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Team 46 Project Technical Report for the 2021 Spaceport America Cup 

Spencer H. Welland1, Jeremy R. Wagner2, Brett Voggelsang3, Harrison Boston4, Andrew Reeves5, and P. Douglas 
Knight Jr.6 

Lenoir-Rhyne University, Hickory, NC, 28601 

The Lenoir-Rhyne University Rocket Team has developed a carbon fiber airframe and 
deployable payload system to be flown in the 10k COTS category of the 2021 Spaceport 
America Cup. The LR Rocket Team’s competition mission includes launching a rocket to an 
altitude of 10,000ft and deploying a payload equipped with an autonomous grid fin course 
correction system. The payload will automatically deploy four grid fins upon ejection from 
the main vehicle at apogee and begin to guide itself toward a predetermined spot on the ground 
while under parachute. Research of miniaturized grid fin systems was focused on because of 
the potential to replace pressurized gas course correction systems and provide a lightweight 
alternative to course correction systems onboard cube sats and soft landers.   

Nomenclature 
φ1 = payload latitude 
φ2 = target latitude 
λ1 = payload longitude 
λ2 = target latitude 
d = distance between payload and target 
FDM = fused deposition modeling 
MSLA = mask stereolithography 
GPS = global positioning system 
FPV = first person view 
PCB = printed circuit board 
PLA = polylactic acid 
LED = light emitting diode 
CCTV = closed-circuit television 

I. Introduction 
 The Lenoir-Rhyne University Rocket Team recruits members most often from the Engineering Physics 
department, but students from the Biophysics, Mathematics, and Computer Science departments as well as others are 
also sought to ensure well-rounded skills in engineering, theoretical physics & mathematics, and programming. Much 
focus of the Engineering Physics program at Lenoir-Rhyne University is on engineering skills that students can use 
for industry applications after graduation, and since many students graduating from the program are interested in 
careers in the aerospace industry or similar, many work on the LR Rocket Team to gain experience with engineering 
projects in a group setting. To successfully compete at the high level required for rocketry competitions, the team is 
structured into two subgroups: Vehicle Propulsion & Recovery, and Payload. Team members participate in either or 
both groups depending on their particular interests, skills, and experience and work under the guidance of the Lead 
Vehicle Engineer or the Lead Payload Engineer. The two group leads meet with the faculty advisor as needed and 
hold weekly meetings with the team to discuss and assign deliverables, a meeting structure modeled after those of 
engineering startup companies so that students can be well prepared to enter careers in that type of environment. 

 
1 Lead Payload Engineer, Engineering Physics, 103 Oakland Ct, Valdese, NC, 28690. 
2 Lead Vehicle Engineer, Engineering Physics, 288 N Kelly St, Statesville, NC, 28677. 
3 Payload & Recovery Engineer, Computer Science, 445 11th Ave NE, Apt 39F, Hickory, NC, 28690. 
4 Payload & Vehicle Engineer, Engineering Physics, 1035 Bowman Ct, Taylorsville, NC, 28681. 
5 Payload Engineer, Mathematics, 132 Eastview St, Hudson, NC, 28683 
6 Professor & Faculty Advisor, Engineering Physics, 173 Backcreek Ln, Statesville, NC, 28677. 
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Following this management structure since the team was formed in 2016, the team has been able to successfully 
compete in multiple NASA Student Launch competitions and has now expanded its breadth of involvement to include 
two Spaceport America Cups. For the team’s performance in the 2021 Spaceport America Cup, the difficult task of 
developing a grid fin positional correction system (similar to methods employed by SpaceX to safely return boosters 
to the ground) for sounding rockets has been taken on. Due to a cancellation of the in-person 2021 Spaceport America 
Cup, the LR Rocket Team chose to complete a scoring flight on April 10th, 2021 with NC Rocketry at their Bayboro, 
NC launch site. 

 

II. System Architecture Overview 
 The launch vehicle configured for flight includes two carbon fiber body tubes with a 4in diameter and total length 
of 9.4ft. The 3.7ft booster section includes four G10 fiberglass trapezoidal fins and a 75mm motor mount. The  main 
vehicle parachute is stored between the top of the motor mount and the aft bulkhead. A 3D printed altimeter bay 
includes the aft bulkhead which holds black powder charges for separation and serves as a coupler between the booster 
and payload section. Above the altimeter bay coupler is the forward bulkhead which holds black powerder charges 
for payload deployment and vehicle drogue parachute followed by the cylindrical payload inside the 5ft payload 
section. Figure 1 depicts the vehicle configured for competition flight as designed in OpenRocket Simulator. 
 
 

 
Figure 1. A labeled OpenRocket Simulator representation of the main vehicle configured for competition flight. 
 
