
Title 

Lenior Rhyne University 

INSTRUCTIONS: 
ONLY enter your FULL FORMAL SCHOOL NAME in the Title field above. For example: 

"California State University, Long Beach" (not CSULB) 

"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/SpaceportAmericaCup2021 to create a team or access your existing 

team to change the name. 

 

IS YOUR TEAM CONTINUING FROM 2020? 

YES 

2020 TEAM NUMBER (IF AVAILABLE) 

18 Lenoir-Rhyne University 

Rocket/Project Name 

Bring the Bear Home. 

Student Organization Name (if applicable) 

B.E.A.R Club 

Primary Contact Email Address 

douglas.knight@lr.edu 

Preferred Informal Name 

Lenior Rhyne Rocketry Team 

City/Province and Country 

Hickory, North Carolina, United States 

Primary Contact Phone Number 

9806353699 

https://www.herox.com/SpaceportAmericaCup2021
mailto:douglas.knight@lr.edu


Faculty Advisor Email 

douglas.knight@lr.edu 

Organization Type 

Club/Group 

Project Start Date 

2019-10-02 

Category 

10k - SRAD - Hybrid/Liquid & Other 

Are you changing categtories from the 2020 competition? 

Yes 

Student Lead 

Jeremy Wagner/ jeremy.wagner@my.lr.edu/ 9806353699 

Alternate Student Lead 

Spencer Welland/spencer.welland@my.lr.edu/ 8285448621 

Faculty Advisor 

Douglas Knight/douglas.knight@lr.edu/ 3369091711 

Alternate Faculty Advisor 

N/A 

Mailing Address for Awards 

Lenoir-Rhyne University 

c/o Doug Knight 

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. 

mailto:douglas.knight@lr.edu
mailto:jeremy.wagner@my.lr.edu/
mailto:Welland/spencer.welland@my.lr.edu/
mailto:Knight/douglas.knight@lr.edu/


 

Number of High School Team Members 

1 

Number of Undergraduate Team Members 

18 

Number of Masters Team Members 

0 

Number of PhD Team Members 

0 

Number of Male Team Members 

15 

Number of Female Team Members 

4 

Number of Veterans 

2 

Number of NAR or Tripoli Members 

1 

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 

Due to Covid-19 related concerns we are unable to complete in person outreach events during 

the 2020-2021 school year. 

 

The team does plan to do zoom presentations to schools and local community groups as the 



opportunity allows. The team also plans to put out howto/info videos about the team and our 

payload. 

Rocket Information 
Overall rocket parameters 

 

Airframe Length (inches) 

162 

Airframe Diameter (inches) 

4 

Fin-span (inches) 

8 

Vehicle weight (pounds) 

16 

Propellent weight (pounds) 

12 

Payload weight (pounds) 

9.0 

Liftoff weight (pounds) 

37 

Number of stages 

2 

Strap-on Booster Cluster 

N/A 

Propulsion Type 

Combination 

Propulsion Manufacturer 



Combination 

Rocket Information Additional Comments 

1st stage uses a COTS L1115-P 

2nd stage uses a SRAD Hybrid utilizing FDM printed ABS fuel grain, with Nitrous Oxide serving 

as the oxidizer. 

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

1st stage, Cesaroni L1115-P, L, 5015 Ns. 

2nd stage, SRAD, 0 .72lbs of ABS and 0 .6lbs of Nitrous Oxide J, 1100N. 

Total Impulse of all Motors (Ns) 

6115 Ns 

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 

6.8:1 using average thrust of first stage motor, this motor peaks at about 1700 N right after 

ignition which gives about a 10:1 ratio 

Launch Rail Departure Velocity (feet/second) 

88 Fps 

Minimum Static Margin During Boost 

3 

Maximum Acceleration (G) 

12 G 



Maximum Velocity (feet/second) 

950 fps 

Target Apogee (feet AGL) 

10,000 ft 

Predicted Apogee (feet AGL) 

