taking the time derivative of this data suggests 

an average drogue descent rate of 55 ft/s, which is significantly slower than the predicted drogue descent 

rate of 70 ft/s. This difference may be due to wind and uncertainty in the coefficient of drag of the drogue 

parachute, which had to be determined experimentally since it was unmarked. 

Additionally, it is likely that the primary ejection charge for the second separation event was not large 

enough to cause separation. The slope of the altitude vs. time curve does not change until an altitude of 

roughly 460 ft is reached (Figure 31). The primary altimeter set off the primary ejection charge for this 

event at the correct altitude of 600 ft and no change in descent rate occurred, so the secondary ejection 

charge caused separation at the lower altitude. The ejection charge sizes will be increased for full scale to 

account for this risk. The average main descent rate was 19 ft/s, which is close to the predicted main 

descent rate of 18.5 ft. 
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Figure 31: Subscale Flight Data with Programmed (thick line) and Actual (thin line) Main Parachute Deployment Altitudes 

 

The GPS was functional during and after the subscale flight (Figure 32).  

 

Figure 32: GPS Receiver 

The GPS was installed in the nosecone shoulder. It was secured with Velcro attached to the inside of the 

nosecone shoulder and to the GPS battery. The inside of the nosecone bulkhead was covered in aluminum 

foil to minimize RF interference with the altimeters (Figure 33). 

 

Figure 33: GPS Transmitter in Launch Vehicle 



   

 

 55 
 

3.3 Recovery Subsystem 
The recovery subsystem will use two parachutes to recover the launch vehicle. Appropriately sized 

parachutes for recovery were selected to allow for a safe recovery and to meet all descent requirements. 

3.3.1 Selected Components 
Final selections for components in the recovery system are presented in the following sections, and 

include the main and drogue parachutes, altimeters, altimeter arming switches, the recovery harness, 

GPS, and recovery hardware. These selections are also compared to alternatives from the Preliminary 

Design Review. 

3.3.1.1 Main Parachute 

The main parachute was selected with a decision matrix (Table 13). Updated descent rate predictions 

from OpenRocket simulations were used to verify this selection. 

Main Parachute Fruity Chutes 84" Iris Ultra Rocketman 72" Elliptical 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.2 USD 326.66 4.1 0.8 135 10 2 

Weight 0.1 oz 19 6.6 0.7 12.6 10 1 

Packed 
Length 

0.1 in 8.8 5.7 0.6 5 10 1 

Descent Rate 0.35 ft/s 14.7 8.5 3 19.8 8.7 3 

Shroud Line 
Quality 

0.25 qualitative great 10 2.5 okay 6 1.5 

Overall value   7.5  8.5 

Main Parachute SkyAngle Cert 3 X Large Fruity Chutes 72" Iris Ultra 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.2 USD 189 7.1 1.4 248.33 5.4 1.1 

Weight 0.1 oz 34 3.7 0.4 13.4 9.4 0.9 

Packed 
Length 

0.1 in 12 4.2 0.4 6.2 8.1 0.8 

Descent Rate 0.35 ft/s 16.4 9.5 3.3 17.5 9.9 3.5 

Shroud Line 
Quality 

0.25 qualitative good 8 2 great 10 2.5 

Overall value  7.6  8.8 
Table 13: Main Parachute Decision Matrix 

The Frǳƛǘȅ /ƘǳǘŜǎ тнέ LǊƛǎ ¦ƭǘǊŀ ǇŀǊŀŎƘǳǘŜ ǎŎƻǊŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ƻǾŜǊŀƭƭ ŀƴŘ ǿƛƭƭ ǘƘǳǎ ōŜ ǳǎŜŘ ŀǎ ǘƘŜ Ƴŀƛƴ 

parachute. It has a coefficient of drag of 2.2 and a weight of 13.4 oz. It has a predicted descent rate of 

17.5 ft/s from the OpenRocket simulations, which is closest to the target descent rate of 18 ft/s. Its shroud 

lines are made of 400 lb flat Nylon, which is strong enough to support the weight of the launch vehicle 

and withstand forces during deployment. 
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3.3.1.2 Drogue Parachute 

Similar to the main parachute, the drogue parachute selection was verified with an updated decision 

matrix (Table 14). The parachute from the decision matrix with the highest overall score was the 

wƻŎƪŜǘƳŀƴ нпέ {ǘŀƴŘŀǊŘ ǇŀǊŀŎƘǳǘŜ, and it will be used as the drogue parachute.  

Drogue Parachute Rocketman 24" Standard 24" Spherachute 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.2 USD 33.5 6.6 1.3 22 10 2 

Weight 0.1 oz 1.5 7.3 0.7 1.1 10 1 

Packed 
Length 

0.1 in 1.5 6.7 0.7 1.75 5.7 0.6 

Descent Rate 0.35 ft/s 81.8 10 3.5 94.5 2 0.7 

Shroud Line 
Quality 

0.25 qualitative great 10 2.5 okay 6 1.5 

Overall value   8.7   5.8 

Drogue Parachute Rocketman 24" Elliptical 
Fruity Chutes 18" 

Elliptical 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.2 USD 50 4.4 0.9 62.89 3.5 0.7 

Weight 0.1 oz 2.1 5.2 0.5 1.7 6.5 0.6 

Packed 
Length 

0.1 in 1 10 1 3.5 2.9 0.3 

Descent Rate 0.35 ft/s 64.7 0.9 0.3 87.9 7 2.5 

Shroud Line 
Quality 

0.25 qualitative okay 6 1.5 good 8 2 

Overall value   4.2   6.1 

Drogue Parachute Skyangle C3 Drogue 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value    

Cost 0.2 USD 27.5 8 1.6    

Weight 0.1 oz 3.1 3.5 0.4    

Packed 
Length 

0.1 in 6 1.7 0.2    

Descent Rate 0.35 ft/s 98.7 1.4 0.5    

Shroud Line 
Quality 

0.25 qualitative great 10 2.5    

Overall value   5.1    

Table 14: Drogue Parachute Decision Matrix 

The predicted descent rate for the drogue parachute is 81.8 ft/s, which is closest to the target descent 

rate and will meet all descent requirements. The shroud lines are made of 220 lb nylon and are sufficiently 

strong to support the launch vehicle.  