 
A. Propulsion Subsystem 

The vehicle utilizes a Cessaroni L-1115P motor, a commercially available solid rocket motor with a burn time of 
4.5s. It has a maximum thrust rating of 383.5lbs and an average thrust of 1119N  and total impulse of 5013 N/S. this 
should provide the lift for the 32lb rocket to reach an altitude of 10,300ft. The exit rail velocity is 110ft/s providing 
the vehicle with stable launch and a maximum velocity of 1017ft/s. The maximum Gs sustained during the mission 
is 12Gs. The total weight of the propellant is 5lbs. The forward closure of the motor casing contains a forged eye 
bolt 5/8in in diameter that connects to the recovery harness. The motor case is locked to the frame with an Aeropack 
Slimline Retainer secured with JB Weld to the aft section of the motor mount. The retainer ring screws into the 
airframe to prevent the motor from sliding out of the vehicle during recovery events. 
 
B. Aero-structures Subsystem 

The main vehicle is constructed from both FDM and MSLA 3D printed plastics and resins, carbon fiber tubing, 
Kraft phenolic tubing and G10 fiberglass. The airframe is constructed from 4in carbon fiber tubing with an inner 
diameter of 3.9in manufactured by Public Missiles. The transonic nose cone was printed with 1.75mm 
polycarbonate with temperatures of 290 centigrade at the nozzle and 105 centigrade at the bed on a modified 
Creality Ender 3. After printing, the nose cone was baked at 130 centigrade to relieve stress and produce an internal 
lattice structure to harden it against transonic heating. A seperate tracking bay mouned to the nose cone houses the 
pinger beacon and is fastened with three M3 screws that pass through the nose cone and are secured by brass heat-
set threaded inserts into the sled. Following the nose cone is a 5ft carbon fiber section of airframe fastened to the 
altimeter bay with three M3 screws into threaded inserts in the walls of the altimeter bay. The altimeter bay is 
printed from ABS plastic because of the lower shear factor compared to polycarbonate, allowing the altimeter bay to 

Payload Section Booster 

Payload Altimeter Bay Drogue Main Motor Tube 
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better absorb shock from the ejection charges. The altimeter bay is capped by two circular G10 fiberglass plates with 
forged eyebolts connected to the recovery harness. Two ¼ 20 threaded rods pass through the plates to cap the 
alitimiter bay ends and are tighted with nuts on either side. The ejection charges are housed in canisters that were 
printed with an MSLA resin printer using eSun Hard-Tough resin. The inner space where the charges sit are 
chamfered to more uniformly direct the gases upon detonation.  

Aft of the altimeter bay is a fincan section that consists of a 3.7ft carbon fiber airframe. Attached to the airframe 
are four G10 fiberglass fins cut on a CNC router. Fins were designed for through-wall construction and attached to 
the 75mm motor tube with 30 minute epoxy with a Cabosil addative. The fin tabs were pressed between two G10 
fiberglass centering rings and epoxied on the motor tube and both the inner and outer surfaces of the airframe. Fillets 
with 8mm radii were made with 30 minute epoxy and cabosil addative. Aft of the vehicle is an Aeropack Slimline 
retainer attached with JB Weld that secures the rocket motor via a threaded ring.  
 
C. Recovery Subsystem 

The main vehicle recovery system is located in the altimeter bay coupler with one Missile Works RRC3 and one 
Perfectflite Stratologger CF for redundancy. The RRC3 is programmed to deploy the drogue parachute at apogee + 2 
seconds and the main vehicle parachute at 800ft. The Stratologger deploys the drogue parachute at apogee + 3 
seconds and the main parachute at 780ft. The 60in nylon main parachute is attached to a 25ft shock cord. The 24in 
nylon drogue parachute is attached to a 20ft shock cord. Attached to the nose cone is an 18in nylon parachute to 
ensure safe recovery as it separates from the vehicle completely during payload deployment. The payload utilizes a 
48in Rocket Man annular parachute to maintain a 60ft/s decent velocity so the fins are able to have an appreciable 
effect on position. 
  Tracking devices include GPS trackers or pingers in each piece that fully separates from the vehicle including 
one Big Red Bee Beeliner Tx pinger in the nose cone and one Big Red Bee 70cm 100mw GPS/APRS Transmitter in 
both the altimeter bay of the main vehicle and in the payload. Both pingers and trackers are used for the mission 
primarily due to financial limitations with these devices being conveniently on hand and known to be reliable. Yagi 
antennas configured for both the 70cm and 2m band were used with Yaesu FT1DX dual band transceivers to receive 
APRS packets from the GPS and pinger signals.  
 