10,911 ft 

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 main portion of the payload will consist of a autonomous, GPS controlled grid fin based, 

payload system that will direct the payload, while under a drogue parachute, toward a 

designated landing zone. There will also be an angular momentum damping system, developed 

as part of the LR Rocket Team's participation on the 2020 SA Cup, and a first person viewer type 

camera system. Directional change of the falling payload will be induced by rotating 4 grid fins 

deployed after ejection from the second stage at apogee. The z & x measurements taken from 

the flight computer GPS are used to calculate the angle between the payload and the target 

position, then the complimentary angle is found to represent the angle of the target below the 

horizon (the grid fins). The complimentary angle is used in a reaction function to estimate 

horizontal velocity which is then multiplied by a time constant (5 seconds while under drogue, 

10 seconds after main parachute deploys) to get an estimated x position. The difference 

between the expected and actual x position is found and used in a second reaction function to 

calculate a delta theta for the grid fin actuation. This action loops to minimize the difference 

between expected and actual values until the payload lands and then concludes after a constant 

z measurement. The angular momentum damping system will consist of a rotating cylinder filled 

with particulate mater that will spin in opposition to the direction of angular rotation of the 

falling payload to decrease roll and effect a more predictable grid fin actuation. 

Predicted Flight Data Comments 

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


Upon expiration of the 1st stage and a specific coast time, the 2nd stage will be ejected from the 

rocket and ignited to carry the payload to the target 10000ft altitude. The first stage will eject it's 

main parachute at apogee from the 1st stage main parachute bay and will descend at 

approximately 25 ft/s. The payload will be ejected at apogee along with the drogue parachute 

for the 2nd stage and the nosecone for the second stage. The nosecone will deploy a streamer 

for recovery and will be independently recovered. After ejection at second stage apogee, the 

payload will fall under a drogue parachute at a rate of approximately 70 ft/s from apogee to 

2000 ft at which time the main parachute will deploy, decreasing the fall rate to approximately 

20 ft/s. The payload is expected to guide itself to within a radius of 50 meters (hopefully) around 

the landing zone 1/4 to 1/2 mile away from the launch site within a time window of 

approximately 3 minutes. The time constant used in the expected lateral position calculation 

changes at main parachute deployment to account for the decreased falling rate. 

Recovery 
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 

1st Recovery Event: 

The first stage will descend using a main parachute. The main parachute diameter is 60 inches. 

There are 16 shroud lines, and the line length is 6 feet. Through a combination of drag 

separation and charges controlled by primary & secondary altimeters, the sustainer (second 

stage) will separate from the booster a predetermined time after 1st stage motor burnout. At 

apogee for the booster section, the main parachute for the booster will be deployed by the 

primary and secondary altimeters. The shock cord will 1/2 inch tubular Kevlar and be 20 feet 

long. The Kevlar shock cord will be attached to booster by a steel cable; this steel cable will be 

connected to a steel lead connected to a fiberglass bulkhead above the boosters motor bay. the 

other end of the shock cord will be attached to the booster altimeter bay. 

 

2nd Recovery Event: 

Black powder charges triggered by an altimeter will induce the separation of the payload vehicle 

and nosecone from the second stage. The payload will push the nose cone out of the sustainer. 

Redundancy will be established by a secondary altimeter. The nose cone shall fall under a 

streamer at least 5 feet in length and 5 inches in width. The shock cord for the sustainer drogue 

and main will be made out of tubular Kevlar. The mounting point for the sustainer shock cord 

will be to the sustainer altimeter bay for the drogue and altimeter bay and sustainer bulkhead 

for the main parachute. the length of the drogue shock cord will be 15 to 20 feet. The payload's 

drogue parachute will deploy upon ejection from the sustainer at apogee. The drogue parachute 



will be 18 inches in diameter, donut shaped and have a shock cord of tubular Kevlar and 15 feet 

in length. 

 

3rd Recovery Event: 

Upon deployment at 2000 feet, the second stage descends under a main parachute of diameter 

60 inches. Using the same primary & secondary altimeter as for recovery event 2, black powder 

charges will deploy the main parachute.The main parachute will have 16 shroud lines and a 

shroud line length of 6 feet . The shock cord will be 20 feet in length made of tubular Kevlar. The 

shock cord will be attached to a hard, fixed mounting point inside the second stage. 

 

4th Recovery Event: 

The payload, ejected from the second stage at apogee and falling under drogue, will deploy a 

48 inch main parachute at 2000 feet. This deployment will be actuated by a primary and second 

altimeter via black powder charges. The main parachute will have a 15 foot tubular Kevlar shock 

cord and result in a fall rate of approximately 20 ft/s. The main parachute will be deployed from 

an internal bay at the top or aft end of the payload. (This would be the part of the payload 

pointing up upon deployment.) 

