
Title 

Lenoir-Rhyne University: How to Train Your BEAR 

^^Enter your full formal school name in the 
title 
Enter your university's full formal/legal name. 

e.g. California State University, Long Beach (not CSULB) 

e.g. Washington State University (not WSU or WAZZU) 

 

Please also check "Submit as a team" and ensure your team name also includes your 

school name. If you don't see this button or you need to change the team name, go 

to https://www.herox.com/SpaceportAmericaCup2020 to create a team or access your 

existing team to change the name. 

 

Rocket/Project Name 

Papa Bear and Baby Bear/How to Train Your BEAR 
Student Organization Name (if applicable) 

Lenoir-Rhyne University BEAR (Balloons, Engineering And Rockets) Club 
Preferred Informal Name 

LR BEAR Club 
City/Province and Country 

Hickory, North Carolina, United States 
Organization Type 

Club/Group 
Project Start Date 

2019-08-26 
Category 

10k - COTS - All Propulsion Types 
Student Lead 

Jeremy Wagner/jeremy.wagner@my.lr.edu/ 
Alternate Student Lead 

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

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


Faculty Advisor 

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

N/A 
Mailing Address for Awards 

LRU BEAR Club 

c/o Doug Knight 

Lenoir-Rhyne University 

625 7th Ave NE 

Hickory, NC 28601 

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. 

 

Number of High School Team Members 

1 
Number of Undergraduate Team Members 

13 
Number of Masters Team Members 

0 
Number of PhD Team Members 

0 
Number of Male Team Members 

12 
Number of Female Team Members 

4 
Number of Veterans 

1 
Number of NAR or Tripoli Members 

1 

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


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 team plans to conduct at least two rocket launches while presenting to three 

different schools and have at least one rocket demonstration day at Lenoir-Rhyne 

University, More details in further communications 

Rocket Information 
Overall rocket parameters 

 

Airframe Length (inches) 

93 
Airframe Diameter (inches) 

5 
Fin-span (inches) 

4.4 
Vehicle weight (pounds) 

10.5 
Propellent weight (pounds) 

5.6 
Payload weight (pounds) 

9.2 
Liftoff weight (pounds) 

25.3 
Number of stages 

1 
Strap-on Booster Cluster 

0 
Propulsion Type 



Solid 
Propulsion Manufacturer 

Commercial 
Rocket Information Additional Comments 

n/a 
Propulsion Systems: (Stage: Manufacturer, Motor, Letter Class, Total Impulse) 

1st Stage: Aerotech RMS-75/5120, L2200G, L Class, 5104 Ns 
Total Impulse of all Motors (Ns) 

5104 

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 

22.5:1 
Launch Rail Departure Velocity (feet/second) 

140 
Minimum Static Margin During Boost 

1.6 
Maximum Acceleration (G) 

23 
Maximum Velocity (feet/second) 

1135 
Target Apogee (feet AGL) 



10,000 ft 
Predicted Apogee (feet AGL) 

10650 

Payload Information 
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 Description 

The payload for this rocket consists of an in-house derived telemetry and controller 

system along with a system for passive roll reduction related to passive attitude control 

of a CubeSat. The telemetry and controller system will be incorporated into both the 

drop rocket and main rocket system. This will consist of a microcontroller, 

accelerometers, gyros, temperature and pressure sensors and a Xbee system will most 

likely be used for telemetry. The microcontroller on the main rocket will also be used for 

measurement of strain from strain gauges attached to the fins of the main rocket. Inside 

both the main rocket and the drop rocket will be a system of circular fluid enclosures for 

passive damping of rotational motion of both rockets. A system to detect motion of the 

fluids, currently designed as a camera system, will record fluid flow movement during 

flight. Flow sensors may also be used in conjunction with the camera system for fluid 

flow characterization. Reduction of roll of the drop rocket will be used to determine the 

damping constant of the fluid system. The terminal velocity spin rate of the drop rocket 

will be determined before the competition launch. Information from this functional test 

on a rocket will incorporated into the roll reduction system for a CubeSat with only 

passive attitude control being designed by Dr. Knight, the team's rocket mentor. 
Predicted Flight Data Comments 

Our flight data has a somewhat high maximum acceleration at 23 gees. While this is 

relatively high for a student rocket, the team believes it has the experience and 

capability to build a safe and functional rocket and payload for this flight. For risk 

mitigation, the team will investigate other commercial motors going forward that will 

still allow an apogee of at least 10,000 feet to be reached with a lower maximum 

acceleration. This would reduce stress on the rocket and payload systems giving a 

greater chance of safely recovering both the rocket and payload. 

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. 

 

Recovery Information 

Recovery events are as follows: 1.Apogee ejection of "drop rocket" with spin tabs from 

front breach of rocket for free fall. For main rocket, drogue parachute deployment of 18 

inches in diameter at apogee, Atimeters for deployment include a Stratologger and 

Marsa 38. One altimeter will be set for apogee and the other altimeter set for apogee 

plus one second. 2. Drop Rocket with spin tabs will fall to 2500 feet where a 48 inch high 

velocity parachute from RocketMan will be deployed. Drop Rocket parachute will be 

deployed via Stratologger and Marsa 54 altimeter with rear ejection. A system for non-

instantaneous inflation of the parachute will be tested and installed on the drop rocket. 

