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1. Summary of CDR Report 

1.1. Team Summary 

Team Name 
Charger Rocket Works (CRW) 

School Address 
The University of Alabama in Huntsville 

301 Sparkman Dr. NW 

Huntsville, AL 35899 

 

Hours Spent on CDR 
2358 Total Team Hours 

Team Mentor 
Jason Winningham, NAR Mentor 

Level 3 NAR: 89526 / TRA: 13669 

256.824.6132 

Jason.Winningham@gmail.com 

Final Launch Location 
Primary: Woodville, Huntsville (02/13) 

Backup: Birmingham, Alabama (03/13) 

1.2. Launch Vehicle Summary 

The Charger Rocket Works launch vehicle is 116 inches long and 6 inches in diameter and 

weighs approximately 45 lbs. The selected motor is an L1390G-P Aerotech which can deliver the 

rocket to an apogee of 4125 feet. The rocket uses a variable drag system (VDS) to actively control 

the vehicle’s velocity after motor burnout to hit the official target altitude of 4000 feet. The rocket 

launches from an 8 ft launch rod with a rail exit velocity of 55.9 ft/s and a rail exit stability margin 

of 2.07 calibers. The vehicle uses a 24-inch diameter drogue parachute that is deployed at apogee 

and a 96-inch main parachute deployed at 600 feet AGL. This combination provides an estimated 

worst-case descent time of 73 seconds, in the event the VDS fails to deploy. While descending 

under drogue, the rocket is expected to fall slower than the drogue design calculations due to drag 

increase from the body tube. Even under the worst-case scenario the estimated descent time is less 

than the 90 second maximum allowed time (N.3.11).  

1.3. Payload Summary 

The 2020-2021 CRW payload is named the Isopedotís, which is Greek for leveler. 

Isopedotís has a cylindrical profile while stowed in the launch vehicle requiring a length of 20 

inches. The payload retention system is rigidly attached to the nose cone and has a length of 21 

inches. At 600 ft Above Ground Level (AGL), the nose cone and payload are ejected with the main 

parachute. The retention system releases the payload above 500 feet, allowing four autogyro blades 

to deploy upwards from their stowed position and act as the Isopedotís’s recovery system. After 

the autogyro blades open, six landing legs also deploy from an upright configuration to lock 

horizontally into the base. At 4 ft AGL, the lander detaches from the autogyro and lands on the six 

passive mechanically locking legs. The payload then levels by manipulating three modified Acme 

threaded rods. After leveling, the lander captures images using three cameras with fisheye lenses 

and transmits them back to the ground station. 

mailto:Jason.Winningham@gmail.com
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2. Changes Made Since PDR 

As the project progressed past PDR, the design of the CRW rocket and payload matured, 

and the project plan also updated to reflect the necessary testing schedules and changes that were 

decided upon. 

2.1. Changes Made to Vehicle Criteria 

There have been few changes to the CRW vehicle since PDR, however, the changes that 

were made to the design have been substantial. The entire vehicle has been lengthened by 11 inches 

to better accommodate the main parachute and allow for easier vehicle assembly and construction. 

This change came about due to the lack of space reserved for the main chute and difficulty in 

packing parachutes to the published packing sizes during the subscale vehicle assembly. The pitot 

tubes have been removed from the fins and have been relocated to the nose cone. This was done 

in response to expected difficulties in manufacturing the fins with an integral pitot tube. This 

change has also allowed for the inclusion of a static pressure port on the pitot tube. A static pressure 

port would not have been possible using the previous fin mounted design due to lack of space for 

the added pressure transducers and increase in size needed to accommodate the port. The fins 

themselves have also experienced a design change; due to concerns with over stability the span of 

the fins has been reduced. 

Aspects of the variable drag system have changed in response to concerns about the loss 

of body tube needed for the blade cutouts compromising the strength of the aft airframe. Instead 

of cutting openings in the body tube through which the VDS blades would deploy, a coupler like 

system is being utilized. This new system substantially reinforces the section of the aft body that 

houses the VDS. 

2.2. Changes Made to Payload Criteria 

The payload lander detaches from the recovery system at 4 ft AGL rather than 8 ft 

following a new requirement imposed by NAR. 

    Due to issues encountered during subscale testing, the aluminum threaded rods in the 

original retention design are replaced with 6061 aluminum columns appropriately sized to handle 

the ejection loading. Additionally, the Claw retainment mechanism is removed by sizing the 

retention bay underneath the nose cone to properly fit the payload and adding hard foam 

cushioning underneath and above the payload to prevent unwanted axial movement.  

Based on an improved knowledge of the expected landing zone topography, the furrow 

depth the lander must compensate for is reduced from 10 inches to 7 inches. This depth, given the 

width of the furrows, equates to a reduction from 45 degrees of required angular compensation to 

35 degrees. As a result, the length of the leveling threaded rods is reduced by several inches. 
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2.3.  Changes Made to Project Plan 

A backup date for the full-scale vehicle demonstration launch has been chosen. A backup 

date originally had not been decided upon at PDR. The target date for the payload demonstration 

launch was moved, and a corresponding backup date was chosen. A Google calendar has been 

created and shared with all team members in order to increase awareness of project deadlines. 

Specific tests have been added to the Full-Scale Gantt chart, and a Gantt chart for the payload has 

been created. Team meeting times have been updated for the coming school semester. Remaining 

funds from the subscale rocket budget have been transferred over to the payload budget, and $200 

has been transferred from Administration and Outreach to the payload budget as well. The 

remaining subscale rocket funds are free for redistribution due to the completion of building and 

launching the subscale rocket. Likewise, $300 of the remaining funds for Administration and 

Outreach were moved to the budget of the payload. It was determined that payload should receive 

these funds as payload is projecting to spend above what was originally allotted to the sub-team. 

The cause of this being the cost of materials for building a separate subscale payload and drop test 

payload were not included in the original payload budget estimate. With close to $600 being 

transferred from remaining subscale and Administration and Outreach funds to the payload budget, 

the payload sub-team will have more than enough funding to conduct testing and complete 

fabrication of the Isopedotís lander with backup. 

  



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

16 

3. Launch Vehicle Criteria 

3.1. Design and Verification of Launch Vehicle 

The mission of the UAH Charger Rocket Works team is to develop an innovative rocket 

that meets or exceeds all requirements for the 2020-21 NASA USLI competition by efficiently 

using the resources the team has available. In order to achieve this mission, CRW must achieve 

the following: fly with a variable drag system (VDS) to achieve the chosen launch vehicle apogee, 

fly with a pitot-static probe system to provide crucial data for the CRW Monte Carlo simulation, 

use CO2 charges for main parachute deployment to avoid debris from obstructing the payload 

cameras, use available 3D printers to print fins and the nose cone for manufacturing efficiency, 

and fly with a main parachute that is already in-house to add budgetary efficiency through cost 

savings. The CRW team has actively sought out innovative solutions to the problems presented by 

the NASA USLI competition. These solutions both test the effectiveness of designs and encourage 

vehicle efficiency in meeting NASA requirements. With safety and functionality being top 

priorities, all unique design choices that may seem unorthodox undergo rigorous testing to ensure 

that these features perform as expected on Launch Day. Despite some rather unorthodox features, 

no features included violate any NASA requirements or prohibitions. 

Figure 3.1: Full Scale Vehicle Cross Section 

3.1.1. Nose Cone 

The finalized nose cone design is a 3D-printed, ABS, elliptical nose cone containing an 

aft-facing camera, a pitot-static tube, and a GPS tracking system. The nose cone is printed in two 

parts: the nose cone body, and the removable tip. The removable tip houses the pitot-static tube 

and its respective pressure transducers. The body houses all other electronics. Payload retention is 

also a part of the nose cone, in a cage welded to the bottom of the nose cone bulkhead. The point 

of separation is at the nose cone shoulder; separation occurs during main chute deployment. 

3.1.1.1. Changes Since PDR 

Due to concerns with heat-insert strength, the central threaded-rod design chosen at PDR 

was replaced with 4 ¼”-20 bolts along the bottom of the nose cone. A benefit of this alternative 

design is that it increases the nose cone’s usable volume substantially. For the same reason, the 

GPS tracker’s RP-SMA XBee was replaced with a wire antenna XBee. The added volume is used 
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to house a camera assembly and pitot-static tube system. Both of these post-PDR additions are 

designed to be built into the nose cone. The camera provides useful footage for post-launch 

analysis and social media outreach. The pitot-static probe, originally designed for fin integration, 

will no longer be necessary for determining vehicle velocity for the VDS (the VDS now uses 

integrated altimeter data). Its purpose now is to provide useful post-flight data that can be analyzed 

and incorporated into the vehicle’s Monte Carlo simulation. It also functions as a second 

experiment on the full-scale rocket. 

3.1.1.2. Nose Cone Design 

The nose cone’s final design incorporates multiple systems. The removable tip features a 

pitot-static tube that, in conjunction with two pressure transducers, provides both static and total 

pressure readings as the vehicle ascends post-liftoff. The nose cone body houses all the electronics 

within. The body has two symmetric protrusions for the camera system to view aft. Flight 

simulations show that these protrusions result in a reduction of stability of 0.02 calibers, and a 

negligible loss of apogee (approximately 10 

ft). These losses do not reduce the stability 

of the vehicle to less than 2.0 calibers at any 

point in flight, in accordance with NASA 

requirement N.2.15.  One of these 

protrusions houses the Camera Module v2 

while the other serves as a dummy 

protrusion for aerodynamic stability. These 

two sections will be 3D printed using ABS 

due to its high impact resistance and cost 

effectiveness. The aluminum 6061-T6 

bulkhead is mounted to the nose cone body 

via 4 ¼”-20 Grade 8 steel bolts and serves as 

the interface between the nose cone and 

payload retention cage. 6061-T6 aluminum 

was chosen for the bulkhead due to its low 

cost, high strength, and low density. An 

overview picture of the nose cone assembly 

can be seen in Figure 3.2, with the basic 

dimensions shown in Figure 3.3. 

The removable tip of the nose cone’s 

main purpose is to house the pitot-static 

setup. The pitot-static system is designed 

around the pitot-static tube which protrudes 

Figure 3.2: Sharkboy Nose Cone 
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from the tip of the nose cone. To ensure the airflow 

entering the system is measured with a fully developed 

velocity profile, the tube has an L/D (Length / 

Diameter) greater than 10. To reduce turbulent flow in 

the total pressure inlet, a smooth metal tube of similar 

ID (Inner Diameter) is installed. This helps increase 

the accuracy of the pitot probe’s measurements by 

minimizing minor losses due to drag along the tube 

walls. To interface the pitot tube with the two pressure 

transducers, two barbed fittings are printed into the tip 

design. Barbed fittings were chosen since they would 

allow quick assembly of the nose cone on the launch 

field; hose clamps won’t need to be removed/installed. 

Connecting the barbed fittings to 

the pressure transducers are two 

lengths of flex tubing. To ensure the 

connection is airtight between the 

transducers and tubing hose clamps 

will be used on the transducer end 

of the tubing. Holding the 

transducers in place is a mounting 

box printed into the tip design along 

with a retention lid that is held in 

place with 4 4-40 screws. Foam 

double-sided tape is used 

underneath the transducers to 

prevent unwanted rattling and 

vibration. The entire tip assembly 

interfaces with the nose cone body 

via 3D printed square thread. 

Ultimately, the thread design allows 

for both a secure connection to the 

nose cone body and quick access to 

the nose cone’s internals on the field. 

There are current concerns that the 

nose cone material, 3D printed ABS, will be too porous to produce an airtight pitot-static tube. A 

demonstration will be performed to show that the pitot-static tube is airtight that involves building 

pressure inside the tube using an air compressor and testing for leaks using a leak detecting spray 

solution. Should the pitot-tube fail the demonstration, the tube will be printed using PETG and 

Figure 3.3: Nose Cone Basic Dimensions 

Figure 3.5: Removable Tip Dimensions 

Figure 3.4: Removable Tip – Pitot-Static Setup 
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PLA and tested again. Should the tube fail those 

demonstrations, a metal alternative will be sourced. 

An overview of the removable tip is shown in Figures 

3.4 and 3.5. 

The majority of the electronics in the nose 

cone are mounted along the walls of the nose cone 

body. Housed within is the Raspberry Pi, ADS1115, 

camera, Camera Module v2, XBee/Antenova GPS 

Tracker, key switch, and 18650 battery bank. The Pi, 

ADS1115, Camera Module, GPS Tracker, and 18650 

battery bank are secured to the walls using 2-56 

screws in conjunction with 2-56 heat-set inserts. To 

secure the camera, it is positioned in the camera 

housing which is then filled with hot glue. The hot 

glue secures the camera without being a permanent or 

damaging adhesive like epoxy. To mount the key 

switch, a 15/32” hex nut is used to clamp it onto the 

nose cone wall. To secure the 18650 batteries into 

their holder, a 3D printed retention bridge is fastened 

on top of them. There is concern that the structural 

integrity of these mounting methods may be 

compromised if the nose cone experiences a 

significant impact.  

Therefore, drop tests will be performed to 

ensure this mounting method holds all electronics in 

place. More information on this drop test can be 

found in Section 6.1.1.2. The mounted electronics 

can be seen in Figure 3.6. Dimensions for the interior 

of the nose cone can be found in Figure 3.7. 

Joining the nose cone with the payload 

retention system is the aluminum 6061-T6 bulkhead. 

The bulkhead is held in place using 4 ¼”-20 grade 8 

steel bolts with similar nuts. These bolts are slid into 

3D printed hexagonal channels which hold the bolts 

in place during the tightening and unthreading the 

nuts. This ensures a seamless nose cone assembly 

and disassembly.  

Figure 3.6: Mounted Electronics Overview 

Figure 3.7: Nose Cone Body Internal 

Dimensions 
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The nose cone bulkhead is designed to be 0.25 in thick in the middle, 0.125 in thick towards 

the edge, and is designed to have four 0.266 in diameter holes to facilitate nose cone mounting. 

The bottom of this bulkhead contains a payload retention cage, mounted via three welded 

aluminum beams. Dimensions for the bulkhead can be found in Figure 3.8. 

Figure 3.8: Nose Cone Bulkhead Dimensions 

FEA was done in Solid Edge to verify that the current bulkhead design supports the 15g 

main-chute deployment load. This expected load was calculated to be about 87.8 lbf using an 

expected mass of 3.9 lbm and a factor of safety of 1.5. Since the load will travel through the welded 

beams at the bottom, this 87.8 lbf load was applied to the beam cross sections on the bottom of the 

bulkhead. All four bolt holes 

were then constrained in all 

six degrees of freedom. The 

model was then meshed using 

Tet10 elements with a global 

edge length of 0.0417 to 

ensure the mesh is at least 3 

elements thick throughout the 

model. The result of this FEA 

can be seen in Figure 3.9.  

The FEA shows that 

the maximum experienced 

stress is around 5.3 ksi, experienced around one of the bolt mounting holes. This is nowhere near 

the yield stress of 40 ksi, verifying that the bulkhead design is capable of surviving main-chute 

deployment forces easily. 

3.1.1.3. Nose Cone Electronics 

The electronics within the nose cone serve three functions: to capture video, measure total 

and static pressures, and track the vehicle through the duration of the flight. The tracker within the 

Figure 3.9: Nose Cone Bulkhead FEA 
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nose cone body is the XBee/Antenova tracker, originally manufactured by a previous CRW team, 

and is covered in more detail in Section 3.3.4. 

    To save power and space, the pitot-static electronics and video capturing electronics are 

both run from the same Raspberry Pi 3B. The total and static pressures are measured via two analog 

pressure transducers 

which are connected to an 

ADS1115 analog to 

digital converter to 

interface with the Pi. The 

ADS1115 is a 16-bit analog 

to digital signal converter, 

which yields a resolution of 

0.00050 psi. Details 

regarding resolution can be 

seen in Table 3.1. The 

measurements are then 

processed by the Pi and stored on a microSD card for later analysis. The video is captured by a 

Camera Module v2 plugged into the Pi, specified to provide a 1080p flight video at 30fps. The 

flight video is also stored on the microSD card for later viewing. The whole system is run off of 

two 18650 batteries via a USB cable. The two batteries in conjunction have around 3000 mAh 

between them, theoretically enough to power the system for 5.9 hours. Current, voltage, and energy 

values were taken from specification sheets for the respective components with the exception of 

the Pi 3B + Camera Module v2. The current draw value for this comes from Table 3.2, created by 

Alex Eames, owner of raspi.tv. The value assumes the camera module is shooting a 1080p video 

while being controlled by a Raspberry Pi 3B. Details regarding the power budget can be seen in 

Table 3.3. 

Table 3.3: Pi Electronics Power Budget 

 

Table 3.2: Pressure Transducer / ADS1115 Resolution 

Table 3.1: Raspberry Pi + Camera Current Consumption 
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The wiring for the Raspberry Pi setup is fairly simple. The 18650 batteries supply the Pi 

with 5.2V via a micro-USB cable, everything else is then powered by the Pi. The ADS1115 is 

wired into the GPIO pins on the Pi which then takes in data from both pressure transducers on two 

analog input channels, A0 and A1. To ensure a stable connection throughout the flight, simple 

wire connections between the Pi, ADS1115, and transducers will be made via solder joints. The 

Camera Module v2 connects to the Pi via a dedicated cable and camera port mounted on the Pi. A 

wiring diagram for this setup can be seen in Figure 3.10. Note that, for tidiness, only the electronics 

pins being used are labeled.  

3.1.2. Variable Drag System 

The variable drag system 

(VDS) design has been upgraded 

and finalized to reduce foreseen 

risks at the PDR level. The objective 

of the VDS is still to narrow the 

uncertainty interval for rocket 

apogee by designing the rocket to 

overshoot the target apogee. The 

VDS will then deploy four ABS 

tabs with a MyRio implementing a 

PID control algorithm to hit the 

target apogee. These tabs deploy 

just aft of the vehicle center of 

pressure so as to not reduce vehicle 

stability during flight. The next step involving the VDS is to manufacture a 3D printed prototype 

so that wind tunnel testing can occur so drag coefficient data for the tabs can be obtained.  

3.1.2.1. Changes Since PDR 

Following PDR submission, the VDS was altered to the swivel design such that the VDS 

could expose three times more area; however, after intensive internal reviews, the VDS swivel 

design, shown in Figure 3.11, was deemed too dangerous to fly. The main reason this design was 

dismissed was the fact that there was a split in the body tube. Three ¼”-20 threaded rods would 

have held the two body tubes together, where these all threads would have to endure large bending 

moments. 

Figure 3.10: Raspberry Pi Wiring Diagram 
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Figure 3.11: Dismissed VDS Design 

Instead of altering the design shown in 

Figure 3.11, the design introduced at PDR was 

upgraded and finalized, where safety was the 

priority. In the original design, there were two 

pressure transducers for the pitot probes that 

were located in the fins. Since there are no longer 

pitot probes in the fins, two pressure transducers 

are not required anymore; however, one pressure 

transducer will be used to obtain static pressure 

for the VDS control algorithm. Likewise, it was 

determined that the MyRio would not have 

enough space to operate on an angled bracket, so 

a vertical sled was created for the MyRio. The 

upgraded final design for the VDS can be seen 

in Figure 3.12.  

Due to structural concerns of the PDR 

design, mainly large bending moments, a 13-inch coupler and 2-inch switch band was 

implemented around the VDS. Since a coupler and switch band are being used, this allows the 

UAH CRW team to place the tabs in any orientation. At PDR, it was desired to have the tabs placed 

directly between the fins; however, during assembly of the subscale rocket, it was determined that 

the tabs would interfere with the launch rail so now the tabs will be located directly above the fins. 

Due to the design increasing in size for structural reasons, the mass of the VDS has increased 

drastically from 2.91 lbm to 6.05 lbm, and the cost has also increased from $600 to approximately 

$850. In the PDR, it was intended for the VDS to go in one body tube; however, since a coupler is 

now being used, the VDS will connect two airframes together with four 8-32 screws in both the 

top and bottom bulkhead. This connection will be permanent during flight; however, it will still be 

capable of being removed post-flight for inspection and obtaining data from the MyRio. 

Figure 3.12: VDS Final Design 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

24 

3.1.2.2. VDS Design 

The VDS assembly can be 

seen in Figure 3.16 with general 

dimensions. The VDS is expected to 

weigh 6.05 lbm, be 16.2 inches tall, 

and have the capability of exposing 

3.44 in2 at full deployment. It is 

important to note that the tabs deploy 

perpendicular to the freestream, 

which results in these tabs acting as 

bluff bodies. Full deployment can be 

seen in Figure 3.13 as well. 

It is important to understand 

the aerodynamics of these tabs. For 

example, the effects that these tabs 

have inside a laminar boundary layer versus the effects inside a turbulent boundary layer. First, 

Sutherland’s correlation, Equation 3.1, was implemented to approximate the viscosity of the air, 

which was assumed to have an ambient temperature of 60°F, which was then converted to Kelvin. 

It is important to note that temperature must be inputted as Kelvin in Equation 3.1. Next, the 

Reynolds number was calculated using Equation 3.2. Finally, the boundary layer thickness for a 

flat plate was calculated for both laminar and turbulent flow with Equation 3.3, where the flat plate 

resembles the outer diameter of the rocket roughly. 

𝜇(𝑡) =
1.458∗10−6 𝑇1.5

𝑇+110.4
           (3.1) 

𝑅𝑒 =
𝜌𝑉𝑙

𝜇
   (3.2) 

𝛿 =  {

5𝑙

√𝑅𝑒
0.37𝑙

𝑅𝑒0.2

   (3.3) 

After implementing these equations 

in MATLAB, Figure 3.14 was obtained, 

which shows the thickness of a laminar and 

turbulent boundary layer. It can be seen 

that the VDS tabs at max deployment 

would fall between the laminar boundary 

layer and the turbulent boundary layer for 

most flight velocities. First, the idea of a 

Figure 3.13: Technical Drawing of VDS 

Figure 3.14: Boundary Layer Thickness vs VDS Max 

Deflection 
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laminar boundary layer around the rocket will be considered. If the flow is laminar and the tabs 

are deployed to max deflection, it can be seen that the tabs are significantly larger than the 

boundary layer, which results in a scenario similar to that shown in Figure 3.15.  

Figure 3.15: Flow Visualization of a Rectangular Protrusion in Laminar Flow1 

Looking at Figure 3.15, it can be seen that a laminar boundary layer is present prior to the 

rectangular protrusion, and then immediately following the protrusion is flow separation with a 

turbulent wake behind. Therefore, one likely scenario is flow separation with a turbulent wake 

behind the tab, which would be effective in increasing the drag on the vehicle. The other likely 

scenario is assuming the boundary layer is turbulent prior to the tab. Therefore, looking at Figure 

3.14, it can be seen that the tab would be located inside the boundary layer in this case. From in-

depth internal discussions, it was determined that the tabs will slightly increase the turbulent 

boundary layer thickness, which would then increase the overall drag on the vehicle, but not as 

effective as the laminar boundary layer case. To account for this scenario, some wind tunnel tests 

will be performed with a turbulent boundary layer, which will require the flow to be tripped prior 

to the tabs, to see the effectiveness of the 

tabs. 

    A preliminary estimate can be 

made for the effectiveness of the tabs at 

reducing the rocket’s apogee. If the Cd of 

the rocket is assumed to be 0.49 and the 

tabs are assumed to be a flat plate with a 

Cd of 1.25, these can be combined to 

estimate a new Cd of the rocket. As the 

exposed area of the tabs to the freestream 

increases, the drag increases, and the 

apogee is lowered. The max potential 

apogee reduction is determined by 

simulating a deployment of the tab from 

                                                 

1 http://courses.washington.edu/me431/handouts/Album-Fluid-Motion-Van-Dyke.pdf Figure 39 

in document 

Figure 3.16: Potential Apogee Reduction vs Exposed 

VDS Tab Area 

http://courses.washington.edu/me431/handouts/Album-Fluid-Motion-Van-Dyke.pdf
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burnout until apogee. The baseline flight is a 4000 ft apogee flight with no deployment of the VDS 

tabs. Using a numerical simulation with these assumptions, the plot in Figure 3.16 is obtained. 

This is likely an overestimate of the effectiveness of these tabs, but it still demonstrates 

that a few square inches of tab area should be enough to control the rocket’s apogee. One primary 

reason that this could be an overestimate is because of the boundary layer along the rocket body 

up to that point. Any drop in pressure would reduce the effectiveness of the tabs and if the boundary 

layer is turbulent, the performance drop could be quite large. This estimation is very preliminary 

and will have to be verified by wind tunnel tests which are described later in the testing section.  

    Design integrity was the most important factor while designing the VDS because safety 

of the UAH CRW team and observers is the highest priority. The main load case that will be 

investigated in this report is the 

loading produced from the 

deployment of the main parachute. 

Since the eyebolt on the VDS 

assembly is the only connection 

point to the avionics bay, this 

eyebolt will sense the entire force 

of the main parachute. Since this 

eyebolt is supporting 

approximately 19 lbm of the rocket 

and that a 15g force is expected, 

the estimated force on this eyebolt 

is 285 lbf using Newton’s second 

law. According to McMaster-Carr, 

the eyebolt that will be used has a 

vertical load capacity of 1300 lbf, 

which results in a margin of safety of 3.56 in the eyebolt. This load will then be instantly transferred 

into the top bulkhead, which can be seen in Figure 3.17. This bulkhead will be machined in house 

out of aluminum 6061-t6 due to its ease of machinability and the strength required for this 

bulkhead. 

Figure 3.17: Technical Drawing of VDS Top Bulkhead 
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Since this eyebolt will be 

secured onto this bulkhead with a 

1-inch diameter washer and a 

nylon-insert locknut, it is being 

assumed that the 285 lbf is evenly 

distributed across the area of the 

washer. The four 8-32 screw holes 

will act as fixed constraints, where 

the two threaded rod holes will act 

as pinned constraints. These 

settings were then implemented in 

Solid Edge’s simulation software 

with a tetrahedral mesh that had a 

GEL of 0.051 inches. The results 

can be seen in Figure 3.18. 

Looking at the results in 

Figure 3.21, it can be seen that the 

expected max von Mises stress is 12.2 ksi, which results in a yield margin of safety of 2.28. 

Additional analysis was then conducted on the all-threads to confirm that they will not be a weak 

point in the design. Since the all threads are ¼”-20, the minor diameter is 0.1876 inches, which 

corresponds to the minimum cross-sectional area on the all-threads. Assuming that the 285 lbf is 

evenly distributed between the two all threads would then result in a tensile stress of 5.16 ksi in 

each threaded rod, which is below McMaster-Carr’s rated tensile stress of 150 ksi.  

    The other load case that will be investigated is the drag loading produced from the VDS 

tabs. First-order analysis was conducted on the tabs, which implemented Equation 3.4. The 

coefficient of drag was assumed to be 1.25, which resembles that of a flat plate. The velocity was 

set to the maximum velocity in case the tabs deploy during the burn phase, which is 550 ft/s, and 

the density was assumed to be that of sea level. Implementing these parameters in Equation 3.4 

results in a drag loading of 2.69 lbf on each blade; however, it is important to note that this equation 

does not consider boundary layer effects. Due to uncertainty in the effects of the boundary layer, 

the drag loading will be assumed to be 20 lbf for analysis reasons. 

𝐷 = 𝐶𝑑 ∗
1

2
𝜌𝑉2𝑆                  (3.4) 

Figure 3.18: von Mises Stress of VDS Top Bulkhead 
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Therefore, a 20 lbf was 

implemented as the maximum 

drag loading on each tab, which 

can be seen in Figure 3.19. It is 

important to note that these tabs 

will be 3D printed out of ABS 

with 100% infill. These tabs 

were decided to be 3D printed 

because it allows the UAH CRW 

team to implement unique 

designs for these tabs and 

rapidly produce them for testing 

and prototyping. Since these 

tabs are being 3D printed, 

testing will be performed on 

these tabs to confirm that they 

can withstand flight loads and deploy/retract properly. The overview for the test can be seen in 

Section 6.1.1.5. 

FEA was then performed on the VDS tabs by evenly distributing the 20 lbf on the maximum 

exposed area. The hole, where a steel binding barrel and screw will connect, was set as a pinned 

constraint, where the bottom surface and side surfaces were set as sliding constraints. A tetrahedral 

mesh was implemented with a GEL of 0.014 inches, which resulted in Figure 3.20. 

Figure 3.20: von Mises Stress and Displacement for a VDS Tab 

 

Figure 3.19: Technical Drawing of VDS Tab 
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Looking at the results in Figure 

3.20, it can be seen that the expected 

maximum von Mises stress is 1.36 ksi, 

which results in a yield margin of safety 

of 3.63, whereas the expected max 

displacement is between 0.005 inches 

and 0.006 inches. The tabs could deform 

approximately 0.10 inches without a 

problem assuming the holes in the 

switch band and coupler were 

manufactured properly. The tabs are 

then deployed with links that are 

connected to the rotary shaft with a 

connector piece, which is then guided 

with a guide plate. All three of these 

parts can be seen in Figures 3.21 and 

3.22. The guide plate will be machined 

out of aluminum 6061-T6 mainly 

because the coefficient of friction will be 

lower between ABS and aluminum than 

ABS on ABS. Another reason is that the 

drag load on the tabs will be transferred 

onto this plate as well, which could cause 

deformation problems if ABS is used; 

therefore, aluminum 6061-T6 will be 

used since it would be a more rigid 

structure. 

Aluminum 6061-T6 will be used 

for the rotary shaft connector pieces and the links due to the bending moment that will be produced 

on these parts from the drag loading on the blades. The connector for the rotary shaft will 

implement a key that prevents the mechanism from getting misaligned during flight. The 

mechanism for the VDS can be seen on the guide plate in Figure 3122K. 

Figure 3.21: Technical Drawing of VDS Guide Plate 

Figure 3.22: Technical Drawing of Rotary Shaft 

Connector and Link 
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Figure 3.23: VDS Mechanism Fully Retracted and Deployed 

Looking at Figure 3.23, it can be seen that 

the blades, when fully retracted, will not fit inside 

the coupler; therefore, the blades will be inserted 

through the switch band during the assembling 

phase, which is why there are 4 holes in the guide 

plate, shown in Figure 3.21. These holes are placed 

there so the assembler can insert steel binding 

barrels and screws to secure the blades to the links. 

A shaft collar with a set screw will then be used to 

prevent this mechanism from shifting axially. After 

assembling the VDS, the shaft collar will be 

examined in order to make sure the mechanism 

works as expected. If a concern arises with the shaft 

collar, an additional 3D printed part will be made 

to prevent the blades and shaft collar from shifting 

vertically in flight. 

    All electronics besides the stepper motor 

will be mounted on the electronics sled, which is 

discussed in Section 3.1.2.3. The stepper motor will 

be mounted on the bottom bulkhead, which can be 

seen in Figure 3.24. This bulkhead will be 

machined out of aluminum 6061-t6 primarily for its 

strength, but also for the ease of machinability since 

this bulkhead has a unique design. The motor will 

then be secured to the bulkhead with a 3D printed part that can be seen in Figure 3.25. This part 

will be 3D printed out of ABS because it is not expected to see large loads and will be lighter and 

cost less than alternative metal brackets. 

Figure 3.24: Technical Drawing of VDS 

Bottom Bulkhead 

Figure 3.25: Technical Drawing of Motor 

Mount 
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3.1.2.3. VDS Electronics 

The VDS electronics sled went through an orientation change from PDR to CDR. Instead 

of the electronics being mounted to a platform, they are now attached to the vertical electronics 

sled pictured below in Figure 3.26. This was done to simplify the mounting of the electronics and 

provide more room for wiring the 

electronics. Attached to this sled 

are some of the same electronics 

used in CDR with a few key 

changes. The sled will still contain 

two 18650s, a National Instruments 

MyRio, MP6500 stepper motor 

driver board, and MPL3115A2 

pressure/altitude sensor. This 

pressure sensor replaces the 

Stratologger CF which was used in 

PDR. Additionally, due to 

complications with the pitot probes 

in the fins, the VDS will not use a 

total pressure reading or a pitot 

probe as planned in PDR. As a 

result, the pressure transducers are 

being repurposed for use in the nose 

cone, as discussed in Section 

3.1.1.1. 

The MyRio is attached 

vertically to the back side of the sled 

and is secured by 6 screws. The 

18650s use a battery holder and are 

also secured with a retainer that screws into the sled with two 4-40 screws. The stepper motor 

driver board will be secured with a retainer as well (not pictured) that screws into the sled, and the 

pressure sensor is fastened using two screws that screw into heated inserts. This will ensure that 

all of the electronics stay put when subjected to the g forces of flight. It can be seen how these 

electronics are all connected in Figure 3.27. 

Using the MyRio ensures that computations will be made with sufficient speed. It utilizes 

both a traditional processor and FPGA which makes it extremely quick with these types of 

calculations. This will be important because noise in pressure measurements means that a high 

sampling rate is used, increasing the workload on the MyRio. Tens to hundreds of points will be 

linearly interpolated to determine velocity which will, in turn, predict rocket apogee. Being able 

Figure 3.26: VDS Electronics Sled 

Figure 3.27: VDS Electronics Diagram 
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to do this calculation rapidly and frequently will be important given that PID control will be used 

to control the rocket. The MyRio also allows for programming with LabVIEW which contains 

many useful features for creating the program such as a linear interpolation function and a PID 

control function. 

The stepper motor is located in the bottom of the VDS bay connected to the mechanism 

with a flex coupler (Figure 3.28). The stepper motor is a Nema 14 Bipolar, chosen because of its 

high torque/weight ratio and 

precision control capabilities. This is 

important because the VDS blades 

will be controlled with a PID 

scheme which requires control of the 

exact blade deployment angles. The 

stepper motor driver allows for 

control of the stepper motor with 

pulses from the microcontroller for 

each micro step. 

To power the VDS, two 18650 batteries were 

chosen for their ability to meet system power requirements 

while being compact, lightweight, and rechargeable. These 

batteries are connected in series to increase their voltage to 

7.4 V which meets the operating voltage ranges of all of our 

electronics. They also meet NASA requirements of being 

able to power the system on idle for over 2 hours (N.2.7), 

as shown in Table 3.4. 

As indicated in Table 3.4, these batteries exceed the idle power requirement by a factor of 

over 3. Therefore, idle power draw is not expected to be an issue. The system runs for plenty of 

time under max draw as well, so the only concern that leaves is rated output wattage of the battery. 

The batteries on hand provide 4A which yields a nominal power of ~30W. This more than meets 

the max power draw of the system which is about 20W. This gives a factor of safety on power 

draw of above 1.5 which is plenty considering that that max power draw will likely not be reached, 

and rated battery amperage is not a hard limitation. 

The rotation of the VDS tabs is managed with a PID controller. This varies the exposure 

of tabs to the freestream, which directly controls drag of the rocket to give precise control of the 

rocket’s apogee. In order to estimate an apogee in real time, a live altitude reading is the sole input 

required by the program. The apogee calculation for the original PDR design used flight angle as 

well as altitude. However, there were difficulties with obtaining a pitot probe reading in the VDS 

bay, and it was decided that flight angle was not a crucial element of the program. Apogee can be 

Figure 3.28: VDS Stepper Motor and Driver 

Table 3.4: VDS Power Specifications 
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obtained with reasonable accuracy with just vertical parameters by equating kinetic energy to 

potential energy. This is because even if there is a flight angle, the vertical component of velocity 

is still what is converted to gravitational potential energy. Any horizontal component of velocity 

has minimal effects on apogee in theory. One consideration is that drag is higher if the total velocity 

of the vehicle is used instead of the vertical component. However, the ratio of the vertical 

component of drag to the total drag is the same as the ratio of vertical velocity to total velocity. 

Therefore, the vertical deceleration due to drag will be the same if calculated based on the vertical 

velocity. This means that if the horizontal components of velocity are ignored, the calculation of 

apogee with losses to drag will still be the same. Adding a way to calculate flight angle is still a 

consideration, because it will allow for prediction of the rocket’s arc for the rest of the flight. 

However, for now, it will not be used.  

The vertical velocity of the rocket is the derivative of altitude. With the sufficient 

computational power of the MyRio microcontroller, this is found by applying a linear fit to the last 

few altitude readings and taking that line’s slope. By knowing the current vertical velocity, altitude, 

and coefficient of drag, an apogee can be calculated continuously throughout flight. This live 

apogee prediction is compared to the apogee of 4000 ft to determine an error. The PID controller 

minimizes this error by accounting for the apogee error continuously throughout flight. The output 

of the controller will result in a specific deployment of the VDS tabs, which creates the CD for the 

vehicle that will slow it to reach the 4000 ft target apogee. Simulated flights will be run in the 

LabVIEW software to determine how these PID values are tuned. The correct PID values will 

allow the VDS to respond quickly while making sure that the response is not overshot (or the 

apogee of 4000 ft will be permanently undershot). The details of how this system will be tested is 

discussed in Section 6.1.1.5. 

3.1.3. Fins 

The leading factor dictating the geometric design of the fins is vehicle stability. If the mass 

of the rocket changes, the fins will also change to maintain the narrow stability requirement of at 

least 2.0 on rail exit as defined by NASA 

requirement N.2.14. This is because varying the 

shape and size of the fins is the most straightforward 

method for altering the location of the center of 

pressure for the vehicle. As the center of mass 

moves, the center of pressure also has to move with 

it to maintain the desired stability margin. The 

current fins are adapted to help the vehicle maintain 

a minimum stability margin of 2.07 as of the most 

recent simulation. 
Figure 3.29: Layout of the Fins on Aft Body 

Tube 
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The fins are specified to model a NACA 0012 airfoil with an elliptical cutout as shown in 

Figure 3.29. This allows the fins to be as small as possible in order to reduce their weight, which 

allows the rest of the vehicle to have higher mass margins for reaching the desired apogee. In 

addition, being smaller in size allows each fin to take less time and effort to manufacture. The 

dimensions of the ellipse are a 6-inch body chord and an 8-inch span. The design implements four 

of these fins spaced 90° apart in order to reduce the size of each fin and allow more redundancy 

and longitudinal stability. 

These fins will be 3D printed in-house using ABS plastic. Using 3D-printing allows for 

rapid production of a fin that is lower in weight and cheaper than using conventional materials, all 

while still meeting the strength requirements imposed by the calculated impact forces. This also 

allows it to be trivial to make several identical fins for rapid prototyping and testing. If a drop test 

of the ABS fin (see Section 6.1.1.6) shows that the fin will not hold up to the possible impact load, 

a metal plate inserted into the middle of the fin is the backup option for fin structure. The 

attachment method is four bolts on the corners of the fin to attach it to the main rocket body. The 

bolts themselves are attached from the inside and nuts will be attached to the fins, so that it will be 

easy to remove or replace fins if needed. 

At the time of PDR, the material of 

choice was ABS plastic due to its 

commonality in the 3D-printing 

community. However, due to increased 

analysis since PDR and the subscale flight 

demonstration, a trade study was conducted 

to determine if a switch to PETG plastic 

would provide a higher strength. However, 

research indicated that ABS would be the 

superior material for impact strength in the 

worst-case scenario of a landing directly on 

a fin. Currently, the primary material for the 

fin remains as all-ABS, with the backup 

option of a metal plate inserted into the fin 

depending on the results of the drop test 

(section 6.1.1.6). 

An additional change since PDR is the 

removal of the pitot probes from the fins. This was found to be unnecessary for the goal design 

and was met with design and manufacturing challenges too great for the advantage it would give. 

This simplifies the construction of the fins dramatically and allows them to be more sturdy and 

solid than if the pitot probe was inserted. 

Table 3.5: Mechanical Properties of ABS and PETG 

Figure 3.30: Side View of Fin Design 
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3.1.4. Motor Hardware 

The motor mounting system is 

designed for optimizing strength within a 

budget, and therefore the system brings 

together both pre-manufactured pieces as 

well as parts which are machined in-house. 

Specifically, a 75 mm motor retainer from 

Aeropack will be purchased, and two 

centering rings will be machined at UAH’s 

fabrication shop. This allows for trusted 

and economical hardware, such as the 

retainer, to be purchased, and the 

customization of more complex hardware, 

such as the centering rings. 

The system uses two 6061-T6 

aluminum centering rings, with the aft 

centering ring being the primary translator 

of force between the motor and the frame. 

This design was chosen due to the 

simplicity of the design, economical cost, 

and overall strength of the aluminum. The 

cutouts present in the centering rings limit 

the weight of the ring while preserving the 

strength of the design. Figure 3.31 shows a 

technical drawing of the centering ring and 

its features. At the aft end of the motor is a 

commercial Aeropack motor retainer which 

is machined from 6061-T6 aluminum. The 

retainer is bolted and secured to the aft 

centering ring via twelve 6-32x1/2 screws, 

which are included with the retainer. The aft 

centering ring is fixed to the aft end of the 

fiberglass body tube via four, ¼ inch 

diameter bolts. Figure 3.32 shows the exploded view of the Aeropack retainer to aft centering ring 

connection, and Figure 3.33 shows an exploded view of the centering ring to the airframe 

connection. 

Figure 3.31: Technical Drawing of Centering Ring 

Figure 3.33: Exploded View of Motor Retainer 

Figure 3.32: Exploded View of Aft Centering Ring 
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This force path described is 

shown in Figure 3.34. This path is the 

same path followed for motor firing 

(motor pushing up on the rocket) and 

parachute descent (forces holding the 

motor from falling out of the aft 

airframe), with the only difference 

being the direction of force. 

Given that the thrust 

retainer and cap are commercially 

manufactured and are rated for use with 

all Aerotech 75mm solid rocket 

motors, analysis was not necessary. 

However, to ensure that the motor 

firing force or the parachute 

deployment force would not trigger a 

structural failure, a FEA was 

completed on the 6061-T6 aluminum 

centering rings. For this analysis, the 4 

bolt holes on the outer edge of the 

centering ring were fixed, and the force 

load is centered upon the inner-ring of 

the centering ring. The results of this 

analysis are shown in both Figure 

3.35(a), motor firing forces and Figure 

3.35(b), parachute deploy forces. 

According to Aerotech, the I1390 had 

a maximum firing force of 371 lbf. 

Therefore, on launch it is expected for 

371 lbf to be the maximum force 

experienced by the centering ring. On 

parachute deployment, it is expected 

for the maximum force to be 15g’s, and using Newton's second law, it is found that the force felt 

by the centering ring is 76.2 lbf. Using a factor of safety of 1.5, a value of 556.5 lbf for ascension 

and 114.3 lbf for descension was used in FEA. It was determined that the maximum stresses 

(including the 1.5 factor of safety), for the centering ring during firing and parachute deployment 

are 13.4 ksi and 2.74 ksi, respectively. This analysis shows that the centering ring is robust enough 

to handle the loads applied during the ascent and descent phase of the mission. 

Figure 3.35: Force Path During Flight 

Figure 3.34: von Mises Stress for Centering Ring during 

(a) Firing and (b) Parachute Deployment 

(b) 

(a) 
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The primary concern with this design has to do with the fiberglass body tube and its ability 

to withstand the force on ascent and descent. For instance, when a parachute is deployed, the 

vehicle will feel a vertical impulse force upward, and it is imperative that the centering ring to 

vehicle body bolts do not tear out of the fiberglass. A test-to-failure will be completed with a spare 

fiberglass 6-inch body tube, which will verify the strength of the fiberglass. If it is found that 

additional measures are necessary to ensure that the fiberglass does not fail during launch, then 

there are two possible solutions. The first solution is that the material at the end of the frame can 

be increased so that there is more area between the bolt and bottom edge of the fiberglass. This is 

the optimal choice due to the minor redesign of the motor placement. The second solution is to 

increase the size of the bolts, which would call for a redesign of the centering ring. This bolt 

diameter increase would allow the force transmitted to be spread out over a greater portion of the 

fiberglass body tube, thus decreasing the max stress for the bolt to body connection. 

3.2. Subscale Flight Results 

The CRW subscale flight demonstration was designed to efficiently represent the full-scale 

rocket’s flight characteristics and subsystem interactions. The subscale flight was conducted on 

November 21, 2020 at the Birmingham Rocket Boys high power launch North of Birmingham, 

Alabama. The launch validated a number of design considerations for the full-scale vehicle, as 

well as demonstrating a few concerns. 

3.2.1. Subscale Vehicle Overview 

The subscale vehicle is a half-scale representation of the full-scale design. The drag 

coefficient, the length over diameter ratio (L/D), and the relative locations of the c.p. and c.g. of 

the full-scale were the primary design considerations for creating a scaled down vehicle that 

created an accurate flight representation. These values for the full-scale vehicle as compared to the 

subscale vehicle are shown in Table 3.6. The subscale vehicle used a 3D printed nose cone of the 

same type intended for the full-scale vehicle with a pitot probe protruding from the tip of the nose 

cone along the rocket’s longitudinal axis. The pitot probe measured the total axial pressure during 

flight. The full-scale vehicle will similarly fly with a pitot-static probe in the tip of the nose cone 

also along the rocket’s longitudinal axis and will measure total and static pressure. Aft of the nose 

cone was a 30-inch forward body tube housing the 36-inch diameter main parachute and respective 

harness, a 4-inch-long recovery piston, and initially a subscale payload. This payload was intended 

to fly on the subscale vehicle, but a three-inch diameter proved too small to represent the full-scale 

payload accurately. Furthermore, over the course of black powder demonstrations the subscale 

payload received substantial damage. Between the damage received and vehicle stability concerns 

the payload was removed from the subscale vehicle. 
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The 24-inch-long aft body tube 

contained the drogue parachute, vehicle 

tracker, and motor hardware. The motor for 

the subscale vehicle was an I300 Aerotech 

motor selected to match the thrust curve of 

the then selected full-scale motor and the 

expected thrust to weight ratio of the full-

scale vehicle. The motor was retained using 

a fiberglass motor tube carrying an Aerotech 

RMS-38/480 motor casing, and an Aeropack 

flanged retainer similar to the one intended for use 

in the full-scale vehicle. A 9-inch fiberglass 

coupler joined the forward and aft body tube with 

4-inch shoulders. The coupler housed the primary 

and backup altimeters used to measure the flight 

altitude and derive the expected static pressure. 

The altimeters were also used to set off the 

recovery system’s deployment charges, which 

were 1.5 g black powder primary charges for both 

recovery systems and 1.75 g for backup charges. 

3D printed fins were epoxied to the base of the rocket. The fins were initially perfectly elliptical, 

however, due to concerns of over stability they were cut down to a more trapezoidal shape by 

removing approximately 0.5 inches of length. Small round headed bolts were also epoxied onto 

the fins where the mounting holes would be on the full-scale to act as a drag representation. 

Figure 3.37: Assembled Subscale Vehicle at Launch Site 

 

Table 3.6: Scaling Factors Used in Subscale Design 

Figure 3.36: Subscale Landing Configuration 
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3.2.2. Subscale Flight 

The subscale vehicle reached an apogee 

of 1240 ft AGL, successfully deploying the 

drogue parachute at apogee and the main 

parachute on descent at 600 ft. The pressure 

transducer connected to the pitot probe and the 

primary altimeter gathered meaningful data 

until main parachute deployment, at which 

point the connection was lost with the pitot 

probe as will be detailed in Section 3.2.4. This 

data was used to validate the flight simulation 

program created by the team. The measured 

ground-level wind velocity was 2 mph ENE, 

and the ground-level temperature was 72°F. 

Using the pitot probe data as total pressure and 

using the altimeter data to extract static pressure 

from a mathematical pressure model based on 

the standard international atmospheric pressure 

and the stated ground level conditions, the 

rocket’s axial Mach number was derived and 

compared to the expected Mach number from 

simulations. 

The comparison between Mach numbers 

is relatively close, as seen in Figure 3.38. The 

data shows a slight shift in the actual subscale 

flight data with time. This shows an accurate 

thrust curve interpolation to get the force profile 

of the launch vehicle, but the time data may be 

off with the Aerotech motor data creating a time difference of 0.2 s between peaks. The uncertainty 

analysis built into the CRW simulation is capable of accounting for an error such as this. 

Unlike the axial velocity measurements, the altitude data did not match the simulation. As 

mentioned in Section 3.2.3, the limited fin size provided little surface area outside of the boundary 

layer at the fins. With an assumed critical Reynold’s number of 5.0*105. The simulation predicts 

a maximum boundary layer height at the aft end of the rocket of 1.5 in. This boundary layer height 

was just after rail exit at 0.1 seconds into flight. That paired with the over stability of the rocket 

caused the rocket to weather-cock into the 2 mph winds. As Figure 3.40 shows in the first 4 

snapshots, the rocket began with a launch rod angle of 4° from vertical and began instantly pitching 

right around the maximum boundary layer height. 

Figure 3.38: Mach Number Comparison 

Figure 3.39: Altitude Comparison 
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Figure 3.40: Subscale Flight Snapshots 

The last snapshot in Figure 3.40 is moments after motor burnout where the boundary layer 

height was at its minimum value. Although the image isn’t very clear, the rocket began pitching 

back up, presumably because more fin area was exposed allowing for a stronger restoring moment 

to counteract the weather-cocking effect. 