D. Payload Subsystem 

The payload subsystem includes a deployable cylinder 36in in length constructed from Kraft phenolic 4in diameter 
coupler and PLA 3D printed components. The payload contains an autonomous grid fin positional correction system 
that directs the payload toward a landing point determined prelaunch and a separate FPV camera system manufactured 
by AKK. The grid fin system includes four 3D printed PLA grid fins, four HobbyKing servoless steerable landing 
gear retract mechanisms with metal trunions (henceforth referred to as “deployment motors''), four HiTech HS-225MG 
servo motors, one Arduino Uno R3, one Arduino Mega, two Adafruit Ultimate GPS Logger Shields, two photoreceptor 
circuits, and one custom milled PCB with 10K Ohm pull-down resistors. An Altus Metrum TeleMega v4.0 was 
originally going to be used as the payload flight computer but was not included due to inability to successfully integrate 
it into the grid fin system on a reduced timeline.  

Brass heat-set threaded inserts embedded in each grid fin receive a set screw that tightens the fin onto a flat on the 
deployment motor central shaft. Du-Bro Nylon Kwik-Links connect the deployment motor trunion to a servo that sits 
directly above it so that the fin can be rotated to affect payload position. Photoreceptors situated behind two opposite 
grid fins detect light (i.e. when the payload has separated from the main vehicle) to trigger fin deployment. A blue 
LED visible from the outside of the payload blinks at a frequency of 1Hz to indicate the system is in undeployed status 
or at a frequency of 5Hz to indicate deployed status. Originally, small magnets placed in the ends of the grid fins 
would be sensed by magnetometers embedded in the vehicle body under the retracted grid fins. When the fins deploy, 
a magnetic field differential would be sensed by the magnetometers to verify grid fin deployment. This deployment 
verification feature was not present for the scoring flight due to inability to integrate it into the payload on a reduced 
timeline. Power is supplied to the grid fin system by a 2 cell Tattu 7.4V 800mAh LiPo battery.  

The payload course correction program was written using the Arduino IDE using an Adafruit GPS library sample 
program as the foundation. With one GPS shield placed on the Mega, one on the Uno, and photoreceptor circuits wired 
to both, the Uno records photoreceptor and GPS data using the shield SD card slot and the Mega logs a second data 
set, deploys grid fins and uses GPS measurements to make course corrections. Latitude and longitude measurements 
and target position coordinates are input into equation (1) to compute the distance between the payload and the target.  
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This difference is then compared to a cutoff value resulting in grid fin rotation if it is larger or no rotation if it is 

smaller. For latitude position corrections, the longitude component in the formula is set as a constant equal to the 
longitude of the target. For longitude position corrections, the latitude component is set as a constant equal to the 
target latitude. This allows all 4 grid fins to participate in course correction instead of just one set of fins at a time. 
This process loops every 2 seconds to minimize the distance between the target and payload until landing and 
concludes after a constant altitude measurement for 5 seconds to ensure the payload has touched down. 

A camera and tracking sled located at the bottom of the payload houses both the GPS tracking system and the FPV 
camera. The camera is a stationary (no gimbal) CCTV drone camera that is placed at the bottom of the payload pointing 
toward the ground through a clear Lexan polycarbonate bulkhead. The camera system streams video and a secondary 
telemetry package isolated from the rest of the payload systems to the ground station throughout the entire mission 
for cross reference with the microcontroller recorded data. The camera is a standalone system not reliant on the 
microcontrollers. The payload GPS and camera systems are powered by a 1 cell 7.4V 300mAh LiPo battery.  
 

III. Mission Concept of Operations Overview 
Preflight 

1. Complete assembly and preflight checklists 
Pad Setup 

1. Complete launch checklist 
Ignition 

1. FIRE signal sent to ignitor 
2. Propulsion system comes up to pressure 

Liftoff 
1. Ignited motor creates initial vertical motion 
2. Vehicle travels up launch rail until aft rail guide clears the rail 

Powered Ascent 
1. Thrust propels vehicle upward 
2. Motor burns out 

Coasting Ascent 
1. Vehicle coasts up to point just before apogee 

Payload Deployment 
1. Altimeter causes detonation of payload ejection charges at apogee 
2. Charges shunt payload against vehicle nose cone 
3. Vehicle nose cone ejected and recovery parachute opens 
4. Payload ejected from vehicle 
5. Payload parachute opens 
6. Vehicle drogue parachute pulled out with velcro attached to bottom of payload 
7. Vehicle drogue parachute opens 

Grid Fin Deployment 
1. Photoreceptor detects light 
2. Photoreceptor measurement registered as greater than 250 (range between 0 and 1023) 
3. Microcontroller waits for 2 seconds so payload parachute has time to fully open and move away from fins 

to minimize risk of entanglement 
4. Microcontroller sends DEPLOY signal to all deployment motors 
5. All deployment motors activate to deploy grid fins 
6. Payload exits UNDEPLOYED status 

