
 

 

Tacho Lycos 

2022 NASA Student Launch 

Flight Readiness Review 
 

 

 

High-Powered Rocketry Club at NC State University 

911 Oval Drive 

Raleigh, NC 27695 

 
March 7, 2022 



 

2022 NASA Student Launch | Tacho Lycos i 

 

Common Abbreviations & Nomenclature 

AGL = above ground level 
APCP = ammonium perchlorate composite propellant 
APPA = Aerial Photographing and Positioning Apparatus 
ARRD = advanced retention and release device 
AV = avionics 
BP = black powder 
CDR = Critical Design Review 
CG = center of gravity 
CP = center of pressure 
EIT = electronics and information technology 
FAA = Federal Aviation Administration 
FMECA = failure mode, effects, and criticality analysis 
FN = foreign national 
FRR = Flight Readiness Review 
HEO = Human Exploration and Operations 
HPR = High Power Rocketry 
HPRC = High-Powered Rocketry Club 
L3CC = Level 3 Certification Committee (NAR) 
LCO = Launch Control Officer 
LRR = Launch Readiness Review 
MAE = Mechanical & Aerospace Engineering Department 
MOMO = Means of Obtaining Meaningful Observations 
MSDS = Material Safety Data Sheet 
MSFC = Marshall Space Flight Center 
NAR = National Association of Rocketry 
NCSU = North Carolina State University 
NFPA = National Fire Protection Association 
PDR = Preliminary Design Review 
PLAR = Post-Launch Assessment Review 
PPE = personal protective equipment 
RFP = Request for Proposal 
RSO = Range Safety Officer 
SL = Student Launch 
SLS = Space Launch System 
SME = subject matter expert 
SOW = statement of work 
STEM = Science, Technology, Engineering, and Mathematics 
TAP = Technical Advisory Panel (TRA) 
TRA = Tripoli Rocketry Association 
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1. Summary of FRR Report 
1.1 Team Summary 

1.1.1 Team name and mailing address 
Name: High Powered Rocketry Club at NC State, Tacho Lycos 
Mailing Address: 911 Oval Drive Raleigh, NC 27695 
Primary Contact: Sean Aiton, sbaiton@ncsu.edu, (512) 769-4408  

1.1.2 Declared Final Launch Location 
Bayboro Launch Info   PDF Competition Flight 

Tripoli Prefecture #65 Original Bayboro, NC on March 26  Huntsville Launch Field on April 23  

Both Mentors will attend our launches Back Up Bayboro, NC on April 2  Bayboro, NC on April 23  

1.1.3 Team Mentors 
Name: Alan Whitmore   
Email: acwhit@nc.rr.com  
Phone: (919)-929-5552  
TRA Certification: Level 3, 05945 

Name: Jim Livingston 
Email: livingston@ec.rr.com 
Phone: (910)-612-5858 
TRA Certification: Level 3, 02204 

1.1.4 Number of hours working on the FRR 
The team spent approximately 400 hours on the FRR document. 

1.1.5 Summary of STEM Engagements 
Event/Group Participants Engagement Type Description 

Moore Square Middle School 44 Indirect Engagement Presentation 

Lacy STEM Night 47 Direct Engagement Presentation, Straw Rockets 

Kidzu Children's Museum 78 Direct Engagement Presentation, Straw Rockets 

Astronomy Days 131 Direct Engagement Presentation, Straw Rockets 

NSBE Jr. 26 Direct Engagement Presentation, Airplane Activity 

Total 326   

1.2 Launch Vehicle Summary 
1.2.1 Size and mass of individual sections 

Nosecone UPB MPB AV DPB Fin Can Fin can (Burnout) 

26 inches 16 inches 17 inches 2 inches 19 inches 28.8 inches 28.8 inches 

5.9 pounds 6.2 pounds 4.3 pounds 4.7 pounds 5.8 Pounds 18.18 pounds 13.56 pounds 

1.2.2 Final Motor Choice 
The final motor choice is an Aerotech L850W. 

1.2.3 Target Altitude 
The Official target altitude is 4400 feet. See Section 3.5 for more information.   

1.2.4 Recovery system 
The recovery system is a dual deployment system of 3 altimeters, two independent PerfectFlite Stratologger 
CF altimeters and one RRC3 altimeter. The drogue parachutes for the upper section and fin can are an 18” 
and 15” Compact Elliptical respectively and they will be deployed at apogee. At 700 feet, a 60” Iris 
UltraCompact main parachute will be deployed for the upper section and at 600 feet, a 60” Iris UltraCompact 
main parachute will be deployed for the fin can. Both main parachutes will deploy using 2 jolly logics 
connected in series to ensure the parachutes are released. See section X.X for a further breakdown.    

1.2.5 Rail Size 
The rail that will be used for launch is a 12-foot 1515 rail.  

1.3 Payload Summary 
1.3.1 Aerial Photographing and Positioning Apparatus (APPA) 

There will be two cameras mounted on the side of the launch vehicle. The cameras will take images both on 
ascent and descent. Image recognition will be used to detect notable landmarks in the pictures taken to locate 
the launch vehicle. IMU and altimeter data will also be used to track the movement of the vehicle. Fusing all 
this information via a Kalman filter, a final location will be calculated and transmitted back to the ground 
station.  
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2. Changes Since CDR 

2.1 Changes Made to Launch Vehicle 
The following table shows the changes that have been made since the CDR, with an explanation of the 

change.  

Table 2-1 Changes to Launch Vehicle Since CDR 

Description Justification 

The recovery harness was decreased 

This will allow for less shock cord to fill up the Main 

Parachute Bay allowing the parachutes an even 

easier way out of the bay  

Added an additional altimeter, RRC3, to the 

avionics sled along with an additional battery 

To perform the recovery timings that were 

described in the CDR, a third altimeter needed to be 

added to allow for the black powder and the 

redundant amounts be fired all at apogee, which 

was not able to be done with just the Stratologgers.  

One Eggfinder GPS Tracker has been replaced 

by a BRB900 GPS Tracker 

Eggfinder GPS trackers were on back order until 

July, so the GPS in the avionics bay was replaced 

with a BRB900 which the club already owned.  

Small deployment bag was attached to the 

Aft U-bolt  

A small deployment bag was added to the aft AV 

bay bulkhead to ensure that the drogue parachute 

is pulled out of the drogue parachute bay since 

there is no shock cord that is pulling it out of the 

bay 

Fin size was increased 
This was to account for shifting stability margin as a 

result of real weights being accounted for. 

2.2 Changes Made to Payload 
The following table shows the changes that have been made since the CDR and a reason it has changed. 

Most changes in this section result from better understanding of the components used to calculate the 

landing location and the effects it has on the launch vehicle. 

Table 2-2 Changes to Payload Since CDR 

Design Change Justification 

APPA will utilize a LORD 3DM-CX5-15 IMU instead of a 

LORD 3DM-CX5 IMU. 

Increased built-in filtering for orientation tracking. 

LORD sponsorship. Communication issues 

APPA sled will additionally house a BNO055 IMU. Recording of orientation pre-launch 

APPA sled will house the LORD development board. Needed for communicating with the IMU 

The position of the Eggfinder GPS and its battery on the 

APPA sled changed. 

APPA Sled was designed as if the antenna for the 

Eggfinder GPS could not be bent.  

The position of the LoRa transmitter on the APPA sled 

changed. 

The addition of the Lord development board and 

the BNO055 caused some electronics to get 

rearranged. 
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Holes were added to the bottom and sides of the APPA 

sled. 

Holes were added to the bottom for zip ties to go 

through. Holes were added to the side for the 

screw switches to connect to. 

APPA sled structure was redesigned.  
Sled redesigned to improve strength and eliminate 

weight. Discussed in more detail in Section 4.6.2. 

Two 0.28” diameter pressure ports are being used to 

pressurize the LPC rather than four 0.2267” diameter 

ones. 

Screw switch access ports were large enough to 

adequately pressurize the section on their own. 

There will no longer be a Plexiglass box around the 

camera lens. A Plexiglass window will be added to the 

camera housing. 

This change causes less Plexiglass be used and the 

Plexiglass can be more firmly retained to the 

camera housing. 

Camera housings will not be coated in a layup of carbon 

fiber and epoxy. 

The layup was intended to smoothen the camera 

housings, but there was no way to apply the layup 

smoothly. 

Experimental Payload, MOMO, was removed from the 

design. 
Explained in detail in Section 4.1.1. 

The required range for APPA Radio communication in 

requirement PF-8 was lowered from 1 mile to ½ mile. 

It was determined that ½ mile was sufficient to 

cover all reasonably expected trajectories 

The image processing framework will use C++ to collect 

video data instead of Python. Python will still be used for 

the other elements of the framework. 

This change is due to issues caused by Python 

during the Vehicle Demonstration Flight and will 

also increase the speed at which video data is 

saved. 

The image processing framework will utilize a pretrained 

ssd_resnet50_v1_fpn architecture for the Convolutional 

Neural Network instead of the NASNetLarge architecture. 

(Note: ssd_resnet50_v1_fpn is different from the 

ResNet50 shown in Table 4-2 of the CDR) 

The architecture was changed to reduce training 

time and increase accuracy. This change was also 

made because of a greater understanding of the 

coding needed to develop the CNN. 

2.3 Changes Made to Project Plan 
The following table shows the changes that have been made since the CDR and a reason it has changed.  

Table 2-3 Changes to Project Plan Since CDR 

Description Justification 

The Payload Demonstration Flight will now be 

conducted separately from the Vehicle 

Demonstration Flight. The PDF is scheduled 

for March 26, 2022 

The IMU and Jetson Nano that we plan to use had 

not arrived in time. The APPA sled was flown with 

the electronics that we had and similarly weighted. 

A sperate PDF is now necessary.  

Tensile Testing of Bulkheads and Shear 

Testing of Bolts has changed passable loading 

values 

Opening shock values have changed due to 

increased weight and as such changes the ejection 

forces experienced on these parts changed. 
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3. Vehicle Criteria 

3.1 Launch Vehicle Design 
3.1.1 Full Assembly 

When fully assembled, the launch vehicle is 109 inches long with a launch weight of 45.48 

lb. and a burnout weight of 40.86 lb. The only change in design from CDR is the fin span 

changing from 6.58 inches to 6.95 inches. The launch vehicle will separate between the 

upper payload bay and main parachute bay, and between the avionics bay and the drogue 

parachute bay. Black powder will be contained in blast caps on either end of the avionics 

bay.  

 

Figure 3-1 Launch Vehicle Sections 

 

Figure 3-2 Launch Vehicle Dimensions 
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Figure 3-3 Launch Vehicle Points of Separation and Energetic Materials 

3.1.2 Nose Cone 
The nose cone design and nose cone bulkhead design and position remain unchanged 

from the CDR. The nose cone, with the removable bulkhead installed, weighs 5.9 lb and 

its manufactured dimensions are shown in Figure 3-4 below.  

 

Figure 3-4 Nose Cone Dimensions 

 

Figure 3-5 Nose Cone 

3.1.2.1 Nose Cone Bulkhead 
The basic design of the nose cone bulkhead remains unchanged since CDR, however 

a ballast box of 0.7 lb has been added onto the forward end to adjust the stability 

margin of our launch vehicle. The nose cone bulkhead, without ballast, weighs 0.8 

lb. Figure 3-6 below shows the manufactured bulkhead.  
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Figure 3-6 Nose Cone Bulkhead 

3.1.3 Upper Payload Bay 
The dimensions of the upper payload bay are unchanged since CDR. Its manufactured 

dimensions are shown in Figure 3-7 below and its manufactured weight, without the 

experimental payload, MOMO, is 3.8 lb.  

 

Figure 3-7 Upper Payload Bay Dimensions 
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Figure 3-8 Upper Payload Bay 

3.1.4 Main Parachute Bay 
The dimensions of the main parachute bay are unchanged since CDR. It’s manufactured 

dimensions are shown in Figure 3-9 below and its manufactured weight, without the 

upper recovery system, is 2.2 lb.  

 

Figure 3-9 Main Parachute Bay Dimensions 



 

2022 NASA Student Launch | Tacho Lycos 8 

 

 

Figure 3-10 Main Parachute Bay 

3.1.5 Avionics Bay 
The dimensions of the avionics are unchanged since CDR. It’s manufactured dimensions 

are shown in Figure 3-11 below and its manufactured weight, without the avionics sled 

and bulkheads, is 1.5 lb.  

 

Figure 3-11 Avionics Bay Dimensions 
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Figure 3-12 Avionics Bay 

3.1.6 Drogue Parachute Bay 
The dimensions of the drogue parachute bay are unchanged since CDR. It’s manufactured 

dimensions are shown in Figure 3-13 below and its manufactured weight, without the fin 

can recovery harness, is 3.9 lb.  

 

Figure 3-13 Drogue Parachute Bay Dimensions 

 

Figure 3-14 Drogue Parachute Bay 



 

2022 NASA Student Launch | Tacho Lycos 10 

 

3.1.7 Fin Can 
The basic design of the fin can is unchanged since CDR, but the span dimension of the fins 

have been altered slightly to help adjust the stability margin of the launch vehicle, 

changing from 6.58 inches in the CDR to 6.95 inches. The updated fin dimensions are 

shown in Figure 3-15. The manufactured dimensions of the fin can are shown in Figure 3-

16 and the fin cans manufactured weight, without the APPA sled, is 8.1 lb. 

 

Figure 3-15 Updated Fin Dimensions 

 

Figure 3-16 Fin Can Dimensions 
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Figure 3-17 Fin Can 

3.1.8 Test Pieces 
Three test pieces were built alongside the launch vehicle that were meant to test the 

structural integrity of the drogue bulkhead, the nose cone bulkhead, and the avionics 

bulkheads. The test piece design has identical bulkheads mounted on both ends of short 

pieces of airframe tubing, accompanied with U-bolts that are connected to a universal 

testing machine. The tensile machine would increase the loading until either the plywood, 

nose cone bolts, or AV threaded rods failed, or until the machine reached its limit of 

applied loading of 1000 lb. These pieces would help to confirm the validity of ANSYS 

simulations along with confirming that our bulkheads and hardware have a sufficient 

factor of safety. In addition to the bulkhead test pieces, shear tests were done on both 

the nose cone bolts and shear pins individually in which holes were made in two small 

pieces of steel so they could be mounted in the Universal Testing Machine as shown in 

Figure 3-24.  

 

Figure 3-18 Nose Cone Bulkhead Test Piece 
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Figure 3-19 Nose Cone Bulkhead Test Piece Dimensions 

 

Figure 3-20 Drogue Bulkhead Test Piece 

 

 

Figure 3-21 Drogue Bulkhead Test Piece Dimensions 
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Figure 3-22 Avionics Bulkhead Test Piece 

 

Figure 3-23 Avionics Bulkhead Test Piece Dimensions 

 

 

Figure 3-24 Shear Testing Plates 
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3.2  Flight Reliability 
3.2.1 Structural Elements 

3.2.1.1 Airframe 
The airframe of the launch vehicle is comprised of G12 fiberglass, which is one of the 

strongest materials available for hobby rocketry due to its durability and damage 

resistance. As proven by our team’s previous launches, this material can easily resist 

in-flight loading and any impacts experienced upon landing. In addition to this, G12 

fiberglass is water resistant which helps mitigate any damage experienced to the 

airframe should it land in water. These characteristics allow the launch vehicle to be 

launched and recovered safely. 

3.2.1.2 Fins 
Each fin is comprised of two layers of 1/8-inch-thick aircraft grade birch plywood for 

greater strength. The fins are secured using epoxy connections to the motor tube, 

middle centering rings, and fin slots. These connections are then filleted to distribute 

stress evenly. This process is described in more detail in Section 3.3.3. While the fins 

do not experience extremely high loading, these connections prevent fin fluttering 

during flight or damage during landing. 

3.2.1.3 Bulkheads 
All bulkheads in the launch vehicle are comprised of 1/8-inch-thick aircraft grade 

birch plywood layers, which is stronger than typical plywood. The design for each 

load bearing bulkhead was tested using ANSYS to ensure that they would have a high 

enough factor of safety under expected loading. In addition to this, physical tests of 

the nose cone, drogue, and avionics bulkheads have occurred on 1/27/22 and more 

detail on this can be obtained in Section 7.1.1. From ANSYS and the testing we can 

confirm that each bulkhead has a sufficient factor of safety. 

 

Figure 3-25 Maximum Principal Stress on Nose Cone Bulkhead 
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Table 3-1 Maximum Stress and FoS for Each Bulkhead Via ANSYS 

Bulkhead Max Force (lbf) Max Stress (psi) F.o.S. 

Nose Cone 99.98 1020.8 4.4 

AV Bay 74.37 1159.8 3.88 

Drogue Parachute Bay 127.45 1661.7 2.71 

Aft Centering Ring 191.088 287.47 15.65 

 

3.2.1.3(a) Epoxy Connection 
The centering rings and engine block in the fin can, along with the drogue 

parachute bay bulkhead and the upper payload bay bulkhead, are secured with 

an epoxy connection. The mixture of West Systems 105 Epoxy Resin and 206 Slow 

Hardener has a tensile strength of 7,320 psi, which is more than strong enough 

to secure the bulkheads in place. Fillets, comprised of the epoxy mixture and 406 

Colloidal Silica, are added to the connections which help distribute stress and 

further increase structural strength. 

3.2.1.3(b) Bolted Connection 
The nose cone bulkhead is held in place by four 8-24 machine screws which go 

through the body tube and the L-brackets mounted to the bulkhead. These 

screws have a tensile strength of around 1000 lbf, and their shear strength can 

be estimated as around 60% of this, or 600 lbf. This tensile strength was 

confirmed during structural testing in Section 7.1.1.5. The bolts are expected to 

experience 99.98 lbf maximum during flight and as such gives a factor of safety of 

6.001. Sections of body tube are bolted together in a similar fashion, described in 

more detail in Section 3.3.2. 

3.2.1.3(c) Threaded Rods 
The avionics bay bulkheads are held in place using 3/8-inch-thick threaded rods. 

These rods have a load capacity of 600 lbf. With the highest deployment loading 

expected at 74.37 lbf, this gives the threaded rods a factor of safety of 16.14 as 

the force is split between the two rods used. 

3.2.1.3(d) Attachment Hardware 
U-bolts are used on most bulkheads as mounting points for the recovery 

harnesses. Structural simulations show that the maximum deployment forces will 

not be enough to damage the bulkheads to the point that the U-bolts are 

dislodged. Washers and plates are used to better distribute the applied loading 

on the U-bolt. The U-bolts themselves are 5/16-inches thick with a load capacity 

of 600 lbf. The yield strength of the U-bolts is likely higher than the capacity, and 

with the highest deployment loading expected at 127.45 lbf the U-bolts should 

have a factor of safety of 4.71 and be able to resist any deployment forces. 
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3.2.2 Electrical Elements 

3.2.2.1 Wiring 
All onboard wiring is comprised of 16-gauge copper wire. DuPont connectors are 

used for all portions of the wiring harness running between different sections of the 

launch vehicle, for example between the AV sled and AV bulkheads.  

3.2.2.2 Switches 
All six arming switches for altimeters, GPS and payload are Missile Works 6- 32 screw 

switches. These are secured to laser cut frames using 4-40 nylon standoffs and bolts 

on the AV sled. The laser cut frames are epoxied to a secure portion of the launch 

vehicle. The screw switches and standoffs on the APPA sled are secured to the sled 

by epoxy. All wiring harness connections to the switches are soldered and remove 

before flight tags are used to prevent premature contact being made by the screw 

switch on all switches used to arm energetic materials.  

3.2.2.3 Battery Retention 
All onboard batteries are contained on the AV sled or APPA sled. On the AV sled are 

three 9V batteries powering the altimeter and a 3.7V LiPo battery used to power the 

GPS tracker. The three 9V batteries are mounted inside laser cut boxes, held closed 

by 4-40 machine screws and then sealed with duct tape to ensure secure connection. 

The LiPo battery is secured to the AV sled with Velcro. On the APPA Sled the 2 

batteries are both Velcroed and zip tied into place. See Section 4.5.3 for more 

information on APPA battery retention. 

3.2.2.4 Avionics Retention 
All avionics components are mounted using 4-40 machine screws and nylon 

standoffs. These fasteners are through bolted to robust structural components such 

as bulkheads or the AV sled. See section 3.4.2.1 for further description of the AV 

sled. 

3.3 Launch Vehicle Construction 
3.3.1 Bulkhead Assembly 

3.3.1.1 Laser Cutting  
In the interest of making assembly easier, the bulkheads were designed in 

SolidWorks with all necessary holes for any hardware. The SolidWorks files for the 

bulkhead layers and fins were exported so they could be read by the VLS6.60 laser 

cutter. There were some issues with the laser cutter, so each sheet had to be run 

under the laser cutter at least twice to get a clean cut.  

3.3.1.2 Layups 
When preparing the layups, each layer was sanded with 80-grit sandpaper to assist 

with adhesion. A ¼ inch dowel rod was cut into short pieces and inserted into 

premade holes to keep the layers aligned while the epoxy cured. Two-part epoxy 

was mixed and applied in a thin layer on the adhesion surfaces. The epoxy was 

applied with popsicle sticks, and excess was removed to ensure that none would leak 

out of the layers during the curing process. Having the layers coated, they were 
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placed on the dowel rods and wrapped in a layer of peel ply to prevent the epoxy 

from sticking to anything. Then, a burlap breather material was placed on them to 

ensure an even vacuum would be applied. Plumber's putty was placed on a sheet of 

vinyl, then covered with another sheet of vinyl. A vacuum hose was inserted and 

turned on. Any leaks were plugged until there was a good seal. Weights were placed 

on top of the layups to provide extra compression. The layups were left to cure for 

24 hours as a precaution, though the epoxy only takes 10-15 hours to dry. 

 

Figure 3-26 Bulkhead Layups 

3.3.1.3 Hardware 
The bulkheads and fins were removed after the epoxy had cured. Some of the layups 

had used too little epoxy and had to go through the layup process again. Once the 

parts were fully assembled and sanded to a good fit, U-bolts were added to the nose 

cone bulkhead, AV bulkheads, and drogue bulkhead. Additionally, L-brackets were 

added to the nose cone bulkhead and threaded rods were attached to the AV 

bulkheads. 

3.3.2 Body Tube Assembly 

3.3.2.1 Construction Facilities Lab 
The team’s lab did not have the equipment required to cut the body tubes.  To cut 

the body tubes they were taken to the construction facilities lab, run by the civil 

construction and engineering department, located on NC State Centennial Campus. 

The correct lengths of body tube were measured and then cut on a wet saw. After 

cutting, the dust was washed off. 
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Figure 3-27 Body Tube in Wet Saw 

3.3.2.2 Epoxy 
Once all components had been cut to length, couplers were epoxied into their 

corresponding body tube sections. The avionics bay switch band was epoxied 2 

inches from the forward end of the avionics bay coupler. Additionally, couplers were 

also epoxied into the nose cone, upper payload bay, AV bay, and drogue bay. All 

couplers were left with 6 inches exposed at separation points to satisfy requirement 

NASA 2.5.1. The dimension of each coupler is given in Section 3.1.1 above. 

 

Figure 3-28 Team Lead Contact Info on the AV bay coupler 

3.3.2.3 Attachment Points 
After the epoxy had been cured, attachment points between each section were 

created. Bolted connections were made between the nose cone and upper payload 

bay, the avionics bay and the main parachute bay, and the fin can and drogue bay. 

The connection between the nose cone and the upper payload bay was created using 
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#8-32 machine screws as well as nuts epoxied to the nose cone bulkhead. For more 

information on this assembly see Section 3.3.1 above. 

A similar bolted connection was used between the avionics bay and the main 

parachute bay.  Four equally spaced holes were drilled into the AV bay and main 

parachute bay. The inside of the avionics bay is inaccessible during the assembly of 

the recovery hardware. Thus, nuts were epoxied onto the inside of the AV bay. This 

allowed the bolts to be secured without the need to access the inside of the AV bay. 

A bolted connection was also used between the fin can and the drogue bay. Nuts 

were held onto the inside of the drogue bay. In past years, the team has had 

problems with the epoxy connection between nuts and the body tube shearing. To 

mitigate this problem, a centering ring is used to hold the interior nuts in place. This 

centering ring is 3D printed and 0.5 inches thick with slots to hold the nuts. An image 

of this centering ring can be seen in Figure 3-29 below. 

The final two connections between the main parachute bay and upper payload bay, 

and the drogue bay and AV bay are secured with 4-40 nylon shear pins. The sections 

to be joined were slid together and four evenly spaced holes were marked around 

the circumference. Holes were then drilled to match the diameter of the shear pins 

using a drill press. 

 

Figure 3-29 Nuts Secured to the Interior of the Avionics Bay 
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Figure 3-30 Bolted Connection between the Main Parachute Bay and Avionics Bay 

 

Figure 3-31 Nut Centering Ring Epoxied to the Drogue Bay 

3.3.3 Fin Can Assembly 

3.3.3.1 Motor Tube and Tail Cone 
Assembling the fin can began with the construction of the motor tube assembly. The 
middle centering ring was slid into the motor tube assembly and epoxied at the 
proper location. With the motor tube standing vertically and using a fin jig, the 
centering ring was held in place. The engine block was placed on top of the motor 
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tube and epoxied into place. When the epoxy cured, fillets were added between the 
centering ring and the engine block since this area would be unreachable once 
placed in the fin can. The whole motor tube assembly was put inside the fin can. It 
was epoxied and left to cure.  

At the same time as the manufacturing of the motor tube assembly, two layers of 
fiberglass cloth were epoxied into the interior of the tail cone to add insulative and 
structural properties. 

 

Figure 3-32 Tail Cone with Fiberglass Epoxied 

3.3.3.2 Fins 
Having the motor tube in assembly in the fin can, the fins needed to be installed. 

Some filing was done to ensure a smooth fit into the slots. A Dremel was used to 

round the fin tabs and the leading edges of the fins to give them better aerodynamic 

performance. The fins were then epoxied into place and held in place with the fin jig 

while they cured. In the inside of the fin can, all intersections between the fins, body 

tube, motor tube, and the middle centering ring to ensure that the fins would be 

secure. Fillets were also added on the outside of the fin can around the fin slots for 

structural integrity and aerodynamic performance. Painter’s tape was used to 

ensure smooth fillets. 
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Figure 3-33 Fin Can in Fin Jig 

3.3.3.3 Motor Retainer and Rail Buttons 
With the fins in place, the fin can is then closed off by sliding the aft centering ring 

down the motor tube and epoxying the aft centering ring in place. Fillets were 

additionally added to the connection between the motor tube and the aft centering 

ring. Following this, the tail cone was slid in and epoxied to the airframe and aft 

centering ring. Biodegradable housing insulation was added into the cavity between 

the motor tube and the tail cone to insulate any head during launch so that the tail 

cone does not deform due to thermal strain. The tail cone centering ring was slid on 

and epoxied into place following this. The connections between the tail cone 

centering ring, the motor tube, and the tail cone were filleted. The motor retainer 

was then placed over the remaining motor tube and epoxied in place, with an 

additional fillet over the connection between the two at its base for a stronger 

connection. 
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Figure 3-34 Motor Retainer 

The locations of the aft centering ring and engine block are visible through the 

natural-colored fiberglass in the fin can, which allowed for easy visualization of 

where the rail buttons should be. Two vertically aligned holes were drilled through 

the fiberglass and bulkheads while ensuring that they would not align with any bolt 

holes or shear pin holes further up the rocket. A pilot hole was drilled through the 

fiberglass so that the wood screws would sink better into the material. Then two 

1515 rail buttons were screwed into the launch vehicle. 

 

Figure 3-35 Rail Buttons 

3.3.4 Nose Cone Assembly 
The nose cone and the nose cone coupler were ordered as two separate pieces which 

would need to be attached. Four evenly spaced holes were drilled around the 

circumference of the coupler. These holes would be used to secure the nose cone 
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bulkhead and create a bolted connection between the nose cone and the upper payload 

bay. Once these holes had been drilled, the coupler was epoxied into the nose cone 

leaving 6 inches exposed to satisfy requirement NASA 2.5.1. 

 

Figure 3-36 Airframe and Nose Cone Couplers Attached 

3.3.5 Avionics Sled Construction 
The avionics sled is made from 1/8-inch-thick aircraft grade birch plywood that has been 

laser cut. A jigsaw pattern was laser cut for each piece and the interlocking teeth were 

bonded together using wood glue. The avionics sled was assembled in two halves, with 

the wiring mounted on the inside of the sled. The halves of the avionics sled were secured 

together using 3/8-inch threaded rods, which also secure the avionics sled to the avionics 

bulkheads. 

3.3.6 Test Pieces 
The test pieces were made prior to the launch vehicle however their construction process 

and methodology were similar. The bulkheads were made the same way as previously 

mentioned in Section 3.3.1 with similar hardware installed. At the time of the test pieces 

construction, there was a limited supply of 5/16- inch diameter 1-3/4 -inch-wide U-bolts 

in our local hardware stores that were planned to be used in the full-scale launch vehicle. 

As such, 5/16-inch diameter 2-1/2-inch-wide U-bolts were used for one test drogue 

bulkhead and both avionics test bulkheads as they were the only U-bolts in a 5/16-inch 

diameter available. This change of U-bolt width in the tests would not affect the load 

distribution to a major degree and as such was considered an acceptable substitute. The 

avionics bulkhead test piece was first to finish manufacturing as it only needed threaded 

rods to join the pieces together. Once the L-brackets were mounted onto one of the nose 

cone bulkheads, corresponding holes were drilled into one end of the nose cone test 

piece. On the opposite side an identical nose cone bulkhead without L-brackets was 

epoxied into place to act as an anchor. Finally, the two drogue bulkheads were epoxied 

into place in the drogue test piece. The U-bolts on the nose cone and drogue bulkheads 

were aligned so that the test piece would not rotate in the universal testing machine. 
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3.4 Recovery System  
3.4.1 Summary 

The recovery system events are all controlled by 3 altimeters and 4 jolly logic chute 

release devices. The 3 altimeters that are being used are 1 RRC3 used for the main 

altimeter and 2 Stratologger CF Altimeters as the secondary altimeters. These altimeters 

will be independent of each other with their own batteries, screw switches, and black 

powder charges. These altimeters will be put on an avionics sled that will be made of 1/8-

inch aircraft grade plywood that will be laser cut in a jigsaw pattern for ease of assembly. 

This avionics sled is stored in the avionics bay where the bulkheads on either side of the 

bay contain the blast caps where the black powder ejection charges are being stored. The 

full description of this avionics bay is described in Section 3.1.9. Arming these altimeters 

involves individually screwing the screw switches for each altimeter all the way down to 

prevent the screw from unscrewing during flight. There are holes in the launch vehicle on 

top of these holes that will allow access to the switches.  

At apogee, the altimeter sends a signal to the e-match to fire the primary black powder 

charge. The black powder charge will pressurize the main payload bay and part of the 

upper payload bay until the #4-40 nylons shear pins are broken. This black powder charge 

will separate the upper payload bay from the main parachute bay. One second after 

apogee, the secondary charge will fire to make sure that the sections do separate. The 

delay ensures that the two black powder charges will not over pressurize the section. 

These charges will deploy the 18-inch drogue parachute and the 60-inch main parachute 

that are wrapped with 2 JollyLogic parachute releases.  

One second after apogee the second primary charge will fire separating the lower payload 

bay and the fin can from the rest of the launch vehicle. There will be no shock cord 

connecting the two sections as the fin can has its own parachutes. 2 seconds after apogee 

the secondary black powder charge will fire to make sure the two sections separate. A 

Fruity Chutes 15” compact elliptical will be deployed with another fruity chutes 60” iris 

ultra-compact that is wrapped with 2 jolly logic parachute releases keeping the parachute 

furled. The two separate sections will fall under drogue until we get close to 700 feet. The 

jolly logics will release the main parachute for the upper section at 700 feet.  

The two jolly logic parachute releases connected in series are to make sure that one of 

them will release the parachute. The fin can will fall an extra 100 feet to 600 feet before 

the jolly logics release the main parachute allowing it to fully inflate. All parachutes are 

connected to a 5/8-inch tubular Kevlar shock cord using ¼ inch thick quick links. These 

quick links are connected to loops that are tied into the shock cord and the shock cord is 

connected to the body sections by ¼ inch thick quick links to U-bolts on the bulkheads. 

3.4.2 Structural Components 

3.4.2.1 AV Bulkhead 
The AV bulkheads are made up of six laser cut layers of 1/8” aircraft-grade birch 

plywood epoxied together. The bulkheads of same thickness and materiel were 

tested in the Universal Testing Machine as discussed in Section 7.1 to withstand the 

opening shock discussed in Section 3.4.2.6. The threaded rods and U-bolts attached 
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to the bulkheads are strong enough to resist all recovery forces. More details 

regarding bulkheads are in Section 3.3.1 

3.4.2.2 Avionics Sled 
The avionics sled was constructed using laser cut 1/8” aircraft grade birch plywood. 

The pieces were assembled using their jigsaw pattern and wood glued together.  The 

design is made up of two halves that house all the components of the recovery 

system. There are 2 holes on the side panels for two threaded rods to slide through. 

These threaded rods prevent the two sides from separating during flight. The original 

design has two Stratologger CF altimeters on the top board and two sets of ¾” 

standoffs for screw switches. The two Stratologger CF altimeters are mounted on ½” 

standoffs to allow the pressure sensors on the bottom of the altimeters can 

adequately measure the pressure in the AV Bay. The bottom half of the av sled has 

the GPS mounted on ¼” standoffs, a 7.4 LiPo battery to power the GPS, 2 9V battery 

to power the altimeters and its ¾” standoff with the screw switch for the GPS 

attached. The wiring is all internal through slits in the top and bottom. The 8 wires 

that are connected emerge out of two holes cut on either end of the AV sled. The 

wiring that connects the blast caps to the altimeters are connected using 4 port 

DuPont connectors. This is to allow for easy assembly and to prevent the wires from 

getting crossed on launch day.  

After realizing that the Stratologger CF altimeters could not individually do a two-

delay system, a third altimeter was added, an RRC3. How they are programmed is 

explained in Section 3.4.4.1. Along with an additional altimeter being added, the 

Eggfinder was also replaced with a BRB900 altimeter. As such, a third screw switch 

was added to the top half along with the rearranging of the altimeters on the top 

half. On the bottom half, the third 9V battery that powered the RRC3 took the place 

of the LiPo battery. The LiPo battery changed from a 7.4V to a 3.7V which was then 

attached to the bottom surface with Velcro. 

 

Figure 3-37 AV Sled as of VDF 
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Figure 3-38 DuPont connector that is used to connect to black caps 

3.4.2.3 Quick links 
Quick links are used in connecting all recovery elements and body sections to the 

recovery harness as discussed in Section 3.4.4.2. All the quick links are ¼” steel quick 

links that are rated up to 880 lbs. 

3.4.2.4 Pressure Sampling Ports 
Altimeters rely on pressure sampling ports being drilled to be able to measure the 

static pressure of the outside world. These holes can’t be too large though, as that 

can lead to too much air entering the compartment, leading the altimeters to 

measure the dynamic pressure instead. These sampling ports are determined based 

on the recommendation of PerfectFlite, one of the altimeter manufacturers. The 

manual for the Stratologger CF altimeter recommends that there be at least 4 holes 

off set at 90-degree intervals for large diameter rockets to avoid any fluctuations in 

the static pressure due to the wind, angle of attack or turbulence. The equation 

below is provided in the manual to determine the exact size of the holes.  

𝑑 = 𝐷2 ∗ 𝐿 ∗ 0.0008                                                  (3.1) 

In this equation, d is the diameter of the switch hole, D is the inner diameter of the 

section, and L is the length of the section. On the AV bay and fin can, these sampling 

port holes are also aligned in such a way to allow access to the screw switches. This 

does mean that the holes are not perfectly 90 degrees apart. This equation provided 

by Stratologger is one of many equations that can be used to determine the size of 

the hole.  

3.4.2.5 Recovery Harness 
The upper section recovery harness is made of 39 foot long 5/8” tubular Kevlar. The 

fin can recovery harness is a 10 foot long 5/8” tubular Kevlar. The 5/8” tubular Kevlar 

shock cord is rated to 6000 lbf with the maximum load on the shock cord being 

174.36 lbf. This is a factor of safety of 34.4.  

3.4.2.5(a) Upper Section Recovery Harness 
The upper section recovery harness has a bowline knot tied at both ends of the 

shock cord and two bowline knots in the middle of the shock cord length. The 18” 

drogue and Nomex sheet are attached to one of the middle bowline knots with 

an ¼” quick links. The 60” main parachute and Nomex sheet are attached to the 

other middle bowline knot with an ¼” quick link. The shorter end of the shock 

cord is threaded through the MOMO bulkhead and attached to the removable 
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bulkhead U-Bolt with an ¼” quick link. The shock cord is puttied as it is threaded 

through the MOMO bulkhead to seal the area and make sure the black powder 

can pressurize the Main Parachute Bay. The other end of the shock cord is 

connected to the U-bolt on the forward AV bulkhead. During descent the nose 

cone will hang above the AV bay. Once the main parachute opens, the distance 

between the nosecone and the AV bay will decrease, but the nosecone will still 

be above the AV bay. The figure below shows the exact positions of the bowline 

knots along the upper section shock cord.  

 

Figure 3-39 Upper Section Shock Cord Dimensions 

3.4.2.5(b) Fin Can recovery Harness 
The Fin Can recovery harness has bowline knots tied at each end of the shock 

cord and a bowline in the middle. Along with a shock cord, there is a small 

deployment bag that is attached to the Aft AV Bay U-bolt using a 1/4” quick link. 

This deployment bag was added after CDR but before the VDF because there was 

concern that the drogue parachute for the fin can would not come out of the 

drogue parachute bay. The deployment bag being attached to the Aft AV 

bulkhead means that upon separation the drogue parachute is pulled because it 

is tightly wrapped in the deployment bag but when actual force is applied, the 

bag will open and the drogue parachute will be pulled away from the AV bay and 

allow the drogue parachute to open. The figure below shows the exact position 

of these knots along the fin can shock cord.  
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Figure 3-40 Fin Can Recovery Harness Layout 

3.4.2.6 Opening Shock 
The parachute opening shock calculations are done by taking the change in velocity 
that the launch vehicle is experiencing and the time it takes for the parachute to 
open. Equation 3.27 is used to approximate the time it takes for the parachute to 
completely open, where r is the radius of the parachute, V is the terminal velocity 
before that point, 𝑡𝑖 is the time and 8 is a coefficient that was taken from Ludtke 
for cloth parachutes:  

𝑡𝑖 =  
8∗𝑟

𝑉
                                                                    (3.2) 

Time calculated for the 60” Iris Ultra compact to open is .2 seconds. Once the time 
it takes for the parachute to open is calculated, the opening shock can be 
calculated as the difference in terminal velocities of the parachutes divided by the 
time that was calculated in Equation 3.27. This is shown in the equation below with 
𝑎 being the deacceleration that the vehicle feels,  𝑡𝑖 being the time for the chute to 
open, 𝑣𝑑 is the terminal velocity of the drogue parachute, and 𝑣𝑚 is the terminal 
velocity of the main parachute: 

𝑎 =  
𝑣𝑑−𝑣𝑚

𝑡𝑖
                                                                   (3.3) 

The opening shock on each section is shown below. The opening shock on the main 
parachute for the upper section is 174.36 lbf, which has a safety factor of 37 for the 
shock cord.  

Table 3-2 Main Deployment Opening Shock 

Section Mass Opening Shock 

Nose cone 

and Payload 

Bay 

.3761 slugs 99.98 lbf 

Midsection .2797 slugs 74.37 lbf 

Fin Can .4678 slugs 127.45 lbf 
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3.4.3 Parachute Selection 
The launch vehicle uses two Fruity Chutes 60” Iris UltraCompact parachutes for main 

recovery of both the fin can section and the upper section. The drogue for the upper 

section is a Fruity Chutes 18” Iris Classic Elliptical parachute, and the Fin Can drogue is a 

Fruity Chutes 15” Iris Classical Elliptical parachute. The parachute selection was based on 

parachutes owned by the club, descent time, wind drift, and kinetic energy and landing. 

Launch vehicle speed under parachute can be determined by the equation below. 

v =  ට
2gm

AC𝐷ρ 
                                                       (3.4) 

In the equation above, m is the burnout weight of the section, g is acceleration due to 

gravity, A is the area of the parachute, CD is the coefficient of drag of the parachute and 

ρ is the density of air.  

3.4.3.1 Upper Section Drogue 
The Fruity Chutes 18” Iris Classical Elliptical was chosen as the drogue parachute for 

the upper section of the launch vehicle. It has been chosen for its high descent rate 

and because the team already owned the parachute. This drogue parachute has a 

reference area of 1.77 ft2 and a CD of 1.43.  This gives a descent rate of 83.86 ft/s 

under drogue.  

3.4.3.2 Upper Section Main 
The Fruity Chutes 60” Iris UltraCompact was chosen as the drogue parachute for the 

upper section of the launch vehicle. It has been chosen for its high descent rate and 

because the team already owned the parachute. This drogue parachute has a 

reference area of 19.64 ft2 and a CD of 2.04.  This gives a descent rate of 20.45 ft/s 

under main.  