3.2.3. Impact on Vehicle 

The construction and flight of the subscale vehicle demonstrated the risk of an over-stable 

vehicle that may be prone to “weather-cocking,” which is a tendency for the vehicle to turn into 

the wind and fly on an angled trajectory. To combat this on the subscale vehicle the size of the fins 

were reduced, and this size reduction has been scaled up and applied to the full-scale vehicle. The 

current size of the fins is such that the vehicle is still able to maintain the minimum required 

stability margin of 2.0 calibers upon launch rod clearance but reduces the stability at altitude in an 

effort to reduce the risk of weather-cocking. The drawback of reducing the size of the fins is not 

having enough exposed area outside of the boundary layer which can also induce a weather-

cocking effect. Computational Fluid Dynamics (CFD) analysis has been conducted to identify the 

expected boundary layer height at the fins to prevent this negative effect of stability margin 

reduction. 

3.2.4. Subscale Errors 

Aside from the benefits of a subscale launch in terms of data, it is ultimately an excellent 

experience for the team to get a comprehensive look at subsystem interaction. This being the first 

demonstration, errors were arguably inevitable. The backup altimeter lost power after drogue 

deployment, but after further investigation, the fault was attributed to a poorly soldered key-switch. 

To mitigate this issue for future launches, all solder points in the coupler will be double checked 

before assembly and a more comprehensive checklist for preflight electronics checks will be 
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integrated in future flight SOPs. The pitot-tube system lost power after main chute deployment 

which was attributed to the use of wire connectors for system wiring. To mitigate this in the future, 

all electrical connections in the nose cone that can be soldered will be. Connections that can’t be 

soldered will still use some form of wire connector but will also have brackets to keep the 

connectors secure during flight.  

Upon landing the subscale vehicle impacted 

directly on a fin. This caused the fin to break off 

(shown in Figure 3.41), which was a standing concern 

with the use of a 3D printed ABS fin. Upon further 

inspection it was revealed that the cause of failure was 

most likely the epoxy used to secure the fin; an 

insufficient layer of epoxy was used compared to the 

other fins. The impact and subsequent detachment 

from the vehicle did cause damage to the fin bracket 

where it would secure to the vehicle. Given the 

damage to the fin more extensive testing of the full-scale 3D printed fins will be conducted based 

on the predicted impact conditions of the vehicle. 

3.3. Recovery Subsystem 

The recovery system of the vehicle serves to keep both the vehicle and any bystanders safe 

from harm. The UAH CRW team is pursuing a recovery system that uses a drogue parachute, a 

main parachute, black powder charges for drogue separation, and CO2 charges and a piston ejection 

system for main separation. 

3.3.1. Changes Since PDR 

Due to the increased mass of the launch vehicle, the drogue parachute was changed from a 

Fruity Chutes CFC-18 18 in parachute to a Fruity Chutes CFC-24 24-inch parachute. The previous 

drogue parachute allowed the vehicle to descend far too quickly, causing a high main parachute 

deployment force. The new 24-inch drogue parachute makes the vehicle descend slower, 

decreasing the shock force of main parachute deployment.  

3.3.2. Recovery 

To safely recover the vehicle, a two-stage recovery system is used. At apogee, a black 

powder charge deploys the Fruity Chutes CFC-24 24-inch drogue parachute to reduce the drift 

distance of the vehicle as it falls. When the vehicle reaches 600 ft, CO2 charges fire and a Fruity 

Chutes IFC-96 96-inch main parachute will deploy, bringing the vehicle to a safe terminal velocity 

in order to keep it safe on impact. 

Figure 3.41: Broken Subscale Fin 
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Both parachutes were decided upon because they slow the vehicle’s descent rates and 

impact kinetic energies to values that satisfy the requirement N.3.3. The main parachute gives a 

terminal velocity of 18.20 ft/s, fulfilling requirement U.3.2 by staying below 20 ft/s, and the drogue 

parachute causes the vehicle to descend at a rate of 88.26 ft/s. With these descent rates, the vehicle 

will descend from apogee to ground in 73.76 s, within the 90 s requirement. This is confirmed by 

an OpenRocket simulation, which gives a descent time of 72.05 s. The simulated descent time 

coordinates with the calculated descent time. 

3.3.2.1. Kinetic Energy Analysis 

As per requirement N.3.3, each independent section of the vehicle is required to hit the 

ground with a kinetic energy less than 75 ft-lbf.  Based on the terminal velocity and mass of each 

section, the kinetic energy of each independent section was calculated using Equation 3.5, where 

“m” is the mass of the section and “v” is the terminal velocity of the vehicle. The kinetic energy 

of each section on impact is shown in Table 3321A. 

𝐾𝐸 =
1

2
𝑚𝑉2               (3.5) 

Table 3.7: Kinetic Energy of Vehicle Sections at Ground Impact 

3.3.2.2. Parachute Loads at Deployment 

The current shock force of the main parachute deployment is expected to be 15 g. The 

OpenRocket simulation involving the parachute deployment was determined to be an inaccurate 

source for load calculations. OpenRocket assumes the drag force comes entirely from the 

parachute at deployment. Therefore, it immediately transitions to the drag coefficient of the largest 

parachute deployed. This fails to consider the inflation time of the parachute. More accurate 

calculations were conducted by hand using Equations 3.6 – 3.8 until further simulations can be 

performed with integrated parachute inflation times. 

𝑀 =
2𝑊

𝜌𝑔𝑉𝑠𝑡0𝐶𝐷𝑆0
      (3.6) 

Equation 3.6 is used to calculate the Ballistic Mass Ratio (BMR) of the parachute, where 

“M” is the BMR, “W” is the weight of the rocket at deployment, “Vs” is the velocity of the vehicle 

at suspension line stretch (assumed to be drogue terminal velocity), “t0” is the reference time when 

the parachute initially reaches the designed drag area after deployment, “CD” is the parachute 
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designed drag coefficient, and “S0” is the canopy surface area using Cauchy’s Surface Area 

theorem given a presented area. The BMR is used to determine the percentage of the steady state 

parachute drag force to be considered as the opening shock force. Assuming the considered main 

parachute is a solid cloth parachute with zero flux across the surface of the cloth, the instantaneous 

shock factor, which is the percentage of the expected drag force being exerted by the parachute at 

a given moment, can be calculated using Equation 3.7. This is then used in Equation 3.8 to 

calculate the steady state parachute drag force. 

𝑥𝑖,𝑚𝑎𝑥 =
16

49
(

21 𝑀

4
)

6

7
        (3.7) 

𝐹𝑚𝑎𝑥 =  𝑥𝑖,𝑚𝑎𝑥𝐹𝑠       (3.8) 

In equations 3.2 and 3.3, “xi,max” represents the 

percentage of the steady state drag force to be recognized 

as the opening shock force. “Fs” is the mentioned steady 

state drag force which uses the descent rate under drogue 

and the parachute properties to determine the maximum 

drag force. Using these calculations, the determined 

maximum shock load was found to be 15 g. It is also clear 

to see as the reference time, t0, approaches zero, the BMR 

approaches infinity which creates an unrealistic parachute 

loading estimate similar to the OpenRocket analysis. 

3.3.2.3. Main Parachute Deployment 

The cause of failure for the majority of high-

powered rockets is failure to deploy the recovery system. 

If the main parachute does not deploy, the entire vehicle 

is at risk of being destroyed and is a safety 

hazard to everyone on the launch field. To 

ensure a safe deployment, a piston ejection 

system is used on the vehicle. This system 

offers a much more reliable probability of 

ejection and requires a smaller deployment 

charge. The CAD model of the piston is 

shown in Figure 3.42 and a cross section is 

shown in Figure 3.43. The draft of the 

piston is shown in Figure 3.44. 

 

Figure 3.42: Piston 

Figure 3.43: Piston Cross-Section 

Figure 3.44: Technical Drawing of Piston 
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The piston sits at the bottom of the main recovery section of the vehicle, above the ejection 

charges. At a descent altitude of 600 ft, the ejection charges fire, pushing the piston upwards 

towards the main parachute. The piston pushes the main parachute out of the top of the recovery 

section, successfully deploying the parachute. A graphic of this setup is shown in Figure 3.45. 

 

Figure 3.45: Recovery Section Design 

The piston bulkhead will be machined at the UAH machine shop out of 6061-T6 aluminum 

in order to withstand the force of the ejection charges. The bulkhead is supported by a 3D printed 

ring that will increase its mass and strength. The sides of the piston serve to orient the piston inside 

the vehicle, preventing it from being rotated by the ejection charges. 

The piston also serves the secondary purpose of protecting the vehicle from being cut by 

the shock cord. When the main chute deploys, there is a chance that the shock cord pulls against 

the opening of the body tube, causing zippering damage to the vehicle. To prevent this from 

happening, the cord attached to the inside of the piston is long enough so that when it deploys, the 

bulkhead protrudes from the body tube. The shock cord is now prevented from rubbing against the 

vehicle body tube, protecting the vehicle body tube from damage. 

3.3.2.4. Shock Cord Design 

In order to keep the various sections of the vehicle safe 

after the drogue and main parachutes deploy, the shock cord is 

designed so that none of the sections will impact each other. The 

design and minimum shock cord lengths are shown in Figure 3.46. 

This design allows safe use of each parachute while not 

damaging the various sections of the vehicle. When the drogue 

parachute is deployed, the lower airframe will not hit the upper 

airframe or nose cone. The nose cone is attached as closely as 

possible to the main parachute (less than 2 ft away) so that when 

the main parachute is deployed, the nose cone will not hit the 

upper airframe or lower airframe, even with wind or other 

disturbances that cause the vehicle to swing. 

Figure 3.46: Shock Cord 

Design 
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There is some concern with the main parachute opening force. Currently, there is expected 

to be about 15 g of acceleration once the main parachute is deployed. This could possibly damage 

various components of the vehicle. In order to mitigate this, a 1-inch nylon shock cord is used. 

This is because nylon is a flexible material. This will make the shock cord less rigid, which will 

decelerate the parachute over a longer time once ejected, reducing the impulse. Also, as the length 

of the shock cord between the main parachute and upper airframe increases, the force from main 

parachute deployment on the airframe decreases. Therefore, the length of shock cord between the 

upper airframe and main parachute will be as long as possible without overstepping weight, space, 

and cost requirements, with a minimum length of 20 ft. The total length of shock cord, including 

knots and loops, will be about 70 ft. 

3.3.3. Avionics 

Much of the avionics bay design has remained the same since PDR and has mostly only 

been more developed during the continuation of the design process. The only changes since PDR 

include an increased switch band and the development of interchangeable black powder and CO2 

flange mounts. In response to concerns over the use of a pressure vessel in the vehicle for the CO2 

ejection system the manufacturer was contacted and responded that the pressure canisters are 

capable of reaching internal pressures of approximately 2000 psi depending on ambient conditions. 

Even when under such pressure the CO2 system will perform as desired with no loss in 

performance or increased safety risk. 

To control the main and drogue parachute separation events, CRW is using two redundant 

StratologgerCF altimeters housed inside the coupler. One of these altimeters will be chosen to 

record the maximum altitude that will be used for final altitude scoring. StratologgerCF altimeters 

provide a cost-efficient solution for deployment while being familiar to the CWR team. Two 

StratologgerCF altimeters were used in the team’s subscale flight. Both altimeters recorded useful 

data and orchestrated successful recovery system deployment. To maintain redundancy between 

the two altimeters as per requirement N.3.4, the system is designed with one altimeter as primary 

and the other as its backup. The two altimeters have independent power sources and independent 

key switches, providing complete redundancy. The switch chosen is capable of locking in an ON 

or OFF position satisfying requirement N.3.7. For the altimeters to be powered ON, the switch 

must be locked into the ON position and a commercially available 9V battery must be connected. 

Each altimeter has two ejection charges wired into it for the main and drogue deployments. The 

wiring diagram is depicted in Figure 3.47.  The primary altimeter is programmed to deploy the 

drogue parachute at apogee and main parachute at 600 ft AGL. The backup altimeter is set to 

deploy the drogue parachute one second after apogee and main parachute deployment at 550 ft 

AGL. 
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The altimeters are housed inside a 

commercially available coupler. The coupler is 14-

inch length with a 2-inch switch band, leaving a full 

body diameter of shoulder for both the aft and 

forward airframe as shown in Figure 3.52. This 

fulfills requirement N.2.5.1. The switch band was 

originally one inch at the preliminary design stage 

but was increased to two inches to make the rocket 

easier to manufacture. This is due to the purchase 

of a 2-inch switch band which will not require any 

cuts or editing thus reducing the chance of a 

manufacturing error. Four 0.4-inch diameter static 

pressure holes are drilled into the switch band for 

the StratologgerCF altimeters to sample ambient air 

pressure. Two additional holes are drilled for the 

altimeter key switches to be mounted. 

As shown in Figure 3.48, the altimeters and 

batteries are retained with a 3D printed avionics 

sled and placed approximately 8.25-inch below the 

forward end of the coupler. Sled placement inside 

the coupler is chosen to provide space for the CO2 

canisters. The avionics sled location is fixed using 

¼-inch all threads running the length of the coupler. 

Featured on the sled is integrated component 

retention and rib stiffeners on the underside of the 

sled. Integrated plastic standoffs with heat-set 

threaded inserts are used in conjunction with 4-40 

screws to secure both altimeters. The batteries are 

retained with a hinged box which is latched shut 

using a zip-tie or a cotter pin. A detailed technical 

drawing of the avionics sled is depicted in Figure 

3.49 for reference. 

To ensure that the aft body tube, forward 

body tube, and coupler stay together until the 

proper separation times, 4-40 nylon shear pins and 

removable rivets are used. To hold the aft body 

tube to the coupler until apogee, four 4-40 shear 

pins are inserted into the body tube and coupler 

Figure 3.47: Altimeter Wiring Schematic 

Figure 3.48: Coupler Assembly and Avionics 

Sled Placement 

Figure 3.49: Detailed Draft of Avionics Sled 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

47 

interface. Each shear pin requires approximately 50 lbf to shear thus any forces above 200 lbf will 

separate the coupler from the aft body tube. Because the coupler and main body tube interface is 

not a separation point, four removable rivets are used to ensure the forward airframe does not 

separate at the coupler.  

    Both ends of the coupler are closed using the same machined 6061-T6 aluminum 

bulkhead, made on the CNC mill located in the UAH machine shop. The coupler bulkheads are 

designed to fit on both the aft and forward end of the coupler further streamlining the 

manufacturing process. The recovery harness 

for the vehicle attaches to an ¼-inch eyebolt 

located on both bulkheads with each eyebolt 

secured with a lock-nut. Additionally, 

interfaces for terminals blocks, black powder 

or CO2 flange, and all-threads are included on 

the bulkhead. Utilizing interchangeable 

bulkheads is possible due to designing a black 

powder mounting flange to use the same 

interface as the purchased CO2 flange. This is 

an incredibly beneficial feature because if an 

energetic swap is necessary, a bulkhead 

redesign will not be required as it would be 

possible to switch the mounting flanges 

instead. In Figure 3.50, these flanges and 

ejection assemblies are shown next to each 

other for comparison. For one of the black 

powder charge wells in the image, the burst 

disk is hidden to show more detail. The black 

powder flange and charge will be 3D printed 

and used in separation testing to ensure 

that a 3D printed part in that application 

will withstand forces and be reusable. A 

detailed draft of the bulkhead is provided 

below in Figure 3.51. 

To complete assembly of the CO2 

system, another aluminum component 

containing a spring and a small amount of 

black powder, approximately 0.2 g, is also threaded into the mounting flange. An E-match will be 

connected to the small black powder charge housed inside the puncture cap. When the black 

powder is ignited, the force propels the puncture cap into the top of the CO2, releasing the pressure. 

Figure 3.51: Detailed Draft of Coupler Bulkhead 

Figure 3.50: CO2 Assembly (Left) and Black 

Powder Assembly (Right) 

Figure 3.52: Breakdown of CO2 Charge Assembly 
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The mounting flange is designed to further pressurize the release of CO2 helping the pressurization 

of the volume and separation of the vehicle. The cartridges are single use, so for every test the 

expended cartridge is removed and a fresh cartridge is threaded in. In addition to threading a fresh 

cartridge into the flange, a new black powder charge and E-match will need to be placed inside the 

puncture cap. 

To make sure that the bulkhead design can sustain all loads encountered during deployment 

and flight of the full-scale vehicle, FEA was completed on the bulkhead. Choosing the most 

extreme load, which occurs at the moment of main parachute deployment, and analyzing the 

bulkhead integrity at that point ensures 

that the bulkhead can sustain any loading 

during descent. Upon main parachute 

deployment, the forward coupler 

bulkhead supports about 30 lbm of the 

vehicle’s weight and when a margin of 

safety of 1.5 is applied to this number, 

the weight becomes 45 lbm. This load is 

then multiplied by 15 g’s to represent the 

shock acceleration caused by the 

parachute deploying. This yields a force 

of 675 lbf experienced by the bulkhead 

and is applied to the eyebolt interface in 

the center of the bulkhead. The 

constraints on the bulkhead were applied 

where the ¼-inch all-threads interface on 

the bulkhead, restraining it completely. 

Once a tetrahedral mesh was created, the 

model was then solved to yield the 

results. These results are shown in 

Figure 3.53. The stress hotspots around the constraints can be ignored due to stress being located 

in one node on the restraining surface. An area of potential concern is on the bottom on the eyebolt 

interface, but this is to be expected as this is the location of the loading and the stress values still 

fall well below the yield stress. 

Figure 3.53: Coupler Bulkhead FEA, Top and Bottom 
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3.3.4. Black Powder and CO2 Deployment 

Black powder is used for drogue deployment as there is no need for powder-reduced 

separation. For this calculation, it is necessary to use the ideal gas law, shown in Equation 3.9, 

where P is pressure, V is volume, n is the mass of the black powder charge, R is the gas constant, 

and T is the combustion temperature of the powder. Pressure is calculated from the force required 

to shear the nylon 4-40 pins and the cross-sectional area of the body tube. This is displayed in 

Equation 3.10. 

𝑃𝑉 = 𝑛𝑅𝑇              (3.9) 

𝑃 =
𝐹

𝐴
          (3.10) 

These formulas were used to 

create a basis to start drogue black powder 

testing from. All variables used to 

perform this calculation are listed in the 

table below. Running the calculations 

with the variables in Table 3.8 will yield 

a starting black powder charge of 1.24 g. 

The force required for separation is based 

on four 4-40 shear pins with a safety 

margin of 1.5. 

The same process is carried out for 

main separation and once a black powder 

charge is determined that value is 

multiplied by five to create a starting part 

for CO2 testing. For main deployment, the 

force required is based on using six 4-40 

shear pins at the nose cone with a safety 

margin of 1.5 to yield 450 lbf. 

With 6.04 grams as a starting mass 

for black powder testing, a 36 g cartridge 

is used as a starting point for CO2 testing 

as well. 38 g CO2 cartridges are readily 

available for purchase so these cartridges 

will be purchased from Leland Gas to begin CO2 testing. Larger cartridges are available from the 

same vendor as well should they be required. According to the CO2 cartridge vendor, the 38 g 

cartridges are 4.65 inches in length with a body diameter of 1.18 inches. A 38 g cartridge and any 

larger cartridges less than 90 grams will thread into the CO2 mounting flange as needed. 

Table 3.8: Drogue Black Powder Charge Variables 

Table 3.9: CO2 Charge Variables 
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3.3.5. Tracker 

The tracker design has changed slightly from PDR, the previous RP-SMA antenna has been 

replaced by a more compact wire antenna, seen in Figure 3.54. The wire antenna was originally 

only going to be used on the subscale 

rocket; however, a range test showed 

that it exceeded the 3000 ft transmission 

distance requirement by 100 ft. More 

details about this range test are in section 

6.1.1.3. This shows that the RP-SMA 

antenna is overpowered and unnecessary 

for this project. 

The tracker operates between 

902 MHz and 928 MHz while using 

frequency hopping in order to prevent interference with other nearby XBees. Specifically, the 

vehicle tracker communicates on channel 3. Meeting the transmission power limit exactly, the 

mounted XBee transmits data at exactly 250mW. To satisfy the 3 hour battery life requirement, 

the tracker was shown to last more than 6 hours on a new CR123A battery during subscale testing. 

3.4. Mission Performance Predictions 

The full-scale vehicle has been altered to 

accommodate the design changes suggested by 

subscale flight results. As previously mentioned, these 

design changes include a decreased fin span, an 

increased body tube length, and the relocation of the 

Pitot tubes to the nose cone. These design changes 

have been incorporated into the simulation models 

used by the CRW team to predict vehicle performance. 

With these design alterations the vehicle is expected to 

reach an apogee of 4125 ft. The vehicle is still 

predicted to maintain a minimum stability margin of 

2.07 immediately upon clearing an 8 ft launch rail and 

is predicted to reach a velocity of 55.9 ft/s at launch 

rod clearance. The selected Aerotech L1390 motor provides a thrust to weight ratio of 

approximately 6.86:1. 

To calculate the predicted apogee analytically, the flight path was initially assumed to have 

negligible drag. The parameters listed in Table 3.10 were used in algebraic equations based on 

Newton’s first law to predict the rocket’s flight path. 

Figure 3.54: Xbee S3B/Antenova GPS Tracker with 

Wire Antenna 

Table 3.10: Full Scale Flight Parameters 
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Assuming the L1390 Aerotech motor has a constant thrust profile Equation 3.11 calculates 

the maximum velocity of the rocket at burnout. Most parameters in Equation 3.11 are shown in 

Table 3.10 but, ge is the gravitational constant, m is the weight flow rate of the motor assumed to 

be the average thrust divided by the specific impulse. vbo represents the burnout velocity which 

will be used to calculate the height of the coast phase and to determine the drag reduction 

percentage. The burnout velocity was calculated as 576.5 ft/s. It is higher than the numerical 

prediction of 550 ft/s due to the initial assumption of negligible drag. Using these parameters, the 

burnout height can also be calculated using Equation 3.12. 

𝑣𝑏𝑜 =  −𝑔𝑒𝐼𝑠 ln (
𝑊− �̇�𝑡𝑏

𝑊
) − 𝑔𝑒𝑡𝑏               (3.11) 

ℎ𝑏𝑜 =  𝑔𝑒𝐼𝑠𝑡𝑏 [
(𝑊− �̇�𝑡𝑏) ln(

𝑊− �̇�𝑡𝑏
𝑊

)

�̇�𝑡𝑏
+ 1] −

𝑔𝑒

2
𝑡𝑏

2           (3.12) 

The height of the rocket at burnout was calculated to be 822.6 ft. The coast phase height 

increase is added to the burnout height to provide the predicted apogee using Equation 3.13. 

ℎ𝑎 =  ℎ𝑏𝑜 +
𝑣𝑏𝑜

2

2𝑔𝑒
            (3.13) 

The combination of equations 3.4.1-3.4.3 results in a predicted apogee of 5984 ft. This, 

however, is still under the assumption that drag is 

negligible. To predict the percentage of this nominal 

apogee that can be expected with the presence of 

drag, Equation 3.14 was used, where N represents 

the drag influence number and D represents the 

diameter of the rocket. The constants are to account 

for units with diameter in inches and the weight in 

lbf. Using the derived parameters, the drag influence 

number is 191. Applying this value to the chart in 

Figure 3.55 provides a drag reduction factor of 0.7. 

𝑁 =
23𝐶𝑑𝐷2𝑣𝑏𝑜

2

17395(𝑊−�̇�𝑡𝑏)
              (3.14) 

Therefore, the expected apogee under the influence of drag is expected to be 70% of the 

nominal apogee, resulting in a prediction of 4189 ft.  

    As an alternative method of calculating the apogee, the same simulation was used for 

the full-scale vehicle as was used for the subscale. Table 3.4A shows some of the parameters used 

in both the CRW team simulation and OpenRocket. Both programs use Newton’s first law to 

determine the acceleration of the rocket by using thrust, drag, and weight as the acting forces. A 

4th order Runge-Kutta method then finds a better approximation for acceleration and uses Euler’s 

integration equation to find the rocket’s velocity. Both programs calculate the rocket’s two-

Figure 3.55: Drag Reduction Factor Chart 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

52 

dimensional position, height, and range. The acceleration, as previously described, is assumed to 

be in line with the longitudinal axis of the rocket at all times (i.e., no sideslip). The velocity is then 

calculated as axial velocity instead of vertical velocity. To find the change in height between time 

steps, Newton’s equation of motion is used with the rockets pitch angle with respect to horizontal 

as seen in Equation 3.15, where h, v, and a are the height, velocity, and acceleration respectively, 

calculated at various timesteps denoted with i for each time, t. The angle of attack with respect to 

vertical is represented by the variable α. To find the range of the vehicle, the same exact equation 

is used with cosine replacing sine and range replacing height. 

ℎ(𝑡𝑖) = ℎ(𝑡𝑖−1) + 𝑣(𝑡𝑖) sin(90 − 𝛼) Δ𝑡 +
1

2
𝑎(𝑡𝑖−1) sin(90 − 𝛼) Δ𝑡2    (3.15) 

The programs do not assume a constant angle of attack throughout the flight. This is only 

assumed during the portion where the rail buttons are connected to the launch rod. Instead, using 

the inverse tangent of the vertical velocity divided by the sum of the wind speed and the horizontal 

velocity, a change in the rocket’s angle of attack is calculated. This method is entirely dependent 

on wind speed which is assumed to change with altitude. Equation 3.16 is used to determine the 

wind speed at any given altitude, where v and z represent velocity and altitude at position 1 and 2 

and alpha represents the wind shear factor dependent on the ground terrain, assumed to be 0.19 for 

a farm-like field. 

𝑣2 =  𝑣1 (
𝑧2

𝑧1
)

𝛼

            (3.16) 

In the case of the subscale rocket flight, 

position 1 was the reference position at 5 ft 

above ground level. The subscale reference 

wind speed was assumed to be the wind 

condition provided by the Birmingham 

International Airport and will be the value 

provided by the Huntsville International 

Airport on the day of the full-scale flight. 

However, an assumed value of 2 mph is used in 

the following simulations.  

    The above method of calculating the 

change in angle of attack is assumed to be 

unique to the CRW simulation as the 

OpenRocket method is unknown. In similar fashion, the method for calculating the thrust curve by 

OpenRocket is equally unknown. The thrust data for the L1390 Aerotech motor used by Rocksim 

was reduced to a time step equal to the CRW simulation (0.01 s) by using a third order LaGrangian 

Figure 3.56: L1390 Thrust Curve 
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interpolation. The times and thrusts at each time 

are from the Rocksim data. The result of the 

interpolation across the data points can be seen 

in Figure 3.56. 

The weight of the rocket at each time 

step is then found by dividing the current thrust 

by the L1390’s specific impulse shown in Table 

3.10 to get the propellant mass flow rate which, 

when multiplied by the time step, gives the 

reduction in weight from the previous time step. 

Drag is then found using the current velocity 

and the drag coefficient in Table 3.10 (assumed 

to be constant). The drag calculation also uses a variable density with altitude based on ground 

level conditions, using a mathematical model applied to the density data provided by the 

International Atmospheric Data. These forces result in a flight 

path shown in Figure 3.57. 

The nominal apogee predicted is 4022 ft by OpenRocket 

and 4063 ft by the CRW team simulation. Both predict an 

overshoot of our target apogee, 4000 ft, by just enough to 

demonstrate the variable drag system but not by enough to put the 

rocket outside of a desirable point bracket in the event of a VDS 

failure. Unfortunately, nominal cannot always be expected so the 

CRW sim also undergoes a Monte Carlo analysis using 

uncertainty on the parameters listed in Table 3.11. 

The dry mass and body tube diameter uncertainties are 

taken from the expected uncertainty in the 

manufacturing of the G12 fiberglass body 

tube. The drag coefficient was chosen to 

account for the potential error from scaling 

the subscale drag coefficient and the 

OpenRocket prediction. Air density was 

chosen to account for the possible weather 

fluctuations on the day of the launch, and the 

thrust uncertainty was chosen in accordance 

with Aerotech predictions. All of these 

parameters with uncertainty provide a 99% 

confidence interval between 3831 ft and 

4294 ft. The simulation then predicts with 

Figure 3.57: Full-Scale Flight Path Simulation 

Table 3.11: Monte Carlo 

Uncertainty Parameters 

Figure 3.58: Apogee Uncertainty 
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99% confidence that the rocket will meet NASA requirements to hit an apogee above 3500 ft and 

below 5500 ft. Figure 3.58 shows the probability of apogee with the vertical red lines representing 

the uncertainty interval and the vertical black line representing the nominal apogee. 

To calculate the stability 

margin, the traditional Barrowman 

equations were used. Barrowman 

assumes normal force contribution 

comes from the nose cone, the fins, 

and any transition areas on the body 

of the rocket. Barrowman uses 

simple algebraic equations relating 

the parameters in Figure 3.59. When 

Barrowman initially derived these 

equations, he did so with an ogive 

nose cone and trapezoidal fins as 

displayed in Figure 3.59. He did, 

however, add an addendum to his 

original publication providing a 

means of manipulating the equations 

to include elliptical fins. The result 

of this addendum is shown in 

Equation 3.17, where N is the 

number of fins. The location of the 

normal force for the fins is shown in 

Equation 3.18 

𝐶𝑁𝛼𝑓
=

4𝑁(
𝑠

𝑑
)

2

1+√1+1.623(
𝑠

𝑎
)

2
       (3.17) 

�̅�𝑓 = 𝑋𝐵 + 0.288𝑎      (3.18) 

OpenRocket, however, does not rely on the revisions to the Barrowman equations. Instead, 

the geometry of an assumed flat plate elliptical fin is analyzed using the slice method. Equation 

3.19 takes the integral of the product between the distance from the nose cone to the leading edge 

of the fin (xLE(y)) and the chord of the fin at each span location (c(y)). This integral is then 

normalized by the one-sided area of a single fin (Afin). The result is the distance from the nose cone 

tip to the leading edge of the fin at the mean aerodynamic chord. The location of the aerodynamic 

center of the fin is then xMAC, LE plus 25% of the mean aerodynamic chord. The mean aerodynamic 

chord is found using Equation 3.20. The open rocket method puts the distance to the fin normal 

force from the nose cone tip as 110.7268 in. and the barrowman equations as 110.7280 in. The 4 

Figure 3.59: Stability Parameters 
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decimal points are included to show the slight difference between the methods but a value of 110.7 

is assumed. 

𝑥𝑀𝐴𝐶,𝐿𝐸 =
1

𝐴𝑓𝑖𝑛
∫ 𝑥𝐿𝐸(𝑦)𝑐(𝑦)𝑑𝑦

𝑠

0
               (3.19) 

𝑐̅ =
1

𝐴𝑓𝑖𝑛
∫ 𝑐2(𝑦)𝑑𝑦

𝑠

0
                  (3.20) 

�̅�𝑐𝑝 =
(𝐶𝑁)𝑁𝑋𝑁+ (𝐶𝑁)𝑇𝑋𝑇+ (𝐶𝑁)𝐹𝑋𝐹

(𝐶𝑁)𝑅
     (3.21) 

Using Equation 3.21 

with the mentioned parameters 

results in an analytical c.p. 

location of 81.4 inches. With a 

c.g. location of 65.22 inches, the 

stability margin on the launch 

rail is 2.61 calibers. OpenRocket 

shows a stability of 2.2 calibers 

at launch rod clearance. The 

analytical and numerical 

solutions show a difference of 

0.41 calibers, most likely due to 

the analytical solution not 

factoring in the launch rod angle 

or the wind speed conditions 

used in OpenRocket. 

3.5. Project Milestones: Criteria and Expectations 

The drift distance under various wind speed conditions was 

calculated assuming instantaneous drogue descent rate at the apogee 

with no variable drag system deployment, around 4063 ft and 

instantaneous main descent rate at 600 ft. Assuming also that apogee 

is reached directly above the launch pad, the Equation 3.22 was used 

for the calculation of descent time. where zm is the height for the 

main parachute deployment (600 ft) and v represents the descent 

rates under the drogue and the main parachute for vd and vm 

respectively. Multiplying this value by the respective wind speeds 

provides the values in Table 3.12. 

𝑡𝑑 =
𝑎𝑝𝑜𝑔𝑒𝑒− 𝑧𝑚

𝑣𝑑
+

𝑧𝑚

𝑣𝑚
         (3.22) 

Figure 3.60: OpenRocket Stability Simulation 

Table 3.12: Analytical Drift 

Distances 
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As an alternative method to calculate the drift distance, 4 different simulations were 

performed with the OpenRocket and the CRW team programs for each of the wind conditions 

shown in Table 3.13. To assume apogee was reached directly above the launch pad, the final 

location was subtracted from the location of apogee. The descent times were 71.7 s and 74.5 s for 

OpenRocket and the CRW 

program respectively providing a 

maximum drift distance under 20 

mph winds of 2183 ft and 2269 

ft. Both are lower than the 

analytically derived maximum 

drift distance but all three fall 

below the 2500 ft maximum 

allowable drift distance per 

requirement N.3.10. 

The drift distance for each of the 4 wind speed cases from the CRW program are plotted in 

Figure 3.61. Assuming a slower drogue descent rate for the drag of the body tubes, an uncertainty 

of 200 ft can be added on the maximum drift range which will still remain below the maximum 

allowable drift. 

Figure 3.61: CRW Program Drift Distances 

 

Table 3.13: Simulation Drift Distance 
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4. Payload Criteria 

The 2021 CRW payload will 

be centered around the Isopedotís 

lander, with nose cone retention and 

autogyro recovery. The payload 

incorporates components to meet all 

mission objectives, including an 

autogyro, detach mechanism, 

landing legs, leveling systems, and 

circuits as shown in Figure 4.1. A 

broad concept of operations is given 

in Figure 4.2. 

 

Figure 4.2: Payload Concept of Operations 

The payload is held during launch and vehicle flight in the retention cage. Upon ejection, 

it exits the cage. The autogyro blades and landing legs then unfold. The payload descends under 

the autogyro with legs fully extended until it is 4 ft AGL. The lander then detaches from the 

autogyro and lands independently. After landing, the payload levels using threaded rods. Images 

are taken with the three cameras, and all necessary information is then radioed back to the ground 

station. 

Figure 4.1: Payload Overview 
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4.1. Design Selection and Justification 

Several design choices are precluded from use following the PDR based on feedback from 

NASA. The remaining alternatives are evaluated based on their compatibility with the holistic 

system. Components are designed to provide desired system characteristics, and balance cost and 

effectiveness while maintaining safety. 

4.1.1. Retention System 

The selected retention system for the payload is integrated into the nose cone. However, 

the current structure differs from the nose cone retention system shown in the PDR document. In 

the revised design, the extended nose cone attachment uses three aluminum columns welded to the 

bulkheads instead of two all-thread rods. This was changed after subscale testing revealed that 

small all-thread rods are not strong enough to prevent buckling. The three columns provide more 

strength and ensure that this rigid system will retain 

the payload throughout the flight until the nose 

cone is ejected out of the payload. At this point, a 

sabot, which retains the payload horizontally 

within the body tube during flight, will be able to 

fall away from the nose cone but remain tethered to 

the retention system. At this point, the payload will 

be able to fall out of the retention system and is 

considered jettisoned. A high-level overview of 

this assembly is shown in Figure 4.3. This design 

was selected over the other designs because it keeps 

the payload higher in the vehicle, which increases 

our stability off the rail. And, unlike the 

piston/container design, it does not have the 

potential of interfering with the main vehicle 

deployment if it fails to release the payload.  

Another change to the nose cone retention system from PDR is the removal of the claw. In 

the PDR, a claw mechanism was used to retain the payload in the axial direction. However, there 

were too many worries that the claw mechanism would fail due to forces in flight and at nose cone 

ejection. Instead of the claw, two rigid foam cushions are placed above and below the payload in 

the nose cone retention system. These cushions still prevent the payload from deploying until after 

main deployment, at which point the payload is allowed to slide out from between them. The 

largest mode of failure with these cushions is that they are crushed on one end during deployment 

acceleration. However, this should neither prevent main deployment nor hinder the payload 

jettison. 

Figure 4.3: Nose Cone Retention 
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4.1.2. Recovery System 

The recovery system is a development of the autogyro proposed in the PDR. The autogyro 

is the preferred system due to its stability during descent, simple detach connection, low cost, and 

unique technology. The autogyro design is matured with improved dimensions, refined interfaces, 

and other improvements based on demonstration results. An autogyro is self-stabilizing, and keeps 

the payload oriented directly downward, rather than the pendulum behavior of a parachute. Since 

the payload design must land in an upright orientation, this stability is crucial to mission success. 

CRW recognizes NASA’s concerns with the safety of the autogyro design and has added 

requirements to ensure the final product will not pose a hazard to personnel. The primary safety 

aspect that differs from a parachute are the rotating blades, which could cause injury to bystanders. 

The blade design uses corrugated polypropylene signboard, providing strength to preclude 

component failure while remaining a light, flexible material with a large cross-sectional area to 

ensure impact will not cause blunt force trauma nor laceration. Since this design is based on smaller 

models, demonstrations have been performed to verify the scalability of the autogyro technology. 

4.1.3. Detachment Mechanism 

A new receiver replaces the thin plates set forth in the PDR. Machined from a piece of 

aluminum bar stock, it is hollow in the center to allow the autogyro shaft to slide in. This constrains 

the autogyro shaft so only movement in the vertical 

direction is allowed at time of detachment. The shaft 

and the receiver are connected with a pin that is held 

in place by a pull solenoid. Two tension springs are 

used to pull the pin out when released, rather than 

attempting to push the pin out with a single 

compressive spring. This allows for higher lateral 

force application, ensuring a quick and reliable 

detachment. As shown in Figure 4.4, an extra bracket 

is attached to the solenoid to secure the solenoid and 

to hold it upright against the horizontal force exerted 

by the springs. At the detachment altitude of 4 ft, the 

solenoid retracts and the pin is pulled out of the 

receiver by the springs. 
Figure 4.4: Detachment Mechanism 
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4.1.4. Landing System 

The six-legged upwards-folding locking 

leg design provides the best combination of 

landing stability, mass reduction, and stowed 

volume. Six aluminum rods are pulled by springs 

to rotate around pivot pins, then retract linearly 

into recesses in an aluminum base disk. This 

creates a wide, stable, and rigid landing area as 

shown in Figure 4.5. The dimensions of the 

components are tailored to perform well in the 

projected landing one topography, that being a 

tilled cornfield. The center of gravity of the 

lander is 1 inch above the plane of the locked 

legs, ensuring that it will remain upright under all 

landing conditions. 

4.1.5. Leveling System 

The leveling system is a continuation of the threaded rod method proposed during the PDR, 

with improved layout and design as displayed in Figure 4.6. This system has relatively low weight, 

a wide range of leveling ability, precision of leveling ability, and compact profile, all suitable 

characteristics for the mission requirements. Aluminum is used for the threaded rods to minimize 

the mass of the leveling system by providing an excellent strength to weight ratio. The Acme 

thread pattern replaces the previous all-

thread design to provide effective force 

transfer between the motors, rods, and 

ground by minimizing friction. ABS 

gears and brass stationary nuts are used 

to provide strength for torque and force 

transfer, as well as low friction with the 

aluminum shaft when lubricated. High 

torque motors reduce the need for an 

external reduction gear train, keeping the 

mechanical complexity and volume of 

the system low. This system permits the 

lander to level in the anticipated landing 

zone terrain with high accuracy, 

allowing it to achieve all mission 

objectives. 

Figure 4.5: Deployed Landing System Span 

Figure 4.6: Leveling System 
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4.1.6. Electronics 

Payload electronics are selected to fit the electronics team’s prior experience, with 

exceptions being the levelling motors, cameras, and rangefinder. Chosen components meet all of 

the required characteristics of processing speed, accuracy, communication protocol, size, and 

weight. A summary of these selections is given in Table 4.1 and photos of each component are 

shown in Figures 4.7-17. 

Table 4.1: Electronic Component Selection 

 

The Samsung 30Q 18650 3000 mAh batteries are used in the payload due to their high 

energy capacity and rechargeability. Additionally, the high energy to weight ratio of these batteries 

make them appealing, allowing them to outperform other 

options such as Ni-Cd cells and deliver usable energy. When 

coupled with switching regulators to increase the efficiency of 

the regulated voltage rails, the batteries provide more than 

enough energy to be used, as elaborated upon in section 4.2.6.5. 

Figure 4.7 shows one of the selected batteries.  

The Teensy 4.1 was selected to allow for ample 

connections to the microcontroller unit (MCU) without making 

sacrifices to the flexibility of the electrical design. The 

numerous pins and the fast clock rate of the Teensy 4.1 makes 

the choice very appealing, and the lower cost and the various 

ways one can upload the MCU with software furthers this 

appeal. The software development environment is now the 

PlatformIO extension for Visual Studio, rather than the Arduino 

Figure 4.7: Samsumg 30Q 18650 

Figure 4.8: Teensy 4.1 
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IDE. PlatformIO offers increased control over the development 

process, along with debugging options the Arduino library lacks, 

all while maintaining the ease of use of the Arduino IDE. Figure 

4.8 shows the Teensy 4.1.  

The GP-20U7, as shown in Figure 4.9, is the preferred 

GPS transceiver due to its low cost and ease of use. The GP-

20U7 outputs NMEA strings of the GPS information, which are 

parsed upon reception and interpreted by the MCU.  

Figure 4.10 shows the Solenoid for the release 

mechanism of the autogyro descent apparatus. This solenoid 

possesses a large throw distance and low cost, making it suitable 

for the Isopedotís lander. The solenoid is an inductor that will 

actuate a metal pin to initiate the release of the descent 

mechanism. 

The BNO055 is an Inertial Measurement Unit (IMU) 

with 9 degrees of freedom, allowing for corrected positional 

data to be reported back to the MCU. This allows for the 

recording of the positional information of the payload after 

landing and serves as the main source of the angular information 

used to control the self-leveling process of the payload. Prior 

experience with the sensor as well as highly precise and fast 

measurements gives the BNO055 preference over alternative 

IMU sensors. Figure 4.11 shows the BNO055 integrated circuit. 

Figure 4.12 shows the selected pressure sensor for 

altitude readings. The BMP 388 was chosen based on prior 

experience with the sensor and the ease-of-use Arduino libraries 

provide. It is accurate to within half a meter of altitude, ensuring 

useful information is recorded.  

The XBee Pro 900HP - Wire radio transceiver is the 

selected radio due to prior experience as well as ample 

supporting resources. These radios possess configuration 

software used to pair the radio in the payload (the one listed here) 

and the radio used in the ground station. Despite their small size, 

these radios are capable of transmitting information over long 

distances, allowing them to be capable of communicating the 

required distance. Figure 4.13 shows the XBee Pro 900HP - 

Wire. 

Figure 4.9: GP-20U7 

Figure 4.10: Solenoid – 5V 

Figure 4.11: BNO055 

Figure 4.12: BMP 388 

Figure 4.13: Xbee Pro 900HP - 

Wire 
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The Arducam Mini Module Camera Shield (OV5642) is 

used for the lander cameras. This camera is designed for 

integration with the Arduino, so it is easy to use with the 

Teensy. This module is also compatible with screw-in fisheye 

lenses, allowing three cameras to take a complete panorama. 

The OV5642 also offers options for image size and 

compression, making it perfect for use with transmitting the 

photos back to the ground station. Figure 4.14, below, shows 

the OV5642.  

The NTCLE thermistor shown in Figure 4.15 measures 

the ambient temperature outside the payload during flight. The 

thermistor uses a temperature-sensitive resistor that the Teensy 

then monitors the resistance of through its on-board ADC, then 

calculates the temperature. The thermistor can be mounted 

externally due to its through-hole nature, making it suitable for 

integration. The electronics team also has prior experience with 

this thermistor, reducing the learning curve.  

Shown in Figure 4.16 is the selected Rangefinder, the 

VL53L1X Sparkfun Breakout Board. This sensor is used 

determine the true above-ground height when detaching the 

autogyro immediately before impact. The VL53L1X was 

chosen as it was one of few available sensors that has the desired 

range of four meters, it is also well documented with sample 

software readily available.  

The TPS62051DGSR from Texas Instruments is an 

adjustable switching regulator that was chosen due to its 

efficiency, ability to be adjusted, compatibility with a range of 

voltage inputs. The chosen regulator, shown in Figure 4.17, can 

produce voltage outputs of 0.7-6V with up to 850 mA of output 

current from input voltages of 2.7-10V while having higher 

efficiencies than that of a linear regulator. The output voltage is 

largely independent of the input voltage (the voltage ripples vary 

in size due with respect to the input voltage), allowing the payload to be powered both from the 

batteries and from umbilical power from the Teensy 4.1 when it is connected to a computer. This 

capability to switch power sources facilitates ease of use when developing software.  

Figure 4.14: Arducam Mini 

Module Camera Shield 

Figure 4.15: 

NTCLE100E3473JB0 

Figure 4.16: SparkFun Distance 

Sensor Breakout 

Figure 4.17: TPS62051DGSR  
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The 380:1 Micro Metal Gearmotor LP 6V from Pololu 

was selected as it satisfies the necessary requirements for the 

maximum output torque and consumes little power for a 

brushed DC motor. This motor has lower torque than some 

similar motors, but the nominal rotational speed of 36 rpm is 

necessary to prevent the leveling system from operating for 

excessive periods of time. Figure 4.18 shows the selected 

motor.  

Texas Instruments' DRV8838DSGR integrated circuit 

controls the speed and direction of brushed DC motors. This 

chip, as seen in Figure 4.19, accepts two input signals (a 

direction signal and a PWM speed signal), and allows the 

motors to be powered at a different voltage level than that of 

the control signals, allowing for a simpler electrical design for 

the motors. Additionally, the nature of the control signals 

means that controlling the motors is easier than other methods 

using two pulse-width modulated (PWM) signals. 

The R1966ABLKBLKESGRN power switch, given in 

Figure 4.20, was selected as it satisfies the necessary power 

loads it is under when used in the payload and because it has a 

built-in power indicator to show that the batteries are connected 

correctly.  

 

  

Figure 4.18: 380:1 Micro Metal 

Gearmotor LP 6V 

Figure 4.20: 

R1966ABLKBLKESGRN 

Figure 4.19: DRV8838DSGR 
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4.2. Final Design Review 

The various subassemblies were fit together in a 

single assembly file to ensure compatibility. 

Subassemblies are broken apart in their respective 

sections, Figure 4.21 provides an overview and cutaway 

view of the fully assembled payload. 

4.2.1. Retention System 

The retention system contains an aluminum 

cage bolted to the nose cone, two rigid foam cushions 

above and below the payload, and two halves of a polyethylene foam sabot that surround the 

payload horizontally. The aluminum cage shown is designed to take and distribute the loads 

applied by in flight forces and the force exerted by main parachute deployment. The foam cushions 

are designed to retain the payload in the axial direction and will stay attached to the retention 

system when the payload is jettisoned. The foam sabot is implemented to retain the payload in the 

horizontal direction and will stay tethered to the retention system after the payload is jettisoned.  

The retention system is designed to withstand a 30g acceleration due to deployment. Using 

the estimated masses of the payload, nose cone, and retention system, this results in an expected 

loading of 240 lbf. This calculation is shown in Equation 4.1. 

𝐹𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 =  𝑎𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙 ∗ (𝑚𝑝𝑎𝑦𝑙𝑜𝑎𝑑 + 𝑚𝑛𝑜𝑠𝑒 𝑐𝑜𝑛𝑒 + 𝑚𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑠𝑦𝑠𝑡𝑒𝑚𝑠)      (4.1) 

4.2.1.1. Retention Cage 

At a high level, the retention system will be assembled from an aluminum 6061 bulkhead 

and three columns welded together then welded to the nose cone bulkhead. Since the columns are 

expected to be the point of failure, hand calculations were performed to size them appropriately 

and ensure that they can withstand the expected loading with a 1.5 factor of safety. Several types 

of column cross-sections were considered in this analysis, 

including a straight bar, a T-bar, a u-channel, and different 

angles of angled channels. To both maximize space for the 

payload to fit inside the retention system and to maintain 

strength, an angled channel-bar was selected with an 

outside width of ½ inch, an outside height of ½ inch, and 

an angle of 120 degrees was selected. A sample 

calculation of the expected axial stress generated is shown 

in Equation 4.2. The calculation does not account for the 

impact load factor, as it is based on a static load 

application. Impact loads can dramatically affect the 
Figure 4.22: Retention Cage 

Figure 4.21:Basic Payload Assembly 
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stiffness of a system and the resulting mode of failure. The resulting stress in this naive calculation 

is 853 psi, which is only 0.2% of the yield stress of the aluminum. Additionally, the angled shape 

will reduce the beam’s ability to buckle under the loading. The columns will each be 20” long and 

welded to the nose cone bulk plate and the aft bulk plate of the retention system with 90 degree 

spacing between them as shown in Figure 4.22.  

