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1 Summary 
 

1.1 Team Summary  
 

1.1.1 Team Information 

 

1.1.1.1 Team Name 

This team has dedicated itself to laying the groundwork for continued yearly participation in 

NASA Student Launch and expansion into experimental liquid-fueled engine development by 

the parent AIAA chapter. To that end, the team has deemed itself the first year of FAMU-FSU 

!L!!Ωs rocket development program, called the Zenith Program.  

 

1.1.1.1 Mailing Address 

Mail to:        FAMU-FSU AIAA 

2525 Pottsdamer Street, Suite B111 

Tallahassee, FL 32310 

 

 

1.1.2 Mentor Information  

 

1.1.2.1 Mr. Tom McKeown  

¶ Title: Board Member, Spaceport Rocketry Association (NAR #342 / TRA #73) 

¶ Email: mckeownt@ix.netcom.com 

¶ Phone: 321-266-1928 

¶ NAR Flyer Number: 57205 

¶ TRA Flyer Number: 01922 

¶ NAR/TRA Certification Level: Level 2 

  

mailto:mckeownt@ix.netcom.com
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1.1.3 Huntsville Travel Plans 

The team intends to attend launch week at NASA MSFC in Huntsville. An alternate launch site 

has been selected in Palm Bay, FL at the SRA Rocket Ranch should the team not be able to 

travel to Huntsville.  

 

1.1.4 FRR Completion Time 

The team spent approximately 200 hours working on the FRR document.  

 

1.1.5 STEM Engagement Summary 

The Team had to engage a minimum of 250 participants through the means of Direct education 

engagement and have a STEM Engagement activity report submitted by Flight Readiness 

Review. As far as engagement is concerned the team was able to engage with Sail High School 

and School of Arts and Science located in Tallahassee. This brought us to a minimum of 280 

participants engaged. Sail High School STEM Engagement was done on the 28th of February and 

March 2nd, this consisted of a set of presentations to four of their engineering and physical 

science classes with 25-30 students in each class and started discussions about the main 

aspects of our senior design project and how the simple subjects that are being taught them 

apply to projects of a collegiate level. As well as give general rundown of the High School 

Division offered by NASA Student Launch and how many schools are competing as of now. The 

School of Arts and Sciences STEM Engagement took place on the 23rd and 24th of February 

which was done due to the large summary of participants, this consisted of 2 groups of 45 on 

each day. This event involved a small lecture/presentation on Aerodynamics that would 

eventually transition to a hands-on activity that would better explain the lecture to kids in ways 

they would understand. 

                                                       Table 1-1. STEM Event Summary 

Event/Group Participant No. Engagement Type Description 
Sail High School-Class 1 50 Direct Engagement Presentation 

Sail High School-Class 2 50 Direct Engagement Presentation 

School of Arts and 
Sciences 180 Direct Engagement 

Aero Lecture/Hands on 
Activity 

Present Total: 280 - - 
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1.2 Launch Vehicle Summary  
 

1.2.1 Target Altitude 

The target altitude for the Zenith 1 is 4600 ft AGL.  

 

1.2.2 Final Motor Selection  

The final motor selected is the Aerotech L850W.  

 

Table 1-1. Aerotech L850W Specifications 

Motor Parameter Value 

Average Thrust 850 N 

Initial Thrust 1,001 N 

Maximum Thrust 1,866 N 

Total Impulse 3,646 N-s 

Burn Time 4.4 seconds 

 

1.2.3 Vehicle Sections 

The flight vehicle design is 97.75 inches in length with a body tube diameter of 6.12 inches and 

a total weight of 38.68 lbs. The static stability margin of the vehicle is 3.43 calibers and the max 

velocity the vehicle reaches is 545 ft/s. Section 3.1 expands further into the design of the 

vehicle, its subsections, and their weight distribution. 

1.2.4 Vehicle Mass  
Table 1-2. Vehicle Masses 

Vehicle State Mass (lbm) Mass (g) 

Dry Mass 34.12 15273 

Wet Mass 38.68 17520 

 

Component Size (inches) Weight (lbs.) 

Upper Payload Bay 35  12.718 

Nose Cone 20 5.297 

Avionics Bay 12 4.822  

Fin Can w/ out propellants 40.05 14.341 

 



2023 NASA Student Launch | FAMU-FSU College of Engineering 

 

13 
 

1.2.5 Recovery System  

The recovery system consists of two completely independent Entacore AIM 3 altimeters. At 

apoƎŜŜΣ ŀ нпέ ƘƛƎƘ ǎǘǊŜƴƎǘƘ ŜƭƭƛǇǘƛŎŀƭ ǇŀǊŀŎƘǳǘŜ ǿƛƭƭ ŘŜǇƭƻȅΦ !ǘ ŀǊƻǳƴŘ ррл ŦŜŜǘ ŀōƻǾŜ ƎǊƻund 

ŀƴ упέ toroidal shaped parachute will deploy. The system will use CO2 ejection charges to 

lower the risk of damaging any of the components in each payload bay, which is more likely to 

occur with the use of traditional black powder charges. The recovery system and all of its 

relevant modules are discussed further in Section 3.4. 

 

Table 1-3. Recovery System Components 

Component Part Selected 

Primary Flight Computer  AIM4 USB 

Backup Altimeter  AIM4 USB 

GPS Tracker/Locator 1 EggFinder RX 

GPS Tracker/Locator 2 Apple AirTag 

Ejection Charges Tinder Rocketry Raptor CO2 Ejection Charge 

Drogue Parachute Fruity Chutes Classic EƭƭƛǇǘƛŎŀƭ нпέ 

Main Parachute CǊǳƛǘȅ /ƘǳǘŜǎ LǊƛǎ ¦ƭǘǊŀ {ǘŀƴŘŀǊŘ упέ 

 

1.2.6 Rail Size  

The launch vehicle will utilize 1515 rails.  