3.3.1.3 Recovery Harness 

The recovery harness will be 7/16 in wide, 25 ft long tubular Kevlar. The recovery harness width was 

decreased from 5/8 in to 7/16 in to ensure that there will be enough space in the parachute compartments 
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to fit the recovery harness, parachute, and recovery wadding. Also, the length of the recovery harness 

was increased from 24 ft to 25 ft to account for the recovery harness length that will be used to secure to 

quick links on both ends while staying above the minimum length of 2.5 times the launch vehicle length. 

The recovery harness material has a strength of 5300 lb, which is sufficiently strong to withstand forces 

during separation and parachute deployment. Two identical recovery harnesses will be used, with one for 

each separation event. 

3.3.1.4 Altimeters 

Two altimeters will be used for redundancy. The primary and secondary altimeters were the two highest-

scoring altimeters in the following decision matrix (Table 15). 

Altimeter Eggtimer Classic Stratologger CF 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.2 USD 35 10 2 54.96 6.4 1.3 

Resolution 0.3 ft 1 5 1.5 1 5 1.5 

PCB Size 0.3 in2 3.9 4.3 1.3 1.68 10 3 

Weight 0.2 oz 0.705 5.4 1.1 0.38 10 2 

Overall value     5.9     7.8 

Altimeter 
Altus Metrum 

Telemega 
Entacore AIM 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.2 USD 400 0.9 0.2 115 3 0.6 

Resolution 0.3 ft 0.5 10 3 1 5 1.5 

PCB Size 0.3 in2 4.063 4.1 1.2 2.519 6.7 2 

Weight 0.2 oz 1 3.8 0.8 0.4 9.5 1.9 

Overall value       6 

Altimeter 
Altus Metrum 

Easymega 
RRC3 "Sport" 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.2 USD 341.3 1 0.2 96.5 3.6 0.7 

Resolution 0.3 ft 1 5 1.5 unknown 0 0 

PCB Size 0.3 in2 2.9 5.8 1.7 3.626 1 0.3 

Weight 0.2 oz 0.5 7.6 1.5 0.6 6.3 1.3 

Overall value     5     2.3 
Table 15: Altimeter Decision Matrix 

The primary altimeter will be a Perfectflite Stratologger CF and the secondary altimeter will be an Entacore 

AIM. These altimeters scored the highest overall in the decision matrix, with the Stratologger CF having 

an overall score of 7.8 and the Entacore AIM having an overall score of 5.9. Both altimeters will record 

flight data and set off ejection charges. They will be located next to each other in the avionics bay and will 

be powered by separate 9V batteries. 
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3.3.1.5 Switches 

Keylock switches will be used to arm the altimeters from outside the launch vehicle. Keyed switches were 

chosen over other alternatives such as push buttons and pull-switches due to their low risk of unintended 

closing or opening of the switch and ease of access from outside the launch vehicle. A keyed switch can 

only be closed or opened by inserting and turning a key, minimizing the risk of premature arming or 

disconnection of avionics circuitry due to flight forces. This makes additional preventative devices such as 

covers for pushbuttons unnecessary, enabling the switches to be accessed quickly. 

The key switches will be secured to the avionics sled so that the keys line up with drilled holes in the 

avionics coupler, allowing a team member to arm them from outside the launch vehicle (Figure 34). 

 

Figure 34: Avionics Bay with Key Switches 

 

3.3.1.6 GPS 

The GPS selected for the launch vehicle is a Big Red Bee 900. Location data is sent from the transmitter to 

the receiver with a 900 MHz spectrum transmitter. This GPS was chosen for its long transmission range of 

6 miles, its high resolution of 8.2 ft, and because it does not require any radio licensing to operate, 

enabling any team member to use it. The GPS transmitter will be powered by a single cell LiPo battery of 

3.5-4.2 V and has an expected battery life of 6 hours starting from a full charge. It will not be connected 

to the avionics or payload electronics in any way and will be inside the nosecone shoulder. Additionally, 

the nosecone bulkhead will be covered in aluminum foil to minimize interference from the GPS with other 

electronics in the launch vehicle. 

3.3.1.7 Attachment Hardware 

The recovery hardware will be a galvanized steel eyebolt with an inner diameter of 0.5 in. The eyebolt has 

a width of 1 in, a total length of 3 in, a mass of 0.998 oz, and a carrying capacity of 500 lbs. The outer 

dimensions are smaller among the alternative bolts, which allows for more space on the bulkheads to be 

used for threaded rods and terminal blocks, and reduces the space taken up by the bolt in the parachute 

compartment. Additionally, the bolt is sufficiently strong to withstand forces during separation and 

parachute deployment. Eyebolts will be secured in the center of bulkheads at separation points and 

recovery harness will be secured to them with quick links. The quick links will be oval shaped with a length 

of 2 in and a thickness of 9/32 in. The quick links have a carrying capacity of 1000 lbs, which is also 

sufficient. 
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3.3.2 System Redundancy 
To minimize the impact of an altimeter or ejection charge failure, a redundant system of two altimeters 

and two sets of ejection charges will be used. Each altimeter will control a main and drogue ejection 

charge, so a total of four ejection charges will be used for each flight. Delays between the primary and 

secondary ejection charges will be used to prevent damage to the launch vehicle. A delay of 1s after 

apogee will be used for the first separation event and a delay of 50 ft will be used for the second separation 

event. The secondary charges will also be 25% larger than their respective primary charge to ensure that 

the launch vehicle separates. The altimeters will be wired separately (Figure 35), and each will be powered 

by a separate 9V battery. This wiring ensures that one of the altimeters can separate the launch vehicle 

and collect flight data if the other loses power. 

 

Figure 35: Altimeter Wiring Diagram 

3.4 Mission Performance Predictions 

3.4.1 Flight Profile Simulations 
The launch conditions used in the simulation are shown in Table 16. Based off these conditions, the 

ǾŜƘƛŎƭŜΩǎ ŀǇƻƎŜŜ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ōŜ 4780 ft in the simulation. The official target apogee is predicted to be 

4600 ft. The drogue is expected to deploy at apogee and the main is expected to deploy at 600 ft. The 

total flight time is expected to be 99.8 s. The flight profile of the launch is shown in Figure 36. 