𝜎120−𝑏𝑎𝑟  =  (𝐹𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛/𝑛𝑐𝑜𝑙𝑢𝑚𝑛𝑠)/𝐴120−𝑏𝑎𝑟    (4.2) 

FEA was performed to verify 

the suitability of the columns under 

buckling loads. The cross section and 

material are applied to a beam 

element then run through a static 

analysis. The resulting deflection is 

small, as seen in Figure 4.23, thus the 

current profile is acceptable. 

 

4.2.1.2. Axial Retention – Foam Cushions 

The payload must be retained axially between the nose cone bulk plate and the aft bulk 

plate of the retention system. To ensure this fit is secure and fully retained, rigid foam is cut to size 

and placed on both plates. The cushions are ½ inch thick with a diameter of 5.8 inches to fit inside 

the payload retention system. By preventing the payload from moving axially, the risk of 

accidental nose cone deployment is reduced. 

4.2.1.3. Horizontal Retention – Sabot 
A sabot helps constrain the payload in the lateral direction. The 

sabot, a 1/10th inch thick, polyethylene foam sheet, is curled around 

the payload as it is placed inside the retention system. This keeps the 

payload retained in flight and prevents any vibration. When the 

payload is released from the retention system, the curled sabot uncurls 

and return to its original shape, therefore falling away from the 

payload, and allowing the payload to detach from the vehicle. The 

sabot remains tethered to the main parachute recovery harness with a 

long string. Some testing will need to be done to ensure that the sabot 

falls away easily to ensure a successful payload jettison. Figure 4.24 

shows the payload fully retained in the horizontal direction by the 

curled sabot, this arrangement is then loaded into the retention system 

cage. 

Figure 4.23: Retention Column FEA 

Figure 4.24: Horizontally 

Constrained Payload 
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4.2.2. Recovery System 

The payload team is currently pursuing an autogyro as the recovery method. This selection 

is based on two factors: payload stability during descent and the low likelihood of obscuring 

onboard cameras. When compared to the conventional parachute, the autogyro descent is more 

stable; particularly as it relates to swinging. This advantage increases the probability that the 

payload lands upright. The pendulum properties of a parachute-payload system are highly 

undesirable, as they may cause an irrecoverable landing condition. The autogyro decouples from 

the payload at 4 ft AGL, which destabilizes the autogyro assembly and allows the lander to impact 

independently. This causes autogyro to land away from the payload and negate any obfuscation it 

may have caused. The conventional parachute does have one advantage over the autogyro: an 

adequately sized parachute is easily purchasable and extremely compact. This makes it an 

extremely viable backup in the event the autogyro mechanism is inadequately sized or deemed 

unsafe by the safety team. 

Preliminary design of the autogyro hub and blades was conducted using an in-house model. 

This code uses first order assumptions, but more accurate analysis requires use of “higher-order” 

Computational Fluid Dynamics (CFD) codes which are computationally expensive. CFD requires 

the same experimental verification as the simpler code, thus is unnecessary. A test was performed 

to investigate the effects of blade root angle and blade length on the descent velocity and is 

discussed in section 6.1.2.4. The preliminary code assumes fully laminar flow, 2D aerodynamic 

coefficients, and negligible blade deflection. However, the blades experience significant 

turbulence at the blade tips as well as the flat trailing edge. Additionally, one blade's turbulence 

generation further impacts the next blade's “free-stream”, invalidating the laminar flow 

assumption. The flow transitional effects on lift and drag are highly nonlinear and thus are much 

more difficult to calculate. Secondly, the blade geometry is inherently three dimensional and thus 

using sectional coefficients and integrating it along the blade length is severely inaccurate, 

particularly at the ends of the blade. There, the circulation profile is less rectangular due to the 

pressure equalizing on the top and bottom surfaces of the airfoil. Lastly, each of the blades 

experience roughly a pound of force distributed parallel to the free stream, i.e., the effective 

payload drag. This force bends the blade causing other three-dimensional effects to occur. 

Incidentally a “pliable” blade material generates a dihedral blade angle, increasing the stability of 

the payload’s descent. While some shortcomings exist in the preliminary code it still accounts for 

the effective angle of attack generated from the rotational velocity of the spinning blades. This is 

used to gauge the effects of geometric parameters on the terminal velocity. Also, the preliminary 

velocity data is used to generate a model to predict the terminal velocity of the drop test if terminal 

velocity is not reached during its descent. Once viability of this system is confirmed, higher order 

methods may be considered for precise modeling. 
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4.2.2.1. Autogyro Blades 

Using prior experience and conforming to safety requirements, 0.16-inch-thick 

polypropylene signboard is used as the base material for the autogyro blades. Signboard is 

inexpensive and the flutes along the corrugation can be oriented in the span direction of the blade 

for appreciable strength. In consideration of the safety of high velocity blade tips, the signboard is 

neither narrow, dense, nor stiff enough to impart severe damage on impact with a human. That is, 

the signboard cannot cause hazardous blunt-force trauma 

nor lacerations; however, eye protection must still be worn 

because high tip velocity blades may be dangerous to the 

eyes. The dimensions of the autogyro are constrained by the 

rocket body tube and the outer diameter of the payload. Each 

blade is rectangular with a width of 2.6 inches and a length 

of 20 inches, although the length may be adjusted pending 

test results. 

4.2.2.2. Autogyro Brackets 

Blade brackets are used to interface 

between the autogyro hub and the blades. The 

blade brackets attach to one end and extend 

down 1.25in along the blade as shown in 

Figure 4.25. There is an extrusion opposite 

the blade holding slot to limit the rotational 

range of motion, forcing a horizontal blade 

angle when deployed. The blade brackets are 

held in place by a simple aluminum pivot pin, 

permitting rotation but otherwise securing the 

blades and brackets to the hub. A cross section of these interfaces is shown in Figure 4.25.  

4.2.2.3.  Autogyro Springs 
A torsional spring is inserted between the hub 

and each bracket as shown in Figure 4.27 to force the 

blades to rotate into the free stream. This addition is 

theoretically unnecessary, as any instability in the 

aerodynamics should cause the autogyro to open but is 

included to ensure the autogyro deploys rapidly and 

evenly. The opening of the blades then forces the 

autogyro to right itself in flight, ensuring that the lander is oriented downward. The spring selection 

considers weight, required volume, and applied torque. A torsional spring applies a linear torque 

Figure 4.25: Blade Bracket Diagram 

Figure 4.26: Autogyro Interface Cross-section 

Figure 4.27: Autogyro Spring Placement 
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throughout the rotation, whereas a tension spring provides an uneven torque as a function of the 

angle. More importantly to this design, the tension spring requires significantly more space to 

provide enough torque at the undeployed state. This volume constraint is critical due to the small 

amount of space around the hub, brackets, and retention. A 90° torsional spring is used to minimize 

the volume impact and avoid weakening the hub and brackets.   

4.2.2.4. Autogyro Hub 
The autogyro hub anchors all the blade 

brackets to one central location and serves as a base 

to couple the rest of the payload to the autogyro 

assembly. The part contains a single hole through 

the center, as shown in Figure 4.28, to attach the 

payload to the assembly. The hub itself serves to 

retain the blades and allow them to rotate on the 

connection shaft. Due to the weight limits and 

complex geometry, additively manufactured ABS 

is used to produce this part. The payload weight is transmitted through the center of the hub and 

out to the blade brackets.  

A FEA analysis with expected loads and a 1.3 factor of safety verifies that the hub will 

survive the mission without yielding. On each blade location in this analysis, a 1.5 lbf force is 

distributed over the surface, totaling 6 lbf. The central hole is fixed and the subjective mesh 

parameter is set to 0.075 inches in Solid Edge’s included solver. This case is then run through NX 

Nastran. The results are recorded in Figure 4.29. The stress experienced by the autogyro hub is 

substantially smaller than the yield strength, indicating that the loads could safely be much larger. 

This FEA does not account for layer adhesion properties encountered in additive manufacturing, 

but possesses such a large factor of safety that these factors are insubstantial. To ensure that this 

model was valid, multiple 

flex demonstrations were 

conducted in which of 

CRW’s engineers attempted 

to bend the blade holders out 

of the hub with over 5 lbf on 

a single bracket. No damage 

or visible wear was found 

after the demonstration.   

 

Figure 4.28: Autogyro Hub Dimensions 

Figure 4.29: Hub Stress for a 6 lbm Payload 
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4.2.2.5. Autogyro Connection 
The Autogyro payload interface permits low-

friction to facilitate rotation via an oil-impregnated 

brass flange sleeve bearing interfacing with steel nuts 

and a ½ inch aluminum shaft with a ⅜ inch extension 

with ⅜-16 UNC Threads. The bearing decouples the 

autogyro rotation from the payload base while 

maintaining force transmission to the shaft. The shaft is 

secured to the hub by doubled nuts as a translation 

limiter so that, while loaded, the bearing is pressed 

against the nut. In addition to the double-nut locking, 

the hub direction of rotation is such that even a single 

nut would be self-tightening. A thrust bearing of the 

same material limits the bottom of the autogyro so it 

does not slide down the shaft. This assembly is shown in 

Figure 4.30. 

To reduce the weight of the payload and meet the derived requirement limit of 6 lbm, the 

autogyro shaft is created of two short ½ inch solid rods, machined to be press-fit then lap welded 

into an aluminum tube of the same diameter. The resulting component is shown in Figure 4.31. 

Beam buckling calculations indicate that the tube thickness can be as low as 0.035 inches, but the 

current design uses a wall of 0.065 inches to ensure structural integrity. 

Figure 4.31: Autogyro Shaft Weldment Diagram 

 

Figure 4.30: Autogyro Shaft 

Installation; Exploded View 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

71 

4.2.3. Autogyro Detachment Mechanism 
The detachment mechanism consists of a receiver, springs, a pin, a solenoid, and a support 

bracket. The detachment mechanism 

is activated at an altitude of 4 ft AGL 

as determined by the rangefinder 

mounted to the payload base. This 

detachment allows the autogyro 

shaft to disconnect from the payload 

base, lowering the center of gravity 

of the payload and increasing 

stability for the impact. Detachment 

also occurs to prevent the blades 

from obscuring the cameras. The 

operation of the detach mechanism 

is shown in Figure 4.32. 

4.2.3.1. Detachment Mechanism Receiver 
The receiver is responsible for holding onto and supporting 

the bottom of the autogyro shaft during descent. The receiver has 

two areas of contact with the pin in order to prevent deformation 

of the pin during the maximum force expected to happen at the time 

of jettison. The bottom of the autogyro shaft will be in contact with 

the base of the payload. This decreases the force on the pin 

expected during ejection of the nose cone and payload. Figure 4.33 

shows the detach mechanism receiver that allows the autogyro 

shaft to slide in.  

4.2.3.2. Detachment Mechanism Pin 
A pin passes through the detach mechanism receiver and the 

lower autogyro shaft. A small circular hole is drilled in halfway 

through the pin at one end as shown in Figure 4.34 to allow the top 

of the solenoid to stick through it and constrain the pin. This holds 

enough force to keep the tension springs in an extended state. The 

pin maintains contact with the receiver and the hole in the autogyro 

shaft to prevent shearing or deformation of the pin.  

Figure 4.32: Detachment Mechanism Concept of Operations 

Figure 4.33: Detachment 

Mechanism Receiver 

Figure 4.34: Detachment 

Mechanism Pin 
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4.2.3.3. Detachment Mechanism Springs 

Two tension springs are used to produce the force necessary to pull the pin out at time of 

detachment. The change from a compressive spring to tension springs allows for more force for 

the pin, ensuring a quicker and more reliable detachment. The springs attach to either side of the 

pin and the 3D printed containment chamber of the interior of the payload. The use of two tension 

springs will ensure that friction between the receiver, shaft, and pin will not prevent it from pulling 

out. 

4.2.3.4. Solenoid 

A pull solenoid holds the pin in place 

during descent and prevents an early detachment. 

At the detachment altitude of 4 ft AGL, the 

solenoid activates and retracts. This allows 

tension springs to pull the pin out of the 

connection shaft and decouple the autogyro 

assembly from the payload lander. The distance 

from the ground during the final flight phase is 

determined by the rangefinder.  

4.2.3.5. Rangefinder 
The Sparkfun VL53L1X breakout board is 

trimmed down to better fit into the machined base of the 

payload, as shown in by the red and black component 

Figure 4.35. The rangefinder is connected to the PCB 

using the QWIIC connector on one side of the breakout 

board and routed through the base via a hole machined 

near the bottom left corner of the breakout in Figure 

4.35. The rangefinder is used by the software to 

determine the proximity to the ground once the altimeter 

indicates the lander is below 50 ft AGL, triggering the 

solenoid when it detects the payload is exactly 4 feet 

away from the surface. 

4.2.3.6. Mounts 
A mount is used to attach the solenoid to the 

payload base. It is made of ABS and is strong enough to 

withstand the force the springs exert on the pin, and in 

Figure 4.35: Rangefinder in Payload Assembly 

Figure 4.36: Solenoid Mount Diagram 
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turn, the solenoid. This keeps the solenoid in an upright orientation and prevents it from moving 

during descent. This rigidity will preclude unintentional or early detachment of the autogyro. This 

mount, shown in Figure 4.36, connects to the solenoid via four holes that match threaded holes in 

the solenoid. The bottom of the mount connects to the payload base with a ⅛ inch screw.  

The rangefinder module must be located on the bottom of the base disk to function and 

cannot be mounted in the electronics bay. As such, it is attached via a 3D printed retainer with thin 

foam cushioning inside a cutout in the base disk. Due to the limited space, the ABS mount is held 

by small screws under the base disk as seen in Figure 4.35. These small screws are acceptable 

since the mass of the rangefinder is very low, thus the inertial loads are negligible. The mount will 

give the sensor a 30° field of vision, which prevents obscuration and ensure accurate detection. 

4.2.4. Landing System 
The landing system 

consists of a machined aluminum 

disk, aluminum rod legs, steel 

retaining pins, and tension 

springs. An aluminum disk is 

used for the base, and six legs are 

attached via pins. This allows the 

legs to fold upward for storage in 

the vehicle. When released, the 

springs rotate the legs 

downward, then pull them into 

channels to create a rigid structure as shown in Figure 

4.37. A portion of landing impact loads are transferred 

directly to the base, preventing failure at the pivot pin. 

The springs are inserted into holes in the legs, 

then slid into the base slot. The leg pivot pin is then 

inserted through the base, fixing the orientation of the 

leg and constraining how far it can slide into the base. 

The springs for the legs are then looped around the 

spring center ring, a steel keyring. An exploded diagram 

of the construction process is given in Figure 4.38. 

Figure 4.37: Landing System Concept of Operations 

Figure 4.38: Landing System Assembly 
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4.2.4.1. Base 

The base is machined from a 5-inch diameter, 1-inch-thick aluminum 6061-T6 disk. 

Aluminum is used its superior impact resistance, as it will have to survive the landing shock, 

transmit inertial loads, and house the leveling system. To ensure machinability, the design features 

can all be created with a mill 

and drill press. A 2.5-inch 

circle is bored out of the 

bottom as shown in Figure 

4.39 to reduce payload mass 

and permit installation of 

tension springs. After the 

central hole is created, six 

channels are drilled radially 

for the legs. The channels 

allow the legs to retract into 

the base and lock before 

impact. The impact force is 

transferred from the legs 

directly to the base and 

through steel pins.  

FEA simulations of the worst-case loading scenario verify the suitability of the pin and slot 

geometry. In this orientation, the 170 lbf load passes from the top surface of the disk then entirely 

through two opposite leg-pin connections and machined slots in the base disk. These conditions 

result in negligible deflection of less than 0.0001 inches to the region of reduced thickness along 

around the center of the base as shown in Figure 4.40. Stress values are low, with a maximum Von 

Mises stress under 1.25 ksi in the machined slots and negligible values along other features. The 

base disk also has holes for attaching other components and allowing the leveling rods to pass 

through. None of the other stress conditions are as critical as the landing event, thus only the impact 

loading has been modeled with FEA. 

Figure 4.40: Base Disk FEA 

 

Figure 4.39: Base Disk Diagram 
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4.2.4.2. Landing Legs 
The lander contains six legs made of ⅜-inch Aluminum 6061 T6 rods that deploy upon 

descent via tension springs. A ⅛-inch slot is machined into the rod along with a rounded face on 

the end to enable both rotational and translational motion of the leg. The end of the leg is also 

notched, as seen in Figure 4.41, to facilitate attachment of the spring. A steel pin retains the leg to 

the base at each of the six positions.  

Figure 4.41: Landing Leg Diagram 

Bending moment and impact calculations give a preliminary sizing for the legs, with FEA 

obtaining accurate estimations of the deflection. The analysis shown in Figure 4.42 uses a 

downward 85 lbf load distributed 0.25 inches from the tip, as well as constraints commensurate 

with the pin and channel interfaces. This results in a 0.88-inch tip deflection, and noncritical Von 

Mises stress values even under worst case landing orientation, velocity, and semi-packed soil. 

Figure 4.42: Landing Leg Impact Deflection 

4.2.4.3. Springs 
Steel tension springs are used to rotate 

the legs downward from the stowed position, 

then retract them into the base slots. The 

springs have a free length of 1 inch, an outer 

diameter of 0.24 inches, and a wire diameter of 

0.031 inches to provide a spring rate of 7.5 

lbf/inch as well as allow for the necessary 

spring deflection between the undeployed and 

deployed leg states. There are six springs, one 

per leg, running from a retaining ring in the 

center of the base to each of the legs. Figure 4.43: Landing Leg Spring Arrangement 
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4.2.5. Leveling System 

The leveling system consists of three 

modules, positioned radially at 120° from each 

other and 30° from the landing legs, as shown in 

Figure 4.44. Each subassembly uses high torque 

electric motors to turn ABS gears. These gears 

have a spline connecting them to threaded and 

splined aluminum rods. These rods are turned 

through stationary brass nuts mounted in the 

base, causing them to extend out of the bottom 

of the lander and push against the ground with 

polymer feet affixed to the rod ends. Cutaway 

and exploded views of one of the three leveling 

modules is provided in Figure 4.44. ABS 

printed mounts are used to retain the motor and 

carriage gear and ensure secure contact between 

components. 

4.2.5.1. Threaded Rods 

The threaded rods are made of 

aluminum 6061-T6, balancing density and 

stiffness to withstand cantilever loading when 

fully extended. The rods are 8.5 inches long, 

with 3/8-12 Acme threads for the entire length as 

shown in Figure 4.45. The threaded rods are also 

splined to allow torque transfer from the gears to the shaft. This rotational motion causes the rod 

to screw through stationary nuts. The threaded rods pass through brass Acme nuts in the lander 

base, forcing them to move linearly as they are rotated. The threaded rods have feet made of 

polymer to distribute the weight of the lander 

over a larger area and avoid digging into the 

surface if the soil is loose. The threaded rods 

are keyed to allow the gears to constrain 

rotation while permitting translational 

motion. 

Figure 4.45: Leveling System Model 

Figure 4.44: Lander Threaded Rod Diagram 
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Hand calculations using the minimum minor diameter and aluminum material properties 

were used to determine the tip deflection of the fully extended rods under cantilever loading on a 

35-degree slope and worst-case conditions. These calculations allowed rapid selection of the 

lightest shaft that can meet mission loads. The 3/8-12 Acme threaded rod is the smallest diameter 

that provides a tip deflection under 0.125 inches when loaded with the maximum possible weight 

and worst-case conditions. The hand calculations are validated with a linear static analysis 

performed on a model in MSC Patran/Nastran. The FEA results shown in Figure 4.46 are 

marginally smaller than the hand calculations, 0.0912 inches of deflection rather than 0.0913 

inches. These deflections are within the desired parameters; thus the 3/8-12 Acme threaded rod is 

suitable for use. 

Figure 4.46: Threaded Rod FEA Deflection Analysis 

 

4.2.5.2. Leveling System Nuts 

Stationary 360 brass ⅜-12 Acme round nuts are fit into the base to convert the rotational 

motion of the rods into linear motion. 360 brass is used to balance low friction, material strength, 

and cost. Round nuts are selected to reduce the complexity of machining required in the base. The 

nuts can be epoxied, welded, or staked in place to prevent rotation or detachment. Each round nut 

is ⅜ inch long, providing 4.5 engaged threads to distribute the load and prevent shearing. A 

diagram is given in Figure 4.47. Based on the number of engaged threads, rod slot profile, and 

minimum engaged diameter, as well as a 1.3 factor of safety, the maximum shear stress on the nut 

and rod thread is 12.9 psi. This is well below the material strength of the aluminum and brass. 

4.2.5.3. Gears 

The gears for the leveling system are 3D printed using ABS thermoplastic. ABS is used 

rather than metal due to its ability to be additively manufactured. Fused Deposition Modeling 
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(FDM) allows rapid and inexpensive 

creation of custom splined gears, reducing 

manufacturing time and cost. The use of 

polymer also reduces the mass of the 

gears, as well as prevents any undesired 

material chemical interactions. The 

carriage gear shown in Figure 4.48 fits into 

a keyed Acme ⅜-12 threaded rod, and 

interfaces with the drive gear at a 2:1 ratio. 

It is ⅜ inch tall to engage a sufficient area 

on the threaded rod and prevent bearing 

stress yielding. The gears use a ¼ inch 

contact height and 20-degree pressure 

angle for optimal force transfer while 

remaining within the available volume. 

Based on worst-case stress analysis, the 

gears need to be capable of transferring 

0.80 in-lb of torque to the threaded rods. 

However, due to friction between the gear 

and the rod itself, as well as the gears and 

base, the gears need to transmit a motor 

torque of 0.96 in-lb through the reduction 

system. 

    The critical shear stress on the 

carriage gear was evaluated using the 

calculated torque of the system and the dimensions of the force transfer key. Per the dimensions 

of the carriage gear given in Figure 4.47, the shear stress across the key root is 400 psi. This value 

is below the shear strength of ABS.  

FEA was used to determine the bearing stress. Based on an applied torque of 1.77 in-lb, 

the average contact profile of the threaded rod, and the size of the key, the bearing stress on the 

carriage is approximately 846 psi. As shown in Figure 4.48, this does not cause any von mises 

stresses capable of yielding the ABS. No additional factor of safety was used in these calculations 

as it was already accounted for through the torque value. 

The drive gear is half the size of the carriage gear, reducing the amount of torque required 

by the motor. It interfaces directly with the 3mm motor D-shaft and is housed under the motor 

mount.  

Figure 4.47: Carriage Gear Geometry 

Figure 4.48: Carriage Gear Bearing Stress FEA 
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4.2.5.4. Motors 
Motors are used to drive the gear train and rotate the threaded rods through the nuts. Based 

on friction and load calculations, the motors must be capable of producing 0.96in-lb of torque to 

drive the threaded rods. The Pololu 6V 

36rpm Metal Gearbox Motor is used to 

drive the leveling legs due to its low 

mass, high torque, and compact size. The 

motor is a brushed DC motor, which 

allows for a simple control design when 

used with an H-bridge based motor driver 

integrated circuit. Controlling software 

can control both the speed and direction 

of rotation, allowing for the creation of an 

orientation-based feedback loop for a 

controller, which is used to level the 

payload after it has landed. 

4.2.5.5. Motor Mounts 
The motor mounts keep the 

motors aligned and secured. Since these 

parts are not submitted to significant 

stress, they are made of ABS to provide 

low mass and easy manufacturing. The 

mounts bolt to the base disk and provide 

a rigid interface between the base and 

high-torque motor. The motor is both 

clipped and bolted in, as the motor 

features two mounting threads on the 

same face as the output shaft. As seen in 

Figure 4.49, the mount is designed for the specific parts in use. The motor mount also provides 

protection and retention to the drive gear, as it surrounds the gear and prevents it from shifting 

laterally on the motor shaft. 

4.2.5.6. Carriage Gear Retainers 

The ABS carriage gear retainers keep carriage gears from lifting out of contact if threaded 

rods are run in reverse, as well as protect the mesh from debris generated by landing. The carriage 

gear retainers are also responsible for anchoring the electronics bay. Due to the directional 

properties of 3D printed materials, the carriage gear retainers are designed with a large surface 

Figure 4.49: Motor Mount Diagram 

Figure 4.50: Carriage Gear Retainer Diagram 
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area as seen in Figure 4.50 to chemically bond the 

components and mitigate the directional weakness of 

the bay structure. There are three carriage gear retainers, 

one per leveling mechanism. This provides a total of six 

connection points between the electronics bay and the 

base.  

The carriage gear retainers are designed to 

withstand the most critical loads encountered during the 

mission profile. During ejection, the carriage gear 

retainers must support a total of approximately 22.5 lbf 

in tension due to inertial loading from the electronics 

bay and attached components. This load is distributed 

evenly between the retainers for analysis, and a factor of 

safety of 2 applied. The component was modeled in NX Nastran through SolidEdge using ABS 

material. The FEA results, given in Figure 4.51, confirm that the retainers neither fail nor undergo 

plastic deformation. 

4.2.6. Electronics 
For full compliance with the 

competition requirements, the Isopedotís 

payload contains electronics to detect 

landing, self-level, take a picture of its 

surroundings, and transmit the information 

(including the pictures of its surroundings). 

A variety of electrical components are 

required in order to perform these tasks, 

and the final choices for the components 

used in the payload are shown in Table 

4.52. This table names each component 

that is used in the payload’s electronics and 

gives a short description of the 

functionality of each. The electronics are 

held by the mounting system shown in 

Figure 4.52. 
Figure 4.52: Electronics Bay Assembly 

Figure 4.51:Carriage Gear Retainer; 

Critical Load Case 
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All electronics on the payload are 

controlled by the Teensy 4.1 and powered 

by onboard lithium ion batteries (Samsung 

30Q 18650). The three Pololu motors 

(380:1 Micro Metal Gearmotor LP 6V) are 

powered directly from the batteries and 

controlled using one of Texas Instruments’ 

brushed DC motor drivers 

(DRV8838DSGR) for each motor. The 

solenoid used in the autogyro release 

mechanism is likewise powered directly 

from the batteries, but with a simple binary 

state control scheme. The Teensy and three 

OV5642 cameras are powered off a 5 V 

rail, and all other components are run off a 

3.3 V rail. The voltages of these rails are 

maintained through the use of adjustable 

switching regulators from Texas 

Instruments (TPS62051DGSR) to allow 

for variability in the input voltage and for a 

better power efficiency of the components 

powered from the regulators. A block diagram showing the high-level connections can be seen in 

Figure 4.53. More detailed connection information is provided in Section 4.2.6.4 and the full 

electrical schematic can be found in Appendix G.   

4.2.6.1. Electronics Bay 

The electronics are mounted to the base via a 3D printed shell. This shell protects the 

components from environmental factors and provides a secure retainer for the boards. The 

electronics bay is adhered to the carriage gear retainer mounts, reducing the complexity of the 3D 

printed part and increasing the strength of the attachment. The two identical slots in the top and 

bottom left of Figure 4.54 are for the battery sleds, while the thinner slot in the bottom right is for 

the PCB sled. The sleds are designed to be able to slide into their respective holders, with padding 

above and below the sleds to reduce impacts. This allows easy removal of all electronics for 

troubleshooting, as well as dampening of shock loads.  

Figure 4.53: Payload Electronics Block Diagram 
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Figure 4.54: Electronics Bay Diagram 

4.2.6.2. Electronics Bay Lid 

The electronics bay lid secures the sleds and seals out any 

debris during landing. The electronics switch is also mounted in the lid 

to provide convenient access in a protected location. The lid has a 

central hole, shown in Figure 4.55, slightly larger than the autogyro 

shaft to permit smooth detachment. The lid is affixed to the electronics 

bay with three bolts, providing a solid connection to prevent ejection 

of the sleds under inertial loads. 

4.2.6.3.  Electronics Sleds 
To avoid damage to brittle components upon 

impact, as well as allow for convenient removal, several 

major electronics are mounted in sleds. These sleds are 

3D printed out of ABS, for rigidity, low weight, electrical 

insulation, and low cost. The lithium-ion 18650 batteries 

are held in commercial since-battery holders, which in 

turn are attached to a battery sled as shown in Figure 4.56. 

The sleds are then inserted into the electronics bay as 

discussed in Section 4.2.6.1.  

Figure 4.55: Electronics Bay Lid Diagram 

Figure 4.56: Battery Sled Diagram 
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The PCB needs to be easily removable and 

protected from the impacts of the mission profile. As such, 

it is mounted on a 3D printed sled, similar to the battery 

sleds. This sled is direction-specific, using chamfered 

edges as an index to ensure correct orientation as seen in 

Figure 4.57. Since the IMU is mounted on this sled, the 

sled is mounted in such a way that its orientation is locked 

to the orientation of the entire payload, while still 

allowing the sled to slide up and down against its padding 

to reduce impact loads. 

4.2.6.4. Electrical Design 

The electrical components of the payload are united by a custom Printed Circuit Board 

(PCB). The PCB used to contain the necessary circuitry for the functionality of the payload’s 

electronics was designed with KiCAD and ordered through OSH Park. The following section 

details certain sections of the electrical design focusing on electrical connections and then on the 

PCB itself. 

    In the payload, some electrical components are located off of the printed circuit board 

that houses the critical circuits. The batteries and power switch, the three motors for the leveling 

system, the three cameras, the distance sensor, the autogyro release solenoid, and the GPS receiver 

are all located separately from PCB and connected via wires. The nature or size of these 

components require them to be located off of the main PCB. In order to make the necessary 

electrical connections to the PCB, the JST SH series of receptacles, housings, and crimps are used 

for sensor and low power connections, but the JST PH series of connectors are used for the higher 

power connections of the batteries and the solenoid.  

One of the most critical sections of the electrical design is that of the power system. In 

order to ensure the safety of the electrical components on the PCB, the connection to the batteries 

is connected to a reverse polarity protection. This protection prevents backwards voltage being 

applied in the case of the batteries being connected backwards in the circuit. Effectively this 

protection only allows current to the rest of the electrical components if the battery voltages are in 

the current placement. These two circuits are shown in Figure 4.58 with the reverse polarity 

protection circuit being on the left of the figure and the source switching circuit being on the right 

side. 

Figure 4.57: PCB Sled Diagram 
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Figure 4.58: Power Protection and Source Switching Circuits 

 Since the three cameras 

necessary for the creation of a 

panoramic picture of the payload’s 

surroundings after landing are not 

located on the board, connections 

are required for communication 

with each camera. The data 

streams of each camera are on the 

SPI protocol, so, while only one 

bus is necessary for 

communication to all three 

cameras, each camera requires two 

power lines and the four SPI lines 

for functionality. To better control 

the power consumption of the cameras, a MOSFET 

is used to manage when current is allowed to pass 

through the cameras, essentially giving a power 

switch for the cameras that can be controlled by the 

Teensy. Figure 4.59 shows the wiring diagram for the 

cameras.  

A similar MOSFET driven system of power 

control is used with the autogyro release solenoid to 

allow for a Teensy-controlled release of the autogyro 

Figure 4.59: Camera Connection Diagram 

Figure 4.60: Autogyro Release Solenoid 

Connection Diagram 
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descent mechanism. When the TEENSY commands, the solenoid is activated and allowed to 

contract. A flyback diode is placed in parallel with the solenoid, but opposing the natural flow of 

current, to allow for the dissipation of the power stored in the solenoid when the MOSFET is 

closed. The connection diagram for the solenoid is shown in Figure 4.60.  

The three Pololu motors are controlled by the Texas Instruments DRV8838DSGR brushed 

DC motor driver. This motor allows for the directional and speed control of DC motors through 

the two outputs of an H-bridge. The motor driver also allows for the motors to be driven with a 

different voltage than that of the control voltage level, permitting the motors to be powered directly 

from the batteries, while still being controlled by the Teensy. The specific direction and pulse 

method of control is designed for the ease of programming the motor functionality. The wiring 

diagram of the motor driver and motor connections are shown below in Figure 4.61. 

Figure 4.61: Leveling Motor Driver Electrical Schematic 

 Analog methods of the measurement of the supply voltage and of the calculation of the 

outside temperature are used in order to allow for a cost effective method of recording useful 

information related to the payload’s mission. Simple voltage dividers are used to calculate either 

an unknown voltage or an unknown resistance. To obtain the temperature, the resistance of the 

thermistor can be used in an equation located 

in the datasheet of the thermistor in use. The 

analog voltages at the points in the voltage 

divider are measured using the Teensy’s 

onboard ADC and then converted to the 

respective desired values of temperature or 

supply voltage. The wiring diagrams of these 

two analog voltage divider circuits are 

shown in Figure 4.62.  

A complete electronic schematic was 

made with the circuits shown above and the 

typical application circuits of the components 

not shown. From this electrical schematic, the circuit is laid out and designed to fit into a 1.5 in by 

Figure 4.62: Thermistor and Supply Voltage 

Divider Circuits 
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4.5 in rectangular printed circuit board. The schematic and PCB are created with KiCAD, a free 

electrical design software, and the PCB is ordered through OSH Park. The front and back of the 

current revision of the circuit board is shown below in Figure 4.63. 

  

Figure 4.63: Payload PCB Layout 

4.2.6.5. Power Budget 
As shown in Table 4.2, the total power required for two hours of operation, with drastic 

active operation times for those components not always on, is estimated at 8014 mWh. These 

operation times exceed the required times for power estimations to ensure a healthy power margin. 

Efficiencies relating to the voltage regulators and the surrounding electrical components are 

factored into the power budget with the efficiency column; the motors driver components are 

factored into the efficiency of the motors in the below table. With two 3.7V 3000mAh Samsung 

18650 batteries hooked up in series, the batteries produce 22200 mWh, giving the payload power 

system a factor of safety of 2.77 assuming the batteries maintain ideal voltage throughout the flight. 

This large factor of safety with extreme assumption regarding power consumption indicates that 

the power provided by the batteries is sufficient to keep the payload powered for the entire mission. 

 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

87 

Table 4.2: Payload Power Budget 

A power switch is included between the batteries and the power input to the PCB to save 

power and as a safety precaution to turn the payload off if necessary. The power switch has a 

power indicating LED on it and this LED shows if the batteries are connected correctly. The switch 

is located facing out from the electronics bay on the electronics bay lid and is rated for 1875 W of 

power, significantly more than the payload uses. 

In addition to the safety precautions from using a power switch with an indicator, circuitry 

in the electrical design was developed as a means of making certain that the electrical components 

are safe. The circuitry and their functionality were described in Section 4.2.6.4. 

4.2.7. Ground Station 
To facilitate payload communications, a ground station is used to display telemetry, a 

command console, and landing panoramic display. This ground station uses radio communication 

through XBee radios to communicate bidirectionally with the payload throughout the flight. The 

ground station has a set of commands with which the payload will change its behavior 

correspondingly. The ground station can tell the payload to restart the leveling process if the self-

leveling fails but has no influence over the self-leveling actions themselves. Additionally, the 

ground station receives the raw images of the surroundings of the payload and will convert these 

pictures into a panorama. 

The ground station is programmed in Python using open-source graphing libraries to create 

a graphical user interface that displays the payload’s telemetry in real time. The software uses 

serial communication libraries to communicate with the payload through an XBee radio and an 

XBee adapter board connected to a Laird Technologies PC906N Yagi antenna. From this setup, 

the data received from the payload is displayed in real time on telemetry figures and in an updating 

textual representation of the received data packets. The pictures are processed in the ground station 

by first converting the fisheye images to rectangular images and then stitching the images together. 

Relying on the ground station to refine these images removes much of the processing strain from 
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the payload’s microcontroller unit. Figure 4.64 shows an outline of the ground station 

configuration and shows the main components of the GCS. 

Figure 4.64: Ground Station Configuration 

 

4.2.7.1.  Selected Components 
Among the components of the Ground Station are an XBee adapter board, XBee radio, and 

Laird Technologies PC906N Yagi antenna. These components are critical to the design of the 

ground station, as opposed to the freedom of using any laptop with Python installed on it to run 

the application. The ground station is based around the usage of these components. The XBee uses 

the Yagi antenna to increase its gain for a more reliable connection at the predicted distances and 

uses the Explorer board to connect easily with the laptop running the GCS software.  

4.2.7.2. Communications 
Using Python’s serial communication libraries and the XBee adapter board, USB 

communications are converted to a UART communication protocol then sent out over the radio 

using the Yagi antenna and XBee. Communication is bidirectional and the ground station can both 

receive telemetry and send commands to the payload.  

Figure 4.65 shows the format of the telemetry messages sent by the payload to the ground 

station and Table 4.3 explains these sections of the telemetry message. Figure 4.66 shows an 

example of a message as it would be received by the ground station. These messages are received 

and parsed to display the values as the packets are received. 

Figure 4.65: Telemetry Message Format 
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Table 4.3: Description of Payload Packet Sections 

 

Figure 4.66: Example Telemetry Message 

The list of commands that the ground station has access to is shown below in Table 4.4. 

This table shows the commands and their actions. These commands can be sent to the payload 

from the ground station by typing the command’s name and input the terminal in the GUI of the 

ground station. The commands are deciphered by the ground station and a unique bit message is 

sent to the payload and confirmed before any action is taken. These commands will only be used 

if necessary during the actual flight; they are primarily for use in testing and for backup purposes 

as the payload autonomously initiates each task during the mission. 

Table 4.4: Ground Station Commands 

4.2.7.3. GCS Software Work Plan 

XCTU, the commercial configuration platform for the XBees, will be used for early radio 

trials during payload software development. As the team transitions towards preparing for full-

scale flights, more work will go into developing a custom graphical interface for easier data 

analysis. The team will first develop the framework for receiving telemetry data, sending 
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commands, and displaying the pictures as these aspects will be needed for tests. Once these are 

complete, development will transition to displaying the telemetry data in more readable formats. 

4.2.8. Software 

The payload’s software is written in C++ using the PlatformIO IDE to control the Teensy 

4.1. The flight logic will be developed in a superloop design, where the logic constantly loops 

through polling the sensors and transmitting as necessary, with logic gates for different states (such 

as levelling or taking pictures). A high-level overview of the software is shown in Figure 4.67. 

Figure 4.67: Flight Software Flow Diagram 

The primary goal of the software is to level the payload upon landing, then take and 

transmit pictures back to the ground station. To do this, the flight logic uses orientation data from 

the IMU to autonomously level the payload by driving the appropriate motors through PWM. Once 

levelled, a photo is taken with each of the cameras and pulled back to the Teensy through SPI. 

From there, the photos are sent via UART to the XBee radio and transmitted back to the ground 

station. 

    Besides the primary objective of levelling the payload and transmitting the pictures, the 

flight software also records and transmits the altitude, temperature, acceleration, and angular 

velocity of the payload throughout the flight. When the payload descends to within 50 ft AGL 

(using the BMP388 for altitude calculations), the software begins polling the rangefinder to 

determine when the payload has reached the 4 ft AGL limit and detach from the autogyro. The 

different protocols used to communicate with the various sensors can be seen in Figure 4.68. 

Figure 4.68: Communication Protocols 
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5. Safety 

The focus of the safety team during this phase of the project was the revision and 

finalization of Risk, Hazard, and Failure Mode Analyses from the PDR phase, the completion and 

compilation of Component Data Sheets (CDS) and Material Safety Data Sheets (SDS), the 

production of several Standard Operating Procedures (SOP’s) specifically including those for 

Black Powder Testing and a Full-Scale Launch, and the completion and revision of CRW’s safety 

manual. These materials (or portions of them) are included in Appendices C-F (specific 

Appendices for each material will be noted later in this section). 

5.1. Launch Concerns and Operation Procedures 

Full scale launch procedures have been derived and revised from CRW’s subscale launch 

procedures and the lessons learned from that experience. The safety team collaborated with the 

team expert for each section of the SOP in order to ensure accuracy of those sections. These 

methods of production of the SOP have resulted in a full-scale launch SOP that CRW expects to 

be highly accurate and successful, and that contains all necessary precautions in order to launch 

safely. The SOP was written with an emphasis on breaking down the process into the simplest 

reasonable steps, so that each step of the procedure contains only one major action. These steps 

were thoroughly reviewed to ensure they were straightforwardly written and easy to follow. All of 

this was done with the goal of ensuring nothing is missed during packing, travel, assembly, launch, 

recovery, post-flight procedures, cleaning, or re-packing on launch day. The full-scale launch SOP 

can be seen in Appendix J. Each full SOP includes the PRC system of approval for testing and 

launches, the procedure itself, and appendices with all applicable hazard tables, SDS’s, and CDS’s 

for all components that contribute to the failure modes of the rocket. For the SOP included in the 

Appendix of this document, the hazard tables and CDSs have been removed, as these sections can 

be found in their own Appendices. 

5.1.1. Payload and Electronics Preparation 

The preparation of the payload and electronics systems is detailed within the launch SOP 

and consists of thorough instruction on the procedure from electronic setup to payload vehicle 

integration. The electronics are prepared by opening the electronics bay and placing all necessary 

electronics securely within, and verifying that all systems are functioning properly before closing 

the electronics bay. Once the electronic components are secured and verified, the blades of the 

payload autogyro system are folded down and held tight to the payload base before wrapping with 

monofilament to hold them in place until payload ejection. Batteries used to verify electronic 

component integrity are removed, to be reinstalled later in order to conserve battery life, and the 

payload is ready for vehicle integration. 
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5.1.2. Rocket Preparation 

The rocket preparation procedure is stated in the launch SOP and includes the preparation 

of the nose cone, upper airframe, and lower airframe. This includes the loading of the drogue and 

main parachute for deployment, as listed in recovery preparation, as well as the loading of the 

payload and avionics bay. The necessary preparations for each section include the inspections of 

mechanical elements for faults as well as the introduction of power supplies in the nose cone and 

upper airframe, for both payload and tracking purposes. The motor is also assembled, prepared, 

and inserted into the rocket's lower airframe during the final steps of preparation.  Motor 

preparation is also laid out in the launch SOP and begins with an inspection of mechanical 

components, O-rings, and seal disks. If no fault is found, the motor is assembled to the 

manufacturer's specification and stored in a day box until installation, at which time the motor 

retainer is removed and the motor case is installed, followed by the motor tube.  

5.1.3. Recovery Preparation 

Per the current design, to prepare the payload for proper recovery, a monofilament wire is 

wrapped around the blades of the autogyro before placing the payload inside of the vehicle, with 

a hotwire prepared to burn the wire and release the blades upon ejection. This ensures that the 

blades will properly deploy only when ejected from the rocket. Preparation for vehicle recovery is 

completed at various stages of the rocket’s assembly. Once both parachutes are properly folded, 

they are wrapped in Nomex blast cloths and set aside until the vehicle is ready for their installation. 

When the vehicle is ready for parachute installation, per the launch SOP, each parachute is attached 

to the appropriate quick link and inserted into its respective body tube, ensuring that the Nomex 

cloth is facing the coupler for blast protection. 

5.1.4. Launch Pad Setup and Launch Procedure 

The launch pad setup and launch procedures are identical to the team’s subscale flight, as 

there is no change in this aspect of the design. This consistency assures that these critical steps are 

done safely and accurately. The team’s NAR mentor, who will be handling, preparing, and 

installing the motor and igniter, has reviewed and approved these procedures. As part of this 

section of the launch procedure, the rocket, igniter, flight card, and altimeter keys are taken to the 

Field RSO before taking the rocket, igniter, and altimeter keys to the launch rail. The GPS tracker 

is confirmed to be fully operational and the Launch Control System is confirmed to be in the “Safe” 

state. Once this is done, the rocket is placed on the launch rail and the rail is raised to the desired 

launch angle, which is then recorded in the SOP. A full series of checks is then conducted before 

the altimeters are turned on, at which point the team mentor installs the igniter and confirms 

continuity with the Launch Control System. The rocket is then ready to launch. 
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5.1.5. Troubleshooting 

Traditional troubleshooting steps have been included in the launch SOP, such as those for 

failure to launch or hang fire. These steps are found at the end of the procedure, with references in 

the SOP steps when they may be necessary. Additional troubleshooting steps for both the vehicle 

and payload electronics are included in the assembly steps for those sections of the rocket. These 

steps include actions like checking the charge of batteries before installation, and verifying each 

set of electronics is functioning correctly before installation. The goal of these additions is to catch 

any issues with the rocket as those components are installed, so they may be resolved efficiently. 

5.1.6. Post-Flight Inspection 

Post-Flight inspection will be very similar to the subscale procedure. All information that 

can be gathered from full scale test flights is critical for perfecting discrepancies before 

competition, so this section of the procedure is very important. For this reason, several specific 

conditions are checked, and specific data points are recorded. Data such as the apogee altitudes 

from each altimeter, the GPS location of landing, the final vehicle weight, and structural 

observations of the rocket are recorded immediately, while other data such as that collected from 

the pitot tube and the VDS usage are taken and saved onto a computer for later analysis. There is 

also a section in the SOP available for additional notes on the condition of the rocket and payload, 

any information about mission performance, or other noteworthy information. 

5.2. Personnel Hazard Updates 
Personnel Hazards have been updated to reflect changes in the overall design and 

experience gained from black powder testing and the subscale launch. These updates focused 

specifically removing ambiguity from the language of the hazards and mitigations, as well as 

revising the mitigations to reflect the actions of the team rather than those of the mentors. Specific 

hazards that will arise during the fabrication of the full-scale vehicle and payload have been 

identified through initial research and experience with the subscale vehicle. These hazards have 

been thoroughly discussed by the safety team and the appropriate mitigations have been 

implemented, per the SOP review process outlined during the PDR phase. The Personnel Hazard 

Analysis was also compiled into an explicitly labeled table, in order to add further clarity to hazards 

classified as Personnel Hazards. The updated Personnel Hazard Analysis can be found in Appendix 

C. 

5.3. Failure Modes and Effects Analysis Updates 
With the finalization of the design and all parts being selected, the Failure Modes and 

Effects Analysis (FMEA) and Component Data Sheet (CDS) documentation is complete. A list of 

FMEA tables and CDS’s can be found in Appendix D. Possible failure modes have been identified 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

94 

and mitigated through design considerations and SOP’s to reduce any risks to a minimum level. 

Risk levels for the identified failure modes were derived from NAR’s “Launching Safely in the 

21st Century”, communication between team members as parts were chosen and developed, and 

the expertise and experience of the CRW team mentor. 

5.4. Environmental Hazard Updates 
The Environmental Hazard Analysis has also been updated to reflect the team’s 

experiences through the subscale launch. These updates focused on clarifying language in the 

mitigation plans to reflect the specific actions taken by the team, and revising the hazard table to 

reflect new research put into the effects of each mitigation on the project. Experience gained from 

the subscale launch has led to revisions in the mitigation plans for some Environmental Hazards, 

as the mitigations listed during the PDR phase either were not practical when implemented or did 

not encompass all of the actions taken by the team. The updated Environmental Hazard Analysis 

can be found in Appendix E. 

5.5. Mitigation Updates 
Mitigations have now been completed for all hazard analysis and failure modes. This year’s 

safety team has modified CRW’s designation of mitigations and verifications, as the team noticed 

while reviewing last year’s team’s documentation that their verifications were often just the 

statement that they would implement their mitigation. Seeing these statements as unnecessary, as 

a mitigation is useless if it is not implemented, this year’s team wrote mitigation plans with that 

language worked in. For example, the mitigation plan for the environmental hazard of high 

velocity impact of the launch vehicle is as follows: “Ground testing of recovery system; Two 

consecutive successful parachute ejection tests required before vehicle is allowed to fly; Standard 

procedures followed for parachute packing and vehicle assembly”. Since the verification of this 

mitigation would simply be that the ground testing, ejection tests, and proper parachute packing 

are done, it is not necessary to explicitly state this, as it is understood in the language of the 

mitigation. Therefore, the team focused instead on updating the team’s documentation on the 

effects mitigations have on the project, in an effort to document the trade-offs and concessions the 

team has made for the sake of safety. Safety briefings remain a major method of mitigation for the 

team, as they provide an opportunity for the safety team to educate the team on hazards they will 

face and the mitigations put in place to protect them, as well as to review procedures with the rest 

of the team and note any revisions needed. These briefings will continue to be conducted before 

each new SOP is followed. 
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5.6. Verifications 
While explicit verification statements have been removed from this year’s Risk and Hazard 

Analysis tables, the safety team is still focused on ensuring that the team is well educated on the 

mitigations put in place and follows the safety procedures required because of those mitigations. 

In order to do this, the CRW Safety Team has compiled a comprehensive Safety Manual, all SOP’s 

require verification signatures for critical steps, and all CRW team members have been required 

to complete the NAR Level 2 rocketry exam in order to participate in launch day operations. 