 

1.3 Payload Summary  
The Payload has Summary has stayed the same since the critical design review. The payload is a 

static 3D printed camera housing, which will contain an Arduino Mega microcontroller, ArduCam 

mini camera, and stepper motor to drive the rotation of the camera. The camera housing has 

been designed as a pyramid, with a wide flat base to prevent tipping or rolling as it sets down on 

the ground under parachute. The microcontroller and camera are mounted to a 3D printed 

turret, driven by the stepper motor, with the camera protruding from the top of the pyramid into 

a protective Lexan plexiglass sides of a 3D printed frame. The Payload will be attached to the 

shock cord via four eye bolts and will be pulled out by the shock cord during upper payload bay 

separation. 
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2 Modifications since CDR 
 

2.1 Modified vehicle criteria  

Description of Change Reason for the Change 

Aft removable centering ring holds aft rail 
button 

Prevents any movement from the centering 
ring and assists in fixing the rail button to the 
vehicle 

Fin structure has been changed to eliminate 
the canted profile. The canted profile has 
been substituted with a spin tab position at 
the aft end of the fin and will be printed as 
one component with the fin (discussed in 
flight analysis). 

The canted profile required the use of a base 
plate. The base plate resulted in deformation 
issues and fitment issues with the airframe. 

Tail cone has been eliminated. Thrust plate 
remains in the design. 

Tail Cone design was detrimental to vehicle 
performance and personnel safety (discussed 
in flight analysis). 

 

 

2.2 Changes made to payload criteria  

Description of Change Reason for the Change 

For the Payload Housing increased the 
material around the eyebolts to increase 
strength and decrease the likely hood of 
breaking 

Had an oversite that after printing the 
Interior Electronics Frame couldnΩt side into 
the top.  

Changed dimensions of Camera Housing. 
Designed the Camera Housing before 
receiving the part.  

Changed design to allow for the Arduino 
Mega to be put inside the Interior Electronics 
Frame 

Had an oversite in the ability to put the 
Arduino Mega controller into the Frame after 
it was printed.  

Changed the design of the Lexan top  to be 
more like a picture frame. There is now a 3D 
printed Frame and have four panes of Lexan 
epoxied to the inside. 

During manufacturing there was trouble 
molding it to form the correct shape.  
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2.3 Changes made to project plan  
There are no notable changes to the project plan since last reported on. Manufacturing, testing, 

and test flight timelines are holding firm, STEM engagement was executed as expected, and 

budgeting and actual expenditures remain reasonably close.  

3 Vehicle Criteria 
 

3.1 Design and Construction of Vehicle  
 

3.1.1 Launch Vehicle Design 

The launch vehicle will be 98 inches long with a loaded weight of 38.68 pounds and an 

unloaded weight of 34.12 pounds. Discussed in later sections, changes made to the launch 

vehicle include fin design and nose cone coupling method. The vehicle will separate between 

the lower payload bay and the avionics bay at apogee (drogue separation), and between the 

upper payload bay and avionics bay (main parachute separation). See figure 3.3 for visual 

representation. 
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3.1.1.1 Nosecone Configuration 

The final design for the nosecone configuration has not changed and will be an LD-Haack Series 

with threaded shoulder attachment. 

 

Figure 3-1. LD-Haack Series Nosecone Assembly 

The nosecone configuration is separated into three sections: upper profile, lower profile, and 

shoulder. The configuration of the nosecone was ultimately separated into three sections for 

ease of manufacturing. Discussed further below in section 5.5.2, the upper profile and lower 

profile separated due to the coupler connector being too thin to withstand the ground hit 

impact. The solution to this issue will be to increase the thickness of the coupling connector 

between the upper and lower profile. In the previous design presented in CDR, the coupling 

piece between the upper and lower nose cone profiles was one sided and 1 inch long. The 

updated design shown in the engineering drawings below shows the coupler is now 0.8 inches 

thick and 2 inches long with 1 inch of the coupler in the lower section and 1 inch in the upper 

section. 3D printing specifications and notes have also been included in the drawings included 

in the drawings. 
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Figure 3-2. LD-Haack Nosecone Assembly CAD Drawing 
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Figure 3-3. Nosecone Shoulder CAD Drawing 
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Figure 3-4. Nosecone Lower Profile CAD Drawing 
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Figure 3-5. Nosecone Upper Profile CAD Drawing 

 

3.1.1.2 Upper Payload Bay 

The upper payload bay design has remained the same since CDR and consists of a 35-inch-long 

blue tube airframe with a forward bulkhead that sits flush against the nosecone shoulder. The 

manufactured dimensions are shown below along with their manufactured weights. The 

weights have altered slightly, each component was weighed post-manufacturing for accurate 

simulations and accurate documentation. 
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Figure 3-6. Upper Payload Bay Assembly 

 

Figure 3-7. Upper Payload Bay Assembly CAD Drawing 

(a) Upper Payload Bay Airframe 
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Figure 3-8. Upper Payload Bay Airframe CAD Drawing 

(b) Nose Cone Bulkhead 

All design aspects of the nosecone bulkhead have remained the same since CDR with a 

рκмсέ ¦-Bolt and fastener plate configuration attached to the bulkhead for main 

parachute shock chord connectƛƻƴ ǇǳǊǇƻǎŜǎΦ ¢ƘŜ ѹέ bulkhead is fabricated from Baltic 