(1) 
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7. Blue LED stops flashing at 1Hz 
8. Payload enters DEPLOYED status 
9. Blue LED starts flashing at 5Hz 

Payload Guidance 
1. New GPS measurement taken by shield 
2. Measured latitude and longitude input into equation (1) to calculate distance from target 
3. Photoreceptor measurement, GPS measurement, distance from target, and payload status written to .csv file 

on SD card 
4. SD card flushed 
5. Distance from target compared to cutoff value (50 meter radius around target) 
6. If distance from target is greater than cutoff value, latitude/longitude fins rotate to apply course correction 
7. Steps 1 - 6 repeated every 2 seconds until altitude is measured as constant for 5 seconds 
8. If constant altitude is measured for 5 seconds, payload exits DEPLOYED status 
9. Payload enters TOUCHDOWN status 
10. Payload detaches all servo and deployment motors to prevent damage from fin retraction in the case of 

obstruction 
Main Vehicle Recovery 

1. Altimeter detects altitude of 800ft 
2. Altimeter triggers detonation of vehicle separation charges 
3. Main parachute opens 
4. Vehicle descends until it touches down 

Main Vehicle Retrieval 
1. Lead recovery engineer and vehicle engineers retrieve vehicle with aid of Yaesu transceiver  
2. Deactivate vehicle electronics 

Payload Retrieval 
1. Alternate recovery engineer and payload engineers retrieve payload with aid of Yaesu transceiver 
2. Payload is moved away from any obstruction 
3. Lead payload engineer uploads recovery program to microcontroller via external microcontroller access 

port 
4. Fins retracted with a command input through the Arduino IDE serial monitor 
5. Payload electronics deactivated 

Nose Cone Retrieval 
1. Recovery engineer and vehicle engineers retrieve nose cone with aid of Yaesu transceiver 

 
 
  

 Payload 
Deployment 

Payload 
Guidance 

Powered 
Ascent 

Coasting 
Ascent 

Figure 2. CONOPS diagram. 
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IV. Conclusion 
Original mission objectives included implementation of a two-stage SRAD hybrid motor and a payload equipped 

with a grid fin course correction system in the 10k SRAD category, but was altered after switching to the 10k COTS 
category per ESRA recommendation. Throughout the design, manufacture, and testing process, both the main 
vehicle and payload went through major changes. The main vehicle was significantly reconfigured to deliver the 
payload to 10,000ft using a single stage COTS motor instead of the original two-stage SRAD system. There was a 
central passage through the payload enclosing all wires and cables, however it was removed because there was no 
effective way to secure batteries to the unit. Multiple iterations of custom deployment mechanisms were considered 
until the team finally settled on a proven system in the form of commercially available model aviation landing gear. 
The PCB that was used in payload electronics was redesigned over fifty times because of inexperience with custom 
PCB development and fabrication. Finally, the greatest challenge in payload development proved to be a 
programming and electronic hardware problem that caused the servo motors to oscillate around their axis of rotation 
instead of rotating to a location and remaining there. The source of the problem was identified as a signal from the 
GPS shield as it updated NMEA received packets permeating through the electrical system. This issue was 
eventually solved by looking at it from a “need to know” perspective, as the payload engineers simply decided to 
only show the servos signals required for minimum function by deactivating them at the end of each loop and 
reactivating them at the beginning of the next loop, effectively making the problematic signal invisible to the servos 
as they would only activated between pulses. A major lesson learned from the challenges faced during this project is 
to reduce complex problems that don’t have immediate and obviously apparent solutions down to simpler problems 
that are easier to solve as much as possible. If a problem can be made to look like a familiar one that has been solved 
in the past, it becomes easier to solve this new problem or move past this new challenge. Using a toolbox of problem 
solving skills put together from experience is one of the best ways to approach new challenges and keep pushing the 
edge of knowledge further and further. 

During preflight payload assembly, the PCB was damaged beyond repair so it was replaced with a bread board to 
which wires were secured with silicone caulk. Electronics were able to be powered on and take data, but the 
deployment motors would not work with the reconfiguration, so the payload was flown without autonomous 
guidance. Plans to fabricate a new PCB and fly again the next day were arranged, but due to significant weather 
cock putting vehicle was over dense tree coverage when it deployed the payload and a complete failure of all 
tracking systems resulted in a failure to recover the main vehicle, payload, and nose cone. Time spent searching was 
eventually exhausted, so no flight data was able to be analyzed and no second scoring flight was possible. To 
eliminate this failure point in the future, multiple flight-ready PCBs will be on hand for the flight and Featherweight 
GPS Trackers will be used in each section and multiple student engineers will receive rigorous training on the use of 
such devices by a HAM certified individual. 