Launch Conditions in Huntsville, Alabama  

Wind  5 mph  

Launch Angle  10° 

Launch Rod Length  144 in  
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Latitude  34.6 °N  

Longitude  -86.7 °E  

Altitude  800 ft  

Temperature  80 °F  

Pressure  1 atm  
Table 16:Launch Conditions used in Simulations 

 

Figure 36: Altitude vs. Time 

The velocity profile of the launch vehicle is shown in Figure 37. The maximum thrust from the motor 

ignition is indicated by the initial spike in the graph. The initial velocity off the rail is expected to be 87 

ft/s, meeting the competition requirement of the 52 ft/s minimum. The maximum velocity is expected to 

be 646 ft/s, equivalent to Mach 0.57. The ground hit velocity is expected to be 18 ft/s. 

 

Figure 37: Total Velocity vs. Time 
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The acceleration profile of the launch vehicle is shown in Figure 38. The maximum thrust from the motor 

is indicated by the initial spike. The second spike is due to the main parachute deploying. Because it is 

instantaneous, it can be considered negligible to the overall acceleration of the vehicle. The maximum 

acceleration is expected to be 332 ft/s2. 

 

Figure 38: Total Acceleration vs. Time 

 

3.4.2 Motor Selection 
The official motor selected for the competition is the Aerotech L1090. It uses 1400 grams of propellant to 

produce a maximum thrust of 1487 N and a total impulse of 2671 N-s. The maximum thrust occurs at the 

launch rod and allows the vehicle to propel off the rail at a velocity of 87 ft/s. The Aerotech L1090 has a 

burn time of 2.5 seconds and provides a thrust to weight ratio of 8.53:1, fulfilling the competition 

requirement of 5:1. The thrust curve data of the motor is shown in Figure 39. 

This motor was selected due to the ability to provide the necessary thrust to weight ratio, as well as the 

short burn time. It allowed the team to prioritize a motor that can safely launch the vehicle in a consistent 

manner. The size restraint of the motor tube was an important consideration in choosing the motor, so 

the other motors that were considered included an Aerotech K780, L850, L1420, K1000, and L1170.  
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Figure 39: Aerotech L1090 Thrust vs. Time 

 

3.4.3 Stability Margin 
The vehicle is statically stable when the center of pressure is located at least 1 body caliber behind the 

center of gravity. However, it is recommended to have a stability margin within 7-15% of the length of the 

rocket. In other words, at least a minimum of 2 body calibers as per competition guidelines. The center of 

gravity of the rocket with the motor is 71 in from the tip of the nosecone. The center of pressure of the 

rocket with the motor is 84 in from the tip of the nosecone. Therefore, the static stability of the vehicle 

(loaded) on the launch pad is 3.27 calibers. The static stability at the rail exit is 2.13 calibers. During flight, 

the stability gradually increases to a maximum of 4.39 calibers, due to the overall vehicle mass decreasing 

from propellant burnout. After the motor burns out, the stability decreases to a minimum of 2.44 as the 

velocity decreases as the launch vehicle approaches apogee. Figure 40 displays the change in stability over 

time where the oscillations are an indication of simulated wind gusts.  
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Figure 40: Stability vs. Time 

 

3.4.4 Simulation Verifications 
To verify the OpenRocket simulation for accuracy and precision, a Monte Carlo Simulation was conducted 

in MATLAB to test the sensitivity of the launch vehicle to wind conditions and launch angle and their 

effects on apogee. A total of 10000 simulations were conducted with wind profiles based on the 

probability weight as shown in the table. The probability weights were assigned after reviewing the launch 

ǎƛǘŜΩǎ ŎƭƛƳŀǘŜ ǘǊŜƴŘ ŀǊƻǳƴŘ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘŜ ŎƻƳǇŜǘƛǘƛon. Table 17 displays the Monte Carlo results to 

quantify the average altitude for each wind condition and the most probable altitude given the range of 

launch conditions. The results produce that the most probable altitude is 4718 ft which is close to the 

predicted apogee from OpenRocket. This indicates ballast is expected to be added for the launch vehicle 

to reach the previously declared target apogee of 4600 ft. 

The differences in the results between OpenRocket and MATLAB are minimal and due to the variations in 

wind measurement that OpenRocket does not account for. Both simulations are relatively accurate as 

they use the same foundational mathematics. However, there are differences in the atmospheric model 

used in the simulations as well as drag coefficient estimates that can only be predicted accurately by 

experimentation.  

Monte Carlo Simulation: Altitude 

Launch 
Angle  

Wind 
Condition  

Probability 
Weight  

Predicted Average 
Altitude (ft) 

0  0 mph  5%  4931 

5 deg  5 mph  10%  4780 

5 deg  10 mph  70%  4707 

10 deg  15 mph  10%  4659 

10 deg  20 mph  5%  4656 

Most Probable Altitude  4718 ft   
Table 17: Tabulated Monte Carlo Results 
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3.4.5 Descent Predictions 
Three methods were used to predict descent values for the launch vehicle: simple calculations in Excel, 

OpenRocket simulations, and MATLAB simulations. Multiple methods were used to verify the accuracy of 

predicted values. 

3.4.5.1 Descent Time Calculations 

Descent times in Excel were calculated for each parachute (Equation 3). The times were then summed to 

find a total descent time from apogee to landing. 

ὨὩίὧὩὲὸ ὸὭάὩ 
ὥὴέὫὩὩάὥὭὲ ὨὩὴὰέώάὩὲὸ ὬὩὭὫὬὸ

ὨὶέὫόὩ ὨὩίὧὩὲὸ ὶὥὸὩ
 
άὥὭὲ ὨὩὴὰέώάὩὲὸ ὬὩὭὫὬὸ

άὥὭὲ ὨὩίὧὩὲὸ ὶὥὸὩ
 

Equation 3: Total Descent Time (Excel) 

Equation 3 ŘŜǇŜƴŘǎ ƻƴƭȅ ƻƴ ǘƘŜ ƘŜƛƎƘǘ ǘǊŀǾŜƭŜŘ ǳƴŘŜǊ ŜŀŎƘ ǇŀǊŀŎƘǳǘŜ ŀƴŘ ǘƘŜ ǇŀǊŀŎƘǳǘŜǎΩ ŘŜǎŎŜƴǘ ǊŀǘŜǎΣ 

so time spent accelerating to the final descent rates and delay in the parachutes opening are unaccounted 

for. As a result, these calculations made with this method are less accurate. Descent rates for the 

parachutes were obtained from the OpenRocket simulation (Table 18). Apogee for these spreadsheet 

calculations was set to 4780 ft, the target apogee, and the main deployment height was 600 ft. 