5.6.1. Safety Manual 
Based on the experience of last year’s team, a safety manual has been created which 

compiles all of the safety procedures for this year’s CRW team. In order to verify that the safety 

manual is properly reviewed by the team, team members will be quizzed on their understanding of 

the manual. 100% accuracy on this quiz will be required to verify a full understanding of the safety 

manual. The safety manual includes information on all of the applicable safety codes and 

regulations outlined in the PDR phase, procedures for safe operation in the machine and fabrication 

shops, all Material Safety Data Sheets (SDS) and Component Data Sheets (CDS), and the complete 

Risk, Hazard, and Failure Mode Analysis. Because of the size of the safety manual, only a few 

parts have been included in this document as examples. A selection of CDS’s can be seen in 

Appendix H (all of them could not be included due to page limits), an example of a Mini-SOP is 

seen in Appendix K, and the Risk, Hazard, and Failure Mode Analysis can be seen in Appendices 

C-F as noted earlier. 

5.6.2. Verification Signatures 
In CRW’s launch SOP’s, each step is checked off by the safety officer as it is completed. 

As sections of the SOP are completed that mitigate major risks and/or hazards, verification 

signatures of the safety officer and specific team members are required. This verifies that 

mitigations are implemented completely and correctly. 

5.6.3. NAR Rocketry Exam 

All CRW team members have been required to complete the NAR Level 2 rocketry exam 

in order to participate in launch day activities, verifying an understanding of launch etiquette, 

proper motor handling and precautions, and launch safety. This serves as the implementation of 

mitigations for several Personnel Hazards whose mitigations included the education of team 

members. All students passed the exam by NAR standards, with scores ranging from 97-100%. 
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6. Project Plan 

The CRW project plan is used to guide the team in executing its mission to meet all of 

NASA’s requirements for the USLI competition. It includes testing plans, verification methods 

and plans for the requirements given in the NASA handbook, additional CRW team derived 

requirements with their own verification methods and plans, schedules to make sure the team meets 

all project deadlines, budgets to track spending and make sure the team has enough funding to 

carry out the project, and other methods of structuring team activities that promote project success. 

6.1. Testing 

6.1.1. Vehicle Testing 
To ensure the viability of design features prior to any launch of the full-scale vehicle a 

number of components will undergo ground testing. This testing serves to verify the strength of 

stressed elements, the functionality of electronic elements, or the quality of construction of those 

elements. Components that satisfy test criteria under their current designs will proceed to 

implementation on the vehicle. Components that do not satisfy test criteria will be analyzed as to 

their cause of failure and will undergo necessary design alterations to ensure proper functionality.  

6.1.1.1. Bulkhead Load Tests 
Objective: 

 Simulate expected snatch loading from main-chute deployment on all bulkheads. 

 Confirm that all bulkheads will sustain their respective chute-deployment forces 

without yielding. 

Success Criteria: 

 All bulkheads survive testing without yielding. Should a bulkhead fail the load test, it 

will be redesigned, remanufactured, and tested until it succeeds. 

Method of Testing: 

To accurately determine the expected loading on all bulkheads during main-chute 

deployment, the loadings themselves were calculated. Specifics on these calculations can be found 

in the bulkheads’ respective sections. In general, the acceleration during main-chute deployment 

of 15g’s is used in conjunction with the expected mass attached to the bulkhead to determine an 

expected force. For design and testing purposes, a margin of safety of 0.5 is factored into this force 

calculation. For reference, expected bulkhead loadings with MOS of 0.5 are tabulated in Table 6.1. 

All bulkheads must survive these test load values in order for the test to be considered successful. 
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  Table 6.1: Bulkhead Test Loadings 

To apply the expected test loading, a 

system of eye bolts, winch, recovery harness, 

and load cell will be used. The bulkhead 

being tested will have eye bolt(s) through all 

holes that load will primarily travel through. 

Two sets of these eye bolts will then be 

threaded through with a recovery harness. 

One set of eye bolts will be attached to a load 

cell while the other is 

attached to a winch. The 

winch and load cell will 

both be attached to a 

fixed metal beam. This 

setup can be seen in 

Figure 6.1. 

Additionally, to 

mitigate the risk of injury 

upon bulkhead failure, a 

plywood shield will be 

placed between the 

bulkhead and winch since the winch will be operated manually. The shield will have a hole cut out 

for the harness to run through to facilitate complete protection from bulkhead failures. 

Performing the test after the setup is complete involves tightening the winch until the test 

load value is reached. After this point, the tension in the winch will gradually be released and the 

bulkhead will be inspected. A bulkhead fails this test if any plastic deformation or cracks are found 

anywhere on the bulkhead. If this happens, the bulkhead will need to be redesigned, manufactured, 

and tested until it passes.  

6.1.1.2.  Nose Cone Drop Test 
Objective: 

 The objective of this test is to accurately simulate the ground impact that the nose cone 

will experience. 

Success Criteria: 

 The nose cone and its internal components need to be nearly unaffected by ground 

impact. 

Bulkhead Test Load (lbs.) 

Nose Cone Bulkhead 87.8 

Payload Retention Bulkhead 222.8 

VDS Top Bulkhead 427.5 

Coupler Bulkhead (x2) 675.0 

Figure 6.1: Bulkhead Testing Diagram 
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 All internal components are still fully functioning. 

 The nose cone shell was free of cracks and dents, and the pitot-static tube was 

undamaged. 

Method of Testing: 

To ensure the nose cone is undamaged after ground-impact, the nose cone, fully assembled 

with electronics running normally, will be dropped from a height that ensures similar kinetic 

energy to that expected on launch day. The required drop height is 5.14 ft, which will not require 

any special tools or buildings to achieve. The equation used to determine this height is shown in 

Equation 6.1, where h is the height, v is the expected terminal velocity, and g is acceleration due 

to gravity. The nose cone will be held up to a tape measure at the specified height above the grass 

at the PRC. The nose cone will then be dropped at various angles to see how landing in different 

orientations affects the assembly. After each drop, the nose cone will be inspected for damage and 

electronics will be monitored to see if they’re still functioning. If problems arise, the nose cone 

will be modified and re-tested until it can survive three successive drops. 

ℎ =
𝑣2

2𝑔
             (6.1) 

6.1.1.3. Tracker Range Test 
Objective: 

 Obtain the minimum distance at which the GPS tracker is unable to send full strings of 

GPS data. 

 Verify that the tracker can send GPS data from at least 3000 ft away. 

Success Criteria: 

 GPS data is received from at least 3000 ft away, where 3000 ft is the maximum drift 

distance allowed plus 500 ft.  

Method of Testing: 

To obtain the maximum transmission distance, a 

ground station was set up outside of the Propulsion 

Research Center. This ground station consisted of an XBee 

S3B connected to a Yagi antenna and laptop running 

XCTU. To monitor the XCTU data stream while carrying 

the tracker, the laptop screen was shared to a smartphone 

through Zoom. For maximum range, the Yagi antenna was 

oriented towards the University Fitness Center (UFC), the 

direction that the tracker would be carried. The tracker was 

then turned on and walked towards the UFC. Data was 
Figure 6.2: Tracker Range Test Map 
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transmitted successfully until the tracker was carried across the road from the UFC, there it began 

transmitting partial strings of GPS data. At this point, the test was concluded since partial strings 

are not usable. The GPS coordinates of the ground station and the maximum range position were 

recorded for distance calculations. These two GPS locations can be seen in Figure 6.2. 

Results: 

The obtained GPS coordinates were 34.719368, -86.638691 for the ground station and 

34.727876, -86.637865 for the maximum range position. To obtain the distance between the two 

points, the Haversine formula was used. Here, the distance is seen in Equation 6.2, where d is the 

distance between GPS coordinates in feet, R is the radius of the Earth in feet, Lat1 is the first point’s 

latitude in radians, Lat2 is the second point’s latitude in radians, ΔLat is the difference between 

latitudes, and ΔLong is the difference between longitudes. This equation yielded a maximum 

transmission distance of 3114 feet. Because the tracker transmitted GPS coordinates farther than 

3000 feet, the test is considered a success. 

𝑑 = 2𝑅𝑠𝑖𝑛−1 (√sin (
𝛥𝐿𝑎𝑡

2
)

2

+ cos(𝐿𝑎𝑡1) ∗ cos(𝐿𝑎𝑡2) ∗ sin (
𝛥𝐿𝑜𝑛𝑔

2
)

2

)        (6.2) 

6.1.1.4. Wind Tunnel Testing for VDS 

Objective: 

 Obtain aerodynamic data in the subsonic flow regime involving the VDS to update 

current simulations. 

 Confirm that the stepper motor can deploy the blades for each test. 

Success Criteria: 

 Obtain the coefficient of drag versus deployment angle for various flight velocities. 

 VDS had no deployment issues involving the stepper motor.  

Method of Testing: 

A full-scale prototype of the VDS mechanism will be built primarily with ABS and the 

required mechanical equipment. The VDS will be inserted into an open circuit wind tunnel with a 

12 in x 12 in x 18 in test section. This test will occur at Olin B. King Technology Hall since the 

subsonic wind tunnel is located there. After the VDS is secured inside the wind tunnel on a force 

balance, the pressure and temperature of the laboratory will be recorded in order to determine 

desired set points for testing. Since the velocity of the wind tunnel is set by altering the dynamic 

pressure measured by the DAQ, the desired dynamic pressures, setpoints, will be calculated in 

Microsoft Excel, which correspond to desired flight velocities. After obtaining these setpoints, the 

wind tunnel will be turned on and set to one of these setpoints. The initial drag on the VDS with 

no deployment will be recorded and set as the drag tare for each setpoint. Then, the MyRio with a 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

100 

motor controller will be used to rotate the stepper motor to a specific angle, and the new drag value 

will be documented in Excel, where the difference between this value and the initial value 

corresponds to the amount of drag produced at that deployment angle. This process will be repeated 

for multiple deployment angles and flight velocities. After obtaining all the data, the coefficients 

of drag will be calculated for each deployment angle and velocity setpoint. 

6.1.1.5. VDS Tab Load Test 
Objective: 

 Confirm that the VDS tabs can withstand flight loads and retract properly. 

Success Criteria: 

 VDS tabs did not yield during testing, and that the tabs retracted into the VDS assembly 

with no issues.  

 If a tab breaks during testing, the tabs will be slightly redesigned to reduce stress at the 

point of failure. If retraction is a problem, a lubricant will be used to reduce the 

coefficient of friction between the ABS and aluminum. 

Method of Testing: 

The full-scale VDS will be assembled, and a 20 lbf will be applied to a tab. While the load 

is applied, a camera will be recording the tab to reduce a possible risk of plastic scraps hitting a 

test member, or a weight falling on a test member’s foot. A command will then be sent to the 

MyRio to retract the VDS tab.  

6.1.1.6. Fin Drop Test 

Objective: 

 Confirm that fin material will hold up to rocket aft section landing on it. 

Success Criteria: 

 No structural damage to the fins, and the fins stay attached to the body tube.  

 Must complete three consecutive successful drops. 

Method of Testing: 

At least four fins will be printed for the test, with at least one additional serving as backup 

in case the first round of testing breaks a fin. Approximately 10.5 lbs. of weight will be attached 

to a 6-inch segment of body tube with four fins in flight configuration. Drop from shoulder height 

(approximately 5 feet above the ground) onto dirt. Inspect fins to ensure that no parts broke on 

impact. If a fin breaks on the first attempt, a backup will be used. If problems persist, the backup 

plan of using a metal bracket in the fin will be pursued. 
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6.1.1.7. Motor Retention Test 
The primary concerns with this design deal with the fiberglass body tube to withstand the 

force on ascent and descent. For instance, when a parachute is deployed, the vehicle will feel a 

vertical impulse force upward, and it is imperative that the centering ring to vehicle body bolts to 

not tear out of the fiberglass.  

Objective: 

 To assure the fiberglass body will fail or be damaged on ascent and descent due to 

rocket firing or parachute deployment forces (with an emphasis on parachute 

deployment impulse force). 

 Determine maximum achievable force on the fiberglass body tube before failure. 

Success Criteria: 

 The fiberglass does not yield/crack/fracture at the estimated loads of ascent/descent.  

 Find the max force the fiberglass can withstand (this is a test to failure). 

Method of Testing: 

Four holes will be drilled into the wall of a 6-inch fiberglass tube, then a centering will be 

attached to the tube via 4 ¼-inch bolts. It is important these holes are ½ from the bottom of the 

fiberglass tube. This is because in the main design of the rocket, this is their current position.  Then 

using a load compression test machine, a load will be applied in the vertical direction, down onto 

the centering ring, to the point of bolt failure/centering ring failure/fiberglass failure. 

6.1.1.8. Separation Tests 
Objective: 

 Determine proper black powder charge size and proper CO2 cartridge size for drogue 

and main deployments respectively. 

 Test validity of CO2 ejection methods for main deployment. 

 Ensure the recovery piston is able to complete main deployment. 

Success Criteria: 

 Drogue separation occurs with complete separation and full deployment of drogue 

parachute. Two consecutive successful tests determine mission success.  

 Main separation occurs with complete separation and full deployment of payload and 

main parachute. Two consecutive successful tests determine mission success. 
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Method of Testing: 

To begin this testing, a fully assembled rocket will be needed in order to confirm the 

validity of all separation tests. Once this rocket has been assembled complete with parachutes and 

payload, it is necessary to compute the required charges for each separation and measurement of 

those charges by an approved handler will occur. The calculations will be done in this document 

within the recovery section and on the separation testing SOP. For drogue separation, the first test 

will be done using the initial calculated drogue black powder charge and then stepped up by a 

specified amount each time until a successful separation occurs. Each step in charge size will be 

documented in the SOP for record keeping purposes. After the first successful separation, a second 

test will be done with the same amount of black powder in order to confirm constituent separation. 

With two consecutive successful drogue separations, drogue black powder testing will be done. 

The same process will be completed for main separation testing, but additional testing will be 

needed to confirm the correct CO2 cartridge size. Once the correct black powder size has been 

determined, it is a rule of thumb to increase that size by a factor of five to translate into using CO2 

cartridges. From here, the process can be restarted by increasing the size of the black powder until 

two consecutive successful separations occur. This process is done to lower the amount of co2 

cartridges used in testing. 

6.1.2. Payload Testing 

6.1.2.1. Retention Structural Test 
Objective: 

 Ensure that the retention will be strong enough to sustain the expected inertial loading 

without failing or damaging the payload within it. 

Success Criteria: 

 Retention system must survive 3 black powder tests without permanently yielding or 

buckling.  

 This will be confirmed by measuring the length of the retention system before and after 

and ensuring that it has not changed by more than 1/32”. Additionally, a visual 

inspection will confirm that none of the attachments or fasteners have been damaged. 

Method of Testing: 

The payload bay will be placed in the body of the vehicle and a black powder test will be 

performed multiple times with a test-mass within the payload bay to ensure that the retention 

system is capable of withstanding the ejection loading. The amount of black powder used will be 

consistent with the amount used in full-scale, and the parachute and other recovery systems will 

be packed as they will be in the full-scale demonstration. 
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6.1.2.2. Retention Release Test 
Objective: 

 Ensure that the retention system will release the payload once the sabot falls away. 

Success Criteria: 

 Payload must be successfully deployed from the retention system within 3.5 seconds 

for 10 tests in a row, meaning that no portion of the payload is still touching the 

retention system after each test.  

 A visual inspection will be performed after each test to ensure that the retention system 

was not damaged by the payload. 

Method of Testing: 

The main deployment ejection will be simulated by taking the nose cone and retention 

system and tethering them to a hard mount with a tether of at least 1 meter and far enough from 

the ground to allow full extension of the tether. Then, for each test, the nose cone will be loaded 

into a spare section of 6-inch body tube and quickly pushed out and allowed to fall. This will 

simulate a low-pressure ejection scenario and add some randomness to the test to simulate the real-

world randomness of an actual deployment. Once the nose cone is ‘ejected’ from the body tube, it 

will be allowed to fall until it is caught by the tether which simulates the parachute chord. At this 

point, gravity should do the work of allowing the payload to jettison. 

6.1.2.3. Sabot Release Test 

Objective: 

 Ensure that the sabot will fall away from the payload retention system when the nose 

cone is deployed. 

Success Criteria: 

 Sabot must fall away within 3.5 seconds after removing the sabot encased payload from 

the retention system.  

 The test will be verified with a simple visual inspection. 

Method of Testing: 

This will be a simple test to complete as it only requires the full-scale payload with the 

sabot intact. The test will be run multiple times with the same sabot to ensure that there are no 

issues in repeatability with the sabot falling away from the payload retention system. 
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6.1.2.4. Autogyro Drop Test 
Objective: 

 Determine the autogyro’s effectiveness as a payload recovery system.  

 Payload stability and descent rate are primary parameters used to rate the effectiveness 

of various autogyro blade lengths and angles of attack. 

Success Criteria: 

 Four different blade angles of attack and four different blade lengths are to be tested.  

 Any iterations of the sixteen tests resulting in a descent rate greater than 15 m/s will be 

considered a test failure. Likewise, if any of these tests prove incapable of maintaining 

a stable orientation of the payload, it will be considered a test failure. 

Method of Testing: 

As stated, 16 tests will be performed with blade angles of 

3, 5, 7, and 10 degrees with 24, 20, 16, and 14 inches in length 

each.  All blades will have a 2.6-inch. chord cut from a corrugated 

signboard. The aluminum base will be welded to the shaft with a 

3D printed electronics container threaded on. The electronics 

container will house an IMU to collect orientation data and an 

accelerometer to measure the acceleration and ultimately derive 

the velocity.  Figure 6.3 shows the payload to be used in the drop 

test. 

The payload will be dropped from the 145 ft tall Natchez 

Trace bridge in Franklin, Tennessee, to provide sufficient distance 

to reach terminal velocity under the autogyro. The test operators 

will be split into two groups, a drop team and a ground team. The drop team will be responsible 

for starting the electronics, communicating with the ground team for test readiness, and dropping 

the payload. The ground team will be responsible for filming the test, timing the descent for data 

comparison, and test article retrieval after ground impact. The team will start with the 24 inches, 

3-degree angle of attack blades. After each test, the blades will be shortened by 4 inches until the 

descent rate is around 10 m/s. A 10 m/s descent rate is expected for the 16 or 20-inch blades, with 

the 14-inch blades expected to be higher than 10 m/s. Once a test has been performed with a 

descent rate greater than 10 m/s, the team will move on to the next highest angle of attack and 

repeat. 

Test Results: 

The CRW team was able to conduct the autogyro drop test on December 21, 2020. 

Unfortunately, during electronics preparation for the test at the test site, the teensy Arduino was 

Figure 6.3: Drop Test Payload 
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shorted. The team continued with a demonstration 

of the autogyro and rescheduled the test for when 

the electronics could be repaired. This error led to 

time constraints leading to a reduction from the 

original 16 tests to just 8 tests shown in Table 6.2. 

The first two demonstrations were 

conducted with an emphasis on possible failure 

modes. The first was a zero-blade deployment drop 

to determine a worst-case scenario terminal velocity 

from the test video. The second was an upside-

down drop with the blades deployed, which 

surprisingly proved to be stable and reduced the 

payloads terminal velocity. The following two tests 

were conducted with the 5 and 10-degree angle of 

attack blades with the longest blade length as these 

were the best estimates to bracket the desired result. 

Figure 6.4 shows a snapshot of the 10-degree test 

number 4. The payload has been outlined with a red 

box, and although it is difficult to see, it is 

descending upright with little course alterations 

from the high winds around the bridge. The picture 

on the right shows the payload in its landing 

orientation, again, perfectly upright supported by 

the blades. 

Once the most pertinent demonstrations 

were conducted, the blade length variable could be 

altered. The following three demonstrations (5-7) 

were performed precisely as the previous two. 

These were analyzed along with the 10-degree drop 

for velocity profiles derived from the test videos. 

Figure 6.4 shows the result.  

6.1.2.5. Recovery Detachment Test 
Objective: 

 Verify that the detachment between the payload system and the autogyro occurs within 

the issued altitude.  

 Ensure that a separation occurs. 

Table 6.2: Tested Autogyro Configurations 

Figure 6.4: Descending Payload 

Figure 6.5: Autogyro Velocity Profiles 
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Success Criteria: 

 Verify full detachment of the autogyro at the correct altitude.  

 Data will be collected to verify proper impact velocity and impact force. 

Method of Testing: 

Basic testing will be done with the electronics portion of the payload along with the 

detachment mechanism. This test will verify that detachment does not occur above the 4 ft height 

as stipulated by requirements. Mechanical reaction time will also be noted to verify that the 

payload should detach from the time of activation to the time of impact. A more extensive test will 

be conducted with the full payload to test detachment at the estimated terminal velocity. For this 

test, the payload will be dropped from an altitude that will allow it to reach terminal velocity above 

the 4 ft detachment. This also will also retest the mechanical reaction time with the actual payload 

at the expected velocity to give experimental results. Additionally, the detachment will verify that 

the release will not impart momentum to the payload and cause it to topple over. 

6.1.2.6. Landing Impact Test 

Objective: 

 Verify the suitability of the lander leg dimensions and arrangement, as well as the 

mounting of delicate components. The landing legs must prevent the payload from 

tipping too far and inverting on the anticipated landing zone topography of a plowed 

cornfield. 

 Electronic boards must be protected from the landing shocks to avoid cracking the 

silicon and destroying a component. 

Success Criteria: 

 The structural components of the payload, leg-deployment mechanism, leveling 

system, and electronics mounting components must be able to withstand an impact 

equivalent to that which it would experience upon detachment from the autogyro. 

 The payload must be capable of landing upright given the possible impact angles and 

horizontal velocities the payload may be experiencing. 

 After the test is completed, the payload will be disassembled and examined to ensure 

that there was little or no damage to any payload subsystems or subcomponents that 

would prevent them from being used again 

Method of Testing: 

The test will be performed using a ladder, and a fully assembled payload assembly with 

the autogyro detached and not present. From the top of the ladder, the detached and leg-deployed 

base assembly will be tossed in a variety of orientations and horizontal speeds to simulate different 
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landing velocities and orientations due to wind speed or the detachment process. Before moving 

to the next test, visual inspection will be used to determine and document the damage to the 

payload and data from the electronics will be reviewed and confirmed as accurate. Upon any 

structural failure, electronics error, or completion of test scope, the test payload will be fully 

disassembled and inspected to confirm rigidity and strength of all components and electronic 

connections. 

6.1.2.7. Payload Leveling Mechanical Test 

Objective: 

 Verify the leveling capability, range, and stability of the selected threaded-rod system 

per the landing conditions and payload requirements.  

 The ability of the motors to sufficiently actuate the base in a variety of scenarios will 

be explored and documented to verify the system design choices. 

Success Criteria: 

 Leveling system must be able to compensate for the furrowed landing area conditions 

in several angles and orientations.  

 The system must also be able to remain stable and supported throughout the leveling 

process to prevent tipping in a worst-case scenario. Inability to completely level at each 

orientation or remain upright and stable will result in a failure. 

Method of Testing: 

A ballasted base, leg, and leveling system assembly will be required for this test to simulate 

the final design. The test payload will be placed into different landing conditions aiming to 

simulate the furrows in the landing area. Once in place, manual control of the leveling system 

motors will be used to actuate the threaded rods and reorient the system to a horizontal position. 

Depending on the supporting surfaces at that position, actuation of multiple rods may be necessary 

and the effect of this on stability throughout the leveling process will be explored. 

6.1.2.8. Payload Leveling Control System Test 
Objective: 

 Verify the capability of the software to level the payload successfully and accurately 

under complete autonomous control.  

 The operational time and effects on the batteries will also be recorded to determine the 

accuracy of the power budget for these components. 
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Success Criteria: 

 The software must be able to level the payload to within 5 degrees from the horizontal 

completely autonomously. It must be able to accomplish this for any landing area 

condition.  

 Inability to completely level or remain upright and stable will result in a failure. 

Method of Testing: 

The payload will be placed on different surfaces at various angles, simulating the furrows 

of the final landing area. The levelling state of the software will be manually triggered, and the 

payload will then level itself autonomously. This process will be repeated various times at different 

points in the simulated furrows to ensure the payload is capable of levelling from any point in the 

landing area. 

6.1.2.9. Payload Transmission Test 

Objective: 

 Verify that the payload can transmit telemetry and photos to the ground station at and 

beyond the landing area limits.  

 The payload should also be capable of transmitting telemetry while the payload is 

moving at relatively high speeds. 

Success Criteria: 

 The ground station should be able to successfully receive images from the payload 

without significant portions of the image missing while the payload is greater than 3000 

feet away from the ground station.  

 The ground station should be able to receive at least 75% of all packets sent while the 

payload is moving at roughly five meters per second while greater than 4000 feet away 

from the ground station.  

 The ground station should be able to send commands and receive acknowledgement of 

commands.  

 Inability to successfully perform any of these operations will result in failure of the test. 

Method of Testing: 

The payload will first be positioned near the ground station to verify successful 

transmission and ability to send manual commands. Once this is verified, the payload will be 

transported to at least 4000 feet away from the ground station, moving at roughly five meters per 

second. The payload will then be brought back to at least 3000 feet from the ground station and 

set down on level ground. The ground station will manually prompt the payload to transmit the 

panoramic pictures and will verify that the payload successfully sent the images in good condition. 
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6.1.2.10.  Electronics Endurance and Indicator Test 
Objective: 

 Verify the functionality of the power switch and indicator, as well as the ability of the 

batteries to power the payload for a complete mission. 

Success Criteria: 

 The payload power switch must completely close or open the electrical circuit, and 

visibly indicate the power state.  

 The batteries must provide power to run all of the components for a simulated mission 

profile. 

Method of Testing: 

The complete electrical system will be assembled, and the power switch will be switched 

between the on and off position five times. Each time, the board and indicator will be inspected to 

ensure that the indicator light turns on and the electrical system is connected to power. The switch 

will then be left in the on position, and the components will be run through a simulated mission 

profile. If the batteries provide enough power to complete the mission and the indicator lights 

function properly, the test will be considered successful. 

6.2. Requirement Compliance 
The NASA SLI Handbook lists requirements that CRW must meet over the course of the 

project to demonstrate that the team is qualified to fly a rocket and payload on Launch Day. In 

addition, the CRW team has created a list of team derived requirements that must be met in addition 

to the NASA requirements. 

Failure to meet any and all 

applicable NASA and team 

derived requirements is deemed 

a mission failure. The CRW 

team’s overall progress toward 

verifying compliance for these 

requirements is shown in Figure 

6.6. Figure 6.6: CRW Total Requirements Verification Progress 
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6.2.1. NASA Requirements 
The first five sections of the NASA SLI Handbook cover requirements for the project as specific requirements for the vehicle, the payload, 

recovery, and safety. These NASA requirements must be followed and methods for verifying compliance must be identified. Progress toward these 

requirements must also be documented as well.  

6.2.1.1. General NASA Requirements 
General requirements posed by NASA cover organizational requirements. The requirements with their description, compliance, verification 

type and plan, and progress as well as the location in the CDR the compliance is found are shown in Table 6.3. Progress toward verifying compliance 

for these requirements is shown in Table 6.4. 

Table 6.3: General NASA Requirements 

NASA General Requirements 

Requirement Compliance 
CDR 

Section 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement 

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N.1.1 

Students on the team 

do 100% of the 

project. 

The team consists solely of students 

enrolled in a senior design class. 
N/A Demonstration 

Only student team members are granted access to team 

drives and CRW laboratory. Hours worked on the 

project and team meeting minutes are extensively 

documented to provide evidence of student work. New 

rockets and payloads will be designed, developed, and 

tested solely by CRW team members from raw 

materials. CRW Standard Operating Procedures will 

only incorporate CRW team members with the 

exception of motor assembly, ejection charges, and 

electric match installation steps. These steps will be 

conducted by the team mentor.  

☑     
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NASA General Requirements 

Requirement Compliance 
CDR 

Section 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement 

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N.1.2 

Team will provide 

and maintain a 

project plan. 

The CRW Project Manager will 

maintain the CRW project plan and 

update the plan throughout the 

competition. 

6.3 Demonstration 

CRW management will demonstrate progress and 

scheduling with Gantt charts for the subscale vehicle, 

full-scale vehicle, and payload. A budget for each 

subteam will be maintained as well. In addition, a 

Google calendar will be created and shared with the 

CRW team that includes all project deadlines and 

Outreach events. Risks and mitigations will be 

documented and maintained by the Safety subteam in 

Risk Assessment tables and documents. Announcements 

regarding deadlines will be shared in the CRW Discord 

channel in advance. This is to ensure the team is aware 

of the project plan. 

☑     

N.1.3 

Foreign National 

team members must 

be identified by the 

PDR. 

The CRW Project Manager is 

responsible for emailing NASA with 

the list of foreign national students 

on the CRW team. 

N/A Inspection 

Team Faculty Advisor will relay whether or not there 

are foreign national team members to the project 

manager. Team Faculty Advisor can determine this 

based on the information listed with the students 

enrolled in the senior design class. 

☑     

N.1.4 

Team must identifiy 

all team members 

attending launch 

week activities by 

the CDR. 

Team members will be identified 

through an email sent to the NASA 

USLI team by the CRW Project 

Manager. 

N/A Demonstration 

Members will be asked to indicate whether or not they 

will be attending launch week before CDR. Members 

who do not indicate one way or the other will not be 

allowed to attend. The names of members who indicated 

that they can attend will be included in the email 

containing the CDR deliverables for the CRW team. 

☑     

N.1.4.1 

Students actively 

engaged in the 

project throughout 

the entire year. 

CRW student members actively 

engaged in the project will be given 

the option to attend launch week. 

N/A Demonstration 

A mandatory team survey will be sent out by the CRW 

Project Manager to each CRW student member during a 

CRW general meeting to verify whether or not they will 

availabe to attend launch week. 

☑     

N.1.4.2 One mentor. 
The CRW mentor will be invited to 

attend launch week. 
N/A Demonstration 

An email to the identified CRW mentor will be sent by 

the CRW Project Manager asking if he will attend 

launch week. 
☑     

N.1.4.3 
No more than two 

adult educators. 

The teacher assigned to the senior 

design course that CRW falls under 

will be invited to launch week. 

N/A Demonstration 

An email to the identified CRW adult educator will be 

sent by the CRW Project Manager asking if he will 

attend launch week. 
☑     
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NASA General Requirements 

Requirement Compliance 
CDR 

Section 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement 

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N.1.5 

Team will engage a 

minimum of 200 

participants in 

educational 

outreach. 

Outreach Team Lead will reach out 

to schools to setup virtual and in-

person outreaches and will track the 

number of participants engaged 

through educational outreaches to 

make sure the CRW is on track to 

reach the 200-participant minimum. 

6.4 Demonstration 

Outreach Team Lead will document students engaged in 

outreach using the NASA STEM Engagement form 

provided and use them to keep track of the number of 

participants who have been involved in CRW 

outreaches. Scheduled outreaches will be added to the 

CRW team's Google calendar. 

  ♢   

N.1.6 

Team will establish 

a social media 

presence. 

Facebook, Twitter, and Instagram 

social media accounts for CRW will 

be established and maintained by the 

Outreach Team Lead. 

6.4 Demonstration 
Social media handles will be sent via email to NASA in 

order for them to verify CRW social media presence. 
☑     

N.1.7 

Team will email all 

deliverables to the 

NASA project 

management team 

by the deadline 

specified. 

Internal deadlines will be created by 

the CRW management team for 

NASA deliverables that are at least a 

week earlier than the given deadline 

by NASA. This will give the 

management team plenty of time to 

review and edit the NASA 

deliverables and submit them on 

time. 

6.3.2 Inspection 

The CRW Project Manager will be responsible for 

gathering deliverables, ensuring they are complete, and 

ensuring they are correctly formatted and then emailing 

them to the NASA SLI project management team before 

the deadline specified by NASA. 

  ♢   

N.1.8 

All deliverables 

must be in PDF 

format. 

After the specific deliverable has 

been completed and submitted to the 

CRW management team by their 

internal deadline, the Safety Officer 

will format the deliverable and 

export it as a PDF that he will send to 

the project manager for review. 

N/A Inspection 

The CRW Project Manager will verify that all 

deliverables received for submission are in PDF format 

before emailing the deliverables to the NASA SLI 

project management team. 

  ♢   

N.1.9 

In every report, 

teams will provide a 

table of contents 

including major 

sections and their 

respective sub-

sections. 

Management will create a template 

for each report that includes headers 

for necessary sections and sub-

sections. When compiling the 

document, the Safety Officer will 

add a table of contents to the report. 

He will then send the report to the 

project manager for review. 

N/A Inspection 

The CRW Project Manager will verify that each report 

includes a table of contents that lists every section and 

respective sub-sections before emailing the report to the 

NASA SLI project management team. 

  ♢   
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NASA General Requirements 

Requirement Compliance 
CDR 

Section 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement 

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N.1.10 

In every report, the 

team will include 

the page number at 

the bottom of the 

page. 

In the template that management will 

create for each report, page numbers 

at the bottom of the pages will be 

added using the page number feature 

found in Google Docs. 

N/A Inspection 

In every report submitted to the project manager for 

final inspection, the CRW Project Manager will verify 

that page numbers are included at the bottom of the 

page. 

  ♢   

N.1.11 

Team will provide 

any computer 

equipment necessary 

to perform a video 

teleconference with 

review panel. 

CRW team members are providing 

all necessary computer equipment to 

perform video teleconferencing with 

the review panel. 

N/A Inspection 

CRW team members are required by the UAH 

engineering college to already have a computer with a 

webcam and microphone. Therefore, practices for the 

teleconferences will be held in advance to verify that all 

team members have equipment that works properly. 

  ♢   

N.1.12 

Team will be 

required to use the 

launch pad provided 

by Student Launch's 

launch services 

provider. 

CRW will not bring any launch rails 

or other launch pad equipment to the 

launch site the day of the Student 

Launch competition and will expect 

to use provided launch pads. 

N/A Demonstration 

The Standard Operating Procedure that will be created 

for Launch Day will specify that the CRW rocket will be 

launched from the launch pad provided by Student 

Launch's launch services provider. 

    ☒ 

N.1.13 
Each team must 

identify a "mentor". 

CRW will indicate the team's level 3 

certified NAR mentor who has 

historically mentored past CRW 

teams for the PDR NASA review. 

1.1 Inspection 

The project manager will verify that the team mentor is 

listed in the final PDR document before submitting the 

document to the NASA SLI project management team. 
☑     

N.1.14 

Teams will track 

and report the 

number of hours 

spent working on 

each milestone. 

CRW team members will report their 

hours worked toward each milestone 

at each of their respective subteam 

meetings. These hours will be 

recorded in a time keeping document 

by the CRW management member 

conducting the subteam meating. A 

time keeping document will be 

created for each milestone and will 

be maintained by CRW management. 

These hours will be included in each 

report delivered to NASA. 

1.1 Inspection 

The CRW Project Manager will verify that the CRW 

team's hours worked for each milestone is listed in the 

final milestone document before submitting the 

document to the NASA SLI project management team. 

  ♢   
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Table 6.4: General NASA Requirements Verification Progress 

6.2.1.2. Vehicle NASA Requirements 
Vehicle requirements given by NASA dictate the designing, building, and flying of the CRW vehicle as well as the CRW subscale vehicle. The 

requirements with their description, compliance, verification type and plan, and progress as well as the location in the CDR the compliance is found 

are shown in Table 6.5. Progress toward verifying compliance for these requirements is shown in Table 6.6. 

Table 6.5: Vehicle NASA Requirements 

NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 2.1 

The vehicle will deliver the 

payload to an apogee altitude 

between 3,500 and 5,500 feet 

above ground level (AGL). 

The L1390 Aerotech motor 

will be used to reach an 

apogee greater than 3500 ft 

and no greater than 4500 ft 

3.4 
Analysis / 

Demonstration 

OpenRocket Simulations will be 

created to determine projected 

apogee and altimeter will confirm 

apogee during demonstration flight. 

  ♢   

N 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 target altitude will be 

determined and included in 

the PDR document and 

PDR presentation. 

PDR Demonstration 

A target apogee will be decided upon 

and will be stated in PDR. Vehicle 

design will revolve around this goal. 
☑     

N 2.3 

The vehicle will carry one 

commercially available, 

barometric altimeter for 

recording the official altitude 

A commercially available 

altimeter will be 

designated as the official 

altitude determiner of our 

rocket and will be in the 

final assembly of the 

launch day vehicle. 

3.3.3 Demonstration 

Two altimeters will be in the avionics 

bay and an additional one attached to 

the varaible drag system. One of 

these altimeters will be designated as 

the altimeter used for scoring on 

launch day. 

  ♢   
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 2.4 

The launch vehicle will be 

designed to be recoverable and 

reusable. 

All features and 

components of the vehicle 

will be designed such that 

the vehicle can fly multiple 

successive launches. 

1.2 
Analysis / 

Demonstration 

FEA analysis and hand calculations 

will be conducted to verify that 

components will be able to withstand 

expected forces from launch. Drop 

demonstration of the airframe, and a 

subscale and demonstration flight 

will also be conducted to verify the 

reusability of designed components. 

  ♢   

N 2.5 

The launch vehicle will 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 vehicle has three 

independent sections. 
3.4 Inspection 

Independent sections will be 

identified and marked before lauch. 

They will include the nose cone, 

forward body tube, and aft body tube. 

  ♢   

N 

2.5.1 

Coupler/airframe shoulders 

which are located at in-flight 

separation points will be at least 

1 body diameter in length. 

Coupler shoulders will be 

6" in length at in-flight 

separation points. 

3.3.3 Inspection 

The coupler shoulder shall be 

measured at the point of drogue 

separation to ensure that the shoulder 

length is at least 6".  

  ♢   

N 

2.5.2 

Nosecone shoulders which are 

located at in-flight separation 

points will be at least ½ body 

diameter in length 

Nose cone shoulders will 

have a 3" shoulder which is 

one-half of the body 

diameter.  

3.1.1.

2 
Inspection 

Nose cone will be designed to have a 

3" shoulder during CAD modeling. 

After printing, the shoulder will be 

measured to confirm requirement 

compliance. 

  ♢   

N 2.6 

The launch vehicle will 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 vehicle will be flight-

ready in less than two 

hours. 

3.1.2.

3.2 
Demonstration 

The team will assemble the vehicle 

for each black powder test and for 

the vehicle and payload 

demonstration flight at the minimum. 

For each assembly, a member will 

record how much time it took to 

assemble the vehicle and verify that 

it was under two hours. 

    ☒ 
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 2.7 

The launch vehicle and payload 

will 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. 

The vehicle electronics 

will have batteries capable 

of powering electronics for 

more than two hours. 

3.1.2.

3.2 
Demonstration 

A demonstration will be conducted 

where all onboard electronics will be 

left running for 3 hours to verify that 

they are capable of being run for the 

2-hour requirement with a factor of 

safety of 1.5. After 3 hours, the 

electronics will be powered off and 

back on to verify they still function 

as expected. 

    ☒ 

N 2.8 

The launch vehicle will 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 launch vehicle will be 

designed to interface with 

and launch from a 12-volt 

direct current firing 

system. 

N/A Demonstration 

Only motors that meet the 

specification of being able to be 

ignited from a 12-volt direct current 

firing system will be considered and 

purchased for our vehicle. 

    ☒ 

N 2.9 

The launch vehicle will require 

no external circuitry or special 

ground support equipment to 

initiate launch (other than what 

is provided by the launch 

services provider) 

The vehicle will be 

designed and built to only 

require the 12-volt direct 

current firing system to 

launch. All onboard 

electronics will be powered 

from internal power 

sources in the rocket. 

N/A Demonstration 

The vehicle will be able to launch 

solely from the 12-volt direct current 

firing system. Designs that require 

external ground support equipment 

will not be considered. 

    ☒ 

N 2.10 

The launch vehicle will use a 

commercially available solid 

motor propulsion system using 

ammonium perchlorate 

composite propellant (APCP) 

which is approved and certified 

by the National Association of 

Rocketry (NAR), Tripoli 

Rocketry Association (TRA), 

and/or the Canadian Association 

of Rocketry (CAR). 

Motor choices will be 

limited to a NAR, TRA, or 

CAR approved option 

1.2 Inspection The vehicle will use a L1390 motor   ♢   
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.10.1 

Final motor choices will be 

declared by the Critical Design 

Review (CDR) milestone. 

The motor choice will be 

stated in the CDR 

document and presentation 

1.2 Analysis 

OpenRocket simulations will be run 

to determine motor selection based 

on the weight of the payload and 

rocket and effectiveness of the 

variable drag system. 

  ♢   

N 

2.10.2 

Any motor change after CDR 

must be approved by the NASA 

Range Safety Officer (RSO). 

If a motor change is 

needed after CDR, it will 

not be done until after 

receiving the appropriate 

approval from the NASA 

RSO. 

N/A Demonstration 

The project manager will email the 

NASA RSO and wait for approval 

before any design changes regarding 

the motor are made. 

  ♢   

N 2.11 
The launch vehicle will be 

limited to a single stage. 

The vehicle is designed to 

have only one stage 
1.2 Demonstration 

All designs that utilize more than one 

stage will not be considered. The 

vehicle that will be fabricated will be 

a single stage dual deploy rocket.  

    ☒ 

N 2.12 

The total impulse provided by a 

College or University launch 

vehicle will not exceed 5,120 

Newton-seconds (L-class) 

Motor selection will not 

exceed an L-class motor 
1.2 Demonstration 

OpenRocket simulations will be 

conducted to verify that an L-class 

motor is capable of delivering the 

payload/rocket system to an apogee 

of 4000 ft. 

  ♢   

N 2.13 

Pressure vessels on the vehicle 

will be approved by the RSO 

and will meet the following 

criteria: 

Any designs that are being 

considered that incorporate 

pressure vessels will be 

submitted to the RSO for 

approval. Back up designs 

will be kept in the event 

that pressure vessel designs 

are rejected.  

N/A Demonstration 

The project manager will submit the 

CO2 ejection design being 

considered to the RSO for approval. 

Black powder will still be available 

in the event that the CO2 ejection 

designed is not approved. 

  ♢   

N 

2.13.1 

The minimum factor of safety 

(Burst or Ultimate pressure 

versus Max Expected Operating 

Pressure) will be 4:1 with 

supporting design 

documentation included in all 

milestone reviews. 

The CO2 cartridge factor 

of safety will be at least 

four and documentation 

will be provided. 

 N/A Inspection 
All information related to the 

cartridges will be provided 
    ☒ 
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.13.2 

Each pressure vessel will 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. 

N/A N/A N/A N/A N/A     

N 

2.13.3 

The full pedigree of the tank will 

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 history of the pressure 

vessel will be included 

with the team’s 

documentation. 

N/A Inspection 
The vendor and life of the CO2 

cartridges will be documented 
  ♢   

N 2.14 

 

The launch vehicle will have a 

minimum static stability margin 

of 2.0 at the point of rail exit. 

Rail exit is defined at the point 

where the forward rail button 

loses contact with the rail. 

All rocket configurations 

will be designed such that 

they will have a minimum 

static stability margin of 

2.0 at the point of rail exit 

3.1.3 Analysis 

OpenRocket simulations will be run 

for each design change of the vehicle 

to confirm the stability of the rocket 

is at least 2.0 at the point of rail exit. 

  ♢   

N 2.15 

Any structural protuberance on 

the rocket will 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. 

Only vehicle designs that 

are free of structural 

protuberances forward of 

the burnout center of 

gravity will be considered. 

Proposed camera housing 

config.’s that are located 

forward of the burnout 

center of gravity will be 

analyzed to verify that 

aerodynamic effect is 

minimal   

3.1.1.

2 

Analysis / 

Testing 

OpenRocket analyses will be 

performed to calculate where the 

burnout center of gravity will be 

located. Fins and VDS will be 

located aft of the burnout center of 

gravity. Wind tunnel testing will be 

performed and data will be collected 

from demonstration flights that will 

compare the aerodynamics of the 

vehicle with and without the camera 

housing near the nose cone. 

☑     
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 2.16 

The launch vehicle will 

accelerate to a minimum 

velocity of 52 fps at rail exit. 

Only vehicle designs that 

will exit the launch rail 

with a minimum velocity 

of 52 fps will be 

considered for final design. 

1.2 
Analysis / 

Demonstration 

OpenRocket will confirm that the rail 

exit velocity at rail exit will be 

greater than 52 ft/s. Velocity data 

from the pitot probe will be used to 

verify that we meet the 52 ft/s rail 

exit velocity requirement. 

  ♢   

N 2.17 

All teams will 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 flight data will be 

reported at the CDR milestone. 

Subscales are not required to be 

high power rockets. 

The CRW team will 

design, fabricate, and fly a 

subscale vehicle that will 

attempt to model the same 

drag coefficient, lift to drag 

ratio, and thrust to weight 

ratio as our designed full-

scale rocket. This rocket 

will be flown at a NAR 

launch location before 

CDR, and the results will 

be documented in the CDR 

deliverables. 

3.2 Demonstration 

Subscale designs will be finalized, 

parts ordered and assembled, and 

black powder and subscale Standard 

Operating Procedures will be written 

and performed in order to launch the 

subscale rocket by one of the seven 

NAR launch dates. The results will 

then be published in the subscale 

section of the CDR document and 

highlighted in the CDR presentation. 

☑     

N 

2.17.1 

The subscale model should 

resemble and perform as 

similarly as possible to the full-

scale model, however, the full-

scale will not be used as the 

subscale model. 

A larger launch vehicle 

compared to the subscale 

rocket will be built and 

flown as the full-scale 

rocket. However, its drag 

coefficient, lift to drag 

ratio, and thrust to weight 

ratio will be modeled after 

those of the subscale. It 

will also contain a pitot 

probe in the nosecone, 3D 

printed fins and nose cone, 

and a variable drag system. 

3.2.1 Demonstration 

The full-scale vehicle will use a 6-

inch diameter body tube while the 

subscale uses a 3-inch diameter body 

tube. The remaining design will be 

scaled appropriately to keep the drag 

coefficients, L/D ratio, and thrust to 

weight ratio similar. Both vehicles 

will have their own fin, nose cone, 

and variable drag designs in order to 

scale appropriately. 

☑     
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.17.2 

The subscale model will carry an 

altimeter capable of recording 

the model’s apogee altitude. 

The subscale vehicle will 

carry two altimeters in the 

avionics bay in the coupler 

of the subscale vehicle that 

will be capable of 

recording the model's 

apogee altitude. 

3.3.3 Demonstration 

The required altimeters will be 

ordered in advance before the launch 

and verified that they collect data. 

Steps will be written into the 

subscale Standard Operating 

Procedure to include the altimeters in 

the subscale and to turn them on 

before launch via key switches. 

☑     

N 

2.17.3 

The subscale rocket must be a 

newly constructed rocket, 

designed and built specifically 

for this year’s project. 

The subscale vehicle will 

be designed and fabricated 

only by current CRW 

members and will be 

completely original. Raw 

materials will be ordered 

from vendors. The subscale 

vehicle will be constructed 

and assembled only from 

these parts and will not be 

part of a kit.   

3.2.1 Inspection 

An itemized list of every part 

purchased for the use of subscale will 

be kept with vendors included. All 

parts on the subscale vehicle will be 

inspected to ensure that they are 

original to this year's CRW team. 

☑     

N 

2.17.4 

Proof of a successful flight shall 

be supplied in the CDR report. 

Altimeter data output may be 

used to meet this requirement. 

Altimeter data shall be 

included in the subscale 

section of the CDR report. 

3.2.2 Demonstration 

A subscale rocket will be flown with 

two altimeters located in the avionics 

bay of the coupler before the CDR 

deadline. The altimeters will be 

tested to make sure they function 

before the flight. Data from these 

altimeters will be included in the 

CDR section of the report. 

☑     

N 2.18 

All teams will complete 

demonstration flights as outlined 

below. 

A demonstration flight will 

be competed that follows 

the requirements outlined 

in the NASA SLI 

Handbook 

N/A Demonstration 

A launch vehicle that meets NASA 

SLI design requirements will be 

designed, fabricated, and flown for a 

demonstration flight before NASA's 

given deadline. 

  ♢   
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.18.1 

Vehicle Demonstration Flight - 

All teams will successfully 

launch and recover their full-

scale rocket prior to FRR in its 

final flight configuration. The 

rocket flown must be the same 

rocket to be flown on Launch 

Day. The purpose of the Vehicle 

Demonstration Flight is to 

validate the launch vehicle’s 

stability, structural integrity, 

recovery systems, and the team’s 

ability to prepare the launch 

vehicle for flight. A successful 

flight is defined as a launch in 

which all hardware is 

functioning properly (i.e. drogue 

chute at apogee, main chute at 

the intended lower altitude, 

functioning tracking devices, 

etc.). The following criteria must 

be met during the full-scale 

demonstration flight: 

A demonstration flight will 

be completed prior to FRR 

in final vehicle 

configuration. 

N/A Demonstration 

Full-scale design will be finalized, 

parts ordered and assembled, and 

black powder and full-scale Standard 

Operating Procedures will be written 

and performed in order to launch the 

subscale rocket by one several Spring 

2021 high power launch dates. The 

results will then be published in the 

Vehicle Demonstration Flight section 

of the FRR document and 

highlighted in the FRR presentation. 