Birch Plywood. Shown below are dimensioned CAD drawings of the nosecone 

bulkhead design and each of its components. Weights have been updated for accurate 

post-manufacturing weights. 
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Figure 3-9. Nosecone Bulkhead Assembly 
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Figure 3-10. Nosecone Bulkhead CAD Drawing 
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Figure 3-11. U-Bolt CAD Drawing 

3.1.1.3 Avionics Bay 

The avionics bay design and layout is relatively unchanged since CDR. The changes made were 

the positioning of the holes in the bulkhead that accommodate the threaded rods. The 

bulkheads were commercially ordered and came with the hole locations shown in figures 3-17 

and 3-18. The avionics coupler is 12 inches in length and made from blue tube with a 1-inch-

long outer airframe ring hugging the external surface of the coupler to provide a flush 

connection point between the coupler and the vŜƘƛŎƭŜΩǎ ŀƛǊŦǊŀƳŜΦ ¢ƘŜ ŀǾƛƻƴƛŎǎ ōŀȅ ŀǎ ŀ ǿƘƻƭŜ ƛs 

expected to weigh 4.83 lbs. 
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Figure 3-12. AV Bay Transparent Assembly 
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Figure 3-13. AV Bay Solid CAD Drawing 

 

Figure 3-14. AV Bay Exploded Assembly 
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Figure 3-15 Avionics Sled Engineering Drawing 

 

 

 

 

 

 

 

 

 



2023 NASA Student Launch | FAMU-FSU College of Engineering 

 

30 
 

 

 

 

 

Figure 3-16. AV Bay Outer Bulkhead CAD Drawing 
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Figure 3-17. AV Bay Inner Bulkhead CAD Drawing 
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3.1.1.4 Fin Can/Lower Payload Bay 

The lower payload bay design has a few minor design changes in regard to fin design and 

centering ring design. These changes are discussed below. Aside from fin and centering ring 

design, the rest of the components remain the same from CDR. The lower payload bay as a 

whole is 43.50 inches in length. 

 

Figure 3-18. Lower Payload Bay/Fin Can Transparent Assembly 

(a) Updated Airframe  

The fin cut-outs for the lower payload bay airframe have been changed to 

accommodate the new fin design. The airframe design presented in CDR had fin 

slots cut at the aft end of the vehicle that were 13 inches in length and were cut to 

the end of the airframe. The new and updated fin design is design for the fins to be 

inserted vertically in and out of the vehicle, similar to traditional fin designs. 

Previous fin designs were modeled to have a base plate with a surface curve 

following the outer airframe diameter and were printed from PETG. The curved 

plate in the original design of the fins would frequently deform, regardless of the 

material used for printing, and often did not properly align with the airframe. The 

base plate was implemented to allow the fins to be canted off vertical to induce 

spinning stabilization. Due to structural printing deformation and fitment, the fin 

design was modified to a vertical stature with spin tabs located the end of the fins 
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to replicate the canted feature in the last design. The new configuration is shown 

below along with an engineering drawing. 

 

 

Figure 3-19. Lower Payload Bay Airframe and Fin Configuration 

Spin Tab 



2023 NASA Student Launch | FAMU-FSU College of Engineering 

 

34 
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Figure 3-20. Lower Payload Bay Airframe w/ 1515 Rail Buttonhole 
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(b) Updated Thrust Structure 

The thrust structure presented in CDR is relatively similar to the updated design, but 

with a few small changes.  

 

Figure 3-21. Labeled Fin Can Assembly  

The fin tabs have been designed differently to fit into slots that were cut in the 

centering rings. The fins vertically slide into the slots and the centering rings, held in by 

the threaded rods, sandwich the fin tabs between the two centering rings to keep the 

fins fixed in place. The fin tabs extend to the motor tube for extra structural stabilization 

and to transfer thrust loads to the centering rings. 
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Figure 3-22. Fin Can Assembly 

The fin assembly shown above is the updated thrust structure configuration. The fins will be 3D 

printed using ABS filament and have an estimated weight of 1.4 pounds each (670 grams). The 

spin tabs are vertically offset 8 degrees and are implemented to cause the vehicle to spin and 

positively affect the vehicleΩs stability. Shown below are dimensioned CAD drawings of the 

clipped delta fins. 
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Figure 3-23. Canted Clipped Delta Fin CAD Drawing Sheet 1 of 2 
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Figure 3-24. Canted Clipped Delta Fin CAD Drawing Sheet 2 of 2 

As mentioned in both PDR and CDR, a leading concern with the vehicleΩǎ fins was the fins 

reaching the fin fluttering speed, which could lead to the fins shearing during flight. The new fin 

design has the same dimension as the design shown in CDR, aside from the base plate. The fin 

flutter speed shown below was calculated in MATLAB and gives the fin structure a nice factor of 

safety range. 
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Table 3-1. Fin Flutter Speed Parameters 

Fin Flutter Speed 

Parameter Symbol Value Unit 

Speed of Sound ὥ 1098.9 ft/s 

Shear Modulus Ὃ 151920 lb/in^2 

Aspect Ratio ὃὙ 1.0714  

Pressure ὖ 12.44 lb/in^2 

Taper Ratio ὰ 0.2727  

Fin Thickness ὸ 0.47 inches 

Root Chord ὧ 11 inches 

Fin Flutter Speed ὠ 1446.3 ft/s 

 

 

Table 3-2. Fin Flutter Speed Results 

  Max Vehicle Speed: 545 ft/s 

Fin Flutter Speed: 1446.3 ft/s 

Percent Flutter Speed Achieved: 38% 

Factor of Safety: 2.65 
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The centering rings used for the thrust structure have kept the same general design since CDR. 