Descent Rates from OpenRocket 

Drogue Parachute 81.8 ft/s 

Main Parachute 17.5 ft/s 
Table 18: Parachute Descent Rates 

OpenRocket simulations were also used to estimate descent time. OpenRocket does not give times under 

each parachute, instead providing the total flight time and time to apogee. The total descent time is the 

difference between these times (Equation 4). 

ὨὩίὧὩὲὸ ὸὭάὩ ὪὰὭὫὬὸ ὸὭάὩὸὭάὩ ὸέ ὥὴέὫὩὩ 

Equation 4: Total Descent Time (OpenRocket) 

The MATLAB simulation uses an ordinary differential equation solver to solve the differential equations 

created when balancing the vertical forces on the launch vehicle and parachute, which are weight and 

drag force (Equation 5). 

       π  
ρ

ς
”ὺὛ ὅȟ   άὫȟ Ὤ Ὤ Ὤ

π  
ρ

ς
”ὺὛ ὅȟ   άὫȟ Ὤ Ὤ Ὤ

 

Equation 5: Forces on the Parachute During Descent 

In Equation 5,  ́ is air density, v is velocity, S is the area of the drogue or main parachute, CD is the 

coefficient of drag  
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Air density ( )́ is determined for each step in the simulation calculations with Equation 6, where ” is 

density at sea level (1.225 ), Ὕ is the temperature at sea level (288.16 K), R is the specific gas constant 

for air (287 
Ͻ

), and a is the variation of temperature with altitude (-0.0065 ). 

” ”
Ὕ

Ὕ

  

 

Equation 6: Air Density at Altitude 

T, the temperature for each step in the simulation, was determined with Equation 7. 

Ὕ ςψψȢρφπȢππφυὬ 

Equation 7: Temperature at Altitude 

The MATLAB simulation stops calculating values when the altitude h is at ground level, and the total 

descent time is the simulated time for the duration of the simulation (Table 19). 

Descent Time Results 

 
Excel Calculations 

Time under drogue 51.1 s 

Time under main 34.3 s 

Descent time 85.4 s 

 
OpenRocket Simulation 

Flight time 99.8 s 

Time to apogee 16.9 s 

Descent time 82.9 s 

MATLAB Simulation Descent time 84.1 s 
Table 19: Descent Time Calculation Results 

The Excel calculations yield the longest descent time values of 85.4 s. This difference is most likely because 

the Excel calculations ŘƻƴΩǘ ŀŎŎƻǳƴǘ ŦƻǊ acceleration times or variations in air density, and the difference 

between the OpenRocket and MATLAB simulations may be a result of the different methods used to 

calculate descent rate. Additionally, the OpenRocket simulations calculate an apogee instead of using the 

apogee of 4780 ft that was used for the other methods. All of the descent rate predictions are below the 

90s maximum. 

3.4.5.2 Drift Calculations 

Excel spreadsheet, Openrocket, and MATLAB methods were used to calculate drift. For each method, drift 

was calculated for 0-mph wind, 5-mph wind, 10-mph wind, 15-mph wind, and 20-mph wind. It was 

assumed that apogee was reached above the launch pad. 

Drift was calculated in Excel with Equation 8 for the drogue and main parachutes, where descent time is 

the descent times determined in Section 3.4.5.1 Descent Time Calculations.  

ὨὶὭὪὸὨὩίὧὩὲὸ ὸὭάὩz ύὭὲὨ ίὴὩὩὨ 

Equation 8: Drift 

Drift in the MATLAB simulation was determined with the same equation, where descent time is the 

descent time calculated from the simulation. Apogee was assumed to be a constant 4780 ft for all drift 



   

 

 66 
 

values calculated with these methods as a result of setting the apogee in Section 3.4.5.1 Descent Time 

Calculations. 

OpenRocket includes lateral distance from the launch pad in its simulation but does not assume that 

apogee is reached directly above the launch pad. As a result, the launch vehicle may drift back towards 

the launch pad for part of the simulation (Figure 41). To determine drift with the assumption that apogee 

was reached directly above the launch pad, the largest lateral distance near apogee was added to the final 

lateral distance. The launch rod angle for these simulations was set to 0° to minimize lateral motion before 

apogee. 

 

Figure 41: A Plot of Lateral Distance vs. Time from an OpenRocket Simulation 

The final drift calculations were tabulated and compared (Table 20). 

Drift Calculation Results 

Wind Speed 0 mph 5 mph 10 mph 15 mph 20 mph 

 
Excel 

Calculations 

Drift under 
drogue 

0 ft 375 ft 749 ft 1124 ft 1499 ft 

Drift under 
main 

0 ft 251 ft 503 ft 754 ft 1006 ft 

Drift 0 ft 626 ft  1252 ft  1878 ft  2505 ft  

OpenRocket 
Simulation 

Peak lateral 
distance 

8 ft 166 ft 294 ft 337 ft 355 ft 

Total lateral 
distance 

7 ft 416 ft 868 ft 1421 ft 2028 ft 

Drift 15 ft  582 ft  1162 ft  1758 ft  2383 ft  
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MATLAB 
Simulation 

Drift 0 ft 616 ft  1233 ft  1849 ft  2466 ft  

Table 20: Drift Results 

The OpenRocket simulations consistently gave lowest drift values of the methods used. This may be due 

to errors when indirectly determining drift by addition and a result of setting the simulation launch rod 

angle to 0°, which might lead to less lateral motion than the other methods predict. The Excel calculations 

and MATLAB simulation results were closer, and the Excel results were larger. The Excel calculations were 

likely the largest because they assumed that the launch vehicle instantaneously reached its final velocity 

for each parachute. The largest drift prediction was from the Excel calculations at wind speeds of 20 mph 

with a drift of 2505 ft, which is 5 ft greater the maximum drift allowed. However, both simulation methods 

predict drift values less than 2500 ft in 20 mph winds. The OpenRocket simulation accounts for variations 

in wind speed, air density, and gradual changes in velocity during parachute deployment, and the MATLAB 

simulation accounts for changes in air density. These simulations are more accurate to real world 

conditions than the Excel calculations, so the launch vehicle should drift less than the 2500 ft maximum. 