3. At 2500 feet, the 60 inch main parachute will be deployed via a Jolly Logic Chute 

Release system. The main parachute will be from Rocketman and have a CD of 2.2. If 

during testing, the Jolly Logic Chute release has issues, traditional dual deployment 

techniques will be applied. 
Planned Tests 

Date Type Description Status Comments 

10/12/19 In-Flight 1/3 scale test Successful Built two1/3 scale models, successful flights 

In-Flight 1/2 scale test for proof of build integrity and flight stability 

Ground 1/2 Scale Ejection Charge Test testing altimeters and ejection canisters. 

Ground 1/2 Scale Ejection Charge/Chute Release Test verification of Jolly Logic 

functions. 

In-Flight 1/2 Scale Dual Deployment Test verification of deployment sequence. 

In-Flight 1/2 Scale Dual Deployment Test additional verification 

In-Flight Full Scale Demonstrator Test demonstrate flight characteristics of rocket. 

Ground Full Scale Ejection Charge Test verify that rocket separates as planned. 

Ground Full Scale D Ejection Charge Chute Release Test verify jolly logic with full scale 

In-Flight Payload Deployment/Recovery Test drop rocket spin and recovery testing. 

Ground Shake table testing of all electronics systems. Using in house designed shake 

table. 

Ground Tracker testing, GPS and pinger bench top and distance testing. 

In-Flight tracker testing, GPS and pinger and range 

Ground payload testing flight controller system and roll reduction 

In-Flight payload testing 1/2 scale testing of payload functionality in flight. 

In-Flight payload testing full scale testing of payload function,full flight conditions. 

this testing may occur with test mule rockets 
Any other pertinent information 



The Lenoir-Rhyne rocketry team was started in 2016 when the team built mid power 

rockets (G impulse) and competed in the NASA Eclipse Ballooning Program. The team 

was able to successfully stream video and pictures above 70,000 feet of the eclipse to a 

base station with successful recovery of the balloon payload. The last two years, the 

team competed in the NASA University Student Launch Initiative (USLI) and finished in 

the top half of the teams each year. Considering Lenoir-Rhyne University had by far the 

least student enrollment of any college or university at the competition, we considered 

both years work a success. Our mentor, Dr. Doug Knight, is Level 2 certified Tripoli 

Rocketry Association (TRA) since 2004 and has mentored four different teams in the 

NASA Student Launch competition, one high school and three college level, for a total 

of 11 years. He is also mentoring a high school team for the SLI version of the 

competition this year. Dr. Knight has also competed in the RockSat C competition, which 

student teams put a payload on a sounding rocket, a total of three years, and his team 

was twice awarded the payload recovery parachutes for best overall team and payload 

design. His background is a Bachelor’s degree in Physics, a Master’s degree in Applied 

Physics and Ph.D in Mechanical Engineering with a Precision Engineering Concentration. 

He is an Assistant Professor of Physics at Lenoir-Rhyne University. 

 

The previous two years of the USLI competition, our team designed, constructed and 

launched four and six inch diameter rockets using K impulse motors. The team made a 

spherical rover, similar to BB8 from Star Wars fame, and a rover/digger this past year 

along with a vertical lander for the payload system. The team utilized additive 

manufactured components which allowed for weight reduction and openness of design. 

The team had modified several off the shelf printers to be able to print engineering 

grade materials such as nylon and polycarbonate for the competition. Our modifications 

now include the ability to print components made from PEEK and PEI which opens a 

range of high heat and durability materials for possible use. The products may be 

substituted for traditionally metal components for weight reduction and increasing 

design capabilities for parts such as custom payload mounts, nosecones, and fin systems 

among others. This allows reduction of prototyping and build time compared to hand 

fabrication with correlates to more time for testing. 

 

The Lenoir-Rhyne rocketry team will be flying two different payload systems. One of the 

payloads is a “drop rocket” designed to test a passive roll attenuation system that can 

be placed onboard a CubeSat. This fluid based system will be employed on both the 

main rocket and “drop rocket” to passively reduce roll of each system. Understanding 

how this system works in quasi-zero g environment is the reason for the “drop rocket.” 

This system separate from the main rocket at apogee and will plunge to 2500 feet until 

a high velocity parachute is ejected out of the rear of the rocket. While falling and at 

terminal velocity, a measurement of roll reduction will determine the damping capability 



of this system and scalability to a 1U or bigger CubeSat. Our mentor, Dr. Knight, has 

proposed an Earth imaging CubeSat using passive attenuation techniques for roll, pitch 

and yaw. The Lenoir-Rhyne Rocket team is also designing a flight controller for data 

acquisition and telemetry as our other payload. This system will be onboard both the 

“drop rocket” and main rocket for real time telemetry data from the rocket along with 

sensing accelerations, rotations and other parameters. Other parameters include air 

pressure, temperature and data from strain gauges placed in the fins of the main rocket. 

The team plans to use our modified 3D printers to produce PEI (Ultem) fins for the main 

rocket and the strain gauges will give us an idea of how well this type of fin responds to 

the stresses of flight. 

 

The Lenoir-Rhyne Rocketry team’s approach to this competition is to design and 

manufacture our systems well with copious tests, both ground and flight, for all systems. 

Our mentor was previously a senior test engineer and has impressed upon us the need 

for testing. The team plans to fly both ⅓, ½ and full scale versions of our rocket along 

with test mule rockets for flight testing payloads as needed during development. This 

reduces risk to our competition rocket and helps the team to verify success of various 

systems during analogous flight conditions. 

 

We look forward to being a “rookie” team but, with our background and acquired 

knowledge base, hope to not just complete the competition but strongly compete as 

well. The team looks forward to visiting and flying in Las Cruces, New Mexico next year. 
 