3.4.3.3 Fin Can Drogue 
The Fruity Chutes 15” Iris Classical Elliptical was chosen as the drogue parachute for 

the upper section of the launch vehicle. It has been chosen for its high descent rate 

but it was not owned by the club. It was the only drogue that allowed the fin can to 

come down in the required descent time. This drogue parachute has a reference 

area of 1.23 ft2 and a CD of 1.37.  This gives a descent rate of 82.49 ft/s under drogue.  

3.4.3.4 Fin Can Main 
The Fruity Chutes 60” Iris UltraCompact was chosen as the drogue parachute for the 

upper section of the launch vehicle. It has been chosen for its high descent rate and 

because the team already owned the parachute. This drogue parachute has a 

reference area of 19.64 ft2 and a CD of 2.04.  This gives a descent rate of 16.42 ft/s 

under main. 
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3.4.4 Avionics Electronics 

 

Figure 3-41 Recovery Avionics System Master Block Diagram 

The block diagram above shows all the components that make up the recovery avionics 

system.  In the upper left corner is the primary recovery system which will record the 

team’s official apogee, as well as the components to fire both the forward and aft 

recovery events. The altimeter is powered by a 9V battery and connected to a screw 

switch and two E-matches. One E-match is placed in the forward primary charge that is 

fired at apogee, while the second E-match is placed in the aft primary charge that is fired 

1 second after apogee. A fresh battery is used for every flight as determined by RF 3, 

which ensures that there is enough power to fire both E-matches, record flight data and 

meet the pad stay time requirements set forth by NASA 2.7. 

To the right of the primary altimeters are the two secondary Stratologger CF altimeters. 

They are both independent altimeters that are responsible for firing the secondary black 

powder charges. They are both powered by a 9V battery through a screw switch, but 

unlike the primary altimeter, they are connected to only one E-match. The secondary 

charges are .5 grams larger than the primary charges and are set to fire 1 second after 

their respective primary charges. The forward secondary charge will fire 1 second after 

apogee and the aft secondary will fire 2 seconds after apogee. All three altimeters are 

independent of each other, and the recovery system ensures that two different altimeters 
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are responsible for the separation event. This ensures that if any one component in the 

recovery system fails, there is another independent system that will activate and allow 

for safe recovery.  

The box below the altimeter is the tracking device for the upper half of the rocket, the 

BRB900. The other tracker, as shown in the green box, is the Egg finder which is the 

tracking system for the fin can. Both of these trackers are discussed further in Section 

3.4.5. 

3.4.4.1 Altimeters 
All recovery events are controlled by 2 PerfectFlite Stratologger CF altimeters and a 

Missleworks RRC3 Altimeter. When deploying the forward and aft drogue 

parachutes, the RRC3 Altimeter acts as the primary altimeter, controlling the primary 

forward and primary aft charge. Each Stratologger CF controls one charge, either the 

forward secondary or aft secondary charge. This was necessary due to deployment 

of all 4 charges being close to apogee. Each Stratologger CF was only connected to 

the drogue charge port, and the main charge terminal block was left empty. The 

intent was to deploy the forward drogue at apogee and the aft drogue chute one 

second after apogee so that the charges were staggered. In this configuration, the 

RRC3 is set to ‘apogee only’ mode to set off the drogue terminal charge at apogee 

and the main terminal charge at apogee plus one second. The forward primary 

charge was connected to the RRC3 drogue terminal while aft primary charge was 

secured to the main terminal. The forward secondary Stratologger was set to deploy 

drogue at an apogee delay of one second while the aft secondary was set to set off 

the drogue terminal at an apogee delay of two seconds. Again, the main charge 

terminals were left empty on both Stratologgers. This set up allows for the forward 

drogue to deploy at apogee with a backup Stratologger deployment one second after 

in the case of an RRC3 failure. The aft drogue is then set on the RRC3 to deploy one 

second after apogee with a backup Stratologger deployment another second after 

in the case of failure. Below is a schematic of the two types of altimeters and how 

they were wired. Note that the Stratologger CF main terminals are left disconnected 

as the main charges are not to be used.  

 

Figure 3-42 RRC3 Wiring Schematic 
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Figure 3-43 Stratologger Wiring Schematic 

3.4.4.2 Parachute retention devices 
Following black powder deployment at apogee and drogue parachute inflation, the 

shock cord and main parachutes are pulled from their respective body tube sections. 

Each main parachute is wrapped in two jolly logic chute releases connected in series. 

This is for the purpose of redundancy. While connected in series, if one of the two 

chute releases activate, the parachute will unfurl. All chute releases are also cow 

hitched to the shock cord loops for their respective parachutes. The two chute 

releases for the forward main parachute are set for a 700 foot deployment while the 

aft main chute releases are set for 600 feet. 

 

Figure 3-44 Jolly Logic Chute Releases wrapped around the parachute 

At apogee, the separation of the fin can from the AV has no shock cord to pull the 

drogue parachute and recovery harness out of the drogue parachute bay. To ensure 

that the drogue parachute will come out, a small deployment bag is attached to the 

U-bolt on the Aft AV bulkhead. The drogue parachute is placed in the deployment 

bag and then the deployment bag is folded up tightly, but only enough to create 

resistance and not enough to prevent the parachute from coming out of the 

deployment bag. This resistance should be enough to pull the parachute out of the 

drogue parachute bay so when the parachute leaves the deployment bag, the 

parachute will be able to inflate.  
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Figure 3-45 Deployment Bag used in the Fin Can Recovery System 

3.4.4.3 Switches 
There are a total of five screw switches that arm various aspects of the recovery 

system. All five screw switches are accessible from the outside of the rocket while 

the rocket is on the launch pad. Three are for the altimeters and two are for the GPS 

trackers. The screw switches are attached on ¾” standoffs that ensure the screw 

switches are visible and easily accessed from the outside. The screw switches ensure 

that the E-match and power source will only be connected once the rocket is fully 

assembled and on the launch pad. Once the fully assembled rocket is on the launch 

pad, the screw switches are tightened by screwdriver for all five recovery electronics. 

This makes sure that the black powder will not prematurely fire on the ground and 

preserve the battery life of the altimeters. The screw switches ensure that even due 

to flight forces and vibrations the systems will still be powered.  

3.4.4.4 Batteries 
All altimeters are powered by fresh 9V batteries for each flight. Before each flight, 

an unused 9V battery is tested to ensure the voltage is at least 9V before they are 

placed into the battery compartments. These are tightly fit into compartments to 

ensure that the batteries do not disconnect during flight.  

LiPo Batteries will be used to power the BRB900 and Eggfinder TX transmitters. The 

BRB900 uses a 1S, 3.7V battery that is attached to the underside of the transmitter 

unit. The Eggfinder uses a 2S, 7.4V battery that is kept in a battery housing on the 

AV sled much like the altimeter 9V batteries. 

3.4.4.5 Redundancy Features 
The recovery avionics system contains two fully independent systems. There are 

three entirely independent altimeters, screw switches, 9V batteries, e-matches, and 

black powder charges. If any one component of one system were to fail, the other 

system would activate and ensure a safe recovery of the launch vehicle. The Jolly 

Logic Chute Release system is also redundant with two interlinked parachute 

releases such that the release of one will fully free the parachute. Further 

redundancy is incorporated into the black powder charges, with the secondary 

charges being 0.5 g larger than the primary charges. This will increase the chances 

of section separation in case the primary recovery avionics system functions as 

designed but the body sections fail to separate properly after detonation of the 
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primary charge. As such, the recovery system is protected against equipment failure, 

miscalculations, and aberrations in the separation process. 

3.4.5 Tracking Devices 
As two components of this system will be descending independently of each other, there 

are two tracking devices that will be used to recover the upper section and fin can. The 

fin can makes use of an Eggfinder TX/RX GPS system and the upper section uses a 

BigRedBee BRB900. Both systems are GPS trackers transmitting on the 900 MHz ISM 

band. The upper section transmitter is located on the AV sled in the midsection of the 

rocket. This location was selected due to it being convenient and the most secure place.  

The transmitter is armed during launch pad procedure by tightening a screw switch to 

power the transmitter. This switch is mounted in a similar fashion as the altimeter screw 

switches described above. The BigRedBee BRB900 was selected for tracking the upper 

section. The BRB900 is ideal for its small form factor and light weight but because it is less 

reliable than the Eggfinder. The BRB900 transmits on 900 MHz and utilizes a handshake 

system to prevent interference. The receiver is a dedicated radio unit that displays the 

latitude and longitude coordinates on a readout. It can also be paired with a laptop and 

the data ported into Google Earth to view the 3D plot of the launch vehicle’s path.  

As required by NASA 3.12.1, each section of the launch vehicle and payload descending 

independently requires its own tracker. So, for the fin can, an Eggfinder TX transmitter is 

mounted onto the APPA sled. The Eggfinder TX transmitter is paired with the Eggfinder 

RX receiver, programmed to the same frequency of 921 MHz on ID 3. The transmitter 

power is 100 mW, satisfying requirement NASA 2.22.8. The transmitter has a range of 

around 10000 ft, maintaining connection during ground testing. Should the transmitter 

exit the range of the receiver during flight, since the launch vehicle will descend within 

2500 ft of the launch pad, signal will be able to be reacquired during descent or after 

landing. The receiver is mounted in a plastic case also containing a battery holder for 3 

AA batteries and a Bluetooth module. This module is paired to the phone of a member of 

the field recovery team via Bluetooth. GPS data is then plotted on the phone using the 

Rocket Locator app. The app plots the vehicle’s azimuth location on a satellite image as 

well as providing the vehicle’s distance, altitude, and an azimuth line from the current 

location of the phone to the vehicle. Specific latitude and longitude information can be 

easily obtained from the logs of the app. No redundant tracking transmitter is included in 

the launch vehicle since the GPS tracker serves as the redundant backup to the primary 

method of flight tracking – visual observation of the launch vehicle. 

These tracking devices transmit data to the ground but do not seem to have an affect on 

the recovery altimeters but as a precaution, a layer of aluminum foil is added to protect 

from any possible interference. 

3.4.6 Ejection Charge Sizing 
Black powder ejection charges were calculated by considering the gases in each launch 
vehicle body cavity as a mixing problem between the gaseous products of the black 
powder combustion and the air in the cavity at the ambient conditions. The reaction 
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model below was used to determine the mass percentage of a given black powder charge 
converted into a gaseous product. 3F black powder is used for all energetic events.  

10𝐾𝑁𝑂3  +  3𝑆 +  8𝐶 →  2𝐾2𝐶𝑂3(𝑠)  +  3𝐾2𝑆𝑂4(𝑠)  +  5𝑁2(𝑔)  +  6𝐶𝑂2(𝑔)        (3.5) 

It was assumed then that a mass of gas 33.5% the mass of the black powder charge was 
added to the mixing chamber at the adiabatic flame temperature of black powder, as 
obtained from the manufacturer data. A target pressure rise was specified to determine 
the amounts of each product gas (N2 and CO2) that would be required for the desired 
pressure rise by considering the partial pressure of all three gases in the chamber. Since 
this required mass is a known fraction of the black powder mass burned, it is trivial to 
back out the required powder charge mass. Validation testing of this model has been 
carried out with great success, and these tests are covered further in Section 7.1.1.5.  

For flight, a target pressure rise of 8.5 psi was determined. This increase in pressure 
generates sufficient force to shear four shear pins with a FoS of 2.02, acceptable for this 
context. If the shear pins do not break with the primary ejection charge, the secondary 
charge is sized up from the primary. Here a mass increase of 0.5 grams was specified. This 
ensures that even if the primary black powder charge does not cause section separation, 
the backup charge will be able to do so while remaining small enough that a sympathetic 
detonation will not over pressurize the body section. As flown, the forward ejection 
charge had a primary mass of 5 g and a secondary mass of 5.5 g. The Aft ejection charges 
had a primary mass of 4.4 g and a secondary mass of 4.9 g.  

3.5 Mission Performance Predictions 
3.5.1 Launch Day Target Altitude 

As detailed in the PDR document, our target apogee for the launch vehicle is 4,400 feet. 
This was chosen due to the expected weight of the launch vehicle and the chosen motor 
at the time of PDR. With the significant weight creep difference in design weight and 
actual weight, the launch vehicle will likely be lower than this target altitude. 

3.5.2 Flight Profile Simulations 
Using the updated estimated weights from the VDF flight, ten simulations were run with 
a 5° cant, a 12-foot launch rail, and wind conditions from 5 to 15 MPH. The average 
apogee was 3,676 feet. The estimated max velocity was 452 fps and the max 
acceleration during takeoff was 198 ft/s2. Launch stability margin was 2.18 calibers. The 
estimated speed at launch rail exit was 58 fps. The flight profile of one of the 
simulations is in Figure 3-46. It is noted that the burnout line is not accurate as the 
recovery system required a second no motor burn in RockSim to allow two independent 
sections. The RockSim simulated thrust curve of the motor is shown in Figure 3-47. The 
thrust to weight ratio of this design is 5.1. 

In Table 3-3, the weights used in the RockSim simulation are listed. These were derived 
from weighing all the component parts and finding the CG for each part. While 
investigating the discrepancy between the CDR weight estimation and the actual weight 
of the rocket, the team discovered that the density in RockSim for G12 Fiberglass, that 
has been historically used by the club, is lower than the density of the actual product. It 
is estimated that the cause of this weight creep is primarily due to this difference in 
densities. 
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Figure 3-46  RockSim Launch Flight Profile 

 

Figure 3-47  Simulated Motor Thrust Curve 

Table 3-3 Real Weight Table 

Part Weight (lb) 

Nosecone 5.90 

Total Nosecone weight + ballast 5.9 

Upper Payload Bay 6.20 
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Body tube + coupler 3.8 

MOMO 2.4 

Main Parachute bay 4.30 

Body tube 2.2 

Drogue + Main + shock cord +JL 2.1 

AV Bay 5.10 

Body tube + coupler 1.5 

AV sled 1 

Bulkheads 2.6 

Drogue Bay 5.80 

Body tube + coupler 3.9 

Drogue + Main + 3 quick links + 2JL + shock cord 1.9 

Fin Can 18.18 

APPA 1.833 

Fin Can 8.1 

Total Motor 8.25 

TOTAL WEIGHT 45.48 

 

3.5.3 Load Verification 
During flight, the rocket must withstand flight, ejection, and landing forces. G12 fiberglass 

was chosen as the airframe of the launch vehicle as it has an ultimate tensile strength of 

around 3000 MPa, which is more than enough to resist any flight forces and landing 

forces. Along with this, the fins are comprised of aircraft grade plywood that has been 

epoxied and filleted both to the external and internal sections of the rocket to disperse 

loading experienced during flight and landing. Finally, Section 7.1.1 shows that the chosen 

bulkhead designs can bear the load experienced during the ejection of parachutes. 

Additionally, refer to Section 3.2 for more specifics of the flight reliability of the launch 

vehicle. 

3.5.4 RockSim Apogee Study 
Considering the weight discrepancy between launch day weight and our measurements 
afterwards, it appears the RockSim error was lower than 15% for this launch. This will be 
revisited in the FRR Addendum after the second VDF and PDF to determine the best error 
margin for competition day predictions. This discrepancy is discussed at greater length in 
Section 5.1.3. For now, our predictions will not use the correction. 

3.5.5 Stability, CG, and CP 
As shown in Figure 3-48, the stability margin is 2.18, the CG is located 66.7 inches aft of 

the nose tip, and the CP is located 80.14 inches aft of the nose tip. The CG being forward 
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of the CP is necessary to ensure a moment is generated about the rocket’s CG to restore 

the rocket towards its velocity vector in the event of a disturbance. The stability margin 

shows the difference between the two divided by the radius and is an important metric 

to determine whether the rocket is stable. The change of Stability Margin, CG and CP up 

to apogee is given in Figure 3-49. Static stability rises to around 2.25 at rail exit. CG moves 

forward during the burn which is expected as the propellant mass is lost. 

 

Figure 3-48  Launch Vehicle CG and CP locations 

 

Figure 3-49  Stability Margin, CG and CP graph 

3.5.6 Analytical Apogee and Stability Margin 
In an effort back up simulations done in RockSim, analytical methods are used to 
determine launch vehicle apogee and stability margin. 

3.5.6.1 Apogee Calculations 
Various metrics of the launch vehicle are required to analytically predict the apogee. 
All significant values are recorded in Table 3-5. The results are in Table 3-6.  

Table 3-4 Apogee Constant Table 

Name Variable Value Units 

Radius R 0.08 m 

Density ρ 1.225 kg/m2 
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Coefficient of Drag CD 0.4 N/A 

Thrust T 850 N 

Mass M 19.32 kg 

Gravitational 

Constant 
g 

9.81 
m/s2 

Burn Time t 4.4 s 

The reference area of the launch vehicle, A, is first calculated using: 

 

𝐴 = 𝜋𝑅2 = 20 ∗ 10−3 𝑚2 (3.6) 

Then the wind resistance coefficient, k, is calculated using: 

𝑘 = 0.5𝜌𝐶𝐷𝐴 = 5 ∗ 10−3
𝑘𝑔

𝑚
 (3.7) 

Then launch vehicle metrics q and x, used to calculate max velocity of the vehicle 
are calculated using: 

𝑞 =  ඨ
𝑇 − 𝑀𝑔

𝑘
= 366.17

𝑚2

𝑠2
 (3.8) 

  

𝑥 =
2𝑘𝑞

𝑀
= .187 

𝑚

𝑠2
 

(3.9) 

The maximum velocity of the launch vehicle, Vmax, is calculated using: 

𝑣𝑚𝑎𝑥 = 𝑞
1 − 𝑒−𝑥𝑡

1 + 𝑒−𝑥𝑡
= 142.5 

𝑚

𝑠
 (3.10) 

Then the launch vehicle height on motor burnout, hburnout, is calculated using vmax: 

ℎ𝑏𝑢𝑟𝑛𝑜𝑢𝑡 = −
𝑀

2𝑘
ln ቆ

𝑇 − 𝑀𝑔 − 𝑘𝑣𝑚𝑎𝑥
2

𝑇 − 𝑀𝑔
ቇ = 322 𝑚 (3.11) 

And the launch vehicle height on coast, hcoast, is also calculated using vmax: 

ℎ𝑐𝑜𝑎𝑠𝑡 =
𝑀

2𝑘
ln ቆ

𝑀𝑔 + 𝑘𝑣𝑚𝑎𝑥
2

𝑀𝑔
ቇ = 831 𝑚 (3.12) 

By adding hburnout and hcoast together, the maximum height, hmax, is calculated: 

ℎ𝑚𝑎𝑥 = ℎ𝑏𝑢𝑟𝑛𝑜𝑢𝑡 + ℎ𝑐𝑜𝑎𝑠𝑡 = 1153 𝑚 = 3783 𝑓𝑡 (3.13) 

Table 3-5 Apogee Comparison 

Method Apogee (ft) 

RockSim 3,464 
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Analytical 3,783 

The analytical method predicts a higher apogee than the RockSim simulation. This is 
likely due to the 15% correction that is used in the RockSim calculation. The 
analytical calculation is a bit simpler and doesn’t account for wind and other factors. 

3.5.6.2 Stability Margin Calculations 
Different metrics are required to determine the launch vehicle stability margin. The 
analytical method used to calculate the stability margin is called the Barrowman’s 
method. All significant variables are in Table 3-7. The results are in Table 3-8. 

Table 3-6 Stability Margin Constant Table 

Variable Value Units 

LN 26 Inches 

S 6.27 Inches 

XR 3.3421 Inches 

CT 7.8 Inches 

CR 11.125 Inches 

R 3 Inches 

N 4 N/A 

XB 87 Inches 

CN 2 N/A 

CG 65 inches 

The arm length of the nosecone XN, is determined from the relationship between 
the length of an ogive nosecone, LN, using: 

𝑋𝑁 = 0.466𝐿𝑁 = 12.116 𝑖𝑛𝑐ℎ𝑒𝑠 (3.14) 

The fin sweep angle is calculated using the fin semi-span, S, and fin sweep length, 
XN, using: 

𝜃 = 90° − tan−1
𝑆

𝑋𝑅
= 28° (3.15) 

Using sweep angle, θ, chord tip length, CT, chord root length, CR, the fin mid-chord 
line length, LF, is calculated: 

𝐿𝐹 = ඨ𝑆2 + (
1

2
𝐶𝑇 −

1

2
𝐶𝑅 +

𝑆

tan 𝜃
) = 7.03𝑖𝑛𝑐ℎ𝑒𝑠 (3.16) 

Then the coefficient for the fins, CF, can be calculated using the radius of the 
launch vehicle, R, and the number of fins, N, using: 
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𝐶𝐹 = ൬1 +
𝑅

𝑆 + 𝑅
൰

ۉ

ۇ
4𝑁 ቀ

𝑆
2𝑅

ቁ
2

1 + ට1 + (
2𝐿𝐹

𝐶𝑅 + 𝐶𝑇
)2

ی

ۊ =  10.3 (3.17) 

The arm length for the fins, XF, is calculated using the distance from nose cone to 
fin root chord, XB, and a few other existing values: 

𝑋𝐹 = 𝑋𝐵 +
𝑋𝑅

3

𝐶𝑅 + 2𝐶𝑇

𝐶𝑅 + 𝐶𝑇
+

1

6
൬𝐶𝑅 + 𝐶𝑇 −

𝐶𝑅𝐶𝑇

𝐶𝑅 + 𝐶𝑇
൰ = 90.96𝑖𝑛𝑐ℎ𝑒𝑠 (3.18) 

Using CN, and other values, the center of pressure, XCP, is calculated using: 

𝑋𝐶𝑃 =
𝐶𝑁𝑋𝑁 + 𝐶𝐹𝑋𝐹

𝐶𝑁 + 𝐶𝐹
= 78.14𝑖𝑛𝑐ℎ𝑒𝑠 (3.19) 

Finally, the stability margin, SM, is calculated using the center of pressure, XCP, and 
center of gravity, XCG, using: 

𝑆𝑀 =
𝑋𝐶𝑃 − 𝑋𝐶𝐺

𝑅
= 2.19𝑐𝑎𝑙𝑖𝑏𝑒𝑟𝑠 (3.20) 

Table 3-7 Stability Margin Comparison 

Method Stability Margin (Calibers) 

RockSim 2.12 

Barrowman’s 2.19 

Both methods produced similar results in this case, with the Barrowman’s 

method resulting in a slightly higher stability margin than RockSim. 

3.5.7 Kinetic Energy Landing 
Kinetic Energy is calculated using mass and velocity of each body section, which is 
modeled in the equation below where KE is Kinetic Energy, m is mass, and V is 
velocity: 

𝐾𝐸 =
1

2
𝑚𝑉2                                                                              (3.21) 

The maximum kinetic energy, as determined by NASA requirement 3.3, tells us what 
the maximum speed each of the sections can descend at for that requirement to still 
be achieved. Those maximum descent velocities are shown in Table 3-9. The 
minimum velocity determines what the size of the main parachute can be.  

Table 3-8 Maximum Descent Velocity 

Section Mass Maximum Descent Velocity 

Nosecone 
.3761 
slugs 

19.97 ft/s 

Midsection 
.2797 
slugs 

23.16 ft/s 

Fin Can 
.4678 
slugs 

17.91 ft/s 
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With the maximum velocity constrained, the fruity chutes 60” Iris UltraCompact was 
used to calculate the descent velocity, and then the Kinetic Energy for each section 
was calculated. The table below shows the kinetic energy of each body section upon 
landing.  

Table 3-9 Body Section Kinetic Energy at Landing 

Section Mass Descent Velocity 
Kinetic 

Energy 

Nosecone 
.3761 
slugs 

20.45 ft/s 78.7 ft-lbf 

Midsection 
.2797 
slugs 

20.45 ft/s 58.5 ft-lbf 

Fin Can 
.4678 
slugs 

16.43 ft/s 63.1 ft-lbf 

 

The table above shows what the maximum kinetic energy for each section will be. 
The maximum kinetic energy experienced will be on the nose cone section. It will 
experience 78.7 ft-lbf upon landing. This kinetic energy is above the maximum 
kinetic energy limit as set by NASA requirements. This is due to some weight creep 
in the nosecone and upper payload bay sections. With the removal of MOMO, the 
mass of this section should decrease and fall back below the kinetic energy limit for 
PDF. The Fin Can falls separately from the rest of the rocket so that is why the 
descent velocity is different from that of the other two sections. The kinetic energy 
for 2 of 3 sections is below the limit and there is a plan to reduce the nosecone kinetic 
energy.  

3.5.8 Descent Time 
Descent time is an important part of the drift calculations. See Section 3.5.9 on drift 
calculations to see in depth descent time calculations.  

3.5.9 Drift Calculations 
The expected drift is calculated with a few assumptions. The first one is that the 
launch vehicle flies straight with no weather cocking. The second is that the 
parachutes deploy perfectly and instantly at the altitude we expect. At apogee, 
drogue deploys instantly, the fin can separates instantly at apogee, and the terminal 
velocity is immediately reached. On descent, when the launch vehicle descends to 
600 and 700 feet, the main is deployed for the fin can and upper section respectively 
and the terminal velocity of the vehicle is reached instantly. The third assumption 
considers wind to be constant, and the launch vehicle and the payload both drift in 
one direction at that wind speed being calculated.  

These assumptions make this calculation a less accurate representation of real day 
wind drift but do give a picture of worst-case scenarios should these wind conditions 
occur. The deployment reaching terminal velocity will take longer so this will add a 
few seconds to the descent time.  
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Using the distances between apogee, main deployment, and landing, along with the 
descent velocities under each parachute and the time it takes to descend between 
each distance can be calculated. Using the formula below where 𝑧𝑎is the apogee 
altitude, 𝑧𝑚 is the main parachute deployment altitude, 𝑧𝑗 is the jettison altitude, 

𝑣𝑑  is the descent velocity under drogue, 𝑣𝑚 is the descent velocity under main, 𝑣𝑗 is 

the descent velocity under main.  

𝑡 =  
𝑧𝑎−𝑧𝑚

𝑣𝑑
+

𝑧𝑚−𝑧𝑗

𝑣𝑚
+

𝑧𝑗

𝑣𝑗
                                                    (3.22) 

With the launch vehicle expected to reach an altitude of 4400 ft, the calculation gives 
a descent time of 68.8 seconds for the upper section and 72.9 seconds for the fin 
can. Multiplying that descent time by the wind speed, we get the wind drift for the 
launch vehicle at the various speeds as shown in the table below. The worst-case 
scenario is that in 20 MPH winds, the upper section will go 2019.2 ft while the fin 
can will go 2139.1 ft. Both distances are within the requirements of 2500 ft.  

Table 3-10 Drift and Descent time for Upper Half 

MPH Apogee  Descent Time  Wind Drift 

0 3698 ft 70.0 s 0 ft 

5 3678 ft 69.7 s 511.3 ft 

10 3652 ft 69.4 s 1018.1 ft 

15 3634 ft 69.2 s 1522.5 ft 

20 3603 ft 68.8 s 2019.2 ft 

Table 3-11 Drift and Descent time for Fin Can 

MPH Apogee  Descent Time  Wind Drift 

0 3698 ft 74.1 s 0 ft 

5 3678 ft 73.8 s 541.4 ft 

10  3652 ft 73.5 s 1078.3 ft 

15  3634 ft 73.3 s 1612.6 ft 

20  3603 ft 72.9 s 2139.1 ft 
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4. Payload Criteria 

4.1 Removal of MOMO (Means of Obtaining Meaningful Observations) 
Due to supply chain issues, multiple components needed for APPA did not arrive in a timely 
manner. The IMU, altimeter, and Arduino Nano setup that was going to be used for MOMO 
has been repurposed for APPA. Furthermore, both cameras that were going to be used to 
take images of the parachutes had their connecting wires tear and could no longer 
communicate with the Jetson. The first camera broke a few days before the Vehicle 
Demonstration Flight and the second camera’s cord broke on launch day. Even if both 
cameras were working, the USB adapter that is needed for the second camera was also taken 
to be used for APPA. Replacing all these components would not be worth the time and effort 
to get the experimental payload working. For these reasons, the experimental payload, 
MOMO is no longer going to be part of the final design and will not be included on the Payload 
Demonstration Flight or the launch in Huntsville. A brief overview of MOMO is given in Section 
4.9 to document what was included on the Vehicle Demonstration Flight. 

4.2 Payload Mission Statement 
The objective of the payload mission is to design a payload capable of autonomously locating 
the launch vehicle upon landing by identifying the launch vehicle’s grid position on an aerial 
image of the launch site without the use of a global positioning system (GPS). The method(s) 
utilized to complete the payload mission are acceptable so long as the designs are deemed 
safe, obey FAA and legal requirements, and adhere to the intent of the challenge. 
 

This payload challenge is intended to simulate mission procedures that might take place when 
landing a vehicle on another planet. When vehicles are sent to other planets, it is important 
for engineers and scientists to know where they are. Locating vehicles on other planets must 
be done without the use of GPS, given that such satellite systems do not exist there. As such, 
vehicles must determine their own location after landing on other planets. Vehicles can 
achieve this by collecting data about their motion and surroundings, and then processing it 
accordingly. 

Table 4-1 Payload Success Criteria 

Success Level Payload Aspect Safety Aspect 

Complete Success 

The payload gathers data from all 

sources and uses it to correctly 

identify which square the launch 

vehicle is in and communicates this 

back to mission control 

All risks are mitigated, no one is 

injured or otherwise harmed 

Partial Success 

The payload communicates back to 

mission control where the launch 

vehicle is within a few squares of its 

actual location 

Risks are mitigated, but there are 

some close calls during execution 

of the mission, but no one is 

injured or otherwise harmed 

Partial Failure 

The payload communicates back to 

mission control, but it is inaccurate 

in its calculations 

OR 

Some risks are unmitigated, minor 

injuries occur 
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The payload accurately calculates 

where the launch vehicle is, but 

does not communicate this back to 

mission control 

Complete Failure 

The payload does not calculate 

where the launch vehicle is 

accurately AND it does not 

communicate with mission control 

Risks are unmitigated, major 

injuries occur 

 

4.3 Payload System Summary 
4.3.1 Aerial Photographing and Positioning Apparatus (APPA) 

APPA consists of a system capable of identifying the launch vehicle’s landing location on 

the launch field. APPA will use state-space tracking to measure its movement and 

determine the relative position of the launch vehicle during flight. APPA will collect visual 

data with two cameras, acceleration, and orientation data with an inertial measurement 

unit (IMU), and altitude data with a barometric altimeter. Visual data will be processed 

with an image processing framework (IPF) to determine the launch vehicle’s relative 

location throughout the flight. This relative location data will be synthesized with inertial 

data via an Extended Kalman Filter (EKF) to determine the launch vehicle’s final location. 

Upon landing, APPA will transmit the final grid location to the ground station using LoRa. 

4.3.2 The Gridded Image 
To create the gridded image of the competition launch field, shown in Figure 4-1, Google 

Earth Pro was used to overlay the grid lines on top of a satellite image of the field. The 

image provided by NASA during the Proposal Acceptance Q&A, which included a circle of 

radius 2500 ft overlayed onto the field, was used as a reference to determine where the 

grid should be centered, which is marked with a red diamond. This red diamond marks an 

approximate center square, but since the grid has an even number of spaces on either 

side this does not mark the exact center of the grid. The grid was made larger than 

necessary to provide a wide range of options for the final grid placement, whose outline 

is in red. This red outline represents the 5000 x 5000 ft square, and each of the individual 

squares are 250 x 250 ft. The boxes are numbered from left to right, then top to bottom 

(numbered in rows), with 1 in the top left corner and 400 in the bottom right. 
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Figure 4-1 Gridded Image of Huntsville Launch Field 

4.4 APPA (Aerial Photographing and Positioning Apparatus) Description 
APPA consists of a system capable of identifying the launch vehicle’s landing location on the 

launch field. APPA will use state-space tracking to estimate movement and determine the 

position of the launch vehicle post flight. APPA will collect visual data with two cameras, 

acceleration and orientation data with an inertial measurement unit (IMU), and altitude data 

with a barometric altimeter. Visual data will be processed with an image processing 

framework (IPF) to determine the launch vehicle’s relative location throughout the flight. This 

relative location data will be synthesized with inertial data via an Extended Kalman Filter (EKF) 

to determine the launch vehicle’s final location. Upon landing, APPA will transmit the final 

grid location to the ground station using LoRa. 

4.4.1 APPA Structure and Integration Design Overview 
The APPA sled will house all the APPA electronics and the fin can’s set of recovery 

electronics. The sled is made of PLA, and it contains three platforms where components 

can be mounted. Components are attached to the sled using industrial strength Velcro, 

zip ties, nuts and bolts, and heat-set threaded inserts. The APPA sled will be retained 

within the lower payload compartment (LPC) of the fin can during flight. The sled matches 

the size of the LPC to prevent it from translating during flight. In addition, the sled is 

attached to adjacent bulkheads with industrial strength Velcro to prevent it from rotating. 

Two screw switches are located on the APPA sled to connect the APPA electronics and 

LPC recovery electronics to power while the vehicle is fully assembled on the launch pad. 

APPA has two cameras that are contained within housings mounted on opposite sides of 

the fin can. These housings are made of PLA and were designed to be aerodynamic. The 

housings are secured to the fin can using an epoxy connection. Camera housing covers 

hold the cameras in place during flight and allow for their easy removal post-launch. The 

camera housing covers are secured to the camera housings using a bolted connection. 
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The cameras are completely sealed within the camera housings, which protects them 

from water damage. Finally, the cameras’ ribbon cables extend up the side of the launch 

vehicle and enter the vehicle through ports in the LPC. These cables are protected from 

aerodynamic forces, impact, and water damage by an aluminum tape covering. 

4.4.2 APPA Electronics Design Overview 
Data collection will begin after a short delay once the payload is powered on the launch 

pad. Altimeters will measure vehicle altitude, and IMUs will measure vehicle acceleration 

and orientation over time. IMU and altitude information will be temporarily saved to the 

RAM of a secondary microcontroller (Arduino Nano) before being transmitted to the 

primary microcontroller (4 GB NVIDIA Jetson Nano) to be saved in a log file. Two IMX219 

cameras will record video of the launch field during vehicle flight. These images will be 

recorded and stored on the 4GB Jetson Nano’s SD card throughout the flight. Data 

collection will end once the IMU acceleration data and altimeter data have detected a 

landing. All data will be processed on the 4GB Jetson Nano after the vehicle lands. 

The APPA electronics sled will also house a GPS to locate the fin can after it separates 

from the rest of the launch vehicle. The Eggfinder GPS will be isolated from the rest of 

APPA’s electronics. This demonstrates that the GPS is not being used in the payload 

challenge, and it satisfies the requirement that recovery system electronics are 

independent of payload electronics. The Eggfinder GPS will transmit the fin can’s final 

location to an iPhone receiver at the ground station.  

Figure 4-2 below shows APPA’s electronics schematic, apart from the Eggfinder GPS on 

APPA’s electronics sled. As noted on the functional diagram, all APPA electronics will be 

powered with a 7.4V (2S) LiPo battery. Power to APPA’s electronics will be controlled 

through a screw switch accessible from outside of the launch vehicle. This will ensure that 

electronics can be powered on right before launch, thereby saving memory on the 

system’s SD card and allowing the system to maintain its battery life after sitting on the 

launch pad for up to two hours. The battery will be connected to a 5V buck converter, so 

the circuit is provided with 5V rather than 7.4V. The buck converter is necessary so that 

the 4GB Jetson Nano and other microcontrollers can be powered safely. The 4GB Jetson 

Nano will connect to the two IMX219 cameras via CSI communication, and it will connect 

to the REYAX RYLR896 LoRa chip via a UART protocol. The Arduino Nano will connect to 

the DPS310 altimeter through I2C, and it will connect to the 3DM-GX5-IMU through UART 

as well. Finally, the Arduino Nano and 4GB Jetson Nano will use serial communication to 

transfer data between them. 

The wiring diagram for APPA is shown in Figure 4-4. This diagram shows specifically how 

the electronic components will be connected to each other. The hardware of the battery 

and screw switch was omitted as their connections are straightforward and would clutter 

the diagram. The figure is best thought of as the physical version of the conceptual 

electronics schematic in Figure 4-4 below. Finally, it is important to note that the IMX219 

cameras will be connected to the NVIDIA Jetson with ribbon cables. 
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Figure 4-2 APPA Mission Functional Diagram 

 

Figure 4-3 APPA Electronics Schematic 
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Figure 4-4 APPA Electronics Wiring Diagram 

4.4.3 APPA Data Synthesis Design Overview 
An image processing framework and an Extended Kalman Filter will process the data. The 

image processing framework will take video footage during flight and use it to identify 

landmarks in the footage and calculate the distance from the launch vehicle to the 

landmarks. The Extended Kalman Filter will then use the information provided by the IPF 

in combination with the IMU and altimeter data to generate as estimate of the position 

of the rocket. This position estimate will be mapped to its corresponding grid square, and 

transmitted to the ground station via the REYAX RYLR896 LoRa module. 

4.5 APPA Fabrication 
APPA’s fabrication process primarily involved 3D printing components and epoxying them 

together. Two parallel processes occurred to complete APPA’s construction: development of 

the APPA sled and development of the camera housing assemblies. Construction of the APPA 

sled consisted of 3D printing the four modules of the sled, installing heat-set threaded inserts 

into them, epoxying the modules together, and adding Velcro to the sled’s outside platforms. 

Construction of the camera housings involved 3D printing the housings and the housing 

covers, installing heat-set threaded inserts into the camera housings, epoxying the camera 

housings to the fin can, cutting Plexiglass, and finally epoxying Plexiglass into the camera 

housing covers. Prior to launch day, all electronics are mounted to the APPA sled for quick 

and easy integration on the launch field. 

4.5.1 APPA Sled Fabrication 
The APPA sled was designed in SolidWorks so that it could be 3D printed. The sled was 

printed in PLA with a Stratasys F170 on the quick print setting. The sled was divided into 

four modules to reduce the amount of support material required to complete the 3D 

printing process. Reducing support material is a personnel hazard mitigation, given that 

team members have sustained injuries when removing support material.  
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Figure 4-5 APPA Sled Module 1 and Module 2: Pre-Processing 

After printing the four modules, heat-set threaded inserts were installed into pre-cut 

holes in the sled using a soldering iron. To do this, the threaded inserts are set into the 

pre-cut holes, and then a hot soldering iron is inserted into the inserts. The soldering iron 

gradually heats up the inserts, which transfer heat to melt the PLA. Then the inserts can 

be pushed into the pre-cut holes such that they are flush with the part’s surface. Finally, 

the four modules of the sled were secured together using West Systems 105/206 epoxy. 

Epoxy was applied on all the adjacent surfaces between modules and was given twenty-

four hours to cure.  

 

Figure 4-6 APPA Epoxying Process 

The sled was then tested under compression in the Universal Testing Machine (UTM), as 

described in Section 7.1.3.14. The sled weighed 0.633 lb and was tested under 65 lb to 

simulate the maximum acceleration the sled will experience, with a factor of safety of 1.5 

applied. The sled survived with minimal deformation of the lower platform under the 

force and no permanent deformation. Results of the APPA Sled Stress Test are discussed 

further in Section 7.1.3.14. 



 

2022 NASA Student Launch | Tacho Lycos 52 

 

Due to an oversight during the design process, standoffs and screw switches were added 

to the APPA sled after primary manufacturing and testing. Four holes were drilled into 

opposite sides of the APPA sled, and standoffs were epoxied into the sled. After being left 

to cure for 24 hours, the screw switches were installed into the sled. These switches allow 

the Eggfinder GPS and APPA system to be turned on while the vehicle is on the pad. The 

added standoffs were not expected to negatively impact the structural integrity of the 

sled, given that most of the force will be distributed through the sides of the sled. 

However, the sled is being redesigned due to weight and strength complications, as 

discussed in 4.6.2. As such, the sled will be retested in the UTM accordingly after being 

redesigned and reprinted. 

4.5.2 APPA Sled Integration 
Industrial strength Velcro was applied to the upper surface of the APPA sled and on the 

lower surface of the aft drogue bay bulkhead to facilitate a connection between the two 

surfaces. This connection prevents sled rotation during launch, and it aids in dampening 

vibrations from the launch vehicle that may impact IMU performance.  

To provide access to the screw switches, two 0.28” diameter ports were drilled into the 

fin can. Since these ports were larger than anticipated, no additional holes were drilled to 

function as pressure ports. There is confidence in only using two pressure ports, given 

that the Tacho Lycos team has used two 0.28” diameter sized pressure ports to pressurize 

the AV bay for several years now with successful results.  

When testing sled integration into the lower payload compartment, the team discovered 

that there is a failure mode associated with removing the APPA sled as designed from the 

fin can. Because the APPA sled fits so well within the fin can, vacuum pressure is created 

when attempting to remove the sled from the LPC. To alleviate pressure, ten small ports 

were drilled into the bottom platform of the APPA sled. These holes equalize pressure 

above and below the sled so that it can successfully be removed from the launch vehicle. 