3.4.5.3 Kinetic Energy Calculations 

Kinetic energy at landing was calculated for each section of the launch vehicle (Equation 9). OpenRocket 

does not calculate kinetic energy, so the spreadsheet and MATLAB methods were used. The spreadsheet 

used the predicted main descent rate from Table 18, and the MATLAB simulation used its simulated 

velocity before ground hit. For both methods, it was assumed that the sections were traveling at the main 

ǇŀǊŀŎƘǳǘŜΩǎ ŘŜǎŎŜƴǘ ǊŀǘŜ (Table 21). 

ὯὭὲὩὸὭὧ ὩὲὩὶὫώ 
ρ

ς
άz άzὥὭὲ ὨὩίὧὩὲὸ ὶὥὸὩ 

Equation 9: Kinetic Energy at Ground Hit 

Kinetic Energy at Ground Hit Calculation Results 

Section Nosecone Forward Aft 

Excel Calculations (ft-lbs) 8.0 37.7 64.5 

MATLAB (ft-lbs) 8.2 38.6 66.1 
Table 21: Kinetic Energy Results 

Both calculation methods yielded similar kinetic energy values, and differences between the predictions 

were larger for more massive sections. This difference may be because the MATLAB simulations use a 

different calculation method to determine the main descent rate. Both kinetic energy predictions are 

below the 75 ft-lb maximum. 

3.4.5.4 Predicted Deployment Load 

The predicted deployment load was determined with Equation 10, where ɝὑὉ is the difference between 

kinetic energy during drogue and main descent and d is the vertical distance traveled during parachute 

deployment. The kinetic energies used to determine ɝὑὉ were found using descent rates from the 

OpenRocket and MATLAB simulations (Table 22). It was assumed that all the sections of the launch vehicle 

traveled at the same speed, so the section with the largest kinetic energy change is the aft due to its larger 

mass. 
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ὒέὥὨ 
ɝὑὉ

Ὠ
 

Equation 10: Deployment Load 

 

Predicted Deployment Load 

KE of Aft Section Under Drogue (OpenRocket) 1409.2 ft-lbs 

KE of Aft Section Under Main (OpenRocket) 64.5 ft-lbs 

ɝὑὉ (OpenRocket) 1344.7 ft-lbs 

d 75 ft 

Load (OpenRocket) 287 oz (17.9 lb) 

KE of Aft Section Under Drogue (MATLAB) 1438.1 ft-lbs 

KE of Aft Section Under Main (MATLAB) 66.1 ft-lbs 

ɝὑὉ (MATLAB) 1372.0 ft-lbs 

Load (OpenRocket) 293 oz (18.3 lb) 
Table 22: Predicted Deployment Load 

The distance traveled during parachute deployment was set to 75 ft and was determined from data from 

OpenRocket simulations (Figure 42), where d is the distance between 600 ft, when the main parachute 

deploys, and the altitude at which the launch vehicle reaches the main parachute descent rate. This 

distance was determined for OpenRocket simulations at a variety of wind speeds and averaged. 

The largest predicted deployment load is 293 oz or 18.3 lb of force on the recovery equipment. All 

components in the recovery system (hardware, quick links, recovery harness, parachute shroud lines) are 

rated at significantly higher capacities and will withstand the forces on them during deployment. 
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Figure 42: Distance Traveled during Main Parachute Deployment (distance between blue lines) 

 

4. Payload Criteria 

4.1 Design of Payload Equipment 
The payload design consists of three camera systems and their associated electronics. The camera systems 

will be positioned 120° apart and aligned with the fins so that one will always be aligned with the z-axis 

upon landing (Figure 43). This is because the vehicle will have to land on two fins. Therefore, one fin, and 

the corresponding camera system, will be aligned normal to the ground. The airframe has three 

rectangular cut-outs that each camera system can deploy out of, should it be the system aligned with the 

z-axis. The camera mount sits almost flush with the cut-out airframe. They are positioned so that the 

camera system can deploy out of the airframe upon landing and subsequently rotate about the z-axis to 

image the surrounding environment. An Inertial Measurement Unit (IMU) and a barometer will be used 

for launch and landing detection. The IMU will also detect the orientation of the launch vehicle upon 

landing and determine which camera to activate so that only one camera will be in use when taking photos 

of the surroundings. Push buttons are used as feedback to make sure the camera will not rotate before 

the camera is released from camera housing.  
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A Software Defined Radio (SDR) dongle will be incorporated in the payload to receive Automatic Package 

Reporting System (APRS) commands from NASA. The payload will use a Raspberry Pi and custom software 

to manage and control all the motors, cameras, sensors, and radios. The control circuits of all the motor 

and feedback circuits from the camera housing are all integrated into a custom Printed Circuit Board (PCB) 

designed by the team. The software will begin running when the Raspberry Pi is powered on and will be 

a state-based system interacting with specific software subsystems. 

 

 

Figure 43: Full-scale Assembly Payload aligned with fins 

 

4.2 Selected Design Alternatives 

4.2.1 Selected Mechanical Components 

4.2.1.1 First Design 

The first concept was an externally mounted camera design. It consisted of clear teardrop-shaped 

housings containing cameras mounted on the outside of the airframe. Each one would have been aligned 

with a fin so that one of the mounts would be vertically oriented upon landing. This is because the launch 

vehicle would land with two fins contacting the ground and with the third fin and its corresponding camera 

oriented normal to the ground. The design advantages were its low motor count, complexity, and cost. It 

only required three motors which would minimize the cost and number of components required to 

implement the concept. The most significant disadvantage for the externally mounted camera idea was 

the effects it had on the aerodynamics of the launch vehicle. Due to the negative aerodynamics effects, 

this design alternative was not chosen. 

4.2.1.2 Second Design 

The second concept involved three cameras located within the airframe, each aligned with a fin. The 

cameras would radially extend out of the airframe using linear motion. It would have used linear actuators 

to push the cameras out of the airframe through milled cut outs in the airframe using a lead screw. The 

linear extension design had no aerodynamic risks, which was one of its main advantages. The primary 

disadvantage for the linear extension concept is that it would require more room for the linear actuator 

which ultimately would not fit  and intrinsically increases complexity and cost; the design introduces too 

many potential points of failure. .ŜŎŀǳǎŜ ƻŦ ǘƘŜ ŘŜǎƛƎƴΩǎ ŎƻƳǇƭŜȄƛǘȅΣ ƛǘ ǿŀǎ ƴƻǘ ǎŜƭŜŎǘŜŘ ŀǎ ǘƘŜ Ŧƛƴŀƭ ŘŜǎƛƎƴΦ 

4.2.1.3 Third Design 

The third concept required a spring hinge to rotate a camera and a camera housing out of the airframe. It 

would have cameras mounted inside the airframe in housings that would be flush with milled cut-outs in 

Z 
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the airframe. The camera aligned with the vertical fin would spring out of the airframe on a hinge. The 

ǎǇǊƛƴƎ ƘƛƴƎŜ ŘŜǎƛƎƴΩǎ ŀŘǾŀƴǘŀƎŜǎ ǎƻƭǾŜ ǘƘŜ ŎƘŀƭƭŜƴƎes posed by the other ideas. The design protects the 

cameras during flight, has no external protrusions during flight, and could be designed such that the holes 

in the airframe are covered by the camera mount flush with the airframe. Additionally, the hinge is 

oriented in the direction opposite of the flight direction to prevent premature extension of the cameras 

during flight. The design only requires two motors per subsystem totaling six motors. This was the selected 

design. All other decisions, including material selection and electronics, were then made based on this 

design. 