The cut-outs in the centering rings have been modified to accommodate the new fin design 

with skinnier tabs. The aft end centering ring has also been modified to allow the 1515 rail 

button to be screwed into for final assembly. The rail button placement not only fixes the aft 

end rail button to the vehicle, but also prevents the removable centering ring from rotating 

during flight. Show below are updated engineering drawings for the centering rings and an 

image of how the aft end rail button is fixed to the centering ring. 
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Figure 3-25. Forward Centering Ring CAD Drawing 
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Figure 3-26. Aft Fin Centering Ring CAD Drawing 
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Figure 3-27. Forward Fin Centering Ring CAD Drawing  

The thrust plate and tail cone configuration has changed since CDR, with the tail cone being 

removed from the design and the component having a total weight of 0.41 pounds. Shown 

below are images of how the tail cone is assembled to the thrust structure along with 

engineering drawings of the component. Mentioned in section #, the tail cone detached from 

the launch vehicle during the full-scale test launch. To avoid any further issue regarding the tail 

cone, it has been eliminated from the design as a whole.  
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Figure 3-28. Thrust Plate CAD Model 
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Figure 3-29. Tail Cone CAD Drawing 

 

3.1.1.5 Vehicle Component Weights 
Table 3-3. Vehicle Weight Components 

Component Weight (lbs.) 

Upper Payload Bay 12.718 

Nose Cone 5.297 

Nose Cone Bulkhead 0.319 

U-Bolt with Hex Nuts/Washers/Fastener 
Plate 

0.137 

Quick Link 0.079 

Airframe 2.2156 

Main Parachute 1.188 

Shock Chord 0.172 

Payload  3.307 
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Avionics Bay 4.822  

Airframe Coupler 0.069 

Avionics Sled/2xThreaded rods 1.788 

Inner Bulkhead x 2  0.503 

Outer Bulkhead x 2 0.534 

U-Bolt with Hex Nuts/Washers/Fastener 
Plate 

0.53 

Quick Link 0.079 

CO2 Charges x 4 Loaded 0.811 

Electronics 0.508 

Fin Can 14.341 

Airframe 2.764 

Motor Tube 0.388 

Flanged Motor Retention System 0.306 

Motor Tube Centering Ring 0.238 

Fin-Cut Centering Rings x 2 0.476 

PETG Fin x 4 5.194 

Shock Chord 0.172 

Drogue Parachute 0.137 

Eyebolt 0.149 

1515 Rail Button x 2 0.0423 

Threaded Rod x 4 0.434 

Thrust Plate 0.410 

Motor Case (w/out propellants) 3.631 
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3.1.2 Manufacturing and Assembly for Tested Vehicle 

 

3.1.2.1 Upper Payload Bay and Nose Cone Configuration 

 

 

Figure 3-30. UPB and Nose Cone Configuration 

3.1.2.1.1 Nose Cone 

The nose cone will be manufactured into three sections due to limited build volume on 

our 3D printer. The nose cone is 20 inches in length with a 4.5-inch shoulder coupler.  
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Figure 3-31. Nose Cone Configuration 

The nosecone configuration is separated into three sections: upper profile, lower 

profile, and shoulder. The configuration of the nosecone was ultimately separated into 

three sections for ease of manufacturing. The upper profile is connected to the lower 

profile by a cylindrical shoulder. The shoulder, receiving end, and connection faces 

between the two sections will be epoxied together. The lower profile is connected to 

the shoulder coupler by a threaded cylindrical shoulder and the two sections (Lower 

Profile and Shoulder) will also be epoxied together. 3D printing specifications and notes 

have been included in the drawings included in the drawings. While printing, the 

specifications on the drawings will be implemented into the 3D printing software. For 

this component, Ultimaker Cura was used as the cross-functional 3D printing software. 

 

 

Figure 3-32. 3D Printed Nose Cone 

The printing orientation shown below for each component is in accordance with the 

printing specifications on the engineering drawings. The print orientation of the object 

affects the placement and amount of structure was used to support over-hanging 



2023 NASA Student Launch | FAMU-FSU College of Engineering 

 

50 
 

sections of the component. The printing support is not viewable in the images below 

due to an internal over-hand support structure. 

 

 

Figure 3-33. Nose Cone Sections Printing Orientation 

Table 3-4. 3D Printing Specifications 

Ultimaker Cura Printing Specifications 

Material ABS 

Layer Height 0.15 mm 

Infill Density 85% 

Infill Pattern Triangular 

Nozzle Temperature 235°C 

Build Plate Temperature 110°C 

Print Speed 60 mm/s 

Support Structure Tree Structure at 45° Overhang 

Support Pattern Zigzag 

Support Density 10% 
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Build Plate Adhesion Type 10 mm thick Brim 

 

3.1.2.1.2 Upper Payload Bay Airframe 

The upper payload bay consists of a 35-inch-long blue tube airframe with a forward 

bulkhead that sits flush against the nosecone shoulder.  

 

Figure 3-34. Upper Payload Bay Airframe 

The bulkhead and U-bolt configuration is located at the front of the airframe, this allows 

the nose cone shoulder coupler to sit flush against the bulkhead and also ensures the 

main parachute shock chord will have a connection point to the vehicle (via U-Bolt). The 

upper payload bay airframe is cut from one of the two 48-inch airframes using a Dremel 

and cutting disk. The holes of the nose cone bulkhead are radially off set and were made 

using a power drill and a 5/16έ bit. All residual wood splitting surrounding the holes was 

sanded down for a smooth surface.  

 

Figure 3-35. Bulkhead U-bolt Interface 
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The shoulder was epoxied into the airframe until the lip was pressed firmly against the 

top of the airframe tube. The epoxy was left to cure for 1 hour and then sandpaper was 

used to remove excess epoxy below the nosecone shoulder inside the airframe.  