4.5.3 APPA Electronics Integration and Retention 
APPA electronics were primarily secured to the sled as described in the CDR. However, 

the locations of a few components on the APPA sled changed due to 1) the addition of 

the BNO055, 2) unexpected component geometries, and 3) concerns of interference 

between APPA electronics and the LoRa transmitter. In addition, during the vehicle 

demonstration flight, a few different components were substituted into the APPA system 

so that data could still be collected despite shipping delays. Most notably, a different IMU 

was used as the LORD 3DM-CX5-15 had not arrived, and a 2GB NVIDIA Jetson was used 

instead of a 4GB one for the same reason. These changes are minor, given that the 4GB 

Jetson only weighs 0.625 oz more than the 2GB Jetson and that the new IMU will only add 

3.25 oz of weight.  

As detailed in the CDR, the 2GB NVIDIA Jetson was connected to the sled with four ¾” 1-

64 bolts and four respective nuts, about 3/64” thick. APPA’s 7.4V 5000 mAh LiPo battery 

was secured to the lower section of the APPA sled with Velcro and two zip ties, and the 

Eggfinder GPS’s battery was attached to the lower section of the APPA sled with Velcro 
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and one zip tie. The Eggfinder GPS was bolted into threaded inserts on the side of the 

sled. The LoRa module was attached to the sled with industrial strength Velcro. Finally, a 

DPS310 altimeter, BNO055 IMU, and Arduino Nano were attached to a perf board, which 

was attached to the uppermost section of the sled with Velcro for the vehicle 

demonstration flight. On the payload demonstration flight, the LORD IMU and 

development board will also be housed in the upper section of the sled.  

 

Figure 4-7 APPA Components Retention for VDF 

A component retention test was conducted to ensure that all APPA electronics would 

remain fixed in place with respect to the sled during flight. The details of this test are 

described in Section 7.1.3.7. It was observed that no components were displaced after 

the sled was vigorously shaken and components were physically wiggled. In addition to 

this, results from the VDF flight provide further confidence that components are securely 

mounted to the sled and will not translate with respect to the sled during flight. This is 

discussed further in Section 7.1.3.7. 

4.5.4 APPA Camera Housing Fabrication 
The camera housings and camera housing covers were designed in SolidWorks so that 

they could be 3D printed. The housing components were printed in PLA on a Stratasys 

F170 on the quick print setting. Two of the camera housings and two of the camera 
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housing covers were printed. No modifications were made to the camera housing covers 

after printing – the printed version was the final form of this component. 

 

Figure 4-8 Printing Camera Housings and Camera Housing Covers 

The camera housing covers are connected to the camera housings using four 5/32" long 

4-40 black-oxide alloy bolts. To facilitate this connection, four 4-40 heat-set threaded 

inserts are installed into each of the camera housings. These inserts are installed using a 

soldering iron. After setting the inserts into the material and melting the surrounding PLA, 

the bottom of the camera housings (where the inserts were installed) is placed against 

another flat surface to ensure that the inserts are flush with the surface of the part. 

To cut the Plexiglass a bandsaw was used as shown in Figure 4-9 below. The Plexiglass 

comes wrapped in a brown covering to protect the glass during shipping and while not in 

use. This exterior covering was left on while cutting to stop the glass getting scratched or 

chipped before being epoxied onto the camera housings. The area on the Plexiglass that 

needed to be cut was covered in tape and a line was marked where the saw needed to 

cut. The Plexiglass was cut with a slight tolerance, so it was slightly bigger than it needed 

to be. The Plexiglass was then sanded down to be able to fit in the camera housing cover 

using a belt sander. 
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Figure 4-9 Plexiglass Cut with Bandsaw  

The final step in completing the camera housing assembly was to install the Plexiglass 

windows in the camera housing covers. Before permanently adhering the Plexiglass to the 

camera housing covers, team members verified that the cameras fit in the camera 

housing cover with the Plexiglass in place. This is shown in Figure 4-10 below. The 

Plexiglass windows were secured into the camera housing covers using epoxy. Epoxy was 

applied to the four edges of the Plexiglass window, and then the Plexiglass window was 

set in place. It was difficult to install the Plexiglass without contaminating the window 

surface with epoxy, which obstructs camera views. Even if no epoxy originally 

contaminated the surface, it would sometimes pool in areas of the window due to the 

influence of gravity. To ensure that the windows remained clean, the windows were 

monitored until the epoxy began to harden (about 2 hours of cure time). When epoxy 

began to pool, it was removed from the window’s surface using a Q-tip dipped in acetone. 

 

Figure 4-10 Verifying Camera-Housing Spatial Interfaces Before Plexiglass Installation 
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4.5.5 APPA Camera Housing Integration 
Each camera housing is secured to the fin can throughout flight. While the camera housing 

covers are removable, the camera housings are permanently attached to the launch 

vehicle using an epoxy connection. Epoxy was applied to the edges of the camera 

housings and then they were attached to the fin can. Tape was used to hold the camera 

housings in place while the epoxy cured. After the camera housings were attached, fillets 

were added to the edges of the camera-housing-launch-vehicle interface using epoxy. 

These fillets help preserve flow continuity over the camera housings during flight, which 

reduces aerodynamic drag.  

Finally, two 0.89” x 0.05” ribbon cable ports were cut into the fin can to allow the camera 

ribbon cables to extend from the camera housings up the launch vehicle into the LPC. To 

create the port, small holes were drilled and were sanded to the correct size. 

 

Figure 4-11 APPA Camera Housing Integration 

4.5.6 Notes on Launch Day Assembly 
Before launch day, the electronics get attached to the sled. The batteries will be secured 

with Velcro and are zip tied into place. The Eggfinder GPS and the LORD 3DM-CX5-15 IMU 

board are screwed into the threaded inserts. The Jetson Nano is attached to the sled using 

nuts and bolts. The BNO055, DPS310, and Arduino Nano are soldered to perfboards that 

are then attached to the APPA sled with Velcro. The cords for the electronics are plugged 

in and secured with tape. A more detailed description of the electronics wiring is in 

Section 4.4.2. The ribbon cables are plugged into the Jetson Nano, but not the cameras. 

The screw switches are set to the off position and the batteries are also left unplugged to 

ensure so that there is no power loss before launch. 
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The full APPA Payload Checklist for launch day assembly is included in Section 6.5. APPA 

can be assembled independently of the first few checklist items, so APPA assembly 

happens simultaneously with the first few checklists. The ends of the ribbon cables that 

are not attached to the Jetson Nano get slotted through the hole in the launch vehicle 

and the top of the camera housing. The batteries are plugged in, and the sled is inserted 

into the fin can. The ribbon cable connects into the camera, which is secured into the 

upper portion of the camera housing using the bottom part of the camera housing. The 

excess ribbon cable is threaded back into the launch vehicle and then taped into place. A 

layer of electrical tape is placed immediately over the ribbon cable, then Aluminum tape 

is used to secure the cable and electrical tape to the side of the launch vehicle. Blue tape 

is put on that to further secure the ribbon cable and to prevent people from cutting their 

hands on the aluminum tape. 

4.6 APPA Changes 
4.6.1 Changes from CDR for VDF 

Only minor changes occurred during APPA construction for the VDF. A few additional 

holes had to be drilled into the sled for the screw switches and the zip ties. Also, due to 

the length of the Lower Payload Section being smaller than planned, Velcro could not be 

used to secure APPA on the bottom of the sled. Both issues have been resolved in the 

APPA redesign documented in Section 4.5.1.1.  

The camera housing incorporation of the Plexiglass has also changed since CDR, with only 

a small window of Plexiglass being used instead of a Plexiglass box. The window of 

Plexiglass uses less material, is easier to install, easier to see through, and weighs less. 

Despite the changes made, the fabrication and construction process for the assembly of 

the APPA sled and the camera housings was not significantly affected. The APPA sled and 

camera housings were both still printed in PLA in modules. The APPA sled and camera 

housings were both still printed in modules out of PLA. The APPA sled was epoxied 

together, and a soldering iron was used to install the threaded inserts to both the sled 

and the camera housings. The only new step to the construction process was drilling 

additional holes into the APPA sled. 

4.6.2 APPA Sled Changes after VDF 
The APPA sled will still be comprised of 4 modules and 3D printed in PLA. Each of the four 

moduli have had slight modifications to better accommodate the sled fitting in the launch 

vehicle, securing components into the sled, keeping cost down, and to improve the 

structurally integrity of the sled. 

The original APPA Module 1 had a diameter of 5.95 inches. The launch vehicle inner 

diameter is 6 inches, so the original tolerance was .05 inches. While the APPA sled could 

easily be put into the launch vehicle, removing it was very difficult. To help with the APPA 

integration this outer diameter was changed to 5.9 inches. This change occurs in both 

Module 2 and Module 3 as well. The next change was adding holes for the zip ties. All 6 

holes in Module 1 are for the zip ties to pass through. The two leftmost holes are the zip 

tie holes for the small GPS battery. The other four more centered holes are for zip tie 
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holes for the main APPA battery. Finally, the four corner areas were cut out to help 

minimize PLA material used which helps minimize the cost of the APPA sled. 

 

Figure 4-12 Redesigned APPA Module 1 

As stated before, the diameter of APPA Module 2 was changed from 5.95 inches to 5.9 

inches. Two holes were added to the sides of Module 2 to give a place for the screw switch 

to plug into. In the previous sled, holes for the screw switches were soldered on later and 

were not exactly centered as a result. The holes in the launch vehicle were then drilled in 

the corresponding spots. The holes in the old APPA sled were measured so that the holes 

in the new sled will match up with the holes drilled in the launch vehicle. The cutout for 

the GPS was filled in because the GPS will no longer be put in the sled vertically. The holes 

for the GPS in the vertical position were removed and holes for horizontal placement were 

included. The two holes on the left side of Figure 4-13 below are the GPS holes. Finally, 

the top part of the thicker sidewall was cut out because it will not be part of holding the 

GPS and is unnecessary. This also reduces cost by using less PLA. 

 

Figure 4-13 Redesigned APPA Module 2 

The slot for the GPS cord in the APPA Module 3 was also filled in for Module 3. Originally 

the slot in both Module 2 and Module 3 allowed the GPS to be secured vertically, but now 

that the GPS is secured horizontally both cutouts are no longer needed. The slots were 

filled in to increase structural stability. In addition, since the GPS is no longer being 

secured to the side of Module 3, that side no longer needs to be flat. Both sides will now 
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be the same angled shape. All holes in the design were deleted because most of them 

were unnecessary, redundant, or poorly dimensioned. New holes were included for the 

IMU board and can be seen in Figure 4-14 below. The IMU is now centered in the sled and 

the sled has been expanded to ensure that it will fit correctly. Furthermore, the sides of 

APPA Module 3 were made taller to better allow components to be incorporated and 

removed from the sled. 

 

Figure 4-14 Redesigned APPA Module 3 

Module 4 was made thinner to make up for Module 3 being taller. This caused the section 

allotted for the U-bolt to go all the way through APPA Module 4. None of the components 

are close to the top, so this will not be an issue. Two holes were also added to better 

accommodate the size of the U-bolts. Finally, the 6 holes on the back of Module 4 were 

removed because no components will be using them for support. 

 

Figure 4-15 Redesigned APPA Module 4 

The below figure has the APPA modules put together and dimensioned. The new APPA 

sled will be assembled the same way as the previous sled. 
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Figure 4-16 Full APPA Sled Dimensioned 

4.7 APPA Development and Testing 
4.7.1 Data Collection Development and Status 

4.7.1.1 Arduino Data Collection Scheme 
The Arduino Nano data collection scheme has been completed. It collects data from 

both the BNO055 IMU and DPS310 altimeter. It is connected to the sensors via the 

I2C connection protocol. Libraries from Adafruit are being used in the Arduino code 

to communicate with the sensors. In testing and flight, the BNO055 has been able to 

give readings at ~100 Hz and the DPS310 at ~5Hz. Information collected by the 

Arduino can easily be varied, but currently includes: magnetic orientation (for pre-

launch calibration), angular rate, raw acceleration, pressure, and temperature. This 

data, along with the time since the code started, is organized and transmitted 

through serial communication via the Arduino’s mini USB port. The data is written 

to a file and will then be read for processing post-landing. 

4.7.1.2 Jetson Nano IMU Data Collection Scheme 
The Jetson Nano will collect data from the 3DM-CX5-15 IMU via serial 

communication over USB. They will communicate via the Data Communication 

Protocol commands published by LORD MicroStrain. The IMU will stream 

acceleration and altitude data once the code is running. Additionally, the IMU can 

provide angular rates and an “Up” reference vector. Similar to the Arduino data, this 

data will be saved to a file to be read during post-landing processing. This collection 

scheme is incomplete as the sensor has not yet arrived, but code is being written in 

anticipation of its soon arrival. 

4.7.1.3 Jetson Nano Image Collection Scheme 
The two IMX-219 cameras are connected to the Jetson Nano with ribbon cables. The 

cameras communicate with the Jetson Nano using the two CSI ports. The frames are 
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read into RAM using the OpenCV library, then saved to a file in a separate thread. 

This separate thread is used to save the video frames to increase performance of the 

video capture and to allow higher framerates. 

4.7.2 Data Processing Development and Status 

4.7.2.1 Convolutional Neural Network (CNN) 
The CNN has begun training, but early tests indicate that more training and fine 

tuning needs to be done. It is currently recognizing our landmarks with confidence 

values between 35% and 90%. To increase confidence, we will need to acquire better 

images and improve labeling of the training data. It may also be necessary to tweak 

some parameters of the network such as the learning rate, number of steps, or the 

number of hidden layers to improve performance. 

To train the CNN, a wide array of satellite images of several launch field landmarks 

were gathered from Google Earth. The images range in quality due to being from the 

years 2013-2020, and the variety of zooms that were used. This allows the CNN to 

become accustomed to seeing the landmarks in diverse conditions and makes it 

more accurate. Each image is put through CVAT, an online program that lets the user 

apply labels to images. These labelled images are what runs through the CNN during 

training and indicate where a landmark is in an image. Around 90% of these images 

are used for training, but a few are left out of this process so that the CNN can be 

tested using images it has never seen before. 

The CNN architecture being used is an ssd_resnet50_v1_fpn, which is a network 

pretrained on the COCO database. A pretrained network is being used to lower total 

training time and increase accuracy. It should be noted that even though the network 

is “pre-trained,” it must still be trained with our own dataset. The network is only 

“pre-trained” so that it can understand how to interpret images and recognize 

objects. 

4.7.2.2 Kalman Filtering 
Currently we have developed a preliminary linear Kalman filter to act as groundwork 

for more advanced filters to be made. This linear filter integrates IMU acceleration 

data to generate a position estimate. As a crutch, this uses magnetometer data, 

which will be replaced by gyroscope data later in development. Besides the reliance 

of magnetic orientation, the filter uses a generic equation of motion, Eqn. 4-1, which 

does not encapsulate the vehicle-specific physics into the state extrapolation. 

𝑋𝑛𝑒𝑤 = 𝑋𝑜𝑙𝑑 + Δ𝑡𝑋ሶ
𝑜𝑙𝑑 +

1

2
Δ𝑡2𝑋ሷ

𝑜𝑙𝑑 (4-1) 
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Figure 4-17 Linear Kalman Filter Estimation of Altitude Dynamics 

Thus, the filter prediction step assumes constant acceleration, effectively making the 

Kalman filter a form of moving average based on the precision of the sensor. One thing 

to note about the results shown in Figure 4-17, is that since the accelerometer on the 

BNO055 was saturated by the motor on takeoff, thus the motor manufacturer’s thrust 

curve had to be used to generate surrogate data for that portion of the flight. 

The next step is predicting the acceleration based off the physics of the rocket, modeling 

effects such as gravity, lift, drag, and pitching moments. In addition to the transition to an 

Extended Kalman Filter, this will also require autonomous detection of the different 

stages of flight. From this flight and previous flight’s data, this task has been deemed 

straightforward, or at least plausible. There are clear events in either altitude or 

acceleration data marking the different stages: takeoff, coasting, drogue descent, main 

descent, landing. A large enabler of this methodology is the fact that the computation will 

be done once the vehicle has landed. Thus, we can use the full data set to give us the most 

information to be able to detect these events. 

Additionally, the orientation data will have to be acquired by separate filtering. LORD-

Parker has a filter built into the 3DM-CX5-15 IMU which will keep track of orientation 

based off its onboard gyroscope. This will likely perform better than a filter we can write 

in such a short time but will not predict the rocket-specific motion. While less obvious 

than acceleration, we can make predictions on the angular rate of the vehicle under 

motion such as nose precession around the velocity vector on ascent, and the tendency 

to orient along the shock cord on parachute descent. 

Finally, altimeter data will be integrated into the Extended Kalman Filter when that 

information is available. Before its integration, the altimeter data will be used to tune 
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parameters in the filter that we are not certain of, such as aerodynamic force coefficients. 

Then, with integration into the filter, it will ensure that we capture altitude and vertical 

speed accurately. 

That is the full design of the filter thus far: an Extended Kalman Filter for integrating 

acceleration, supported by orientation from either the IMU or a separate orientation 

filter. Once this functionality has been completed, if time remains before the PDF, Other 

modifications for improving filter performance will be investigated and tested.  

4.7.2.2(a) Other Ideas for Improving Filter Function 
The first proposed method of improving filter performance will be parametrizing 

the rocket’s flight. That is, finding the shape of the path that we expect the rocket 

to take and using in-flight data to dimension and fill in parameters for that path. 

This can be used in theory to aid the Kalman filter in its predictions for the position 

of the vehicle. In fact, in the work for making an Extended Kalman Filter, we will 

have already described the differential equations describing the motion of the 

rocket used to make these paths. 

Additionally, higher order terms could be used in the prediction of the next state. 

This would mean using acceleration data or theoretical equations to generate an 

estimation of the 4th and/or higher derivatives of position, then those could be 

used to generate a better estimate of the rocket’s future state 

Finally, it has been proposed that the square of velocity could be used as a state 

variable, with the intention of then being able to use linear filter with 

aerodynamic coefficients instead of an extended one. Challenges here would be 

measuring an aerodynamic quantity to discern the velocity squared or using the 

previous timestep’s velocity. Neither of those options are perfect, but once the 

base filter has been completed, this option can be explored in the case it does 

provide improved speed and accuracy. 

4.7.3 Completeness of APPA System 
The APPA system is responsible for two main tasks: in-flight data collection and post-flight 

processing. During flight, APPA will be gathering data from a variety of sensors including 

an altimeter, IMU, and cameras. This information will be stored, processed, and fused 

upon landing before sending a final location to the ground station. 

The in-flight processes are fairly simple, and data is stored directly to the Arduino Nano 

and Jetson Nano. Data collection from all components currently available has been tested 

and been proven to work in most cases, however the Vehicle Demonstration Flight 

showed that there is a fault in the video recording algorithm. As such, the code will be 

adjusted and tested for the condition in which the connection is broken or power is lost 

to make sure partial data can still be collected and used even if it doesn’t cover the entire 

duration of the flight. 

Once the launch vehicle has landed and APPA is no longer gathering new data, the Jetson 

will load the images saved during flight and run them through the CNN where it will detect 
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the known landmarks in any frames where they appear. The CNN is being trained with as 

many images as possible of both Huntsville landmarks and objects being used at our local 

launch site and tested with images it has never seen before of the same landmarks and 

objects. During the Payload Demonstration Flight (PDF), video will be recorded for the 

duration and this footage will be run through the CNN to ensure it can detect objects 

found in images taken during flight. APPA will then take the objects detected by the CNN 

and calculate the distance between the launch vehicle and the landmarks at that time 

using known information about the landmark dimensions and cameras. The code for this 

is being tested pre-flight with images of objects with known dimensions and distance from 

the camera and will be used on the footage taken during PDF to ensure that it works and 

provides reasonable results. The error produced by this code will also have to be 

determined to provide uncertainty estimates to the Kalman filter. 

This information from the image processing framework (IPF) will then be related to the 

known coordinates of each landmark and all the data, along with the timestamps, will be 

saved in one file to be fused with the rest of the data. The Jetson Nano will also receive 

all information from the Arduino Nano, and everything will be organized by timestamp. 

The position data from the IPF will be combined with the orientation data from the IMU, 

which will be analyzed to determine different stages of the flight such as ascent, descent 

under drogue, and descent under main. Then this data will be passed through the Kalman 

filter to determine a final position which will be sent to the ground station via the LoRa 

module. 
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Figure 4-18 APPA Information Flow and Completeness Diagram 

4.8 APPA Past and Planned Flights 
Vehicle Demonstration Flight Vehicle Demonstration Flight (VDF) occurred on 2/19/22.  

4.8.1.1 Goals and Success Criteria 
The goal for the payload during our Vehicle Demonstration Flight was to record data 

which could be used to assist the development of data processing algorithms and to 

test the radio communication from the rocket to the Ground Station. 

Table 4-2 Payload VDF Success Criteria 

Success 

Level 

Data Recording 

Criteria 

Video Recording 

Criteria 

Communication 

Criteria 

Complete 

Success 

A complete set of 

altimeter and IMU data 

ranging from launch to 

landing is recorded at 

the expected 

frequency 

A full video from launch 

until landing was 

recorded and saved at 

the desired framerate 

and with no visual 

obstruction 

Communication with 

the vehicle is 

maintained from 

before launch to 

landing with no lost 

packages. 
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Partial 

Success 

A partial set of 

altimeter and IMU data 

is recorded, but is 

missing parts of the 

flight or is sampled at a 

slow frequency 

A partial video of 

launch, which can 

capture view of a known 

landmark. The image 

may be somewhat 

blurred or obstructed by 

dirt so long as that does 

not significantly affect 

quality 

Communication with 

the launch vehicle is 

achieved most times 

during flight and 

somewhat post-landing 

Partial 

Failure 

Altimeter and IMU 

data is taken, but does 

not provide enough 

information to 

coherently describe 

the flight of the rocket 

A video is taken which 

either does not include 

any known landmarks, 

or is of low enough 

quality to make it 

unusable 

Communication with 

the launch vehicle is 

not achieved post-

landing. 

Complete 

Failure 

No IMU and altimeter 

data is recorded 

No video data is saved 

on the Jetson Nano 

No communication 

with the launch vehicle 

occurs. 

 

4.8.1.2 Flight Sled and Electronics Setup 
The sled design described in CDR was used during the Vehicle Demonstration Flight 

on 2/19/22, but due to complications and the results described in Section 5.1.3, it is 

being redesigned to improve strength and eliminate weight for Payload 

Demonstration Flight. The sled included two 7.4V LiPo batteries on the lower 

platform, one for the Eggfinder GPS and the other for the rest of the components. 

The center platform held the Jetson Nano and Eggfinder GPS, while the upper 

platform contained the LoRa module, DPS310 altimeter, BNO055 IMU, and Arduino 

Nano. The Jetson Nano was connected to the battery via a 5V buck converter that 

connected to pins on the Jetson. The Jetson also connected to the camera using 

ribbon cables connected to CSI ports on either component, the LoRa module via a 

UART cable, and the Arduino Nano through USB Serial communication. The Arduino 

connected to the altimeter through I2C and the IMU through UART. Finally, for the 

VDF only one camera was used due to the 4GB Jetson not yet arriving. This did not 

significantly affect the assembly as the camera procedure was only done for one 

camera instead of two.  

4.8.1.3 Electronics Performance and Success Criteria 
We were not able to test the performance of MOMO, since the camera cable failed 

on assembly. The performance of MOMO does not correspond to any payload VDF 

success criteria.   



 

2022 NASA Student Launch | Tacho Lycos 67 

 

Table 4-3 VDF Payload Electronics Performance and Success Criteria 

Criteria 

Category 
VDF Payload Performance Success Level 

Data Recording 

Criteria 

A complete set of IMU and altimeter 

data was recorded, containing all 

expected flight information. 

Complete Success 

Video Recording 

Criteria 

The Jetson video capture started but 

failed when the ribbon cable was 

critically damaged by sled disassembly 

during the rough landing. No video 

was saved to Jetson. 

Complete Failure 

Communication 

Criteria 

LoRa Communication was initiated on 

the launch pad and maintained with 

minimal interruption until landing. 

Structural failure of the sled led to the 

radio connection being severed. No 

communication was made with the 

vehicle on the ground. 

Partial Failure 

 

4.8.1.4 Result of Flight 
The Vehicle Demonstration flight occurred on 2/19/22. The main parachute for the 

bottom section of the launch vehicle never deployed leading to the bottom part of 

the launch vehicle to crash into the ground at around 53 MPH. This was a much 

higher force on the APPA sled than it was designed and tested to withstand, causing 

the sled to break upon impact.  

 

Figure 4-19 APPA Sled After VDF 
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To get the APPA sled out of the launch vehicle some of the wires had to be 

disconnected and the 3D print had to be broken further, so the crash did not 

damage the sled as much as shown in Figure 4-19 above. All the electronics were 

still retained securely to the sled, but the sled itself did not survive the impact. 

The sled likely would have been undamaged if the main parachute had deployed 

properly, as shown in the APPA Sled Test in Section 7.1.3.14. As a result of this 

flight, the sled is being redesigned to be lighter and stronger. If there is another 

unexpected launch vehicle failure, the new sled will have a better chance of 

surviving, which in turn gives the payload a better chance of completing its 

mission. 

The ribbon cable that was used to connect the camera to the Jetson Nano was 

partially torn, causing no camera data to be saved. This tear likely occurred during 

the crash landing, but it is not certain. Ribbon cable protection strategies are 

being investigated prior to PDF. One inherent mitigation is that two cameras will 

be used on PDF, and there is a lower likelihood that both ribbon cables break. In 

addition, it is possible that ribbon cables could be wrapped in electrical tape to 

provide protection. 

During flight the DPS310 Altimeter and BNO055 IMU collected data and the data 

was stored successfully in the Jetson despite the harsh landing. Other damage 

sustained by the electronics consists of some wires being disconnected and a few 

of the Jetson Nano’s pins getting bent. 

The image recognition software was on the Jetson Nano and ready to be tested 

with the flight images but couldn’t be due to the lack of camera footage.  

The figure below shows the DPS310 altimeter data with the altitude of the launch 

vehicle plotted against the time. As the main parachute for the bottom of the 

launch vehicle never deployed the descent velocity never got slowed down 

resulting in the entire launch taking less than 70 seconds. 

 

Figure 4-20 VDF Payload Altimeter Data  
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The figure below is a graph made from data the BNO055 IMU took during flight. 

The accelerations in the X, Y, and Z direction were plotted against time. The IMU 

data helps validate the altimeter data because the accelerations in all three 

directions stopped changing just before 70 seconds. 

 

Figure 4-21 VDF Payload Accelerometer Data 

The IMU used in the APPA sled in the VDF also collected gyroscope data. Similar 

to the last figure, angular rate in the X, Y, and Z direction were plotted against 

time and leveled out when the launch vehicle hit the ground at around 70 

seconds. 

 

Figure 4-22 VDF Payload Gyroscope Data 

 

4.8.2 Payload Demonstration Flight , PDF 
The Payload Demonstration Flight is planned to occur 3/26/22. 
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4.8.2.1 Goals and Success Criteria 
The goal of the payload demonstration flight is to verify the safety and function of 

the full APPA system. As such, it will have the same success criteria as the 

competition flight.  

Table 4-4 Payload PDF Success Criteria 

Success Level Payload Aspect Safety Aspect 

Complete 

Success 

The payload gathers data 

from all sources and uses 

it to correctly identify 

which square the launch 

vehicle is in and 

communicates this back 

to mission control 

All risks are mitigated, no 

one is injured or 

otherwise harmed 

Partial 

Success 

The payload 

communicates back to 

mission control where 

the launch vehicle is 

within a few squares of 

its actual location 

Risks are mitigated, but 

there are some close calls 

during execution of the 

mission, but no one is 

injured or otherwise 

harmed 

Partial 

Failure 

The payload 

communicates back to 

mission control, but it is 

inaccurate in its 

calculations 

OR 

The payload accurately 

calculates where the 

launch vehicle is, but 

does not communicate 

this back to mission 

control 

Some risks are 

unmitigated, minor 

injuries occur 

Complete 

Failure 

The payload does not 

calculate where the 

launch vehicle is 

accurately AND it does 

not communicate with 

mission control 

Risks are unmitigated, 

major injuries occur 
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4.8.2.2 Planned Flight Sled and Electronics 
The redesigned APPA sled as detailed in Section 4.6.2 will be the sled used for the 

PDF launch. Section 4.7.3 explains how the electronics will be wired and 

communicate to each other. 

4.8.2.3 Expected Results  
To assess results in an ideal scenario, we will compare the position that the ground 

station received from the vehicle post-landing to information from the rocket’s GPS 

tracker. In the event of some failure which results in a position estimation not being 

transmitted, we can access the Nvidia Jetson Nano to recover any saved information 

and generate a position estimate once the error has been resolved. Thus, there is 

much room for partial success, whereas in competition, it would be a failure. 

 

4.9 MOMO Overview 
Even though MOMO will not be in the final design it was still included in the Vehicle Flight 

Demonstration. Most of the MOMO construction process was like the construction process 

for APPA, so it will not be detailed in the same depth, especially because this is for an 

experimental payload that will no longer be part of the final design. The MOMO CAD design 

had to be broken into three pieces so that the 3D printer could print it in different modules. 

The MOMO Modules were than epoxied together. The same process for cutting the Plexiglass 

with the bandsaw was done for MOMO. The Plexiglass epoxied on the bulkhead was cleaned 

in the same way the Plexiglass was cleaned for APPA. Also, the Jetson Nano was configured 

using the same process that was used for the APPA Jetson. The code that the APPA Jetson 

used to connect to its cameras was reused for MOMO and slightly altered to account for the 

different cameras. As stated earlier, the MOMO IMU, altimeter and Arduino Nano were 

repurposed for APPA so on the VDF MOMO was simply cameras and a microcontroller to save 

the images. MOMO also had a buck converter, which was wired to the Jetson Nano and 

battery in the same way the APPA payload wired its buck converter.  

The biggest change to MOMO before launch was the screwing in the shock cord barriers 

directly to MOMO instead of epoxying it to the sides of the launch vehicle. Threaded inserts 

were put into the sides of MOMO, allowing for the shock cord barriers to be bolted in place. 

Other changes for VDF included printing part of the sled out of ABS due to the PLA printer not 

working and using a battery that had more volts. 

As stated earlier, both the MOMO cameras were not working when it was launched in the 

VDF, so no data was obtained from the launch. So, MOMO was a failure on the VDF. 
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Figure 4-23 MOMO With and Without Shock Cord Barriers 

5. Demonstration Flights 

5.1 Vehicle Demonstration Flight 
5.1.1 Launch Details 

The full scale launch vehicle, Catastrophe, was launched from the Bayboro, NC, launch 
field on February 19, 2022. Due to the problems described below, this launch will not be 
used for the Vehicle Demonstration flight but was an attempt at fulfilling that 
requirement. The table in Figure 5-1 describes the launch details: 

Table 5-1 Flight Details 

Date 2/19/21 

Location Bayboro, NC 

Time 14:17 

Temperature 46.9 F 

Pressure 30.21 inHg 

Humidity 49.5% 

Wind Speed 15 mph 

Motor Flown Aerotech L850W 

Ballast Flown 0.5 lb 

Final Payload Flown No 

Airbrake No 

Target Altitude 4,400 ft 

Predicted Altitude 3,800 ft 

Actual Altitude 3,294 ft 
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5.1.2 Launch Description 
The launch was successful overall but had some recovery challenges that will require 
another flight to ensure reliability. The primary challenge due to launch day conditions 
was a heavy wind. The rocket went straight off the rail, thanks in part to the launch rail 
extender that made the 8 ft launch rail on our home field 12 ft to match the competition 
rail. The vehicle’s motor functioned nominally on takeoff and the rail buttons functioned 
properly for the launch. The launch vehicle launched after its second ignitor as the first 
one went off but did not ignite the motor. 

 

Figure 5-1  Launch Vehicle Takeoff 

During the flight, however, the launch vehicle curved heavily into the wind resulting in a 
reduction in apogee. The dual apogee separation occurred correctly and resulted in both 
sections separating as intended.  

 

Figure 5-2  Dual Apogee Separation 

Both sections then descended to main parachute deployment altitude. All recovery 
hardware functioned correctly until this point. At this stage, the upper section main 
parachute was released, but the fin can main parachute did not release. Both sections 
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landed roughly 250 feet from the launch site. Despite the fin can’s rough landing, the fin 
can sustained no damage. 

 

Figure 5-3  Upper Section Landing 

 

Figure 5-4  Fin Can After Landing 

Upon inspection, the jolly logic chute releases had properly separated and released the 
main parachute. The problem was that the shroud lines had knotted as shown in the 
figure below. This led to the main parachute for the fin cannot properly deploying and 
allowing the fin can to hit the ground at a higher speed then designed. The reason for 
this knot is likely due to: after being folded, the parachute was shaken to ensure that 
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the jolly logic chute releases were on tight enough. In shaking the parachute so much, 
the shroud lines that were folded up inside were tangled up and then yanked at a high 
velocity during deployment leading to the shroud lines getting tangled. For the PDF, we 
plan to pull on the jolly logic chute releases to test them instead of shaking the 
parachute to prevent this from occurring again.  

 

Figure 5-5  Fin Can Main Parachute Shroud Lines Knot 

5.1.3 Launch Analysis 
The achieved apogee was roughly 500 ft below the pre-flight predicted apogee and 1,100 
ft below the chosen apogee for the competition flight. The lower overall prediction in 
apogee was a result of significant weight creep in the construction of the rocket. All 
components weighed a little more than predicted. The gap between the predicted apogee 
and the actual apogee is best explained by the 15 mph winds that affected the launch. 

After launch day, ten simulations were run with a 5° cant, a 12-foot launch rail, and wind 
conditions from 5 to 15 MPH. The average apogee was 3,641 feet. The estimated max 
velocity was 466 fps and the max acceleration during takeoff was 201 ft/s2. Launch 
stability margin was 2.18 calibers. The estimated speed at launch rail exit was 59.2 fps. 
Notably this data did not use the RockSim error correction. An altitude comparison 
between one of the simulations and the real altimeter data is shown in Figure 5-6. This 
comparison shows that the simulation holds up fairly well, with a slight reduction in 
apogee and longer drift time than simulated. 
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Figure 5-6 Real vs Simulated Fullscale Altitude 

 

Figure 5-7  GPS data of the Vehicle Demonstration Flight 

5.1.4 Full scale – Subscale Comparison 
Because of large scale design changes between the subscale and the full scale, a direct 
comparison does not reveal much. The subscale ended up going higher than the VDF 
launch. This is because it had a much more powerful motor for its size. Despite these 
differences, the altitude profiles for both are similar and shown in Figure 5-7. 
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Figure 5-8 Full scale vs Subscale Altitude 

 

5.1.5 Payload Details 
This flight was not the Payload Demonstration Flight but a payload sled like the one that 
will be flown on PDF was launched in the VDF flight. This sled and the results of the VDF 
payload sled are discussed more in Section 4.8. The APPA sled was secured with Velcro. 
The suspension system seemed to work, but due to the rough landing of the bottom half 
of the launch vehicle the sled was ruined, making it hard to tell. The APPA sled itself broke 
and a few of the pins on the Jetson Nano were bent but that was the extent of the 
damage. The Velcro was still attached though so the APPA payload retention plan will be 
used on PDF. The APPA sled flown on VDF is shown below. 

 

Figure 5-9 APPA Sled for VDF  
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The experimental payload, MOMO was also on the VDF. Notably, the MOMO 
experimental payload will not be part of the PDF configuration or competition launch. 
This is detailed in Section 4.1. 

5.1.6 CD Plot and Sim 

 

Figure 5-10 CD Graph 

As CD is a function of velocity and drag which changes throughout the flight, RockSim was 

used with data from the flight to generate a CD estimate during the ascent. This shows drag 

was highest at the beginning of the flight lowered and then went up slightly near the apogee. 

5.1.7 Plan of Action 
The only damage to hardware during VDF was to the APPA sled. It was damaged because 
of the higher-than-expected impact that the fin can had with the ground. The APPA sled 
was not salvageable so a new APPA sled will be 3D printed for PDF launch.   

5.1.8 Lessons Learned 
Though there were several things that did not go as expected, several lessons were 
learned from VDF. The first is the success of a dual apogee separation system. This is not 
a common recovery system for the team and the success gives the team confidence that 
the cameras will be given the best chance possible to identify a landmark on descent.  

Second lesson learned was that the redundancy in having two cameras is vital for the 
success of the payload. This flight had only one camera because of the Nvidia Jetson that 
was being used so when the ribbon cable got damaged on impact, there was no data to 
be collected showing the importance of having two cameras.  

Another lesson learned was that the fin can withstand high amounts of force. The fin can 
hit the ground with a velocity around 78 ft/s which was measured by the IMU aboard the 
fin can. That means the fin can hit the ground with a kinetic energy of 1423 ft-lb which is 
almost 19 times the amount allowed. Though this was the reason that the APPA sled was 
damaged, it gives the team confidence about the structural integrity of the launch vehicle.   
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Lastly, the biggest lesson learned was regarding how the parachutes should be treated 
once they have been folded in preparation for launch. The shroud lines are folded away 
which means that if they are tangled at any point, no one can tell. A change going forward 
is that once folded, the parachute remains rubber banded and barely touched until it is 
placed in the launch vehicle for flight.  

5.2 Payload Demonstration Flight 
The PDF will occur on March 26th, 2022 at the Tripoli Launch site in Bayboro, North Carolina. 
This flight will also serve as a Vehicle Demonstration Re-flight to validate the recovery system. 
April 2, 2022 will serve as the backup launch date if necessary. The Success Criteria of the PDF 
is defined in Section 4.8.2.1.  In the PDF, the APPA sled needs to stay properly retained, the 
cameras, IMU, and altimeter need to properly collect data, the code on the Jetson Nano needs 
to be able to calculate the grid square, and the Lora transmitter needs to output this 
information back to the ground station. The PDF will also validate several requirements 
detailed in Section 7.2.1 and Section 7.2.2. 

  



 

2022 NASA Student Launch | Tacho Lycos 80 

 

6. Safety 

6.1 Safety Officer 
Frances McBride, the 2021-2022 Safety Officer, is responsible for creating and maintaining safety documentation for use 
inside the team’s lab space and in the competition. Frances assists and oversees all assembly activities pertaining to the 
competition and trains new members on proper procedures in the lab and during launches. Frances also monitors all launch 
activities, ensuring adherence to checklist procedures. 

6.2 Hazard Analysis Methods 
Continuing from its use in the PDR, Probabilistic Risk Assessment (PRA) matrices are used for each subsystem and 
personnel/environmental hazards to display the hazards that fall into certain likelihood and severity (LS) thresholds. These 
LS ratings are included in the Failure Mode and Effects Analysis (FMEA) tables below. LS ratings before mitigations and 
controls, or Pre-LS, are to the left of the mitigation column, while LS ratings after mitigations have been applied to the system, 
or Post-LS, are to the right of the mitigation column. Both ratings are then analyzed systematically using PRA to determine 
the percent likelihood and percent severity of failure for each launch vehicle system. Below is a table detailing the color code 
for the LS ratings: 

Table 6-1 LS Color Matrix 

 

Likelihood of Occurrence 

1 

Very Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very Likely 

Level of Severity 

A 
Low Risk 

1A 2A 3A 4A 

B 
Medium Risk 

1B 2B 3B 4B 

C 
High risk 

1C 2C 3C 4C 

D 
Severe Risk 

1D 2D 3D 4D 

 

NOTE: Although MOMO does not exist to satisfy competition requirements, its failure modes are thoroughly analyzed below.  
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Table 6-2 Total PRA: Left Before Mitigation, Right After Mitigation 
 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 
Severity 

A 

Low Risk 

1A 
0 

0% 

2A 
3 

1.899% 

3A 
5 

3.165% 

4A 
2 

1.266% 

B 

Medium 

Risk 

1B 
2 

1.266% 

2B 
9 

5.696% 

3B 
5 

3.165% 

4B 
6 

3.797% 

C 

High risk 

1C 
6 

3.797 

2C 
11 

3.962% 

3C 
26 

16.46% 

4C 
9 

5.696% 

D 

Severe 

Risk 

1D 
3 

1.899% 

2D 
28 

17.72% 

3D 
38 

24.05% 

4D 
3 

1.899% 
 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

18 

11.39% 

2A 

15 

9.494% 

3A 

4 

2.532% 

4A 

1 

0.633% 

B 

Medium 

Risk 

1B 

29 

18.35% 

2B 

23 

14.56% 

3B 

3 

1.899% 

4B 

0 

0% 

C 

High risk 

1C 

19 

12.03% 

2C 

14 

8.861% 

3C 

0 

0% 

4C 

0 

0% 

D 

Severe 

Risk 

1D 

29 

18.35% 

2D 

0 

0% 

3D 

0 

0% 

4D 

0 

0% 
 

 

Before mitigations, 69.622% of failure modes are in the red or orange zones. After mitigations, 0% of failure modes are in the red or orange zones. 

This complies with all team derived requirements. 

6.3 Remaining Concerns 
As the project moves into the operational phase of its life cycle, procedural and environmental hazards remain a barrier to mission success and 

personnel/environmental safety. Significant steps have been taken to mitigate these hazards, such as those that appear in the following tables. 