4.2.1.4 Material Alternatives Given Leading Orientation Design 

Material durability was determined from open-source data regarding resistance to fatigue, heat, and 

chemicals. According to the Material Selection matrix, the best choice for the material for 3D printed 

components is PET-G. Its durability was well suited for the design than any other choice (Table 23). 

Test Measurement PLA PET-G 

Stiffness Difficult bend /10 7.5 5 

Durability Fatigue, heat, chemical resistance /10 4 8 

Max Surface Temperature Before bending under load in Celsius 52 73 

Table 23: 3D Print Material Decision Matrix 

4.2.1.5 Fastening Alternatives Given Leading Orientation Design 

Threaded inserts were chosen as the best option for fastening the payload systems to the airframe as 

shown in the matrix (Table 24). The thickness for the airframe was determined to be too small for 

ŎƻǳƴǘŜǊǎǳƴƪ ŦŀǎǘŜƴŜǊǎΦ ¢ƘŜ ǘƘǊŜŀŘŜŘ ƛƴǎŜǊǘǎ ŀƭǎƻ ƳƛǘƛƎŀǘŜ ŀƴȅ ŎƻƴŎŜǊƴ ǿƛǘƘ ŜȄǘŜǊƴŀƭ ǇǊƻǘǊǳǎƛƻƴΩǎ ŜŦŦŜŎǘǎ 

on stability since the inserts do not require bolts on opposing sides. 

Fasteners Threaded Inserts Countersunk Exterior Nut 

Objective Weight Parameter Mag. Score Value Mag. Score Value Mag. Score Value 

Cost 0.2 Cost 9.00 2 0.4 8.00 6 1.2 5 10 2 

Aero Impact 0.5 Area Great 10 5 Fair 4 2 Poor 2 1 

Thickness 0.3 Binary 1 10 3 1 10 3 2 10 3 

Overall value   8.4   5.2  6.0 

Table 24: Fastener Decision Matrix 

4.2.2 Selected Electronic Components 

4.2.2.1 Microprocessor Selection 

Raspberry Pi 4 Model B, Arduino Uno Rev3, and Libre Computer Board AML-S905X-CC were evaluated by 

performance, number of IO (Input-Output) pins, ease of use, and cost (Table 25). The Raspberry Pi 4 Model 

B features the highest performance of 9.45 billion instructions per second as measured by the Dhrystone 

integer benchmark, and this satisfies the requirement of Software Defined Radio. The Raspberry Pi 4 has 

40 IO pins, is considered easy to use due to the amount of documentation available and has a cost of 
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$163.00. The Raspberry Pi 4 Model B was chosen because it provides the best performance with thorough 

documentation. 

Microprocessor Raspberry Pi 4 Model B Arduino Uno Rev3 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Performance 0.5 DIMPs 9450 10 5 8 0.08 0.04 

IO 0.2 # of pins 40 10 2 14 3.5 0.7 

Ease of use 0.2 Experience Good 8 1.6 Great 10 2 

Cost 0.1 dollars 163.00 1.7 0.2 27.60 10 1 

Overall value     8.8     3.7 

Microprocessor 
Libre Computer Board 

AML-S905X-CC 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value 

Performance 0.5 DMIPs 3450 3.65 1.83 

IO 0.2 # of pins 40 10 2 

Ease of use 0.2 Experience Fair 6 1.2 

Cost 0.1 dollars 60.00 4.6 0.5 

Overall value     5.5 

Table 25: Payload Microprocessor Decision Matrix 

4.2.2.2 Camera Selection 

16MP Autofocus Camera for Raspberry Pi, Arducam 8MP IMX179 USB M12 Lens Camera, and Spedal Wide 

Angle USB Webcam were evaluated based on cost, complexity, area, and resolution (Table 26). The 

complexity is measured by the number of GPIO (General Purpose Input-Output) pins needed. The 

Arducam 8MP (MegaPixels) IMX179 USB camera uses 0 GPIO pins, making it the easiest to interface. It 

also has a cost of $61.00, an area of 0.088 in2, and a resolution of 8 MP. This camera was chosen because 

it provides a high resolution while maintaining an easy interface.  

Camera 
16MP Autofocus Camera for 

Raspberry Pi 
Arducam 8MP IMX179 USB 
M12 Lens Camera Module 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.3 USD 126.0 3.5 1.0 61.0 7.2 2.2 

Complexity 0.3 # of GPIO 6 1.7 0.5 0 10 3 

Area 0.2 In2 0.037 10 2 0.088 4.2 0.8 

Resolution 0.2 megapixels 16 10 2 8 5.0 1.0 

Overall value     5.5     7.0 

Camera 
Spedal Wide Angle USB 

Webcam 
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Objective 
Weighting 

Factor 
Parameter Mag. Score Value 

Cost 0.3 USD 44.0 10.0 3 

Complexity 0.3 # of GPIO 0 10 3 

Area 0.2 In2 0.797 3.0 0.6 

Resolution 0.2 megapixels 2 1.3 0.3 

Overall value     6.9 
Table 26: Payload Camera Decision Matrix 

4.2.2.3 IMU Selection 

BNO055, LSM9DS1, and LSM6DSOX + LIS3MDL were evaluated by their cost, size, and data variety (Table 

27). Data varieties refer to the different types of output data IMU can output. The Adafruit BNO055 IMU 

features a cost of $33.40, a size of 0.8 in2. Furthermore, it can also provide 8 different types of data 

(absolute orientation in both quaternion and Euler vector, angular velocity vector, acceleration vector, 

magnetic field strength vector, linear acceleration vector, gravity vector, and temperature). BNO055 was 

chosen because it provides the necessary gravity vector and has a reasonable size and cost.  

