
Title 

11 Lenoir-Rhyne University 

IMPORTANT 
Your title field above should be in the following format: 

TEAM ID & UNIVERSITY - FULL formal/legal name (no dashes) 

e.g. "1 Arizona State University, Tempe" 

e.g. "29 Oklahoma State University" 

 

Please change your Title by going to the link below if noncompliant: 

https://www.herox.com/SpaceportAmericaCup2020 

 

Rocket/Project Name 

How to Train Your BEAR: Papa Bear(main rocket) & Baby Bear(drop rocket) 

University City/Province and Country 

Hickory, North Carolina, United States 

Project Start Date 

2019-08-26 

Category 

10k - COTS - All Propulsion Types 

Is this a category change from previous submission? 

No 

Student Lead 

Jeremy Wagner / jeremy.wagner@my.lr.edu / 980-685-3699 

Alternate Student Lead 

Kaleb Davis / kaleb.davis@my.lr.edu / N/A 

Faculty Advisor 

Doug Knight / douglas.knight@lr.edu / 336-909-1711 

Alternate Faculty Advisor 

https://www.herox.com/SpaceportAmericaCup2020
mailto:jeremy.wagner@my.lr.edu
mailto:kaleb.davis@my.lr.edu
mailto:douglas.knight@lr.edu


N/A 

Mailing Address for Awards 

LRU BEAR Club 

c/o Doug Knight 

Lenoir-Rhyne University 

625 7th Ave NE 

Hickory, NC 28601 

Team mentor 

Doug Knight 

Social Media Site(s) 

https://www.instagram.com/lru_rocketry/ , https://twitter.com/LRU_Rocketry , https://www.faceb

ook.com/LRBalloonTeam/ 

Number of previous IREC competition(s) has your team competed? 

0 

Demographic Data 
This is all members working with your project including those not attending the event. This will 

help ESRA and Spaceport America promote the event and get more sponsorships and grants to 

help the teams and improve the event. 

 

Any changes to the team composition since last report? 

None 

STEM Outreach 
Describe any activities that your team leads or participates in that helps your local community 

with Science, Technology, Engineering or Math enrichment. 

 

STEM Outreach Events 

The Lenoir-Rhyne BEAR Club sponsored a water rocketry build/fly day for fifth graders at 

Gamewell Elementary School. Gamewell Elementary School hosted the Lenoir-Rhyne BEAR Club 

last year when members assisted in the building and flying of bottle rockets for fifth grade 

https://www.instagram.com/lru_rocketry/
https://twitter.com/LRU_Rocketry
https://www.facebook.com/LRBalloonTeam/
https://www.facebook.com/LRBalloonTeam/


students. The event this year was held on February 28 and was definitely a success. The students 

were introduced to rocket science related to stable water rocket flight with safety and water 

rocket engineering demonstrated. The flight portion of the day was the most enjoyable for both 

students and the Lenoir-Rhyne BEAR Club. 

 

University Convocation: 

The Lenoir-Rhyne BEAR Club has organized a university convocation with the hopes of 

introducing rocketry, with a build and fly convocation, to the general student populace at 

Lenoir-Rhyne University. The university requires students to complete a certain number of these 

extracurricular enhancement convocations in order to create a better-rounded student. The 

BEAR Club has taken this opportunity to display what the engineering physics program has to 

offer the university. The first convocation was held on January 31 and was well attended. The 

students were presented previous work of the rocket team, rocket related physics and how to 

build the rockets passed out at the end of the convocation. Due to weather, the flight date has 

been moved to now the second week of April. A second event is scheduled for March 26 and 

will build off of what was presented at the January 31 event, including the flight of other several 

small scale model rockets to demonstrate what the team will be doing on a much larger scale 

for the Spaceport America Cup. 