Variable launch field conditions influence the launch vehicle’s ability to launch and capture clear photos aiding location detection, and team 

member competencies influence the likelihood and severity of personnel injury during fabrication and assembly of the launch vehicle and its 
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payload. Knowing this, the safety officer conducts detailed safety briefings and dry runs of launches prior to team member contact with launch 

vehicle and payload components. Lastly, neural network training is at the forefront of the work put into the launch vehicle and payload. Because 

mission success hinges on APPA’s ability to correctly detect objects on the ground and determine launch vehicle location from this information, it 

is imperative that all possible payload failure modes are considered and mitigated. 

6.4 FMEA Tables 

Table 6-3  Structures FMEA 

Structures System 

Label Hazard Cause Effect 
Pre-

LS 
Mitigation 

Post-

LS 
Verification 

Hazards to/from Airframe 

S.A.1 
Hoop stress from 

internal pressure 

Contact 

between black 

powder ejection 

gases and 

airframe 

AV bay body tube 

cracking 
3D 

(1) Calculations 

performed in Section 

3.4.6 give an accurate 

number for optimal black 

powder sizing. 

 

(2) Ejection testing is 

performed prior to flight. 

2B 

(1) Analysis: FRR 3.4.6 

 

(2) Test: Fullscale 

ejection testing is 

scheduled to be 

performed on 

1/20/2021. 

Contact 

between motor 

exhaust gases 

and airframe 

Fin can body tube 

cracking 
2D 

Propellant grains are 

securely fastened in a 

motor tube and motor 

construction is overseen 

by Tripoli personnel. 

1C 
Inspection: Checklist 

Section Motor Assembly 
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S.A.2 
Fin can body 

tube cracking 

Hoop stress 

from internal 

pressure 

(1) Jettison of 

motor and motor 

tube 

 

(2) CATO 

 

(3) Inability to 

reuse LV 

2D 

See S.A.1 Mitigation 

1C 

See S.A.1 Verification 

Dislodged APPA 

LiPo battery 

APPA’s battery will be 

secured using three zip 

ties and a friction fit to 

the walls of its sled. 

Inspection: FRR 3.2.2.3 

S.A.3 
AV bay body tube 

cracking 

Hoop stress 

from internal 

pressure 

Inadequate axial 

force generated by 

black powder to 

separate LV 

sections 

3D See S.A.1 Mitigation 2B See S.A.1 Verification 

S.A.5 
Body tube 

zippering 

Excessive force 

from shock cord 

Airframe rupture 3C 

(1) G12 fiberglass body 

tube is used in 

conjunction with rigid 

couplers to prevent 

zippering. 

 

(2) LV’s recovery system 

deploys parachutes 

parallel to the fin can 

airframe length, reducing 

the chance of fin can 

zippering. 

2A 

(1) Inspection: FRR 

3.2.1.1 

(2) Demonstration: FRR 

3.4 

Parachute 

ejection at 

excessively low 

altitude 
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S.A.6 

High-energy 

impact with 

ground 

Late/no 

parachute 

deployment 

3D See R.A.6 Mitigation 1D See R.A.6 Verification 

S.A.7 
LV section 

collision 

Shock cord of 

insufficient 

length 

3C 

The team uses 

spreadsheets that 

calculate the ideal length 

of each section of shock 

cord to avoid collisions. 

 

The recovery system 

separates the LV into two 

separate sections that 

are not connected via 

shock cord; this 

eliminates the risk of 

shock cord-caused 

section collisions. 

2C Analysis: FRR 3.4.1 

S.A.8 

Post-drogue fin 

can and upper LV 

collision 

Large gusts of 

wind after 

parachute 

deployment 

3C 

The primary and 

secondary fin can black 

powder charges will fire 

one second after the 

primary and secondary 

upper section charges, 

respectively. This 

distances the liberated 

sections from one 

another and decreases 

the chance of mid-air 

collision. 

2B Inspection: FRR 3.4.1 
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S.A.9 

Airframe 

exposure to 

water 

LV touchdown 

in wet 

conditions 

(1) Airframe 

saturation and 

disintegration 

 

(2) Airframe 

rupture 

3C 

The LV airframe is made 

of waterproof G12 

fiberglass. 

3A Inspection: FRR 3.2.1.1 

Inclement 

weather 

S.A.10 Airframe 

exposure to 

motor exhaust 

gases 

Premature 

section 

separation 

during ascent 

Airframe 

disintegration/ 

rupture 

3C 

See R.A.5 Mitigation 

2B 

See R.A.5 Verification 

S.A.11 CATO 3D 1D 

S.A.12 

Airframe 

exposure to 

burning black 

powder 

Uncontrolled 

ejection charges 

Airframe 

disintegration/ 

rupture 

4B 

The LV airframe is made 

of heat-resistant G12 

fiberglass 

2A Inspection: FRR 3.2.1.1 

S.A.13 
Body tube 

abrasion 

High-energy 

impact with the 

ground 
Changes in LV 

center of 

pressure/stability; 

irreversible 

damage to LV 

3C 

(1) See E.L.1 Mitigation 

 

(2) The LV airframe is 

made of G12 fiberglass, 

which has a scratch 

hardness of 6.5 Mohs. 

2B 

(1) See E.L.1 Verification 

 

(2) Analysis: FRR 3.2.1.1 

Parachute re-

inflation upon 

landing, causing 

dragging 

Hazards to/from Bulkheads + Epoxy 
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S.B.1 
Bulkhead 

delamination 

High axial stress 

from shock cord 

connection 

Inability of 

bulkheads to 

withstand flight 

forces; irreversible 

damage to LV 

3D 

(1) Bulkheads are 

designed with a factor of 

safety of at least 1.5. 

 

(2) Epoxy is allowed to 

cure for at least 24 hours 

before load is applied. 

2A 

(1) Test: Bulkhead stress 

test performed  

1/21/2022 

 

(2) Inspection: STD 1 

S.B.2 
Bulkhead 

cracking 

High stress 

concentrations 

around bolt 

connections 

Disconnection 

between 

parachute, shock 

cord, and LV; 

ballistic descent 

3D 

(1) U-bolts are used to 

spread shock cord force 

over a larger area. 

 

(2) Bulkheads are 

designed with a factor of 

safety of at least 1.5. 

3A 

Inspection: FRR 3.2.1.3(d) 

 

Inspection: LVD 1 

S.B.3 

Bulkhead 

separation from 

airframe 

Softened epoxy Inability of 

bulkheads to 

withstand flight 

forces 

3D 

Filleted bulkhead 

connections are designed 

with a factor of safety of 

at least 1.5. 

1D Inspection: LVD 1 Excessive force 

from latched 

connections 

S.B.4 
Epoxy exposure 

to temperatures 

above 140 F 

Prolonged 

contact with 

ejection charges 

(1) Decreased load 

resistance of epoxy 

 

(2) Epoxy softening 

 

2B 

Ejection testing confirms 

that LV uses enough 

black powder to separate 

but not enough to cause 

structural damage. 

1A 

Test: Full-scale ejection 

testing performed 

1/20/2021. 

S.B.5 
Motor exhaust 

gases 
2B 

The area surrounding the 

motor inside of LV was 

temperature-tested and 

1A 
Test: Subscale Launch 

Performed 11/20/2021 
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(3) Inability of 

epoxy to withstand 

flight forces 

shown to not exceed 

temperatures above 219 

degrees Fahrenheit. 

S.B.6 

Bulkhead 

exposure to hot 

ejection gases 

Black powder 

explosion 

Singes/burns on 

bulkhead wood 
3B 

Bulkheads are 

constructed using heat-

resistant, aircraft-grade 

birch plywood. 

2A 
Demonstration: FRR 

3.2.1.3 

 

Table 6-4 Structures PRA: Left Before Mitigation, Right After Mitigation 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

 

0% 

2A 

 

0% 

3A 

 

0% 

4A 

 

0% 

B 

Medium 

Risk 

1B 

 

0% 

2B 

2 

10.53% 

3B 

1 

5.263% 

4B 

1 

5.263% 

C 

High risk 

1C 

 

0% 

2C 

 

0% 

3C 

6 

31.58% 

4C 

 

0% 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

2 

10.53% 

2A 

4 

21.05% 

3A 

2 

10.53% 

4A 

 

0% 

B 

Medium Risk 

1B 

 

0% 

2B 

4 

21.05% 

3B 

 

0% 

4B 

 

0% 

C 

High risk 

1C 

2 

10.53% 

2C 

1 

5.263% 

3C 

 

0% 

4C 

 

0% 
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D 

Severe 

Risk 

1D 

 

0% 

2D 

1 

5.263% 

3D 

8 

42.11% 

4D 

 

0% 
 

D 

Severe Risk 

1D 

4 

21.05% 

2D 

 

0% 

3D 

 

0% 

4D 

 

0% 
 

Table 6-5 Recovery FMEA 

Recovery System 

Label Hazard Cause Effect 
Pre-

LS 
Mitigation 

Post-

LS 
Verification 

Hazards to/from Parachutes + Shock Cord 

R.P.1 

No parachute 

deployment 

Insufficiently 

powered 

altimeters 

(1) Ballistic landing 

of LV 

 

(2) LV touchdown 

with kinetic energy 

in excess of 75 ft-

lbs. 

2D 

Altimeters are powered 

with a 9V battery whose 

power is tested 

immediately prior to 

arming altimeters.  

1C 
Inspection: Checklist 

Section AV Bay Assembly 

R.P.2 

Insufficient 

black powder 

charges to 

separate LV 

components 

3D 

(1) A quadruple-

redundant system of 

black powder charges 

and Jolly Logic Chute 

Releases is used. The 

secondary charge is more 

than powerful enough to 

separate the sections, 

but not powerful enough 

to damage LV structure. 

 

2C 

 

(1) Analysis: FRR 3.4.1 
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(2) Ejection testing 

confirms that LV uses 

enough black powder to 

separate but not enough 

to cause structural 

damage. 

(2) Test: Fullscale 

ejection testing 

performed 2/17/2022. 

R.P.3 

Shear pins of 

excessive 

diameter 

3D 

#4-40 shear pins are 

used, and their ability to 

support the LV will be 

tested immediately after 

assembly and prior to 

launch. 

2C 

Demonstration: FRR 

3.3.2.3  

 

Test: Checklist section 

Final Measurements 

R.P.4 

Excessively 

moist black 

powder 

1D 

(1) Black powder is 

stored in watertight 

containers prior to AV 

bay assembly. 

 

(2) Launches will not 

occur during inclement 

weather conditions. 

1B 

(1) Inspection: Checklist 

Section Black Powder 

Assembly 

 

(2) Inspection: NAR High 

Power Rocket Safety 

Code #9 

R.P.5 

Parachute rips 

and tears 

Parachute 

contact with hot 

ejection gases 

(1) Poor/no 

parachute 

performance 

 

(2) LV touchdown 

with kinetic energy 

4C Parachutes are wrapped 

in fireproof Nomex cloth 

that insulates them from 

heat and tension. 

3A 
Inspection: FRR 3.4.2.5  

 

Demonstration: Checklist 

Section Recovery 

Assembly 
R.P.6 

Parachute 

contact with 

motor flame 

1C 1A 
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R.P.7 

Parachute 

entanglement 

during 

separation/ 

deployment 

in excess of 75 ft-

lbs 

3C 

Parachutes and shroud 

lines are detangled and 

folded according to 

checklist instructions 

prior to flight. 

2B 

Demonstration: Checklist 

Section Recovery 

Assembly 

Jolly Logic Chute Release 

mechanisms deploy the 

main parachute quickly 

to prevent entanglement 

between main and 

drogue. 

Inspection: FRR 3.4.1 

R.P.8 
Shock cord 

disconnection 

Loose quick 

links 

(1) Ballistic descent 

of LV 

 

(2) Complete 

mission failure 

3D 

Quick link tightness is 

confirmed by the safety 

officer immediately prior 

to launch. 

1D 

Demonstration: Checklist 

Section Main/Drogue 

Parachute Assembly 

R.P.9 
Shock cord 

rip/tear 

Excessive flight 

forces on shock 

cord 

(1) Ballistic descent 

of LV 

 

(2) Complete 

mission failure 

1D 

The team’s shock cord is 

made of 5/8-in. Kevlar, 

resistant to 6000 lbf of 

flight forces. 

1B Inspection: FRR 3.4.2.5 

R.P.10 
Excessive force 

on shock cords 

Late parachute 

deployment 

(1) Severed 

connection 

between shock 

cord and 

parachutes/ 

airframe 

3D See R.A.6 Mitigation 2B See R.A.6 Verification 
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(2) Ballistic descent 

of LV 

R.P.11 
LV section 

collision 

Simultaneous 

detonation of 

both drogue 

ejection charges 

(1) LV structural 

damage 

 

(2) Parachute 

tangling 

 

(3) High-energy LV 

impact with ground 

3C See S.A.7 Mitigation 2C See S.A.7 Verification 

R.P.12 

Large touchdown 

distance 

between APPA 

and upper LV 

section 

Fluctuating 

crosswinds APPA inability to 

accurately 

determine 

touchdown 

location of all LV 

components 

3C 

The fin can drogue 

charges and upper 

section drogue charges 

will fire with a one-

second delay, giving 

enough time for the 

sections to separate 

enough to not collide but 

not drift apart 

completely. 

2C Inspection: FRR 3.4.1 
Simultaneous 

detonation of 

upper LV and 

lower LV drogue 

charges 

Hazards to/from Recovery Electronics + Black Powder 

R.A.1 
Dual deployment 

of parachutes 

with main 

(1) Hot wire 

mix-up between 

main and 

drogue 

Wind drift; LV 

touchdown outside 

of APPA range 

3C 

(1-2) Neither LV section’s 

main parachute will be 

deployed via ejection 

charges. Jolly Logic Chute 

Releases use altitude 

1A 
Inspection/ 

Demonstration: FRR 3.4.1 
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parachute at 

apogee 

altimeters/ 

charges, 

(2) Drogue hot 

wire is 

misrouted to 

main terminal 

block 

(3) Jolly Logic 

Chute Releases 

separate 

prematurely 

data to deploy 

parachutes. 

 

(3) Two Chute Releases 

are used for each main 

parachute, reducing the 

chance of premature 

release. 

R.A.2 

Premature Jolly 

Logic Chute 

Release 

deployment 

Change in 

parachute bay 

pressure prior 

to black powder 

ejection 

3C 

Two Chute Releases are 

used for each main 

parachute, reducing the 

chance of premature 

release. 

1B Inspection: FRR 3.4.1 

R.A.3 

Lack of main 

parachute 

deployment 

Loss of power of 

one or more 

Chute Releases 

Ballistic landing; 

APPA inability to 

determine vehicle’s 

location 

3D 

The Jolly Logic Chute 

Release devices are 

connected in series; if 

one fails closed, the main 

parachute will still be 

deployed. 

1C Demonstration: FRR 3.4.1 

R.A.4 
Premature shear 

pin shear 

Shear pins of 

insufficient 

diameter 

Premature section 

separation 
3C 

#4-40 shear pins are 

used, and their ability to 

support the LV will be 

tested immediately after 

assembly and prior to 

launch. 

2C 

Demonstration: FRR 

3.3.2.3  

 

Test: Checklist section 

Final Measurements 



 

2022 NASA Student Launch | Tacho Lycos 93 

 

Excessive tensile 

aerodynamic 

forces on shear 

pins 

A 4:1 ogive nosecone and 

four clipped delta fins 

will be used to direct air 

around the LV. 

Inspection: FRR 3.1.5 

Excessive 

compressive 

forces from 

motor 

Shear pin holes will be 

drilled such that the 

shear pins fit only into 

holes created by flush 

body tube sections; this 

will restrict compressive 

motion between body 

tube sections. 

Inspection: FRR 3.3.2.3 

R.A.5 

Premature 

section 

separation 

Premature 

shear pin shear 

(1) Parachute rips 

and tears.  

 

(2) Failure of LV to 

reach intended 

apogee  

 

(3) APPA inability 

to determine 

vehicle’s location 

3C 

#4-40 shear pins are 

used, and their ability to 

support the LV will be 

tested immediately after 

assembly and prior to 

launch. 
2C 

Demonstration: FRR 

3.3.2.3  

 

Test: Checklist section 

Final Measurements 

Premature black 

powder 

detonation 

See R.A.6 Mitigation See R.A.6 Verification 

R.A.6 

Premature black 

powder 

detonation 

Sympathetic 

main/drogue 

black powder 

detonation 

Dual deployment; 

Parachute damage 
1C 

Jolly Logic Chute Releases 

are used in place of main 

black powder charges. 

1A Inspection: FRR 3.4.1 
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R.A.7 

Oversized 

pressure ports 

2B 

The equation found in 

section 3.4.2.4 will be 

used to calculate 

pressure port sizing. 

1B Analysis: FRR 3.4.2.4 Excessive 

number of 

pressure ports 

R.A.8 
Excessive wind 

drift 

Premature black 

powder 

detonation 

(1) LV touchdown 

outside of range of 

APPA detection 

  

(2) Inability to 

communicate with 

LV GPS; failure to 

recover LV 

2B 
See R.A.6, R.A.7 

Mitigation 
1B 

See R.A.6, R.A.7 

Verification 

R.A.9 
Late section 

separation 

Delayed black 

powder 

detonation 

(1) Excessive force 

on shock cords and 

shock cord 

connections 

 

(2) 

Weakened/broken 

shock cord-LV 

connections 

 

(3) Ballistic landing 

3D See R.A.6 Mitigation 1D See R.A.6 Mitigation 
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R.A.10 
Excessive wind 

drift 

Dual 

deployment of 

parachutes 

(1) LV touchdown 

in trees 

 

(2) LV touchdown 

outside of range of 

APPA detection 

3D See R.A.6 Mitigation 1D See R.A.6 Verification 

R.A.11 

Abrupt pressure 

changes in AV 

bay 

Separation of LV 

components 

while altimeters 

are armed 

Black powder 

detonation during 

arming of 

altimeters 

3C 

(1) Shear pins are placed 

between LV sections 

prior to altimeter arming. 

 

(2) Altimeters are 

disarmed if the LV must 

be disassembled 

immediately prior to 

flight. 

2C 

(1) Test: Checklist Section 

Final Measurements 

 

(2) Inspection: Checklist 

Section Launch Pad Personnel burns, 

cuts, and scrapes 

R.A.12 
LV flight without 

armed altimeters 

Premature 

motor ignition 

Ballistic descent of 

LV 
2D See A.M.4 Mitigation 1D See A.M.4 Verification 

R.A.13 

Terminal block 

wire 

disconnection 

Aggressive 

vibration on AV 

bay 

Ejection charge not 

delivered to blast 

caps; Ballistic 

descent of LV 

4D 

Terminal block wire 

connections are 

confirmed to be secure 

by the safety officer prior 

to flight. 

1D 
Demonstration: Checklist 

Section AV Bay 
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Table 6-6 Recovery PRA: Left Before Mitigation, Right After Mitigation 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

 

0% 

2A 

 

0% 

3A 

 

0% 

4A 

 

0% 

B 

Medium 

Risk 

1B 

 

0% 

2B 

2 

8% 

3B 

 

0% 

4B 

 

0% 

C 

High risk 

1C 

2 

8% 

2C 

 

0% 

3C 

8 

32% 

4C 

1 

4% 

D 

Severe 

Risk 

1D 

2 

8% 

2D 

2 

8% 

3D 

7 

28% 

4D 

1 

4% 
 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

3 

12% 

2A 

 

0% 

3A 

1 

4% 

4A 

 

0% 

B 

Medium 

Risk 

1B 

5 

20% 

2B 

2 

8% 

3B 

 

0% 

4B 

 

0% 

C 

High risk 

1C 

2 

8% 

2C 

7 

28% 

3C 

 

0% 

4C 

 

0% 

D 

Severe 

Risk 

1D 

5 

20% 

2D 

 

0% 

3D 

 

0% 

4D 

 

0% 
 

Table 6-7 Payload FMEA 

Payload Hazards 
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Label Hazard Cause Effect 
Pre-

LS 
Mitigation 

Post-

LS 
Verification 

Hazards to/from APPA Stability 

P.Sta.1 

Chaotic motion 

of APPA 

electronics 

Aerodynamic 

forces on 

parachutes 

Blurry images; 

inability to 

determine vehicle’s 

location 

4C 

LV’s recovery system 

separates the fin can 

from the upper portion 

of LV to reduce 

instabilities. 3B 

Demonstration: FRR 3.4.1 

Fin can 

rotational 

motion 

Black powder 

explosion 

The fin can main 

parachute will be 

deployed via a Jolly Logic 

Chute Release. 

Demonstration: FRR 3.4.1 

P.Sta.2 

Vehicle 

instabilities 

Impulsive 

parachute 

deployment 

forces during 

descent 

(1) Accumulation of 

poor/ inaccurate 

IMU data 

 

(2) Inability to 

determine vehicle’s 

location 

2C 

The IMU will be securely 

fastened to the APPA’s 

AV sled with three ¾” 

long 1-64 steel screws.  

2A 

Test: AV Bay vibrational 

response test performed 

1/19/2022 

P.Sta.3 

Wind drift 
(1) Blurry images 

 

(2) Inability to 

determine vehicle’s 

location 

4C 

LV’s recovery system 

separates the fin can 

assembly from the upper 

portion of LV to reduce 

instabilities. 

3B Demonstration: FRR 3.4.1 
Fin can 

rotational 

motion 
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P.Sta.4 
APPA camera 

obstruction 

Parachutes, fins, 

and/or shock 

cord in line of 

sight of camera 
Failure of APPA to 

recognize aerial 

and ground-level 

landmarks 

2C 

Two cameras will be 

placed in between fins to 

minimize fin obstruction, 

and many pictures will be 

taken for redundancy. 1B 

Demonstration: FRR 
4.4.1, 4.4.2 

Cameras 

oriented away 

from the ground 

Presence of fog 

Launches are not 

conducted during 

inclement weather. 

Inspection: NAR High 

Power Rocket Safety 

Code #9 

P.Sta.5 

Electromagnetic 

interference with 

IMU 

Production of 

magnetic fields 

by LV 

components 

(1) Accumulation of 

poor/inaccurate 

IMU data 

 

(2) Inability to 

determine vehicle’s 

location 

1C 

EMC testing will be 

performed prior to 

launch day to study the 

EMC properties of the LV. 

1A 
Test: EMC Testing 

performed 1/19/2022 

P.Sta.6 

IMU 

accumulation of 

error 

Improper IMU 

calibration 

(1) Accumulation of 

poor/inaccurate 

IMU data 

 

(2) Inability to 

determine vehicle’s 

location 

1C 

The IMUs will be 

calibrated according to 

calibration instructions. 

1A 
Demonstration: IMU 

Reference sheet 

Hazards to APPA Electronics 
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P.E.1 
Low electronics 

power 

Delay between 

assembly and 

launch 

Loss of IMU, 

camera, and/or 

Jetson board 

power 

3C 

Screw switches will arm 

electronics immediately 

prior to flight to reduce 

the amount of battery 

drain. 
2C 

Inspection: FRR 4.4.1, 

Checklist Section Launch 

Pad 

7.4V LiPo batteries are 

chosen for their ability to 

continue to provide 

power over a long period 

of time. 

Demonstration: FRR 

4.4.2, Figure 42 

P.E.2 

Inaccurate 

altitude 

measurement 

Pressure 

gradient 

between inside 

and outside of 

LV 

Inaccurate altitude 

data delivered to 

neural network; 

APPA inability to 

determine vehicle’s 

location 

3C 

0.28-in. pressure ports 

will be drilled into the 

airframe to allow the 

APPA altimeter to collect 

pressure data.  

1B 

Demonstration: FRR 4.5.2 

Analysis: FRR 3.4.1.1, 

Equation 3.11 

P.E.3 
Ribbon cable 

exposure to heat 

Ribbon cable 

proximity to 

motor inside fin 

can 

Inability of cameras 

to communicate 

with Jetson nano 

3C 

The area surrounding 

ribbon cables inside of LV 

was temperature-tested 

and shown to not exceed 

temperatures above 219 

degrees Fahrenheit. 

2B 
Test: Subscale Launch 

Performed 11/20/2021 

P.E.4 

Ribbon cable 

rips/tears 

 

Ribbon tape 

exposure to 

aerodynamic 

forces 

2C 

(1) Ribbon cables were 

shown to withstand flight 

forces both inside and 

outside LV during the 

subscale launch. 

 

1B 

(1) Test: Subscale Launch 

Performed 11/20/2021 

 

(2) Demonstration: FRR 

4.4.2 
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(2) Aluminum foil tape 

will prevent air leakage 

into the lower payload 

compartment. 

P.E.5 

NVIDIA Jetson 

Nano loss of 

power Temperatures 

exceeding 

operational 

limits 

Complete lack of 

image 

interpretation; 

inability to 

determine vehicle 

location 

4C 

(1) The Jetson Nano will 

use a temperature 

sensor-triggered fan to 

disperse heat. 

(2) The Jetson Nano has 4 

GB of RAM. 

2C 

(1) Inspection: APPA Sled 

 

(2) Demonstration: FRR 

4.4.2 

Slowed 

operational 

speed of Jetson 

board 

P.E.6 
Imaging 

electronics 

overheating 

Thermal contact 

between motor 

exhaust gases 

and APPA 

electronics 

Permanent 

electronics 

damage; inability 

to determine 

vehicle’s location 

2D 

(1) Thermal crayons used 

on the team’s subscale 

flight confirmed that blue 

tube, a more thermally 

conductive material than 

G12 fiberglass, isolated 

imaging electronics from 

motor heat. 

(2) G12 fiberglass isolates 

the motor from APPA 

electronics. This 

fiberglass has a low 

thermal conductivity of 

2.0. 

1B 

(1) Test: Subscale APPA 

thermal insulation test 

performed on 

11/20/2021. 

 

(2) Demonstration: FRR 

3.2.1.1 

P.E.7 

Jetson Nano 

using too much 

RAM  

4C (1) The Jetson Nano will 

use a temperature 
2B 

(1) Inspection: APPA Sled 
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sensor-triggered fan to 

disperse heat. 

(2) The Jetson Nano will 

have 4 GB of RAM. 

(2) Demonstration: FRR 

4.4.2 

P.E.8 
Camera lens 

abrasion 

Lens contact 

with launch field 

particulates 

Blurred, difficult-

to-interpret images 

of launch field 

3C 

Each camera is housed by 

a clear, scratch-resistant 

plexiglass casing that 

protects it from abrasion. 

2B Demonstration: FRR 4.5 

P.E.9 

Low image 

recognition 

confidence 

Low 

quality/quantity 

neural network 

training 

database 

(1) Incorrect 

interpretation of 

landmarks 

 

(2) Inaccurate 

vehicle location 

3C 

Neural networks will be 

trained with a pre-

training + domain-

specific fine-tuning 

approach. 

2B 
Demonstration: FRR 

4.7.2.1 

P.E.10 
Centering ring 

cracks 

Presence of 

holes in 

centering rings 

to 

accommodate 

ribbon cable 

Motor 

misalignment 
3D 

Centering rings will be 

designed and fabricated 

with a safety factor of at 

least 1.5. 

2A Inspection: LVD 1 

P.E.11 
APPA battery 

ejection 

Frayed wires 

connecting 

battery and 

electronics 

(1) Airframe 

structural damage 

 

(2) No power to 

Jetson Nano 

3D 

APPA’s batteries will be 

inspected for damage 

after charging and prior 

to flight. 1D 
Inspection: Checklist 

Section APPA Assembly 
Crushed/ 

damaged quick 

disconnect 

Battery connection is 

confirmed to be tight + 
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Quick 

disconnect 

disconnection 

due to flight 

forces and 

vibrations 

 

(3) APPA inability 

to determine 

vehicle location 

secure by the safety 

officer. 

Hazards to APPA Structure 

P.Str.1 

APPA sled 

cracking/ 

breaking 

Excessive flight 

forces imparted 

from airframe 

(1) Irreversible 

damage to mission-

critical structural 

elements and 

electronics 

 

(2) IMU motion 

that introduces 

significant error; 

APPA inability to 

determine vehicle’s 

location 

3D 

APPA’s sled is made of 

PLA, a material with a 

tensile strength of 7,250 

psi. 

1B 

Inspection: FRR 4.4.1; 

Test: Payload stress test 

scheduled for 1/18/22 
Friction and 

pressure on 

coupler-sled 

connection 

Contact 

between sled 

and high 

velocity 

dislodged LiPo 

battery 

APPA’s LiPo battery will 

be secured by three zip 

ties and a friction fit 

between the battery and 

the sled. 

Inspection: FRR 3.2.2.3 

P.Str.3 
APPA Sled 

melting 

Contact with 

overheating 

electronics/ 

batteries 

Irreversible 

damage to mission-

critical structural 

elements and 

electronics 

2B Each sled will be made of 

PLA, which has a melting 

temperature of 315-338 

degrees Fahrenheit. 

Electronics will power off 

before reaching this 

temperature. 

1B 

Inspection: FRR 4.4.1 

2D 1B 
IMU motion that 

introduces 

significant error; 
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APPA inability to 

determine vehicle’s 

location 

P.Str.4 

APPA electronics 

cable 

shear/fraying 

Friction on 

contact 

between cables 

and sled 

Loss of power to 

APPA electronics 

3D 

Gaps in APPA’s sled will 

be narrow enough to 

secure each cable and 

wide enough to not 

constrict cables. 

2B Inspection: FRR 4.4.2 

Loss of 

communication 

between APPA 

components; APPA 

inability to 

determine vehicle’s 

location 

P.Str.5 

Separation of 

epoxied sled 

modules 

Overheated/ 

softened epoxy 

(1) Irreversible 

damage to mission 

critical APPA 

components 

 

(2) IMU and 

altimeter motion 

that introduces 

significant error 

 

(3) APPA inability 

to determine 

vehicle’s location 

3D 

APPA electronics 

vulnerable to 

overheating will use 

temperature sensor-

controlled fans to 

modulate temperature. 

1B 

Inspection: APPA Sled 

Insufficiently 

strong epoxied 

connections 

Epoxy is allowed to cure 

for at least 24 hours 

before load is applied. 

Inspection: STD 1 
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Table 6-8 Payload PRA: Left Before Mitigation, Right After Mitigation 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

 

0% 

2A 

 

0% 

3A 

 

0% 

4A 

 

0% 

B 

Medium 

Risk 

1B 

 

0% 

2B 

1 

4.348% 

3B 

1 

4.348% 

4B 

 

0% 

C 

High risk 

1C 

2 

8.696% 

2C 

2 

13.04% 

3C 

5 

21.74% 

4C 

4 

17.39% 

D 

Severe 

Risk 

1D 

 

0% 

2D 

2 

8.696% 

3D 

5 

21.74% 

4D 

 

0% 
 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

2 

8.696% 

2A 

2 

8.696% 

3A 

 

0% 

4A 

 

0% 

B 

Medium 

Risk 

1B 

10 

39.13% 

2B 

5 

21.74% 

3B 

2 

8.696% 

4B 

 

0% 

C 

High risk 

1C 

 

0% 

2C 

2 

8.696% 

3C 

 

0% 

4C 

 

0% 

D 

Severe 

Risk 

1D 

1 

4.348% 

2D 

 

0% 

3D 

 

0% 

4D 

 

0% 
 

Table 6-9 Propulsion/Aerodynamics FMEA 

Hazards to Propulsion/Aerodynamics 
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Label Hazard Cause Effect 
Pre-

LS 
Mitigation 

Post-

LS 
Verification 

Hazards to/from Motor 

A.M.1 

Uneven pressure 

buildup inside of 

motor tube 

Defects 

(cracks/holes) in 

propellant grain 

Catastrophe on 

Takeoff (CATO) 

 

3D 

Motors are purchased 

from AeroTech, a motor 

company demonstrated 

to be reliable. 

1D Inspection: FRR 1.2.2 

A.M.2 Motor ejection 

Loose motor 

retainer 

2D 

Motor assembly is 

performed under the 

guidance of Level 3-

certified Tripoli 

personnel. 

1D 

Inspection: Checklist 

Section Motor Assembly 

Centering ring 

epoxy failure 

Epoxy is allowed to cure 

for at least 24 hours 

before load is applied.  

Demonstration: STD 1 

Crack in fin can 

body tube 

Body tubes are made of 

G12 fiberglass and have a 

tensile strength of 43,000 

psi. 

Inspection: FRR 3.2.1.1 

A.M.3 
Cracks/holes in 

propellant grain 

Uneven thrust 

curve 
3D 

Motor assembly is 

performed under the 

guidance of Level 3-

1D 
Inspection: Checklist 

Section Motor Assembly 
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Torsional load 

applied to grains 

during assembly 

CATO 

certified Tripoli 

personnel. 

A.M.4 
Premature 

ignition 

Ignition system 

static discharge 

Severe personnel 

burns 

3D 

(1) Ignition systems are 

provided by certified 

Tripoli personnel. 

 

(2) Ignition assembly is 

performed under the 

guidance of Level 3-

certified Tripoli 

personnel. 

1D 
Inspection: Checklist 

Section Launch Pad 

LV flight without 

armed altimeters 

A.M.5 

Airframe 

exposure to 

motor exhaust 

gases 

Premature 

section 

separation 

during ascent 

Inability of LV to 

withstand flight 

forces 

2D See R.A.5 Mitigation 1C See R.A.5 Verification 

A.M.6 

Motor thrust 

vector not 

aligned parallel 

to LV 

Motor 

misalignment 

Vehicle instability 

3D See A.A.2 Mitigation 2A See A.A.2 Verification 

Failure to reach 

intended apogee 

Hazards to Aerodynamics 

A.A.1 
LV 

weathercocking 

Vehicle over-

stability Failure to reach 

intended apogee 

3A (1) The LV has a stability 

margin of 2.18, 

calculated in RockSim 

and measured 

2A 

Analysis: FRR 3.5.2 

A.A.2 
Vehicle 

instability 
3D 2A 
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Divergence from 

expected 

trajectory 

Motor propulsion 

directed towards 

ground 

immediately prior to 

launch. 

 

(2) MOMO, an 

experimental payload, 

sits in the upper payload 

bay and acts as a 

stabilizing ballast. 

Premature, ballistic 

descent 

A.A.3 Fin flutter 
Transonic LV 

speeds 

Fin structural 

damage 
1C 

Simulations in RockSim 

determined that the LV 

stays below the transonic 

range. 

1A 

Analysis: LV speed 

simulation performed on 

10/15/2021 

A.A.4 

Centering ring, 

fin can bulkhead, 

and motor 

retainer 

structural failure 

Unexpectedly 

high motor 

thrust 

Motor travel 

through LV 
2D 

Motors are purchased 

from AeroTech, a motor 

company demonstrated 

to be reliable. 

1D 

Demonstration: FRR 1.2.2 

Weak epoxy 

connections + 

wood 

Thin layers of aircraft 

grade birch plywood are 

layered with epoxy that 

is given at least 24 hours 

to cure. Bulkheads have a 

safety factor of at least 

1.5. 

Demonstration: STD 1 

A.A.5 
Fin structural 

damage 
Fin flutter 

Fin loss 

1C 

Simulations in RockSim 

determined that the LV 

stays below the transonic 

range. 

1A 

Analysis: LV speed 

simulation performed on 

10/15/2021 

Divergence from 

expected trajectory 

Vehicle instabilities 
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A.A.6 

Abnormal/ 

uneven thrust 

curves 

Propellant grain 

gaps, cracks, 

holes, and 

bubbles 

Failure to achieve 

intended apogee 

2B 

Motors are purchased 

from AeroTech, a motor 

company demonstrated 

to be reliable. 

1D Demonstration: FRR 1.2.2 Excessive force 

applied to 

structural 

bulkheads 

A.A.7 
Change in vehicle 

center of gravity 

Presence of 

additional 

payload (APPA) 

weight 

Vehicle instabilities 

4C 

Masses of payload and 

LV components are 

precisely measured; 

these values contribute 

to both hand-calculated 

and RockSim-simulated 

stability margin values 

that fall above 2.0. 

2A 

Analysis: RockSim 

simulations performed 

on 1/16/2022 

 

Inspection: FRR 3.5 

Failure to achieve 

predicted apogee 

Inability to capture 

high-quality APPA 

images 

Table 6-10 Aerodynamics PRA: Left Before Mitigation, Right After Mitigation 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

 

0% 

2A 

 

0% 

3A 

1 

8.333% 

4A 

 

0% 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

2 

16.67% 

2A 

4 

25% 

3A 

 

0% 

4A 

 

0% 
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B 

Medium 

Risk 

1B 

 

0% 

2B 

1 

8.333% 

3B 

 

0% 

4B 

 

0% 

C 

High risk 

1C 

2 

16.67% 

2C 

 

0% 

3C 

 

0% 

4C 

1 

0% 

D 

Severe 

Risk 

1D 

 

0% 

2D 

3 

25% 

3D 

5 

41.67% 

4D 

 

0% 
 

B 

Medium 

Risk 

1B 

 

0% 

2B 

 

0% 

3B 

 

0% 

4B 

 

0% 

C 

High risk 

1C 

1 

8.333% 

2C 

 

0% 

3C 

 

0% 

4C 

 

0% 

D 

Severe 

Risk 

1D 

6 

50% 

2D 

 

0% 

3D 

 

0% 

4D 

 

0% 
 

Table 6-11 Personnel FMEA 

Hazards to Personnel Safety 

Label Hazard Cause Effect 
Pre-

LS 
Mitigation 

Post-

LS 
Verification 

Hazards to Skin and Soft Tissue 

Pe.S.1 
Slips, trips, and 

falls 

Material spills 

around lab 
Skin 

abrasion/bruising 
3B 

After handling of 

liquid/powder assembly 

materials, lab floors will 

be inspected for 

material spill. 2B 

Inspection: HPRC Safety 

Handbook 

Wet/uneven 

launch field 

conditions 

Only required recovery 

personnel are allowed 

on launch field to 

Inspection: Checklist 

Section Recovery 
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recover rocket; closed-

toe, heavy duty shoes 

are required. 

Pe.S.2 

Personnel 

fingers caught in 

bandsaw blade 

Bandsaw blade 

contact with 

clothes and/or 

jewelry 
Skin and muscle 

tear/abrasion 
2D Personnel working with 

manufacturing 

equipment are trained 

in its proper use and 

PPE required. 

1D 

Inspection: HPRC Safety 

Handbook 
Personnel misuse 

of bandsaw 

Pe.S.3 

Contact with 

hot soldering 

iron 

Personnel misuse 

of soldering 

system 

Mild to severe 

burns 
3C 1B 

Pe.S.4 

Personnel 

collision with LV 

Launch rail 

tipping with 

assembled LV 

Skin and muscle 

abrasion/tear 

2C 

Launch rails, provided 

by TRA personnel, have 

a locking mechanism 

that is engaged when 

the LV is righted. 

1C 
Inspection: Checklist 

Section Launch Pad 

Pe.S.5 

Sideways 

propulsion from 

severe instability 

3D 

The stability margin of 

the launch vehicle was 

calculated in RockSim to 

be 2.20. If the measured 

stability margin is less 

than 2.0, the LV will not 

launch. 

1D 
Inspection: NASA 2.14, 

Analysis: FRR 3.5.4 

Pe.S.6 

LV touchdown 

within close 

proximity to 

personnel  

2D 
The LV is angled 20 

degrees away from 

personnel; personnel 

1B 
Inspection: NAR Safety 

Code 
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are instructed to keep 

eyes on all falling LVs.  

Pe.S.7 

High load placed 

on personnel 

muscle 

Lifting heavy LV 

components 
Muscle strain/tear 4C 

At least two persons 

carry the LV in its fully 

assembled state. 

2B 
Inspection: Checklist 

Section Launch Pad 

Pe.S.8 Bug sting/bite 

Prolonged 

exposure to 

wildlife during 

launch 

Itchiness, rash, 

and/or anaphylaxis 
4A 

Bug spray is provided to 

team members during 

launches. 

2A 

Inspection: Checklist 

Section Night Before 

Checklist 

Pe.S.9 

Personnel 

contact with 

ejection charges 

Contact with 

unblown black 

powder after 

touchdown 

Mild to severe 

burns and 

abrasions 

3C 

Personnel approaching 

the LV are provided with 

Nomex gloves and a fire 

extinguisher; LV sections 

are inspected for 

unblown charges prior 

to handling. 

2B 
Inspection: Checklist 

Section Recovery 

Pe.S.10 

Contact with 

large, airborne 

shrapnel 

CATO 

Severe skin 

abrasion/ 

laceration 

2D 

(1) Personnel are 

separated from the 

launch pad according to 

the minimum distance 

table. 

 

(2) AeroTech motors are 

chosen for their low 

likelihood of 

catastrophic failure. 

1C 

(1) Inspection: NAR High 

Power Rocket Safety 

Code 

 

(2) Inspection: FRR 1.2.2 
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Pe.S.11 

Contact with 

small, airborne 

shrapnel 

Sanding, cutting, 

or drilling brittle 

or granular 

materials 

Cuts and bruises 3C 

Protective eye and face 

equipment are provided 

to personnel working 

with power tools. 

1C 
Inspection: HPRC PPE 

Cabinet 

Pe.S.12 

Exposure to 

uncured epoxy 

fluid 

Working with 

epoxy 

(1) Skin rash 

 

(2) Skin irritation 

3A 

Nitrile gloves are 

provided to personnel 

working with hazardous 

liquid/vapor materials. 