  ♢   

N 

2.18.1.

1 

The vehicle and recovery system 

will have functioned as 

designed. 

Vehicle and recovery 

systems will function in a 

manner compliant to the 

requirements outlined in 

the NASA SLI Handbook 

N/A Demonstration 

The full-scale recovery system will 

be ground tested to ensure proper 

deployment prior to Vehicle 

Demonstration Flight. 

  ♢   
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.18.1.

2 

The full-scale rocket must be a 

newly constructed rocket, 

designed and built specifically 

for this year’s project. 

The full-scale vehicle will 

be designed and fabricated 

only by current CRW 

members and will be 

completely original. Raw 

materials will be ordered 

from vendors. The full-

scale vehicle will be 

constructed and assembled 

only from these parts and 

will not be part of a kit.   

N/A Inspection 

An itemized list of every part 

purchased for the use of full-scale 

will be kept with vendors included. 

All parts on the full-scale vehicle will 

be inspected to ensure that they are 

original to this year's CRW team. 

  ♢   

N 

2.18.1.

3 

The payload does not have to be 

flown during the full-scale 

Vehicle Demonstration 

Flight. The following 

requirements still apply: 

              

N 

2.18.1.

3.1 

If the payload is not flown, mass 

simulators will be used to 

simulate the payload mass. 

If payload is not complete 

in time for Demonstration 

Flight then a mass of the 

same size as payload will 

be flown on the vehicle. 

N/A Demonstration 

The payload mass will be estimated 

based on the design and appropriate 

mass will be secured in the 

appropriate location of the vehicle. 

    ☒ 

N 

2.18.1.

3.2 

The mass simulators will be 

located in the same approximate 

location on the rocket as the 

missing payload mass. 

If payload is not complete 

in time for Demonstration 

Flight then a mass of the 

same size as payload will 

be flown on the vehicle 

with a center of gravity in 

the same relative location 

as the payload design. 

N/A Demonstration 

The mass simulators will be 

positioned in such a way that the 

center of gravity of the simulators 

will be in the same location as the 

center of gravity of the payload. 

    ☒ 

N 

2.18.1.

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 will be 

active during the full-scale 

Vehicle Demonstration Flight. 

The external surfaces and 

any systems that manage 

the vehicle flight will be 

active on the Vehicle 

Demonstration Flight 

N/A Demonstration 

Any such features of the payload that 

would alter the external surfaces or 

manage the energy of the vehicle will 

be in place or simulated for the 

Vehicle Demonstration Flight. 

  ♢   
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.18.1.

5 

Teams shall fly the Launch Day 

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 Launch Day 

motor or in other 

extenuating circumstances. 

The motor named in CDR 

as the final choice will be 

used in the Vehicle 

Demonstration Flight 

N/A Demonstration 
Full-scale vehicle will use the 

Aerotech L1390 motor. 
    ☒ 

N 

2.18.1.

6 

The vehicle must 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 dur- 

ing the Launch Day flight. 

Additional ballast may not be 

added without a re-flight of 

the full-scale launch vehicle. 

No additional ballast will 

be permitted beyond what 

is tested in the Vehicle 

Demonstration Flight 

N/A Demonstration 

Any ballast that would be required 

for flight will be included in the full-

scale for the Vehicle Demonstration 

Flight. 

    ☒ 

N 

2.18.1.

7 

After successfully completing 

the full-scale demonstration 

flight, the launch vehicle 

or any of its components will not 

be modified without the 

concurrence of the NASA 

Range Safety Officer (RSO). 

Any component 

modifications considered 

after Vehicle 

Demonstration Flight will 

be approved by the NASA 

RSO before 

implementation on the 

vehicle 

N/A Demonstration 

Testing will be done to make sure 

that all design components are 

capable of withstanding the expected 

conditions of the launch in order to 

minimize the potential need for post-

launch alterations. Should any 

changes be deemed absolutely 

necessary and unavoidable they will 

be submitted to the NASA RSO. 

    ☒ 

N 

2.18.1.

8 

Proof of a successful flight shall 

be supplied in the FRR report. 

Altimeter data output 

is required to meet this 

requirement. 

Recorded data from the 

Vehicle Demonstration 

Flight will be included in 

the FRR document. 

N/A Demonstration 

Multiple data recorders will be 

included in the full-scale vehicle to 

ensure proper data collection and 

preservation for analysis and 

inclusion in the FRR document. 

    ☒ 
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.18.1.

9 

Vehicle Demonstration flights 

must 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 must submit an FRR 

Addendum by the FRR 

Addendum deadline. 

Vehicle Demonstration 

Flight attempt will be 

performed prior to FRR 

deadline. 

N/A Demonstration 

Vehicle Demonstration Flight will be 

attempted at earliest convenient time 

and will be attempted again should 

the first attempt fail. This will be 

repeated until a successful flight is 

performed. Should an extension be 

required the team will provide 

documentation of each attempted 

flight. 

  ♢   

N 

2.18.2 

Payload Demonstration Flight - 

All teams will successfully 

launch and recover their full-

scale rocket containing the 

completed payload prior to the 

Payload Demonstration Flight 

deadline. The rocket flown must 

be the same rocket to be flown 

on Launch Day. The purpose of 

the Payload Demonstration 

Flight is to prove the launch 

vehicle’s ability to safely retain 

the constructed payload during 

flight and to show that all 

aspects of the payload perform 

as designed. A successful flight 

is defined as a launch in which 

the rocket experiences stable 

ascent and the payload is fully 

retained until it is deployed (if 

applicable) as designed. 

A demonstration flight will 

be completed prior to 

Payload Demonstration 

Flight deadline in final 

vehicle and payload 

configurations. 

N/A Demonstration 

The full-scale vehicle will be 

launched in final design 

configuration with the payload on 

board in final design configuration. 

  ♢   
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.18.2.

1 

The payload must be fully 

retained until the intended point 

of deployment (if applicable), 

all retention mechanisms must 

function as designed, and the 

retention mechanism 

must not sustain damage 

requiring repair. 

Payload retention system 

securely maintains the 

payload within the vehicle 

until such a time as the 

payload is required to be 

deployed. 

N/A Demonstration 

Ground testing will be done to ensure 

that payload retention mechanisms 

are able to withstand all expected 

forces during flight and deploy 

successfully upon descent. 

  ♢   

N 

2.18.2.

2 

The payload flown must be the 

final, active version. 

Final payload design will 

be flown in Payload 

Demonstration Flight. 

N/A 
Demonstration 

/ Testing 

Ground testing will be done to ensure 

proper payload function upon descent 

and landing. The design will not 

change after Payload Demonstration 

Flight. 

  ♢   

N 

2.18.2.

3 

If the above criteria are met 

during the original Vehicle 

Demonstration Flight, occurring 

prior to the FRR deadline and 

the information is included in the 

FRR package, the 

additional flight and FRR 

Addendum are not required. 

Payload design is complete 

and flight-ready prior to 

Vehicle Demonstration 

Flight and is launched with 

the vehicle 

N/A Demonstration 

If payload is complete and in flight-

ready state before FRR and before 

the earliest scheduled Vehicle 

Demonstration Flight, then the 

Payload Demonstration Flight will be 

conducted concurrently with Vehicle 

Demonstration Flight. 

  ♢   

N 

2.18.2.

4 

Payload Demonstration Flights 

must be completed by the FRR 

Addendum deadline. 

NO EXTENSIONS WILL BE 

GRANTED. 

Payload Demonstration 

Flight will be completed by 

Payload Demonstration 

Deadline 

N/A Demonstration 

Payload will be built and ground 

tested before the March 13, 2021 

HARA rocket launch to ensure that it 

is ready to launch for Payload 

Demonstration. 

  ♢   

N 2.19 

An FRR Addendum will be 

required for any team 

completing a Payload 

Demonstration Flight or NASA- 

required Vehicle Demonstration 

Re-flight after the submission of 

the FRR Report. 

FRR Addendum will be 

completed if Vehicle 

Demonstration re-flight is 

necessary, or if Payload 

Demonstration Flight is 

after FRR. 

N/A Demonstration 

Addendum reports for any flights 

post-FRR will be completed and 

submitted promptly after the launch. 

    ☒ 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

126 

NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.19.1 

Teams required to complete a 

Vehicle Demonstration Re-

Flight and failing to submit the 

FRR 

Addendum by the deadline will 

not be permitted to fly a final 

competition launch. 

FRR Addendum will be 

submitted if a launch after 

FRR is necessary. 

N/A Demonstration 

Addendum reports for any flights 

post-FRR will be completed and 

submitted promptly after the launch. 

    ☒ 

N 

2.19.2 

Teams who successfully 

complete a Vehicle 

Demonstration Flight but fail to 

qualify the payload by 

satisfactorily completing the 

Payload Demonstration Flight 

requirement will not be 

permitted to fly a final 

competition launch. 

Payload Demonstration 

flight will be conducted by 

deadline. 

N/A Demonstration 

Payload Demonstration Flight will be 

attempted at earliest convenient time 

and will be attempted again should 

the first attempt fail. This will be 

repeated until a successful flight is 

performed. 

    ☒ 

N 

2.19.3 

Teams who complete a Payload 

Demonstration Flight which is 

not fully successful may petition 

the NASA RSO for permission 

to fly the payload at launch 

week. Permission will not be 

granted 

if the RSO or the Review Panel 

have any safety concerns. 

NASA RSO will be 

petitioned an any safety 

concerns mitigated. 

N/A Demonstration 

If a fully successful Payload 

Demonstration Flight is not 

completed by the deadline, and there 

are no additional launch dates to 

perform another attempt, then 

documentation of the partially 

successful attempt will be provided 

to the NASA RSO with the petition 

to launch the payload. 

    ☒ 
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 2.20 

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 

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. 

Team name and contact 

conformation will be 

included on/in the vehicle 

airframe and any 

independent sections on 

Launch Day. 

N/A Demonstration 

Team name and contact information 

will be painted, adhered, or otherwise 

attached to the surface of the vehicle 

and any independent sections in such 

a way as to be clearly and easily 

viewed by anyone who may find the 

vehicle or independent section upon 

landing. 

  ♢   

N 2.21 

All Lithium Polymer batteries 

will 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. 

All Lithium Polymer 

batteries will be contained 

and colored in such a way 

as to comply with stated 

NASA requirements.  

N/A 
Demonstration 

/ Inspection 

All Lithium Polymer batteries will be 

thoroughly restrained in their 

respective components and will be 

ensured to remain secured under all 

expected loads during vehicle flight. 

All batteries will be colored in such a 

way as to be clearly visible and 

labelled as a fire hazard. 

  ♢   

N 2.22 Vehicle Prohibitions               

N 

2.22.1 

The launch vehicle will not 

utilize forward firing motors. 

The vehicle will not carry 

forward firing motors. 
1.2 

Demonstration 

/ Inspection 

The vehicle will not be designed to 

accommodate forward firing motors. 
☑     

N 

2.22.2 

The launch vehicle will not 

utilize motors that expel titanium 

sponges (Sparky, Skidmark, 

Metal- 

Storm, etc.) 

The vehicle will not use a 

motor that expels a 

titanium sponge. 

1.2 
Demonstration 

/ Inspection 

Motors that expel titanium sponges 

will not be considered for the 

vehicle. 
☑     

N 

2.22.3 

The launch vehicle will not 

utilize hybrid motors. 

The vehicle will not use a 

hybrid motor. 
1.2 

Demonstration 

/ Inspection 

Hybrid motors will not be considered 

for the vehicle. 
☑     

N 

2.22.4 

The launch vehicle will not 

utilize a cluster of motors. 

The vehicle will not carry 

multiple motors. 
1.2 

Demonstration 

/ Inspection 

Motor clusters will not be considered 

for the vehicle. 
☑     
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NASA Vehicle Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 

Requirement  

Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N 

2.22.5 

The launch vehicle will not 

utilize friction fitting for motors. 

The vehicle will not use 

friction fitting for motor 

retention. 

1.2 
Demonstration 

/ Inspection 

Motor retention will use a flanged 

screw-on motor retainer. 
☑     

N 

2.22.6 

The launch vehicle will not 

exceed Mach 1 at any point 

during flight. 

The vehicle will remain 

subsonic for the entirety of 

the flight. 

1.2 
Analysis / 

Demonstration 

The vehicle will be designed to 

remain subsonic and simulations will 

be run in Open Rocket to verify the 

design. 

  ♢   

N 

2.22.7 

Vehicle ballast will 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 vehicle will not exceed 

ballast weight of 10% 

vehicle weight    (4.5 lbs). 

1.2 
Demonstration 

/ Inspection 

The vehicle will be designed to carry 

no ballast. 
☑     

N 

2.22.8 

Transmissions from onboard 

transmitters, which are active at 

any point prior to landing, will 

not 

exceed 250 mW of power (per 

transmitter). 

The vehicle will use a 

transmitter of less than 250 

mW. 

3.3.5 Demonstration 

The transmitter will be tested to 

verify that it is less than the 250 mW 

power cap. 
☑     

N 

2.22.9 

Transmitters will not create 

excessive interference. Teams 

will utilize unique frequencies, 

handshake/passcode systems, or 

other means to mitigate 

interference caused to or 

received from other teams. 

Transmitters will not 

interfere with the 

transmitters of other teams. 

3.3.5 Testing 

Transmitter will be set to use 

"frequency hopping" to ensure that it 

does not occupy the same frequency 

as another team. 

☑     

N 

2.22.1

0 

Excessive and/or dense metal 

will not be utilized in the 

construction of the vehicle. Use 

of light-weight metal will be 

permitted but limited to the 

amount necessary to ensure 

structural integrity of the 

airframe under the expected 

operating stresses. 

The vehicle will use no 

dense metal other than the 

fasteners (screws, bolts, 

all-thread, etc.) used to join 

other components. 

1.2 
Demonstration 

/ Inspection 

Aluminum will be used in all design 

features that require metal save for 

fasteners. Where possible alternative 

materials (fiberglass, plastic, etc.) 

will be used in the vehicle design. 

☑     
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Table 6.6: Vehicle NASA Requirements Verification Progress 

6.2.1.3. Recovery NASA Requirements 

Recovery requirements from NASA cover the criteria necessary for developing the CRW recovery mechanisms. The requirements with their 

description, compliance, verification type and plan, and progress as well as the location in the CDR the compliance is found are shown in Table 6.7. 

Progress toward verifying compliance for these requirements is shown in Table 6.8. 

Table 6.7: Recovery NASA Requirements 

NASA Recovery Requirements 

Requirement 

Compliance 

CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 
Requirement Description 

Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.3.1.1. 

The main parachute shall be 

deployed no lower than 500 

feet. 

The main parachute will 

be deployed at 600 ft 

with a backup charge set 

at 550 ft. 

1.2 Inspection 

A verification of the altimeter 

programming is included in the flight 

SOP to ensure the proper setting are 

set. 

  ♢   

N.3.1.2. 

The apogee event may contain 

a delay of no more than 2 

seconds. 

The apogee event will 

contain a delay of 1 

second. 

3.3.3 Inspection 

A verification of the altimeter 

programming is included in the flight 

SOP to ensure the proper setting are 

set. 

  ♢   

N.3.1.3. 

Motor ejection is not a 

permissible form of primary or 

secondary deployment. 

The motor will be 

retained throughout the 

vehicle's flight. 

N/A Test 

Motor Retention will be tested before 

and the system is designed to not 

allow motor ejection. 
☑     

N.3.2. 

Each team will perform a 

successful ground ejection test 

for all electronically initiated 

recovery events prior to the 

initial flights of the subscale 

and full-scale vehicles. 

Black powder testing 

will be conducted with a 

fully assembled vehicle 

to ensure proper 

separation. 

N/A Test 
Test the ability of an electronically 

initiated recovery prior to initial flight.  
  ♢   



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

130 

NASA Recovery Requirements 

Requirement 

Compliance 

CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 
Requirement Description 

Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.3.3. 

Each independent section of the 

launch vehicle will have a 

maximum kinetic energy of 75 

ft-lbf at landing. 

Each independent 

section of the launch 

vehicle is designed to 

have a kinetic energy of 

60 ft-lb or less.  

3.3.2 Analysis 

This is verified through analysis using 

Open Rocket and CROW's Monte 

Carlo 

  ♢   

N.3.4. 

The recovery system will 

contain redundant, 

commercially available 

altimeters. The term 

“altimeters” includes both 

simple altimeters and more 

sophisticated flight computers. 

There are two redundant 

StratologgerCF 

altimeters in the 

recovery system. 

3.3.3 Inspection 
The redundancy of the Stratologgers 

will be confirmed before flight. 
    ☒ 

N.3.5. 

Each altimeter will have a 

dedicated power supply, and all 

recovery electronics will be 

powered by commercially 

available batteries. 

Each altimeter will be 

powered a standard 9-V 

battery. 

3.3.3 Inspection 

Fresh 9V batteries will be connected 

to the Stratologger altimeters in the 

pre-flight assembly. 

    ☒ 

N.3.6. 

Each altimeter will 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. 

Each altimeter uses a 

dedicated key switch 

which is designed to be 

mounted in the 

switchband of the 

coupler. 

3.3.3 
Inspection/Te

st 

Key switches are visually inspected 

and tested to make sure they function 

properly from outside the rocket. 

  ♢   

N.3.7. 

Each arming switch will be 

capable of being locked in the 

ON position for launch (i.e. 

cannot be disarmed due to 

flight forces). 

Each dedicated key 

switch is capable of 

locking into the ON 

position and will 

withstand flight forces in 

such a state.  

3.3.3 Inspection 

The Mechanical arming switches will 

be shown to be able to withstand 

forces similar to that of flight forces. 

    ☒ 

N.3.8. 

The recovery system electrical 

circuits will be completely 

independent of any payload 

electrical circuits. 

The only circuity located 

in the coupler is 

recovery electronics 

such as StratologgerCF, 

batteries, and key 

switches. 

3.3.3 Inspection 

All circuitry for the recovery system is 

designed and shown to be independent 

of payload circuitry. 
☑     
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NASA Recovery Requirements 

Requirement 

Compliance 

CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 
Requirement Description 

Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.3.9. 

Removable shear pins will be 

used for both the main 

parachute compartment and the 

drogue parachute compartment. 

The drogue parachute 

compartment is secured 

using four shear pins 

while the main 

parachute compartment 

will use six shear pins. 

3.3.3 Inspection 

Removable shear pins are used at the 

in-flight separation points and their 

presence confirmation is a step in the 

pre-flight SOP. 

☑     

N.3.10. 

The recovery area will be 

limited to a 2,500 ft. radius 

from the launch pads. 

The maximum recovery 

radius will be 2269 ft 
3.5 Analysis 

Calculation has been run to determine 

maximum recovery area. 
☑     

N.3.11. 

Descent time of the launch 

vehicle will be limited to 90 

seconds (apogee to touch 

down). The jettisoned payload 

(planetary lander) is not subject 

to this constraint. 

The launch vehicle will 

have a descent time of 

73.76 seconds. 

3.3.2 Analysis 
Calculation has been run to determine 

time of descent 
☑     

N.3.12.1. 

Any rocket section or payload 

component, which lands 

untethered to the launch 

vehicle, will contain an active 

electronic tracking device. 

The only untethered 

component (payload) 

will have its own 

tracker. The entire 

launch vehicle is 

designed to come down 

tethered so only one 

tracker is needed. 

N/A 
Demonstratio

n 

The vehicle tracker will be checked 

for proper function and to make sure it 

is secured well. 

  ♢   

N.3.12.2. 

The electronic tracking 

device(s) will be fully 

functional during the official 

flight on Launch Day. 

A functional, previously 

tested and verified GPS 

tracking device will be 

installed in the vehicle. 

N/A Inspection 

GPS functionality will be confirmed 

via the ground station. Transmitted 

coordinates will be checked before 

launch to verify accuracy. 

    ☒ 

N.3.13.1. 

The recovery system altimeters 

will 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 system 

altimeters are located in 

the coupler while the 

vehicle tracker is located 

in the nose cone. 

3.3.3 Inspection 

The Recovery system altimeters are 

designed and will be shown to be 

located in a separate compartment 

within the vehicle from any other 

frequency transmitting device. 

  ♢   
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NASA Recovery Requirements 

Requirement 

Compliance 

CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 
Requirement Description 

Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.3.13.2. 

The recovery system 

electronics will be shielded 

from all onboard transmitting 

devices to avoid inadvertent 

excitation of the recovery 

system electronics. 

The vehicle components 

will be able to provide 

enough shielding with 

the presence of several 

aluminum bulkheads. 

3.3.3 Test 

Tests will be run to insure that 

recovery system electronics are 

shielded from onboard transmitting 

devices. 

    ☒ 

N.3.13.3. 

The recovery system 

electronics will 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 vehicle uses no 

magnetic waves. 
3.3.3 Test 

Tests will be run to insure that 

recovery system electronics are 

shielded from onboard that generate 

magnetic waves. 

    ☒ 

N.3.13.4. 

The recovery system 

electronics will be shielded 

from any other onboard devices 

which may adversely affect the 

proper operation of the 

recovery system electronics. 

Any component that 

emits a signal is placed 

as far as possible from 

the avionics bay and that 

signal is shielded from 

the coupler. 

3.3.3 Test 

Tests will be run to insure that 

recovery system electronics are 

shielded from any onboard devices 

that may adversely affect the proper 

operation of the recovery system. 

    ☒ 

Table 6.8: Recovery NASA Requirements Verification Progress 

6.2.1.4. Payload NASA Requirements 

Payload requirements posed by NASA dictate the designing, building, and demonstrating of the CRW payload that will be flown in the CRW 

launch vehicle. The requirements with their description, compliance, verification type and plan, and progress as well as the location in the CDR the 

compliance is found are shown in Table 6.9. Progress toward verifying compliance for these requirements is shown in Table 6.10. 
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Table 6.9: Payload NASA Requirements 

NASA Payload Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA Req. Requirement Description 
Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.2.7 

The launch vehicle and 

payload will 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. 

Two fully-charged 18650 

batteries will be used to 

provide sufficient power for 

performing flight operations 

for 2 hours before completing 

the remainder of the standard 

mission profile including 

leveling, data capture, and 

transmission. 

4.2.6.

5 
Analysis 

The power budget will be 

created accounting for the 

total payload power 

consumption over a standard 

mission profile and have at 

least a 1.5x Factor of Safety 

compared to the capacity of 

the batteries. 

  ♢   

N.2.18.1.4 

If the payload changes the 

external surfaces of the rocket 

or manages the total energy of 

the vehicle, those systems will 

be active during the full-scale 

Vehicle Demonstration Flight 

The payload will be designed 

to have no effect on external 

surfaces and be separate from 

the vehicle energy system. 

4.2 Inspection 

The assembled vehicle and 

appropriate circuit diagrams 

will be checked to ensure 

compliance. 

  ♢   

N.4.3.1.a 

The landing system will be 

completely jettisoned from the 

rocket at an altitude between 

500 and 1,000 ft. AGL.  

The payload will be ejected 

from the rocket with the main 

chute deployment at 600ft 

AGL and release above 500ft 

AGL 

4.2.6 Demonstration 

The payload will be recovered, 

and data from altimeters will 

be used to verify the landing 

system did not violate the 

minimum altitude 

requirement. 

    ☒ 

N.4.3.1.b 

The landing system will not be 

subject to the maximum 

descent time requirement 

(Requirement 3.11) but must 

land within the external 

borders of the launch field. 

The payload will be ejected 

at 600ft AGL and descend at 

a terminal velocity of less 

than 20ft/sec to ensure that it 

will land within the 

boundaries. 

4.2.2 
Analysis / 

Demonstration 

Worst case jettison and drift 

scenarios will be evaluated for 

the payload. The payload will 

be launched and recovered 

during the payload 

demonstration flight. 

    ☒ 

N.4.3.1.c 

The landing system will not be 

tethered to the launch vehicle 

upon landing. 

The payload will be released 

from the vehicle at the 

jettison event and descend 

separately with an autogyro. 

6.1.2.

5 
Demonstration 

The payload will be launched 

and recovered during the 

payload demonstration flight 

    ☒ 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

134 

NASA Payload Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA Req. Requirement Description 
Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.4.3.2 

The landing system will land 

in an upright orientation or 

will be capable of reorienting 

itself to an upright 

configuration after landing. 

Any system designed to 

reorient the lander must be 

totally autonomous. 

The landing legs shall be of 

appropriate dimensions and 

configuration to ensure the 

lander will land upright on a 

sinusoidal terrain with an 

amplitude of 7in and period 

of 20in. 

6.1.2.

6 

Analysis / 

Demonstration 

The lander model will be 

analyzed for anticipated 

landing conditions and forces 

to ensure that it will land 

upright. Drop demonstrations 

will be conducted with 

simulated landing terrain to 

validate the analyses. 

    ☒ 

N.4.3.3 

The body of the lander system 

will self-level to within a five-

degree tolerance from vertical. 

The payload will level using 

threaded rods driven by 

motors controlled by the 

payload processor to lift 

different sides as necessary. 

6.1.2.

7 

Analysis / 

Demonstration 

/ Test 

Mechanical component 

dimensions will be examine to 

ensure that they provide 

sufficient range of motion to 

level on the landing zone 

topography. The payload will 

be placed on a variety of 

inclines to demonstrate that it 

can self-level within 5-degrees 

of vertical. Mechanical and 

control system tests will be 

performed to ensure 

functionality. 

    ☒ 

N.4.3.3.1 

Any system designed to level 

the lander must be completely 

autonomous 

On board micro-controller 

will have complete authority 

over leveling systems and 

will process telemetry data to 

detect landing. 

6.1.2.

8 
Demonstration 

During the payload control 

system leveling test, there 

shall be no external inputs. 

    ☒ 

N.4.3.3.2 

The landing system must 

record the initial angle after 

landing, relative to vertical, as 

well as the final angle, after 

reorientation and Self-

levelling. This data should be 

reported in the Post Launch 

Assessment Report (PLAR). 

Upon landing, the angle will 

be recorded to onboard 

memory. Once the payload 

has completed the leveling 

sequence, the final angle will 

also be recorded to onboard 

memory.  

4.2.7 Demonstration 

The angles will be gathered 

from the payload's processor 

after the payload leveling test. 

    ☒ 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

135 

NASA Payload Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA Req. Requirement Description 
Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.4.3.4 

Upon completion of 

reorientation and self-

levelling, the lander will 

produce a 360-degree 

panoramic image of the 

landing site and transmit it to 

the team. 

Payload shall be able to 

transmit images within 

recovery area up to 3000 ft 

without failing to send 

significant portions of the 

image.  

4.2.6.

4 

Analysis / 

Demonstration 

A link budget will be 

developed for the payload to 

analytically verify this 

requirement. The assembled 

payload will be placed 3000 ft. 

away from the ground station 

and complete the payload 

transmission test. 

  ♢   

N.4.3.4.1 

The hardware receiving the 

image must be located within 

the team’s assigned prep area 

or the designated viewing 

area. 

The ground station computer 

and antenna will be set up at 

the designated viewing area 

or team prep area, whichever 

is closer to the launch 

platform, prior to launch. 

4.2.7 Inspection 

The electronics team will 

verify that the ground station 

hardware is in their possession 

at a permitted location. 

    ☒ 

N.4.3.4.2 

Only transmitters that were 

onboard the vehicle during 

launch will be permitted to 

operate outside of the viewing 

or prep areas. 

All payload transmitters will 

be installed on the payload 

prior to launch 

4.2.6.

4 
Inspection 

The Chief Engineer will verify 

that the transmitters are 

correctly installed on the 

rocket. 

    ☒ 

N.4.3.4.3 

Onboard payload transmitters 

are limited to 250 mW of RF 

power while onboard the 

launch vehicle but may 

operate at a higher RF power 

after landing on the planetary 

surface. Transmitters 

operating at higher power 

must be approved by NASA 

during the design process. 

All transmitters in the 

payload will have a RF 

power not greater than 

250mW. 

4.2.6.

4 
Inspection 

Transmitter data sheets will be 

consulted to ensure they are 

within the power limits. 

    ☒ 

N.4.3.4.4 
The image should be included 

in your PLAR. 

The image will be stored in 

non-volatile memory on the 

ground station, and a backup 

will be stored on the payload. 

4.2.7 
Inspection, 

Demonstration 

Ground station personnel will 

verify that the image has been 

included before submitting the 

PLAR. Image storage will be 

demonstrated during the 

payload transmitter test. 

    ☒ 
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NASA Payload Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA Req. Requirement Description 
Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.3.12.1 

Any payload component 

which lands untethered to the 

launch vehicle will contain an 

active electronic tracking 

device. 

The payload retention will 

remain attached to the 

vehicle. The payload lander 

will have a gps tracker active 

when the electronics are on. 

4.2.6.

4 

Inspection, 

demonstration 

Code will be checked to 

ensure that the payload gps 

will run during the entire 

mission. Simulated 

deployment demonstration 

will be conducted to verify 

retention tethering. Gps 

functionality will be verified 

during the transmission test. 

    ☒ 

N.4.4.1 

Black Powder and/or similar 

energetics are only permitted 

for deployment of in-flight 

recovery systems. Energetics 

will not be permitted for any 

surface operations. 

The payload will not include 

energetics in its design and 

construction. 

4.2.6.

4 
Inspection 

The design will be reviewed to 

ensure compliance. 
☑     

N.4.4.2 

Teams must abide by all FAA 

and NAR rules and 

regulations. 

The payload will be designed 

to meet all applicable rules. 

4.2.6.

4 
Inspection 

Payload compliance will be 

verified by the payload safety 

officer. 

  ♢   

N.4.4.3 

Any experiment element that 

is jettisoned, except for 

planetary lander experiments, 

during the recovery phase will 

receive real-time RSO 

permission prior to initiating 

the jettison event. 

No other experiments will be 

jettisoned from the vehicle. 

4.2.6.

4 
Inspection 

The payload team lead will 

review the design and verify 

that no other experiments will 

be jettisoned. 

    ☒ 

N.4.4.4 

Unmanned aircraft system 

(UAS) payloads, if designed 

to be deployed during descent, 

will be tethered to the vehicle 

with a remotely controlled 

release mechanism until the 

RSO has given permission to 

release the UAS. 

The payload design will not 

include UAS features  

4.2.6.

4 
Inspection 

The payload safety officer will 

review the design and verify 

that it does not qualify as a 

UAS. 

    ☒ 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

137 

NASA Payload Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA Req. Requirement Description 
Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.4.4.5 

Teams flying UASs will abide 

by all applicable FAA 

regulations, including the 

FAA’s Special Rule for Model 

Aircraft (Public Law 112-95 

Section 336). 

The payload design will not 

include UAS features  

4.2.6.

4 
Inspection 

The payload safety officer will 

review the design and verify 

that it does not qualify as a 

UAS. 

    ☒ 

N.4.4.6 

Any UAS weighing more 

than .55 lbs. will be registered 

with the FAA and the 

registration number marked on 

the vehicle. 

The payload design will not 

include UAS features  

4.2.6.

4 
Inspection 

The payload safety officer will 

review the design and verify 

that it does not qualify as a 

UAS. 

    ☒ 

N.2.18.2 

All teams will successfully 

launch and recover their full-

scale rocket containing the 

completed payload prior to the 

Payload Demonstration Flight 

deadline. The rocket flown 

must be the same rocket to be 

flown on Launch Day. A 

successful flight is defined as 

a launch in which the rocket 

experiences stable ascent and 

the payload is fully retained 

until it is deployed as 

designed. 

The Payload Demonstration 

Flight will be carried out as 

required. 

N/A Demonstration 
The demonstration will be 

completed. 
    ☒ 

N.2.18.2.1a 

The payload must be fully 

retained until the intended 

point of deployment.  

The payload will be held in 

place radially by a foam 

sabot, and axially by an 

aluminum cage bolted to the 

nosecone. 

4.2.1 
Analysis, 

Demonstration 

Part dimensions will be 

analyzed to ensure proper fit. 

The payload retention system 

will be subjected to a retention 

deployment demonstration. 

  ♢   
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NASA Payload Requirements 

Requirement Compliance 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA Req. Requirement Description 
Verified 

☑ 

In 

Progress

♢ 

Not 

Started 

☒ 

N.2.18.2.1b 

All retention mechanisms 

must function as designed and 

the retention mechanism must 

not sustain damage requiring 

repair 

The payload retention cage 

will be designed with a safety 

margin of 0.5 and the sabot 

pieces will be tethered to the 

cage for retrieval. 

4.2.1 
Analysis, 

Demonstration 

The deflection of cage 

components under ejection 

loading will be analyzed. The 

payload retention system will 

be subjected to a retention 

deployment demonstration, 

which may be part of a black 

powder demonstration. 

    ☒ 

N 2.18.2.2 
The payload flown must be 

the final, active version. 

The payload design will be 

completed and constructed 

prior to the demonstration 

flight. 

N/A Inspection 

The payload team lead will 

verify that the payload 

launched in the payload 

demonstration flight is the 

correct configuration. 

  ♢   

N 4.2 

The lander system will be 

capable of being jettisoned 

from the rocket during 

descent, landing in an upright 

configuration or 

autonomously up-righting 

after landing. The system will 

self-level within a 5° tolerance 

from vertical. After 

autonomously up-righting and 

self-leveling, it will take a 

360-degree 

panoramic photo of the 

landing site and transmit the 

photo to the team. 

The payload will be designed 

to meet the mission profile of 

the 2020-2021 NASA SLI 

program 

4.2 Demonstration 

The payload will carry out the 

mission during the payload 

demonstration flight. 

    ☒ 
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Table 6.10: Payload NASA Requirements Verification Progress 

6.2.1.5. Safety NASA Requirements 

Safety requirements dictate organizational measures to maximize safety during CRW project activities. The requirements with their description, 

compliance, verification type and plan, and progress as well as the location in the CDR the compliance is found are shown in Table 6.11. Progress 

toward verifying compliance for these requirements is shown in Table 6.12.  

Table 6.11: Safety NASA Requirements 

NASA Safety Requirements 

Requirement 

Compliance 

CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 
Requirement Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N.5.1. 

Each team will use a launch and safety 

checklist. The final checklists will be 

included in the FRR report and used during 

the launch Readiness Review (LRR) and 

any Launch Day operations. 

A Standard Operating 

Procedure for launch 

day operations will be 

developed and 

approved by the Safety 

Team.  

5.1 Demonstration 

An initial version of this 

procedure will be included in 

CDR, with a final version 

completed by FRR. 

  ♢   

N.5.2. 

Each team must identify a student safety 

officer who will be responsible for all items 

in section 5.3. 

CRW will elect a team 

Safety Officer and 

identify them to NASA. 

PDR Demonstration 
The elected Safety Officer was 

identified in the PDR document. 
☑     

N.5.3. 

The role and responsibilities of the safety 

officer will include, but are not limited to: 

monitoring team activities with an emphasis 

on safety, implementing procedures 

developed by the team for construction, 

assembly, launch, and recovery activities, 

managing and maintaining current revisions 

of the team's hazard analyses, failure modes 

analyses, procedures, and MSDS/chemical 

inventory data. 

CRW's Safety Officer, 

Colin Boggs, will fulfill 

all of these 

responsibilities while 

overseeing the Safety 

Team. 

PDR Demonstration 

Safety procedures and other 

documentation will be included 

for every CRW team activity, 

test, and demonstration. 

  ♢   
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NASA Safety Requirements 

Requirement 

Compliance 

CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

NASA 

Req. 
Requirement Description 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

N.5.4. 

During test flights, teams will abide by the 

rules and guidance of the local rocketry 

club's RSO. The allowance of certain 

vehicle configurations and/or payloads at 

the NASA Student Launch does not give 

explicit or implicit authority for teams to fly 

those vehicle configurations and/or 

payloads at other club launches. Teams 

should communicate their intentions to the 

local club's President or Prefect and RSO 

before attending any NAR or TRA launch. 

CRW will abide by all 

instructions given by 

launch field RSO's. 

PDR Demonstration 

Every team member of CRW 

has signed a statement verifying 

that they will comply with all 

instructions given by an RSO.  

☑     

N.5.5. 
Teams will abide by all rules set forth by 

the FAA. 

The Safety Team has 

compiled all known 

laws and regulations in 

the 2021 CRW Safety 

Manual, which all team 

members will be 

familiar with. 

PDR Demonstration 

All designs that violate any of 

the compiled FAA laws and 

regulations will be rejected. 
☑     

  

Table 6.12: Safety NASA Requirements Verification Progress 

6.2.2. Derived Requirements 

While requirements are given in the SLI Handbook for competing teams to meet, CRW has created requirements that are specific to the team’s 

unique mission. These CRW requirements are derived from the given NASA requirements and are just as necessary to ensure a successful project that 
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accomplishes more than minimum requirements. Each requirement has its own verification plan and is linked to a NASA requirement in the SLI 

handbook. 

6.2.2.1. General Derived Requirements 

General derived requirements created by CRW cover organizational requirements. The requirements with their description, compliance, 

verification type and plan, and progress as well as the location in the CDR the compliance is found are shown in Table 6.13. Progress toward verifying 

compliance for these requirements is shown in Table 6.14. 

Table 6.13: General Derived Requirements 

Derived General 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.1.1 N.1.1 

Only the team faculty 

advisor may invite 

members to the CRW 

team drive. 

To make sure only students 

enrolled in the UAH senior 

design class can work on 

project materials. 

N/A Inspection 

The only members inside of the team 

drives will be those listed as students 

taking the course, the team faculty lead, 

and one mentor. 

☑     

U.1.2 N.1.2 

CRW will establish a 

Google Calendar that will 

be shared with all team 

members. 

To make sure all CRW 

students are aware of project 

milestone dates, internal 

deadlines, scheduled 

outreaches, and subteam and 

general meeting times. This 

is to keep CRW members 

aware of the progression of 

the project plan to keep the 

team on schedule. 

6.3.2 Demonstration 

The Outreach Team Lead will create a 

Google Calendar using the CRW Gmail 

account and will add outreach dates to the 

calendar as the year progresses. The 

Project Manager will add internal 

deadlines, testing dates, subteam and 

general meetings and project milestone 

dates to the calendar and share the 

calendar with the team. 

☑     

U.1.3 N.1.2 

Subteam and general 

meetings will be held 

weekly during the school 

year for the duration of the 

SLI competition. 

To maintain steady progress 

on the current milestone, 

document progress, and to 

discourage procrastination 

throughout the duration of 

the milestone. 

6.3.2 Demonstration 

Meeting minutes will be documented and 

submitted to the team faculty advisor for 

each subteam meeting. Recordings of 

general team meetings will be taken and 

posted for the team to view later if needed. 

  ♢   
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Derived General 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.1.4 N.1.5 

Outreach Team Lead will 

require team members to 

attend at least two 

outreach events. 

To have the necessary 

personnel at each outreach to 

conduct the event, so that the 

NASA requirement for 

educational outreach that 

from project acceptance to 

FRR will be met. 

6.4 Demonstration 

The Outreach Team Lead will assign a 

completion grade assignment for CRW 

student members that require them to 

attend at least two outreach events by 

FRR. Outreach events attended by each 

member will be tracked by the Outreach 

Team Lead. 

  ♢   

U.1.5 N.1.6 

Outreach Team Lead will 

require team members to 

submit material two times 

a semester to be used for 

social media outreach. 

To have enough material to 

engage enough participants 

to meet the NASA 

requirement for educational 

social media outreach for the 

entirety of the project. 

6.4 Demonstration 

The Outreach Team Lead will schedule 

graded assignments to be complete by 

CRW student members that require them 

to submit social media material. 

  ♢   

U.1.6 N.1.8 

A template for each 

milestone presentation 

will be created in the 

Google Slides software. It 

will include slide 

numbers, consistent 

document formatting, and 

necessary slide headings. 

Allows multiple team 

members to edit and view 

the same presentation as it's 

being put together while 

following NASA SLI 

formatting requirements (can 

be exported as a PDF in 

Google Slides). 

N/A Demonstration 

The CRW Project Manager will create the 

template that includes slide numbers, 

consistent document formatting, and 

necessary slide headings for each 

milestone presentation in Google Slides. 

  ♢   

U.1.7 N.1.9 

After the milestone report 

is completed in the Google 

Docs software, the 

document will be exported 

to the Microsoft Word 

software. 

Allows for the utilization of 

the features in Microsoft 

Word to create a table of 

contents, a table of figures, 

and a table of figures since 

all three cannot be added to a 

document in Google Docs. 

N/A Demonstration 

The Safety Officer will download the 

finished report off of Google Docs and 

import it into Microsoft Word for final 

editing and formatting. 

  ♢   

U.1.8 N.1.10 

A template for each 

milestone report will be 

created in the Google 

Docs software. It will 

include page numbers, 

consistent document 

formatting, and necessary 

headings and subheadings. 

Allows multiple team 

members to edit and view 

the same document as it's 

being put together while 

following NASA SLI 

formatting requirements 

(page numbers can be added 

in Google Docs). 

N/A Demonstration 

The CRW Project Manager will create the 

template that includes page numbers, 

document formatting, and necessary 

headings and subheadings for each 

milestone report in Google Docs. 

  ♢   
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Derived General 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.1.9 N.1.11 

Each team member who is 

expected to present at a 

given NASA SLI video 

conference will be 

responsible for attending 

at least one practice for the 

milestone presentation. 

Ensure that computer 

equipment for presenters 

works beforehand to ensure 

NASA review panelists are 

able to see and hear team 

presenters during the video 

teleconference.  

N/A Demonstration 

Video conferencing practices will be held 

to verify the clarity of picture and audio 

for each team member who will attend a 

NASA SLI video conference. If a team 

member cannot verify their equipment 

works, they will be substituted for a 

different team member who can. 

  ♢   

U.1.10 N.1.12 

CRW will only conduct 

full-scale launch(es) using 

launch rails that meet 

NASA specifications. 

Ensure that the CRW full-

scale vehicle will be able to 

successfully fly off the 

launch pads that will be used 

at the NASA SLI 

competition. 

N/A Inspection 

The lead engineer will verify at each 

launch with a tape measure and level that 

the launch rail being used is either 8-foot 

1010 rails or 12-foot 1515 rails canted 

between 5 to 10 degrees the day of a 

launch. 

  ♢   

U.1.11 N.1.14 

The software Google 

Sheets will be used for 

each NASA milestone for 

tracking hours worked 

toward the milestone. 

Allow for multiple editors of 

the same document and 

allow team members to 

easily verify that their hours 

are being recorded correctly.  

N/A Demonstration 

Project manager will be responsible for 

setting up the time keeping document in 

Google Sheets for each milestone. 

  ♢   

 

Table 6.14: General Derived Requirements Verification Progress 

 

6.2.2.2. Vehicle Derived Requirements 

Vehicle derived requirements created by CRW dictate the designing, building, and flying of the CRW vehicle as well as the CRW subscale 

vehicle. The requirements with their description, compliance, verification type and plan, and progress as well as the location in the CDR the compliance 

is found are shown in Table 6.15. Progress toward verifying compliance for these requirements is shown in Table 6.15. 
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Table 6.15: Vehicle Derived Requirements 

Derived Vehicle 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.2.23 N.2.7 

Keyswitch in tracker bay 

is to be left off until 

launch preparations 

begin. A new battery is to 

be installed in the tracker 

on the day of launches. 

Keeping the tracker running 

when not needed will drain 

the battery, possibly causing 

failure of the tracking system 

during the 2 hours spent on 

the launch pad. 

N/A Inspection 

SOP step that includes a 

step to ensure the key 

switch is in an "off" 

position until launch 

preparations begin. 

  ♢   

U.2.25 N.2.22.8 

Tracker transmissions 

will not exceed 250 mW 

of power. 

Transmissions in excess of 

250 mW of power could 

cause interference with other 

electronics. 

3.3.5 Inspection 

XBees with transmission 

powers greater than 

250mW will not be used in 

the vehicle. 

☑     

U.2.26 N.2.22.9 

Tracker transmissions 

will utilize a frequency 

hopping. 

To prevent interference in 

other on-board electronics as 

well as other teams' 

electronics. 

3.3.5 Test 

Bench test that will involve 

laying out all electronics in 

a similar configuration as 

they would be in the rocket 

and ensuring the electronics 

are working properly. 

    ☒ 

U.2.27 N.2.22.10 

Nose cone bulkhead will 

utilize a lightweight 

metal, 6061-T6 

aluminum. 

To prevent unfair ballasting. 3.1.1 Analysis 

The nose cone bulkhead 

will be designed using a 

reasonable amount of 6061-

T6 aluminum. FEA will 

show that the amount of 

metal used is reasonable in 

the context of the estimated 

load. 

☑     

U.2.28 N.2.15 

The VDS must be located 

behind the CG of the 

entire rocket 

Blades will be deployed into 

the freestream, which will 

result in the CP changing. 

3.1.2 Inspection 

Solid Edge will be used to 

confirm that the VDS is 

located behind the CG of 

the entire rocket 

  ♢   

U.2.29 N.2.4 

Aft centering ring and 

thrust  will be able to 

withstand 450 lbs of 

force (FOS of 1.5), and 

distribute that force 

evenly to the tube 

Ensures that the internal 

body is not damaged and 

thus the vehicle be reusable.  

N/A Analysis 

Solid Edge will be used to 

analyze the stress of the 

powered-portion of the 

flight. The powered portion 

is when the maximum load 

is felt by the thrust plate 

    ☒ 
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Derived Vehicle 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.2.30 N.2.7 

VDS electronics will be 

capable of operating for a 

minimum of 3 hours 

Ensures that the VDS will 

function properly on launch 

day 

3.1.2.3.2 Demonstration 

The wattage of the whole 

circuit can be measured (at 

idle) with a watt meter. 

This can be compared to 

battery capacity to verify 

that the electronics can run 

for >2 hours.  

    ☒ 

U.2.31 N.2.4 

Nose cone will be 

designed to handle main 

chute deployment forces 

without fracture or 

warping. 

Ensures that the nose cone is 

not damaged, thus keeping 

the vehicle reusable. 

3.1.1 Analysis 

Solid Edge will be used to 

perform FEA analysis in 

ensure the nose cone meets 

the most recent chute 

deployment load estimates. 

  ♢   

U.2.32 N.2.21 

The GPS tracker's battery 

will be either painted a 

bright, noticeable color 

or wrapped in some 

bright colored tape. It 

will also be labeled as a 

fire hazard. 

Notifies a recovery team that 

the battery is Lithium 

Polymer and is a fire hazard 

if punctured. 

N/A Demonstration 

Show that the battery is 

brightly colored and labeled 

as a fire hazard. 

    ☒ 

U.2.33 N.2.21 

The nose cone will be 

shown to handle impact 

forces and the GPS 

tracker battery will be 

retained in its 

compartment. 

Ensure the Lithium-Ion 

battery does not experience a 

puncture during impact 

forces. 

N/A Test 

The nose cone will be 

dropped with the tracker 

housed inside. This drop 

distance will realistically 

simulate the ground impact 

forces expected after a 

flight. 

  ♢   

U.2.34 N.2.4 

The VDS will be 

designed to reduce the 

stress in the body tube 

near the cutouts for the 

VDS 

Ensures that the body tube 

will not collapse around the 

VDS 

3.1.2.1 Analysis 

Patran/Nastran will be used 

to perform FEA on the 

VDS/body tube around the 

VDS to confirm the rocket 

is structurally sound 

☑     



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

146 

Derived Vehicle 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.2.35 
N.2.17.1-

N.2.17.4 

The sub scale vehicle 

will be designed to 

replicate the drag and 

thrust-to-weight 

characteristics of the full-

scale vehicle 

Ensures that the sub-scale 

vehicle closely replicates the 

expected performance of the 

full-scale vehicle 

3.2.1 Analysis 

Compare the drag 

coefficient of the full-scale 

vehicle model and design 

the subscale to match those 

characteristics. Size a test 

motor to exhibit a similar 

vehicle thrust-to-weight as 

the full-scale 

☑     

U.2.36 N.2.1 

The vehicle will deliver 

the payload to a target 

apogee of 4000 ft plus or 

minus 200 ft 

Current simulations suggest 

a 4000 ft apogee is a good 

approximate with the VDS 

deployed. 

3.4 Analysis 

Monte Carlo Analysis will 

be implemented to confirm 

that the vehicle will reach 

the target apogee. 

  ♢   

U.2.37 
N.2.18.1-

N.2.18.2.4 

Sone components to 

build a second full-scale 

vehicle will be purchased 

to act as a backup in the 

event of a catastrophic 

failure during a flight or 

mistakes during 

construction. 

Guarantee redundancy for 

the tests so as to always have 

a backup in case of failure 

N/A Demonstration 

Components that will 

require modification (i.e. 

body tubes that will need to 

be cut) will have spares 

purchased as well to ensure 

that if there is a component 

failure or mistake in 

construction the delay does 

not prevent the ability to 

launch the vehicle in a 

timely manner. 