Rocket Information 
Overall rocket parameters 

 

Number of stages 

1 

Airframe Length (inches) 

117 

Airframe Diameter (inches) 

4 

Number of fins 

4 

Fin Semi-span (inches) 

4.25 

Vehicle weight (pounds) 



18 

Empty motor case/structure (pounds) 

4.43 

Propellent weight (pounds) 

5.28 

Payload weight (pounds) 

9.0 pounds 

Liftoff weight (pounds) 

36.7 

Center of Pressure (inches) 

94.88 

Center of Gravity (inches) 

72.44 

Rocket construction narrative/ additional information 

The body of the main rocket will be predominantly carbon fiber from Public Missiles. The fins 

will be made of G10 fiberglass that is .15 inches thick. The fins will use through the wall fin 

mounting to the motor mount tube along with copious fin fillets for adhesion to the body of the 

rocket. Fins will have be beveled to create an airfoil on the leading edge. The nose cone will be 

made of polycarbonate/carbon fiber filament with a PEEK nose tip. The nosecone has a thickness 

of 3 mm and is full infill for this print. The shoulders of the nosecone will be 3 inches. The 

couplers of the main rocket are carbon fiber as well and purchased from Public Missiles. The 

motor mount is phenolic with three fiberglass center rings with threaded rods attaching all 

centering rings together. The rear retention of the motor will be performed using a Aeropack 75 

mm retainer JB Welded to the phenolic motor mount tube. The shock cord will be tubular nylon 

with a tensile strength of 200 0 lbs with a melting point of 380 F. The length of the drogue shock 

cord is 15 feet, the length of the main shock cord is 25 feet. The shock cord for the drop rocket 

is 800 lb Kevlar and is 15 feet long. U bolts will be used to attach the shock cord to rocket 

components. 15 minute epoxy will be used for construction of the rocket. Rail buttons will be 

nylon 1515 buttons standard for use in high power rocketry and epoxy and bolted to the rocket 

frame. The altimeter housing will be 3D printed and attached to the body tube using bolts 

through threaded inserts in the 3D printed material. 



Propulsion System 
For 2-stage projects - Use the following fields to describe the booster. Add sustainer 

information in the Propulsion Narrative field. 

 

Cluster Projects - Use the following fields to describe the largest one of the motors and provide 

the same level of detail in the Propulsion Narrative for additional motors. 

 

Motor cluster? 

NA 

Propulsion Type 

Solid 

COTS, SRAD, or Combination 

COTS 

Propulsion Manufacturer 

Ceseroni 

Motor Letter Classification 

L 

Average Thrust (N) 

1115 

Total Impulse of all Motors (Ns) 

5015 

Motor Burn Time (s) 

4.5 

Propulsion Narrative 

COTS Solid, CTI, L, 5015Ns, 1115N 

Switches and Arming Electronics 
 



Switches 

Arming switches are mechanical screw switches 

Redundancy 

Each recovery system has a backup system for redundacy. At apogee, a drogue from the rocket 

will be deployed along with the "drop rocket" from the breach body tube. This will be handled 

by a MissileWorks RRC3 altimeter as the main and the Stratogger CF as the backup. Each will be 

programmed to blow their respective charge at apogee. 

 

The drop rocket will deploy a reefed parachute at apogee + 6 seconds from the rear of the 

rocket. This will be deployed by a MissileWorks RRC3 and a MARSA 33 altimeter with the RRC3 

being the main altimeter and the MARSA 33 being the backup. 

At 1000 feet, the drop rocket's reefed parachute will be fully deployed via a Jolly Logic Chute 

Release Mechanism. 

 

The rocket will deploy the main parachute at 2500 feet via the MissileWorks RRC3 altimeter and 

the Stratalogger CF with the RRC3 as the main altimeter and the Stratalogger CF as the backup. 

COTS Staging Electronics 

n/a 

Arming Sequence 

Arming sequence will be from top down as follows: breach launched payload, via a through air 

frame port hole to access a mechanical screw switch; altimeter bay via a removable panel the 

will provide access to two mechanical screw switches; aft payload computer will be armed via 

key switch. 

Switches and Arming Electronics Narrative 

The Lenoir-Rhyne rocketry team will be using mechanical screw switches for all recovery 

operated systems. This provides the highest degree of fidelity and lowest failure point. 

Predicted Flight Data and Analysis 
The following stats should be calculated using rocket trajectory software or by hand. 

 

Pro Tip: Reference the Barrowman Equations, know what they are, and know how to use them. 