2A 

Inspection: HPRC PPE 

Cabinet 

Pe.S.13 

Exposure to 

vaporous 

chemicals  

HazMat off-

gassing 
2A 1A 

Pe.S.14 
Skin exposure to 

APCP 

Assembling LV 

motors 
2A 

(1) Nitrile gloves are 

provided to personnel 

assembling motors. 

 

(2) Motor assembly is 

overseen by Tripoli 

personnel. 

1A 
Inspection: Checklist 

Section Motor Assembly 
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Pe.S.15 

Excessive 

amount of 

walking 

Far away vehicle 

touchdown 

(1) Muscle sprain 

 

(2) Shin splints 

3A 

The LV is equipped with 

a GPS tracker; if the 

location of the LV is 

sufficiently far away 

from the launch site, 

recovery personnel are 

driven to the recovery 

site. 

1A 
Inspection: Checklist 

Section Recovery 

Pe.S.16 
Exposure to 

sunlight 
Working outside 

(1) Sunburn 

 

(2) Cancer 

4B 

Sunscreen is provided to 

personnel working 

outside on launch day 

and its use is 

recommended during 

the safety briefing. 

2A 
Inspection: Night Before 

Safety Presentation 

Pe.S.17 
Exposure to 

loud noises 

Working with 

power tools 

Temporary/ 

permanent hearing 

loss 

3C 

Hearing protection is 

provided to personnel 

working with and 

around power tools. 

2A 
Inspection: HPRC Lab 

PPE Cabinet 

Pe.S.18 

Contact 

between hands 

and sharp 

plastic 

Removing 3D 

printed part 

supports 

Cuts/abrasion on 

fingers 
4B 

(1) Support use is 

minimized in 3D printed 

parts. 

 

(2) Pliers are provided to 

personnel removing 

supports from 3D 

printed parts. 

3A 

(1) Inspection: FRR  

4.5.1 

 

 

(2) Inspection: HPRC Lab 

Pliers Drawer 

Hazards to Bones and Joints 
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Pe.B.1 
Slips, trips, and 

falls 

Material spills 

around lab (1) Bone fracture 

 

(2) Bone bruise 

 

(3) Dislocation 

1D 

After handling of 

liquid/powder assembly 

materials, lab floors will 

be inspected for 

material spill. 

1B 
Inspection: HPRC Safety 

Handbook 

Wet/uneven 

launch field 

conditions 

Only required recovery 

personnel are allowed 

on launch field to 

recover rocket; closed-

toe, heavy duty shoes 

are required. 

1B 
Inspection: Checklist 

Section Recovery 

Pe.B.2 

Excessive 

amount of 

walking 

Far away LV 

touchdown 
Stress fracture 2D 

The LV is equipped with 

a GPS tracker; if the 

location of the LV is 

sufficiently far away 

from the launch site, 

recovery personnel are 

driven to the recovery 

site. 

1A 
Inspection: Checklist 

Section Recovery 

Pe.B.3 

Personnel 

fingers caught in 

bandsaw blade 

Bandsaw blade 

contact with 

clothes and/or 

jewelry 
Bone break 2D 

Personnel working with 

manufacturing 

equipment are trained 

in its proper use and 

PPE required. 

1D 
Inspection: HPRC Safety 

Handbook Personnel 

misunderstand-

ing of bandsaw 

operation 
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Pe.B.4 

Contact with 

large, airborne 

shrapnel 

CATO (1) Bone fracture 

requiring 

immediate medical 

attention 

 

(2) Limb loss 

2D 

(1) Personnel are 

separated from the 

launch pad according to 

the minimum distance 

table. 

 

(2) AeroTech motors are 

chosen for their low 

likelihood of 

catastrophic failure. 

1C 

(1) Inspection: NAR High 

Power Rocket Safety 

Code #9 

 

(2) Demonstration: FRR 

1.2.2 Ballistic descent 

Hazards to Respiratory System 

Pe.R.1 
Exposure to 

epoxy fumes 

Working with 

epoxy 

Difficulty 

breathing, 

respiratory 

irritation 

2C 

(1) Personnel working 

with epoxy are provided 

particle masks. 

 

(2) An oxygen sensor in 

the lab goes off when 

insufficient oxygen is 

present. 

1B 

Inspection: HPRC PPE 

Cabinet 

 

Inspection: HPRC Lab 

Space 

Pe.R.2 
Exposure to 

COVID-19 

Working in close 

proximity with 

potentially 

infected 

personnel 

(1) Respiratory 

infection 

 

(2) Hospitalization 

 

4D 

Personnel are required 

to wear masks at all 

times. 

 

2C 

Inspection: Contact 

Tracing Spreadsheets 

stored electronically 
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(3) Death 

 

(4) Outbreak 

amongst team 

members 

Personnel are 

encouraged to get 

vaccinated, if possible. 

Pe.R.3 

Exposure to 

carcinogenic 

particulates 

Working with 

fillet epoxy and 

G12 fiberglass 

(1) Respiratory 

irritation and/or 

infection 

 

(2) Cancer 

4D 

Personnel working with 

fillet epoxy and sanding 

materials are provided 

N95 particle masks. 

2B 
Inspection: HPRC PPE 

Cabinet 

Pe.R.4 

Inhalation of 

aerosolized 

particulates 

Sanding, cutting, 

and/or drilling 

(1) Respiratory 

irritation 

 

(2) Difficulty 

breathing 

4B 

Personnel working with 

materials prone to 

particulate production 

are provided particle 

masks. 

2B 
Inspection: HPRC PPE 

Cabinet 

Pe.R.5 

Inhalation of 

spray paint 

fumes 

Working with 

spray paint for 

rocket aesthetics 

4B 

Spray paint activities are 

conducted outside and 

personnel working with 

spray paint are provided 

respirators. 

2B 
Inspection: HPRC PPE 

Cabinet 

Pe.R.6 

Inhalation of 

combustion 

reactants 

Close proximity 

to LV motors and 

ejection charges 

3B 

(1) Personnel in the 

vicinity of burning 

chemicals are provided 

particle masks. 

 

2B 

(1) Inspection: HPRC PPE 

Cabinet 

 



 

2022 NASA Student Launch | Tacho Lycos 117 

 

(2) Personnel are 

instructed by the RSO to 

stand a minimum 

distance away from 

burning motors. 

(2) Inspection: NAR High 

Power Rocket Safety 

Code 

Hazards to Head 

Pe.H.1 

Personnel 

contact with 

high-energy LV 

components 

High-energy LV 

sections 

 

Personnel 

proximity to LV 

touchdown 

(1) Concussion 

 

(2) Brain damage 

 

(3) Memory loss 

 

(4) Skull fracture 

2D 

(1) The LV has a dual-

redundant recovery 

system. 

 

(2) Personnel are 

instructed by the RSO to 

stand a minimum 

distance away from the 

launch pad. 

1C 

(1) Demonstration: FRR 

3.4.1 

 

 

(2) Inspection: NAR High 

Power Rocket Safety 

Code 

Pe.H.2 
LV tipping 

during assembly 

Launch rail 

instability 
3D 

Launch rails, provided 

by TRA personnel, have 

a locking mechanism 

that is engaged when 

the LV is righted. 

1C 
Inspection: Checklist 

Section Launch Pad 

Pe.H.3 
Slips, trips, and 

falls  

Attempting to 

jump 

through/over 

launch field 

irrigation ditches 

3D 

Personnel members are 

made aware that 

jumping over ditches is 

strictly forbidden. 

1D 
Inspection: Checklist 

Section Recovery 
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Pe.H.4 

Contact with 

large, airborne 

shrapnel 

CATO 2D 

(1) AeroTech motors are 

chosen for their low 

likelihood of 

catastrophic failure 

 

(2) Personnel are 

instructed by the RSO to 

stand a minimum 

distance away from the 

launch pad. 

1C 

(1) Inspection: FRR 1.2.2 

 

 

(2) Inspection: NAR High 

Power Rocket Safety 

Code 

Hazards to Eyes 

P.E.1 
Exposure to 

epoxy fumes 

Working with 

epoxy 

(1) Eye irritation 

 

(2) Temporary 

blindness (from 

tear production) 

 

(3) Permanent or 

semi-permanent 

blindness 

3D 

Personnel working with 

epoxy shall be provided 

safety glasses. 

2A (1) Inspection: STD 2 

 

(2) Demonstration: 

HPRC PPE Cabinet 

P.E.2 

Exposure to 

aerosolized 

particulates 

Working with 

spray paint 

(1) Eye irritation 

 
2D 

Personnel working with 

spray paint work outside 

and are provided safety 

glasses.  

2A 
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Sanding, cutting, 

or drilling 

(2) Eye abrasion 

 

(3) Temporary 

blindness 

 

(4) Permanent 

blindness 

Personnel sanding, 

cutting, or drilling shall 

be provided safety 

glasses. 

P.E.3 

Eye contact with 

the sun/bright 

sky 

Maintaining eye 

contact with 

falling rockets 

(1) Temporary 

blindness 

 

(2) Permanent 

blindness 

1B 

Personnel maintaining 

eyes with falling rockets 

are encouraged to wear 

sunglasses. 

1A 
Inspection: Checklist 

Section Recovery 

Table 6-12 Payload PRA: Left Before Mitigation, Right After Mitigation 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

 

0% 

2A 

2 

6.25% 

3A 

2 

6.25% 

4A 

1 

3.125% 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

5 

15.63% 

2A 

4 

12.5% 

3A 

 

0% 

4A 

 

0% 

B 1B 2B 3B 4B 
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B 

Medium 

Risk 

1B 

1 

3.125% 

2B 

 

0% 

3B 

2 

6.25% 

4B 

2 

6.25% 

C 

High risk 

1C 

 

0% 

2C 

2 

6.25% 

3C 

3 

9.375% 

4C 

1 

3.125% 

D 

Severe 

Risk 

1D 

1 

3.125% 

2D 

9 

28.125% 

3D 

4 

12.5% 

4D 

2 

6.25% 
 

Medium 

Risk 

5 

15.63% 

7 

21.88% 

 

0% 

 

0% 

C 

High risk 

1C 

6 

18.75% 

2C 

1 

3.125% 

3C 

 

0% 

4C 

 

0% 

D 

Severe 

Risk 

1D 

4 

12.5% 

2D 

 

0% 

3D 

 

0% 

4D 

 

0% 
 

Table 6-13 Hazards to Environment FMEA 

Hazards to Environment 

Label Hazard Cause Effect 
Pre-

LS 
Mitigation 

Post-

LS 
Verification 

Hazards to Wildlife 

E.W.1 
Fire on launch 

field 
Motor ignition 

(1) Crop damage 

 

(2) Wildlife injury 

 

(3) Personnel burns 

3D 

(1) Ground areas around 

the launch pad are 

confirmed to be free of 

flammable debris. 

 

(2) Launch rails are fitted 

with blast plates that 

2C 
Inspection: NAR High 

Power Safety Code #7 
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deflect exhaust gases 

away from the ground. 

E.W.2 
Black powder 

ignition 
2C 

Recovery personnel are 

provided a fire 

extinguisher and handle 

the LV with fireproof 

Nomex gloves.  

1B 
Inspection: Checklist 

Section Recovery 

E.W.3 
APPA battery 

explosion 
2D 

APPA’s batteries are 

isolated from moisture, 

abrasion, and heat on its 

sled. 

1C 

Inspection: NASA 2.22 

E.W.4 
APPA/MOMO 

battery explosion 

Battery 

puncture 

leading to 

contact with 

moisture 

(1) HazMat leakage 

onto launch field; 

water 

contamination 

 

(2) Fire on launch 

field 

3D 1C 

Excessive heat 

surrounding 

battery 

E.W.5 
APPA/MOMO 

battery ejection 

Frayed wires 

connecting 

battery and 

electronics 

(1) HazMat leakage 

onto launch field; 

water 

contamination 

 

(2) High-energy 

impact of LV 

components with 

wildlife; ground/ 

3D 

APPA and MOMO 

batteries will be 

inspected for damage 

after charging and prior 

to flight. 

1D 
Inspection: Checklist 

Section APPA Assembly Crushed/ 

damaged quick 

disconnect 

Battery connection is 

confirmed to be tight + 

secure by the safety 

officer. 
Quick 

disconnect 

disconnection 
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due to flight 

forces and 

vibrations 

water wildlife 

injury/death 

E.W.6 

Contact between 

LV components 

and birds 

LV flight in 

proximity to 

bird flight 

(1) Wildlife injury 

 

(2) Wildlife death 

 

(3) Obstruction of 

bird migration 

patterns 

2C 

Airways in the flight path 

of the LV are confirmed 

to be clear before flight 

by the RSO. 

1C 

Inspection: NAR High 

Power Rocketry Safety 

Code #9 

E.W.7 

Permanent 

jettisoning of 

Nomex sheet 

Rips and tears in 

Nomex 

(1) Contamination 

of wildlife shelters 

 

(2) Contamination 

of wildlife 

food/water supply 

3A 

Nomex is rated to 

withstand flight forces 

and is flame resistant 

against black powder 

charges. 

1A 
Demonstration: Nomex 

MSDS 

E.W.8 

Nomex 

connection 

breakage 

2A 

(1) Nomex sheets are 

connected to shock cord 

by steel quick links. 

 

(2) Quick links are 

confirmed to be tight by 

the safety officer prior to 

flight. 

1A 

(1) Inspection: FRR 

3.4.2.3 

 

(2) Inspection: Checklist 

Section Main/Drogue 

Recovery Assembly 

E.W.9 3D Entry points to the inside 

of the airframe are 
1C Inspection: FRR 4.4.1 
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LiPo explosion 

near wildlife 

APPA LiPo 

contact with 

moisture 

Wildlife 

injury/death 

covered with aircraft 

tape. 

Launches will not be 

occur during humid 

conditions/inclement 

weather. 

Inspection: NAR High 

Power Rocket Safety 

Code #9 

E.W.10 

Unblown black 

powder charges 

in irrigation 

ditches 

LV touchdown 

in/around 

irrigation ditch 

(1) Toxin 

consumption by 

wildlife 

 

(2) Wildlife 

digestive upset, 

skin irritation, and 

death 

3C See E.N.3 Mitigation 1B See E.N.3 Verification 

Ballistic landing 

due to lack of 

BP ignition 

Excess unblown 

BP charges 

remaining after 

recovery events 

E.W.11 

Toxin 

consumption by 

wildlife 

Solid + liquid 

waste littering 

(1) Wildlife 

digestive upset 

 

(2) Wildlife 

injury/death 

3D 
Littering on launch day is 

STRONGLY prohibited. 
2B 

Inspection: Safety 

briefing presentation 

E.W.12 CATO Motor defects 

(1) Wildlife 

injury/death 

 

2D 

AeroTech motors are 

chosen for their low 

likelihood of catastrophic 

failure. 

1D Demonstration: FRR 1.2.2 
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(2) Contamination 

of wildlife water 

supply 

E.W.13 
LV touchdown in 

trees 

Premature 

parachute 

deployment 
Destruction of 

wildlife habitats 
4C See R.A.8 Mitigation 2C See R.A.8 Verification 

High wind drift 

E.W.14 
Microplastic 

emission 

Use of single-

use plastics and 

epoxy 

(1) Wildlife 

infertility 

 

(2) Wildlife bodily 

inflammation 

 

(3) Wildlife choking 

hazard 

4B 

Epoxied components are 

allowed to cure for 24 

hours prior to use to 

minimize the creation of 

microplastics. 

3B Inspection: STD 1 

3D printed and COTS 

plastic components are 

securely fastened within 

the LV. 

E.W.15 

Contact between 

LV components 

and bird 
LV flight in 

proximity to 

bird flight 

Wildlife 

injury/death 
2D 

Airways in the flight path 

of the LV are confirmed 

to be clear before flight 

by the RSO. 

1D 

Inspection: NAR High 

Power Rocket Safety 

Code #9 Non-recoverable 

launch vehicle 

Hazards to Land 
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E.L.1 

High-energy 

impact of LV with 

the ground 

Late/no 

parachute 

deployment 

(1) Permanent 

ruts/dips in launch 

field 

 

(2) Inability of field 

to be used to grow 

crops 

3A See R.A.6 Mitigation 2A See R.A.6 Verification 

E.L.2 
Non-recoverable 

tree landing 

Premature 

parachute 

deployment 
Tree 

damage/death 
2D See R.A.6 Mitigation 1D See R.A.6 Verification 

High wind drift 

E.L.3 
Fire at launch 

field 

CATO 

Tree destruction; 

inability to use land 

for farming 

2D See E.A.7 Mitigation 1D See E.A.7 Verification 

Motor ignition 

Black powder 

detonation 

APPA battery 

explosion 

E.L.4 

LV touchdown on 

non-field 

property such as 

homes and 

farming 

equipment 

Premature 

parachute 

deployment 
Permanent 

ruts/dips in launch 

field and 

surrounding areas 

2D See R.A.6 Mitigation 1D See R.A.6 Verification 

High wind drift 

Hazards to Air/Water 
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E.A.1 
Greenhouse gas 

emissions 

Transportation 

to and from 

launch field 

(1) Air pollution 

 

(2) Global warming 

4B 

Carpooling is coordinated 

and encouraged. 

4A 

Inspection: Safety 

Briefing Presentation 

Slides 

Motor and black 

powder 

combustion by-

products 
Aerotech motors are 

chosen for their low 

environmental impact. 

Inspection: FRR 1.2.2, 

Inspection: Aerotech 

Motor SDS Use of power-

drawing 

electronics 

E.A.2 
Microplastic 

emission 

Use of single-

use plastics 

Air and water 

contamination 
4A 

PLA, a material that 

produces few 

microplastics, is used in 

all 3D printed 

components on the LV. 

3A 
Inspection: FRR 4.4.1, 

FRR 4.5.4 

E.A.3 
Chemical off-

gassing 

Working with 

HazMats 

Air pollution 

1B 

HazMats that off-gas are 

used in well-ventilated 

areas only. 

1A 
Inspection: HPRC Safety 

Handbook 

E.A.4 

Emission of 

smoke 

CATO 2B 

AeroTech motors are 

chosen for their low 

likelihood of catastrophic 

failure. 

1B Demonstration: FRR 1.2.2 

E.A.5 Motor ignition 2B 
In nominal 

circumstances, LV 

operation produces 

minimal combustion 

byproducts. Ejection 

1B 
(1) Demonstration: FRR 

7.1.2.2 

 

(2) Analysis: Table 319 
E.A.6 

Black powder 

detonation 
3B 1B 
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charge sizes are between 

4.6 and 6.0 grams. 

E.A.7 
Man-made 

wildfire 
2D 

Heat sources are not 

allowed within 25 feet of 

LV motors. 

1B 

Inspection: NAR High 

Power Rocket Safety 

Code #3 

E.A.8 

Creation of 

vaporized 

hydrochloric acid 

APCP 

combustion 

byproduct 

contact with 

water 

2B 

AeroTech L motors do 

not produce enough by-

product to create 

hydrochloric acid. 

1B 

Demonstration: FRR 1.2.2 

 

Inspection: Aerotech 

Motors Safety Data Sheet 

Table 6-14  Hazards from Environment FMEA 

Hazards from Environment 

Label Hazard Cause Effect 
Pre-

LS 
Mitigation 

Post-

LS 
Verification 

Hazards to LV Structure 

E.S.1 
LV contact with 

water 

LV touchdown 

in irrigation 

ditch 

Airframe structural 

damage 
4C 

The full-scale LV is made 

of G12 fiberglass, a 

water-resistant material. 

2B Inspection: FRR 3.2.1.1 

E.S.2 

Contact between 

LV components 

and birds 

LV flight in 

proximity to 

bird flight 

Airframe 

abrasion/rupture 
2B 

Airways in the flight path 

of the LV are confirmed 

to be clear before flight 

by the RSO. 

2B 

Inspection: NAR High 

Power Rocket Safety 

Code #9 
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E.S.3 
LV touchdown in 

trees 

Large gusts of 

wind 

contributing to 

wind drift 

(1) Inability to 

recover rocket 

 

(2) Mission failure 

3D 

Launches do not occur if 

wind speeds exceed 20 

mph. 

1D 

Inspection: NAR High 

Power Rocket Safety 

Code #9 

Hazards to Personnel 

E.Pe.1 Bug bites/stings 
Contact with 

bugs 

(1) Skin irritation 

 

(2) Rash 

 

(3) Anaphylaxis 

3C 

Personnel are shielded 

from bug-infested areas 

via a tent. 

1B 
Inspection: Checklist 

Section AV Bay Assembly 

E.Pe.2 

Personnel 

contact with 

sunlight and heat 

Lack of personal 

protective 

equipment and 

devices 

(1) Heat stroke 

 

(2) Sunburn 

4B 

(1) Personnel are 

provided sunscreen and 

are instructed to bring 

sunglasses. 

 

(2) A tent is set up for 

personnel to take shelter. 

1B 
Inspection: Checklist 

Section AV Bay Assembly 

Hot launch 

conditions 

E.Pe.3 
Personnel slips, 

trips, and falls 

Uneven ground 

conditions 
(1) Bruising 

 

(2) Broken bones 

4C 

(1) Personnel are 

instructed to wear 

closed-toed, protective 

shoes to launch activities. 

2B 

Inspection: Checklist 

Sections Launchpad, 

Recovery Sharp rocks on 

field 
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Working near 

irrigation 

ditches 

 

(3) Concussion 

 

(2) Only recovery and 

launch pad personnel are 

permitted on the launch 

field. 

E.Pe.4 Rain/hail 

Inclement 

weather 

conditions 

(1) Rips, dents, and 

holes in airframe 

 

(2) Personnel injury 

(concussion, 

bruising) 

3C 

Launches are not 

conducted during 

inclement weather. 

1C 

Inspection: NAR High 

Power Rocket Safety 

Code #9 

E.Pe.5 Lightning strike 

(1) Personnel 

injury/death 

 

(2) Rips, dents, and 

holes in airframe 

 

(3) LV electronics 

damage 

2D 1D 

E.Pe.6 
Wet and icy 

terrain 

Personnel slips, 

trips, and falls 
2C 

Only recovery and launch 

pad personnel are 

permitted on the launch 

field 

1C 

Inspection: Checklist 

Sections Launch Pad and 

Recovery 

Hazards to APPA 
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E.P.1 

Lower payload 

compartment 

contact with 

water 

Lower payload 

compartment 

touchdown in 

irrigation ditch 

APPA waterlogging 

damage 
3C 

(1) All ribbon cables and 

entry points to the inside 

of the LV are covered by 

water tight aircraft tape. 

 

(2) APPA camera lenses 

are covered by plexiglass 

housings. 

 

(3) The airframe is made 

of water resistant G12 

fiberglass, reducing the 

risk of water leaking into 

the interior of the lower 

payload compartment. 

1B 

(1) Demonstration: FRR 

4.5 

 

(2) Demonstration: FRR 

4.5 

 

(3) Inspection: FRR 

3.2.1.1 

Water/moisture 

leakage through 

pressure ports 

E.P.2 
Blurry/obscured 

images 
Presence of fog 

Blurry images; 

inability to 

determine vehicle’s 

location 

2C 
Launches are not 

conducted during 

inclement weather. 

1B 
Inspection: NAR High 

Power Rocket Safety 

Code #9 

E.P.3 Lightning strike 

Inclement 

weather 

conditions 

APPA electronics 

damage 
2C 1A 

E.P.4 
APPA camera 

abrasion 
Birdstrike Blurry images; 

inability to 
2C See E.W.6 Mitigation 1C See E.W.6 Verification 
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Aerosolized dirt 

+ rock 

particulates 

determine vehicle’s 

location 
3D 

Each camera is housed by 

a clear, scratch-resistant 

plexiglass casing that 

protects it from abrasion. 

2B 
Demonstration: FRR 

4.4.2.7 

High-energy 

contact 

between lower 

payload 

compartment 

and rough 

terrain 

3D 

A thorough, dual-

redundant recovery 

system is used for all LV 

components.  

1C Demonstration: FRR 3.4.1 

LV touchdown 

in trees 
2D 

(1) See R.P.8 Mitigation 

 

(2) Launches do not 

occur if wind speeds 

exceed 20 mph. 

1D 

(1) See R.P.8 Verification 

 

(2) Inspection: NAR High 

Power Rocket Safety 

Code #9 

E.P.5 
APPA camera 

instability 

LV contact with 

wind shears 

Blurry images; 

inability to 

determine vehicle’s 

location 

3D 

Launches do not occur in 

inclement weather or if 

wind speeds exceed 20 

mph. 

2C 

Inspection: NAR High 

Power Rocket Safety 

Code #9 

Force on fin can 

from upper 

assembly shock 

cord 

Traditional recovery 

systems require LV 

sections to stay 

connected via a shock 

cord throughout flight. 

By splitting the LV into 

two parts, the fin can 

becomes more stable 

Demonstration: FRR 3.4.1 
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after separation and 

during data collection. 

Hazards to Mission Success 

E.M.1 
Damp propellant 

grains 

High humidity 

conditions 

(1) No motor 

ignition 

 

(2) Inability of LV to 

fly 

2D 

Launches are not 

conducted during 

inclement weather. 

1D 

Inspection: NAR High 

Power Rocket Safety 

Code #9 

E.M.2 
Damp black 

powder grains 

(1) No black 

powder detonation 

 

(2) Ballistic landing 

 

(3) Undeployed BP 

charges on 

touchdown 

2D 1D 

E.M.3 

Contact between 

LV components 

and birds 

LV flight in 

proximity to 

bird flight 

(1) Diverted flight 

path 

 

(2) Failure of LV to 

reach intended 

apogee 

2B 

Airways in the flight path 

of the LV are confirmed 

to be clear before flight 

by the RSO. 

2A 

Inspection: NAR High 

Power Rocket Safety 

Code #9 
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Table 6-15 Environmental PRA: Left Before Mitigation, Right After Mitigation 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

 

0% 

2A 

1 

2.128% 

3A 

2 

4.256% 

4A 

1 

2.128% 

B 

Medium 

Risk 

1B 

1 

2.128% 

2B 

5 

4.255% 

3B 

1 

2.128% 

4B 

3 

6.383% 

C 

High risk 

1C 

 

0% 

2C 

6 

12.77% 

3C 

4 

8.511% 

4C 

3 

6.383% 

D 

Severe 

Risk 

1D 

 

0% 

2D 

11 

23.4% 

3D 

9 

19.15% 

4D 

 

0% 
 

 

Likelihood of Occurrence 

1 

Very 

Unlikely 

2 

Unlikely 

3 

Likely 

4 

Very 

Likely 

Level of 

Severity 

A 

Low Risk 

1A 

4 

8.511% 

2A 

2 

4.256% 

3A 

1 

2.128% 

4A 

1 

2.128% 

B 

Medium 

Risk 

1B 

10 

21.28% 

2B 

5 

4.255% 

3B 

1 

2.128% 

4B 

 

0% 

C 

High risk 

1C 

8 

17.02% 

2C 

3 

6.383% 

3C 

 

0% 

4C 

3 

6.383 

D 

Severe 

Risk 

1D 

9 

19.15% 

2D 

 

0% 

3D 

 

0% 

4D 

 

0% 
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6.5 Launch Operations Procedures 
These are scans of the checklists used for the Vehicle Demonstration Flight that occurred on February 19, 2022. They show all notes 

and comments that were made regarding procedure that will need to be changed before Payload Demonstration Flight.  
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7. Project Plan 

7.1  Testing 
7.1.1 Launch Vehicle Test Suite 

7.1.1.1 Nose Cone Bulkhead Tensile Loading Test 
Testing date: 1/27/22 

As per LVD 5, the nose cone components of the launch vehicle shall be designed 
to have a minimum factor of safety of 2. This test aims to validate the strength of 
the nose cone bulkhead along with its bolted connection. Sufficient bulkhead 
strength is critical to the success of the launch vehicle since it serves as the 
connection point for the recovery harness. Should the parachute deployment 
cause the bulkhead to fail, sections of the rocket may descend ballistically and 
cause a safety hazard. Success criteria are shown below in Table 6-1. Should any 
of the criteria not be met, the bulkhead will be redesigned. 

Two 3/4’’ bulkheads will be manufactured in the nose cone configuration and 
inserted into a 6’’ diameter body tube section. Each bulkhead will have an off-
center U-bolt attached facing outward of the body tube. Both bulkheads’ U-bolts 
will need to be aligned such that the part does not rotate in the testing machine. 
One of the bulkheads will be secured using West Systems 2-part epoxy while the 
other will be secured using four L-brackets mounted on the bulkhead and 
attached to the body-tube using bolts. In previous years, bolted connections have 
failed at lower loadings than epoxied connections, as such, the epoxied bulkhead 
will be used as an anchor in the Universal Testing Machine (UTM) while the bolted 
bulkhead is tested until failure. The piece will be tested to a tensile loading of 
199.96 Ibf, giving the bulkhead a factor of safety of 2 with the expected 
deployment force of 99.98 Ibf in the forward section of the launch vehicle.  

Table 7-1 Nose Cone Bulkhead Tensile Loading Success Criteria 

Success Criteria Met (Y/N) 

The test bulkhead withstands a load of over 199.96 

lbf 
Y 

The test bulkhead shows no visible damage or 

deformation under 199.96 lbf loading 
Y 

 

7.1.1.1(a) Controllable Variables 

• Bulkhead material: aircraft grade birch plywood 

• Bulkhead thickness: 0.75 inches 

• Applied loading: 199.96 lbf 

7.1.1.1(b) Procedure 

• Ensure those in attendance are wearing the proper PPE, specifically safety 
glasses 
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• Attach a quick link to each U-bolt 

• Insert the quick links into the corresponding ends of the universal testing 
machine 

• Begin increasing the force of the universal testing machine in increments of 
50 lbf up until 100 lbf 

• Once the force exceeds 100 lbf, increase in increments of 25 lbf 

• Allow the test piece to settle for roughly 5 seconds between each increment 

• Continue increasing the loading until one of the test bulkheads fails 

• Record the failure point 

7.1.1.1(c) Results 
The nose cone bulkhead withstood 1000 lbf without breaking or showing any 

visible deformation making it a successful test. This force is the maximum the 

Universal Testing Machine that was used can test. The 1000 lbf that the bulkhead 

withstood is over 5 times the minimum value of 199.96 lbf (which already had a 

factor of safety of 2) showing that the bulkhead will be strong enough to be used 

in the launch vehicle. The bulkhead was expected to withstand the 199.96 lbf so 

the experimental results matched the predicted results. The figure below shows 

the testing setup for the nose cone bulkhead. Also, due to the testing method 

being the same for each bulkhead, the figure below shows what the tests looked 

like for the other bulkheads. 

 

Figure 7-1 Bulkhead Test 

7.1.1.2 Drogue Parachute Bulkhead Tensile Loading Test 
Testing date: 1/27/22 

As per LVD 6, the drogue parachute bulkhead shall be designed to have a 
minimum factor of safety of 2. This test aims to validate the strength of the 
drogue bulkhead along with their epoxy connection. Sufficient bulkhead strength 
is critical to the success of the launch vehicle as it serves as the connection point 
for the recovery harness. Should the parachute deployment cause the bulkhead 
to fail, sections of the rocket may descend ballistically and cause a safety hazard. 
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Success criteria are shown below in Table 6-2. Should any of the criteria not be 
met, the bulkhead will be redesigned. 

Two 1/2’’ bulkheads will be manufactured in the drogue configuration and 
inserted into a 6’’ diameter body tube section. Each bulkhead will have a centered 
U-bolt attached. Both bulkheads will be secured using West Systems 2-part 
epoxy. The epoxied bulkheads will then be tested until failure. The piece will be 
initially tested to a tensile loading of 254.9 lbf, giving the bulkhead a factor of 
safety of 2 with the expected maximum deployment force of 127.45 lbf in the aft 
section of the launch vehicle. 

Table 7-2 Drogue Parachute Bulkhead Tensile Loading Success Criteria 

Success Criteria Met (Y/N) 

The test bulkhead withstands a load of over 254.9 

lbf 
Y 

The test bulkhead shows no visible damage or 

deformation under 254.9 lbf loading 
Y 

 

7.1.1.2(a) Controllable Variables 

• Bulkhead material: aircraft grade birch plywood 

• Bulkhead thickness: 0.5 inches 

• Applied loading: 254.9 lbf 

7.1.1.2(b) Procedure 

• Ensure those in attendance are wearing the proper PPE, specifically safety 
glasses 

• Attach a quick link to each U-bolt 

• Insert the quick links into the corresponding ends of the universal testing 
machine 

• Begin increasing the force of the universal testing machine in increments of 
50 lbf up until 100 lbf 

• Once the force exceeds 100 lbf, increase in increments of 25 lbf 

• Allow the test piece to settle for roughly 5 seconds between each increment 

• Continue increasing the loading until one of the test bulkheads fails 

• Record the failure point 

7.1.1.2(c) Results 
The drogue parachute bulkhead withstood 1000 lbf without breaking or showing 

any visible deformation making it a successful test. The 1000 lbf that the bulkhead 

withstood is over 3 times the minimum value of 254.9 lbf (which already had a 

factor of safety of 2) showing that the bulkhead will be strong enough to be used 

in the launch vehicle. The bulkhead was expected to withstand the 254.9 lbf so 

the experimental results matched the predicted results. All bulkhead tests looked 

the same and are shown in Figure 7-1. 
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7.1.1.3 Avionics Bulkhead Tensile Loading Test 
Testing date: 1/27/22 

As per LVD 1, all critical components of the launch vehicle shall be designed to 
have a minimum factor of safety of 1.5. This test aims to validate the strength of 
the avionics bay bulkheads along with its bolted threaded rod connection. 
Sufficient bulkhead strength is critical to the success of the launch vehicle as it 
serves as the connection point for the recovery harness. Should the parachute 
deployment cause the bulkhead to fail, sections of the rocket may descend 
ballistically and cause a safety hazard. Success criteria are shown below in Table 
6-3. Should any of the criteria not be met, the bulkhead will be redesigned. 

A test avionics bay will be made using two ¾’’ avionics bay bulkheads inserted 
into a 10-inch-long coupler section. Each bulkhead will have a U-bolt attached to 
its outward face along with being secured by two threaded rods which goes from 
one bulkhead, through the coupler, to the other coupler and is bolted down using 
nuts. The piece will be tested to a tensile loading of 111.55 lbf using a universal 
testing machine, giving these components a factor of safety of 1.5 with the 
highest expected deployment force of 74.37 lbf, experienced on the forward AV 
bay coupler.  

Table 7-3 Avionics Bulkhead Tensile Loading Success Criteria 

Success Criteria Met (Y/N) 

The test bulkhead withstands a load of over 111.55 lbf Y 

The test bulkhead shows no visible damage or 

deformation under 111.55 lbf loading 
Y 

 

7.1.1.3(a) Controllable Variables 

• Bulkhead material: aircraft grade birch plywood 

• Bulkhead thickness: 0.75 inches 

• Applied loading: 111.55 lbf 

7.1.1.3(b) Procedure 

• Ensure those in attendance are wearing the proper PPE, specifically safety 
glasses 

• Attach a quick link to each U-bolt 

• Insert the quick links into the corresponding ends of the universal testing 
machine 

• Begin increasing the force of the universal testing machine in increments of 
50 lbf up until 100 lbf 

• Once the force exceeds 100 lbf, increase in increments of 10 lbf 

• Allow the test piece to settle for roughly 5 seconds between each increment 

• Continue increasing the loading until one of the test bulkheads fails 

• Record the failure point 
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7.1.1.3(c) Results 
The avionics bulkhead withstood 1000 lbf without breaking or showing any visible 

deformation making it a successful test. The 1000 lbf that the bulkhead withstood 

is around 9 times the minimum value of 111.55 lbf (which already had a factor of 

safety of 1.5) showing that the bulkhead will be strong enough to be used in the 

launch vehicle. The bulkhead was expected to withstand 111.55 lbf, so the 

experimental results matched the predicted results. All bulkhead tests looked the 

same and are shown in Figure 7-1. 

7.1.1.4 Shear Pin Shear Loading Test 
Testing date: 1/27/22 

This test aims to ensure the accuracy of the shear strength specified by the 
manufacturers of the shear pins. Should the tested shear strength differ from the 
manufacturers stated values, the tested strength will be used for recovery 
calculations instead. Should the shear pin strength differ from the expected 
launch values on launch day, the launch vehicle may fail to separate and as such 
will begin a ballistic descent. Success criteria are shown below in Table 6-4. Should 
the criteria not be met, the tested shear pin strength will be used in recovery 
calculations instead.  

Two steel plates will be used in conjunction with a universal testing machine for 
shear testing on the shear pins. The plates will have a ¼’’ hole drilled at the end 
to allow for a quick link connection to the testing machine. Another hole, 
matching the diameter of the shear pins, will be drilled at the opposite end.  

Table 7-4 Shear Pin Shear Loading Success Criteria 

Success Criteria Met (Y/N) 

The shear pins fail within 1lbf of manufacturer specifications Y 

 

7.1.1.4(a) Controllable Variables 

• Chosen shear pin 

• Manufacturer specified applied load 

7.1.1.4(b) Procedure 

• Attach a quick link through the ¼’’ holes on both plates 

• Align the two remaining holes and insert a shear pin 

• Insert the quick links into each end of the universal testing machine 

• Begin increasing the applied loading in 5 lbf increments 

• Once within 10 lbf of the expected failure, decrease the increments to 1 lbf 

• Continue increasing the loading until the shear pin fails 

• Record the failure point 

7.1.1.4(c) Results 
The shear pin shear loading test was conducted 3 times to ensure accurate 

results. During the first test, it was unclear when exactly the pin broke in the range 
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of 31-36 lbf. Due to some of these forces being outside the range of acceptable 

force breakings, the test was repeated twice more with both those shear pins 

breaking at 34 lbf. The testing procedure remained the same for all three tests. 

The first shear pin test was a failure due to unclear results but both tests 2 and 3 

were successful due to clear results that had the shear pins breaking within 1 lbf 

of 35 lbf. The shear pins are designed to break at 35 lbf so this was the expected 

result which matched the tested result. The figure below demonstrates the shear 

pin in the testing setup. 

 

Figure 7-2 Shear Pin Test 

7.1.1.5 Fastener Shear Loading Test 
Testing date: 1/27/22 

As per LVD 1, all critical components of the launch vehicle shall be designed to 
have a minimum factor of safety of 1.5. This test aims to validate the strength of 
the bolts used for the connections through the launch vehicle. Should parachute 
deployment cause the bolts to fail, sections of the rocket may separate 
unexpectedly and descend untethered to a parachute, leading to a safety hazard. 
Success criteria are shown below in Table 6-5. Should the criteria not be met, new 
bolts will be chosen and tested.  

Two steel plates will be used in conjunction with a universal testing machine for 
shear testing on the bolts. The plates will have a ¼’’ hole drilled at the end to 
allow for a quick link connection to the testing machine. Another hole, matching 
the diameter of the bolts, will be drilled at the opposite end. Due to the off-center 
location of the U-bolt on the nose cone bulkhead, the bolts closest to the U-bolt 
will experience a higher loading. Assuming the bolt closest to the U-bolt 
experiences the full loading of the bulkhead, 99.98 lbf, and accounting for a factor 
of safety of 1.5, the bolt will be tested to a tensile loading of 149.97 lbf.  

Table 7-5 Fastener Shear Loading Success Criteria 

Success Criteria Met (Y/N) 
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The fastener withstands a loading of 149.97 lbf Y 

 

7.1.1.5(a) Controllable Variables 

• Chosen fastener size 

• Applied loading: 149.97 lbf 

7.1.1.5(b) Procedure 

• Attach a quick link through the ¼’’ holes on both plates 

• Align the two remaining holes and insert a bolt 

• Insert the quick links into each end of the universal testing machine 

• Begin increasing the applied loading in 25 lbf increments 

• Once the force passes 100 lbf, begin using increments of 10 lbf 

• Continue increasing the loading until the bolt fails 

• Record the failure point 

7.1.1.5(c) Results 
The bolt in the Fastener Shear Test withstood at least 932 lbf. The UTM maxed 

out at this point so the bolt likely withstood a 1000 lbf and the reading could have 

been off due to a zeroing error. Either way, the bolt withstood more than 6 times 

the force it needed to without breaking, which resulted in a successful test. The 

figure below shows the test rig for the Fastener Shear Test. 

 

Figure 7-3 Fastener Shear Test 

While the bolt did not break it did deform so it was likely close to breaking. The 

bolt was expected to be able to withstand 149.97 lbf and it withstood significantly 

more than expected. Below is a picture of the bolt after testing. 
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Figure 7-4 Fastener Shear Test Bolt Post-Testing 

7.1.2 Recovery and Avionics Test Suite 

7.1.2.1 Sub scale Ejection Testing 
Testing dates: 11/18/21  

Per requirement NASA 3.2, a black powder ejection test will be performed prior 

to each launch using ejection charges of the same mass and assembly as the 

primary ejection charges used during flight. This test confirms that the ejection 

assembly will function as intended and section separation will occur. Should 

section separation fail to occur, the launch vehicle will enter a ballistic descent 

state, leading to an increased risk to personnel and likely loss of the launch vehicle 

constituting mission failure. The success criteria for this test are given in the table 

below. If the success criteria are not met, the mass of the ejection charges will be 

altered. This test was done before every flight to confirm the black powder 

amounts calculated in section 3.4.6. 