  ♢   

U.2.38 N.2.14 

CO2 system weight 

cannot bring the stability 

below two and thus a 

CO2 system will be 

scrapped when stability is 

affected too much 

Dropping the stability below 

will cause the vehicle to fail 

and not meet requirements 

1.2 Analysis 

Weigh the system and run 

calculations in order to 

view effects on stability 

  ♢   
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Table 6.16: Vehicle Derived Requirements Verification Progress 

 

6.2.2.3. Recovery Derived Requirements 

Recovery derived requirements developed by CRW cover the criteria necessary for developing the CRW recovery mechanisms. The 

requirements with their description, compliance, verification type and plan, and progress as well as the location in the CDR the compliance is found 

are shown in Table 6.17. Progress toward verifying compliance for these requirements is shown in Table 6.18. 

Table 6.17: Recovery Derived Requirements 

Derived Recovery 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.3.1 N.3.8 

The only electronics in 

the coupler will be 

electronics related to 

recovery 

Allowing no other 

electronics in the 

coupler ensures that 

no circuity will 

overlap in the launch 

vehicle. 

3.3.3 Inspection 
House only altimeters and 

batteries in coupler 
  ♢   

U.3.2 N.3.3 

No independent section 

will hit the ground with a 

speed over 20 ft/s 

Keeps the kinetic 

energy under 75 ft-lbf 

for each section 

3.3.2 Analysis Properly size the main parachute   ♢   

U.3.3 N.3.10 

Vehicle's GPS tracker will 

maintain communication 

with the ground station 

with a radius of at least 

2500 ft. 

Ensures the vehicle 

can be recovered 

within the required 

2500 ft radius from 

launch pads. 

3.4 Test 

The tracker will be driven 2500 ft 

away from a ground-station. The 

tracker complies with this 

requirement if communication is 

maintained for at least 2500 ft. 

    ☒ 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

148 

Derived Recovery 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.3.4 N 3.1 

Parachute will feature 

both a drogue recovery 

department and main 

parachute compartment 

It will make sure to 

meet NASA's 

requirement of 

having two recovery 

events 

3.3 Analysis 
Include two parachutes, charges 

in vehicle 
☑     

U.3.5 N 3.1.1 

Altimeters must be set to 

600 ft and be verified 

before flight 

Ensures the vehicle 

will deploy main 

parachute at 600 ft 

AGL 

N/A Inspection 
Verify altimeter settings before 

launch 
  ♢   

U.3.6 N 3.1.3 

We are adding motor 

retention hardware to 

prevent this 

Retaining the motor 

is a requirement and 

cannot be used to 

eject parachutes 

3.1.4 Demonstration 
Design and implement motor 

retention design 
  ♢   

U.3.7 N 3.2 

We will require two 

separate successful tests 

for each deployment 

event 

This will ensure 

consistent ejection of 

parachutes 

N/A Test Perform multiple successful tests     ☒ 

U.3.8 N 3.5 

Batteries used in the 

AvBay must be 

completely fresh batteries. 

This will ensure that 

9V batteries will be 

provide steady power 

throughout the flight. 

N/A Inspection 

Check 9V batteries voltage with 

multimeter before installation into 

AvBay. 
☑     

U.3.9 N 3.6 

Each altimeter will use a 

key switch to power each 

altimeter and will be 

accessible from the 

outside of the rocket 

This will allow 

altimeters to be 

powered ON and 

OFF 

3.3.3 Demonstration 
Turn altimeters ON and OFF to 

demonstrate power sequence 
    ☒ 

U.3.10 N 3.7 

Switches will be used in 

order to stay locked in the 

ON position 

Key switches would 

be able to be locked 

and would not power 

down during flight 

3.3.3 Test 
Verify that power switches cannot 

be turned off 
    ☒ 

U.3.11 N 3.9 

To allow separation of the 

rocket sections, shear pins 

will be used at the bottom 

of the coupler and nose 

cone 

Without shear pins, 

the vehicle will 

unable to separate 

thus they are required 

3.3.3 Inspection 

Design separation points with 

shear pins and verify rocket 

assembly has them 
☑     
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Derived Recovery 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.3.12 N 3.12 

The launch vehicle will 

house a GPS tracker in 

the nose cone that will 

transmit location data to a 

ground station. 

To facilitate the 

recovery of the 

launch vehicle. 

3.1.1 Inspection 

The nose cone will be inspected 

to verify the GPS tracker is in 

place and functioning. 

    ☒ 

U.3.13 N.3.12.2 

The vehicle's tracker will 

be fully functional on the 

day of the launch. 

To ensure the tracker 

is transmitting GPS 

data before launch, 

therefore ensuring the 

rocket is able to be 

recovered. 

3.1.1 Inspection 

Inspection on launch day that 

involves checking that the ground 

station is receiving accurate GPS 

data. 

    ☒ 

U.3.14 
N 3.13. 

[1-4] 

We will add signal 

blocking materials if 

required to protect 

recovery electronics and 

the avionics bays will be 

its own compartment 

This should protect 

the electronics from 

signal interference 

N/A Analysis 

Determine how strong nearby 

signals are and calculate the 

amount of required RF signal 

blockage needed 

    ☒ 

U.3.15 N.3.2 

Separation Testing will 

need to occur in two 

stages for main 

deployment. Successful 

Separation must occur 

twice with black powder 

and then two successful 

tests must occur with CO2 

Using a new 

separation method 

means that it needs to 

be fully tested before 

launch occurs 

N/A Demonstration 

Ground testing of vehicle will be 

done in flight configuration to 

verify deployment 

    ☒ 

 Table 6.18: Recovery Derived Requirements Verification Progress 
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6.2.2.4. Payload Derived Requirements 

Payload derived requirements created by CRW dictate the designing, building, and demonstrating of the CRW payload that will be flown in the 

CRW launch vehicle. The requirements with their description, compliance, verification type and plan, and progress as well as the location in the CDR 

the compliance is found are shown in Table 6.19. Progress toward verifying compliance for these requirements is shown in Table 6.20. 

Table 6.19: Payload Derived Requirements 

Derived Payload 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.4.1 N.2.3.1 

Payload retention shall 

not prevent the main 

vehicle chute from 

deploying, even if 

payload jettison fails. 

The vehicle recovery is more 

safety-critical than the 

payload experiment. 

4.2.1 
Analysis, 

Demonstration 

The retention module with a 

simulated payload will be 

ejected from the vehicle 

during black powder testing. 

    ☒ 

U.4.2 N.2.18.2.1 

The retention system 

shall have a diameter 

no greater than 6in. 

and length no greater 

than 24in. 

The vehicle has selected a 6in 

body tube and allotted 24in of 

body length to the payload. 

4.2,1,3 
Inspection, 

Demonstration 

The dimensions of the 

retention system will be 

recorded and checked against 

the limits. 

  ♢   

U.4.3 N.2.18.2.1 

The payload shall have 

a diameter no greater 

than 5.8in and 

assembled length no 

greater than 23in. 

The payload must fit inside 

the retention system. 
4.2 

Inspection, 

Demonstration 

The dimensions of the 

payload will be recorded and 

checked against the limits. 

  ♢   

U.4.4 N.3.13 

Payload telemetry 

shall not be 

transmitted until after 

the main chute 

deployment event. 

Payload transmissions cannot 

interfere with vehicle system 

electronics to ensure safe 

vehicle recovery. 

4.2.6.4 
Inspection, 

Demonstration 

The payload flight software 

will be inspected to determine 

that the ejection will be 

properly detected and that no 

telemetry will be sent until 

this ejection is detected. The 

payload will be launched and 

recovered during the payload 

demonstration flight 

  ♢   
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Derived Payload 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.4.5 N.2.18.2.1b 

The payload retention 

system shall be 

capable of 

withstanding 20g of 

inertial load. 

The retention system will be 

subjected to a maximum of 

20g of inertial loading during 

the ejection event. 

4.2.1.1 Analysis, Test 

FEA and hand calculations 

will be performed to verify 

component strength. The 

retention system will be 

equipped with an IMU and 

ejected with a representative 

ballast during a black powder 

test. 

  ♢   

U.4.6 N.4.3.2 

The payload recovery 

system shall remain 

oriented within 

20[deg] of vertical 

during post-jettison 

descent. 

If the payload lands with too 

much initial angle on the 

furrow, the lander could 

topple. Keeping the lander 

level during descent will 

prevent an unrecoverable 

landing orientation. 

4.2.2 Analysis, Test 

Analysis. The payload IMU 

will collect angular data 

during the entire descent of 

the payload demonstration 

flight. 

    ☒ 

U.4.7 N.4.3.2 

The payload shall 

withstand landing 

impact forces without 

mechanical failure. 

The payload needs to be able 

to survive landing to 

successfully complete the 

remainder of the objectives. 

4.2.4 Analysis, Test 

Mathematical impact models 

will be created to verify 

design strength. 

Representative drop testing 

will be performed to validate 

the models. 

  ♢   

U.4.8 N.4.3.2 

Payload electronic 

boards shall be 

mounted with nonrigid 

connections. 

Electronics must be protected 

from any deformation of the 

lander to prevent board 

cracking. 

4.2.6.3 Inspection 

The final design will be 

inspected to verify that all 

mounting points between the 

electronic boards and lander 

structure have nonrigid 

connections. 

  ♢   

U.4.9 N.4.3.2 

Electrical connections 

shall withstand the 

inertial and impact 

forces of deployment 

and landing 

To ensure correct 

functionality of the payload's 

electrical system, all 

components must stay 

connected at all points in the 

flight 

4.2.6.4 
Inspection, 

Demonstration 

Electrical connections will be 

inspected for quality. The 

assembled electronics and 

payload will be submitted to a 

shock test. 

    ☒ 
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Derived Payload 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.4.10 N.4.3.3 

The angle sensor shall 

have a resolution not 

greater than 1-degree 

The sensor resolution must be 

small enough to permit the 

payload to level accurately 

within the required tolerances. 

4.2.6.4 Inspection 

Data sheet of the angle sensor 

will specify its resolution. 

Only devices meeting this 

requirement will be 

considered 

  ♢   

U.4.11 N.4.3.3.2 

The payload shall 

continuously record 

the angle from vertical 

at a rate for the entire 

mission. 

This ensures that the payload 

will record both the angle at 

impact and the angle after the 

payload has settled but before 

it is leveled.  This will allow 

post-analysis to better 

determine the initial angle and 

the response of the leveling 

system for placement into the 

PLAR. 

4.2.6.4 Demonstration 

The payload will be turned on 

and will demonstrate a 

continuous angle 

measurement. This 

measurement will be checked 

against a known angle. 

    ☒ 

U.4.12 N.4.3.3.2 

The angle sensor shall 

have a sampling rate 

sufficient to prevent 

noise amplification. 

Noise amplification must be 

avoided to ensure accurate 

control for leveling. 

4.2.6.4 Demonstration 

The payload will be turned on 

and will demonstrate a data 

rate of  >5 Hz for the leveling 

angle while performing all 

normal tasks of the software. 

    ☒ 

U.4.13 N.4.3.4 

The payload shall be 

designed to minimize 

camera obfuscation. 

The camera(s) must be 

unobscured to take a 360-

degree panorama 

4.2.6.1 Demonstration 

The payload will be 

assembled and a panorama 

taken. It will be demonstrated 

that a majority of the 

panorama displays the 

payload's environment rather 

than parts of the payload. 

  ♢   

U.4.14 N.4.3.4 

The payload shall 

include enough 

onboard non-volatile 

memory to store all 

necessary mission 

data. 

The payload must be able to 

store all mission data for 

retrieval in case transmission 

fails. 

4.2.6.4 Inspection 

The selected device datasheet 

will be inspected to ensure 

that it meets the required size. 

  ♢   
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Derived Payload 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.4.15 N.4.4.2 

The payload shall 

descend at a rate not 

greater than 30ft/s 

This is to comply with NAR 

regulations limiting the 

terminal velocity. 

4.2.2 
Analysis and 

Testing 

System mathematical models 

will be developed to verify 

that the terminal velocity is 

within limits. An autogyro 

drop-test will be performed to 

validate the model. 

  ♢   

U.4.16 N.2.1 

Maximum total 

payload and retention 

weight shall be no 

greater than 6 lbs. 

Specified by rocket team to 

reach vehicle target apogee 

with the chosen motor 

4.2 Inspection 

The final design will be 

inspected to verify that all 

components combined weigh 

less than 6lb 

  ♢   

U.4.17 N.4.4.2 

The lander shall 

detach from the 

recovery system not 

more than 4ft AGL. 

This is to comply with a NAR 

statement given to NASA 

limiting the freefall height. 

6.1.2 
Test, 

Demonstration 

The payload will be submitted 

to a detachment test to verify 

compliance. The payload 

detach mechanism will be 

installed and activated during 

a drop test. 

  ♢   

U.4.18 N.4.2 

The payload shall 

record telemetry and 

sensor data locally for 

the entire flight. 

Data collection will provide 

information to verify 

compliance with all payload 

requirements. 

4.2.6.5 Demonstration 

The processor will be turned 

on and run for a representative 

amount of time. After the time 

has elapsed, the data in the 

memory will be extracted and 

checked for integrity. 

    ☒ 

U.4.19 N.4.4.2 

The autogyro rotating 

components shall not 

impart force sufficient 

to cause major injury 

during descent. 

Autogyro blades will be 

rotating at high speeds and 

must be designed to avoid 

severely injuring anyone. 

4.1.2 Analysis 

Selected materials and design 

parameters will be used to 

find the maximum possible 

impact force and pressure, 

these values will be compared 

against forensic literature to 

verify that it will not cause 

severe blunt force or cutting 

trauma. 

    ☒ 
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Derived Payload 

Requirements 

Description Justification 
CDR 

Sect. 

Verification 

Type 
Verification Plan 

Verification Progress 

Derived 

Req. 

Associated 

NASA 

Req. 

Verified 

☑ 

In 

Progress 

♢ 

Not 

Started 

☒ 

U.4.20 N.4.4.2 

Autogyro blades shall 

not yield under 

mission loads. 

Autogyro blades must remain 

functional to ensure safe 

descent velocities. 

4.2.2.1 
Analysis, 

Demonstration 

FEA and hand calculations 

will be performed to verify 

component strength under 

mission loads. Complete 

assemblies will be subjected 

to drop testing. The entire 

payload will be launched and 

recovered during the payload 

demonstration flight. 

  ♢   

  

Table 6.20: Payload Derived Requirements Verification Progress 
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6.3. Budgeting and Timeline 

The CRW project management team assigned each element of the project that requires 

funding a budget to be spent over the course of the project. Portions were assigned based on costs 

of past teams and on how much money was raised through the funding plan. A series of Gantt 

charts and other scheduling aids are being used to track project progress. 

6.3.1. Funding Plan 

The 2020-2021 Charger Rocket Works team has budgeted $8,500 to design, fabricate, test, 

and fly a rocket/payload system that meets all of the NASA University Student Launch Initiative 

competition requirements this year. The team 

is funded through a combination of the 

Alabama Space Grant Consortium (ASGC), 

the NASA USLI 2019-2020 Safety Award, 

and residual monies from past Charger Rocket 

Works teams. This has remained unchanged 

from PDR. The summary of the funding is 

shown in Table 6.21, and the partition by 

source is illustrated in Figure 6.7. 

Over half of this year’s 

Charger Rocket Works funding comes 

from the Alabama Space Grant 

Consortium (ASGC). In order to 

secure this funding, the CRW 

submitted a proposal to the ASGC in 

late November for $5,000. CRW is 

expecting the ASGC will readily 

accept the proposal based on similar 

proposals from previous years. In the 

unlikely event that the proposal is rejected, 

CRW will be able to secure additional 

funding from the UAH Engineering 

department. 

    The budget is distributed 

between the subscale vehicle, full-scale 

vehicle, payload, and outreach, with an 

Table 6.21: Summary of CRW Funding 

Figure 6.7: CRW Funding Partitioned by Source 

Table 6.22: CRW Budget Distribution Summary 
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added 15% margin of safety. This is 

shown in Table 6.22 and depicted in 

the corresponding pie chart (Figure 

6.8).  

While the full-scale rocket, 

subscale rocket, and outreach are 

projected to spend less than each of 

their allotted funds, fabrication of the 

payload was projected to overspend its PDR 

budget (Table 6.23) by approximately $400. It 

was determined that the root cause of this is that 

the budget for payload was made before 

deciding to design and build a subscale payload 

to fly in the subscale rocket and an autogyro 

payload to use for preliminary drop tests. 

However, since the subscale rocket had 

approximately $330 leftover and over $400 

were left over from the outreach budget, the 

remainder of the subscale budget and $200 of 

the remaining outreach funds were transferred to 

the payload budget. This addition of $530 to the payload budget is more than enough capital to 

complete the payload fabrication. (Note: rows with red text in Table 6.23 indicate values that have 

been updated since PDR.) 

The residual monies from past CRW teams, the NASA USLI 2019-2020 Safety Award, 

and the ASGC grant will be able to fund all project expenses throughout the duration of the 

competition. This was determined by compiling line-item budgets for the preliminary designs of 

the subscale vehicle, the full-scale vehicle, and payload, as well as materials for outreach 

experiments. These line-item budgets have been maintained and updated throughout the duration 

of the CDR milestone. Spending has also been monitored through CDR to verify that CRW’s 

spending is tracking below or at what is forecasted. The line-item budgets for the subscale vehicle, 

full-scale vehicle, payload, and outreach are depicted in Table 6.24, Table 6.25, Table 6.26, and 

Table 6.27. Rows that are highlighted green indicate that the component has already been 

purchased. It is important to note that CRW only uses vendors that honor the University of 

Alabama in Huntsville's tax exemption status. 

Figure 6.8: CRW Budget Distribution Partitioned 

Table 6.23: PDR CRW Budget Summary  

(with Previous Values) 
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Table 6.24: Subscale Vehicle Line-Item Budget 

Table 6.25: Full-Scale Vehicle Line-Item Budget 

Part Description Part Number Quantity Unit Price Total Cost Website 

HighStrength Locknuts 90630A110 2 $3.22  $6.44  McMaster-Carr 

Key Switches 7278K12 4 $16.10  $64.40  McMaster-Carr 

1/4" Eyebolts 3014T45 6 $3.21  $19.26  McMaster-Carr 

1/4" Washers 90107A029 1 $7.11  $7.11  McMaster-Carr 

Steel 1/4" All-Thread 90322A656 2 $6.88  $13.76  McMaster-Carr 

Threaded Inserted for sled 93365A122 1 $12.65  $12.65  McMaster-Carr 

Shear pins 92942A716 1 $7.24  $7.24  McMaster-Carr 

Heat Inserts 93365A122 1 $12.65  $12.65  McMaster-Carr 

Phillip Head Screws (L = 1/4") 91249A105 1 $4.41  $4.41  McMaster-Carr 

Steel Binding Barrel 98002A404 1 $7.35  $7.35  McMaster-Carr 

Steel Binding Screw 98002A321 1 $6.67  $6.67  McMaster-Carr 

Ring Shim 90334A115 2 $13.31  $26.62  McMaster-Carr 

1/4"-20 Threaded Rods 24" 90322A657 2 $7.24  $14.48  McMaster-Carr 

1/4"-20 Grade 8 Hex Nuts 94895A029 1 $3.98  $3.98  McMaster-Carr 

Washers for 1/4" Screws 91525A117 1 $8.14  $8.14  McMaster-Carr 

Part Description Part Number Quantity Unit Price Total Cost Manufacturer 

3" coupler FC30 2 $22.00  $44.00  Madcow Rocketry 

3" Body Tube FT30 2 $100.00  $200.00  Madcow Rocketry 

AvBay Bulkheads FLID30-NAT 2 $10.00  $20.00  Madcow Rocketry 

4-40 Thin Steel Nuts    90760A210  1 $1.91  $1.91  McMaster-Carr 

Mini Key Switches 7278K12 4 $16.10  $64.40  McMaster-Carr 

Med. Steel 1/4" -20 All-Thread 98750A435 1 $2.74  $2.74  McMaster-Carr 

Phillip Head Screws (L = 1/4”)   91249A105  1 $4.41  $4.41  McMaster-Carr 

Hex Head Screws 92314A153 1 $9.88  $9.88  McMaster-Carr 

Hex Nuts 91841A007 1 $3.40  $3.40  McMaster-Carr 

Eyebolts for Coupler 3014T45 6 $3.21  $19.26  McMaster-Carr 

Washer for No.6 Screw 92141A008 1 $1.20  $1.20  McMaster-Carr 

1/4"-20 Eye Nut 3112T31 1 $5.54  $5.54  McMaster-Carr 

I300 Rocket Motor I300 2 $55.99  $111.98  Aerotech 

Aero Pack 38mm Retainer - P 24063 1 $27.78  $1.00  Apogee Rockets 

  

  Total Cost: $489.72    

  Funds Allotted: $490.00    

  Funds Spent: $489.72    

  Funds Left: $0.28    
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Part Description Part Number Quantity Unit Price Total Cost Website 

Steel Eyebolt with Shoulder 3014T471 1 $4.09  $4.09  McMaster-Carr 

Nylon-Insert Locknut 90630A121 1 $3.20  $3.20  McMaster-Carr 

Washer for 3/8" Screws 90107A051 1 $6.63  $6.63  McMaster-Carr 

Battery Holder for 2 18650 batteries 7712K121 1 $4.66  $4.66  McMaster-Carr 

Stepper Motor Retention Screws 91290A110 1 $8.92  $8.92  McMaster-Carr 

Motor Mount Retention Screws 92314A196 1 $8.67  $8.67  McMaster-Carr 

Motor Mount Retention Nuts 91841A009 1 $3.65  $3.65  McMaster-Carr 

Washers for Motor Mount Screws 90107A010 1 $3.45  $3.45  McMaster-Carr 

Ball Bearing 6383K215 1 $5.84  $5.84  McMaster-Carr 

Keyed Rotary Shaft 1497K1 1 $7.88  $7.88  McMaster-Carr 

Key Stock 98491A098 1 $1.86  $1.86  McMaster-Carr 

Shaft Collar 9414T7 1 $1.30  $1.30  McMaster-Carr 

1/4"-20 Threaded Rod 8" 90322A655 2 $6.46  $12.92  McMaster-Carr 

2-56 Heat Set Inserts 97171A110 1 $10.27  $10.27  McMaster-Carr 

2-56 Screws 98164A425 1 $6.63  $6.63  McMaster-Carr 

1/4"-20 Grade 8 Steel Bolts 91286A111 1 $8.43  $8.43  McMaster-Carr 

18650 LiFePO4 Battery 1109K52 2 $9.38  $18.76  McMaster-Carr 

Stainless Steel Quick Links 8947T26 2 $3.70  $7.40  McMaster-Carr 

1/4" Eyebolts 3014T45 1 $3.21  $3.21  McMaster-Carr 

18-8 Stainless Steel Button Head Hex Drive Screws 97763A356 1 $14.61  $14.61  McMaster-Carr 

75mm retainer (flanged) 24069 1 $72.22  $72.22  Aeropack  

Aluminum for bulkheads(8"x72"x0.5") 20670 1 $143.06  $143.06  OnlineMetals 

Aluminum Bar for Links and Rotary Piece 1128 1 $3.94  $3.94  OnlineMetals 

Stepper Motor 14HS13-0804S 1 $8.69  $8.69  StepperOnline 

Terminal Blocks 9191 4 $3.69  $14.76  Apogee Rockets 

MPL3115A2 Altitude/Pressure Breakout Board SEN-11084 1 $22.12  $22.12  Sparkfun 

6" G12 Coupler FC60-140-BLU 2 $70.00  $140.00  Madcow Rocketry 

6" Fiberglass Body Tube FT60 2 $228.00  $456.00  Madcow Rocketry 

Motor Driver 2968 1 $5.95  $5.95  Pololu 

XBee w/ Wire Antenna 602-1297-ND 1 $43.10  $43.10  DigiKey 

Pressure Transducer MPXHZ6250AC6T1 3 $12.64  $37.92  DigiKey 

Breakout Board BOB-00495 3 $3.95  $11.85  DigiKey 

Datalogging Shield 1528-1044-ND 1 $13.95  $13.95  DigiKey 

Drogue Parachute CFC-24-N-ST 1 $64.00  $64.00  Fruity Chutes 

 (70 foot) 1" Nylon Shock Cord WEB-N-1000 1 $192.50  $192.50  Fruity Chutes 

Raspberry Pi 3B 3055 1 $35.00  $35.00  Adafruit 

Pi Power Supply 1995 1 $7.50  $7.50  Adafruit 

ADS1115 1085 1 $14.95  $14.95  Adafruit 



The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

159 

Part Description Part Number Quantity Unit Price Total Cost Website 

Raptor CO2 Ejection Kit N/A 3 $140.00  $420.00  Tinder Rocketry 

Quick Connect Terminals N/A 4 $11.99  $47.96  Amazon 

Pi Camera v2 N/A 1 $23.98  $23.98  Amazon 

Camera Ext Cable N/A 1 $12.99  $12.99  Amazon 

Battery Shield N/A 1 $12.99  $12.99  Amazon 

Shaft Coupler for Motor N/A 1 $6.89  $6.89  Amazon 

 L1390G-P Motor L1390G-P 3 $224.99  $674.97  Amazon 

  Total Cost: $2,844.83    

    Funds Allotted: $4,880.69    

    Funds Spent: $162.52    

      Funds Left: $4,718.17    

 Table 6.26: Payload Line-Item Budget 

Part Description Part Number Quantity Unit Price Total Cost Website 

Leg springs (5-pack) 5108N254 2 $13.31  $26.62  McMaster Carr 

Base disk 1610T48 2 $18.90  $37.80  McMaster Carr 

Leveling leg nut 95100A101 4 $4.99  $19.96  McMaster Carr 

Landing leg material, Threaded rod material (6 ft) 8974K24 3 $9.81  $29.43  McMaster Carr 

Roll pins for legs 91598A262 1 $9.15  $9.15  McMaster Carr 

Torsion Springs for Autogyro (6 pack) 9271K648 1 $4.76  $4.76  McMaster Carr 

Thrust bearing 5906K565 2 $0.70  $1.40  McMaster Carr 

Sleeve bearing 6338K416 2 $1.50  $3.00  McMaster Carr 

Solid shaft material (2 ft) 8974K28 1 $4.77  $4.77  McMaster Carr 

Tube shaft material (2 ft) 9056K65 1 $14.77  $14.77  McMaster Carr 

Twist-On nut for autogyro retainment 90125A030 2 $4.99  $9.98  McMaster Carr 

Detach shaft socket (1/2 ft) 8975K618 1 $2.15  $2.15  McMaster Carr 

Extension Spring with Loop Ends 5108N052 1 $11.94  $11.94  McMaster Carr 

Teensy 4.1 DEV-16771 2 $26.95  $53.90  Sparkfun 

Teensy 4.1 DEV-16771 1 $26.95  $26.95  Sparkfun 

GP-20U7 (GPS) GPS-13740 3 $17.95  $53.85  Sparkfun 

Solenoid ROB 11015 1 $4.95  $4.95  Sparkfun 

XBee Explorer Board WRL-11812 2 $25.95  $51.90  Sparkfun 

Rangefinder SEN-14722 2 $21.95  $43.90  Sparkfun 

BNO055 (Accelerometer) 828-1058-1-ND 5 $10.15  $50.75  Digikey 

BMP388 (Altimeter) 828-1079-1-ND 5 $3.47  $17.35  Digikey 

BNO055 Breakout 1528-1426-ND 2 $34.94  $69.88  Digikey 

BMP388 Breakout 1528-2733-ND 2 $9.95  $19.90  Digikey 

XBee Pro 900HP - Wire 602-1301-ND 2 $42.90  $85.80  Digikey 
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XBee Pro 900HP - RP-SMA 602-1299-ND 2 $42.90  $85.80  Digikey 

Camera OV5642 3 $39.99  $119.97  Amazon 

Brushed DC Motor Gearmotor 36 RPM 6VDC 2183-4790-ND 4 $15.95  $63.80  Digikey 

180 degree fisheye lens M25156H18 3 $19.99  $59.97  UCTronics 

Video Camera 1528-1799-ND 2 $12.50  $25.00  Digikey 

Batteries SAMSUNG-30Q-18650-3000-FLAT 4 $4.75  $19.00  Battery Junction 

Battery Charger XTAR-MC2 1 $5.95  $5.95  Battery Junction 

DRV8838DSGR (Motor controller) 296-40081-1-ND 5 $1.06  $5.30  Digikey 

Base disk for AG drop test 1610T37 2 $8.30  $16.60  McMaster Carr 

Thumb nut for shaft to AG connection 91833A113 1 $9.53  $9.53  McMaster Carr 

Ball bearing for AG drop test 7208K51 1 $30.62  $30.62  McMaster Carr 

9/16in aluminum rod, 2' long, connecting shaft for 

drop test 
8974K46 2 $5.43  $10.86  McMaster Carr 

1/4" aluminum 6061 rod, 2' length. Will be used for 

hinge pins between autogyro hub and blade brackets 
8974K22 1 $3.93  $3.93  McMaster Carr 

Stainless Steel Ball Bearing - 1/2 Inch 57155K356 5 $6.29  $31.45  McMaster Carr 

5-40 3ft Aluminum Threaded Rod 94435A506 1 $7.15  $7.15  McMaster Carr 

5-40 Stainless Steel Hex Nut (100pk) 90670A222 1 $4.88  $4.88  McMaster Carr 

M3x0.5mm, 12 mm Lg., Phillips Screw (100pk) 92000A122 1 $5.51  $5.51  McMaster Carr 

M3x0.5, Class 8 Steel, Hex Nuts (100pk) 90592A085 1 $0.88  $0.88  McMaster Carr 

M3 Zinc-Plated Steel Washer (100pk) 91166A210 1 $1.77  $1.77  McMaster Carr 

Steel Extension Spring (3pk) 9044K33 2 $5.26  $10.52  McMaster Carr 

1/4" Rotary Shaft 4" Lg. 1327K114 2 $4.12  $8.24  McMaster Carr 

1/4" Set Screw Shaft Collars 6432K12 4 $1.12  $4.48  McMaster Carr 

12"x18" Signboard 2103N14 1 $4.17  $4.17  McMaster Carr 

Battery Holder for 2 18650s 7712K121 2 $4.66  $9.32  McMaster Carr 

Protoboard 1305N11 2 $6.96  $13.92  McMaster Carr 

High-Strength Steel Threaded Rod, 1/4"-20, 6ft 90322A659 1 $14.91  $14.91  McMaster Carr 

High-Strength Steel Hex Nut, 1/4"-20 94895A029 1 $3.98  $3.98  McMaster Carr 

18-8 Stainless Steel Washer, 1/4" 92141A029 1 $3.47  $3.47  McMaster Carr 

Single Battery Holder 7712K111 2 $2.41  $4.82  McMaster Carr 

Sabot Foam (6" diameter, 35" long) 8875K16 1 $28.00  $28.00  McMaster Carr 

0.1uF Capacitor 311-1779-1-ND 12 $0.11  $1.32  Digikey 

1uF Capacitor 399-17701-1-ND 2 $0.46  $0.92  Digikey 

120nF Capacitor 399-17396-1-ND 2 $0.37  $0.74  Digikey 

6.8pF Capacitor GCM1555C1H6R8FA16DCT-ND 4 $0.12  $0.48  Digikey 

10uF Capacitor 1276-2402-1-ND 4 $0.13  $0.52  Digikey 

22uF Capacitor 1276-6786-1-ND 4 $0.37  $1.48  Digikey 

Zener Diode MMSZ5236B-FDICT-ND 2 $0.14  $0.28  Digikey 
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Schottky Diode SSB43L-E3/52TGICT-ND 4 $0.56  $2.24  Digikey 

Diode S3A-FDICT-ND 2 $0.46  $0.92  Digikey 

2-pin Connectors Male 455-1788-1-ND 6 $0.48  $2.88  Digikey 

2-pin Connectors Housing 455-1392-ND 6 $0.10  $0.60  Digikey 

6-pin Connectors Male 455-2875-1-ND 6 $0.92  $5.52  Digikey 

6-pin Connectors Housing 455-1396-ND 6 $0.17  $1.02  Digikey 

4-pin Connectors Male 455-1790-1-ND 2 $0.57  $1.14  Digikey 

4-pin Connectors Housing 455-1394-ND 2 $0.14  $0.28  Digikey 

10uH Inductor 587-2102-1-ND 4 $0.36  $1.44  Digikey 

P-Channel MOSFET SI2333DS-T1-E3CT-ND 4 $0.65  $2.60  Digikey 

N-Channel MOSFET DMG2302UK-7DICT-ND 4 $0.32  $1.28  Digikey 

130k Resistor YAG2969CT-ND 4 $0.10  $0.40  Digikey 

100k Resistor 311-100KLRCT-ND 8 $0.10  $0.80  Digikey 

1M Resistor 311-1.00MLRCT-ND 8 $0.10  $0.80  Digikey 

560k Resistor 311-560KLRCT-ND 2 $0.10  $0.20  Digikey 

820k Resistor YAG3240CT-ND 2 $0.10  $0.20  Digikey 

91k Resistor 13-RT0402FRE0791KLCT-ND 2 $0.10  $0.20  Digikey 

220 Resistor 311-220HRCT-ND 4 $0.10  $0.40  Digikey 

47k Resistor 311-47.0KLRCT-ND 4 $0.10  $0.40  Digikey 

4.7k Resistor 311-4.7KLRCT-ND 10 $0.10  $1.00  Digikey 

10k Resistor 311-10.0KLRCT-ND 20 $0.10  $2.00  Digikey 

3-pin Connectors Male 455-1789-1-ND 2 $0.49  $0.98  Digikey 

3-pin Connectors Housing 455-1393-ND 2 $0.13  $0.26  Digikey 

Wire Crimps 455-1561-1-ND 100 $0.06  $6.00  Digikey 

XBEE Receptacle 1212-1314-ND 4 $1.01  $4.04  Digikey 

Teensy Stackable Header Kit PRT-17152 2 $1.50  $3.00  Sparkfun 

40-pin Breakaway Connectors S1212EC-40-ND 3 $0.57  $1.71  Digikey 

3x Printed Circuit Boards KB6167F 1 $33.80  $33.80  OSH Park 

Power Switch EG1859-ND 2 $1.71  $3.42  Digikey 

2-pin Connectors Male (Power) 455-1704-ND 4 $0.17  $0.68  Digikey 

2-pin Connectors Housing (Power) 455-1165-ND 4 $0.10  $0.40  Digikey 

Crimps (Power) 455-1127-1-ND 10 $0.05  $0.50  Digikey 

NTCLE100E3473JB0 BC2309-ND 2 $0.69  $1.38  Digikey 

TPS62051DGSR 296-41755-1-ND 4 $1.87  $7.48  Digikey 

  Total Cost: $1,364.37    

    Funds Allotted: $1,545.00    

    Funds Spent: $783.99    

      Funds Left: $761.01    
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Table 6.27: Outreach Line-Item Budget 

Experiment/Use Item Quantity Unit Price Total Cost Website 

Easter Egg Rocket 

Easter Eggs 1 $37.99  $37.99 Amazon 

Toilet Paper Roll 6 $9.95  $59.70 Amazon 

Construction Paper 2 $4.49  $8.98 Amazon 

Alka Seltzer 2 $8.42  $16.84 Amazon 

Pulse Jet 
99% Rubbing Alcohol 2 $12.99  $25.98 Amazon 

Mason Jars 1 $19.99  $19.99 Amazon 

Balloon Thrust Experiment 

Balloons 1 $2.73  $2.73 Amazon 

Balloon Pump 1 $5.84  $5.84 Amazon 

Fishing Line 1 $7.99  $7.99 Amazon 

Straws 1 $6.99  $6.99 Amazon 

Water Bottle Rocket 

Foam Board 1 $7.96  $7.96 Amazon 

Tennis Balls 1 $5.95  $5.95 Amazon 

Tape (3 Pack Option) 1 $10.90  $10.90 Amazon 

Outreach Giveaways 

120 Pc Space Toy Set 3 $11.98  $35.94 Amazon 

24 Pc Earth Stressball 3 $13.97  $41.91 Amazon 

Outer Space Party Favors 1 $21.98  $21.98 Amazon 

45 Pc NASA Stickers 5 $6.99  $34.95 Amazon 

 

Total Cost: $352.62    

Funds Allotted: $475.00      

Funds Spent: $352.62      

Funds Left: $122.38      
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Materials are purchased by 

submitting a Purchase Order (PO) 

form to the Project Manager 

(Figure 6.9). Upon approval, the 

Faculty Advisor purchases the 

components through UAH. The 

summary of CRW expenditures to 

date compared to expected 

expenditures, funds allotted, and 

funds left for spending are 

recorded in Table 6.28 and shown 

in Figure 631D. Both outreach 

and subscale vehicle spending are 

complete. 

Table 6.28: Summary of CRW Expenditures to Date 

Figure 6.10: CRW Fund Allocations 

6.3.2. Timeline 

The project timeline includes all team activities and their expected durations. A series of 

Gantt charts, calendars, media, and other visuals are used to determine internal deadlines, the focus 

of the team, and scheduled activities. The full term of the project is broken into six phases: Concept 

Figure 6.9: Blank Purchase Order Form 
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Design, Preliminary Design, Critical Design, Final Design, Launch Preparation, and Post Launch. 

Each of these phases, and their associated deliverables are illustrated in the timeline in Figure 6.11 

that shows each of the phases, deliverable due dates, and internal deadlines for the project. Table 

6.29 matches the symbols on the timeline with each deliverable internal deadline. 

Figure 6.11: NASA SLI Timeline 

Table 6.29: CRW Internal Deadlines for NASA SLI Timeline 

Possible launch dates and organizations are listed in Table 6.30, and a launch date was 

chosen for the subscale launch, full-scale demonstration, and payload demonstration. If the launch 

is highlighted green, 

CRW flew a vehicle. 

Launches highlighted in 

yellow are chosen 

future launch dates, and 

greyed out launches are 

backup launch dates. 

A series of Gantt 

charts were made and 

are being followed to 

ensure that CRW will 

be ready to fly on the dates chosen. Figure 6.12-6.14 illustrates the Gantt chart for the NASA 

deliverables that must be turned in by their respective deadlines. Figure 6.15 depicts the Gantt 

chart for the subscale flight. This Gantt chart has been successfully followed and ended with the 

completion of the CRW subscale flight on November 21st. Figure 6.16-6.17 shows the Gantt chart 

being followed for the full-scale vehicle and payload. It also includes three flights: the full-scale 

demonstration flight, the payload demonstration flight, and the USLI Launch Day competition 

flight. It officially concludes with the PLAR. 

Table 6.30: Possible CRW Launch Dates 
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 Figure 6.12: NASA Deliverables Gantt Chart (1 of 3) 

Figure 6.13: NASA Deliverables Gantt Chart (2 of 3) 

Figure 6.14: NASA Deliverables Gantt Chart (3 of 3) 
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Figure 6.15: Subscale Flight Gantt Chart 

Figure 6.16: Full-Scale Gantt Chart (1 of 2) 
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Figure 6.17: Full-Scale Gantt Chart (2 of 2) 

Figure 6.18: Payload Electronics Gantt Chart 
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A separate Gantt chart was created for the payload electronics due to their complex nature. 

This Gantt chart is shown in Figure 6.18 and is being used to maintain progress toward developing 

the software and hardware that will allow the payload to self-level, take a panoramic picture, and 

send the picture back to the CRW ground station. 

To achieve steady progress toward the milestones set by NASA, the team established 

weekly meetings. Each subteam meets virtually once a week, and the full team meets (also 

virtually) twice a week. Meeting minutes are taken at each meeting and posted on the team’s 

Google Drive, so members can review what was discussed and decisions that were made. Hours 

worked toward milestones are also recorded at subteam meetings. Table 6.31 depicts subteam 

specific and general meeting times. Note: these times have been updated since PDR.  

Table 6.31: CRW Meeting Times (General and Subteams) 

 In addition to the project Gantt charts, a Google Calendar has been created since PDR and 

is now used as an ease of reference for CRW team members. Calendar contents are as follows: 

CRW internal deadlines, 

NASA deadlines, launches, 

outreach events, test dates, sub 

team meetings, and weekly 

meetings. An example month 

on the calendar is shown in 

Figure 6.19.  

Table 6.32 contains the 

completed, scheduled, and to 

be determined outreach events 

as well as group type and 

projected number of students 

participating in each outreach. 

 

Figure 6.19: CRW Google Calendar (January 2021) 

Table 6.32: Outreach Schedule 
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6.4. Outreach and Social Media Updates 

School outreach event structure has remained the same since PDR, with the exception of 

the structure for K-2nd grade presentations. Upon talking to K-2nd teachers, the idea of a 

PowerPoint presentation was abandoned in favor of showing students three informational videos. 

The first video shown to students is a “Story Time from Space” in which the children’s book If I 

were an Astronaut by Eric Braun is read by astronaut Serena Auñón-Chancellor aboard the ISS. 

The second video shows an astronaut drinking water in space. The third video explains what 

engineers do and why they’re important in simple terms. These videos are always shown to the 

students at the beginning of the presentation so that a Q&A regarding gravity, rockets, and what 

engineers do follows. K-2nd students 

are then shown the CRW’s subscale 

rocket with a brief explanation of what 

each part of the rocket does. In addition 

to this, students are allowed to pass 

around 3D printed objects (the 

Incredible Hulk, Baby Yoda, and a fin). 

The balloon thrust experiment 

concludes the presentation. Students 

who have participated in these 

outreaches respond positively to this 

structure. Figure 6.20 below shows a 

group of CRW members presenting to 

first graders at West Madison 

Elementary School (Madison, AL). 

CRW social media accounts have been steadily growing. Since the beginning of the project, 

the CRW Instagram page has gained 106 followers. The CRW Facebook has reached 85 likes since 

its creation on October 19th. Twitter is the most underdeveloped social media with a follower gain 

of 15. Social media is still being used to update followers on the project’s life cycle, as well as 

now being used to share highlights from the outreach program. Videos from tests have been posted, 

such as the black powder test and subscale launch. Additionally, a live stream of the drop test will 

be held on Instagram. Team members are required to submit material for social media two times a 

semester. 

 

 

  

Figure 6.20: CRW Members Presenting to First Graders 
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7. Appendices 

7.1. Appendix A: Law and Regulation Compliance Measures 

Table 7.1: Regulation Compliance Measures 

Regulation Compliance 

Regulation Number Demonstration 

FAA 101.23-A1 The rocket has been designed to reach an altitude of 4000 feet, by simulation. 

FAA 101.23-A2 
The parachute has been set to deploy at a specific moment such that it will land well within a 

2500-foot radius. 

FAA 101.23-A3 No living thing will accompany the rocket on its launch. 

FAA 101.23-A4 

The rocket will be launched at a designated spot and location as to ensure it will not cause harm 

to aircraft, persons, or property. Launch and ground testing will ensure the rocket leaves the rail 

without mishap, and that it will land at a safe rate of descent. 

FAA 101.23-B All FAA additional operating limitations will be adhered to if they should arise. 

FAA 101.25-A 
The rocket will not be launched on a day with excessive cloud coverage, or conditions that 

obscure view. 

FAA 101.25-B 
The rocket will be launched in an area with flat topography where visibility is free for a 5-mile 

radius all around. 

FAA 101.25-C The rocket will not be launched if there is a cloud directly visible overhead. 

FAA 101.25-D The rocket will be launched well after sunrise and before sunset. 

FAA 101.25-E 
The rocket will only be launched in an approved location that is at least five nautical miles away 

from the nearest airport. 

FAA 101.25-F The rocket will only be launched in uncontrolled airspace. 

FAA 101.27-A-G 

The rocket will be launched at an event, only after the following information is collected: name 

and address of event coordinator, date and time, radius of the designated launch area, latitudinal 

and longitudinal center of the radius, highest affected altitude, duration, and any information 

requested. 

NAR HPRSC 1 Only the mentor, who is certified, will handle the level 2 rocketry motor for the CRW rocket. 

NAR HPRSC 2 
The primary material used in building the rocket will be fiberglass, and only other plastics and 

ductile metal will be used. 

NAR HPRSC 3 
A certified commercially produced rocket will be purchased from a reliable vendor and will be 

exclusively handled by the mentor to ensure proper handling and storage. 
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Regulation Compliance 

Regulation Number Demonstration 

NAR HPRSC 4 

Only an electrical launch system will be used. Igniters will be installed at the launch site. A 

safety interlock will be installed only directly prior to launch will be installed. The function of 

onboard energetics will be disabled when not in launch position. 

NAR HPRSC 5 
If the CRW rocket does not launch when fired, the safety interlock will be removed, and 60 

seconds will be allowed to pass before anyone approaches the rocket. 

NAR HPRSC 6 

Before launching, no one will be allowed closer to the launch pad than the distance designated 

by the minimum distance table, and only safety and arming personnel will be present at the 

arming of the energetics. The stability of the rocket will be closely monitored for a clear 

determination of its stability before launch. It will not be launched it is not stable. 

NAR HPRSC 7 
The rocket will be launched from a provided stable device, with specifications of rail length 

based on wind speed. 

NAR HPRSC 8 
The CRW rocket will be powered by a motor providing less than the 40,960 N-sec limit and will 

not weigh more than one third of the certified average thrust of our motor. 

NAR HPRSC 9 

Rocket launches will not be aimed at clouds, or near any flying vehicle, nor on a trajectory that 

is overhead of spectators. All other limitations unique to the location and time of launch will be 

adhered to as well. 

NAR HPRSC 10 
The CRW rocket will be launched at designated and approved locations, and according to 

dimension altitude ratios. 

NAR HPRSC 11 The CRW rocket will be launched at a designated and approved location. 

NAR HPRSC 12 
A recovery system that has been designed and tested alongside simulations and calculations will 

be used to ensure a safe landing and recovery of an undamaged rocket and payload. 

NAR HPRSC 13 
The recovery of the rocket by hand will be done once the rocket has safely landed on the ground. 

Attempts to recover a rocket from a dangerous location will not be made. 

NFPA 1122-1127 
NFPA Rocket size, dimensions and motor specifications, as also outlined in NAR regulations, 

will be met. 