 

Launch Rail 



ESRA Provided Rail 

Rail Length (feet) 

17 

Liftoff Thrust-Weight Ratio (X:1) 

7.9:1 

Launch Rail Departure Velocity (feet/second) 

106 

Minimum Static Margin During Boost 

3.5 

Maximum Acceleration (G) 

11 G 

Maximum Velocity (feet/second) 

973 

Target Apogee (feet AGL) 

10,000 ft 

Predicted Apogee (feet AGL) 

10,400 

Flight simulation file 

Updated 12_11_19_Full Scale 2020 master.ork 

Flight Profile Graph 

IREC flight data.pdf 

Predicted Flight Data Narrative 

OpenRocket is our main source of flight simulation. The rocket will launch with motor burnout 

occurring at approximately 4.5 seconds after liftoff. 

Payload Information 

https://www.herox.com/protected/109/620111/file:ZJUV8_dEzO76VOjf8JUNFUEHsqWVVDlrV9f9HJ5RPRo
https://www.herox.com/protected/109/620112/file:iZnjNlg_DX52CbCM4ka2iEXClPd2gIIBCG1ufBN3ImQ


NOTE: To compete in the SDL Payload Challenge, you MUST follow the instructions on the 

Spaceport America Cup Documents and Forms Page. Information provided here is for ESRA 

purposes only. 

 

See http://www.soundingrocket.org/sa-cup-documents--forms.html 

 

Payload - Deployed or Attached 

Deployed 

Deployed Payload - Deployment Mechanism 

Deployed with drogue 

Deployed Payload - Deployment Altitude (feet) 

10400 

Deployed Payload - Altimeter 

COTS 

Deployed Payload - Recovery System 

Parachute 

Deployed Payload - Main Decent Rate (f/s) 

110 

Deployed Payload - GPS 

COTS 

Payload Narrative 

Upon apogee the payload contained withing a breach system will be ejected with the intent of 

subjecting it to free fall to test an inertial mass dampening system designed to be used in micro 

g in support of development of cube sat systems. 

 

The remaining portion of the payload will be located in the aft section. This includes a rotational 

mass system and positional computers and telemetry, there will also be a strain gauge system 

located in the fin can to test the strain on the g10 fins for further optimization. 

Recovery 

http://www.soundingrocket.org/sa-cup-documents--forms.html


Describe your recovery system; dual-deploy, size and style of chute, number of chutes, length of 

shock cord, "Chute Release" commercial products no longer approved. 

 

COTS Altimeter 

Missile works RRC3 

Redundant Altimeter 

MARSA 32 

Drogue Primary & Backup Deployment Charges (g) 

Black powder, 1.6g, 2.0g 

Drogue Deployment Altitude (feet) 

appogee 

Drogue Decent Rate (feet/second) 

87 

Main Primary & Backup Deployment Charges 

black powder,2g,2.5g 

Main Deployment Altitude (feet) 

1200 

Main Decent Rate (feet/second) 

28 

Recovery Narrative 

The breach launched payload will deploy its recovery parachute at 1000ft, via missile works 

RRC3 altimeter testing barometric sampling. 

Drogue deployment at apogee via MARSA 32, and Missile works RRC3 serving as backup at 

apogee +1. Main deployment at 1200ft via MARSA 32, and missile works RRC3 at 1000, both 

sample via barometric pressure. 

GPS Tracking 
Reference: IREC GPS Tracking Requirement and Recommendations 



 

GPS Tracker Manufacturer 

Big Red Bee 

Wavelength Band / Frequency Range 

70 cm / 420.0 - 450.0 MHz 

Licensed Team Member Name, HAM Call Sign 

Douglas Knight, KM4JIE 

GPS Tracker Narrative 

** The Lenior rhyne rocketry team will be using the BLGPS, a 2 meter GPS/APRS system. 

Test Plan 
Please include all systems 

 

Planned Tests 

3/7/2020, flight, fully scale flight test to verify manufacturing techniques and record telemetry 

data, onboard video. 

3/16/2020, ground, payload, manufacture PCB components for payload systems. 

3/27/2020, flight, payload, test stability with full payload and CONOPS. 

4/x/2020, flight, full scale rehersal including CONOPS and Altitude 

Additional Comments 
 

Any other pertinent information 

Breach launched payload has been modified to increase drag lowering its decent velocity. 

 