IMU Adafruit BNO055 Adafruit LSM9DS1 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.2 USD 33.4 6.0 1.2 40.0 5.0 1.0 

Size 0.4 In2 0.8 9.6 3.9 1.0 7.8 3.1 

Data variety 0.4 
Number of 
data types 8 10.0 4.0 3 3.8 1.5 

Overall value     9.1     5.6 

IMU 
Adafruit LSM6DSOX + 

LIS3MDL 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value 

Cost 0.2 USD 20.0 10.0 2.0 

Size 0.4 In2 0.8 10.0 4.0 

Data variety 0.4 
Number of 
data types 3 3.8 1.5 

Overall value     7.5 
Table 27: Payload IMU Decision Matrix 

4.2.2.4 Barometer Selection 

Adafruit BMP390, MPL3115A2 and Adafruit BME280 were evaluated by their cost, size, accuracy, and 

number of extra components needed (Table 28). The Adafruit BMP390 features a cost of $10.95, a size of 

468 mm2, accuracy to 0.25 meters, and no extra components are needed. BMP390 was chosen because 

it has the best accuracy while requiring no extra components, making it the best component and easiest 

to interface at the same time.  

Barometer Adafruit BMP390 MPL3115A2 Barometer 
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Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Cost 0.2 dollars 10.95 10.00 2.00 15.49 6.00 1.20 

Size 0.2 mm2 468.00 7.31 0.73 342.00 10.00 2.00 

Accuracy 0.4 meters 0.25 10.00 4.00 0.30 8.33 3.33 

Extra 
Requirements 0.2 components 0.00 10.00 2.00 3.00 3.33 0.67 

Overall value     8.73     7.20 

Barometer Adafruit BME280 I2C 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value 

Cost 0.2 dollars 14.95 7.32 2.20 

Size 0.2 mm2 2086.56 1.64 0.16 

Accuracy 0.4 meters 1.00 2.50 1.00 

Extra 
Requirements 0.2 components 0.00 10.00 2.00 

Overall value     5.36 
Table 28: Payload Barometer Decision Matrix 

4.2.2.5 Solenoid Selection 

Adafruit Small Push-Pull Solenoid, Adafruit Lock Style Solenoid, and Uxcell 4.5mm Push-Pull Solenoid were 

evaluated by their body length, mass, stroke length, and cost (Table 29). A small body length is desired 

due to the space constraint in payload, while a bigger stroke length is desired because it ensures a more 

secure lock of camera during flight. The 4.5mm Stroke Push-Pull Solenoid features a body length of 0.8 

inch, a mass of 1.0 ounces, a stroke length of 0.2 inch, and a cost of $10.00. This solenoid was chosen 

because it provides the longest stroke length while having the shortest body length and lightest weight.  

Solenoid 
Adafruit Small Push-Pull 

Solenoid 
Adafruit Lock style 

Solenoid 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Body Length 0.3 inches 1.5 5.4 1.6 2.1 3.8 1.1 

Mass 0.3 ounces 1.4 7.1 2.1 5.1 1.9 0.6 

Stroke Length 0.2 inches 0.2 9.0 1.8 0.2 9.0 1.8 

Cost 0.2 dollars 7.5 10.0 2.0 15.0 5.0 1.0 

Overall value     7.5     4.5 

Solenoid 
Uxcell 4.5mm Push-Pull 

Solenoid 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value 

Body Length 0.3 inches 0.8 10.0 3.0 

Mass 0.3 ounces 1.0 10.0 3.0 

Stroke Length 0.2 inches 0.2 10.0 2.0 
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Cost 0.2 dollars 10.0 7.5 1.5 

Overall value     9.5 
Table 29: Payload Solenoid Decision Matrix 

4.2.2.6 Stepper Motor Selection 

28BYJ-48 Reduction gear, NEMA-17, and NEMA-8 motors were evaluated based on their volume, cost, 

mass, and torque (Table 30). The 28BYJ-48 Reduction Gear Stepper Motor features a volume of 1.1 in3, 

cost of $8.50, mass of 1.3 oz, and a torque of 1.0 oz*in. This motor was chosen because of its low volume, 

cost, and mass. The low volume and mass are critical for fitting into the payload airframe.   

Stepper Motor 28BYJ-48 Reduction Gear NEMA-17 Motor 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value Mag. Score Value 

Volume 0.3 In3 1.1 6.5 1.9 5.1 1.3 0.4 

Cost 0.3 dollars 8.5 10.0 3.0 14.0 6.1 1.8 

Mass 0.2 ounces 1.3 10.0 2.0 13.8 0.9 0.2 

Torque 0.2 oz*in 1.0 0.1 0.0 84.0 10.0 2.0 

Overall value     7.0     4.4 

Stepper Motor NEMA-8 Motor 

Objective 
Weighting 

Factor 
Parameter Mag. Score Value 

Volume 0.3 In3 0.7 10.0 3.0 

Cost 0.3 dollars 20.3 4.2 1.3 

Mass 0.2 ounces 2.1 6.2 1.2 

Torque 0.2 oz*in 2.3 0.3 0.1 

Overall value     5.5 

Table 30: Payload Stepper Motor Decision Matrix 

4.2.2.7 Radio Receiver Selection 

An RTL-SDR (Software Defined Radio) dongle was chosen as a radio receiver. This radio dongle converts 

radio signals to digital signals and then send those signals via USB (Universal Serial Bus) ports to the 

Raspberry Pi to decode. This method of receiving radio was chosen because the integrated radio receivers 

that are commercially available do not operate in the range of 144.90 MHz to 145.10 MHz, which is the 

range NASA will be transmitting on. The receivers that are commercially available are too big to be used 

in this payload. As a result, an integrated SDR dongle was chosen as the method to receive APRS radio 

signal from NASA.  

4.2.3 Selected Software Components 

4.2.3.1 Serial Communication Protocol 

The payload design makes use of an external IMU and barometer. These components are needed to get 

acceleration, orientation, and pressure data to the Raspberry Pi so a serial communication protocol will 

need to be implemented. The options available are limited as the IMU only supports the I2C and UART 

protocols and the barometer only supports the I2C and SPI protocols. 