Overall, the entire process of working on a complex engineering project no doubt meaningfully augmented the 
knowledge and engineering skills of students at Lenoir-Rhyne and presented a great opportunity to enjoy the 
excitement associated with high-powered rocketry. Because many team members graduated this year, legacy 
documents have been created to ensure future LR Rocket Team cohorts can easily hit the ground running by 
reducing the steepness of the learning curve for new members. Some of these legacy items include a Coloring and 
Wiring Standards Guide, standard preflight checklist templates for vehicle, recovery, and payload, simplified 
operation manuals for PCB mills, 3D printers, CNC routers, and laser cutters, and detailed instruction manuals for 
building Level 1 rockets from kits prepared by exiting members. Establishing such items enables future LR Rocket 
Teams to build upon the work that has been done the past two years and continue to advance the team and STEM 
programs at Lenoir-Rhyne University ever forward. Despite the cancellation of the in-person 2021 SA Cup and 
failure to recover the vehicle, the team still came together to work toward the common goal of building, flying, and 
enjoying rockets and looks forward to the adventure still to be unlocked with further advancements in sounding 
rocket research. 
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Appendix A. System Weights, Measures, and Performance Data 
 

Number of stages 1 
Vehicle Length 113in 
Airframe Diameter 4in 
Number of Fins 4 
Fin Semi-span 3.2in 
Vehicle Weight 10.9lbs 
Empty Motor Case Weight 4.43lbs 
Propellent Weight 5.2lbs 
Payload Weight 9lbs 
Liftoff Weight 32lbs 
Center of Pressure 81.5in 
Center of Gravity 65.7in 
Propulsion Type Solid 
COTS, SRAD, or Combination COTS 
COTS Motor Cesaroni L1115-P 
Motor Class L 
Average Thrust 1119N 
Total Impulse 5103Ns 
Motor Burn Time 4.48s 
Launch Rail Length 17ft 
Liftoff Thrust-Weight Ratio 8.4:1 
Launch Rail Departure Velocity 109ft/s 
Min Static Margin During Boost 2.5 
Max Acceleration 11.9G 
Max Velocity 1010.5ft/s 
Target Apogee 10,000ft 
Predicted Apogee 10,515ft 

Table 1. Vehicle and motor specifications. 
 

COTS Altimeter Marsa 33 
Redudant Altimeter Missileworks RRC3 
Drogue Primary/Backup Charges 6g, 7g 
Drogue Deployment Altitude 9,900ft 
Drogue Descent Rate 60ft/s 
Main Primary/Backup Charges 3g, 3.5g 
Main Deployment Altitude 800ft 
Main Descent Rate 18ft/s 

Table 2. Vehicle recovery specifications 
 

Table 3. Payload specifications. 
  

Payload Weight 9.2lbs 
Payload Length 36in 
Payload Deployment Altitude 10,382ft 
Payload Recovery System Annular Parachute 
Payload Decent Rate 60ft/s 
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  Sample 1   Sample 2   Sample 3   Sample 4   
Fin Material                  
Shear Modulus 
(psi) G 380,000  155,000  1,115,692  155,000  
          
Fin Geometry          
Thickness (in) t 0.196  0.196  0.196  0.196  
Root Cord (in) Cr 10.063  10.063  10.063  10.063  
Tip Cord (in) Ct 4.803  4.803  4.803  4.803  
Semi Span (in) b 2.96  2.96  2.96  2.96  
          
Fin Area (sq 
in) S 22.0  22.0  22.0  22.0  

Aspect Ratio 
A
R 0.398  0.398  0.398  0.398  

Taper Ratio l 0.477  0.477  0.477  0.477  
          
Temperature 
& Pressure          
Altitude at Max 
Speed h 3000  1000  2500  1800  
          
Air Pressure 
(psi) P 13.19  14.19  13.43  13.78  
Tempature (F) T 48.3  55.4  50.1  52.6  
Speed of 
Sound (f/s) a 1105  1113  1107  1110  
          
Flutter 
Boundry 
Equation  (f/s) (mph) (f/s) (mph) (f/s) (mph) (f/s) (mph) 
Flutter 
Boundry 
Speed Vf 3163 2156 1961 1337 5379 3668 1984 1353 
Safety Factor  80%  110%  80%  80%  
              
Max Safe 
Speed  2530 1725 2157 1471 4303 2934 1587 1082 

Table 4. Fin flutter analysis. 
 