Planned Tests 

Tank pressurization test, ground, complete, testing that the flight tank will remain pressurized. 

System function test, ground, complete, operations check of the solenoid and pin valve release 

mechanisms 

Oxidizer flow rate, ground, complete, test and measure flow of oxidizer and pressure drop 

across the injector. 

SRAD motor burn1, ground, incomplete, using data from simulator observe and characterize the 

burn of the SRAD motor. 

SRAD motor burn2, ground, incomplete, using data from simulator observe and characterize the 

burn of the SRAD motor. 

SRAD motor burn3, ground, incomplete, using data from simulator observe and characterize the 

burn of the SRAD motor. 

SRAD test flight1, flight, incomplete, Evaluate SRAD flight performance. 

SRAD test flight2, flight, incomplete, Evaluate the SRAD flight performance. 

SRAD test flight3, flight, incomplete, Evaluate the SRAD flight performance. 

Payload test, ground, complete, develop and analyze the grid fins actuation system. 

Payload test, ground, complete, develop base code for control of payload. 

Payload test, flight, incomplete, stationary drop from approximately 300ft via quadcopter to 

establish baseline for fin actuation. 

Payload test, flight, incomplete, drop with horizontal velocity from approximately 300ft via 

quadcopter to tune reaction functions. 

Payload test, flight, incomplete, drop payload from approximately 500ft via. weather balloon to 



verify grid fin drag. 

Payload test, flight, incomplete, drop payload from approximately 500ft via. weather balloon. 

Payload test, flight, incomplete, ejection tests and controlled decent via test flights. 

Rocket Test, Flight, incomplete, test first stage altimeter functionality and rocket stability 

Rocket Test, Flight, incomplete, test 2nd stage ejection from 1st stage and sustainer altimeter 

functionality 

Rocket Test, Flight, incomplete, full up dress rehearsal test of all system, use smaller first stage 

motor than fly at competition 

Any other pertinent information 

For our payload, in regard to the NASA Strategic Goal 3.1: Develop and Transfer Revolutionary 

Technologies to Enable Exploration Capabilities for NASA and the Nation, the grid fin payload 

we are developing parallels this goal. Directional control of a CubeSat/SmallSat in low earth 

orbit (LEO) is often performed using active systems that require gaseous discharge. Systems 

enabling this often take up large amounts of space and add unnecessary weight. This hampers 

development and capability of critical parts of the small sat including communication, sensing 

and other control systems. A lightweight control system utilizing digital servos, as designed, 

could autonomously induce movement along multiple axes without requiring excessive energy 

input, be in use constantly, and be relatively low in mass and volume compared to gaseous 

control systems. Utilizing this type of system eliminates the need to carry a compressed and 

possibly dangerous potential energy source in the small sat during flight. Problems such as gas 

leakage and effects of depressurization are eliminated with this type of system as well. Cost of a 

grid-fin system would also be less than a gaseous propulsion system. In LEO, there is still some 

atmosphere, albeit small, and this is utilized by the grid fin system to work. The other application 

for this payload is, of course, for landing. The team going forward wants to develop a cold gas, 

autonomous lander using grid fins to control the payload to the specific landing zone. Soft and 

controlled landing of a CubeSat sized satellite or payload has not been achieved outside of 

governmental agencies from our search of the literature and would be a major advancement in 

the field. While SpaceX uses this type of technology to land the Falcon 9 rocket, a small scale 

version of this technique is a worthy endeavor. 

 

For our rocket, developing a program in hybrid motor development is the direction championed 

by our advisor and members of the team. For our first use of these systems, the team is taking 

an Aerotech Hybrid Motor system and modifying it by changing the injector port, adding a 

solenoid for controlled on/off of the nitrous oxide and using an ABS grain 3D printed by the 

team using our in-house printers. These changes do not incorporate a significant design change 

(or increased risk) to this flight proven system but is a good first step in developing our own 

hybrid motor over time. For some rocket teams this may be a small first step, but for us, this 

substantially changes the direction of the rocketry program at Lenoir-Rhyne University for the 

better. 