State of AL 13A-11-224 Less than 50 pounds of gunpowder will be possessed for use by the PRC. 
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7.2. Appendix B: Risk Assessment Matrices 

Table 7.2: Risk Probability Categorization 

 

Table 7.3: Risk Severity Categorization 
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Table 7.4: Risk Level Matrix 

 

Table 7.5: Risk Level Acceptance Criteria 
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7.3. Appendix C: Personnel Hazard Analysis 

7.3.1. Material Hazard Analysis, Black Powder 

Hazard Possible Cause(s) Possible Effects Risk Mitigation 
Mitigation 

Effect 

New 

Risk 

Unintentional Detonation 

Unintentional compression, 

friction, or heat; Improper 

handling 

Fire or explosion; Severe 

injury or death; Damage to 

facilities 

5B 

Black powder charges will only be prepared by the team mentor (a 

trained expert); Proper PPE guidelines will be followed; Charges 

will only be installed by red team members; Batteries will be 

disconnected and altimeters switched off when installing charges 

- 5A 

Inhalation 
Chronic exposure without PPE; 

Insufficient ventilation 

Severe irritation; Choking; 

Permanent respiratory damage 
4B 

Proper PPE guidelines will be followed; Black powder will be 

handled in well ventilated areas 
- 4A 

Skin Exposure 

Chronic exposure without PPE; 

Inhalation or direct skin contact 

with powder 

Severe irritation 2C 

Black powder charges will only be prepared by the team mentor (a 

trained expert); PPE guidelines will be followed (nitrile gloves 

required) 

- 2A 

7.3.2. Material Hazard Analysis, Fiberglass 

Hazard Possible Cause(s) Possible Effects Risk Mitigation 
Mitigation 

Effect 

New 

Risk 

Skin Exposure 
Excessive contact with dust 

without PPE 

Allergic reactions; 

Irritation 
2C 

Proper PPE guidelines will be followed including gloves and protective 

clothing 
- 2B 

Eye contact with loose fibers 

or dust 

Improper handling; Lack of 

PPE 
Irritation 2C 

Proper PPE usage; Material must be used in proximity to an eyewash 

station 
- 2A 
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Hazard Possible Cause(s) Possible Effects Risk Mitigation 
Mitigation 

Effect 

New 

Risk 

Inhalation of loose fibers or 

dust 

Chronic exposure without PPE; 

Insufficient ventilation 

Choking; Respiratory 

irritation 
3C Material must be worked with in well ventilated area - 3A 

7.3.3. Hazards from Launch 

Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Rocket dropped and lands 

on/collides with a person 

Mishandling of rocket; Stand(s) 

not used properly to ensure 

stability during assembly 

Minor and/or major bodily 

harm 
3C 

Rocket, prior to final assembly, handled in small 

manageable pieces by design; Rocket placed on 

stand(s) for assembly; Fully assembled rocket handled 

by the red team only; Signed SOP compliance 

More rocket parts results 

in more failure points 

and more weight from 

bolts and connectors 

2B 

Projectile rocket due to 

unstable flight 

Rail button malfunction; Rocket 

stability inaccuracy 

Concussion; Burns; Broken 

bones; Blunt force trauma; 

Loss of life 

5B 

Stability margin confirmed during pre-launch briefing; 

Signed launch safety compliance at pre-launch 

briefing; Personnel in safe zones during launch; 

Launches only occur with RSO approval 

- 5A 

Person struck by descending 

rocket 

Safe distances not observed; 

Person unaware of situation and 

surroundings 

Concussion; Broken bones; 

Blunt force trauma; Loss of 

life 

5B 

All parts of the rocket must land before personnel are 

allowed to leave safe zones; All personnel observant 

during launch; Team members and observers’ 

compliance with RSO regulations 

- 5A 

Person struck by falling 

rocket pieces 

Attempted retrieval before all 

rocket parts touch down; 

Catastrophic structural failure 

of rocket 

Concussion; Broken bones; 

Blunt force trauma 
4B 

Rocket and Payload will only be retrieved after all 

parts touch down; A spotter will be designated to 

watch for falling pieces; All personnel and observers in 

safe zones until touchdown of all parts confirmed 

- 4A 
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Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Motor installation accident 

Safe distance not observed; 

Igniter inserted prematurely; 

Improper handling, assembly, 

or storage of motor; Unsafe 

proximity to heat source or 

spark 

Facility damage; Fire; Severe 

personal injury; Loss of life 
5B 

Motor installation via manufacturer instructions 

checked and signed off; Motors will be handled 

exclusively by the team mentor (a trained expert); All 

other personnel to be at a stand-off distance when the 

motor is armed 

- 5A 

Burns from landed rocket 

parts 

Handling landed rocket parts 

too early; Hot motor case or 

black powder ejection sites 

Blisters; Various degree burns; 

Permanent skin damage 
3E 

Personnel will wait 60 seconds after arriving at 

touchdown location before handling the rocket; SOP 

signed step verifying this wait time is observed 

- 3A 

Errant black powder charge 

detonation 

Malfunction of altimeter; open 

flame near black powder 

Burns; Eye injury; Bruises; 

Broken bones 
4C 

Electronics are to be off until rocket is on the launch 

pad; Altimeters are to be tested; Rocket will use a 

redundant altimeter system; Proper use of PPE and 

proper visual inspection of rocket before approach 

(signed SOP step) 

- 4A 

7.3.4. Hazards from the Launch Field 

Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Traffic Accident in route to 

Launch Site 

Lack of sleep; Tiredness; 

Distractions 

Personal injury; Loss of life; 

Damage to vehicles and/or 

rocket parts 

2B 
Team members will be released from pre-launch 

briefings prior to 10 pm 
- 2A 

Dehydration 
Significant time in sun without 

water 
Dizziness; Fainting; Vomiting 2B Tent and water will be brought to launch sites - 2A 
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Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Sunburn 
Prolonged exposure to direct 

sunlight 
Dizziness; Skin Irritation 1C 

Suggested attire and weather precautions will be 

distributed prior to launch day 
- 1B 

Heat Exhaustion and Heat 

Stroke 

Prolonged exposure to direct 

sunlight 

Dizziness; Fainting; 

Dehydration; Confusion 
3C 

Tent and water will be brought to launch sites; 

Itemized list of things to bring to launch site is signed 

off on as part of SOP 

- 2A 

Contraction of the Common 

Cold or other Illnesses 

Prolonged exposure to rain 

and/or cold environments 
Compromised health 3B 

Tent will be brought to launch sites; Weather for 

launch day will be checked ahead of the pre-launch 

briefing and appropriate attire will be suggested 

- 3A 

Injury from ground at launch 

field 

Slipping on wet grass; Falling 

due to stray debris on the 

ground 

Minor bruises; Minor cuts and 

scrapes; Infection of cuts and 

scrapes 

2C 
Team members are recommended to wear adequate 

footwear 
- 2B 

COVID-19 

Direct exposure to an unknown 

case; Improper mask wearing 

and/or social distancing 

Quarantine of multiple team 

members; Medical 

complications for affected 

team members; Project 

schedule changes 

3D 

Team members will wear masks at all times while at 

the launch field; Social distancing will be enforced 

when at all possible 

Loss of productivity and 

morale due to distanced 

meetings; 

Communication 

difficulties; Added work 

for Safety Officer 

3A 
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7.4. Appendix D: Failure Modes and Effects Analysis 

Failure Mode Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Recovery Failure 

System is packed poorly or 

malfunctions and does not 

deploy; Insufficient ejection 

charge size 

Descent of the rocket is 

uncontrolled and 

dangerous; 

Mission failure 

5B 

Recovery system is thoroughly tested before launch 

via black powder and CO2 testing; System is 

packed following standard procedures 

Time loss to extra 

testing; Material 

and budget loss to 

testing 

5A 

Payload Retention Failure 

Retention cage buckles 

under flight loads or ejection 

forces 

Damage to payload; 

Payload cannot detach; 

Mission failure 

5D 

Retention system designed to a margin of safety 

with maximum loads considered; System tested to 

ensure it withstands maximum expected loads 

Time loss to 

testing 
5A 

Payload Detachment 

Failure 

Hinge of retention cage 

damaged during ejection; 

Payload wedged in cage 

during flight 

Payload does not eject; 

Mission failure 
5C 

Ejection testing to ensure retention cage is ejected 

without damage; Testing to ensure payload will 

deploy from cage from any possible orientation 

Time loss to 

testing 
5A 

Structural Failure 

Structure of vehicle or 

payload isn’t sufficiently 

strong to withstand flight 

loads or impact force 

Vehicle breaks or collapses 

during flight, destabilizing 

the flight; Vehicle or 

payload break or collapse 

upon landing; 

Mission failure 

5C 

Theoretical stresses on the body and integration 

pieces will be calculated; Structure tested to a 

margin of safety 

Structural safety 

margin will 

increase weight 

and possibly cost 

of vehicle 

5A 

Failure to Launch 
Motor or ignition methods 

fail 

Dangerous recovery of the 

vehicle from launch pad; 

Potential damage to vehicle 

4B 

Purchase motor from reliable source; Motor and 

igniter will be installed by the team mentor (a 

trained expert) 

Possible extra 

motor cost 

depending on 

source 

4A 
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Failure Mode Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Ejection Charge Failure 
Altimeter malfunction; 

Ejection charge malfunction 

Descent of the rocket is 

uncontrolled and dangerous 
4C 

Thoroughly test the altimeter and recovery system 

before launch; Altimeters are checked for 

functionality before installation on launch day; 

Ejection charges are prepared by a team  

Time loss  

to extra testing 
4A 

Drag Separation Shear pin or rivet failure 

Early separation of vehicle; 

Deployment of parachutes 

during ascent; Mission 

failure 

5B 

Structural analysis conducted to determine the 

number of shear pins needed; Rocket is shake 

tested upon completed assembly 

- 5A 

Power Loss; Electrical 

System Failure 

Battery failure; 

Electrical short; 

Wire/Wire connection decay 

Loss of flight data; 

Altimeter failure therefore 

ejection charge failure; 

Mission failure 

5B 

Ensure battery retention is secure; Ensure all wire 

connections are secure; Ensure the power load of 

the rocket does not exceed that of the battery; 

Confirm batteries are charged for launch 

- 5A 

Compromised Battery 

Battery punctured; 

Overheated battery; 

Battery damaged upon 

delivery 

Battery acid leak; Fire in 

Avionics Bay; Mission 

Failure 

5B 

Good battery condition is confirmed before 

installation on launch day; Battery location in 

rocket is a safe distance from motor and ejection 

charges 

- 5A 

Unloaded Motor Fire 

Heat sources; Electrostatic 

discharge near motor; 

Interference from other 

vehicles 

Severe personnel harm; 

Severe vehicle damage; 

Possible inability to launch 

5B 

Limit motor handling to team mentor; Ensure 

vehicle is a safe distance from other vehicles and 

personnel while motor is present; Motor stored in 

locked and protected case when at launch site 

- 5A 
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Failure Mode Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Dislodged Motor 
Structural failure of motor 

mount 

Ejection of motor from 

rocket; Unpredictable and 

dangerous flight path; 

Severe hazard to team 

personnel and bystanders 

5C 
Shock testing of motor mount up to an acceptable 

margin of safety past expected flight loads 

Time loss to extra 

testing 
5A 

Moisture in Motor 
Improper handling; Usage in 

poor weather conditions 

Motor corrosion; Failure to 

launch; Forced replacement 

of motor 

3B 

Motors are exclusively handled by team mentor (a 

trained expert); Proper launch weather conditions 

confirmed before launch day; Cool dry storage of 

motor(s) when not being handled. 

Possible loss of 

flight day due to 

weather conditions 

3A 

Weather Cocking; 

Unstable Flight 

Insufficient exit velocity; 

Undesirable static stability 

margin 

Less controlled and 

dangerous flight; 

Insufficient altitude; 

Mission failure 

5E 

Simulate flight and analyze results to determine 

proper c.p. and c.g. locations for stable flight and 

sufficient exit velocity; Subscale launch to confirm 

legitimacy of c.p. and c.g. locations 

Time and budget 

loss to subscale 

flight(s) 

5A 

Low Exit Velocity 

High friction coefficient 

between rail and rail 

buttons; Insufficient motor 

impulse 

Apogee altitude decreases; 

Unstable flight 
4C 

Determine required motor from simulations and 

sub-scale test flights; Components in contact with 

the rail will be inspected on launch day to minimize 

friction 

- 4A 

Excessive Payload Descent 

Velocity 

Malfunction or under 

performance of autogyro 

system 

Payload structural failure; 

Ballistic payload descent; 

Mission failure 

5C 

Thorough analysis to ensure proper terminal 

velocity of payload; Testing to verify results of 

analysis 

Time loss to 

testing 
5A 

High Internal Pressure 

Improper design or 

malfunction of ejection 

methods and/or motor firing 

Destruction of body tube; 

Unstable and dangerous 

flight; Mission failure 

5B 

Firing system and ejection methods will be 

thoroughly tested and verified through subscale 

launch 

Budget loss to 

testing materials 

5A 
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7.5. Appendix E: Environmental Hazards Analysis 

7.5.1. Launch Vehicle Risks to the Environment 

Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

High velocity impact of 

launch vehicle 

Recovery system failure 

due to ejection charge or 

electrical system 

malfunction; Parachute 

failure to deploy 

Damage to vehicles, equipment, 

and/or property; Pollution and 

wildlife hazards from scattered debris 

during impact 

4C 

Ground testing of recovery system; Two consecutive 

successful parachute ejection tests required before 

vehicle is allowed to fly; Standard procedures followed 

for parachute packing and vehicle assembly 

Parachute ejection 

tests (either black 

powder or CO2) can 

take up valuable time 

and use up materials 

4B 

Chemical substances 

permeating into groundwater 

Chemical leaks from 

damaged batteries; Epoxy 

or hardener spillage 

Groundwater contamination; Hazards 

to humans, plants and animals 
3C 

Standard procedures for handling and proper disposal of 

chemicals; Batteries are inpected for damage/defects 

before use in vehicle or payload; Batteries are protected 

by an enclosure during flight to prevent puncture 

- 3A 

Harmful gas emissions 

Burning of energetics 

(specifically ammonium 

perchlorate motors) 

Potential health hazard to wildlife; 

Respiratory irritation to launch 

personnel 

2C 

Black powder testing and burning of motors will be 

limited to create minimal emissions; Limited team 

members present for motor testing to limit exposure 

Limited testing data to 

analyze could be 

problematic for 

verifying new/novel 

systems like the VDS 

2A 

Toxic fumes Spray painting; Soldering 

Water and ground contamination; 

Atmospheric pollution; Respiratory 

damage to personnel 

3B 

Spray painting will be conducted in a paint booth or 

ventilated area where overspray cannot enter soil or water 

system; Soldering will be done in a ventilated area 

Requires additional 

scheduling of facility 

usage, since paint 

booth space would 

normally be used for 

other operations 

3A 

Battery ignition at launch site 

Improper charging or 

discharging of batteries; 

Use of damaged batteries 

Fire or explosion; Damage to launch 

site; Damage to wildlife; Injury to 

personnel and bystanders 

5B 

Battery inspection as part of flight SOP; Team will 

adhere to manufacturer instructions for charging and 

operation of batteries 

- 4A 
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Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

General Trash 

Improper disposal of 

debris and trimmings 

produced during 

fabrication 

Hazards to wildlife; Groundwater 

contamination; General pollution 
2B 

Standard waste disposal procedures outlined in safety 

manual 
- 2A 

Pollution due to litter or 

debris at launch site 

Improper disposal of 

trash; Ejection and loss of 

components during flight 

Environmental contamination; Injury 

to wildlife 
2B 

CRW has standard waste disposal procedures that will be 

enforced; Itemized list of items brought to launch site 

will be checked to make sure no items are left behind 

- 2A 

Accidental ignition of black 

powder charges or motor 

grains 

Improper handling or 

storage of explosives; 

Proximity to spark or 

open flame; Connection 

of separation charges 

with powered altimeters 

Fire or explosion; Damage to launch 

site, facilities and wildlife; Injury to 

personnel and bystanders 

5C 

All energetics will be stored in a locked and protected 

case while at the launch site until the vehicle is ready for 

them to be installed; Electronics will be switched off and 

batteries will be disconnected while energetics are being 

installed; Black powder charges will be handled 

exclusively by the red team, and the motor will be 

handled exclusively by the team mentor 

- 5A 

Launch pad fire 

Ignition of dry vegetation 

or debris surrounding 

launch pad during motor 

ignition 

Fire; Damage to property, plant and 

wildlife, and equipment; Injury to 

personnel and bystanders 

4B 

Launch area will be cleared of ignitable materials to the 

distance specified by NAR regulations; Fire extinguisher 

will be available at all launches 

- 4A 

Mid-flight explosion or 

CATO 

Motor malfunction; 

Motor retention system 

failure 

Widespread debris; Pollution; 

Hazards to plants, wildlife, and 

people 

5B 

Ground testing and test flights will be conducted to 

ensure motor functions for competition flight; Motors 

used will be those the mentor is familiar with, so that 

issues can be identified more reliably; Motor installation 

will be carried out exclusively by the team mentor (a 

trained expert) 

- 5A 
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Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Injury to wildlife 
Collision with wildlife 

during flight or landing 
Injury or death of wildlife 3B 

Rocket will not be launched if skies are not sufficiently 

clear of clouds and wildlife 

Possible delay of 

launch or loss of 

launch 

3A 

Launch site property damage Trash or debris left at site 
Debris to expensive equipment (most 

launch sites are crop fields) 
3C 

Itemized list of items brought to launch site will be 

checked to make sure no items are left behind; If debris is 

noted by the spotter that debris will be gathered before 

the team leaves the launch site 

Creating and checking 

the itemized list 

requires additional 

time and work 

3A 

 

7.5.2. Environmental Hazards to the Launch Vehicle 

Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Damage to tracking, 

recovery, or other electrical 

systems 

Rain; Humidity; High winds; 

Extreme temperatures 

Failure to launch; Altimeter 

failure; Loss of flight data; 

Payload failure on landing 

4C 

Rocket will be launched only in fair weather; Favorable 

weather conditions will be confirmed prior to launch day; 

Electronic components will be stored in a dry 

environment until installation; Electronic components 

will be tested at expected humidity and temperature 

Possible loss of launch 

day due to weather 

conditions 

4A 

Inability to track vehicle after 

launch or during recovery 
Low cloud cover; Fog 

Loss of sight on vehicle; 

Damage to components; 

Extended recovery time 

2D 
Rocket will be launched only in fair weather; Spotter 

visibility of 3 miles is required 

Possible loss of launch 

day due to weather 

conditions 

2A 

Moisture in black powder 

charges 

Rain; High humidity; 

Condensation; Improper storage 

Black powder charges fail to 

ignite; Recovery failure; Loss 

of vehicle and payload 

4B 

Rocket will be launched only in fair weather; All 

energetics will be stored in a waterproof container until 

installation 

- 4A 
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Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Shrinking, swelling, or 

warping of body tube 

High humidity; Large 

temperature changes 

Part misalignment; Difficult 

assembly; Higher friction 

between body sections; 

Separation failure; Loss of 

vehicle at launch 

5B 

Ground testing will be conducted under similar 

conditions to launch; Signed step in SOP to verify proper 

and satisfactory assembly; Launch abort if significant 

deformation is reported 

- 5A 

Excessive drift High winds 

Unpredictable flight; Rocket 

drifts out of landing radius; 

Recovery off of launch site 

3B 

Acceptable conditions determined via simulations; Wind 

speeds will be monitored throughout launch week; 

Confirmation acceptable wind speeds on launch day is 

required 

Possible delay of 

launch or loss of 

launch day due to 

winds 

3A 

Damage to parachute or 

rocket body 

High winds; Trees; or 

Powerlines 

Vehicle or payload becomes 

tangled in trees or other 

obstacles; Damage to vehicle 

or recovery components; 

Payload unable to land/self-

level 

4C 

Confirm acceptable wind speeds on launch day; Launch 

field will be verified to be acceptably clear of trees or 

power lines within maximum drift radius 

Possible delay of 

launch or loss of 

launch day due to 

winds 

4B 

Loss of battery charges or 

faster discharge of batteries 

Extreme low temperatures; 

Improper installation of 

electronics 

Electrical failures in tracking, 

recovery, and payload 

systems; Mission failure 

5B 

Batteries will be fully charged before use; Spare batteries 

will be brought to launch site; Batteries will be stored in 

insulated container until installation if cold weather is 

expected 

- 5A 

Ice buildup on rocket body; 

Obstruction of vent holes 

Sub-freezing temperatures; 

High humidity or precipitation 

Increased mass, drag and 

internal pressure; Unstable 

flight; Higher descent speed 

4B 
Rocket will only be launched in fair weather conditions; 

Launch will be aborted if ice is visible on vehicle body 
Possible loss of launch 4A 

Overheating or rupture of 

avionics or payload batteries 

High temperatures; Excessive 

heat inside of rocket 

Launch pad fire; Battery 

explosion; Recovery system 

failure; Chemical hazards 

5B 

Batteries stored away from direct sunlight or other heat 

sources; Batteries are checked for deformation or damage 

before installation 

- 5A 
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Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Adhesive degradation 

Extreme high temperatures; 

Extended period of UV 

exposure 

Structural failure; Unstable 

flight; Loss of vehicle or 

components 

4B 

Rocket will be stored in a controlled environment and 

assembled under a tent to limit UV exposure if epoxy use 

is prevalent  

- 4A 

Severe structural and 

electrical damage 
Lightning 

Failure to launch; Loss of 

rocket; Mission failure 
4B 

Rocket will only be launched in fair weather conditions; 

Confirmation of weather conditions required before 

launch day; Team will not travel to launch site if storms 

are predicted 

Possible launch of 

launch day due to 

weather conditions 

4A 

Mid-flight impact 
Collision with birds, other 

rockets, or planes 

Damage to vehicle; Deviation 

from flight path; Loss of 

vehicle; Mission failure 

4B 
Rocket will not be launched if skies are not clear; 

Confirmation of acceptable conditions required 

Possible delay of 

launch or loss of 

launch day due to 

conditions 

4A 
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7.6. Appendix F: General Project Risks 

Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Insufficient Funds 

Poor Budgeting; Less project 

funding than expected; Wrong 

or unnecessary parts being 

ordered; Poor management of 

materials; Late order 

scheduling 

Parts may have to be chosen based on 

price and not performance; Parts that 

don’t fit the design but are already 

present in our facility may have to be 

used; The project may not be able to be 

completed if a component breaks and 

can’t be replaced. 

3C 

A system of checks before spending; Scheduled 

ordering of parts to avoid excess shipping charges; 

Machining of parts and material handling logged 

and initialed 

Possible delays on 

part arrival 

2B 

 

Team Dispute 

Poor communication; 

Multiple solutions without a 

consensus; Personal conflicts 

Scheduled deadlines pushed back; Poor 

teamwork leading to poorly executed 

final product; Poor final results 

4C 

Disputed decisions will be finalized in writing by a 

team lead or chief engineer; Periodic team bonding 

activities; Entire team added to Discord platform 

- 2B 

Schedule Setbacks Missed deadlines 

Missed test flight opportunities; Missed 

NASA deadlines; Poor competition 

scoring 

4C 

Clear scheduling; Deadline reminders and team 

meetings for schedule assessments to hold 

individuals accountable for their workload 

- 2A 

Unavailable Parts 

Back order of needed parts; 

Inconsistent vendor stocking; 

Long shipping times 

Project build delayed; Reassessment of 

design to make available parts work; 

Point deduction 

4C 

Part ordering will be a topic at every meeting; 

Before a purchased part is chosen for the design, 

multiple vendors will be cited for the item, research 

on the vendor’s business status will be done, and a 

list of applicable replacement options will be made 

- 2B 

Lack of skilled team members 

Students lacking experience 

with a project of this 

magnitude; Poor preparation 

by previous class curriculum 

Schedule delays; Poor design and 

fabrication choices; Team disputes; 

Budget hits from reordering of wasted 

materials; Poor final product; Project 

failure 

3C 

A general skill checklist was made to determine the 

skill level of each individual at the beginning of the 

project; Mentors with higher skill levels available 

for help 

- 2B 
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Hazard Possible Cause(s) Possible Effects Risk Mitigation Mitigation Effect 
New 

Risk 

Designs cannot be 

manufactured at home facility 

Proper machinery 

unavailable; 

Misunderstanding of skill 

level required 

Budget loss to money spent on having an 

outside source do the work 
3B 

Gathering of a good understanding of how each 

part needs to be machined; Designing of parts to be 

machined in house if possible 

- 2A 

Individual team members 

unavailable 

Varied schedules; Meeting 

times not properly 

communicated properly or 

were poorly coordinated 

Information needed from a team member 

is not available when it is needed; 

Important tasks aren’t completed 

2C 

Meeting times will be posted in team Discord for 

all to see; Team member schedules and 

availabilities shared with management 

- 2A 

Team member contracts 

COVID-19 

Non-compliance with 

university and team 

regulations; Exposure outside 

of school activities 

Quarantine of multiple team members; 

Medical complications for affected team 

members; Project schedule changes 

3D 

All team meetings are over Zoom or Discord; Shop 

times are scheduled so that social distancing can be 

enforced 

Loss of morale 

because of 

distanced meetings 

3A 
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7.7. Appendix G: Electrical Schematics 
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7.8. Appendix H: Component Data Sheets 

Nosecone Bulkhead 

Sub-Group:  
Vehicle 

Mechanical Designer: 
Ryan Metcalf 

Material: 
Aluminum 6061-T6 

General Dimensions: 
0.5” Height 

5.95” Max OD 

Weight: 
0.868lbs 

(Estimate from SolidEdge) 

Manufacturing Process: 
Machined from aluminum round with OD of 6” and thickness of 5/8”. 

Component Description:  
Barrier between nose cone and payload section. Anchor for U-bolt recovery harness attachment. Base for 

the nose cone.  

Anticipated Vendor: 
In House 

Anticipated Cost: 
$25.98. [Material from speedymetals.com] 

Anticipated Manufacturing/Delivery Time: 
Ask Evan Unruh (dependent on his scheduling) 

https://www.speedymetals.com/pc-2482-8368-6-rd-6061-t6511-aluminum-extruded.aspx


The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

191 

Failure Modes and Effects Analysis: 

Failure 

Mode 
Possible Cause(s) Possible Effects Risk Mitigation 

New 

Risk 

Failure at 

threaded-rod 

connection 

Excess stress 

from chute-

deployment 

forces. 

Bulkhead failure 

would result in the 

nosecone being 

disconnected from the 

recovery harness. 

Tracker and other 

housed components 

would impact the 

ground with no 

deceleration. 

4C 

FEA analysis, load path 

analysis, and chute-

deployment force estimates 

all used in conjunction will 

yield a maximum expected 

force from which the 

bulkhead can be redesigned 

around. This along with a 

factor of safety of 2.0 will 

greatly reduce the risk of 

bulkhead failure.  

4A 

Loose 

connections 

Failure to tighten 

properly during 

assembly. 

Loosening due to 

vibration during 

flight. 

A connection too loose 

could cause the 

recovery harness to 

detach from the nose 

cone, sending housed 

components into the 

ground without 

deceleration. 

4B 

Launch SOP step to verify 

that all connections are tight 

and secure. Thread lock 

could be applied to prevent 

loosening due to vibration. 

4A 

U-bolt failure 

Excess stress 

from chute-

deployment 

forces. 

U-bolt failure will 

result in the 

detachment of the 

recovery harness. 

Tracker and other 

housed components 

would impact the 

ground with no 

deceleration. 

4B 

Load path analysis alongside 

chute-deployment force 

estimates to yield a 

theoretical max load. If the 

max load exceeds 600lbf, a 

stronger U-bolt will be 

sourced. 

4A 

 

Alternative Products: 
Madcow Rocketry: 5.5" Aluminum Bulkplate - $28.00 

  

https://www.madcowrocketry.com/5-5-aluminum-bulkplate/
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3D Printed Nosecone 

Sub-Group:  
Vehicle 

Mechanical Designer: 
Ryan Metcalf 

Material: 
Extruded ABS 

General Dimensions: 
11” Height 

6.17” Max OD 

Weight: 
0.979lbs (Estimate from Cura) 

Manufacturing Process: 
3D Printed with 20% cubic infill.  

Component Description:  
Serves as the forward-most section of the rocket. Pushes air out of the rocket’s way as it moves through 

the atmosphere to minimize drag while also serving as a container for the GPS tracker.  

Anticipated Vendor: 
In House 

Anticipated Cost: 
0.445kg of ABS filament. If purchased, approximately $9.79 of ABS filament. 

Anticipated Manufacturing/Delivery Time: 
4 days and 9 hours to print. Approximately 5 days total to produce entirely. 

Failure Modes and Effects Analysis: 

Failure Mode 
Possible 

Cause(s) 
Possible Effects Risk Mitigation 

New 

Risk 

ABS walls 

could fracture. 

Excess 

compressive 

load during 

ascent. 

A large enough fracture 

could compromise the 

aerodynamic integrity of 

the vehicle, allowing the 

vehicle to veer off course 

during ascent. 

4B 

Finite element analysis will be 

performed to ensure the 

integrity of the cone under load. 

Tests with weights simulating 

ascent loads will also be 

performed. The nose will also 

be inspected pre-flight for any 

visible fractures. 

4A 
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Failure Mode 
Possible 

Cause(s) 
Possible Effects Risk Mitigation 

New 

Risk 

Heat-insert 

could be 

pulled out.  

Excessive 

tensile force 

from inner 

threaded rod. 

Heat-insert failure would 

likely cause the bulkhead 

to detach from the 

nosecone, leaving the 

nose to fall freely and the 

tracker exposed to ground 

impact forces. 

3C 

Tensile force calculated from 

approximate chute-deployment 

force will be compared to 

known heat-insert failure force. 

If excessive, a shear 

configuration will be designed 

to increase the maximum 

strength of the heat-inserts. 

3A 

Tracker 

battery could 

become 

depleted. 

Battery could 

be left in 

overnight 

while 

assembling. 

A partially 

dead battery 

could also be 

mistakenly 

installed. 

Tracker would lose power 

mid-flight and force the 

team to search for the 

rocket without GPS 

assistance. 

2D 

Install an external shutoff 

switch for the tracker to save 

power when not in use. New 

batteries will be installed for 

each flight as well. 

2B 

 

Alternative Products: 
Madcow Rocketry Ogive 3:1 Fiberglass 6” Nosecone - $94.95 

Madcow Rocketry Ogive 5:1 Fiberglass 6” Nosecone - $94.95 

-Note, alternative products would be more aerodynamic but much heavier. 
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VDS Tab 

Sub-Group:  
Vehicle 

Mechanical Designer: 
Kyle Goethals 

Material: 
ABS Plastic 

General Dimensions: 
1.898” x 1.250” x 0.455” 

Weight: 
0.026 lbm 

Manufacturing Process: 
3-D Printed with 100% infill 

Component Description: 
Part is deployed perpendicular to the freestream flow, which then affects the overall drag on the vehicle. 

Part will be used to hit target apogee. 
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Anticipated Vendor: 
In House 

Anticipated Cost: 
$0.26 

Anticipated 

Manufacturing/Delivery Time: 
1 hour 

Failure Modes and Effects 

Analysis: 

Failure 

Mode 
Possible Cause(s) Possible Effects Risk Mitigation 

New 

Risk 

Material 

Fracture 

Pressure Loading 

or Pulling Force 

Possible pieces of 

plastic falling from the 

sky. 

3B 
Testing will be performed to 

make sure tabs do not break. 
3A 

Deployment 

Pushing/Pulling 

Force Cannot 

Exceed Friction 

Force 

VDS becomes useless 

and is just excess mass 

inside the vehicle. 

2B 

Testing will be performed. 

Lubricant will be used if 

needed. 

2A 

Material 

Deformation 
Pressure Loading  

Tab deforms and 

cannot be retracted 

back into the rocket. 

3B 

Design allows plenty of space 

for tabs to retract if they 

become deformed. 

3A 

 

Centering Ring 

Sub-Group:  

Vehicle 

Mechanical Designer: 
Hunter Nails 

Material: 
6061-T6 aluminum 

General Dimensions: 
6 inches diameter, ½ inch thick 
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Weight: 
.585 lbs 

Manufacturing Process: 
machined 

Component Description: 
It transmits the force between the retainer and body tube. Also keeps rocket centered and aligned 

Anticipated Vendor: 
In house 

Anticipated Cost: 
$30.00 

Anticipated Manufacturing/Delivery Time: 
3 days 

Failure Modes and Effects Analysis: 

Failure Mode 
Possible 

Cause(s) 
Possible Effects Risk Mitigation 

New 

Risk 

Centering 

Ring 

structural 

failure 

Not strong 

enough to 

withstand 

internal forces 

Complete mission 

failure. Rocket falls 

out of body 

5B 

FEA and testing used to 

increase relative strength of 

component  

5A 

Misalignment 

of central 

positioning 

imprecise or 

under accurate 

measurement or 

rounding 

A slight shifting of 

internal components as 

well as an off 

calculation of center of 

gravity and pressure 

3B 

pre- and post-installation 

measurements along with 

possible alterations from 

sanding to create a perfect fit 

3A 
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Motor Retention 

Sub-Group:  
Vehicle 

Mechanical Designer: 
Hunter Nails  

Material: 
6061-T6 aluminum 

General Dimensions: 
75mm retainer  

Weight: 
0.3 lbs 

Manufacturing Process: 
Purchased 

Component Description: 
Secures the motor to the aft centering ring for the ascent and descent phase of the mission 

Anticipated Vendor: 
Apogee Rockets  

Anticipated Cost: 
$82.22  

Anticipated Manufacturing/Delivery Time: 
5-7 business days 

Failure Modes and Effects Analysis: 

Failure 

Mode 
Possible Cause(s) Possible Effects Risk Mitigation 

New 

Risk 

Structural 

Failure  

Excessive internal 

or external forces 

complete mission 

failure. Rocket 

separates from vehicle 

5B 

FEA analysis in conjunction 

with testing to determine 

component prove is sufficient 

5A 

Connection 

Failure 

Excessive 

shearing forces at 

connection points, 

loose or improper 

connections 

Results in an 

asymmetric flight of 

the vehicle or a 

possible dislodging or 

shifting of the motor 

3B 

Ensuring secure connections 

as well as analyzing the 

necessary amount of 

connections needed 

3A 
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Autogyro Blade Bracket 

Sub-Group:  
Payload 

Mechanical Designer: 
Joseph Barragree 

Material: 
ABS Plastic 

General Dimensions: 
Length = 1.750 in 

Angle of Attack = 5° 

Width = 1.450 in 

Weight: 
0.033 lb 

Manufacturing Process: 
3-D Printed 

Component Description: 
Holds the blades and connects/couples the aerodynamic forces to the autogyro hub 

Anticipated Vendor: 
In House 

Anticipated Cost: 
$1.32 

Anticipated Manufacturing/Delivery Time: 
1 day - Printing 

Failure Modes and Effects Analysis: 

Failure 

Mode 
Possible Cause(s) Possible Effects Risk Mitigation 

New 

Risk 

Blade 

Holding 

Flange 

fracture 

Force during 

flight or impact or 

over tightening 

Blade is lost and 

descent rate increase  
5B 

Significant testing to ensure 

blade thickness is large 

enough 

5A 

Pin mount 

fracture 

Force during 

impact  
Loss of blade coupling 5A 

FEA and experimentation to 

detect breakage. Additionally 

ensure other brackets can 

take up to 2x their expected 

forces 

4A 
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Autogyro Blades 

Sub-Group:  
Payload 

Mechanical Designer: 
Micajah Schweikert 

Material: 
Polycarbonate 

General Dimensions: 
Chord = 5.5 in 

Length = 13.5 in 

Weight: 
0.070 lb 

Manufacturing Process: 
Purchased and Processed 

Component Description: 
The part induced aerodynamic forces which are then transferred to the blade bracket part. 

Anticipated Vendor: 
Amazon and or Lowes 

Anticipated Cost: 
$20 

Anticipated Manufacturing/Delivery Time: 
3 days - Delivery 

1 day - Processing 

Failure Modes and Effects Analysis: 

Failure 

Mode 
Possible Cause(s) Possible Effects Risk Mitigation 

New 

Risk 

Blade folds 

Aerodynamic 

forces cripple 

blade 

Loss of aerodynamic 

stability and drag 
5C 

Significant testing to ensure 

strength of material and or 

changing to a different 

material 

5A 

Blade 

Attachment 

fails 

Polycarbonate 

rips 

Loss of blade and 

instabilities injected 
5B 

Testing and increasing the 

length of the blade bracket 

part. 

5A 
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Payload Base 

Sub-Group:  
Payload 

Mechanical Designer: 
Joseph Barragree 

Material: 
6061 Aluminum 

General Dimensions: 
Thickness = 1.00 in 

Diameter = 5.00 in 

Weight: 
1.234 lb-m 

Manufacturing Process: 
Purchased, Machined (Milling, Drilling) 

Component Description: 
Provides base structure which all payload components will be secured to. 

Anticipated Vendor: 
McMaster Carr 

Anticipated Cost: 
$18.90 

Anticipated Manufacturing/Delivery Time: 
10 days (1 week – delivery; 3 days – processing) 

Failure Modes and Effects Analysis: 

Failure 

Mode 
Possible Cause(s) Possible Effects Risk Mitigation 

New 

Risk 

Mount points 

strip or 

fracture 

Impact loads 

transmitted to and 

from different 

components may 

cause local 

material failure 

Some components 

may come loose 
3B 

Analyses will be run to 

ensure thick enough material 

to withstand forces. 

3A 

Recovery 

system 

mount points 

strip 

Descent 

gravitational and 

drag loads 

Payload will enter 

freefall and impact at 

high velocity 

5B 

Mount points will be 

appropriately sized and 

reinforced to prevent failure 

5A 

 

Alternative Products: 
There are similar disks available, but this is the cheapest option available. Machining could be 

outsourced, but in-house production is cheaper. 
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Autogyro Detachment Mechanism 

Sub-Group:  
Payload 

Mechanical Designer: 
Andrew Teal 

Material: 
Aluminum or other lightweight metal 

General Dimensions: 
1.5 in x1.5 in 

Weight: 
.15 lb 

Manufacturing Process: 
Machined 

Component Description: 
Detaches the autogyro and the payload. Attaches between the bottom of the autogyro and the base of the 

payload.   

Anticipated Vendor: 
In House 

Anticipated Cost: 
$20 

Anticipated Manufacturing/Delivery Time: 
4 days (3 days – shipping; 1 day – handling; 1 day – manufacturing)   

Failure Modes and Effects Analysis: 

Failure 

Mode 
Possible Cause(s) Possible Effects Risk Mitigation 

New 

Risk 

Detaches 

early 

Sudden forces at 

jettison 
Early free fall 5B 

Testing and extra release 

conditions 
4A 

Fails to 

detach 

Component 

becomes damaged 

during descent 

Covers up images 2C 

Testing using maximum 

forces expected during 

descent 

2A 
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Payload Solenoid – 5V 

Sub-Group:  
Payload 

Mechanical Designer: 
Patrick Smith 

Material: 
Electronics 

General Dimensions: 
12 x 11 x 29.1 mm 

Weight: 
0.2 lb 

Manufacturing Process: 
Purchased 

Component Description: 
Actuates autogyro release mechanism 

Anticipated Vendor: 
Sparkfun 

Anticipated Cost: 
$4.95 

Anticipated Manufacturing/Delivery Time: 
3 Business Days 

Failure Modes and Effects Analysis: 
 

Failure 

Mode 
Possible Cause(s) Possible Effects Risk Mitigation 

New 

Risk 

Locked 

Solenoid Pin 

Exceeding 

amounts of lateral 

force 

Autogyro may not 

detach from payload 

base 

4C 

Specially design release 

mechanism that removes 

force from pin 

4A 

Low 

performance 
Overheated motor 

The motor may be 

unable to activate the 

release mechanism 

3B 

Software based limits on the 

operational time of the motor 

to prevent damage as well as 

the release mechanism 

designed that lowerer forces 

will still release 

3A 

 

Alternative Products: 
The Medium Push-Pull Solenoid and Small Push-Pull Solenoid from Adafruit are both possible 

alternatives depending on the way in which the solenoid failed, but each option is more expensive that the 

current component. 
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Payload Retention System 

Sub-Group:  
Payload 

Mechanical Designer: 
Nathan Ulmer, Nick Hildebrandt 

Material: Cage and Columns: 6061 Aluminum Plate, 1” thick. Sabot: Polyethylene Foam 

General Dimensions: 
Total Length = 16 in.; Total Diameter = 5.9 in.  

Usable Payload Length = 15 in.; Usable Payload 

Diameter = 5.55 in. 

Sabot Length = 15 in.; Sabot Thickness = 0.125 

in. (approx.) 

Weight: 
Cage: 1.09 lb-m   

Sabot: 0.25 lb-m 

Manufacturing Process:  
Cage: Purchased, Machined (Turning, drilling), 

Sabot: Purchased, Cut out with dremel 

Component Description: 
The nose cone retention system will positively retain the payload in place. The retention system will 

retain the payload horizontally by the sides of the rocket and the sabot and vertically by the bulkheads and 

claw mechanism.  

Anticipated Vendor: 
McMaster-Carr   

Anticipated Cost: 
Cage: Aluminum Bars (#89015K231)  $11.75 

          Aluminum Plate (#)  $30 

Sabot: Foam Cylinder: $14.18 

Anticipated Manufacturing/Delivery 

Time: 
Cage – 9 days (1 week – Delivery ; 2 days – 

Processing) 

Sabot – 2 days (1 day – Purchasing; 1 day - 

Cutting away inside to fit payload) 

Failure Modes and Effects Analysis: 

Failure Mode Possible Cause(s) Possible Effects Risk Mitigation 
New 

Risk 

Retainment 

Points 

(Bulkheads, all-

thread rods, 

nuts) 

Flight forces, Ejection 

forces 

Positive payload retainment 

will be lost. The retention 

system may shift in-flight 

damaging the payload or 

vehicle. 

5B 

FEM and hand 

calculations will be 

performed. 

5A 

Sabot doesn’t 

fall away 

correctly 

Sabot is too tight or 

too loose.  

This could prevent the 

payload from releasing, but 

it is likely that the payload 

would push the sabot away 

3C 
Sabot release test will be conducted 

to ensure sabot falls away. 
3A 

 

Alternative Products: 
3D printed alternatives that attach to the vehicle nosecone are being considered. 
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7.9. Appendix I: Material Safety Data Sheets 

7.9.1.1. ABS Plastic 
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7.9.1.2. Black Powder 
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The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

208 

7.9.1.3. 6061 Aluminum 
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7.9.1.4. Fiberglass  
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7.9.1.5. Aerotech Solid Rocket Motor 

AeroTech Division, RCS Rocket Motor Components, Inc. 

Material Safety Data Sheet & Emergency Response Information 

 

Prepared in accordance with 29 CFR § 1910.1200 (g) 

 

Section 1. Product Identification 

 

Model rocket motor, high power rocket motor, hobby rocket motor, composite rocket motor, 

rocket motor kit, rocket motor reloading kit, containing varying amounts of solid propellant with 

the trade names White Lightning™, Blue Thunder™, Black Jack™, Black Max™, Redline™, 

Warp-9™, or Mojave Green™. These products contain varying percentages of Ammonium 

Perchlorate, Strontium and/or Barium Nitrate dispersed in synthetic rubber with lesser amounts 

of proprietary ingredients such as burn rate modifiers and metal fuels. Rocket motor ejection 

charges contain black powder. 

 

Section 2. Physical Characteristics 

 

Black plastic cylinders or bags with various colored parts, little or no Odor 

 

Section 3. Physical Hazards 

 

Rocket motors and reload kits are flammable; rocket motors may become propulsive in a fire. All 

propellants give off varying amounts of Hydrogen Chloride and Carbon Monoxide gas when 

burned, Mojave Green propellant also produces Barium Chloride. 

 

Section 4. Health Hazards 

 

Propellant is an irritant in the case of skin and eye contact, may be extremely hazardous in the 

case of ingestion, and may be toxic to kidneys, lungs and the nervous system. Symptoms include 

respiratory irritation, skin irritation, muscle tightness, vomiting, diarrhea, abdominal pain, 

muscular tremors, weakness, labored breathing, irregular heartbeat, and convulsions. Inhalation 

of large amounts of combustion products may produce similar but lesser symptoms as ingestion. 

 

Section 5. Primary Routes of Entry 

 

Skin contact, ingestion, and inhalation. 

 

Section 6. Permitted Exposure Limits 
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None established for manufactured product. 

 

Section 7. Carcinogenic Potential 

 

None known. 

 

Section 8. Precautions for Safe Handling 

 

Disposable rubber gloves are recommended for handling Mojave Green propellant. Keep away 

from flames and other sources of heat. Do not smoke within 25 feet of product. Do not ingest. 

Do not breathe exhaust fumes. Keep in original packaging until ready for use. 

 

Section 9. Control Measures 

 

See section 8. 

 

Section 10. Emergency & First Aid Procedures 

 

If ingested, induce vomiting and call a physician. If combustion products are inhaled, move to 

fresh air and call a physician if ill effects are noted. In the case of skin contact, wash area 

immediately and contact a physician if severe skin rash or irritation develops. For mild burns use 

a first aid burn ointment. For severe burns immerse the burned area in cold water at once and see 

a physician immediately. 

 

Section 11. Date of Preparation or Revision 

 

March 22, 2012 

 

Section 12. Contact Information 

AeroTech Division, RCS Rocket Motor Components, Inc. 

2113 W. 850 N. St. 

Cedar City, UT 84721 

(435) 865-7100 (Ph) 

(435) 865-7120 (Fax) 

Email: customerservice@aerotech-rocketry.com 

Web: http://www.aerotech-rocketry.com 

Emergency Response: Infotrac (352) 323-3500 

http://www.aerotech-rocketry.com/
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7.10. Appendix J: Black Powder Testing SOP 

SOP #:   PRC–SOP–USLI-F-01 

Revision:  B 

Version:  1 

Test Location:  PRC Test Cell Facility  

 

Test Date:  ___________________ 

Test Team 

Name Role 

  

  

  

  

  

  

 

This Procedure Contains the following Hazards: 

X Human Subjects  Animal Subjects 

 Highly Toxic Chemicals  Toxins or toxin products 

 Pressurized gases X Explosives/Propellants 

 Microbial agents/products x Cell or tissue culture 

 Lasers  Selected Agents 

 
Radioisotopes or x-ray generating 

equipment 
 

Carcinogenic/mutagenic/teratogenic 

chemicals 

 Human blood, body fluid, tissue  Recombinant DNA/RNA molecules 
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Revision Block 

Operating Procedures may be modified either through a Revision or a Version increment.  

Revision Increments require a new Sign-off Sheet and full approval. Version increments are for 

minor corrections or additions to Red Team members.  Version increments only require new Red 

Team signature and a single approval from PRC Staff. 

 

Ver# Reason for Revision Version Approval 
Dev. 

Hours 

A.1 New SOP for 2019-2020 USLI See Signature Page 5 

A.2 Overall Revisions See Signature Page 3 

A.3 Added Appendices See Signature Page 3 

A.4 Final Revisions before First Testing See Signature Page 2 

B.1 Changes and Reorganization after 

First Testing 

See Signature Page 
3 

 

Active Waivers 

The following waivers have been reviewed by the procedure approval team and are 

accepted based on assessment of additional mitigations put into effect for conducting the test 

 

 # Description Mitigation Expires Responsibility 

1 N/A    
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Procedure Revision Approval:   

I have personally reviewed each of the operational steps of the SOP and have no 

questions that the operation can be performed safely and efficiently.  I approve all red team 

personnel assigned in this document and verify that they have proper training to act in the 

prescribed test roles outlined in this procedure. 

 

Andrew Godwin:           ______________________________ Date:  ____________ 

Author             

 

Stephen Ward:     ______________________________ Date:  ____________ 

Vehicle Lead       

 

Colin Boggs:     ______________________________ Date:  ____________ 

Safety Officer 

 

Jon Drake:     ______________________________ Date:  ____________ 

Chief Engineer 

 

Christian Suray:    ______________________________ Date:  ____________ 

Program Manager 

 

Dr. David Lineberry:     ______________________________ Date:  ____________ 

Course Instructor 

 

Dr. Robert Frederick:    ______________________________ Date:  ____________ 

PRC Director 

 

Reviewed By: 

UAH OEHS Director:   ______________________________ Date:  ____________ 
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Authorized Red Team Members  

Individuals identified below are authorized to participate in test operations as Red Team 

Members through the SOP approval signatures.  By signing the document below, the individuals 

acknowledge that they have reviewed the procedure and understand the general and specific 

safety requirements, personnel limits, and work descriptions necessary to accomplish their part 

of the operation. 

Additional Red Team Members may be added to this document without a procedure 

revision pending approval of the PRC Director or Laboratory Supervisor or Facility Engineer 

prior to participating in the experiment.  Additional members require signatures of both the 

individual to be added and the approver. 

Authorized test individuals agree to abide by and follow the procedure outlined in this 

document for conducting the described experiment.  At a minimum, two Red Team Members 

must maintain active First Aid/CPR/AED certification.   

 

Red Team 

Members 
Affiliation 

First Aid/ 

CPR-AED 

Cert Date 

PRC 

Safety 

Quiz 

Signature 
Approval 

Initials 

David 

Lineberry 
PRC Staff 05/2020 

Feb 

2019 
  

Colin Boggs 
MAE 490 

Student 
 

Nov 

2020 
  

Andrew 

Godwin 

MAE 490 

Student 
 

Nov 

2020 
  

Jon Drake 
MAE 490 

Student 
 

Nov 

2020 
  

Christian 

Suray 

MAE 490 

Student 
 

Nov 

2020 
  

Stephen 

Ward 

MAE 490 

Student 
 

Nov 

2020 
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Section 1. Declarations. 

1. Objective 

This SOP establishes procedures and defines safety precautions that will be used to verify 

black powder testing used in recovery system deployment. Success will be defined as the 

recovery system being fully ejected from the body tube. Two consecutive, successful tests are 

required.  

2. Test Location 

The PRC Test Stand at the Johnson Research Center on the UAH campus will be the 

location of testing. This provides a secured and controlled access area. Procedure allows for 

testing at alternate locations such as testing at NAR/TRA controlled flight ranges pending 

approval of the field RSO. For testing, personnel must be at least 30 ft away from the test article 

and only one container of black powder is allowed at the prep area.  

3. Roles and Responsibilities 

This procedure requires a minimum of 2 test operators. One of which must be a 

designated PRC staff or mentor. Black powder charges will only be handled by the Team 

Mentors or Faculty Advisor.  Operator roles will be assigned on the day of testing.   Each 

operator will be assigned a role and that role will be identified on the procedure cover sheet.  

4. Observer Policy 

Observers will be allowed under this test procedure at the discretion of the test team.  The 

occupation limitations of the room apply to observers as well as test participants.  Any observer 

must be briefed on the experiment hazards, emergency procedures prior to test operations, and 

listed on the title page of the procedure.  

5. Safety Policy 

All PRC test operations require a minimum of two operators with First Aid, CPR, and 

AED training.  Test operations are carried out according to the PRC Facility Usage Policy 

outlined in PRC-SOP-001-R01. A copy of the facility usage policy may be found on the PRC 

website http://UAH.edu/prc.  All personnel involved with this operation have been empowered to 

stop any portion of this operation at any time if they feel it is not proceeding in a safe manner.  

The PRC Director, PRC Research Engineer/Laboratory Supervisor, PRC Facility Engineer, and 

other required personnel will be notified and a decision on whether to continue the operation will 

be made at that time. No safety interlock will be modified, bypassed, or defeated unless the test 

team has concurred and are aware of the inherent risks associated with the change.  Otherwise, 

the offender will be permanently expelled from the PRC and all of its facilities. 