The drogue primary black powder charge of 2.1 grams will be assembled as for 

flight on the aft AV bulkhead. The main primary black powder charge of 3.7 grams 

will be assembled as for flight on the forward aft AV bulkhead. The AV bay will be 

assembled without the AV sled for the purpose of this test, and the launch vehicle 

assembled as for flight. Electrical leads will be passed from the terminal blocks on 

the inside of the AV bay through the switch holes for attaching the ejection 

testing trigger. Four #4-40 shear pins will be used to secure the payload bay to 

the main parachute bay as well as to secure the fin can to the AV bay. The 

assembled launch vehicle will be placed on foam mats and braced slightly away 

from a sturdy surface, protected by more foam mats. The test switch will be 

attached to the drogue primary ejection charge leads. Once all personnel are 

safely clear, the drogue primary ejection charge will be fired. After the range is 

safe, the forward section of the launch vehicle will be reset, and the test repeated 

for the main primary ejection charge. This replicates the order of recovery events 

during flight. 

Table 7-6 Subscale Ejection Test Success Criteria 

Success Criteria Met (Y/N) 

Vigorous and complete separation at the main 

parachute bay 
Y 
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Vigorous and complete separation at the 

drogue parachute bay 
Y 

No damage to recovery devices Y 

No damage to launch vehicle Y 

 

7.1.2.1(a) Controllable Variables 

• Black Powder Mass 

7.1.2.1(b) Procedure 

• The AV sled and electronics mounted thereon are not placed in the AV bay 

• Long wires are connected to the terminal block input side 

• Output wires are fed through screw switch holes in the AV bay to the launch 
vehicle exterior 

• Motor assembly and launch pad procedures are not performed 

• Once the launch vehicle is fully assembled, it is placed horizontal on a piece 
of foam 

• The motor is backed close to a wall with another piece of foam between the 
wall and the launch vehicle 

• All team members retreat to a safe distance and out of the path of the launch 
vehicle 

• One designated team member approaches the launch vehicle to attach the 
ejection switch to the drogue e-match wires using alligator clips 

• The designated tram member retreats to a safe distance 

• The battery is attached to the switch, and the switch is thrown to detonate 
the drogue ejection charge 

• The fin can is placed out of the way and the remaining midsection is placed 
back against the wall and a piece of foam is again used for padding 

• All team members retreat to a safe distance and out of the path of the launch 
vehicle 

• One designated team member approaches the launch vehicle to attach the 
ejection switch to the main e-match wires using alligator clips 

• The designated team member retreats to a safe distance 

• The battery is attached to the switch, and the switch is thrown to detonate 
the main ejection charge 

7.1.2.1(c) Results 
The subscale ejection test was successfully tested on 11/18/21. The ejection test 

was performed outside of Engineering Building 3. The main charge failed to 

successfully separate the sections due to putty not being properly applied around 

the shock cord. After putty was placed, both main and drogue successfully 

separated the sections. 
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Figure 7-5 Subscale Ejection Test  

7.1.2.2 Full scale Ejection Test 
Testing date: 2/17/22 

Per requirement NASA 3.2, a black powder ejection test will be performed prior 

to each launch using ejection charges of the same mass and assembly as the 

primary ejection charges used during flight. This test confirms that the ejection 

assembly will function as intended and section separation will occur. Should 

section separation fail to occur, the launch vehicle will enter a ballistic descent 

state leading to an increased risk to personnel and likely loss of the launch vehicle 

constituting mission failure. The success criteria for this test are given in the table 

below. If the success criteria are not met, the mass of the ejection charges will be 

altered. This test was done before every flight to confirm the black powder 

amounts calculated in section 3.4.6. 

The aft primary black powder charge of 4.6 grams will be assembled as for flight 

on the aft AV bulkhead. The forward primary black powder charge of 5 grams will 

be assembled as for flight on the forward aft AV bulkhead. The AV Bay will be 

assembled without the AV sled for the purpose of this test, and the launch vehicle 

assembled as for flight. Electrical leads will be passed from the terminal blocks on 

the inside of the AV bay through the switch holes for attaching the ejection 

testing trigger. Four #4-40 shear pins will be used to secure the payload bay to 

the main parachute bay as well as to secure the fin can to the AV bay. The 

assembled launch vehicle will be placed on foam mats and braced against a sturdy 

surface, protected by more foam mats. The test switch will be attached to the 

drogue primary ejection charge leads. Once all personnel are safely clear the 

drogue primary ejection charge will be fired. After the range is safe, the forward 

section of the launch vehicle will be reset, and the test repeated for the main 

primary ejection charge. This replicates the order of recovery events during flight. 

Table 7-7 Full-Scale Ejection Test Success Criteria 

Success Criteria Met (Y/N) 
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Vigorous and complete separation at the main 

parachute bay 
Y 

Vigorous and complete separation at the 

drogue parachute bay 
Y 

No damage to recovery devices Y 

No damage to launch vehicle Y 

 

7.1.2.2(a) Controllable Variables 

• Black Powder Mass 

7.1.2.2(b) Procedure 

• The AV sled and electronics mounted thereon are not placed in the AV bay 

• Long wires are connected to the terminal block input side 

• Output wires are fed through screw switch holes in the AV bay to the launch 
vehicle exterior 

• Motor assembly and launch pad procedures are not performed 

• Once the launch vehicle is fully assembled, it is placed horizontal on a piece 
of foam 

• The motor is placed slightly away from wall and another piece of foam is 
placed between the wall and the launch vehicle 

• All team members retreat to a safe distance and out of the path of the launch 
vehicle 

• One designated team member approaches the launch vehicle to attach the 
ejection switch to the drogue e-match wires using alligator clips 

• The designated team member retreats to a safe distance 

• The battery is attached to the wires to detonate the drogue ejection charge 

• The fin can is placed out of the way and the remaining midsection is placed 
back slightly away from the wall and a piece of foam is again used for 
padding 

• All team members retreat to a safe distance and out of the path of the launch 
vehicle 

• One designated team member approaches the launch vehicle to attach the 
ejection switch to the main e-match wires using alligator clips 

• The designated tram member retreats to a safe distance 

• The battery is attached to the wire to detonate the main charge 

7.1.2.2(c) Results 
The full-scale ejection test successfully separated both separation points on the 

first try. A picture of the forward primary charge going off is seen below 
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Figure 7-6 Full Scale Ejection Test  

7.1.2.3 Altimeter Operational Test 
Testing date: 2/16/22 

Altimeter functionality must be verified prior to flight usage. To accomplish this, 

the altimeter must both register pressure changes and signal the correct flight 

events in response to these pressure changes. Should an altimeter fault result in 

incorrect signaling or the lack of a signal, negative outcomes including a failure to 

deploy a parachute, or an incorrect parachute deployment could occur. Success 

criteria for this test are given below in Table 6-8. If the success criteria are not 

met, the altimeter will be checked for faults and replaced with an altimeter that 

meets the success criteria. In order to test altimeter functionality, the pressure 

decrease as a function of altitude will be replicated using a vacuum chamber. The 

altimeters to be tested will be connected to a test circuit and powered. The 

pressure will then be decreased, and slowly increased to simulate first launch 

then recovery. Visual indicators of the firing signal will be observed through the 

viewing port of the pressure vessel. 

Table 7-8 Altimeter Operation Test Success Criteria 

Success Criteria Met (Y/N) 

LED #1 lights when the altimeter senses apogee Y 

LED #2 lights when the altimeter senses the 

main deployment altitude 
Y 

Pre- and post-flight beeps match what is 

recorded in the beep sheet. See the end of 

Section 6.5 for beep sheets. 

Y 

Post-flight beeps do not contain any errors Y 

 



 

2022 NASA Student Launch | Tacho Lycos 170 

 

7.1.2.3(a) Controllable Variables 

• Rate of Change of Pressure  

• Altimeter Model 

• Pressure  

7.1.2.3(b) Procedure 

• Primary and secondary altimeters are wired to the test assembly  

• Each altimeter is powered on with one 9 V battery  

• The test assembly is placed in the vacuum chamber  

• The vacuum chamber is sealed, making sure the lights are visible through 
the view port  

• The vacuum pump is connected to the vacuum chamber fitting  

• A vacuum is drawn down to simulate ascent  

• The vacuum pressure is slowly decreased while the test assembly is 
observed  

• Once the vacuum begins to be rolled off, the first light should turn on  

• Shortly afterwards as the vacuum is rolled off, the second light should turn 
on  

• Open the vacuum chamber and record the post-flight beep sheet  

• Confirm the recorded altitudes are the same  

• Download the post-flight data and confirm that the recorded altitude and 
event timings are as expected 

7.1.2.3(c) Results 
The test was conducted on all three flight altimeters. During each test the LED #1 

lit up for the simulated apogee pressure and LED #2 lit at the simulated main 

altitude pressure and beeped as expected. The post flight data was also as 

expected for the pressure changes that occurred during the test. 

7.1.2.4 Recovery Avionics Battery Test 
Testing date: 2/2/22 

Per requirement NASA 2.7, a demonstration of the launch vehicle’s capacity to 

remain in a launch-ready state for extended duration is required. The Recovery 

Avionics Battery Life Demonstration will prove that the batteries powering the 

recovery avionics can last more than 2 hours once connected to the altimeters 

and powered on. The success criteria for this test are defined in Table 6-9 below. 

A failure to meet these success criteria will result in a change to the type of 

battery or altimeter until the success criteria are met. For this test, all Recovery 

Avionics Systems will be assembled in a flight-ready configuration and powered 

on. Here, a timer will be started and the system monitored at a regular interval 

to confirm continued functionality. Once sufficient time has passed to 

demonstrate suitable battery life, the test will be concluded. 

Table 7-9 Recovery Avionics Battery Test Success Criteria 

Success Criteria Met (Y/N) 
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Primary altimeter’s battery life lasts longer than two hours Y 

Secondary altimeter’s battery life lasts longer than two hours  Y 

Eggfinder GPS tracking system’s battery life lasts longer than two hours Y 

 

7.1.2.4(a) Controllable Variables 

• Choice of 9V batteries  

• Choice of LiPo batteries  

• Choice of Altimeter  

• Choice of Tracking Device   

7.1.2.4(b) Procedure 

• Assemble the AV sled with altimeters, tracking device, and batteries  

• Connect a 9V battery to each altimeter  

• Connect a 2S LiPo to the tracking device  

• Start the stopwatch  

• Check every 15 minutes to confirm the altimeters and tracking device remain 
functional  

• At 3 hours, conclude the test 

7.1.2.4(c) Results 
Both the altimeters and the Eggfinder GPS were powered, active and reporting 

battery life remaining after three hours when the test concluded. Knowing the 

batteries can adequately power these electronics allow minimizes the chance of 

system failure due to poor battery performance. 

7.1.2.5 Tracking Device Operational Test 
Testing Date: 2/16/22 

NASA 3.12 states that all independent sections need to have a tracking system 
which in this case is the upper section and the fin can. The tracking device 
operational test is designed to confirm that the GPS locator devices that will be 
placed into the rocket function and are accurate. The success criteria is defined 
in the table below. If the GPS fails the test, the cause will be first determined and 
if it is unable to be repaired then the tracker will be replaced. 

To test the tracking device accuracy, the device will be taken into a private vehicle 
of a team member and driven around a preset route that is at least 5 miles long. 
The tracker will record and store the data of this route and be compared to the 
actual course for accuracy. 

Table 7-10 Tracking Device Operational Test Success Criteria  

Success Criteria Met (Y/N) 

The recorded GPS data match the path of the driven vehicle Y 
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7.1.2.5(a) Controllable Variables 

• Selected Route 

• GPS Tracker Used   

7.1.2.5(b) Procedure 

• Power on both Eggfinder ground receiver dongle and transmitter 

• Pair the Eggfinder ground receiver dongles to a club members android 
phone with the Rocket Locator app 

• Confirm that the location is properly displayed on the Rocket Locator 

• Place the transmitters into the vehicle 

• Have one team member hold the receiver dongles and the rocket locator 
phone with google maps on a separate device 

• While the transmitters are being driven around, compare the tracking data 
to the course of the road on google maps.  

• When the transmitters return, compare the recorded tracks to the actual 
route taken. 

7.1.2.5(c) Results 
The Eggfinder GPS data approximately matched the route taken by the driving 

team member. This GPS has been used in the past by Tacho Lycos so it was 

expected to be accurate and reliable, and the Tracking Device Operational Test 

validated these expectations. 

7.1.3 Payload Test Suite 

7.1.3.1 Launch Vehicle Camera Angle Test 
Test Date: 11/20/21 

This test was completed on the subscale flight to determine the relative advantage 

of placing launch vehicle cameras at an angle. Cameras oriented horizontally, such 

that their lens is pointing straight at the ground, have limited potential to identify 

landmarks with their viewpoint. Angled cameras have the potential to see farther, 

providing a greater chance that the cameras will capture images containing 

landmarks. The trade-off with angled cameras is that it may be more difficult to 

conduct image recognition when viewing landmarks at an angle when all reference 

images taken from a horizontal reference plane. This test provided film data from 

two cameras during the subscale vehicle’s flight, with one camera being oriented at 

a 13.3o angle from the horizontal and the other camera being oriented horizontal 

(perpendicular to the launch vehicle). Both cameras got usable data and not a 

significant difference between the two. The small angle probably contributed to this 

lack of difference.  

Table 7-11 Launch Vehicle Camera Angle Test Success Criteria 

Success Criteria Met (Y/N) 
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Usable photos are taken of the launch field 

from the camera pointed straight at the ground 
Y 

Usable photos are taken of the launch field 

from the angled camera 
Y 

 

7.1.3.1(a) Controlled Variables: 

• Angle of the camera in the housing 

7.1.3.1(b) Procedure: 

• Design two camera housings, one that holds its camera perpendicular to the 

launch vehicle, and one that holds its camera an angle 

• Attach the camera housings to the launch vehicle and secure the cameras 

before flight 

• Compare the data from both cameras post-flight 

7.1.3.2 Fin Can Temperature Test 
Test Date: 11/20/21 

This test was completed on the subscale flight to determine the temperature inside 

the fin can. The current design has the cables for the exterior mounted cameras 

taped along the exterior of the launch vehicle, which leaves them exposed. This 

increases the risk of damage to the cables, which can impact the success of the 

mission. If the interior temperature of the fin can is within safe ranges for the camera 

cables to continue to operate, then the design can be changed to have these cables 

inside the launch vehicle. Ultimately, it was decided that camera cables would not 

be moved into the motor tube section of the fin can due to integration challenges. 

However, this test provided bounds on the temperature levels inside the fin can. This 

test meets requirement PD 3. 

Table 7-12 Fin Can Temperature Test Success Criteria 

Success Criteria Met(Y/N) 

The 219o F coating on the bolt didn’t melt Y 

The 450o F coating on the bolt didn’t melt Y 

 

7.1.3.2(a) Controlled Variables: 

• The melting temperatures of the crayons 

7.1.3.2(b) Procedure: 

• Coat one bolt in the 219o F crayon while wearing nitrile gloves and a mask 

to protect from the carcinogenic chemicals. 

• Take a picture of the coated bolt to reference later. 
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• Place the bolt in the fin can and tape in place using blue tape. 

• Repeat with a second bolt for the 450o crayon. 

• After launch, remove the tape and check the bolts while wearing nitrile 

gloves and a mask. Compare the color to the reference images. If the color 

has changed, the temperature of the fin can reached the crayon’s specified 

temperature. 

7.1.3.3 Aluminum Tape Flight Test 
Test Date: 11/20/21 

This test was completed on the subscale flight to determine the effectiveness and 

safety of taping the camera cables to the exterior of the launch vehicle. Having the 

camera cables on the exterior of the launch vehicle leaves them exposed, increasing 

the risk of damage. This test provided valuable information on how likely the cables 

are to be damaged with aluminum tape as their only protection. The tape was able 

to secure the ribbon cable properly and the camera functioned properly.  

Table 7-13 Aluminum Tape Flight Test Success Criteria 

Success Criteria Met (Y/N) 

The camera cables were undamaged after flight Y 

The aluminum tape showed little or no damage Y 

 

7.1.3.3(a) Controlled Variables: 

• The tape 

• Location of the tape 

7.1.3.3(b) Procedure: 

• Once the cameras are properly mounted, tape the camera cables snugly to 

the exterior of the launch vehicle 

• Check for damage after the flight 

7.1.3.4 Image Processing Test 
Testing Dates: 1/15/22 – 3/22/22 

This test will ensure that the image processing framework developed for this project 

can produce usable results. To do this it must be broken into its individual elements: 

detecting objects, calculating the distance from them to the camera, and using that 

information to interpolate the launch vehicle’s location on the grid. If any part of the 

test fails, the code will need to be fixed and the test repeated until it works 

consistently. This test validates PF 4. 

Table 7-14 Image Processing Test Success Criteria 

Success Criteria Met(Y/N) 
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The image processing framework can detect objects based on 

CNN training of landmark images 
TBD 

The image processing framework can determine the distance 

between cameras and objects 
TBD 

Based on the distances between cameras and landmarks, the 

image processing framework can provide an estimate of what 

grid space the launch vehicle lands in OR rule out a wide 

array of grid spaces that the launch vehicle can’t be in 

TBD 

 

7.1.3.4(a) Controlled Variables: 

• The location the images are taken 

• The camera used to take pictures 

7.1.3.4(b) Procedure: 

• Gather images of landmarks from the Bayboro launch field to train the CNN 

• Develop a gridded image of the Bayboro launch field using similar methods 

to the gridded image of the competition launch field 

• Make sure the dimensions and locations of each landmark are known 

• Ensure the code is written such that it is clear when a landmark is detected 

and what specific landmark it is, it outputs the distance between the camera 

and landmark, and it outputs what grid space the vehicle is in OR what grid 

spaces the launch vehicle can’t be in 

• Run the images of the subscale launch, or any subsequent launch, through 

the image processing framework 

• Review the results 

7.1.3.4(c) Results: 
The image processing framework is able to detect objects based on CNN training 

that has already been done, but further training and testing is still needed to 

increase the confidence at which the landmarks are detected. Currently the 

competition launch field landmarks are being detected with 30-90% confidence, 

which should be improved for a successful payload. The framework is also 

capable of determining the distance from an object to the cameras with 

approximately 12% error. Much like the CNN testing, this will continue to be 

developed to reduce this error for a more successful payload. At this time, these 

two elements of the framework have not been combined and it cannot relate this 

information to a grid location. 

7.1.3.5 APPA Battery Capacity Test 
Testing Date: 3/22/22 

This test is done to ensure that APPA’s battery can provide enough power for all the 

Lower Payload Bay components. The two-hour window is to complete the NASA 
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requirement of maintain launchpad configurations for two hours. If this fails the 

electronic/battery design would need to be adjusted so it would not fail in an actual 

launch. This test validates PD 1. 

Table 7-15 APPA Battery Capacity Test Success Criteria 

Success Criteria Met(Y/N) 

The LPB’s electronics remain in stand-by mode 

for two hours without loss of power 
TBD 

The LPB completes mission procedures after 

two hours on stand-by, without loss of power 
TBD 

 

7.1.3.5(a) Controlled Variables: 

• All electronic components are control variables 

• the power on/off states 

7.1.3.5(b) Procedure: 

• Check that the battery is fully charged before testing/use 

• Check battery voltage to verify it matches expected battery specifications 

• Assemble APPA’s electronics as specified in the APPA wiring diagram 

• Use the battery to power the electronics 

• Run Battery Capacity Test Code on Jetson Nano 

• For 2 hours leave electronics in launch pad configuration and check components 

every 10 min 

• After the required 2 hours have passed the script will initiate a simulation of the 

mission tasks which include: 

o IMU recording data 

o Altimeter recording data 

o Power to the Arduino Nano 

o Cameras taking pictures 

o LoRa communication with the ground station 

• Verify the LPB’s electronics performed without loss of power 

7.1.3.5(c) Results 
Has not been done yet due to the IMU not arriving yet. Will be done before 

Payload Demonstration Flight on 3/26/22. 

7.1.3.6 APPA Data Collection Test 
Testing Date: 3/22/22 

The payload’s goal requires the collection of useful data, so this test is done to 

ensure that when the payload is in the launch vehicle it will successfully collect the 

required data. This data collection test checks that the altimeter, IMU and cameras 

will record and save data. This test will validate PF 1, PF 2, PF 3 and PF 5. 
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Table 7-16 APPA Data Collection Test Success Criteria 

Success Criteria Met (Y/N) 

The altimeter takes usable data, and the 

data is saved successfully. 
TBD 

The IMU provides usable data, and the data 

is saved successfully. 
TBD 

The cameras record usable data and the 

data is saved successfully. 
TBD 

 

7.1.3.6(a) Controlled Variables 

• The electrical components used 

• The movement of the APPA Electronics Sled 

7.1.3.6(b) Procedure 

• Assemble the APPA Electronics by following the APPA wiring diagram 

• Power on the sled and start the data collection 

• Walk up the stairs and point the cameras of the sled at various distinct 

points in the building 

• Return to the initial location and cut power to the sled 

• Download the data products to the lab computer via WiFi 

• Validate it by watching the video and plotting altimeter and IMU data 

7.1.3.6(c) Results 
This test has not been done yet due to the IMU not arriving yet. Will be done 

before Payload Demonstration Flight on 3/26/22. 

7.1.3.7 APPA Construction Durability Test 
Testing Date: 2/17/22 and 3/22/22 

The payload must be safely stored within the launch vehicle, which necessitates the 

construction of a payload sled. This test ensures the sled is able to keep the 

electronic components in place on the sled to reduce the risk of disconnecting or 

jostling them. Such events could impact the data, resulting in mission failure. This 

test validates PD 4. 

The first testing date was for the APPA sled that was flown on VDF and the second 

testing date is when this test will be carried out again for the newly designed APPA 

sled. As only slight changes have been made the same results are expected. 

Table 7-17 APPA Data Collection Test Success Criteria 

Success Criteria Met (Y/N) 
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All components of APPA stay attached and unbroken Y 

 

7.1.3.7(a) Controlled Variables 

• The electrical components used, and retention strategy employed 

• The movement of the APPA Electronics Sled 

7.1.3.7(b) Procedure 

• Assemble the APPA Electronics by following the APPA wiring diagram. 

• Attach all components to their places on the sled by following the APPA 

sled model. 

• Wiggle each component by hand to make sure it is secure. 

• Vigorously shake the sled by hand and note if anything breaks or comes 

disconnected. 

7.1.3.7(c) Results  
The sled was vigorously shaken, and all its components were wiggled by hand. No 

components experienced permanent displacements. After being shaken, the 

components remained in the same places with respect to the sled. This test thus 

validates PD4, suggesting that no components will be displaced with respect to 

the sled during flight. However, this test must be repeated for the new APPA Sled 

being developed (as described in Section 4.6.2). This test will be conducted before 

the payload demonstration flight.  

7.1.3.8 Kalman Filter Algorithm Test 
Testing Date: 3/23/22 

The function of the Kalman filter must be tested prior to launch. This test is a way of 

using other data to validate that the algorithm we developed will keep track of the 

rocket accurately. This test has two stages, the first is a successful run on data 

collected in the APPA Data Collection Test. Second, is a successful run on data 

collected on the subscale flight OR the vehicle demonstration flight 

Table 7-18 Kalman Filter Algorithm Test Success Criteria 

Success Criteria Met(Y/N) 

The Kalman filter is able to provide a reasonably 

accurate position estimate(within 10 ft) for the data 

collected in the data collection test 

TBD 

The Kalman filter is able to provide a reasonably 

accurate position estimate(within 100 ft) for the 

data collected in the subscale flight OR vehicle 

demonstration flight 

TBD 
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7.1.3.8(a) Controlled Variables 

• The equations in the Kalman filter 

• The data used to run the Kalman filter on 

7.1.3.8(b) Procedure 

• Acquire the data which the Kalman filter is designed to process (different 

data sets may have different state propagation) 

• Run the Kalman filter on that data set given an initial condition of 

stationary at the origin 

• Check if the estimated final position is within the given accuracy bounds 

of the known final position 

7.1.3.8(c) Results 
The Kalman filter has not been completed so the Kalman Filter Test has not 

occurred. Also, the competition IMU has not arrived which will provide the data 

for this test. This test will happen before PDF. 

7.1.3.9 APPA and MOMO Sled Temperature Test 
Testing Date: 3/24/22 

Both electronics sleds have a Jetson Nano along with other electronic components. 

The Jetson Nano is a microprocessor and will be processing a significant amount of 

data for each sled but especially in the APPA sled. This processing leads to a heat 

increase. In this test the altimeters that are already included in both sleds will be 

configured to get temperature data.  Getting the temperature data is important to 

ensure that both sleds stay under 140 degrees so that the heat will not damage any 

of the electronics. This test validates PD 4. 

Table 7-19 APPA and MOMO Sled Temperature Test Success Criteria 

Success Criteria Met(Y/N) 

APPA and MOMO’s electronics do not reach 

a temperature above 140 degrees 
TBD 

 

7.1.3.9(a) Controlled Variables 

• The altimeters (Adafriut DSP310) 

• All other electrical components in the sleds 

• The storage of the data (jetson Nano) 

• The assembly of the sleds 

• The incorporation of the sleds into the launch vehicle 

7.1.3.9(b) Procedure 

• Assemble the MOMO and APPA sled by following the checklists. 

• Put the sleds into where they would be on full-scale. 
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• Run the APPA and MOMO software that simulates what the APPA and 

MOMO electronics on an actual launch. 

• The software will automatically shut the electronics off if the 

temperature exceeds 140 degrees. 

• After an hour the software will end the simulation and the data can be 

analyzed to see if temperatures did not exceed the desired limit. 

7.1.3.9(c) Potential remedies for Bay Overheat 

• Throttle the processing speed of the Nvidia Jetson. 

• Emergency shutoff at limit temperature (fail the payload mission to 

maintain safe conditions). 

7.1.3.9(d) Results 
This test has not yet occurred for either sled. The IMU that needs to be part of 

the APPA test has not arrived yet and the altimeter that was going to be used for 

the MOMO test got repurposed. Additionally, the image processing framework is 

not completed. Without these components, the temperature levels observed in 

the sled temperature test would not be representative of true flight day 

temperatures. This test will occur for the APPA sled before the Payload 

Demonstration Flight on 3/26/22. The test for the MOMO sled will no longer 

occur because of MOMO’s removal from the final design. 

7.1.3.10 MOMO Battery Capacity Test 
Testing Date: NA 

This test is done to ensure the MOMO’s battery can provide enough power for all 

the Upper Payload Bay components. If this fails, the electronic/battery design would 

need to be adjusted so it would not fail in an actual launch.   

Table 7-20 MOMO Battery Capacity Test Success Criteria 

Success Criteria Met(Y/N) 

The UPB’s electronics remain in stand-by mode 

for two hours without loss of power 
TBD 

The UPB completes mission procedures after 

two hours on stand-by, without loss of power 
TBD 

 

7.1.3.10(a) Controlled Variables: 

• All electronic components are control variables 

• the power on/off states 

7.1.3.10(b) Procedure: 

• Check that the battery is fully charged before testing/use 

• Check battery voltage to verify it matches expected battery specifications 
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• Assemble MOMO’s electronics as specified in MOMO Checklist 

• Use the battery to power the electronics 

• Run Battery Capacity Test Code on Jetson Nano 

• For 2 hours leave electronics in launch pad configuration and check components 

every 10 min 

• After the required 2 hours have passed the script will initiate all electronics that draw 

power from the battery, which are 

o IMU record data 

o Altimeter record data 

o Power the Arduino Nano 

o Power the Jetson Nano 

o Power the cameras so they can take pictures and save the data to the Jetson 

Nano 

• Verify the UPB’s electronics performed without loss of power 

7.1.3.10(c) Results 
This test has not been completed. It was originally going to be completed earlier 

but as MOMO’s electronics got repurposed it was unclear on which electronics 

would be included in MOMO’s final design. Now that MOMO is not happening 

this test will not be completed. 

7.1.3.11 MOMO Data Collection Test 
Testing Date: 2/17/22 

The experimental payload’s goal is to get helpful data, so this test is done to ensure 

that when the experimental payload is in the launch vehicle it will successfully get 

data. This data collection test checks that the cameras will get and save data. 

Table 7-21 MOMO Data Collection Test Success Criteria 

Success Criteria Met(Y/N) 

The cameras record data and the data is saved. Y 

 

7.1.3.11(a) Controlled Variables 

• The electrical components used 

• The movement of the MOMO Electronics Sled 

7.1.3.11(b) Procedure 

• Assemble the MOMO Electronics Sled by following the MOMO checklist 

• Start the data collection 

• Point the cameras of the sled at various distinct points in the building 

• After enough data is collected stop collecting the data 

• Disassemble the MOMO Electronics Sled and hook the Jetson up to the 

computer 
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• Confirm the data is there and validate it by checking the video 

7.1.3.11(c) Results 
This test was completed on 2/17/22. At this point MOMO no longer had an IMU 

or an altimeter so this test was just to see if the cameras could record data and if 

the jetson nano could save the data to be viewed later. This test was a success 

because the jetson was able to retain the video taken by the cameras. 

7.1.3.12 MOMO Construction Durability Test 
Testing Date: 2/17/22 

The payload must be safely stored within the launch vehicle, which necessitates the 

construction of a payload sled. This test ensures the sled is able to keep the 

electronic components in place on the sled to reduce the risk of disconnecting or 

jostling them. Such events could impact the data, resulting in mission failure. 

Table 7-22 MOMO Data Collection Test Success Criteria 

Success Criteria Met(Y/N) 

All components of MOMO remain attached Y 

 

7.1.3.12(a) Controlled Variables 

• The electrical components used 

• The movement of the MOMO Electronics Sled 

7.1.3.12(b) Procedure 

• Assemble the MOMO Electronics by following the MOMO wiring diagram 

• Attach all components to their places on the sled by following the MOMO 

sled model 

• Wiggle by hand each component to make sure it is secure 

7.1.3.12(c) Results 
After the IMU, Arduino nano, and altimeter got taken for the APPA sled, the only 

pieces left on the MOMO sled to test are the Jetson nano, cameras, battery, and 

buck converter. This test was successfully completed on 2/17/22. All the 

components could withstand being pulled at and did not move when shaken. 
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Figure 7-7 MOMO Sled 

7.1.3.13 APPA Radio Communication Test 
Testing Date: 2/9/22 

The challenge requires that all information be processed and sent to a ground 

station. This test ensures that the data can be successfully transmitted to the ground 

station over the range of the launch field landing area (half a mile). This test aids in 

verifying Requirement PF 7 and PF 8. 

Table 7-23 Radio Communication Success Criteria 

Success Criteria Met(Y/N) 

All necessary data is transmitted from the launch 

vehicle to the ground station over half a mile. 
Y 

 

7.1.3.13(a) Controlled Variables 

• The electrical components used 

• Radio transmitter and receiver 

• Transmission distance 

7.1.3.13(b) Procedure 

• Assemble the Electronics by following the wiring diagrams 

• Confirm transmitter is properly connected to the appropriate 

components and power on. 

• Connect the receiver to the ground station computer 

• Send data from the payload to the ground station 

• Check the ground station to make sure all data was properly received 

7.1.3.13(c) Results 
The radio communication test was completed on 2/9/2022 at the nearby 

Dorothea Dix Park. The transmitter and receiver modules were tested a distance 

ranging from adjacency up to half a mile, which was the longest distance in the 

park unobstructed by buildings. Data was successfully transmitted and received 
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at all distances, a decrease in reliability with range was noticed, but was not 

significant enough to be considered a failure as the vehicle can transmit its 

position estimate repeatedly; thus, mitigating any small reliability issues. 

 

Figure 7-8 Radio Communication Test Maximum Range Position 

7.1.3.14 APPA Sled Stress Test 
Testing Dates: 2/14/22 and 3/21/22 

The APPA sled needs to be structurally sound and durable enough to not break or 

crack during the launch. The APPA sled will be 3D printed out and will be tested using 

the Universal Testing Machine. The UTM will compress the APPA sled until it breaks 

or deforms so that the max load can be calculated, and this up to 65 lb (maximum 

expected acceleration with a factor of safety of 1.5). This will ensure the sled can 

survive the launch. This test validates PD 8. 

The first testing date was for the APPA sled that was flown on VDF, and the second 

testing date is when this test will be carried out again for the newly designed APPA 

sled. As only slight changes have been made the same results are expected. 

Table 7-24 APPA Sled Stress Test 

Success Criteria Met(Y/N) 

The APPA sled withstands a load of 65 pounds Y 

The APPA sled shows no visible signs of breaking 

or deformation under a load of 65 pounds 
N 

 

7.1.3.14(a) Controlled Variables 

• The APPA sled design 
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• The force applied to the sled 

• The sled set up in the UTM 

7.1.3.14(b) Procedure 

• Ensure those in attendance are wearing safety glasses. 

• Secure the APPA sled in the bottom of the UTM. 

• Lower the upper portion of the UTM to be directly on top of the APPA sled. 

• Configure the UTM to apply 65 lb of force as quickly as it can (to replicate 
the nature of launch day forces) and start the test. 

• After force is applied, inspect the sled for any evidence of damage or 
deformation. 

7.1.3.14(c) Results 
The APPA sled stress test was completed on 2/14/22 with the old APPA design. 

The APPA sled is being redesigned for Payload Demonstration Flight and the APPA 

Sled Stress Test will be completed again.  The sled did not break or crack but there 

was a slight deformation on the bottom platform while the sled was being tested. 

This is partially because the force was applied unevenly on the test section. After 

the test, the sled returned to its original state, with no evidence of permanent 

deformation or failure.  

The sled was expected to withstand the force, but the slight deformation was 

unforeseen. We determined the sled was strong enough to fly on the VDF, but 

the results of VDF prompted a redesign of the APPA Sled (as described in Section 

4.6.2). The new sled will also be tested in the UTM to ensure that the sled meets 

the requirements and can safely be incorporated into the launch vehicle. The 

figure below shows the APPA sled in the testing setup. 

 

Figure 7-9 APPA Sled UTM Test 
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7.1.3.15 MOMO Sled Stress Test 
Testing Date: 2/14/22 

The MOMO Sled Stress Test will validate that the MOMO sled can withstand the max 

force it will withstand during the launch with a factor of safety of 1.5. A Universal 

Testing Machine (UTM) will be used to test the sled compressively at 55 pounds 

which is the corresponding weight to 98Gs with a factor of safety of 1.5. 

Table 7-25 MOMO Sled Stress Test 

Success Criteria Met(Y/N) 

The MOMO sled withstands a load of 55 pounds Y 

The MOMO sled shows no visible signs of breaking 

or deformation under a load of pounds 
Y 

 

7.1.3.15(a) Controlled Variables 

• The MOMO sled design 

• The force applied to the sled 

• The sled set up in the UTM 

7.1.3.15(b) Procedure 

• Ensure those in attendance are wearing the proper PPE, specifically safety 
glasses 

• Secure the MOMO sled in the bottom of the UTM 

• Lower the upper portion of the UTM to be directly above the top of the 
MOMO sled 

• Configure the UTM to apply the force as quickly as it can and start the test 

• After force is applied inspect the sled for any signs of breaking or 
deformation 

7.1.3.15(c) Test Results 
This test was completed on 2/14/22 and the test was successful because the 

MOMO sled withstood the applied force with no signs of breaking or 

deformation. This test showed that the sled can safely be used in the launch 

vehicle and the test results matched the expected results. 

 

Figure 7-10 MOMO Sled UTM Test 
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7.2 Requirements Verification 
7.2.1 NASA Requirements 

Table 6-1 below shows the requirements verification matrix for the NASA Student Launch 2021-2022 handbook requirements. 

Table 7-26 NASA Requirement Verification Matrix 

Req No SHALL Statement Success Criteria 
Verification 

Method 

Subsystem 

Allocation 
Status Status Description 

NASA 1.1 

Students on the team SHALL do 

100% of the project, including 

design, construction, written 

reports, presentations, and 

flight preparation with the 

exception of assembling the 

motors and handling black 

powder or any variant of 

ejection charges, or preparing 

and installing electric matches 

(to be done by the team’s 

mentor). Teams will submit new 

work. Excessive use of past 

work will merit penalties. 

The students of the High-

Powered Rocketry Club at NC 

State design and construct a 

solution to the requirements as 

listed in the Student Launch 

Handbook using new and 

original work. 

Inspection 
Project 

Management 
Verified 

The team plans to and has 

done the entire project with 

original work and effort. 

NASA 1.2 

The team SHALL provide and 

maintain a project plan to 

include, but not limited to the 

following items: project 

milestones, budget and 

The project management team, 

including the team lead, vice 

president, treasurer, secretary, 

safety officer, webmaster, and 

social media lead manage the 

Inspection 
Project 

Management 
Verified 

See Section 7 for team 

project plan. 
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community support, checklists, 

personnel assignments, STEM 

engagement events, and risks 

and mitigations. 

project planning tasks 

pertaining to this requirement. 

NASA 1.3 

Foreign National (FN) team 

members SHALL be identified 

by the Preliminary Design 

Review (PDR) and may or may 

not have access to certain 

activities during Launch Week 

due to security restrictions. In 

addition, FN’s may be separated 

from their team during certain 

activities on site at Marshall 

Space Flight Center. 

The team lead will identify and 

report any Foreign National 

(FN) team members in the PDR 

milestone document. 

Inspection 
Project 

Management 
Verified 

There were no FN team 

members identified. 

NASA 1.4 

The team SHALL identify all 

team members who plan to 

attend Launch Week activities 

by the Critical Design Review 

(CDR). 

The team lead will identify and 

report the team members that 

will attend the launch week by 

January 3, 2022, with the 

submission of CDR milestone 

documentation. 

Inspection 
Project 

Management 
Verified 

The list is provided in the 

CDR submission packet. 

NASA 

1.4.1 

Team Members attending 

competition SHALL include 

students actively engaged in the 

project throughout the entire 

year 

The project management team 

will identify the students that 

have been engaged throughout 

the year to be invited to launch 

week activities. 

Inspection 
Project 

Management 
Verified 

All members who are 

travelling to launch week 

have been actively helping 

senior design members in 

design and fabrication. 

NASA 

1.4.2 

Team Members SHALL include 

One mentor (see requirement 

1.13). 

The team lead will invite the 

mentor listed in section 1.2 to 

attend launch week activities. 

Inspection 
Project 

Management 
Verified Team mentors have been 

identified in section 1.2. 
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NASA 

1.4.3 

Team Members SHALL include 

no more than two adult 

educators. 

The team lead will invite the 

adult educator listed in section 

1.2 to attend launch week 

activities. 

Inspection 
Project 

Management 
Verified Adult educators have been 

identified in section 1.2. 

NASA 1.5 

The team SHALL engage a 

minimum of 250 participants in 

direct educational, hands-on 

science, technology, 

engineering, and mathematics 

(STEM) activities. These 

activities can be conducted in-

person or virtually. To satisfy 

this requirement, all events 

must occur between project 

acceptance and the FRR due 

date. 

The outreach lead implements 

STEM engagement plans with 

K12 student groups throughout 

the project lifecycle. The 

outreach lead submits all STEM 

Engagement Activity Reports 

within two weeks of the 

conclusion of the event. 

Inspection 
Project 

Management 
Verified 

See Section 1.1.4 for 

outreach numbers. 

NASA 1.6 

The team SHALL establish and 

maintain a social media 

presence to inform the public 

about team activities 

The webmaster and social 

media officer will together 

maintain our website and social 

media platforms to inform the 

public about all activities that 

the team performs throughout 

the year. Our social media 

platforms include, but not 

limited to: our club website, 

Facebook, Instagram, and 

Twitter. 

Inspection 
Project 

Management 
Verified 

Social media information 

was sent to the NASA project 

management team. 

NASA 1.7 
Teams SHALL email all 

deliverables to the NASA 

project management team by 

The team lead will send all 

deliverables to the NASA 

project management team prior 

Inspection 
Project 

Management 

Not 

Verified 

Team plans to email 

deliverables by the 

milestones detailed in the 
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the deadline specified in the 

handbook for each milestone. 

In the event that a deliverable is 

too large to attach to an email, 

inclusion of a link to download 

the file will be sufficient. 

to each specified deadline. In 

the event that the deliverable is 

too large, the webmaster posts 

the document on the team's 

website, and the team lead 

sends the NASA project 

management team a link to the 

file. 

handbook. All deliverables 

so far have been emailed to 

NASA and the team will 

continue to do so. 

NASA 1.8 
All deliverables SHALL be in PDF 

format. 

The team lead converts all 

deliverables to PDF format prior 

to submission to the NASA 

project management team. 

Inspection 
Project 

Management 
Verified 

This report and other 

reports have been submitted 

in PDF format and future 

documents will also be 

submitted in PDF format. 

NASA 1.9 

In every report, teams SHALL 

provide a table of contents 

including major sections and 

their respective sub-sections. 

The team lead creates and 

manages a Table of Contents in 

each milestone report. 

Inspection 
Project 

Management 
Verified See Table of contents above. 