I2C was chosen in large part because both external components share the I2C protocol. This means that 

software and physical complexity is reduced since the same code and wires can be used to interface with 



   

 

 76 
 

both devices. The alternative being that the IMU would use the UART protocol, and the barometer would 

use the SPI protocol. The UART protocol relies on asynchronous communication meaning two different 

RX and TX data transmission lines would need to be used. In addition to the four different wires needed 

for the SPI protocol. Therefore, if I2C was not chosen there would need to be six wires connecting to the 

external components instead of two and both protocols would need to have separate software libraries 

written to control the sending and receiving of data. Due to these complications, I2C was chosen and will 

be used to communicate with both the IMU and barometer. 

4.3 System Level Design 

4.3.1 Payload Mechanical Design 
The payload systems will be positioned 120° apart and linearly offset. Each payload system will have a 

camera housing that integrates a camera, camera mount, and the motors. The airframe has three 

rectangular cut-outs that each camera system will rotate out of. The camera mount sits almost flush with 

the cut-out airframe so that each camera can exit the airframe upon landing.  

Each payload system includes: a camera with a case, a solenoid to hold the camera, camera case, and 

camera mount down, a stepper motor to rotate the system about the z-axis, and a spring hinge to rotate 

the system upward relative to the ground (Figure 44). The camera case is fastened to the camera to 

protect the lens from environmental damage. The solenoid tongue is extended into a cylindrical hole in 

an extrusion of the camera mount, and the system remains in the airframe cutout until the tongue is 

retracted and system released. The stepper motor is fastened to the spring hinge and spring mount with 

8-32 fasteners so that when the solenoid tongue is retracted and spring hinge releases to its 90° position 

(Figure 53), the stepper motor can rotate the camera and camera mount about the z-axis. 

The camera mount will be 3D printed so the top surface is almost flush with the original curvature of the 

airframe, so the camera mounts minimally affect aerodynamics. Upon landing, one solenoid tongue will 

retract, and that camera system will rotate 90° out of the airframe. A stepper motor will rotate the camera 

mount, and thus the camera, about the z-axis. 

 

Figure 44: Camera System with Labeled Components 
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4.3.1.1 Camera Mount and System 

The camera system includes a camera mounted to the PET-G camera mount (Figure 45, Figure 47) and is 

enclosed by a camera case (Figure 46) fastened to the inside of the airframe. Each camera system will be 

mounted on a 90° spring-loaded hinge with M4 fasteners, so that it lays almost flush with the exterior of 

the launch vehicle during flight and can rotate out of the airframe on the hinge once the vehicle has 

landed. The shape of the mount was designed to ensure there would be minimal effects on the 

aerodynamics while still functioning in a way that minimizes space and allows for rotation of the system. 

The spring-loaded hinge is secured closer to the forward end of the airframe so that the direction of the 

airflow will always push the hinge closed during flight. This is to protect the launch vehicle and ensure 

that mechanical failures will have no effect on the aerodynamics of the launch vehicle. The base of the 

mount has a small cutout for the hinge to be fastened to a flat rigid lip. The spring-loaded hinge is secured 

to the surface of the camera mount that is flush with the airframe with M6 fasteners. One side of the 

hinge is fastened underneath the contacting surface of the camera mount, and on the other side to a 

spring mount. The spring mount is fitted on the stepper motor that will rotate the camera, mount, locking 

lug, and spring system when prompted by RF commands (Figure 48, Figure 49). 

 

 

Figure 45: Camera Mount Drawing 
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Figure 46: Camera Case 

 

Figure 47: Camera Mount CAD 
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Figure 48: Payload Camera System Side View 

 

 

Figure 49: Payload Camera System Isometric View 

The PET-G camera mount includes a locking lug extrusion inside the airframe next to the camera (Figure 

50). The lug extrusion features a cylindrical cut-out for a mini solenoid tongue to fit inside. The camera 

system is held down by the tongue of the solenoid motor and can carry a maximum load of 7.94 oz, well 

more than the required load of 1 oz. It will retract itself out of the lug after the launch vehicle lands. The 

retraction of the tongue releases the hinge and springs the camera system out of the airframe. The 

solenoid tongue is extended by default, so the system is locked while powered off. The solenoid must be 

powered on to retract, so the camera systems cannot be extended mid-flight, providing mechanical safety 

for electronic failure. 
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Figure 50: Camera Mount includes Locking Lug 

4.3.1.2 Payload System 

The payload system refers to everything inside the payload housing including the components in Figure 

50. When the solenoid is retracted, the camera mount system will rotate up so the spring-loaded hinge 

will spring to its naturally released state out of the airframe (Figure 53, Figure 54). The spring-loaded hinge 

(Figure 51) is fastened to a spring mount and hub (Figure 52). The mount and hub are 3D printed with 

PET-G, and the torque is transmitted through one M6 threaded insert and set screw. The spring mount is 

secured to a stepper motor that rotates the camera system about the z-axis. The stepper motor aligned 

with the fin normal to the ground will receive commands for the payload challenge. An IMU accelerometer 

will determine which camera mount is rotated up, and only that camera will receive the commands and 

capture images. The corresponding stepper motor will rotate the entire camera system, including the 

hinge, at the surface of the airframe (Figure 55). 
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Figure 51: Spring-Loaded Hinge Drawing 

 

Figure 52: Stepper Motor Hub 
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Figure 53: Payload System Rotated 90° Out of Airframe 

 

Figure 54: Payload System Rotated Isometric View 



   

 

 83 
 

 

Figure 55: Direction of Rotation of Stepper for Camera System 

 

Figure 56: Motor Hub and Mount Assembly 
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4.3.1.3 Payload Housing  

Each payload housing will be mounted inside the airframe with threaded inserts and 8-32 fasteners so 

that the outer surface of the mount is flush with the outer diameter of the airframe. The camera stepper 

motor is fastened under the airframe, and each of the three camera systems has its own housing (Figure 

57). Each housing features two rectangular holes in its base for motor wires to pass through. The housing 

serves the purpose of securing the motors and fasteners while also protecting the launch vehicle from 

unwanted uncertainties like mechanical failure (Figure 58, Figure 59). The central payload housing of the 

three payload housings will include a designated fastening compartment for the radio. The 3D printed 

bottom surface of the radio compartment will be fastened to the walls of that compartment with M2.5 

fasteners. 

 

Figure 57: Payload Housing Drawing 

 






















































































































































































































































