 

Grid Fin 
Number  

Length 
(in) 

Pattern-Grid 
Size (in) 

Setup Angle 
(degrees) 

Test 1 in 
(lbs)  

Test 2 in 
(lbs)  

Test 3 in 
(lbs) 

Average 
(lbs)  

3 4" .6" 35 0.58  0.6 0.6 0.59 
4 4" .75" 35 0.58 0.58 0.6 0.59 
5 5" .6" 35 0.66 0.66 0.64 0.65 
6 6" .6" 35 0.66 0.68 0.7 0.68 
7 4" .5" 35 0.58 0.56 0.58 0.57 

Table 5. Grid fin wind tunnel performance.  
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Figure 3. Vehicle stability as a function of time. 
 

 
Figure 4. Vertical motion of vehicle as a function of time. 
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Appendix B. Hazard Analysis 
 

Lenoir-Rhyne 
Rocketry 
Team Team # 
46 

How to train your bear 05/01/2021 

   

Hazard Issues mitigation methods 

Solid Rocket 
Engine 

Solid rocket motor is an Ammonia 
perchlorate (APCP) based motor. Improper 

handling can be explosive. 

Only members with a lv1 or higher Tripoli/NAR 
certification may interact with the motor grains and 

motor assembly. 

Ejection 
Charges 

Ejection charges are crafted from FFFF 
black powder. While safe in handling away 
from heat sources, there are risks to team 
members who do not know the handling 

procedures. 

All ejection charge construction should be 
performed under the eyes of the checklist manager. 
No electronics shall be connected to power sources 

while loading charges. 

Battery Systems Improper handling of LiPo batteries 
presents a risk of fire and injury. 

All batteries shall be stored in their designated 
storage container until integration with the altimeter 
bay and the payload. No sharp tools such as knives 
or screwdrivers shall be used around the LiPo cells 

to reduce risk of injury. 
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Appendix C. Risk Assessment 
 

Lenoir-Rhyne 
Rocketry Team 

#46 
How to train your bear 03/15/2021   

     

Hazard Possible causes Risk of mishap and 
rational Mitigation plan 

Risk of 
injury 
after 

mitigation 

Explosion of 
solid-propellant 

rocket motor 
during launch with 

blast or flying 
debris causing 

injury 

Cracks in propellant grain, 
debonding of propellant 
from wall, gaps between 
propellant sections and/or 

nozzle, chunk of 
propellant breaking off 

and 
plugging nozzle, motor 
case unable to contain 

normal 
operating pressure, motor 
end closures fail to hold. 

Low; COTS motor 
system from CTI 

Visually inspect motor 
casing and grains for cracks 
or fractures, ensure that all 

seals are sufficiently greased, 
only essential personnel at 

launch pad. 

Low 

Rocket deviates 
from nominal 

flight path, comes 
in contact with 

personnel at high 
speed 

Rocket fails to gain 
sufficient rail velocity 
upon exit, rail mounts 

crack upon pressurization 
of motor, rocket follows 
horizontal flight path in 

coast phase 

Med; 17ft launch rail 
provides adequate time 
for full pressurization, 

however due to the nose-
heavy nature of the 

rocket, design there is 
heightened risk of 

weather cocking in the 
coast phase. 

Ensure that rail guides are 
epoxied and through-bolted 

to the vehicle, monitor 
higher deck winds for the 

coast phase. 

Med 

Recovery system 
fails to deploy, 

rocket or payload 
comes in contact 
with personnel 

Parachutes get burned, 
ineffective during 
recovery events, 

electronics failure during 
flight, payload GPS fails, 

partial deployment of 
payload or vehicle drogue. 

Low; all parachutes that 
come in contact with 
ejection charges are 

wrapped in nomex sheets 
to prevent burns. Vehicle 

recovery system has 2 
independent flight 

computers and backup 
charges for redundancy. 

Orient the drouge below the 
payload so that it helps eject 
payload, ensure that there is 
a light hook and pile tab on 
the payload to the nomex 

sheet protecting the vehicle 
drogue to ensure that drogue 

is deployed. 

Low 

Recovery system 
partially deploys, 
rocket or payload 
comes in contact 
with personnel 

Payload gets lodged in the 
breach, drouge deploys 

but main fails. 

Med; payload weight 
and length can lead to 

lodging if payload 
deployment detonation 
chamber insufficiently 

pressurized. 

Ensure payload ejection 
charges are 6g for main and 
7g for backup, ensure main 

deployment wiring is secure, 
lubricate payload with dry 
lubricant such as graphite 

dust, provide 
depressurization hole on 

payload section airframe to 
prevent vacuum lock 

Low 
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Recovery system 
deploys during 

assembly or 
prelaunch, causing 

injury 

Pilot holes for altimeter 
get covered during 

loading, altimeters armed 
during assembly. 