NASA 

1.10 

In every report, the team SHALL 

include the page number at the 

bottom of the page. 

For each milestone report, the 

team uses a document template 

which includes page numbers at 

the bottom of each page. 

Inspection 
Project 

Management 
Verified 

See the numbering at the 

bottom of this page. 

NASA 

1.11 

The team SHALL provide any 

computer equipment necessary 

to perform a video 

teleconference with the review 

panel. This includes, but is not 

limited to, a computer system, 

video camera, speaker 

telephone, and a sufficient 

Each team member 

participating in the video 

teleconference acquires the 

necessary equipment for them 

to perform a video 

teleconference with the review 

panel. 

Inspection 
Project 

Management 
Verified 

The team has provided all 

necessary equipment for the 

CDR and PDR 

teleconferences and will do 

the same for the FRR 

teleconference. 
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Internet connection. Cellular 

phones should be used for 

speakerphone capability only as 

a last resort. 

NASA 

1.12 

All teams attending Launch 

Week SHALL be required to use 

the launch pads provided by 

Student Launch’s launch 

services provider. No custom 

pads will be permitted at the 

NASA Launch Complex. At 

launch, 8-foot 1010 rails and 12-

foot 1515 rails will be provided. 

The launch rails will be canted 5 

to 10 degrees away from the 

crowd on Launch Day. The exact 

cant will depend on Launch Day 

wind conditions. 

The aerodynamics lead designs 

a launch vehicle to be launched 

from either an 8-foot 1010 rail 

or a 12- foot 1515 rail. The 

structures lead fabricates the 

launch vehicle according to this 

design. 

Inspection 
Aerodynamics; 

Structures 
  Verified 

The launch vehicle is 

designed to be launched 

from 12- foot 1515 rail. See 

Section 3.1.1 for final launch 

vehicle design. 

NASA 

1.13 

Each team SHALL identify a 

“mentor.” 

The team lead identifies 

qualified community members 

to mentor team members 

throughout the design process. 

Inspection 
Project 

Management 
Verified See Section 1.1.1 

NASA 

1.14 

Teams SHALL track and report 

the number of hours spent 

working on each milestone. 

The team reports the number of 

hours spent on each milestone 

in the associated milestone 

report. 

Inspection 
Project 

Management 
Verified See Section 1.1.4 

NASA 2.1 
The vehicle SHALL deliver the 

payload to an apogee altitude 

between 4,000 and 6,000 feet 

The aerodynamics lead will 

design a vehicle that can carry 

the payload between 4,000 and 

Analysis; 

Verification 
Aerodynamics 

Not 

Verified 

See Section 3.5.1 for target 

altitude. 
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above ground level (AGL). 

Teams flying below 4,000 feet 

or above 6,000 feet on their 

competition launch will receive 

zero altitude points towards 

their overall project score and 

will not be eligible for the 

Altitude Award. 

6,000 feet. The team will 

construct the vehicle as 

designed to ensure it flies to the 

predicted apogee. 

NASA 2.2 

Teams SHALL identify their 

target altitude goal at the PDR 

milestone. The declared target 

altitude will be used to 

determine the team’s altitude 

score. 

The aerodynamics lead will 

declare the apogee based on 

simulations in the PDR 

milestone report. 

Inspection Aerodynamics Verified 

Target apogee of 4400 

declared in PDR. See Section 

1.2.3 for target altitude 

identification. 

NASA 2.3 

The vehicle SHALL carry, at a 

minimum, two commercially 

available barometric altimeters 

that are specifically designed 

for initiation of rocketry 

recovery events (see 

Requirement 3.4). An altimeter 

will be marked as the official 

scoring altitude used in 

determining the Altitude Award 

winner. 

The recovery lead will designate 

which altimeter is the official 

altimeter for determining the 

Altitude Award. 

Inspection Recovery Lead  Verified 

See Section 3.4.4.1 for 

information on the 

barometric altimeters 

included in the recovery 

design. 

NASA 2.4 

The launch vehicle SHALL be 

designed to be recoverable and 

reusable. Reusable is defined as 

being able to launch again on 

The structures and recovery 

lead will ensure that the vehicle 

is able to be recovered through 

Inspection 
Recovery; 

Structures 

Not 

Verified 

The launch vehicle was 

recovered and is in a 

reusable state following the 

VDF despite the main 

parachute not deploying. 
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the same day without repairs or 

modifications. 

designing the vehicle to have 

minimal damage. 

See Section 5.1 for 

information on the VDF 

NASA 2.5 

The launch vehicle SHALL have a 

maximum of four (4) 

independent sections. An 

independent section is defined 

as a section that is either 

tethered to the main vehicle or 

is recovered separately from 

the main vehicle using its own 

parachute. 

The aerodynamics and recovery 

leads will design the vehicle to 

have a maximum of 4 

independent sections. 

Inspection 
Aerodynamics; 

Recovery 
Verified 

See Section 3.2 regarding 

the vehicle design. 

NASA 

2.5.1 

std/airframe shoulders which 

are located at in-flight 

separation points SHALL be at 

least 1 body diameter in length. 

The aerodynamics lead designs 

the 

airframe such that 

couplers/shoulders at 

in-flight separation points are at 

least 1 

body diameter in length. 

Inspection Aerodynamics Verified 
See Section 3.1 regarding 

the vehicle design. 

NASA 

2.5.2 

Nosecone shoulders which are 

located at in-flight separation 

points SHALL be at least ½ body 

diameter in length. 

The aerodynamics lead designs 

the airframe such that 

nosecone shoulders at in-flight 

separation points are at least 

1/2 body diameter in length. 

Demonstration Aerodynamics Verified 
See Section 3.1 for vehicle 

design. 

NASA 2.6 

The launch vehicle SHALL be 

capable of being prepared for 

flight at the launch site within 2 

hours of the time the Federal 

Aviation Administration flight 

waiver opens. 

The project management and 

safety teams develop launch 

day checklists that can be 

executed in less than two (2) 

hours. 

Demonstration 

Project 

Management; 

Safety 

 Verified 
Total time spent preparing 

the launch vehicle for launch 

was 1 hour and 38 minutes  



 

2022 NASA Student Launch | Tacho Lycos 194 

 

NASA 2.7 

The launch vehicle and payload 

SHALL be capable of remaining 

in launch-ready configuration 

on the pad for a minimum of 2 

hours without losing the 

functionality of any critical on-

board components, although 

the capability to withstand 

longer delays is highly 

encouraged. 

The project management and 

safety teams monitor the power 

consumption of each electrical 

launch vehicle and payload 

component and verify 

functionality of each 

component after two (2) hours. 

Demonstration 

Project 

Management; 

Safety 

Not 

Verified 

For launch vehicle 

verification see Section 

3.2.2. For payload 

verification see Section 

7.1.3.5. 

NASA 2.8 

The launch vehicle SHALL be 

capable of being launched by a 

standard 12-volt direct current 

firing system. The firing system 

will be provided by the NASA-

designated launch services 

provider. 

The project management and 

safety teams select a motor 

ignitor capable of being ignited 

from a 12-volt direct current 

firing system. 

Demonstration 

Project 

Management; 

Safety 

 Verified 
The motor ignitor used can 

be ignited using a standard 

12-volt DC system. 

NASA 2.9 

The launch vehicle SHALL 

require no external circuitry or 

special ground support 

equipment to initiate launch 

(other than what is provided by 

the launch services provider). 

The project management and 

safety teams limit the launch 

vehicle such that no external 

circuitry or ground support 

equipment is required for 

launch. 

Demonstration 

Project 

Management; 

Safety 

Verified 
There is no plan to use such 

a design per Section 3. 

NASA 

2.10 

The launch vehicle SHALL use a 

commercially available solid 

motor propulsion system using 

ammonium perchlorate 

composite propellant (APCP) 

which is approved and certified 

by the National Association of 

The aerodynamics lead selects a 

commercially available solid 

motor propulsion system using 

APCP that is approved by NAR, 

TRA, and/or CAR for use in the 

launch vehicle. 

Inspection Aerodynamics Verified 
See Section 1.2.2  regarding 

motor selection. 
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Rocketry (NAR), Tripoli Rocketry 

Association (TRA), and/or the 

Canadian Association of 

Rocketry (CAR). 

NASA 

2.10.1 

Final motor choices SHALL be 

declared by the Critical Design 

Review (CDR) milestone 

The aerodynamics lead declares 

the team's final motor choice in 

the CDR milestone report. 

Inspection Aerodynamics Verified See Section 1.2.2 on motor 

selection. 

NASA 

2.10.2 

Any motor change after CDR 

SHALL be approved by the NASA 

Range Safety Officer (RSO). 

Changes for the sole purpose of 

altitude adjustment will not be 

approved. A penalty against the 

team’s overall score will be 

incurred when a motor change 

is made after the CDR 

milestone, regardless of the 

reason. 

The project management team 

requests approval from the 

NASA RSO for motor changes 

following submission of the CDR 

milestone report. 

Inspection 
Project 

Management 
 Verified 

No motor change is 

occurring. See Section 1.2.2 

on motor selection. 

NASA 

2.11 

The launch vehicle SHALL be 

limited to a single stage. 

The aerodynamics lead designs 

the launch vehicle such that it 

only utilizes a single stage. 

Inspection Aerodynamics Verified 
See Section 3 regarding the 

vehicle design. 

NASA 

2.12 

The total impulse provided by a 

College or University launch 

vehicle SHALL not exceed 5,120 

Newton-seconds (L-class). 

The aerodynamics lead selects a 

motor that does not exceed 

5,120 Newton-seconds of total 

impulse. 

Inspection Aerodynamics Verified 
See Section 1.2.2 regarding  

motor selection. 

NASA 

2.13 
Pressure vessels on the vehicle 

SHALL be approved by the RSO 

The structures lead provides the 

necessary data on any onboard 
Inspection Structures  Verified 

No pressure vessels are 

included in the final design. 
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and will meet the following 

criteria: 

pressure vessels to the NASA 

RSO and home field RSO. 

NASA 

2.13.1 

The minimum factor of safety 

(Burst or Ultimate pressure 

versus Max Expected Operating 

Pressure) SHALL be 4:1 with 

supporting design 

documentation included in all 

milestone reviews. 

The structures lead includes 

design documentation 

supporting a factor of safety of 

4:1 for any pressure vessel on 

the launch vehicle in each 

milestone report. 

Analysis; 

Inspection 
Structures Verified 

No pressure vessels are 

included in the final design. 

NASA 

2.13.2 

Each pressure vessel SHALL 

include a pressure relief valve 

that sees the full pressure of 

the tank and is capable of 

withstanding the maximum 

pressure and flow rate of the 

tank. 

The structures lead selects any 

onboard pressure vessels such 

that they include a pressure 

relief valve that sees the full 

pressure of the tank and is 

capable of withstanding the 

maximum pressure and flow 

rate of the tank. 

Analysis; 

Inspection 
Structures  Verified 

No pressure vessels are 

included in the final design. 

NASA 

2.13.3 

The full pedigree of the tank 

SHALL be described, including 

the application for which the 

tank was designed and the 

history of the tank. This will 

include the number of pressure 

cycles put on the tank, the 

dates of 

pressurization/depressurization, 

and the name of the person or 

entity administering each 

pressure event. 

The structures lead records the 

full history of each pressure 

vessel, including the number of 

pressure cycles, the dates of 

pressurization/depressurization, 

and the name of each person or 

entity administering the 

pressure events. 

Inspection Structures  Verified 
No pressure vessels are 

included in the final design. 
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NASA 

2.14 

The launch vehicle SHALL have a 

minimum static stability margin 

of 2.0 at the point of rail exit. 

The aerodynamics lead designs 

the launch vehicle such that it 

has a static stability margin of at 

least 2.0 at the point of rail exit. 

Analysis Aerodynamics Verified 
See Section 3.5.5 regarding 

stability margin. 

NASA 

2.15 

The launch vehicle SHALL have a 

minimum thrust to weight ratio 

of 5.0:1.0. 

The aerodynamics lead will 

design the vehicle and select 

the motor to make sure the 

ratio is 5:1 

Analysis Aerodynamics Verified 
See Section 1.2.2  regarding 

final motor selection. 

NASA 

2.16 

Any structural protuberance on 

the rocket SHALL be located aft 

of the burnout center of gravity. 

Camera housings will be 

exempted, provided the team 

can show that the housing(s) 

causes minimal aerodynamic 

effect on the rocket’s stability. 

The aerodynamics lead designs 

the launch vehicle such that 

there are no structural 

protuberances forward of the 

burnout center of gravity. If any 

camera housings are included, 

the aerodynamics lead shows 

that the housings cause minimal 

aerodynamic effects on launch 

vehicle stability. 

Analysis; 

Inspection 
Aerodynamics Verified 

See Section 3.1 regarding 

the vehicle design. 

NASA 

2.17 

The launch vehicle SHALL 

accelerate to a minimum 

velocity of 52 fps at rail exit. 

The aerodynamics lead designs 

the launch vehicle such that a 

minimum velocity of 52 fps is 

achieved by rail exit. 

Analysis Aerodynamics Verified 
See Section 3.5 regarding 

velocity of the vehicle. 

NASA 

2.18 

All teams SHALL successfully 

launch and recover a subscale 

model of their rocket prior to 

CDR. The subscale flight may be 

conducted at any time between 

proposal award and the CDR 

submission deadline. Subscale 

The team launches and recovers 

a subscale model of the launch 

vehicle. The team reports 

subscale flight data in the CDR 

milestone report. 

Demonstration 
Project 

Management 
Verified 

See Section 7 regarding 

project timeline and CDR. 
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flight data will be reported at 

the CDR milestone. Subscales 

are required to use a minimum 

motor impulse class of E (Mid 

Power motor). 

NASA 

2.18.1 

The subscale model SHALL 

resemble and perform as 

similarly as possible to the full-

scale model; however, the full-

scale will not be used as the 

subscale model. 

The aerodynamics lead designs 

a unique subscale launch 

vehicle which performs similarly 

to the full-scale launch vehicle 

Inspection Aerodynamics Verified See Section 3.1 about the 

full-scale design. 

NASA 

2.18.2 

The subscale model SHALL carry 

an altimeter capable of 

recording the model’s apogee 

altitude. 

The recovery lead installs an 

altimeter capable of recording 

the subscale launch vehicle' 

apogee altitude in the subscale 

launch vehicle. 

Inspection Recovery Verified See Section 3.3 of the CDR 

for subscale results. 

NASA 

2.18.3 

The subscale rocket SHALL be a 

newly constructed rocket, 

designed and built specifically 

for this year’s project 

The team constructs a new 

subscale launch vehicle, 

designed and built specifically 

for this year's project. 

Inspection 
Project 

Management 
Verified See Section 3.3 of the CDR 

for subscale results. 

NASA 

2.18.4 

Proof of a successful flight 

SHALL be supplied in the CDR 

report. Altimeter flight profile 

graph(s) OR a quality video 

showing successful launch and 

recovery events as deemed by 

the NASA management panel 

are acceptable methods of 

proof. 

The team supplies proof of a 

successful subscale flight in the 

CDR milestone report 

Inspection 
Project 

Management 
Verified See Section 3.3 of the CDR 

for subscale results. 
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NASA 

2.18.5 

The subscale rocket shall not 

exceed 75% of the dimensions 

(length and diameter) of your 

designed full-scale rocket. For 

example, if your full-scale 

rocket is a 4" diameter 100" 

length rocket your subscale 

shall not exceed 3" diameter 

and 75" in length 

The aerodynamics team lead 

designs a subscale rocket based 

on the full-scale design that 

does not exceed 75% of the 

dimensions. The Structures 

team lead builds the rocket to 

those specifications. 

Inspection 
Aerodynamics; 

Structures 
Verified 

See Section 3.3 of the CDR 

for subscale design and 

Section 3.1 for full scale 

design. 

NASA 

2.19.1 

Vehicle Demonstration Flight - 

All teams SHALL successfully 

launch and recover their full-

scale rocket prior to FRR in its 

final flight configuration. 

The team launches and recovers 

the full-scale launch vehicle in 

its final flight configuration prior 

to the FRR milestone. 

Demonstration 
Project 

Management 
Verified 

The VDF was completed. The 

launch vehicle was 

successfully launched and 

recovered on 2/19/22. There 

will be a VDF relaunch due 

to the main parachute not 

deploying. 

NASA 

2.19.1.1 

The vehicle and recovery 

system SHALL have functioned 

as designed 

No anomalies are detected in 

the performance of the launch 

vehicle and its recovery system 

during the VDF. 

Demonstration 
Project 

Management 

Not 

Verified 

The main parachute for the 

bottom half of the launch 

vehicle did not deploy so this 

requirement will be verified 

on VDF relaunch on 3/26/22. 

NASA 

2.19.1.2 

The full-scale rocket shall be a 

newly constructed rocket, 

designed and built specifically 

for this year’s project. 

The team constructs a new full-

scale launch vehicle, designed 

and built specifically for this 

year's project. 

Inspection 
Project 

Management 
 Verified 

See Section 3.1 for full-scale 

rocket construction 

documentation. 

NASA 

2.19.1.3.1 

If the payload is not flown, mass 

simulators SHALL be used to 

simulate the payload mass. 

If the payload is not flown on 

the VDF, the structures lead 

installs mass simulators to 

simulate the payload mass. 

Inspection Structures  Verified 
See Section 4.8.1 on payload 

flown on VDF. 
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NASA 

2.19.1.3.2 

The mass simulators SHALL be 

located in the same 

approximate location on the 

rocket as the missing payload 

mass. 

If the payload is not flown on 

the VDF, the structures lead 

install mass simulators in the 

same approximate location of 

the missing payload mass. 

Inspection Structures  Verified 
No payload mass simulators 

were used on VDF. 

NASA 

2.19.1.4 

If the payload changes the 

external surfaces of the rocket 

(such as camera housings or 

external probes) or manages 

the total energy of the vehicle, 

those systems SHALL be active 

during the full-scale Vehicle 

Demonstration Flight. 

If the payload changes the 

external surfaces or manages 

the total energy of the launch 

vehicle, the project 

management team activates 

those systems during the VDF. 

Inspection 
Project 

Management 
Verified 

See Section 4.5.5 about the 

camera housings on the 

launch vehicle for VDF. 

NASA 

2.19.1.5 

Teams shall fly the competition 

launch motor for the Vehicle 

Demonstration Flight. The team 

may request a waiver for the 

use of an alternative motor in 

advance if the home launch 

field cannot support the full 

impulse of the competition 

launch motor or in other 

extenuating circumstances. 

The aerodynamics lead installs 

the Launch Day motor for the 

VDF. 

Inspection Aerodynamics Verified 

The same motor was used 

on the VDF as will be used 

for the competition. 

NASA 

2.19.1.6 

The vehicle shall be flown in its 

fully ballasted configuration 

during the full-scale test flight. 

Fully ballasted refers to the 

maximum amount of ballast 

that will be flown during the 

competition launch flight. 

The structures lead installs all 

required ballast for the VDF. 
Inspection Structures 

Not 

Verified 

Additional ballast will be 

added due to the removal of 

MOMO. A re-flight of the 

VDF is occurring on 3/26/22. 

See Section 5.1 for more 

details. 
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Additional ballast may not be 

added without a reflight of the 

full-scale launch vehicle. 

NASA 

2.19.1.7 

After successfully completing 

the full-scale demonstration 

flight, the launch vehicle or any 

of its components SHALL not be 

modified without the 

concurrence of the NASA Range 

Safety Officer (RSO). 

Following a successful VDF, the 

project management team does 

not allow modification of the 

launch vehicle or any of its 

components without approval 

from the NASA RSO. 

Inspection 
Project 

Management 

Not 

Verified 

Modifications are being 

done and a re-flight is 

occurring. See Section 5.1 

for details 

NASA 

2.19.1.8 

Proof of a successful flight shall 

be supplied in the FRR report. 

Altimeter flight profile data 

output with accompanying 

altitude and velocity versus 

time plots is required to meet 

this requirement. 

The recovery lead includes 

altimeter data from the VDF in 

the FRR milestone report. 

Inspection Recovery 
Not 

Verified 

Due to the bottom half of 

the launch vehicle parachute 

not performing correctly the 

VDF was not a successful 

flight and a reflight will 

occur. See Section 5.1.3 for 

altimeter data. 

NASA 

2.19.1.9 

Vehicle Demonstration flights 

shall be completed by the FRR 

submission deadline. No 

exceptions will be made. If the 

Student Launch office 

determines that a Vehicle 

Demonstration Re-flight is 

necessary, then an extension 

may be granted. THIS 

EXTENSION IS ONLY VALID FOR 

RE-FLIGHTS, NOT FIRST TIME 

FLIGHTS. Teams completing a 

required re-flight shall submit 

The team completes the VDF by 

the FRR milestone report 

submission deadline. If a re-

flight is required, the team 

submits an FRR addendum by 

the FRR addendum deadline. 

Inspection 
Project 

Management 
 Verified 

The VDF was completed by 

the FRR deadline. A reflight 

will be occurring and a FRR 

Addendum will be submitted 

by the FRR Addendum 

deadline. 
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an FRR Addendum by the FRR 

Addendum deadline. 

NASA 

2.19.2 

Payload Demonstration Flight - 

All teams SHALL successfully 

launch and recover their full-

scale rocket containing the 

completed payload prior to the 

Payload Demonstration Flight 

deadline. 

The team completes the PDF 

prior to the PDF deadline using 

the same rocket to be flown on 

Launch Day. 

Inspection 
Project 

Management 

Not 

Verified 

The team plans on 

completing the PDF on 

3/26/22. The requirement 

will be verified following 

successful completion of 

PDR. See Section 4.8.2 for 

the current plan for PDf.  

NASA 

2.19.2.1 

The payload shall be fully 

retained until the intended 

point of deployment (if 

applicable), all retention 

mechanisms shall function as 

designed, and the retention 

mechanism shall not sustain 

damage requiring repair 

The payload remains fully 

retained until the point of 

intended deployment with each 

retention mechanism 

functioning as designed and not 

sustaining damage requiring 

repair during the PDF. 

Demonstration 
Payload 

Integration 

Not 

Verified 

This will be verified during 

the PDF. During the PDF the 

payload will be inspected 

before and after flight to 

ensure that the payload was 

retained properly. See 

Section 4.5.3 for payload 

retention during the VDF. 

This requirement will be 

verified by the FRR 

Addendum. 

NASA 

2.19.2.2 

The payload flown shall be the 

final, active version. 

The payload flown on the PDF is 

the final, active version of the 

payload. 

Inspection 
Project 

Management 

Not 

Verified 

The payload flown on PDF 

will be the final, active 

version. This requirement 

will be verified by the FRR 

Addendum. 

NASA 

2.19.2.4 

Payload Demonstration Flights 

shall be completed by the FRR 

Addendum deadline. 

The PDF is completed by the 

FRR Addendum deadline. 
Inspection 

Project 

Management 

Not 

Verified 

The team plans on 

completing the PDF on 

3/26/22 and will have the 

Addendum done by the 
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deadline. This requirement 

will be verified by the FRR 

Addendum. 

NASA 

2.20 

An FRR Addendum SHALL be 

required for any team 

completing a Payload 

Demonstration Flight or NASA 

required Vehicle Demonstration 

Re-flight after the submission of 

the FRR Report. 

If the team is completing the 

PDF or a NASA-required VDF re-

flight after the submission of 

the FRR Report, the team lead 

submits an FRR Addendum by 

the FRR Addendum deadline. 

Inspection 
Project 

Management 

Not 

Verified 

The FRR Addendum will be 

completed by 4/4/22. This 

requirement will be verified 

by the FRR Addendum. 

NASA 

2.20.1 

Teams required to complete a 

Vehicle Demonstration Re-Flight 

and failing to submit the FRR 

Addendum by the deadline 

SHALL not be permitted to fly a 

final competition launch. 

The team lead submits the FRR 

Addendum by the FRR 

Addendum deadline. 

Inspection 
Project 

Management 

Not 

Verified 

The team will submit the 

FRR addendum by deadline. 

This requirement will be 

verified by the FRR 

Addendum. 

NASA 

2.20.2 

Teams who successfully 

complete a Vehicle 

Demonstration Flight but fail to 

qualify the payload by 

satisfactorily completing the 

Payload Demonstration Flight 

requirement SHALL not be 

permitted to fly a final 

competition launch. 

The project management team 

manages the schedule such that 

a PDF is successfully completed 

by the FRR Addendum deadline 

Demonstration 
Project 

Management 

Not 

Verified 

The Payload Demonstration 

Flight will occur on 3/26/22. 

This requirement will be 

verified by the FRR 

Addendum. 

NASA 

2.21 

The team’s name and Launch 

Day contact information shall 

be in or on the rocket airframe 

as well as in or on any section of 

The team lead places their 

contact information on the 

rocket airframe and any section 

of the vehicle that is not 

Inspection 
Project 

Management 
Verified 

The team lead has written 

their contact information on 

the AV coupler and the 

inside of the drogue 
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the vehicle that separates 

during flight and is not tethered 

to the main airframe. This 

information shall be included in 

a manner that allows the 

information to be retrieved 

without the need to open or 

separate the vehicle. 

tethered to the main airframe 

in a manner that allows this 

information to be retrieved 

without opening or separating 

the vehicle 

parachute bay. See Figure  3-

28 for this information. 

NASA 

2.22 

All Lithium Polymer batteries 

SHALL be sufficiently protected 

from impact with the ground 

and will be brightly colored, 

clearly marked as a fire hazard, 

and easily distinguishable from 

other payload hardware 

The safety team ensures all 

Lithium Polymer batteries are 

sufficiently protected from 

ground impact and are marked 

appropriately. 

Analysis; 

Inspection 
Safety  Verified 

The Lithium Polymer battery 

on the APPA sled is shielded 

from impact. See Section 

4.5.3. 

NASA 

2.23.1 

The launch vehicle SHALL not 

utilize forward firing motors 

The aerodynamics lead designs 

the launch vehicle such that it 

does not utilize forward firing 

motors. 

Inspection Aerodynamics Verified 
There are no plans for such a 

design per Section 3. 

NASA 

2.23.2 

The launch vehicle SHALL not 

utilize motors that expel 

titanium sponges (Sparky, 

Skidmark, MetalStorm, etc.) 

The aerodynamics lead selects a 

motor that does not expel 

titanium sponges. 

Inspection Aerodynamics Verified 
See Section 1.2.2 regarding 

final motor selection. 

NASA 

2.23.3 

The launch vehicle SHALL not 

utilize hybrid motors. 

The aerodynamics lead selects a 

motor containing exclusively 

APCP. 

Inspection Aerodynamics Verified 
See Section 1.2.2 regarding 

final motor selection. 
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NASA 

2.23.4 

The launch vehicle SHALL not 

utilize a cluster of motors. 

The aerodynamics lead selects a 

single motor only for use in the 

launch vehicle. 

Inspection Aerodynamics Verified 
See Section 1.2.2 regarding 

final motor selection. 

NASA 

2.23.5 

The launch vehicle SHALL not 

utilize friction fitting for motors. 

The structures lead installs a 

motor retention system that 

does not use friction fitting. 

Inspection Structures Verified 
See Section 3.1 regarding 

the vehicle design. 

NASA 

2.23.6 

The launch vehicle SHALL not 

exceed Mach 1 at any point 

during flight 

The aerodynamics lead designs 

the launch vehicle such that it 

does not exceed Mach 1 at any 

point during flight. 

Analysis Aerodynamics Verified 
See Section 3.5 regarding 

velocity of the vehicle. 

NASA 

2.23.7 

Vehicle ballast SHALL not 

exceed 10% of the total 

unballasted weight of the 

rocket as it would sit on the pad 

(i.e. a rocket with an 

unballasted weight of 40 lbs. on 

the pad may contain a 

maximum of 4 lbs. of ballast). 

The aerodynamics lead designs 

the launch vehicle such that it 

does not require ballast 

exceeding 10% of the total 

unballasted weight of the 

launch vehicle. 

Analysis; 

Inspection 
Aerodynamics Verified 

See Section 3.5.3 regarding 

the vehicle design. 

NASA 

2.23.8 

Transmissions from onboard 

transmitters, which are active at 

any point prior to landing, 

SHALL not exceed 250 mW of 

power (per transmitter). 

The safety team verifies all 

transmitters activated prior to 

landing are not capable of 

transmissions exceeding 250 

mW of power per transmitter. 

Inspection Safety  Verified 

See Section 4.4.2 regarding 

the LoRa and Section 3.4.5 

regarding the Eggfinder GPS. 

NASA 

2.23.9 

Transmitters SHALL not create 

excessive interference. Teams 

will utilize unique frequencies, 

handshake/passcode systems, 

or other means to mitigate 

The safety team verifies no 

transmitter creates excessive 

interference. The safety team 

enforces the usage of unique 

Analysis; 

Demonstration 
Safety  Verified 

See Section 4.4.2 regarding 

the LoRa and Section 3.4.5 

regarding the Eggfinder GPS. 
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interference caused to or 

received from other teams 

frequencies to mitigate 

interference with other teams. 

NASA 

2.23.10 

Excessive and/or dense metal 

SHALL not be utilized in the 

construction of the vehicle. Use 

of lightweight metal will be 

permitted but limited to the 

amount necessary to ensure 

structural integrity of the 

airframe under the expected 

operating stresses. 

The structures lead minimizes 

the amount of metal onboard 

the launch vehicle. 

Inspection Structures Verified 

The final design includes 

metal only for threaded rods 

in the AV bay, U-bolts, quick 

links, and L brackets. As well 

as the nut and bolts used 

throughout the launch 

vehicle. See Section 3.1 for 

launch vehicle design. 

NASA 3.1 

The full-scale launch vehicle 

SHALL stage the deployment of 

its recovery devices, where a 

drogue parachute is deployed at 

apogee, and a main parachute 

is deployed at a lower altitude. 

Tumble or streamer recovery 

from apogee to main parachute 

deployment SHALL also be 

permissible, provided that 

kinetic energy during drogue 

stage descent is reasonable, as 

deemed by the RSO. 

The recovery lead designs a 

dual-deployment recovery 

system. 

Demonstration Recovery 
Not 

verified 

See Section 3.4.3 for the 

recovery system that uses a 

dual-deployment system. 

This system will be verified 

in the VDF re-flight. 

NASA 

3.1.1 

The main parachute SHALL be 

deployed no lower than 500 

feet. 

The recovery lead designs a 

recovery system that deploys 

the main parachute no lower 

than 500 ft. 

Demonstration Recovery 
Not 

verified 

See Section 3.4.3 for the 

recovery system that has 

both main parachutes 

deploy no lower than 500 

feet. This requirement will 
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be verified in the VDF re-

flight. 

NASA 

3.1.2 

The apogee event SHALL 

contain a delay of no more than 

2 second 

The recovery lead designs the 

recovery system so that the 

apogee event has a delay of no 

more than 2 seconds. 

Demonstration Recovery  Verified 

For the bottom half of the 

launch vehicle no apogee 

delay is programmed into 

the bottom half altimeter. A 

one second delay was 

programmed into the top 

half altimeter. See Section 

3.4 for final recovery system 

design. 

NASA 

3.1.3 

Motor ejection SHALL not be 

used for primary or secondary 

deployment. 

The recovery lead designs a 

recovery system that does not 

utilize motor ejection. 

Inspection Recovery  Verified 

Motor ejection is not used 

for recovery. See Section 3.4 

for final recovery system. 

NASA 3.2 

Each team SHALL perform a 

successful ground ejection test 

for all electronically initiated 

recovery events. 

prior to the initial flights of the 

subscale and full-scale vehicles. 

The recovery lead performs 

ejection tests on the ground for 

each electronically initiated 

recovery event. 

Demonstration Recovery  Verified 

Each launch so far has had a 

successful ejection test 

completed in the days prior 

to launch. Ejection testing is 

planned to happen before 

the full-scale launch. 

NASA 3.3 

Each independent section of the 

launch vehicle SHALL have a 

maximum kinetic energy of 75 

ft-lbf at landing. 

The recovery lead designs a 

recovery system such that the 

kinetic energy of each 

descending section of the 

launch vehicle does not exceed 

75 ft-lbf at landing. 

Analysis Recovery 
Not 

Verified 

See Section 3.4.1 for leading 

recovery system design. 
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NASA 3.4 

The recovery system SHALL 

contain redundant, 

commercially available 

altimeters. The term 

“altimeters” 

includes both simple altimeters 

and more sophisticated flight 

computers. 

The recovery lead designs a 

recovery system that utilizes at 

least two independent, 

commercially available 

altimeters in the recovery 

system. 

Inspection Recovery Verified 

See Section 3.4.4.1 for 

information on the 

redundant altimeters. 

NASA 3.5 

Each altimeter SHALL have a 

dedicated power supply, and all 

recovery electronics will be 

powered by commercially 

available batteries. 

The recovery lead designs the 

recovery system so that each 

altimeter has an independent 

supply of power from 

commercially available 

batteries. 

Inspection Recovery Verified 

Each altimeter will be 

powered by a dedicated 

commercially available 9V 

battery. See Section 3.4.4.4 

for final avionics design. 

NASA 3.6 

Each altimeter SHALL be armed 

by a dedicated mechanical 

arming switch that is accessible 

from the exterior of the rocket 

airframe when the rocket is in 

the launch configuration on the 

launch pad. 

The recovery lead designs a 

recovery system that utilizes 

dedicated mechanical arming 

switches, accessible from the 

exterior of the launch vehicle, 

for each altimeter. 

Inspection Recovery Verified 

Screw switches will be used 

to arm each altimeter 

through a hole in the 

avionics bay. See Section 

3.4.4 for final avionics 

design. 

NASA 3.7 

Each arming switch SHALL be 

capable of being locked in the 

ON position for launch (i.e., 

cannot be disarmed due to 

flight forces). 

The recovery lead utilizes 

arming switches that can be 

locked to the ON position. 

Inspection Recovery Verified 

Screw switches will be used 

to arm each altimeter 

through a hole in the 

avionics bay. Once the screw 

is tightened, the screw 

switch will be locked in the 

ON position. See Section 
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3.4.4 for final avionics 

design. 

NASA 3.8 

The recovery system electrical 

circuits SHALL be completely 

independent of any payload 

electrical circuits. 

The recovery lead designs the 

recovery system such that the 

recovery electronic circuits are 

completely independent from 

the payload electronics. 

Inspection Recovery Verified 

The recovery system 

electrical circuits are 

independent of the payload 

electrical circuits. See 

Section 3.4 for leading 

recovery system design. 

NASA 3.9 

Removable shear pins SHALL be 

used for both the main 

parachute compartment and 

the drogue parachute 

compartment. 

The recovery lead designs the 

recovery system to use 

removable shear pins to secure 

both the main parachute 

compartment and drogue 

parachute compartment. 

Inspection Recovery Verified 

#4-40 Nylon shear pins are 

used on both the main and 

drogue compartments. See 

Section 3.1 for information 

on shear pin 

implementation. 

NASA 

3.10 

The recovery area SHALL be 

limited to a 2,500 ft. radius 

from the launch pads. 

The recovery lead selects 

parachutes that prevent the 

descending launch vehicle from 

drifting more than 2,500 ft. 

from the launch pads. 

Analysis; 

Demonstration 
Recovery Verified 

See Section 3.5.9 for 

maximum drift calculations. 

NASA 

3.11 

Descent time of the launch 

vehicle SHALL be limited to 90 

seconds (apogee to touch 

down). 

The recovery lead selects 

parachutes that allow the 

launch vehicle to touch down 

within 90 seconds of reaching 

apogee. 

Analysis; 

Demonstration 
Recovery Verified See Section 3.5.8 for descent 

time calculations. 

NASA 

3.12 

An electronic GPS tracking 

device SHALL be installed in the 

launch vehicle and SHALL 

transmit the position of the 

tethered vehicle or any 

The recovery lead utilizes a GPS 

tracking device that transmits 

the position of the tethered 

launch vehicle and any 

Inspection; 

Demonstration 
Recovery Verified 

See Section 3.4.5 for leading 

recovery system design and 

GPS incorporation. 
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independent section to a 

ground receiver. 

independent sections of rocket 

to a ground receiver. 

NASA 

3.12.1 

Any rocket section or payload 

component, which lands 

untethered to the launch 

vehicle, SHALL contain an active 

electronic GPS tracking device. 

The recovery lead installs GPS 

tracking devices on any section 

that lands untethered to the 

launch vehicle. 

Inspection Recovery Verified 

See Section 3.4.5 for GPS 

information of both the 

upper and lower half of the 

launch vehicle. 

NASA 

3.12.2 

The electronic GPS tracking 

device(s) SHALL be fully 

functional during the official 

competition launch. 

The recovery lead ensures that 

the GPS devices utilized on the 

launch vehicle are fully 

functional during the official 

competition launch. 

Inspection; 

Demonstration 
Recovery Verified 

The GPS tracking was 

verified during VDF and will 

remain the same for the 

official competition launch. 

See Section 3.4.5 for GPS 

information. 

NASA 

3.13 

The recovery system electronics 

SHALL not be adversely affected 

by any other on-board 

electronic devices during flight 

(from launch until landing). 

The recovery lead designs the 

recovery system so that the 

recovery electronics are not 

adversely affected by other on-

board electronic systems. 

Inspection; 

Demonstration 
Recovery Verified 

Recovery system electronics 

were not adversely affected 

during the VDF. See Section 

3.4.4 for recovery 

electronics details. 

NASA 

3.13.1 

The recovery system altimeters 

SHALL be physically located in a 

separate compartment within 

the vehicle from any other radio 

frequency transmitting device 

and/or magnetic wave 

producing device. 

The recovery lead designs an 

avionics bay which houses 

recovery electronics in a 

compartment that is physically 

separate from all other radio 

transmitting or magnetic wave 

producing devices. 

Inspection Recovery Verified 

All recovery altimeters are in 

AV bay which is separate 

from the rest of the launch 

vehicle. See Section 3.4 for 

the final avionics system 

design. 

NASA 

3.13.2 

The recovery system electronics 

SHALL be shielded from all 

onboard transmitting devices to 

The recovery lead designs and 

installs shielding for the 

recovery system electronics 

Inspection Recovery Verified 
The recovery electronics will 

have aluminum foil shielding 

them onboard transmitting 
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avoid inadvertent excitation of 

the recovery system electronics. 

that protects it from all onboard 

transmitting devices. 

devices. See Section 3.4.4 for 

electronics shielding details. 

NASA 

3.13.3 

The recovery system electronics 

SHALL be shielded from all 

onboard devices which may 

generate magnetic waves (such 

as generators, solenoid valves, 

and Tesla coils) to avoid 

inadvertent excitation of the 

recovery system. 

The recovery lead designs and 

installs shielding for the 

recovery system electronics 

from all electromagnetic wave 

generating devices on board. 

Inspection Recovery Verified 

The recovery electronics will 

have aluminum foil shielding 

them onboard transmitting 

devices. See Section 3.4.4 for 

electronics shielding details. 

NASA 

3.13.4 

The recovery system electronics 

SHALL be shielded from any 

other onboard devices which 

may adversely affect the proper 

operation of the recovery 

system electronics. 

The recovery lead designs and 

installs shielding for the 

recovery system from all 

systems that may adversely 

affect the recovery system 

electronics. 

Inspection Recovery Verified 

The recovery electronics will 

have aluminum foil shielding 

them onboard transmitting 

devices. See Section 3.4.4 for 

electronics shielding details. 

NASA 4.1 

The team SHALL design a 

payload capable of 

autonomously locating the 

launch vehicle upon landing by 

identifying the launch vehicle’s 

grid position on an aerial image 

of the launch site without the 

use of global positional system 

(GPS). 

The Payload Team designs a 

payload to be launched in a 

high-powered rocket. The 

payload is capable of 

autonomously locating the 

launch vehicle by identifying the 

launch vehicle’s grid position on 

an aerial image without using 

GPS. 

Demonstration 

Payload 

Integration; 

Payload 

Structures; 

Payload 

Imaging; 

Payload ECD 

Verified 
See Section 4 regarding 

payload designs. 

NASA 

4.2.1 

The dimensions of the gridded 

launch field SHALL not extend 

beyond 2,500 feet in any 

direction. 

The Payload Imaging Lead will 

confirm that the aerial photo of 

the launch field does not extend 

Inspection 
Payload 

Imaging 
Verified 

See Section 4.3.2 for the 

gridded image. 
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over 2,500 feet from the launch 

rail in any direction. 

NASA 

4.2.1.1 

The launch vehicle and any 

jettisoned components SHALL 

land within the external borders 

of the launch field. 

The Recovery Lead and 

Aerodynamics Lead design the 

rocket and recovery systems 

such that the rocket lands 

within the area depicted in the 

gridded image. 

Demonstration 
Recovery; 

Aerodynamics 
Verified See section 3.5.9 for drift 

calculations. 

NASA 

4.2.2 

A legible gridded image with a 

scale SHALL be provided to the 

NASA management panel for 

approval at the CDR milestone. 

The Payload Team includes a 

gridded image of the launch 

field with a legible scale at the 

CDR milestone for approval by 

the NASA Management panel. 

Inspection 

Payload 

Integration; 

Payload 

Structures; 

Payload 

Imaging; 

Payload ECD 

Verified 
See Section 4.3.2 for the 

gridded image. 