 

 

Figure 3-36. Nose Cone to UPB Interface 

After the nosecone epoxy has set and the residual epoxy has been sanded down, a 1έ 

ring of epoxy was applied directly below the nosecone shoulder and a layer was applied 

around the foreword bulkhead surface. The bulkhead was the oriented such that the U-

bolt is facing away from the nosecone and then pushed through the airframe until it 

contacted the nosecone shoulder. A ring of instant-cure gap filler (purple super glue) 

was then applied at the bulkhead to airframe interface to seal the gap.  

 

Figure 3-37. Mostly Assembled Vehicle 
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3.1.2.2 Avionics Bay 

 

Figure 3-38. Exploded View of Avionics Bay 

3.1.2.2.1 Avionics Sled 

Using a CAD model, the avionics sled was be printed from PLA filament, as this component 

takes no load during flight. The sled model includes a flat grid to zip-tie avionics 

components on to, supported by two longitudinal tubes through which the avionics bay 

threaded rods were ran. The print orientation is crucial for this component. 

 

Figure 3-39. CAD Model of Avionics Bay 

The avionics sled was printed vertically such that no supports were generated within the 

longitudinal tubes. Supports must be generated in the voids of the gridded plate in 
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order to execute this print orientation. Residual material within the longitudinal tubes 

may prevent the threaded rods from passing through, and cannot easily be removed, 

thus the requirement for a vertical print orientation.  

 

 

Figure 3-40. Printing Configuration of Avionics Sled 

3.1.2.2.2 Avionics Placement and Wiring 

The 3.4V LiPo batteries ordered for the program came with only change cables pre-

installed. To make the batteries useful, leads were installed to the terminals. The outer 

protective casing (grey plastic material) was peeled away to expose the battery 

terminals. The red charging lead runs to the positive (+) terminal and the black to the 

negative (-) terminal. Two jumper wires, one red and one black, and a wire stripper was 

used to remove one end of the wire such that 1/уέ ƻŦ ōŀǊŜ ŎƻǇǇŜǊ ǿƛǊŜ ƛǎ unsheathed. A 

soldering iron and electrically conductive non-lead solder was substituted to attach the 

red jumper wire to the (+) terminal and the black jumper to the (-) terminal, ensuring 

that the charging leads were not melted off in the process. The kill switch was placed 

between one of the leads and the flight computer by stripping the end of the lead and 

the switch lead. The two exposed copper wires were twisted together and wrapped 

firmly with electrical tape. The two altimeter circuits are independent and run down 

opposite sides of the avionics sled. The GPS circuit is centrally located and does not 

include a kill switch, as it does not command pyrotechnics or energetics. 

Temporary 

Support Structure 

(Removable) 

Avionics Sled 
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Figure 3-41. Avionics Wiring Diagram 

The wiring diagram excludes the GPS circuit as it is fully self-contained and inert. Each 

flight computer is wired to a drogue chute ejection charge (A line) and a main chute 

ejection charge (B line), to be fired at different points in the flight. The A and B lines are 

both (+) channels that share a common (-) channel, shown in green and labeled GND. 

The altimeters are activated by deactivating the kill switch on the (-) terminal of their 

respective batteries (refer to section 3.2.1). 

3.1.2.2.3 Avionics Bay Assembly 

¢ƘŜ ŀƛǊŦǊŀƳŜ ǎǇŀŎŜǊ ƛǎ ŀ мέ ǿƛŘŜ ǊƛƴƎ ǿƘƛŎƘ ǎƛǘǎ ŀǘ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ŜȄǘŜǊƛƻǊ ƻŦ ǘƘŜ 

avionics bay, creating a gap between the upper payload bay and lower payload bay 

airframe sections. The length of the avionics bay (without bulkheads)  was measured 

and confirmed to мнέ ƛƴ ƭŜƴƎǘƘ. A mark was made ŀǘ ǘƘŜ ŎŜƴǘŜǊ Ǉƻƛƴǘ сέ ŦǊƻƳ the end of 

the coupler. A mark was then made лΦрέ from the central marking to create a 1έ inch 

outline of where the ring should be placed. A thin layer of epoxy was then applied 

covering the measured 1έ. The ring was then slid over the coupler to line up with the 

initial markings and left to set for 1 hour.  
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All Bulkhead modifications for the avionics bay were made by tracing 1:1 engineering 

drawings on the bulkhead and slowly scoring the wood in the traced areas. For future 

manufacturing, CAD models of both the inner and outer bulkheads will be used to 

program a CNC router in our in-house manufacturing shop. The scoring was a 

supplemental method used in the absence of the router for the CNC wood router. After 

bulkheads were manufacture, the airframe bulkheads were stacked on top of the 

coupler bulkhead to align the pre-drilled holes for the U-bolt. The bulkheads were the 

clamped firmly together and firmly affixed to a worktable. A power drill was used to 

enlarge the pre-drilled U-ōƻƭǘ ƘƻƭŜǎ ŀǘ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ōǳƭƪƘŜŀŘ ŦǊƻƳ мκпέ ǘƻ рκмсέ ŦƻǊ 

ease of assembly. The threaded ends of the U-bolt were passed through their respective 

holes and the fastener plate was positioned appropriately on the U-bolt legs. A wrench 

was then used to tighten the hex nuts of the U-bolts. The two flanged bases of the CO2 

ejection system were fed through the holes cut in the bulkhead and screwed into place 

using hex head screws. The flange sits flush against the inner bulkhead and cylindrical 

tower extends through the outer bulkhead. This process was repeated until dual 

bulkhead assemblies were created. 
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The spacing rings are rings of blue tube approximately 0.7έ ƛƴ ǿƛŘth which are epoxied 

inside the avionics bay for the inner bulkhead to rest against. A dual bulkhead assembly 

was placed at one end of the coupler. The inner bulkhead sits inside the tube and the 

outer bulkhead acts as a stopper, sitting flush against the outer edge of the bay. From 

the open end of the bay, a sharpie was used to mark out the location of the base of the 

inner bulkhead. The bulkheads were then removed, and a light ring of epoxy was 

applied to the marked area The ring was then inserted into the coupler and the dual 

bulkhead assembly was insert behind the ring to ensure the ring was position correctly.  
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After the epoxy was set, sandpaper was used to remove excess epoxy between spacing 

ring and edge of tube to allow for clean seating of inner bulkhead. This process was 

repeated on both sides of the avionics coupler. 