Low; charges cannot be 
ignited due to screw 

switches being removed 
until rocket is installed 

on launch rail. 

Remove screw switch 
screws, ensure that pilot hole 

is 180 degrees from the 
screw switch bay and only 

handle the airframe for 
leverage. 

Low 

Main parachute 
deploys at or near 
apogee, rocket or 
payload drifts to 
unsafe area(s) 

Programing/wiring error 
deploys main at apogee, 

GPS unit on payload fails. 

Med; checklist name 
wiring procedure, GPS 
unit is housed in carbon 
fiber airframe negating 

signal. 

Follow checklist instructions 
for wiring diagrams, allow 
GPS to acquire satellites 

prior to loading into payload 
bay. 

Low 

Rocket does not 
ignite when FIRE 
command is given 
(“hang fire”), but 
does ignite when 
team approaches 
to troubleshoot 

Motor grains absorb 
water. 

Low; grains stay locked 
in a climate controlled 
safe until loading into 

motor case. 

Only team mentor and Lead 
Vehicle Engineer will 

approach pad in the event of 
a hang fire and perform care 
in accordance with Tripoli 

guidance. 

Low 

Rocket falls from 
launch rail during 

pre launch 
preparations, 
causing injury 

Rail guides break/ 
improperly attached 

Low; rail guides are 
epoxied via 20 min 

epoxy and through wall 
attached to a nut to 

prevent separation from 
airframe. 

Upon mounting and curing 
of rail guides, attach rocket 
to a rail and perform shake 
test. Ensure rocket is lifted 

and bearing all weight on rail 
guides. 

Low 
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Appendix D. Assembly, Preflight, and Launch Checklists 
 
Assembly 

1. Nose Cone Parachute 
a. Fold nose cone parachute 
b. Wrap nose cone parachute in chute protector 
c. Tape closed with masking tape  
d. Attach parachute to nose cone 
e. Reef Lines if necessary 

2. Main Parachute 
a. Fold Main Parachute 
b. Wrap Main Parachute in Chute protector 
c. Tape closed with masking tape 
d. Attach Main Parachute to Main Shock Cord 

3. Drogue Parachute 
a. Fold Drogue Parachute 
b. Wrap Drogue in Chute Protector 
c. Tape Closed with masking tape 
d. Attach Drogue Parachute to Drogue Shock Cord 

4. Payload Parachute  
a. Fold Payload Parachute 
b. Wrap Parachute in Chute Protector 
c. Tape Closed with masking tape  
d. Attach parachute to Payload  

5. Add a D-Ring to aft-end of main shock chord 
6. Build Motor 
7. Install Motor  
8. Install Motor Retention Ring 
9. Attach Main Shock Cord to aft-end of Vehicle  

a. Reef  Lines 
10. AFTER Altimeter bay is put together (Ensure proper orientation before inserting into Body Tube) 

a. Attach Main Shock Cord to Altimeter Bay 
b. Install Altimeter Bay to fin can  

11. Install Shear Pins in Fin Can and Altimeter Bay 
12. Attach Drogue Shock Cord to Altimeter Bay 

a. Reef Lines if needed 
13. Attach Droge Shock cord to Payload Section (ONLY IF THIS IS ORIENTATION OF THE VEHICLE) 

a. Reef Lines if needed 
14. Slide Altimeter bay into Upper Section  
15. Secure Altimeter bay to upper section with bolts 
16. Slide Payload into Upper Section 
17. Pack Nosecone parachute into upper section  
18. Install Nosecone into upper section 
19. Review flight profile and verify CP, CM, and expected altitude  
20. Sign the fins (if the team wants) 
21. After RSO verifies safety of entire vehicle, make sure to grab a couple of pictures with the entire team 

(including the vehicle) 
22. Head to the pad (WITH THE VEHICLE) 

 
Preflight  
 
Altimeter Bay 

1. WIRES SHOULD BE ATTACHED TO ALTIMETER(S) BEFORE SHOWING UP TO LAUNCH SITE 
2. Check Battery Voltage 
3. Verify Altimeter setup 
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a. Things to check on ALL altimeters:  
i. Arming Altitude: 

ii. Main Altitude:  
iii. Drogue Delay: 
iv. Siren Delay (if applicable):  
v. Telemetry (if applicable):  

vi. Main Wiring (colors for all wires): 
vii. Drogue Wiring (colors for all wires):  

viii. Type of switch (color if needed):  
ix. Pull Test all wires:  

Verify Igniter Continuity  
Measure Charges 

a. Log all charge sizes for main and backup:  
Insert Charges to charge wells 
Color Code ALL charge wells via tape 

a. Log charge well color and size (Ex. RRC3 Drogue Charge Size: 6.0 grams, Red tape covering 
well): 