NASA 

4.2.2.1 

The dimensions of each grid box 

SHALL not exceed 250 feet by 

250 feet. 

The Payload Imaging Lead 

confirms the gridded image grid 

spaces are no larger than 250 

feet by 250 feet. 

Inspection 
Payload 

Imaging 
Verified 

See Section 4.3.2 for the 

gridded image. 

NASA 

4.2.2.2 

The entire launch field, not to 

exceed 5,000 by 5,000 feet, 

SHALL be gridded. 

Payload Imaging Lead will 

confirm the gridding of the 

image of the 5,000 feet by 

5,000 feet field into 

appropriately sized spaces. 

Inspection 
Payload 

Imaging 
Verified 

See Section 4.3.2 for the 

gridded image. 

NASA 

4.2.2.3 

Each grid box SHALL be square 

in shape. 

The Payload Imaging Lead 

confirms that the grid spaces 

are square in shape when 

providing the gridded image. 

Inspection 
Payload 

Imaging 
Verified 

See Section 4.3.2 for the 

gridded image. 
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NASA 

4.2.2.4 

Each grid box SHALL be equal in 

size. 

When providing the gridded 

image, the Payload Imaging 

Lead confirms all grid spaces are 

equal in size. 

Inspection 
Payload 

Imaging 
Verified 

See Section 4.3.2 for the 

gridded image. 

NASA 

4.2.2.5 

Each grid box SHALL be 

numbered. 

Payload Imaging Lead will 

confirm the numbering of each 

individual box. 

Inspection 
Payload 

Imaging 
Verified 

See Section 3.2 for the 

gridded image. 

NASA 

4.2.2.6 

The identified launch vehicle’s 

grid box, upon landing, SHALL 

be transmitted to the ground 

station. 

The Payload ECD Lead designs a 

communication system to 

transmit the launch vehicle’s 

grid box to the ground station. 

Demonstration Payload ECD Verified 
See Section 4.4.3 for data 

transmission plan. 

NASA 

4.2.3 

GPS SHALL not be used to aid in 

any part of the payload mission. 

The Payload team will not use 

GPS in any part of the mission. 
Demonstration 

Payload 

Integration; 

Payload 

Structures; 

Payload 

Imaging; 

Payload ECD 

Verified 

See Section 4 for payload 

details. The payload does 

not use GPS to determine 

the launch vehicle location. 

NASA 

4.2.3.1 

GPS coordinates of the launch 

vehicle’s landing location SHALL 

be known and used solely for 

the purpose of verification of 

payload functionality and 

mission success. 

The Recovery Lead will include a 

GPS tracker in the rocket which 

successfully recorded the GPS 

location on the landing site. 

Demonstration Recovery Lead 
Not 

verified 

See Section 4.4.3 for 

description of GPS 

verification. 

NASA 

4.2.3.2 

GPS verification data SHALL be 

included in the PLAR. 

The Payload Team includes GPS 

for verification of the rocket 

location and includes this data 

in the PLAR. 

Demonstration 

Payload 

Integration; 

Payload 

Structures; 

Payload 

Not 

Verified 
Will be verified at PLAR 
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Imaging; 

Payload ECD 

NASA 

4.2.4 

The gridded image SHALL be of 

high quality, as deemed by the 

NASA management team, that 

comes from an aerial 

photograph or satellite image of 

the launch day launch field. 

The Payload Imaging Lead 

confirms the gridded image 

provided by the Payload Team 

from an aerial photograph or 

satellite image is high quality 

and deemed so by the NASA 

Management Team. 

Inspection 
Payload 

Imaging 
Verified See Section 4.3.2 for the 

gridded image. 

NASA 

4.2.4.1 

The location of the launch pad 

SHALL be depicted on the 

gridded image and confirmed 

by the NASA management 

panel. 

The Payload Team will confirm 

with NASA about the marked 

location accuracy of the launch 

pad on the provided gridded 

image. 

Inspection 

Payload 

Integration; 

Payload 

Structures; 

Payload 

Imaging; 

Payload ECD 

Verified 
See Section 4.3.2 for gridded 

image.  

NASA 

4.2.5 

No external hardware or 

software SHALL be located 

outside the team’s prep area or 

the launch vehicle itself prior to 

launch. 

The Team Lead keeps all team 

equipment contained within the 

launch vehicle and prep area 

prior to launch. 

Demonstration 
Project 

Management 
Verified 

In the subscale and VDF 

launches all external 

hardware and software were 

in the team’s prep area. This 

will be the case for the PDF 

and the competition launch. 

NASA 

4.3.1 

Black Powder and/or similar 

energetics SHALL not be used 

for any surface operations. 

Black Powder and/or similar 

energetics SHALL only be used 

for deployment of in-flight 

recovery systems. 

The Payload Integration lead 

designs the payload 

deployment systems without 

the use of black powder and 

energetics for surface 

operations. 

Demonstration 
Payload 

Integration 
Verified 

No Black Powder is used for 

the payload. See Section 4 

for details about payload 

plan. 
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NASA 

4.3.2 

Teams SHALL abide by all FAA 

and NAR rules and regulations. 

The Safety Officer shall review 

the design of the payload and 

confirm that it follows FAA and 

NAR regulations. 

Demonstration Safety Verified 
See Section 6 regarding 

safety rules and regulations. 

NASA 

4.3.3 

Any experiment element that is 

jettisoned during the recovery 

SHALL receive real-time RSO 

permission prior to initiating the 

jettison event, unless exempted 

from the requirement at the 

CDR milestone by NASA. 

The Payload Integration Lead 

will have confirmation from the 

RSO immediately prior to the 

launch for any element 

jettisoned during recovery. 

Demonstration 
Payload 

Integration 
Verified 

No experimental element is 

jettisoning from the launch 

vehicle, see Section 4 for 

details about the payload 

plan. 

NASA 

4.3.4 

Unmanned aircraft system 

(UAS) payloads, if designed to 

be deployed during descent, 

SHALL be tethered to the 

vehicle with a remotely 

controlled release mechanism 

until the RSO has given 

permission to release the UAS. 

The Payload Integration Lead 

designs any UAS deployment 

systems that will be used during 

descent to be tethered to the 

vehicle with a remotely 

controlled release mechanism 

until the RSO gives permission 

to release the UAS. 

Demonstration 
Payload 

Integration 
Verified 

There is no UAS in the final 

design. 

NASA 

4.3.5 

Teams flying UASs SHALL abide 

by all applicable FAA 

regulations, including the FAA’s 

Special Rule for Model Aircraft. 

The Safety Officer will confirm 

that any UAS abides by all FAA 

regulation including the FAA’s 

Special Rule for Model Aircraft. 

The Safety Officer will ensure 

that that any UASs abide by all 

applicable rules. 

Demonstration Safety Verified 
There is no UAS in the final 

design. 

NASA 

4.3.6 

Any UAS weighing more than 

0.55 lb SHALL be registered with 

the FAA, and the registration 

The Payload Structures Lead will 

register any UAS designed to be 

over 0.55 lb with the FAA and 

Demonstration 
Payload 

Structures 
Verified 

There is no UAS in the final 

design. 
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number SHALL be marked on 

the vehicle. 

will mark the registration 

number on the vehicle. 

NASA 5.1 

Each team SHALL use a launch 

and safety checklist. The final 

checklists will be included in the 

FRR report and used during the 

LRR and any Launch Day 

operations. 

Launch and safety checklists are 

included in FRR and are used 

during all launch activities. 

 

 

Validation of 

Records 

Safety Verified 
See Section 6.5 for the 

launch day checklists. 

NASA 5.2 

Each team shall identify a 

student safety officer who will 

be responsible for all items in 

Section 5.3. 

The Safety Officer is Frances 

McBride. 

Validation of 

Records 
Safety Verified 

See Section 6.1 for Safety 

Officer Declaration. 

NASA 5.3 

The role and responsibilities of 

the safety officer shall include, 

but are not limited to 

monitoring team activities, 

implementing safety 

procedures, maintaining safety 

documentation, and assist in 

the writing of the team’s hazard 

analyses, failure modes 

analyses, and procedures. 

The Safety Officer, Frances 

McBride, upholds all 

responsibilities detailed in 

Safety Requirement 5.3. 

Demonstration Safety Verified See Section 6.1 for Safety 

Officer Declaration.. 

NASA 5.4 

During test flights, teams shall 

abide by the rules and guidance 

of the club’s RSO. The 

allowance of certain vehicle 

configurations and/or payloads 

at the NASA Student Launch 

does not give authority for 

Clearance is given by the RSO to 

fly the launch vehicle and 

payload configurations detailed 

in this document, the proposal. 

Demonstration Safety Verified See Section 6. 
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teams to fly those vehicle 

configurations at other club 

launches. 

NASA 5.5 
Teams shall abide by all rules 

set forth by the FAA. 

The team’s plan to follow FAA 

airspace and general guidelines 

for high power rocketry is 

detailed in Section 4 of the 

proposal. The team follows this 

plan. 

Demonstration Safety Verified 

See Section 4 in the 

Proposal. The team will 

follow rules set forth by the 

FAA 

7.2.2 Team Derived Requirements 
Table 6-2 below covers the requirements verification matrix for safety team-derived requirements.  

Table 7-27 Safety Team Derived Verification Matrix 

Safety Team Derived Requirements 

ID Description Justification Success Criteria 
Verification 

Method 
Status Status Description 

Functional Requirements 

STD 1 

All Epoxy used shall be left 

to cure for at least 24 

hours prior to any load 

being applied. 

Having uncured epoxy 

weakens the overall 

structural stability of 

the launch vehicle, 

making components 

vulnerable to failure. 

All epoxied parts 

are unmoved from 

their positions until 

the date and time 

listed on their label. 

Inspection Verified 

Current manufacturing 

procedures specify for at 

least a 24-hour cure period 

for all epoxied parts and 

the team is following those 

rules. 

STD 2 

Safety glasses shall be 

provided to personnel 

working with power tools. 

The use of PPE will 

help reduce the 

likelihood of skin and 

eye injury from small 

and large debris due 

The HPRC PPE 

cabinet contains 

safety glasses for 

Inspection Verified 

23 pairs of safety glasses 

are in the PPE cabinet, well 

exceeding lab capacity. 
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to working with 

power tools. 

every working team 

member. 

STD 3 

Nitrile gloves, safety 

glasses, and particulate 

masks shall be provided to 

personnel working with 

volatile liquid and powder 

chemicals. 

The use of PPE will 

help reduce the 

likelihood of skin and 

eye injury from small 

and large debris due 

to working with 

volatile liquids or 

powders. 

The PPE cabinet 

contains gloves, 

glasses, and masks 

for every working 

team member. 

Inspection Verified 

23 glasses, 11 boxes of 

gloves, and 3 cases of 

masks are in the PPE 

cabinet, well exceeding lab 

capacity. 

STD 4 

Launch day attendees shall 

maintain a walking pace at 

all times, including during 

assembly, launch, and 

recovery 

Maintaining a steady 

walking pace at all 

times decreases the 

likelihood of slipping, 

tripping, and falling. 

Team members will 

have one foot on 

the ground at all 

times during the 

launch day. 

Inspection Verified 

Team members are 

required to attend a safety 

launch briefing which 

highlights launch day pace 

and etiquette. These safety 

meetings have occurred 

before each launch and will 

occur before the PDF and 

competition launch. 

STD 5 

All hazards identified as 

orange or red in the risk 

assessment matrix shall be 

decreased to yellow or 

green by CDR through 

mitigations. 

Mitigating potentially 

dangerous/frequent 

hazards creates a 

more robust launch 

vehicle + payload 

system. 

All hazards 

identified in the 

CDR document fall 

in the yellow or 

green zones after 

mitigation are 

applied. 

Inspection Verified 

46.3% of current hazards 

fall in the green or yellow 

zones. 

 

Table 6-3 below covers the requirements verification matrix for launch vehicle team-derived requirements.  
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Table 7-28 Launch Vehicle Team Derived Verification Matrix 

Launch Vehicle Team Derived Requirements 

ID Description Justification 
Success 

Criteria 

Verification 

Method 
Status Status Description 

Functional Requirements 

LVF 1 
The launch vehicle SHALL not 

go above Mach 0.7. 

Higher speeds 

and 

acceleration 

are not 

necessary and 

endanger the 

payload and 

other 

structural 

components. 

Simulations 

are done in 

RockSim to 

confirm the 

launch 

vehicles’ 

maximum 

velocity. 

Analysis Verified 

The maximum velocity of the 

launch vehicle is Mach 0.56. 

See Section 3.5 for mission 

performance predictions. 

LVF 2 

The launch vehicle SHALL not 

exceed 16Gs of acceleration 

during ascent. 

Acceleration 

of higher than 

16Gs could 

cause 

problems for 

the payload 

team and their 

structures. 

Simulations 

are done in 

RockSim to 

confirm the 

launch vehicles 

maximum 

ascent 

acceleration. 

Analysis Verified 

The maximum flight 

acceleration of the launch 

vehicle is 300 ft/s^2. See 

Section 3.5 for mission 

performance predictions. 

Design Requirements 

LVD 1 All critical components of the 

launch vehicle shall be 

This will 

ensure that 

any 

The factor of 

safety of each 

critical 

Analysis, 

Test 
Verified 

The factor of safety is 

determined through 

simulations and testing. See 
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designed with a minimum 

safety factor of 1.5. 

assumptions 

made during 

analysis or 

higher than 

expected 

loading will 

not cause 

unexpected 

failure of the 

launch vehicle 

during flight. 

component is 

reported in 

documentation 

and proven by 

structural 

analysis and 

testing. 

Section 3.3. for details on 

simulations. Testing is detailed 

in Section 7.1. 

LVD 2 

The launch vehicle shall be no 

larger than 6 inches in 

diameter 

Any larger 

diameters 

would cause 

more 

aerodynamic 

drag and add 

more weight. 

Additionally, 

limiting the 

size of the 

launch 

vehicles makes 

it safer and 

easier to 

manipulate on 

the launch 

field. 

The inner 

diameter of 

the airframe is 

not larger than 

6 inches. 

Inspection Verified 
See Section 3.1 for launch 

vehicle size. 
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LVD 3 

The launch vehicle shall have 

symmetrical fins and camera 

mounts 

This ensures 

that the 

launch vehicle 

is 

aerodynamic 

and ensures 

the CG is on 

center by 

causing equal 

aerodynamics 

on both sides 

and equal 

weight 

distribution. 

The launch 

vehicle has 

four fins 

equally spaced 

from each 

other around 

the airframe 

along with two 

cameras 

positioned 

centrally 

between the 

fins and on 

opposite sides 

of the 

airframe. 

Inspection Verified 
See Section 3.1 for fin design 

and camera placement. 

LVD 4 

The launch vehicle shall use at 

least 2 centering rings to 

support the motor tube 

This ensures 

that the motor 

tube has 

adequate 

support to 

experience the 

high force 

caused by the 

motor. 

Two centering 

rings along 

with the 

engine block 

will be used to 

support the 

motor tube. 

Inspection Verified 
See Section 3.1 for fin can 

design. 

LVD 5 

The launch vehicle shall have a 

stability margin between 2 and 

2.4 calipers 

Stability 

margins lower 

than 2 are 

prohibited by 

NASA in 

requirement 

The 

aerodynamics 

lead designs 

the launch 

vehicle such 

that a 

Analysis, 

Inspection 
Verified 

See Section 3.5.5. for stability 

calculations for the launch 

vehicle design. 



 

2022 NASA Student Launch | Tacho Lycos 222 

 

2.14, and 

stability 

margins higher 

than 2.4 cause 

the launch 

vehicle to be 

over stable. 

minimum 

stability 

margin of 2 

and maximum 

of 2.4 calipers 

is achieved. 

LVD 6 

The nose cone shall have a 

connection point for a shock 

cord capable of sustaining the 

maximum loads expected in 

flight to our defined minimum 

safety factor of 2. 

The nose cone 

and upper 

payload bay 

are tethered 

to the launch 

vehicle and as 

such need to 

withstand 

flight forces 

and any 

unexpected 

loading. 

Simulations in 

ANSYS using 

FEA and 

structural tests 

are done on 

the nose cone 

bulkhead and 

hardware to 

confirm the 

factor of 

safety. 

Analysis, 

Inspection 
Verified 

Factor of safety of the 

connection points are 

determined through 

simulations and testing. See 

Section 3.3. for details on 

simulations. Testing is detailed 

in Section 7.1. 

LVD 7 

The drogue parachute bay 

shall have a connection point 

for a shock chord capable of 

sustaining the maximum loads 

expected in flight to our 

defined minimum safety factor 

of 2. 

The lower 

payload bay 

and fin can are 

tethered to 

the launch 

vehicle and as 

such need to 

withstand 

flight forces 

and any 

Simulations in 

ANSYS using 

FEA and 

structural tests 

are done on 

the lower 

payload bay 

bulkhead and 

hardware to 

confirm the 

Analysis, 

Inspection 
Verified 

Factor of safety of the 

connection points are 

determined through 

simulations and testing. See 

Section 3.3. for details on 

simulations. Testing is detailed 

in Section 7.1. 
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unexpected 

loading. 

factor of 

safety. 

LVD 8 

The lower payload 

compartment shall have at 

least 6 inches of interior length 

This is to give 

the payload 

team enough 

space to 

adequately 

house the 

lower payload 

electronics. 

The lower 

payload 

compartment 

is designed to 

have 6 inches 

of interior 

length. 

Inspection Verified 

See Section 3.1 for fin can and 

lower payload compartment 

design. 

LVD 9 

The launch vehicle blast caps 

shall be exposed and 

accessible. 

Having 

accessible 

energetic 

material 

containers 

allows for 

safer loading 

of the 

energetics. 

The Avionics 

Bay has blast 

caps which are 

easily 

accessible. 

Inspection Verified 
See Section 3.4.4 for the 

Avionics sled design. 

Environmental Requirements 

LVE 1 

The airframe shall be capable 

of launching in temperatures 

between 20 and 100 degrees 

Fahrenheit. 

The launch 

vehicle is 

planned to 

operate in a 

variety of 

launch fields 

and seasons, 

including 

winter in 

The airframe 

material is 

rated to not be 

damaged or 

deformed 

under these 

temperatures. 

Inspection, 

Analysis 
Verified 

The chosen airframe material 

is G12 fiberglass and rated up 

to 265 degrees Fahrenheit. 

See Section 3.1 for details on 

material selection. 



 

2022 NASA Student Launch | Tacho Lycos 224 

 

North Carolina 

and spring in 

Alabama. 

LVE 2 
The launch vehicle airframe 

shall be water resistant. 

The team's 

home launch 

field has 

several large 

irrigation 

ditches which 

typically are 

filled with 

water. 

Additionally, 

we may have 

to launch in a 

variety of 

weather 

conditions, 

including high 

humidity and 

after recent 

rain. A water-

resistant 

airframe will 

help mitigate 

any potential 

damage. 

The airframe is 

not damaged 

or deformed 

upon exposure 

to water. 

Inspection, 

Analysis 
Verified 

See Section 3.1 for details on 

material selection. 

 

Table 6-4 below covers the requirements verification matrix for recovery team-derived requirements.  

Table 7-29 Recovery Team Derived Verification Matrix 
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Recovery Team Derived Requirements 

ID Description Justification Success Criteria 
Verification 

Method 
Status Status Description 

Functional Requirements 

RF 1 

The descent velocity under 

drogue SHALL be less than 

100 ft/s. 

Having a descent 

velocity higher than 

100 ft/s can lead to 

large main parachute 

shock. 

The chosen 

parachute will have 

a terminal velocity 

of less than 100 ft/s 

with the given mass 

of the rocket. 

Analysis Verified 

The drogue parachute 

selected has a descent 

velocity of 81.2 ft/s. 

RF 2 

The secondary black 

powder charges SHALL be 

larger than the primary 

black powder charges. 

Should the main black 

powder charge not be 

enough to blow the 

sections a part, the 

secondary charges are 

supposed to be larger 

to blast the sections a 

part. 

The amount of black 

powder poured into 

the secondary blast 

cap will be more 

than the amount 

poured into the 

primary last cap. 

Inspection  Verified 

The rule of thumb in black 

powder calculations is to 

calculate the primary and 

then add .5 grams to the 

secondary for it to be 

larger. See Section 3.4.6 

RF 3 

New 9V batteries SHALL be 

used for the altimeters 

before every flight. 

Insufficient voltage 

could mean that the 

black powder is not 

properly ignited. 

New batteries will 

be chosen and 

verified to be 9 volts 

before being placed 

on the AV sled. 

Inspection, 

Analysis 
Verified 

The procedure for installing 

altimeters includes 

checking that the voltage of 

the battery is 9V. See 

section 3.4.4.4 

Design Requirements 

RD 1 
U-Bolts SHALL be used for 

all shock cord connections. 

U-Bolts provide two 

points where shock 

can go through the 

U-Bolts are installed 

on the bulkheads as 

anchor points for 

Inspection  Verified 

U-Bolts are being used in 

the launch vehicle. See 

Section 3.1. 
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bulkhead to increase 

stability. 

the recovery 

harness. 

RD 2 

The launch vehicle SHALL 

use threaded quick-links 

for attaching all recovery 

harnesses to the launch 

vehicle attachment points. 

Threaded quick links 

are unlikely to detach 

during flight and are 

easy to attach. 

All recovery 

harnesses will be 

attached using 

quick links. 

Inspection  Verified 

Quick links are used to 

connect the recovery 

harness to the U-Bolt see 

the recovery description in 

Section 3.1 

RD 3 
The blast caps SHALL be 

exposed and accessible. 

Allows for safer and 

easier loading of black 

powder. 

Design the avionics 

bay to have the 

blast caps easily 

accessible. 

Inspection  Verified 

The design currently has 

them on the ends of the AV 

bay. See Section 3.4.4 for 

AV sled design. 

Environmental Requirements 

RE 1 
All protective insulation 

SHALL be biodegradable. 

Insulation protecting 

the shock cords and 

parachutes may fall 

out and want to 

reduce impact on the 

environment 

The insulation used 

in the parachute 

bays will be checked 

to make sure it is 

biodegradable. 

Inspection Verified 

The insulation going to be 

used in the parachute bays 

is biodegradable fiber.  
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Table 6-30 below covers the requirements verification matrix for payload team-derived requirements.  

Table 7-30  Payload Team Derived Verification Matrix 

Payload Team Derived Requirements 

ID Description Justification 
Success 

Criteria 

Verification 

Method 
Status Status Description 

Functional Requirements 

PF 1 

The APPA electronics system 

SHALL measure and record 

vehicle altitude data that can 

be processed post-landing. 

Having altitude 

data will allow 

for more 

accurate 

calculations of 

launch vehicle 

location. 

APPA 

measures and 

records 

altitude data 

that is sent to 

the parent 

microcontroller 

and is used in 

post-

processing. 

Test Verified 
See Section 6.1.3.6 for APPA 

Altimeter testing. 

PF 2 

The APPA electronics system 

SHALL measure and record 

vehicle acceleration and 

orientation data that can be 

processed post-landing. 

This data will be 

the primary 

information 

used in 

calculating the 

launch vehicle 

location. 

APPA 

measures and 

records 

acceleration & 

orientation 

data that is 

sent to the 

parent 

microcontroller 

that is then 

used in post-

processing. 

Test Not Verified 

See Section 6.1.3.6 for APPA 

data testing. The final IMU 

has not arrived yet and will 

be tested once it has arrived. 
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PF 3 

The APPA parent 

microcontroller SHALL have 

capacity to store all flight 

data. 

If the 

microcontroller 

runs out of 

storage space, 

data for 

processing will 

be lost. This is 

required by our 

decision to do 

data processing 

and fusion upon 

landing. 

The APPA 

memory 

storage unit 

stores all flight 

data without 

needing to 

stop recording 

or delete any. 

Analysis Not Verified 

See Section 6.1.3.6 for APPA 

data testing. The IMU that 

the microcontroller will be 

saving data has not arrived 

yet so this test can’t fully be 

completed. 

PF 4 

The payload's image 

processing framework SHALL 

recognize previously 

identified landmarks in 

images. 

Previously 

identifying 

landmarks 

allows for 

relative location 

of the launch 

vehicle to be 

calculated from 

known 

dimensions. 

The payload's 

image 

processing 

framework 

accurately 

identifies pre-

selected 

landmarks. 

Test Verified 
See Section 6.1.3.4 for the 

image processing test. 

PF 5 

The APPA camera system 

SHALL take images during 

the launch vehicle ascent 

and descent. 

Images are 

needed for 

image 

recognition 

which is needed 

to determine 

launch vehicle 

location 

The APPA 

camera system 

collects image 

data 

throughout the 

entire flight. 

Test Verified 
See Section 6.1.3.6 for APPA 

camera testing. 
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PF 6 

All electronic components in 

the launch vehicle SHALL be 

removable. 

Removable 

electronics 

allow for easier 

changes and 

adjustments to 

design. 

None of the 

electronic 

components in 

the launch 

vehicle are 

permanently 

fixed in place. 

Inspection Verified 
See Section 4.6.2 for the 

APPA sled design 

PF 7 

The APPA parent 

microcontroller SHALL 

transmit the launch vehicle's 

location to the ground 

station within one hour of 

landing. 

Ground station 

needs to 

receive data in 

a reasonable 

amount of time. 

The ground 

station 

receives the 

launch 

vehicle's 

location from 

the APPA in 60 

minutes or 

less. 

Test Not Verified 

See Section 4.4.3 for 

information APPA’s LoRa 

communication method and 

Section 6.1.3.13 for the radio 

communication test. 

PF 8 

APPA SHALL communicate  

data to the ground station 

over a range of at least .5 

mile. 

The launch 

vehicle could 

land 1 mile 

away and it still 

needs to 

transmit data 

APPA sends 

data, and the 

ground station 

receives data 

when they are 

1 mile apart or 

farther. 

Test Verified 

See Section 4.4.3 for 

information APPA’s LoRa 

communication range and 

Section 6.1.3.13 for the radio 

communication test. 

PF 9 

APPA SHALL not rotate or 

translate independently of 

the launch vehicle. 

Having APPA 

not stay in 

place could ruin 

the data and 

the electronics 

APPA will be 

secure in the 

lower payload 

compartment. 

Analysis Verified 
See Section 4.5.2 for sled 

integration methods. 

Design Requirements 
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PD 1 

The APPA battery SHALL 

have capacity to power all 

APPA electronics at full 

current for 1 hour 

A high-power 

capacity 

reduces 

likelihood of 

power related 

error and 

electronics not 

having 

adequate 

power 

The Payload 

ECD lead will 

choose a 

battery that 

has the 

capacity to 

power all APPA 

electronics at 

full current for 

1 hour 

Test Not Verified 

See Section 6.1.3.5 for the 

APPA battery capacity test. 

The IMU APPA will be using 

has not arrived yet so the 

battery capacity test cannot 

be performed. 

PD 2 

The APPA battery SHALL be 

protected from impact and 

puncture from its 

surroundings. 

An unprotected 

battery could 

be damaged 

leading to lack 

of power and 

electronic 

failure 

The Payload 

Integration 

lead will design 

it, so the 

battery is 

protected from 

impact and 

puncture from 

its 

surroundings. 

Analysis, 

Inspection 
Verified 

See Section 4.6.2 for APPA 

sled design 

PD 3 

APPA’s  electronics 

temperature SHALL not 

exceed 140 F. 

Electronics 

overheating 

would most 

likely result in 

their failure and 

mission failure 

The Payload 

ECD and 

Integration 

leads will 

house and set 

up the 

electronics in a 

way that their 

temperature 

Analysis Verified 
See Section 6.1.3.9 for APPA 

Sled Temperature Test. 
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does not 

exceed 140 F. 

PD 4 

All APPA electronics SHALL 

remain fixed relative to the 

sled during vehicle flight. 

This is to ensure 

the electronic 

connections are 

consistently 

secure and that 

electronic 

components 

are not 

damaged. 

The Payload 

leads will 

design the 

APPA electrical 

components to 

be secure to 

their 

respective  

sleds. 

Analysis, 

Testing 
Not Verified 

See Section 6.1.3.7 for APPA 

construction durability test. 

The IMU board has not been 

tested yet but the other 

electronics have been fixed 

to the VDF sled and tested. 

PD 5 

The camera housing SHALL 

remain firmly attached to the 

launch vehicle for the 

duration of the flight and 

landing. 

This is to ensure 

the camera 

housings can 

survive the 

entire launch. 

The Payload 

Integration 

Lead will 

design the 

camera 

housing to be 

secure to the 

launch vehicle. 

Testing Verified 

See Section 3.3.4.2 in the 

CDR for subscale camera 

housing design and results. 

PD 6 

The APPA electronics sled 

SHALL have a maximum 

length of 8 inches. 

The interior of 

the launch 

vehicle is 8 

inches so this 

design 

requirement 

will guarantee 

the APPA sled 

fits in the 

launch vehicle. 

The final 

measured 

length of the 

APPA 

electronics sled 

does not 

exceed 8 

inches. 

Inspection Verified 
See Section 4.6.2 for APPA 

sled design. 
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PD 7 

The ground station SHALL be 

powered with portable 

batteries. 

The ground 

station will be 

in an 

environment 

where power is 

limited so 

portable 

batteries are 

needed to 

power it. 

The ground 

station does 

not require 

anything to be 

plugged into a 

fixed power 

source. 

Inspection Verified 

See Section 4.4.3 for 

information about the 

Ground Station. 

PD 8 

The APPA electronics sled 

SHALL be able to sustain at 

least 98 Gs of axial 

acceleration. 

This is to ensure 

the APPA 

electronics can 

survive the 

entire launch. 

The Payload 

Integration 

lead will design 

the APPA 

electronics sled 

to be able to 

sustain at least 

98 Gs of axial 

acceleration. 

Test Verified 

See Section 6.1.3.14 for 

APPA sled stress test. 

Currently verified with the 

APPA sled. This test and 

requirement will need to be 

reverified when the new sled 

is finished. 

Environmental Requirements 

PE 1 

The camera housings SHALL 

be capable of surviving 

temperatures between 20 

and 100 degrees Fahrenheit. 

The launch 

vehicle is 

planned to 

operate in a 

variety of 

launch fields 

and seasons, 

including winter 

in North 

Carolina and 

The Payload 

Integration 

lead will design 

the camera 

housings to be 

able to work in 

the range of 

temperatures . 

Inspection, 

Analysis 
Verified 

See Section 4.5.4 for more 

information on camera 

housing design. 
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spring in 

Alabama. 

PE 2 

The camera housings 

airframe SHALL be water 

resistant. 

The team's 

home launch 

field has several 

large irrigation 

ditches which 

typically are 

filled with 

water.  

The Payload 

Integration 

lead will design 

the camera 

housings to be 

water 

resistant. 

Inspection, 

Analysis 
Verified 

See Section 4.4.2.7 for more 

information on camera 

housing design. 
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7.3 Budgeting 
7.3.1 Budget 

Table 7-31 Budget 

 Item Vendor Quantity 
Price Per 

Unit 
Item Total 

Subscale 

Structure 

Aerotech I435T-14A 
Sirius 

Rocketry 
2 $56.00  $112.00  

Aero Pack 38mm Retainer 
Apogee 

Component
s 

1 $27.00  $27.00  

Motor Casing N/A 1 $340.00   (Already own) $0.00  

Rail Buttons 
Apogee 

Component
s 

2 $2.50  $5.00  

Full Length 4” coupler 
Mad Cow 
Rocketry 

1 $46.50 $46.50 

4 Fin Slots 
Mad Cow 
Rocketry 

1 $12.00 $12.00 

48” airframe 4” diameter 
Mad Cow 
Rocketry 

1 39.95 39.95 

24” fin can 4” diameter 
Mad Cow 
Rocketry 

1 12.50 12.50 

U-Bolts Lowes 4 $1.00  $4.00  

Blast Caps Lowes 4 $2.50  $10.00  

Terminal Blocks Amazon 3 $7.00  $21.00  

Paint Lowes 1 $100.00  $100.00  

Key Switches 
Missile 
works 

2 $12.00  $24.00  

Subtotal:      $413.95  

Full-scale 

Structure 

6" G12 Airframe, Full Length (60"), 3 
Slots 

Composite 
Warehouse 

1 $225.00  $225.00  

6" G12 Airframe, Half Length (30") 
Mad Cow 
Rocketry 

1 $230.00  $230.00  

3"/75mm G12 Motor Tube, 22" length 
Mad Cow 
Rocketry 

1 $37.00  $37.00  

6" G12 Coupler 12" Length 
Composite 

Warehouse 
4 $60.00  $240.00  

6" Fiberglass 4:1 Ogive Fiberglass 
Nosecone 

Mad Cow 
1 $194.95  $149.95  

Domestic Birch Plywood 1/8"x2x2 
Aircraft 
Spruce 

8 $14.82  $118.56  

Aerotech 75/3840 Motor Case N/A 1 $360.00  (Already own) $0.00  

75 mm Motor Retainer 
Apogee 

Component
s 

1 $59.00  $59.00  
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Rail Buttons 
Apogee 

Component
s 

2 $2.50  $5.00  

Nuts and Bolts Lowes 1 $101.59 $101.59 

U-Bolts Lowes 4 $1.00  $4.00  

Shear Pins 
Chris’s 
Rocket 

Supplies 
1 $5.50 $5.50 

Aerotech L850W-PS 
Sirius 

Rocketry 
3 $211.00  $633.00  

Aerotech 75mm Forward Seal Disk Apogee 1 $20.85  $20.85  

Blast Caps Lowes 4 $2.50  $10.00  

Terminal Blocks Amazon 3 $7.00  $21.00  

Paint Lowes 1 $150.00  $150.00  

Key Switches 
Missile 
Works 

2 $12.00  $24.00  

Subtotal:      $1,808.80 

Payload 

Subscale camera (already bought) Amazon 2 $29.15 $58.30 

APPA cameras Uctronics 2 $14.50 $29.00 

High-Seed Arducam Mini Amazon 2 $36.99 $77.52 

Arduino nano (ep model) Amazon 2 $20.00 $40.00 

4 GB Nvidia Jetson PB Tech 1 $229.00 $229.00 

Lipo battery high capacity 2 cell Amazon 2 $40.00 $80.00 

7.2 V 5000 mAh Lipo Battery Amazon 1 $14.00 $14.00 

(IMU) Parker-LORD 3DMCX-AR 
Parker - 

LORD 
1 $745.00 $745.00 

Development Board 
Parker – 

LORD 
1 $145.00 $145.00 

Adafruit DPS310 Adafruit 1 $7.00 $7.00 

Small Heat Set Inserts  McMaster 2 $12.28 $24.56 

Small Screws  McMaster 1 $15.82 $15.82 

LoRa Transiever Amazon 2 $19.50 $39.00 

Subtotal:      $1,503.88  

 

 

 

 

 

 

Recovery 

and 

Avionics 

Standoffs Amazon 1  $10.99   $10.99  

Fruity Chutes 15" Parachute 

Fruity 
Chutes 1 $62.00 $62.00 

     

Jolly Logic Parachute Release Jolly Logic 1 $129.95 $129.95 

2S , 7.4V, 300 mAh Lipo Battery Amazon 2 $6.00 $12.00 

Eggfinder TX Transmitter 

Eggtimer 
Rocketry 1 $70.00 $70.00 

Eggfinder RX “Dongle” Receiver 

Eggtimer 
Rocketry 1 $25.00 $25.00 
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Stainless Steel Quick Links 
N/A 

14  $1.97  
 (Already Own)    

$0.00  

5/8 inch Kevlar Shock Cord (yard) 
N/A 

26.7  $6.35  
(Already Own)    

$0.00 

Black powder 
N/A 

1  $17.95  
 (Already Own)   

$0.00 

E-matches 
N/A 

1  $80.25  
(Already Own)   

$0.00 

Shear Pins 
CS 

Rocketry 8  $5.50   $5.50 

StratoLogger CF N/A 2  $49.46  (Already Own) $0.00  

Classic Elliptical 18" Parachute N/A 1  $57.17  (Already Own) $0.00 

6" Deployment Bag N/A 1  $46.23  (Already Own) $0.00 

18" Nomex Cloth N/A 1  $24.00  (Already Own  $0.00 

4" Deployment Bag N/A 1  $43.00  (Already Own) $0.00 

13" Nomex Cloth N/A 1  $16.00  (Already Own  $0.00 

Subtotal:      $309.94 

Miscell. 

Epoxy Resin 
West 

System 
2 $86.71  $173.42  

Epoxy Hardener 
West 

System 
2 $45.91  $91.82  

Nuts (box) McMaster 1 $38.25 $38.25  

Screws (box) McMaster 1 $5.00  $5.00  

Washers McMaster 1 $5.00  $5.00  

Wire Lowes 1 $13.00  $13.00  

Zip Ties Lowes 1 $11.00  $11.00  

3M Electrical Tape Lowes 4 $8.00  $32.00  

9V Batteries Lowes 2 $14.00  $28.00  

Wood Glue Lowes 2 $3.00  $6.00  

Rubber Bands Lowes 1 $5.00  $5.00  

Paper Towels Lowes 1 $25.00  $25.00  

Battery Connectors Amazon 3 $5.00  $15.00  

Shipping      $1,000.00  

Incidentals (replacement tools, 
hardware, safety equipment) 

 
    $1,500.00  

Subtotal:      $2,915.74  

Travel 

Student Hotel Rooms – 4 nights (# 
rooms) 

Marriot 
7 $1,026.80  $7,187.60  

Mentor Hotel Rooms – 4 nights (# 
rooms) 

Hilton 
1 $1,022.03  $1,022.03  

Van Rentals (# cars) 
NCSU 

Transportat
ion 

3 $0  $0 

Gas (Miles) N/A 3576 $0.60  $2574.72  
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Subtotal:      $10,784.35  

Promotion 

T-Shirts Lands End 40 $14.00  $560.00  

Polos Lands End 30 $25.00  $750.00  

Stickers/Pens N/A 500 $0.37  (Already Own) $0.00  

Subtotal:      $1,495.00  

Total Expenses:      $19,231.66 

 

 

Figure 7-11 2021 – 2022 Budget Breakdown Chart 

7.3.2 Funding Plan 
The North Carolina State University High-Powered Rocketry Club primarily receives 

funding from the Student Government Association’s Appropriations Committee, the 

Engineering Technology Fee, the College of Engineering, and the North Carolina Space 

Grant.  

The NC State University Student Government Association’s Appropriations Committee is 

responsible for distributing university funds to campus organizations. Each semester the 

application process consists of a proposal, presentation, and an in-person interview. 

During the 2020-2021 academic year, HPRC received a total of $2,100: $750 in the fall 

semester and $1,350 in the spring semester. This year a request of $750 was placed in the 

2021 fall semester, but we only received $322. In order to account for the difference, we 

plan to request $1500 for the spring semester. This semester’s lack of funds is presumably 

due to the impact of the 2019 COVID-19 pandemic.  

The Educational and Technology Fee is an NC State University fund that allocates funding 

for academic enhancement through student organizations. Their funding of $2,000 will 

primarily pay for the team’s faculty advisors travel costs. 

Student and mentor travel costs will be covered by NC State’s College of Engineering 

Enhancement Funds. These funds come from a pool of money dedicated to supporting 

engineering extracurriculars at NC State; The mentor’s travel comes from the Engineering 
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Technology Fee, and the student travel comes from the Engineer Your Experience 

program. The total travel cost for university affiliated attendees comes to an estimated 

$10,784.35. 

In addition to funding through NC State organizations, the North Carolina Space Grant has 

provided a large amount of monetary support to the club. NCSG accepts funding 

proposals during the fall semester and teams can request up to $5,000 for participation 

in NASA competitions. This year we have successfully qualified for the full $5,000 in funds, 

which will contribute mostly towards the body tube for the full scale, and a new 

parachute, with the remainder of the money going towards the payload team’s goals. This 

money was available to us starting at the beginning of November and will be available 

throughout the remainder of the competition schedule.  

In the past, HPRC has held sponsorships with Collins Aerospace, Jolly Logic, and more. The 

team is currently seeking new sponsorships and reaching out to past sponsors. The team 

hopes to gain a couple thousand dollars more in funding from various companies. In 

September 2021 we engaged in a partnership with Gumby’s Pizzeria, which resulted in us 

getting $134.  

In addition, this year we have been in talks to have Parker – LORD sponsor our team. As 

part of our preemptive deal, they agreed to donate the IMU and development board that 

we will be using as part of our project solution to this year's payload mission. These two 

items total to $940 and we are excited to continue this relationship next year. At this 

moment we still have not finalized the specifics of this deal other than this donation.  

These totals are listed in Table 6‑4 below, which compares the projected costs and 

incoming grants for the 2021-2022 school year. 

Table 7-32 Project Funding for 2021-2022 Competition 

Organization 

Fall 

Semester 

Amount 

Spring 

Amount 

School Year 

Total 

Engineering Technology Fee -  - $2,000.00  

SGA Appropriations $322.00   $1,300.00 $1622.00  

Sponsorships and Donations $137 $940 $1,077  

NC Space Grant 
                 

-                  - 
$5,000.00  

Engineer Your Experience 
                 

-                  -  
$7,187.60  

Member Dues -   $2,000 

Total Funding:     $18,886.60  

Total Expenses:     $19,231.66 

Difference:     $345.06 

 