Dual Bulkhead Assembly 

Ring #1 
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The avionics sled and electronics were loaded inside the coupler and the dual bulkhead 

assemblies were attached on each side of the coupler. Electrical wires were routed 

through holes in the bulkhead assembly. The table below summarizes the holes that 

must be drilled in the avionics bay for various purposes:  

 

 

 

 

 

 

 

 

Ring #1 

Ring #2 
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Hole Size (Drill 
Bit) 

Quantity Location Purpose 

1/4" 1 per bulkhead 

No exact 
requirement. 

Midway between 
ejection charges 

optimal. 

Pass wires from 
flight computers 

though 
bulkheads to 
connect to e-

matches 

1/4έ 3 
Equally spaced 

around airframe 
spacer ring 

Vent holes for 
flight computers 
to read pressure 

3/8έ 2 
Adjacent on 

airframe spacer 
ring 

Mount avionics 
kill switches 
internal. Pass 
push button 

through holes 

 

 

3.1.2.3 Lower Payload Bay and Fin Can 

 

Figure 3-42. CAD Model of LPB and Fin Can 
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Figure 3-43. Exploded View of LPB and Fin Can 

3.1.2.3.1 Lower Payload Bay Airframe 

The lower payload bay for the original design was cut using a Dremel for specific 

dimensions noted in the engineering drawing and then sanded down to fit a 3D printed 

fin plate. 
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Figure 3-44. Old Fin Slots on Airframe 

 The new airframe design shown below will be cut using the same method. 

 

Figure 3-45. New Fin Slots on Airframe 

3.1.2.3.2 Fin Manufacturing 

The fins are 3D printed using PETG filament. Previous fin designs were modeled to have 

a base plate with a surface curve following the outer airframe diameter and were 

printed from ABS. 

[Troubleshooting] ABS exhibits drastic deformation which ruined several prints. The 

increased layer adhesion in PETG solved this problem.  
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[Troubleshooting] The curved plate in the original design of the fins would frequently 

deform, and often did not properly align with the airframe. The new fin design will 

implement fins in which the entire fin passes directly through the airframe. Modeling 

clay will be used to create a smooth fin root fillet at the junction of fin and airframe.  

 

Figure 3-46. New Fin Can Design 

The base plate was implemented to allow the fins to be canted off vertical to induce 

spinning stabilization. Due to structural printing deformation and fitment, the fin design 

was modified to a vertical stature with spin tabs located the end of the fins to replicate 

the canted feature in the last design. 
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Figure 3-47. CAD Model of New Fin Can 

The fins were printed vertically and supports were generated in the over-hanging 

section of the fin. All residual material was gently removed to ensure the fin tabs slid 

smoothly into the airframe and fin-cut centering rings. The following print orientation 

and printing specifications were executed. 
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Figure 3-48. New Fin Design Print Orientation 

Table 3-5. Fin 3D Printing Specifications 

Ultimaker Cura Printing Specifications 

Material  PETG 

Layer Height 0.15 mm 

Infill Density 72% 

Infill Pattern Triangular 

Nozzle Temperature 250°C 

Build Plate Temperature 85°C 

Print Speed 100 mm/s 

Support Structure Tree Structure at 45° Overhang 

Support Pattern Zigzag 

Support Density 10% 

Build Plate Adhesion Type 10 mm thick Brim 
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3.1.2.3.3 Centering Ring Manufacturing 

The fin can is comprised of 3 centering rings. The forward motor tube centering ring is 

shipped with a hole cut through the middle to accommodate the outer diameter of the 

motor tube. The following two centering rings are shipped the same way with additional 

cutouts along the inner diameter of the rings. The slots in the centering rings prevent the 

fins from rotating and sandwich the fins together in place. This not only prevents the fins 

from moving, but also ensures the fin tabs are in constant contact with the motor tube 

surface, which helps translate thrust to the airframe. Manufacturing methods specified in 

section 3.1.2.2.3 were used to manufacture the fin-cut centering rings per the 

engineering drawings. 

3.1.2.3.4 Tail Cone and Thrust Plate Configuration Manufacturing 

The thrust plate and tail cone were printed as one component from ABS. As all printers 

have a printing tolerance, the tail cone and thrust plate configuration was printed with a 

smaller center hole need to allow the team to sand out the hole for a flush fit with the 

motor case. To account for ABS deformation, the thrust plate was printed 1/8έ longer 

than need so the team could sand the plate down to a flush surface. The following print 

orientation and printing specifications were executed. 

 

Figure 3-49. Tail Cone 3D Printing Orientation 
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Table 3-6. Tail Cone Printing Specifications 

Ultimaker Cura Printing Specifications 

Material ABS 

Layer Height 0.15 mm 

Infill Density 90% 

Infill Pattern Triangular 

Nozzle Temperature 235°C 

Build Plate Temperature 110°C 

Print Speed 60 mm/s 

Support Structure Tree Structure at 45° Overhang 

Support Pattern Zigzag 

Support Density N/A 

Build Plate Adhesion Type 10 mm thick Brim 

 

 

Figure 3-50. Tail Cone 

3.1.2.3.5 Motor Retainer Installation 

The motor retainer installation is comprised of the flanged motor retainer, threaded 

adapters, and socket head cap screws. 
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Figure 3-51. Labeled Tail Cone 

After sanding, the diameter of the hole in the thrust plate is slightly larger than the PRO 

75 motor case diameter to ensure the motor can slide in and out of the thrust structure. 