After RSO Verification, put altimeter bay together and insert into vehicle when ready 
DO NOT TURN ON ALTIMETER(S) UNTIL VEHICLE IS ON PAD  

 
Payload 

1. Place payload on work bench 
2. Remove phenolic cover with parachute 
3. REVIEW ALL ELECTRONICS WIRING 
4. Plug in battery 
5. Ensure light sensor & deployment motors are functioning properly 
6. Unplug battery 
7. Remove SD card to ensure data is writing properly 
8. Review SD card file 
9. Replace SD card into electronics 
10. Cover light sensor 
11. Plug in battery 
12. Ensure that payload is in waiting period (1Hz blue LED blink) 
13. Replace phenolic cover 
14. Load Payload into vehicle when ready  

 
Launch 
 

1. SLOWLY load vehicle onto launch rail  
2. Ensure vehicle is safely vertical  
3. Remove screw switch cover 
4. Screw in both main and backup screw switches  
5. Listen to altimeter chirps to ensure proper programming 
6. Cover screw switches  
7. Fasten screw switch cover with Electrical tape  

a. Do not cover any holes with the tape  
8. Fully insert igniter into motor  
9. Step away from launch pad 
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Appendix E. Engineering Drawings 
 

 



 
Experimental Sounding Rocket Association 

 
 

 

17 

 



 
Experimental Sounding Rocket Association 

 
 

 

18 

 



 
Experimental Sounding Rocket Association 

 
 

 

19 

 

352-(&7

7,7/(

'5$:1

&+(&.('

$33529('

6&$/( :(,*+7 6+((7

':*�12 5(9&2'(6,=(

������+DUULVRQ�%RVWRQ

$�

$GPLQ�3URMHFW
*ULG�)LQ�����



 
Experimental Sounding Rocket Association 

 
 

 

20 

 

352-(&7

7,7/(

'5$:1

&+(&.('

$33529('

6&$/( :(,*+7 6+((7

':*�12 5(9&2'(6,=(

������+DUULVRQ�%RVWRQ

$�

$GPLQ�3URMHFW
*ULG�)LQ�����

6

.85

.6

1.4

2

.6
.04.1 Ø3.9

.42



 
Experimental Sounding Rocket Association 

 
 

 

21 

 

PROJECT

TITLE

DRAWN

CHECKED

APPROVED

SCALE WEIGHT SHEET

DWG NO REVCODESIZE

1/21:15/14/21Harrison Boston

A 

Payload 2021 SA Cup

Deployment Bulkhead



 
Experimental Sounding Rocket Association 

 
 

 

22 

 

PROJECT

TITLE

DRAWN

CHECKED

APPROVED

SCALE WEIGHT SHEET

DWG NO REVCODESIZE

2/21:15/14/21Harrison Boston

A 

Payload 2021 SA Cup

Deployment Bulkhead

1.3
.8

.3

1.18

.38

.59

.26

3.75

.7

.1
.6

.85

Ø.26

.42

.67

.58



 
Experimental Sounding Rocket Association 

 
 

 

23 

PROJECT

TITLE

DRAWN

CHECKED

APPROVED

SCALE WEIGHT SHEET

DWG NO REVCODESIZE

1/31:15/13/21Harrison Boston

A 

Payload 2021 SA Cup

Servo Bulkhead



 
Experimental Sounding Rocket Association 

 
 

 

24 

 

PROJECT

TITLE

DRAWN

CHECKED

APPROVED

SCALE WEIGHT SHEET

DWG NO REVCODESIZE

2/31:15/13/21Harrison Boston

A 

Payload 2021 SA Cup

Servo Bulkhead

Ø3.75

.42
.78

Ø.9

Ø.26

.62

.95

.4

1.1

.3

.27



 
Experimental Sounding Rocket Association 

 
 

 

25 

 
  

PROJECT

TITLE

DRAWN

CHECKED

APPROVED

SCALE WEIGHT SHEET

DWG NO REVCODESIZE

3/31:15/13/21Harrison Boston

A 

Payload 2021 SA Cup

Servo Bulkhead



 
Experimental Sounding Rocket Association 

 
 

 

26 

 
 

 

PROJECT

TITLE

DRAWN

CHECKED

APPROVED

SCALE WEIGHT SHEET

DWG NO REVCODESIZE

1/21:15/14/21Harrison Boston

A 

Payload 2021 SA Cup 

Top Bulkhead for Servos



 
Experimental Sounding Rocket Association 

 
 

 

27 

 

 
Figure 5. Full payload without external shrouds, deployment motors, servos, and other electronics. 
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Figure 6. Arduino Mega wiring diagram. 
 

 
Figure 7. Altimeter wiring diagram. 

  
  