6. Personal Protective Equipment (PPE) 

Test personnel must wear safety glasses at all times during test operations. Long pants 

and closed toed shoes are also required for testing. Approved hearing protection for firing 

procedures is recommended but not required. When handling Black Powder, Nitrile gloves must 

be worn. Nearby Fire Extinguisher must be on hand or locations identified prior to testing. 

http://uah.edu/prc


 

 
The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

221 

 

7. Procedure Deviations 

At any point during the execution of this SOP any team member may call for a stand 

down of test operations to discuss any concern related to safety.  Additionally, during the 

execution of the SOP any deviation to the procedures outlined in this document must be noted on 

the procedure and it must be identified on the cover page that deviations were conducted.  

Revisions to the procedure may be required prior to the next test operation.  Prior to each test, 

verify that the procedures do not require modification due to specific test plan requirements.  In 

the event that redlines are required during execution, ensure that the redlines present no safety, 

efficiency, or environmental concerns. 

8. Materials Needed 

Use the following table to check that the required materials are all gathered before 

beginning the testing procedure. 

 

 Material  Material 

Rocket Parts Safety 

 Nosecone and Bulkhead  Fire Extinguisher 

 Rocket Upper Airframe  Nitrile Gloves 

 Coupler and Bulkheads  Safety Glasses 

 Rocket Lower Airframe Tools 

 Recovery Harness  Multimeter 

 E-Matches  Electrical Tape 

 Black Powder and Measuring Devices  Small Philips and Flathead Screwdrivers 

 Main and Drogue Parachutes  Measuring Tape 

 Blast Protection  Wire Cutters 

 Dog Barf  Ethanol Alcohol 

 4-40 Shear Pins  Paper Towels 

 Removable Rivets  Camera 
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Section 2. Test Procedures.     

CAUTION: CHECK FOR PPE USAGE OF ALL PARTICIPANTS; SAFETY GLASSES REQUIRED. 

 

PER UAH COVID-19 PROTOCOLS TEAM MEMBERS MUST USE HAND SANITIZER BEFORE 

AND AFTER ANY OPERATIONS. TEAM MEMBERS MUST ALSO WEAR A CLOTH MASK OR 

OTHER FACE COVERING, COVERING BOTH THEIR NOSE AND MOUTH, AT ALL TIMES. 

Pretest Laboratory Preparation 

1. Inform all guests of emergency exits and other pertinent safety information. 

2. Identify nearest AED location to team, and guests. 

3. Make sure all personnel are wearing the proper PPE, e.g., safety glasses, hearing 

protection (if needed). 

4. If testing at the JRC,  

a. The ‘Warning’ barricades should be set up at each corner of the test area. 

b. Turn warning light to YELLOW during the set-up procedure and throughout the 

experiment. 

c. Write “Black Powder Testing” and the advisor’s (Dr. Lineberry) phone number on 

the white board attached to the door by the warning light. 

d. Verify with facility personnel that the test area is clear. 

e. Verify gate is locked. 

5. Setup camera to record test (optional). 

6. Remove any unnecessary equipment and all flammable material from test area. 

Pretest Test Cell Preparation 

7. Take car battery out and into the test cell. 

8. Place the car battery 30 ft. away from the test area. 

9. Place the rocket stands in the test area. 

a. DO NOT place the stands in such a way that parachutes could be deployed in the 

direction of observers. 

b. When standing in the test cell, you should see only a side view of the rocket. 

10. Confirm that the Safety Officer has the key to the deployment controller. 

11. Place the deployment controller next to the car battery. 

12. DO NOT connect the deployment controller leads to the battery at this time. 

a. Connect the leads to each other to verify that they are not connected to the battery. 
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13. Run the wires of the deployment controller into the test cell. 

a. Use the multimeter to measure the current through the igniter circuit by inserting the 

key into the deployment controller. There should be a beep from the controller. 

b. Connect the deployment controller leads to the battery. 

c. Use the multimeter to measure the voltage across the igniter circuit. The circuit 

should have a voltage of ~12 V. 

d. Disconnect the deployment controller leads from the battery and connect them to each 

other. 

Parachute Preparation 

Drogue Parachute Preparation 

14. Ensure the section of the nylon recovery harness closest to the coupler is wrapped with a 

Nomex covering, duct tape, or some other blast protection. 

15. Insert the section of the recovery harness connecting the lower airframe to the drogue 

parachute into the aft body tube. 

16. Insert the drogue parachute into the aft body tube. 

a. Verify that the drogue parachute has been packed and covered properly. 

b. Ensure the end of the parachute completely covered by Nomex cloth is facing the 

coupler. 

Main Parachute Preparation 

17. Successful drogue tests are required BEFORE proceeding to main parachute testing. 

18. Remove the nosecone and coupler from the forward body tube. 

19. Run recovery harness through the forward body tube. 

20. Align the payload with the recovery harness so that it will fit in the body tube and insert 

it. 

a. There is only one orientation where the payload can fit while the recovery line is 

running past it. 

21. Attach the recovery quick-link to the nosecone. 

22. Attach the nosecone to the forward body tube using three 4-40 shear pins. 

23. Ensure the section of the nylon recovery harness closest to the coupler is wrapped with a 

Nomex covering, duct tape, or some other blast protection. 

24. Insert the main parachute into the forward body tube. 

a. Verify that the main parachute has been packed and covered properly. 

b. Ensure the end of the parachute completely covered by Nomex cloth is facing the 

coupler. 
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Preparing the Black Powder Charge 

CAUTION: ONLY TEAM MENTOR OR DR. LINEBERRY MAY HANDLE BLACK POWDER 

 

CAUTION: DANGEROUS MATERIAL PRESENT; REVIEW SDS BEFORE HANDLING 

 

CAUTION: CHECK FOR PROPER PPE USAGE; SAFETY GLASSES AND NITRILE GLOVES 

REQUIRED 

 

 

TEST 

1 

TEST 

2 

TEST 

3 

TEST 

4 

TEST 

5 

CAUTION: ONLY MENTOR FOR FOLLOWING STEPS 

25. Inspect E-match for frayed wire; replace 

E-match if wire is frayed. 
     

26. Use multimeter to measure resistance 

across E-match wires and record value. 
     

27. Twist E-match leads together to short the 

circuit. 
     

28. Insert E-Match into charge container.      

29. Remove black powder from designated 

container. 
     

30. Record mass of black powder used for 

each test. Starting amount of black powder 

is listed in Appendix A, and testing will 

increase the amount as needed. 

     

31. Insert specified amount of black powder 

into charge container and fill any empty 

space in the container with dog barf. 

     

32. Close charge container and ensure seal by 

taping container closed. 
     

33. Return black powder to designated 

container and move container away from 

test area. 

     

CAUTION: END OF MENTOR ONLY STEPS 

34. Attach E-Match leads to terminals on 

deployment controller housing. 
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TEST 

1 

TEST 

2 

TEST 

3 

TEST 

4 

TEST 

5 

35. Tug E-match leads to ensure secure 

connection. 
     

36. Pack a layer of dog barf into the 

appropriate body tube. 
     

37. Attach the body tube to the coupler. 

a. The aft body tube is connected via 

two 4-40 shear pins. 

b. The forward body tube is 

connected via 2 removable rivets. 

     

38. Verify that rocket is securely held together 

by shear pins. 
     

39. Take rocket to designated testing area.      

Deployment Electronics Setup 

40. Complete all black powder charge assembly BEFORE attempting to wire electronics. 

41. Verify that the deployment controller leads are NOT connected to the battery. 

42. Verify that no current is passing through the igniter circuit by touching the alligator clips 

together. There should be no reaction. 

43. Attach deployment controller leads to the appropriate coupler wiring. 

a. These wires are labeled for ease of use. 

b. ONLY connect to either “Drogue Primary” or “Main Primary”, depending on which 

charge is being tested. 

44. All team members move 30 ft. away from the test area. 

45. Attach leads to car battery and verify current is present in the system by inserting the red 

tab into the controller. There should a small beep. 
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Testing Procedure 

CAUTION: FOLLOWING PROCEDURE CONDUCTED BY RED TEAM ONLY 

 

CAUTION: CHECK FOR PPE USAGE OF ALL PARTICIPANTS; SAFETY GLASSES REQUIRED. 

 

 

TEST 

1 

TEST 

2 

TEST 

3 

TEST 

4 

TEST 

5 

46. Safety Officer, insert key into deployment 

controller. 
     

47. Verify continuous beep from deployment 

controller while the key is held in place. 
     

48. Verify that all personnel are 30 ft away 

from the test. 
     

TEST AREA IS CLEAR, GO FOR TEST FIRE 

Verification Signatures: 

Test Operator:      

Safety Officer:      

49. Confirm high speed camera is ready  

(if applicable). 
     

3, 2, 1, FIRING CHARGE 

50. Safety Officer, push tab in deployment 

controller and push button on deployment 

controller. 

     

51. If the charge fails to fire, skip to Hang 

Fire Procedure. 
     

52. Remove the key from the deployment 

controller. 
     

53.  Remove the deployment controller leads 

from the battery.  
     

54. All attendees (non-Red Team members) 

remain in the safe zone until the Safety 

Officer declares the test area is safe. 
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TEST 

1 

TEST 

2 

TEST 

3 

TEST 

4 

TEST 

5 

55. Wait for charge to burn completely.      

56. Wait 60 additional seconds.      

57. Approach the assembly and ensure that all 

black powder was expelled from the E-

Match and detonated. 

     

TEST AREA IS SAFE 

Verification Signatures: 

Test Operator:      

Safety Officer:      

58. Record all results and inspect components 

for damage. 
     

59. Return to step 8 for continued testing if 

required. 
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Shutdown and Procedure Closeout 

60. Return multimeter and car battery to storage location. 

61. Gather all parts of the rocket airframe, coupler, and all parachutes involved. 

62. If testing at the JRC,  

a. Store any ‘Warning’ barricades used. 

b. Turn the Warning light to green. 

c. Erase the white board attached to the door.  

63. Return any excess black powder to approved storage location. 

64. Place rocket stands and parts in Fab Shop or wherever they were originally located. 

65. Clean inside of body tube(s) with ethanol alcohol and paper towels. 

66. Update black powder inventory after a test or relocation of propellant. 

67. Upon completion, the SOP needs to be signed by the participating Red Team members, 

scanned, and provided to the Safety Officer. 

Hang Fire Procedure (Repeated Failure) 

CAUTION: ONLY THE TEAM MENTOR OR DR LINEBERRY CAN APPROACH THE TEST AREA 

DURING A HANG FIRE 

 

TEST 

1 

TEST 

2 

TEST 

3 

TEST 

4 

TEST 

5 

68. Verify there is no tone from the 

deployment controller. 
     

69. Disconnect leads from battery.      

70.  Give Mentor the deployment key.      

71. Wait two minutes.      

72. Mentor, proceed to test area and assess 

testing setup to determine the safest 

course of action. 

     

73. If the issue is resolved, note any actions 

taken to do this. 
     

74. Ensure proper disposal of black powder 

and E-Match. 
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Signatures 

By signing below, I verify that this test was conducted following the outlined SOP and that all 

safety measures were followed. Any deviations from the SOP were noted for review by the 

Safety Team. 

 

Sign and print your name: 

 

________________________________________________   

Red Team Member      

 

________________________________________________ 

Red Team Member 
 

________________________________________________ 

Red Team Member 

 

________________________________________________ 

Red Team Member 
 

________________________________________________ 

Safety Officer 
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7.11. Appendix J: Full-Scale Launch SOP 

SOP #:   PRC–SOP–USLI-F-02 

Revision:   A 

Version:  2 

Test Location:  Launch Field  

 

Test Date:  ___________________ 

Test Team 

Name Role 

  

  

  

  

  

  

  

  

  

 

This Procedure Contains the following Hazards: 

 Human Subjects  Animal Subjects 

 Highly Toxic Chemicals  Toxins or toxin products 

 Pressurized gases X Explosives/Propellants 

 Microbial agents/products  Cell or tissue culture 

 Lasers  Selected Agents 

 
Radioisotopes or x-ray generating 

equipment 
 

Carcinogenic/mutagenic/teratogenic 

chemicals 

 Human blood, body fluid, tissue  Recombinant DNA/RNA molecules 
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Revision Block 

Operating Procedures may be modified either through a Revision or a Version increment.  

Revision Increments require a new Sign-off Sheet and full approval. Version increments are for 

minor corrections or additions to Red Team members.  Version increments only require new Red 

Team signature and a single approval from PRC Staff. 

 

Ver# Reason for Revision Version Approval 
Dev. 

Hours 

A.0 New SOP for 2019-2020 USLI See Signature Page 1 

A.1 Initial additions and revisions before 

review 

See Signature Page 10 

 

Active Waivers 

The following waivers have been reviewed by the procedure approval team and are accepted 

based on assessment of additional mitigations put into effect for conducting the test 

 

 # Description Mitigation Expires Responsibility 

1 N/A    
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Procedure Revision Approval:   

I have personally reviewed each of the operational steps of the SOP and have no questions that 

the operation can be performed safely and efficiently.  I approve all red team personnel assigned 

in this document and verify that they have proper training to act in the prescribed test roles 

outlined in this procedure. 

 

Colin Boggs:     ______________________________ Date: ____________ 

Safety Officer          

 

Joseph Barragree:        ______________________________ Date: ____________ 

Payload Lead 

 

Stephen Ward:     ______________________________ Date: ____________ 

Vehicle Lead       

 

Jon Drake:     ______________________________ Date: ____________ 

Chief Engineer 

 

Christian Suray:    ______________________________ Date: ____________ 

Program Manager 

 

Jason Winningham:    ______________________________ Date: ____________ 

Team Mentor 

 

Dr. David Lineberry:     ______________________________ Date: ____________ 

Course Instructor 

 

Dr. Robert Frederick:    ______________________________ Date: ____________ 

PRC Director 

 

Reviewed By: 

UAH OEHS Director:   ______________________________ Date: ____________ 
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Authorized Red Team Members  

Individuals identified below are authorized to participate in test operations as Red Team 

Members through the SOP approval signatures.  By signing the document below, the individuals 

acknowledge that they have reviewed the procedure and understand the general and specific 

safety requirements, personnel limits, and work descriptions necessary to accomplish their part 

of the operation. 

Additional Red Team Members may be added to this document without a procedure revision 

pending approval of the PRC Director or Laboratory Supervisor or Facility Engineer prior to 

participating in the experiment.  Additional members require signatures of both the individual to 

be added and the approver. 

Authorized test individuals agree to abide by and follow the procedure outlined in this document 

for conducting the described experiment.  At a minimum, two Red Team Members must 

maintain active First Aid/CPR/AED certification.   

 

Red Team 

Members 
Affiliation 

First Aid/ 

CPR-AED 

Cert Date 

PRC 

Safety 

Quiz 

Signature 
Approval 

Initials 

David 

Lineberry 
PRC Staff 9/20/2017 

Feb 

2019 
  

Jason 

Winningham 
Mentor     
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Section 1: Declarations 

1. Objective 

This SOP establishes procedures and defines safety precautions that will be used for the 

assembly and launch of a high-powered rocket. The procedure includes preparation and 

installation of black powder charges for deployment of the recovery systems and loading of the 

solid rocket motor. 

2. Test Location 

This will occur at a NAR/TRA organized launch field. This provides a secured and 

controlled access area. Assembly operations, up to the addition of energetic materials to the 

rocket, may be carried out either at a launch field or prior to arrival at the launch field. Black 

powder charge loading, and solid rocket propellant loading may only be carried out at the launch 

field when testing is imminent. Handling of energetics will be carried out by the NAR/TRA 

certified Team Mentor.  

3. Roles and Responsibilities 

This procedure requires a minimum of 2 test operators but may be conducted by up to 5 

persons. Operations involving black powder or solid rocket propellant will be conducted by the 

Team Mentor. One of the operators will be designated as the Safety Officer and will read 

procedures during testing and ensure all steps are followed or any deviations are documented. 

The Safety Officer will be identified on the front page of the procedure. Two members must also 

be involved when moving the rocket, one for handling and the other to notify any bystanders of 

the rocket’s presence. 

4. Observer Policy 

Observers will be allowed as authorized by launch field guidelines. Observers must 

remain safe distances from energetic materials including black powder and solid rocket 

propellant. 

5. Safety Policy 

All PRC test operations require a minimum of two operators with First Aid, CPR, and 

AED training.  Test operations are carried out according to the PRC Facility Usage Policy 

outlined in PRC-SOP-001. A copy of the facility usage policy may be found on the PRC website 

http://UAH.edu/prc.  All personnel involved with this operation have been empowered to stop 

any portion of this operation at any time if they feel it is not proceeding in a safe manner.  The 

PRC Director, PRC Research Engineer/Laboratory Supervisor, PRC Facility Engineer, and other 

required personnel will be notified and a decision on whether to continue the operation will be 

made at that time. No safety interlock will be modified, bypassed, or defeated unless the test 

team has concurred and are aware of the inherent risks associated with the change.  Otherwise, 

the offender will be permanently expelled from the PRC and all of its facilities.  

http://uah.edu/prc
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6. Personal Protective Equipment (PPE) 

Test personnel must wear safety glasses at all times during test operations. Long pants 

and closed toed shoes are also required for testing. When handling Black Powder, Nitrile gloves 

must be worn. Nearby Fire Extinguisher must be on hand or locations identified prior to testing. 

7. Procedure Deviations 

At any point during the execution of this SOP any team member may call for a stand down 

of test operations to discuss any concern related to safety.  Additionally, during the execution of 

the SOP any deviation to the procedures outlined in this document must be noted on the 

procedure and it must be identified on the cover page that deviations were conducted.  Revisions 

to the procedure may be required prior to the next test operation.  Prior to each test, verify that 

the procedures do not require modification due to specific test plan requirements.  In the event 

that redlines are required during execution, ensure that the redlines present no safety, efficiency, 

or environmental concerns. 

Pre-Travel Preparation Procedures 

CAUTION: CHECK FOR PPE USAGE OF ALL PARTICIPANTS; SAFETY GLASSES REQUIRED 

DURING PREPARATION. 

 

PER UAH COVID-19 PROTOCOLS TEAM MEMBERS MUST USE HAND SANITIZER BEFORE 

AND AFTER ANY OPERATIONS. TEAM MEMBERS MUST ALSO WEAR A CLOTH MASK OR 

OTHER FACE COVERING, COVERING BOTH THEIR NOSE AND MOUTH, AT ALL TIMES. 

Preparation of Black Powder Charges  

1. Inform all observers of emergency exits and other pertinent safety information. 

2. If preparing charges at the JRC, identify nearest AED location to team and observers. 

3. If preparing at the JRC: 

a. Warning light should be turned to YELLOW during the set-up procedure and 

throughout the process. 

b. Write “Black Powder” and the advisor’s phone number on the white board 

attached to the door by the warning light. 

4. Remove any unnecessary equipment and all flammable material from the test area. 

5. Use the following steps to prepare the ejection charges with black powder ONE AT A 

TIME.   
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CAUTION: ONLY TEAM MENTOR OR DR. LINEBERRY MAY HANDLE BLACK POWDER 

 

CAUTION: DANGEROUS MATERIAL; REVIEW MSDS BEFORE HANDLING 

 

CAUTION: CHECK FOR PROPER PPE USAGE; SAFETY GLASSES AND NITRILE GLOVES 

REQUIRED 

 

Drogue 

Primary 

Drogue 

Back-up 

Main 

Primary 

Main 

Back-up 

CAUTION: ONLY MENTOR FOR THE FOLLOWING STEPS 

6. Inspect E-match for frayed wire; replace 

E-match if wire is frayed. 
    

7. Use multimeter to measure resistance 

across E-match wires and record value. 

This should be between 1 and 2 Ω. 

    

8. Twist E-match leads together to short 

the circuit. 
    

9. Insert E-match into the charge container.     

10. Use electrical tape to secure the E-match 

and to seal any gaps where the E-match 

exits the charge container. 

    

11. Remove black powder from the 

designated container. 
    

12. Record the mass of black powder used 

for each charge. 
    

13. Insert the specified amount of black 

powder into the charge container. 
    

14. Fill any empty space in the container 

with dog barf and close the container. 
    

15. Place charge in designated container and 

return to step 6 to prepare further 

charges. 

    

CAUTION: END OF MENTOR ONLY STEPS 
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ALL BLACK POWDER CHARGES ARE PREPARED AND PACKED FOR TRANSPORT 

Verification Signatures: 

 

___________________________________   ___________________________________  

Team Mentor or Dr. Lineberry   Safety Officer 

Pre-Travel Packing 

16. Prepare rocket for transport to launch field 

17. Verify that the following materials have been packed for transport: 

 # Material  # Material 
Rocket Parts Payload Parts 

 1 Nose Cone Assembly  1 Payload Assembly 

 1 GPS Tracker  2 Micro SD Cards 

 1 CR123A Battery  2 18650 Batteries 

 1 Main Parachute Tools 

 1 Drogue Parachute  1 Multimeter 

 2 Blast Cloths  1 Scale for weighing rocket 

 1 Subscale Piston  1 Small Phillips Screwdriver 

 1 Forward Body Tube  1 Small Flathead Screwdriver 

 Coupler Assembly  1 Allen Wrench for VDS 

 1 Altimeter Sled  1 Adjustable Wrench (or ¼” socket) 

 2 Stratologger Altimeters  1 Painter’s Tape 

 4 9-Volt Batteries  1 Duct/Gorilla Tape 

 2 Altimeter Switches  1 Electrical Tape 

 5 Quick-Links  2 Rocket Stands 

 1 Recovery Harness  2 Tables 

 1 Aft Body Tube  1 Dog Barf (whole bag) 

 4 VDS Blades  1 Ethanol Alcohol 

 1 4-40 Shear Pins (whole bag)  1 Paper Towels 

 1 Removable Rivets (whole bag) Safety 

 8 Small Zip Ties  1 First Aid Kit 

 1 Synco Super Lube (or similar)  1 Nitrile Gloves (whole box) 

 1 Aerotech Motor Case   Safety Glasses (enough for everyone) 

 1 Forward Closure  1 Water (cases) 

 1 Aft Closure  1 Trash Bags (whole box) 

 1 Seal Disk  1 Pop-Up Awning 

Energetics Day Box    

 8 Black Powder Charges    

 2 Aerotech I300 Motors    
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At Field 

CAUTION: ASSEMBLY CONDUCTED BY RED TEAM ONLY 

 

CAUTION: CHECK FOR PROPER USE OF PPE; SAFETY GLASSES REQUIRED 

Payload Preparation 

Electronics Preparation 

18. Open electronics bay by loosening hex nuts from the bottom of the bay, sliding it off the threaded 

rods and removing the top. 

19. Place a Micro-SD card in the Teensy’s SD card slot. 

20. Place monofilament (fishing wire) through the hot-wire coil. 

21. Leave at least 2 feet of excess on either end. 

22. Thread monofilament through the holes in the sides of the electronics bay. 

23. Place 18650 battery in the battery slot. 

24. Insert CR123A battery into GPS tracker. 

Electronics Check 

25. Ensure the LED on the Teensy board is blinking. 

26. Ensure the external LED is also blinking. 

Payload Preparation for Vehicle Integration 

27. Close the electronics bay by replacing the top, sliding the bay back over the threaded rods, and 

tightening the Hex Nuts. 

28. Fold down the autogyro blades and hold them closed. 

29. Wrap the monofilament around the autogyro blades, ensuring it sits in the slots in each blade. 

30. Tie the ends of the monofilament together in a tight knot and trim the ends with scissors. 

31. Remove both the 18650 battery and the CR123A battery. 

32. Place the Payload aside. 
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Preparation of Coupler 

Altimeter Checks 

33. Remove Altimeter Sled from AvBay. 

34. Use multimeter to test the battery for each altimeter. 

Primary Stratologger Voltage: _______ 

Backup Stratologger Voltage: _______ 

35. Verify altimeters are secure in AvBay sled. 

36. Place new 9V batteries in AvBay sled if needed. 

37. Verify that the battery is connected to the altimeter via a battery clip. 

38. Verify that switches work properly by turning the switches into the ON position. 

39. Listen to the Altimeter and verify the deployment settings: 

a. Primary Altimeter: Main Deployment Altitude:   _____________________ 

b. Primary Altimeter: Drogue Deployment Altitude:   _____________________ 

c. Secondary Altimeter: Main Deployment Altitude:   _____________________ 

d. Secondary Altimeter: Drogue Deployment Altitude:   _____________________ 

40. Inspect wire connections to Stratologger. 

Subassembly Prep 

41. Slide sled into coupler all-thread. 

42. Secure sled using 4 standard hex nuts on each point of the sled/thread interface. 

43. Verify that energetic mounting flanges and appropriate assemblies are secure on both bulkheads. 

44. Thread appropriate CO2 cartridge into top bulkhead. 

45. Insert top bulkhead and electronics sled into coupler. 

46. Close the coupler with additional bulkhead. 

47. Secure bulkhead with standard hex nuts. 

48. Verify the switches still operate properly after sled has been installed. 

49. Attach recovery quick-links to coupler eyebolts.  

50. Place coupler assembly aside. 

 

Nose Cone Preparation 
51. Unscrew the eye bolt. 
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52. Remove the nose cone bulkhead. 

53. Unscrew the internal nut. 

54. Partially remove the electronics sleds. 

55. Use multimeter to check battery voltage. 

56. Connect 9V battery to the connector on the electronics sled. 

57. Ensure the red LED on the Arduino turns on. 

58. Slide the electronics sled into the nose cone, and hand tighten the internal nut. 

59. Slide the bulkhead back on and center it. 

60. Tighten the eye nut until the assembly is rigid. 

61. Denote the current time: _____________________ 

62. Place nose cone assembly aside. 

Main Parachute Preparation 
63. Ensure that one quick-link is attached to each knot in the shock cord. 

64. Attach a quick-link to the main parachute. 

65. Lay the main parachute flat on the main blast cloth. Parachute should be in a semi-circle 

orientation. 

66. Place the shroud line second from the right on top of the rightmost shroud line, folding the 

parachute over with the line. Repeat this until all shroud lines have been moved to the right.  

67. Lay shroud lines on top of the parachute by grabbing the cord halfway between the bottom of the 

parachute and the quick-link and folding it straight back onto the parachute. The shroud lines should be 

untangled and folded onto themselves. 

68. Compress the parachute as much as possible. 

69. Fold the blast cloth in the following order: 

a. Fold the right side to the left. 

b. Fold the top to the bottom. 

c. Fold the left side to the right. 

70. Ensure the quick-link is exposed and CAREFULLY set the parachute aside. 

 

Upper Airframe Final Assembly 
71. Insert an 18650 battery into the payload battery slot and zip-tie battery in place. 

72. Insert a CR123A battery into the GPS tracker and zip-tie battery in place. 

73. Slide the piston through the upper airframe to ensure the piston moves freely. 
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a. If necessary, clean the inside of the forward body tube, as well as the piston and the forward 

part of the coupler. 

74. Run the recovery harness through the forward body tube. 

75. Insert the main parachute into the forward body tube. 

a. Verify that the main parachute has been packed and covered properly. 

b. Ensure the end of the parachute completely covered by Nomex cloth is facing the coupler. 

76. Attach the payload to the nose cone with a quick-link. 

77. Align the payload with the recovery harness so that it will fit in the body tube and insert it. 

78. Attach the recovery quick-link to the nosecone. 

79. Attach the nosecone to the forward body tube using three 4-40 shear pins. 

80. Insert the recovery harness into the aft end of the forward body tube, leaving the quick-link 

exposed. 

81. Attach the recovery harness to the piston with the quick-link. 

82. Insert the piston into the body tube, leaving the shock cord extending out the aft end. 

83. Ensure the section of the nylon recovery harness closest to the coupler is wrapped with a Nomex 

covering, duct tape, or some other blast protection. 

84. Place the packed upper airframe aside. 
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Lower Airframe Final Assembly 

Drogue Installation 

85. Ensure that one quick-link is attached to each knot in the shock cord. 

86. Attach a quick-link to the drogue parachute. 

87. Lay the drogue parachute flat on the main blast cloth. Parachute should be in a semi-circle 

orientation. 

88. Place the shroud line second from the right on top of the rightmost shroud line, folding the 

parachute over with the line. Repeat this until all shroud lines have been moved to the right.  

89. Lay shroud lines on top of the parachute by grabbing the cord halfway between the bottom of the 

parachute and the quick-link and folding it straight back onto the parachute. The shroud lines 

should be untangled and folded onto themselves. 

90. Compress the parachute as much as possible. 

91. Fold the blast cloth in the following order, ensuring the quick-link is exposed: 

a. Fold the right side to the left. 

b. Fold the top to the bottom. 

c. Fold the left side to the right. 

92. CAREFULLY set the parachute aside 

Lower Airframe Pre-Motor Assembly 

93. Ensure the section of the nylon recovery harness closest to the coupler is wrapped with a Nomex 

covering, duct tape, or some other blast protection. 

94. Insert the section of the recovery harness connecting the lower airframe to the drogue parachute 

into the aft body tube. 

95. Insert the drogue parachute into the aft body tube, leaving the quick-link exposed. 

a. Verify that the drogue parachute has been packed and covered properly. 

b. Ensure the end of the parachute completely covered by Nomex cloth is facing the coupler. 

96. [Add steps for installing the VDS] 

97. Place the packed lower airframe aside 

VEHICLE IS READY FOR ENERGETICS 

Verification Signatures: 

 

___________________________________   ___________________________________  

Test Operator      Safety Officer 
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Energetics and Launch Procedures 

Motor Preparation 

MOTOR PREPARATION CONDUCTED BY TEAM MENTOR ONLY  

 

CAUTION: CHECK FOR PROPER USE OF PPE; SAFETY GLASSES REQUIRED 

 

CAUTION: DANGEROUS MATERIAL; REVIEW MSDS BEFORE HANDLING 

 

98. If applicable, remove the built-in ejection charge from the motor. 

99. Check O-rings for manufacturing errors or imperfections. 

100. Check Seal Disk for manufacturing errors or imperfections. 

101. Assemble motor using the manufacturer’s instructions. 

102. Place motor in the day box until ready for installation. 

MOTOR ASSEMBLED AND READY FOR INSTALLATION 

Verification Signatures: 

 

 

 ___________________________________         ______________________________________ 

Jason Winningham, Team Mentor          Safety Officer 

Main Parachute Ejection Charge Installation 

INSTALLATION OF CHARGES CONDUCTED BY RED TEAM ONLY 

 

CAUTION: CHECK FOR PROPER USE OF PPE; SAFETY GLASSES REQUIRED 

 

103. Verify that all altimeters on the rocket are switched OFF. 

104. Perform the following steps for each charge ONE AT A TIME. 

105. Remove the charge from the designated container. 

106. Attach E-Match leads to the corresponding terminal on the coupler. 

107. Tug E-Match leads to ensure a secure connection. 

108. Pack a layer of dog barf into the aft body tube. 

109. Attach the forward body tube to the coupler; the forward body tube is connected via four 

removable rivets. 

110. Verify the rocket is securely held together by the shear pins and rivets. 

Drogue Parachute Ejection Charge Installation 

INSTALLATION OF CHARGES CONDUCTED BY RED TEAM ONLY 
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CAUTION: CHECK FOR PROPER USE OF PPE; SAFETY GLASSES REQUIRED 

 

111. Verify that all altimeters on the rocket are switched OFF. 

112. Perform the following steps for each charge ONE AT A TIME. 

113. Remove the charge from the designated container. 

114. Attach E-Match leads to the corresponding terminal on the coupler. 

115. Tug E-Match leads to ensure a secure connection. 

116. Place charge inside 3D printed charge well 

117. Pack a layer of dog barf into the aft body tube 

118. Attach the aft body tube to the coupler; the aft body tube is connected via four 4-40 shear pins. 

119. Verify the rocket is securely held together by the shear pins. 

ALL EJECTION CHARGES ARE INSTALLED 

Verification Signatures:  

 

___________________________________         ___________________________________ 

Red Team Member            Red Team Member  

 

___________________________________   

Safety Officer     

Motor Installation 

MOTOR INSTALLATION CONDUCTED BY TEAM MENTOR ONLY 

 

ALL OTHER PERSONNEL MOVE 30 FEET AWAY DURING MOTOR INSTALLATION 

 

CAUTION: CHECK FOR PROPER USE OF PPE; SAFETY GLASSES AND NITRILE GLOVES 

REQUIRED 

 

120. Remove the Aerotech motor retainer from the aft end of the rocket. 

121. Install motor case into the lower airframe. 

122. Insert motor into the motor tube. 

123. Install retention ring onto the motor retainer. 

124. Confirm a secure attachment of the motor. 
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Final Checks 
125. Confirm rigid connections at the following attachment points: 

a. Connection between the aft body tube and the coupler. 

b. Connection between the forward body tube and the coupler. 

c. Connection between the nose cone and the forward body tube. 

d. Connection between the VDS tabs and the aft body tube. 

e. Connection of the rail buttons 

f. Attachment of each fin to the aft body tube. 

123. Balance rocket to check the CG location 

124. Mark CG location on rocket 

CG location (from tip of nose cone): ______________________ in. 

125. Weigh Fully Assembled Rocket 

Weight:  ______________________ lb. 

126. Re-run flight simulation if needed, and mark CP location on rocket. 

127. Ensure that this CG location is at least 2 body diameters away from the marked CP. 

Distance between CG and CP: ____________________ in.  

Static Stability Margin:  ________________ 

128. Verify that Thrust-to-Weight Ratio at ignition with flight motor is GREATER THAN 5:1 

129. Fill out Flight Card.  

130. Copy flight info to log. 

g. Motor: _____________________ 

h. Final Mass: __________________ lbm 

i. Expected Max Velocity: _________________ ft/s 

j. Expected Altitude: __________________ ft 

k. Thrust-to-Weight Ratio: _____________________ 

ROCKET IS READY FOR FLIGHT 

Verification Signatures:  

___________________________________         ___________________________________ 

Red Team Member            Red Team Member 

 

___________________________________         ___________________________________ 

Jason Winningham; Team Mentor          Safety Officer



 

 
The University of Alabama in Huntsville | 2021 NASA USLI Critical Design Review 

246 

 

Launch Pad Checklist (Supervised by NAR Mentor/Field RSO) 

CAUTION: CHECK FOR PROPER USE OF PPE; SAFETY GLASSES REQUIRED 

131. Take team photo with rocket (PPEs are STILL REQUIRED) 

132. Take rocket, igniter, flight card, and keys to RSO 

133. Verify Launch Control System is safe in “Safe” state 

134. Place the rocket on the launch rail 

135. Raise rail to desired launch position 

a. When applying 5° launch angle, do not aim launch rail at surrounding structure, trees, or 

power lines. 

b. Record the launch angle: _____________________  

CAUTION: ALL NON-ESSENTIAL PERSONNEL MOVE AWAY FROM PAD TO DESIGNATED 

SAFE ZONES; FURTHER PROCEDURE CONDUCTED BY RED TEAM ONLY 

136. Communicate with Ground Station team to verify GPS Tracker is transmitting data. 

GPS Location of Launch Pad: _____________________ 

137. Perform the following sequence for both Stratologgers. 

a. Turn on Stratologger. 

b. Listen for startup sequence. 

c. Check continuity; 3 beeps every 0.8 seconds. 

138. If continuity check is unsuccessful: 

a. Turn off Stratologger. 

b. Notify the RSO. 

c. Lower launch rail. 

d. Remove rocket from the launch rail. 

e. Transport the rocket back to the work station and identify the issue. 
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FURTHER PROCEDURE CONDUCTED BY TEAM MENTOR ONLY 

139. Ensure igniter is at the proper length and is knotted. 

140. Ensure igniter is attached to the control leads. 

141. Ensure igniter is in place. 

CAUTION: ALL PERSONNEL MOVE AWAY FROM ALL CONNECTED PADS 

142. Confirm Continuity Check on Launch Control System.  

143. Arm Launch Control System. 

ROCKET IS ARMED AND READY TO FIRE 

Verification Signatures:  

 

___________________________________             ___________________________________          

Jason Winningham; Team Mentor    Safety Officer 

 

___________________________________             ___________________________________     

Red Team Member      Red Team Member 
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Post-Flight Checklist  

CAUTION: CHECK FOR PROPER USE OF PPE; SAFETY GLASSES  REQUIRED 

144. Wait one minute AFTER arriving at the touchdown location. 

145. Take pictures BEFORE rocket and payload are disturbed. 

a. If the rocket is in a tree (above where a team member can reach it from the ground) or power 

line, DO NOT attempt to retrieve the rocket. 

b. Notify RSO. 

c. Wait for the proper tools before attempting to retrieve the rocket. 

146. Record maximum altitude from both altimeters: 

a. Maximum Altitude 1: __________________ 

b. Maximum Altitude 2: __________________ 

147. Inspect Condition of Vehicle and take notes: 

Observations:  

Fins intact, unharmed:       y   /   n 

Body tube intact, unharmed:       y   /   n 

Recovery harness untangled:       y   /   n 

Recovery harness unburnt by ejection:    y   /   n 

Parachutes unburnt by ejection:     y   /   n 

Payload in sound condition:       y   /   n 

All ejections appeared to be fully successful:     y   /   n 

Notes:  
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148. Record GPS Location of Launch and Landing:  

a. GPS Location of Launch Pad: _________________ 

b. GPS Location of Landing: ____________________ 

149. Weigh final vehicle.  

a. Final weight: __________________ 

150. Retrieve data from avionics (does not have to be done immediately) 

151. REMOVE MOTOR CASE AND CLEAN IMMEDIATELY after final flight of the day. 

POST-FLIGHT CHECKLIST COMPLETE 

Verification Signatures:  

 

___________________________________  ___________________________________ 

Red Team Member      Safety Officer 

 

___________________________________   

Red Team Member 
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Hang Fire Procedure 

152. Notify the RSO and wait for permission to approach the launch pad. 

153. Disarm Launch Control System. 

154. Give altimeter keys to the Team Mentor. 

FURTHER PROCEDURE CONDUCTED BY TEAM MENTOR ONLY 

155. Approach the launch pad. 

a. Remove igniter. 

b. Turn off both altimeters. 

156. Determine if the issue can safely be fixed on the launch pad. 

157. If not, ensure the launch pad is safe before allowing red team members to approach. 

LAUNCH PAD IS DECLARED SAFE 

Verification Signatures:  

 

___________________________________  ___________________________________ 

Red Team Member      Safety Officer 

 

___________________________________   

Red Team Member 

FURTHER PROCEDURE CONDUCTED BY RED TEAM ONLY 

158. Approach the launch pad. 

159. Lower the launch rail. 

160. Remove the rocket from the rail and return it to the work table. 

161. Remove black powder charges from the rocket. 

162. Find and fix any issues with the rocket. 
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7.12. Appendix K: Example Mini-SOP: Autogyro Drop Test SOP 

SOP #:   PRC–SOP–USLI-M-06 

Revision:  B 

Version:  2 

Test Location:  Natchez Trace Parkway Bridge; Franklin, TN 

Declarations 

Objective 

This SOP establishes procedures and defines safety precautions for verifying an acceptable 

payload terminal velocity, structural integrity, and the performance effects of descent angle 

through a drop test from a minimum height of twenty feet. 

Test Location 

This test will occur at the Double Arch Bridge located on the Natchez Trace Parkway in Franklin 

Tennessee. The Double Arch Bridge is a portion of the Natchez Trace Parkway that serves as a 

tourist attraction due to its view over an open field from a 145 ft vantage point. The field is open 

and rarely sees foot traffic. Thus public access is limited allowing for a safe landing zone for the 

autogyro payload. The bridge provides a 145 ft drop for the autogyro which will give the blades 

enough time to unfold, spin up, and hit terminal velocity. Possible traffic along the parkway may 

prove to be a safety hazard that will have to be mitigated. 

Roles and Responsibilities 

At least three, optimally four, testers must be present to conduct the test. One will drop the 

payload from the bridge, one will be on the bridge to look out for traffic, and the other one or 

two will be in the open field to recover the payload upon its landing to guard against outside 

damages. Every tester should be familiar with the SOP to properly mitigate risks. Before 

beginning testing, the ground tester(s) must coordinate with the drop tester to designate an ideal 

landing area away from individuals, natural obstructions, and vehicles. Once the landing area is 

designated, and the Safety Team member verifies that all mitigations are in place, the test may be 

conducted. Observers are to be avoided to reduce the number of individuals at risk of injury. 
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Safety Policy 

All PRC operations will be carried out according to the PRC Facility Usage Policy outlined in 

PRC-SOP-001. A copy of the facility usage policy may be found on the PRC website, 

http://UAH.edu/prc.  All personnel involved with this operation have been empowered to stop 

any portion of this operation at any time if they feel it is not proceeding in a safe manner. If a 

consensus cannot be reached, a sub-team lead, the safety officer, or chief engineer will be 

contacted for advisory, and a decision on whether to continue the operation will be made at that 

time. No safety interlock will be modified, bypassed, or defeated unless the team has concurred 

and are aware of the inherent risks associated with the change.  Otherwise, the offender will be 

permanently expelled from the PRC and all of its facilities.  

Personal Protective Equipment (PPE) 

Due to potentially high velocity blade tips eye protection is required. Masks are required in order 

to prevent the spread of COVID-19. The test team should have a fire extinguisher readily 

available. The team should perform the test in the daylight and wear bright/reflective clothing to 

maximize visibility to any traffic on the highway. Additionally, the test team should have a first 

aid kit on hand as there are none easily available on the parkway. 

Procedure Deviations 

At any point during the execution of this SOP any team member may call for a stand down of 

operations to discuss any concern related to safety.  Additionally, during the execution of the 

SOP any deviation to the procedures outlined in this document must be noted on the procedure 

and it must be identified on the cover page that deviations were conducted.  Revisions to the 

procedure may be required prior to the next test operation.  Prior to each test, verify that the 

procedures do not require modification due to specific machining requirements.  In the event that 

redlines are required during execution, ensure that the redlines present no safety, efficiency, or 

environmental concerns. 

  

http://uah.edu/prc
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Autogyro Drop Test Operating Procedure 

Setup and Safety 

CAUTION: CHECK FOR PPE USAGE OF ALL PARTICIPANTS; SAFETY GLASSES REQUIRED.  

PER UAH COVID-19 PROTOCOLS TEAM MEMBERS MUST USE HAND SANITIZER BEFORE 

AND AFTER HANDLING THE PAYLOAD. TEAM MEMBERS MUST ALSO WEAR A CLOTH 

MASK OR OTHER FACE COVERING, COVERING BOTH THEIR NOSE AND MOUTH, AT ALL 

TIMES. 

1. Wear long pants and appropriate footwear (closed-toe, durable shoes). 

2. Verify that all members are wearing PPE and are familiar with the SOP. 

3. Pre-cut, along the veins, at least four sign-board-blades for each blade angle (listed in step 

3) with the dimensions 2.75-inch x 22-inch. 

4. Ensure all necessary materials are at the test site. 

 Autogyro Blades   Glue  

 Blade Brackets   2 Adjustable Wrenches  

 Hinges   Rope or Line  

 Autogyro Hub   Utility Knife or Strong Scissors  

 Simulated Payload Assembly   Tape  

 Tape Measure   MicroSD Adapter  

 Laptop w/SD card reader   Payload Electronics and Battery  

 

5. Select the appropriate blade bracket via its angle, check each configuration off as it is 

tested. The Test order should be as follows (from left to right): 

5° 7° 10° 3° 

22 in 20 in 18 in 16 in 22 in 20 in 18 in 16 in 22 in 18 in 22 in 18 in 

            

 

6. Insert the pin through the blade bracket and the hub to secure the bracket to the hub. 

7. Secure blade brackets to the autogyro hub following the figures shown in Appendix B. 

a. Insert hinge into hub/blade bracket interface. 

b. Rotate blade bracket flat. 

c. Apply tape. 
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8. Attach payload simulator to the Auto-gyro assembly. 

9. Locate and clearly mark off a designated 10 ft x 10 ft landing area.  

10. Ensure the landing area is clear of debris and individuals. 

11. Bridge team will coordinate with the ground team to ensure the areas of the field adjacent 

to the landing area are clear of obstructions and personnel. 

12. Ensure at least two people are monitoring the landing area before beginning the test. 

13. Verify the blades and blade brackets are undamaged. If damaged, replace blade assembly 

following assembly instructions in step 7. 

14. Remove the electronics bay from the payload.  

a. Insert SD Card into Teensy 

b. Insert Battery into holder, ensuring correct polarity 

c. Prepare board for calibration: 

i. Upon insertion of the battery, an Orange LED on the SD card half of the 

board should come on for a couple seconds, blink rapidly for about two 

seconds, then slowly begin blinking on and off every few seconds or so. 

This means the board is ready for calibration. 

ii. If the Orange LED does not come on, press the only button on the 

Teensy. A Red LED should flash near the microUSB slot then the 

Orange LED should come on as detailed above. 

d. Calibrate the board: 

i. Gyroscope: Place the board on any surface and let sit for a couple of 

seconds. 

ii. Magnetometer: Wave the board around in a figure 8 motion for a couple 

of seconds. 

iii. Accelerometer: Rotate the board in 45° increments around the long axis 

of the PCB. Hold the board in the palm of your hand with the SD card 

facing towards or away from you for roughly a second, then twist your 

wrist so the board is angled 45°, hold for a second, then twist to 90°, and 

so on all the way around. You can readjust your grip without any 

problems, so you don’t have to worry about it being super precise. 

iv. When calibration is complete, the Orange LED will change from 

blinking every other second to a couple times a second. 

e. The board is ready to be installed into the payload. 

Note: Due to complications with the pressure sensor, the drop test is not currently recording height 

so it may be difficult to determine when a test begins. To make data analysis easier, it may be 

useful to tilt the payload sideways or upside down for a few seconds immediately before dropping 
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the payload as a point of reference.  

15. Reattach the electronics bay to the autogyro, and give a slight shake to ensure nothing has 

come loose. 

Operation 

16. Confirm that the landing area is clear of debris and individuals. 

17. Confirm with the ground team that the test area is clear of obstructions. 

LANDING AREA IS CLEAR FOR DROP 

Verification Signature: 

 

________________________________________ 

Acting Safety Officer 

18. Hold the payload off the parkway. 

a. DO NOT lean over the edge of the railing. 

b. Maintain secure footing AT ALL TIMES. 

19. Ensure two team members on the ground are ready with stopwatches to time the descent. 

20. Release the payload. 

21. Wait for the payload to land and for the autogyro blades to slow. 

22. Test Operators approach the payload. 

23. Inspect the payload and landing area for damages and debris. 

LANDING AREA IS CLEAR  

Verification Signature: 

 

________________________________________ 

Acting Safety Officer 

24. Return the payload to the drop team. 

a. Cast small weight on the end of fishing line down to the landing zone. 

b. Pass swivel around the connecting shaft just below the autogyro hub. 

c. Clip the swivel back to the line to complete a loop. 

d. Smoothly reel the payload back up to the drop area. 
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25. Remove the electronics bay from the payload. 

a. Remove the board from the payload 

b. Remove the battery and then the SD card from the board. 

c. Insert the SD card into your computer, and open DATALOG.TXT to make sure 

there is actual data. 

d. Copy the file to your computer and rename it to denote the test the data is from 

and change the format to “.csv”. 

e. Open the file in Excel, ensure the data is still correct and take note of any 

pertinent test data. 

i. The data will be in the format “Packet Number, Mission Time (in 

seconds), Acceleration (x, y, z) [m/s2], Orientation (x, y, z) [degrees], 

Calibration.  

ii. Velocity can be found by working backwards from acceleration and 

time. 

f. Clear or delete DATALOG.TXT from the SD card, the Teensy will create a 

new file if it does not exist.  

i. Note that you also do not have to modify the file at all, it will simply 

append new data at the end. This is useful if you want to perform 

multiple tests without removing the SD card, just push the button on the 

Teensy and it will mark in the file that it is restarting. 

26. Record the terminal descent velocity and descent time (averaged between two stopwatches) 

of the test in the table below. 

 10° 7° 5° 3° 

 Velocity Time Velocity Time Velocity Time Velocity Time 

22 in         

20 in ----- -----     ----- ----- 

18 in         

16 in ----- -----     ----- ----- 

 

27. Repeat drop test for the configurations given in step 5. If the terminal velocity exceeds 

30ft/s or the recorded descent time is under 4.5 seconds, record the results and stop testing 

the current blade angle. Proceed to test the longest blade length of the next blade angle in 

the test order. 
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Cleanup 

28. Remove batteries from the electronics bay. 

29. Inspect the landing area for debris. 

LANDING AREA IS CLEAR OF ALL TESTING DEBRIS 

Verification Signature: 

 

 

________________________________________ 

Safety Officer 

30. Confirm that all UAH test requirements have been met. 

31. Return the payload to the PRC Fab Shop. 

 

 