To ensure the threaded adapters are positioned correctly around the hole in the thrust 

plate, the motor case was fed through the thrust plate to center the flanged motor 

retainer and mark the socket head cap screw holes in the motor retainer lip. Power 

tools were used to drive the threaded adapters into the thrust plate. The holes in the 

retainer lip should align with each threaded adapter and the socket head cap screws 

should have no issue being screwed in and out. A layer of fiberglass was epoxied to the 

inner surface of the tail cone by epoxying stacked fiber glass sheets together and then 

epoxying the sheets inside of the tail cone. 
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Figure 3-52. Mounted Tail Cone 

3.1.2.3.6 Forward and Central Ring Installation  

The motor tube is fabricated from the same material as the airframe and was delivered 

longer than needed. The same cutting methods mentioned in section 3.1.2.2.3 were 

used to cut the motor tube to the desired length of 17 inches. A ring of epoxy was then 

spread 1 inch down from the top of the motor tube and the forward motor tube 

centering ring was slide on the motor tube and set in place to dry. The middle centering 

ring must be fixed in place accurately for the fins to fit in the airframe correctly. The ring 

was epoxied 11 inches up from the after end of the airframe. After the forward motor 

tube centering ring and the forward fin-cut centering ring were epoxied to the motor 

tube and the epoxy was set, the structure was epoxied into the airframe. A generous 

ring of epoxy was applied to both centering rings after inserted in the airframe. The 

motor tube lays flush against the surface of the thrust plate, so the bottom end of the 

motor tube was aligned with the aft end surface of the airframe before epoxying the 

structure into the airframe. Once the epoxy is set, from the top of the lower payload 

bay, apply instant-cure gap filler at the interface of the forward bulkhead and the 

airframe to fill any voids left by the epoxy. Flip the airframe and do the same at the 

interface of the middle centering ring.   

3.1.2.3.7 Fin and Tail Cone Installation 

The forward tab of each fin was clipped into the middle centering ring via the cutouts in 

the airframe. From the base of the vehicle, the aft end centering ring (removable 

centering ring) is pushed against the back end of the fin tab. The threaded rods are fed 

through their respective holes and tightened via hex nuts. Around 1.5έ of threaded rod 
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was left protruding from the base of the vehicle. This was to allow the tail cone and 

thrust plate configuration to be placed on the threaded rods. 1/4" hex nuts were used 

to tighten the thrust plate against the airframe surface.  

 

Figure 3-53. Assembled Fin Can 

3.2 Recovery Subsystem  
The recovery system will ensure safety of the launch vehicle and all of its components upon 

descent. There are two recovery events, drogue parachute deployment and main parachute 

deployment. The two recovery events will be controlled by two completely independent 

Entacore AIM 3 altimeters. Each altimeter draws power from separate 3.7 V rechargeable 

Lithium-Ion batteries and are both armed with push-button kill switches for powering off the 

altimeters during pre-flight construction of the vehicle. The ejection charges will both be CO2 

gas charges that are manufactured by Tinder Rocketry. These ejection charges were not only 

chosen to limit the extremity of the pyro events, but also to lower the safety concerns of using 

black powder that could severely damage components in either payload bay. The CO2 charge 

still requires the use of black powder, but only a small amount of it is housed in a sealed charge 

cup. Approximately 0.2 grams of 4F black powder is used to propel a puncture piston that 

penetrates the CO2 cartridge and releases gas into the payload bays. The black powder is 

loaded into a charge cup that has an e-match in it with the wire running through the bottom of 

the cup. The charge cup sits at the open-end of a pyro housing unit that holds it, along with the 
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puncture piston and spring that is placed on top of the cup. The CO2 charges are designed to 

have the gas cartridge placed in the avionics bay and thread through a piece bolted to the outer 

bulkhead of the bay. On the other end of this bulkhead mount is where the pyro housing 

component is threaded onto it. The end of the bulkhead mount piece interfaced with the pyro 

housing has four equally distant vent holes to allow the CO2 gas to escape into the payload bay. 

The figure below shows the interface between the pyro housing, the bulkhead mount piece, 

and the outer bulkhead of the avionics bay.  

 

Figure 3-54. CO2 Ejection System and Bulkhead Interface 

At apogee, the primary altimeter will send a current through the e-match that will fire the first 

ejection charge. The CO2 gas will rapidly pressurize the lower payload bay and shear the #4-40 

nylon pins that connects it to the AV bay, deploying the drogue parachute. The secondary 

altimeter will fire the second charge on a time delay to ensure proper separation of the vehicle 

sections and also to not over pressurize the vehicle.  Deployment of the main parachute is 

similar, with the only difference being that the payload will also be tethered to the recovery 

harness. The primary ejection charge for the main parachute is set to deploy at 550 ft AGL, and 

the redundant secondary charge will fire two seconds afterwards. Each parachute was bought 

off-shelf from a company called Fruity Chutes. A нпέ classic elliptical parachute will be used for 

the drogue parachute and an упέ ƛǊƛǎ ǳƭǘra-standard will be used as the main parachute. Both 

parachutes are tethered to 16 ft of 3000 lb rated 9/16-inch webbed Nylon, and 7 ft of 1500 lb 

rated tubular Kevlar shock cords that will be joined together to make up a total of 23 ft of shock 

cord. All connection points on the recovery harness are accomplished with the use of 1/4-inch 

quick links, except for the connection point to the eyebolt on the motor tube which requires 
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the use of a 3/8-inch quick link. The two figures below illustrates the length and connection 

points on each recovery harness. 

 

Figure 3-55. Drogue Parachute Recovery Harness Diagram 

 

Figure 3-56. Main Parachute and Payload Recovery Harness Diagram 

The vehicle should take approximately 80 seconds to recover, about 50 seconds under the 

drogue parachute and 30 seconds under the main parachute. The final descent rate of the 

vehicle under the main parachute is about 18.6 ft/s. Further details on descent speeds and 

times are discussed in section 3.3.2. 

3.2.1 Altimeters 

As mentioned previously the flight events will be monitored and controlled by two Entacore 

AIM 3 altimeters. Each altimeter will have its own set of batteries, wires, and push-button kill 

switches for redundancy. The push-button switches will intersect each wire between the 

negative terminals of the battery and altimeter. The AIM is equipped with two pyro channels, A 

and B, channel A for apogee and channel B for main. Channel A of each altimeter will send 6 
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amps of current to the CO2 ejection charges in the lower payload bay when the vehicle has 

reached apogee. Channel B of each will send the same amount of current to the charges in the 

upper payload bay at 550 ft AGL. For each ejection channel wire there is a ground wire paired 

to it, to allow current to flow through and fire-off the charges. The important characteristics to 

note of the AIM 3 is that it has a small form factor, it can store up to 30 min of flight data, it 

reads in data up to a max of 38,615 ft, and each comes with two pyro channels for ejection 

charges. Another good thing about the AIM 3 is that the software used to configure it is free 

and fairly simple to use. The following table lists the characteristics of said altimeter: 

Table 3-7. AIM 3 Altimeter Specifications  

Entacore AIM USB 3.0 

 
Form factor 70mm x 25mm x 15mm  

Sensors Pressure and temperature  

Voltage input 
range (V)  

3.7 - 12  

Max Altitude (ft) 38,615  

Ejection 
channels 

2 (apogee and main)  

Tracked data Output status / continuity / battery voltage / temp. / time / altitude / velocity  

Storage capacity 30 min of flight time  

Sampling 
frequency 

10 Hz  

Other 
Time delay options for pyro events / free software to alter settings / altitude 

beeps 
 

 

3.2.2 GPS Trackers 

There will be two separate GPS tracking devices used to locate the vehicle once it has fully 

recovered. The primary GPS module is an Apple AirTag device that will be placed at the center 

of the avionics sled. AirTag devices are equipped with AppleΩs U1 chip for ultra-wideband 

precision tracking that operates at a frequency of 6.24 GHz. The vehicleΩs location can be 

monitored in real time with the AirTag through the άFind Myέ app on any iPhone that is 

Bluetooth paired to the device. The AirTag also comes with a built-in CR2032 Lithium battery 

that lasts over a year before needing a replacement. It also comes with a built-in speaker for 
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sonic locating. The secondary GPS unit is the Eggfinder TX transmitter and will act as a 

redundant tracking device in the case that the primary GPS unit fails. The Eggfinder TX requires 

a separate Eggfinder RX receiver module that hooks up to a laptop to track the vehicleΩs 

location. The receiver connects to a laptop with a USB cable and will be configured with either 

Google Earth or MapSphere to track the vehicle in real time. The Eggfinder TX operates at a 

frequency of 900 MHz and requires 100 mW to power. The Eggfinder will be powered by 3.7 V 

rechargeable lithium-ion battery. The electromagnetic fields generated by the GPS transmitters 

should not interfere with the altimeters and their functionality. The figures below are images of 

each GPS unit. 

 

Figure 3-57. Apple AirTag GPS Tracking Device 

 

Figure 3-58. Eggfinder GPS Tracking Device 

3.3 Mission Performance Predictions  
3.3.1 Target Altitude 

As mentioned in both PDR and CDR, the ZenitƘ ǇǊƻƎǊŀƳΩǎ ŘŜŎƭŀǊŜŘ ŀƭǘƛǘǳŘŜ ƛǎ пΣслл ŦŜŜǘΦ ¢Ƙƛǎ 

altitude was chosen based on multiple flight simulations at 10-15 MPH wind speeds at the 

coordinates of the launch competition. 

3.3.2 Flight Profile and Stability Margin 

After implementing accurate vehicle weights, multiple flight simulations were ran on a 12-foot 

launch rail with a 5-degree launch angle under windspeed conditions ranging from 5 to 15 MPH 

to obtain an updated flight profile. 



2023 NASA Student Launch | FAMU-FSU College of Engineering 

 

75 
 

3.3.2.1 Flight Profile 

 

 

Figure 3-59. Altitude vs Wind Speed 

The image above shows the maximum altitude of the vehicle decreases with increasing 

windspeed. As the vehicleΩs weight and component configuration deviates from the design used 

to predict the ǾŜƘƛŎƭŜΩǎ apogee in PDR, the team expects the vehicleΩǎ ŎƻƳǇŜǘƛǘƛƻƴ ŀǇƻƎŜŜ ǘƻ ōŜ 

slightly under the declared altitude depending on the wind conditions. If the wind conditions 

stay within 5-11 mph, the vehicle will be able to reach within 100 feet of the proposed altitude. 

Shown below is the vertical/total  velocity and acceleration versus time, along with the thrust 

curve simulated in OpenRocket Simulation software. 
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Figure 3-60. Velocity vs Time 

 

Figure 3-61. Acceleration vs Time 

 

Full Scale Vehicle Accel vs Time 










































































































































































































































































