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1. General Information 
 

1.1 Mentor 

 
Dr. Douglas Knight received a Bachelor’s in Physics from Lenoir-

Rhyne College, Master’s in Applied Physics from the University of 

North Carolina at Charlotte and a Ph.D. in Mechanical Engineering 

with a Precision Engineering Concentration from the University of 

North Carolina at Charlotte. His current position is that of Visiting 

Assistant Professor of Physics at Lenoir-Rhyne University. He has 

previously taught mechanical engineering at the University of 

North Carolina at Charlotte, physics and engineering at Mitchell 

Community College, math and physics at multiple high schools, 

and is presently teaching engineering physics related courses at 

Lenoir-Rhyne University. He has mentored two previous high 

school USLI teams, three university USLI teams at Mitchell 

Community College, and was the rocket mentor for four University 

of North Carolina at Charlotte USLI teams.  Dr. Knight mentored 

three RockSat-C teams at Mitchell Community College, the Eclipse Ballooning team at Lenoir-

Rhyne and numerous Team America Rocketry Challenge teams, with one of his teams winning 

the competition in 2006. He is also managing the North Carolina High Altitude Balloon 

Competition for North Carolina Space Grant. Dr. Knight has also managed and participated in 

multiple “pumpkin chunkin” competitions. He is a born-again rocketeer who started flying 

rockets since 2002. He is both NAR and TRA Level 2 certified. Dr. Knight’s cell phone number 

is (336) 909-1711 and his e-mail address is Douglas.Knight@lr.edu 

 

1.2 Adult Educators 

 
Joseph Johnson is a Lenoir-Rhyne graduate in Mathematics with 

Minors in Engineering Physics and Computer Science. He is currently 

a mathematics Ph.D. student and teaching assistant at North Carolina 

State University. He was a member of Lenoir-Rhyne’s balloon team 

during the Eclipse Ballooning Project and the safety officer of last 

year’s Lenoir-Rhyne USLI Team (Lenoir-Rhyne Rocketry Team). 

Cell Phone: (336) 613-2125 

E-mail: jwjohns5@ncsu.edu 

 

 

 

 

mailto:Douglas.Knight@lr.edu
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Dr. Cooke is a professor of physics at Lenoir-Rhyne University. He 

began his extensive career at Lenoir-Rhyne College as an 

undergraduate student, completing his B.S. degree in Physics. He 

completed his Ph.D. in Physics from the University of North 

Carolina-Chapel Hill in 1964 and began his now over 50-year career 

on the Lenoir-Rhyne (LR) faculty. Over the years, Dr. Cooke has 

contributed to a substantial number of campus needs and program 

initiatives as a division chair, a department chair, director of campus 

computing, and director of institutional research. Dr. Cooke is a 

previous recipient of the University’s Raymond M. Bost 

Distinguished Professor Award, given annually to honor outstanding 

teaching and mentorship by an LR faculty member. Dr. Cooke’s cell 

phone number is (828) 328-7245, and his e-mail address is 

Charles.Cooke@lr.edu 
 

1.3 Safety Officer 

 
Brett Edward Haas is a junior majoring in Engineering Physics at 

Lenoir-Rhyne. Brett has participated in last year’s 2017-18 NASA 

USLI competition as the altimeter engineer, and he is the Safety Officer 

this year. Brett also enjoys learning about systems integration and plans 

to increase his skills in electronics. He intends to pursue a graduate 

education in engineering and is also minoring in mathematics. Brett 

enjoys high adventure and is from Grandfather Mountain, NC.  

Cell Phone: 828-789-9785 Email: brett.haas@my.lr.edu 
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1.4 Student Leaders 
 

1.4.1 Lead Engineer 

 

Juan Leonel Hernandez is currently a senior majoring in Engineering 

Physics. He participated in the 2017 NASA Solar Eclipse Ballooning 

Project and in last year’s 2017-18 NASA USLI Competition as the 

Project Manager and Electrical Lead. Juan had the opportunity to intern 

at the Aerospace Corporation in the Battery Evaluation Laboratory last 

summer. While there, he helped run tests for Lithium-Ion, Nickel-

Cadmium, and Nickel-Hydrogen batteries that are present in satellites 

and payloads deployed today. This year, Juan was given the position as 

the Lead Engineer and Payload/Rover team leader. His knowledge 

from previous projects and industry experience will strongly contribute 

to the LRRT’s involvement in this year's competition. Cell Phone: 

(336) 262-6205 E-mail: Juan.Hernandez@my.lr.edu 

 

 

1.4.2 Business Manager  

 
Jackson Cook is currently a senior majoring in Computer Science with 

a focus in business management. Jackson is a new addition to the 

LRRT at Lenoir-Rhyne this year, and he maintains a full-time job while 

attending school at Lenoir-Rhyne University. Managing school, his job, 

and the LRRT has helped Jackson learn how to efficiently manage his 

time. He was given the lead position of business manager, which 

oversees the project and ensures it runs smoothly throughout the 

duration of NASA USLI 2018-2019. He is excited to bring his outside 

knowledge to the LRRT to help make this year’s project a success.  

After graduation, Jackson plans to be employed in the Information 

Technology field as a business analyst. 

 Cell Phone: (828) 292-2776  Email: Jackson.cook@my.lr.edu 
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1.5 Student Participation 
 

1.5.1 Launch Vehicle Team 

 
Jake Hakeem Morgan-Robinson is currently a senior majoring in 

Engineering Physics. In the past, he participated in the NASA 2017 

Solar Eclipse Balloon Project and the 2017-2018 NASA USLI 

Competition as the Recovery Team Lead. After graduation, he will be 

furthering his education in graduate school to set his career path. He 

enjoys learning material pertaining to physics and engineering. Jake’s 

vision and dream is to explore the world. His family is originally from 

Costa Rica, and he has lived in the United States for a good portion of 

his life.  

 

 

Spencer Furches is currently a senior majoring in Engineering Physics. 

In the past, he participated in the NASA 2017 Solar Eclipse Balloon 

Project and the 2017-2018 NASA USLI Competition. Along with being 

a full-time student at Lenoir-Rhyne University and taking part in the 

LRRT, Spencer maintains a full-time job. In his free time, he enjoys 

working on older cars and trucks. 

 

 

 

 

Angel Martin is currently a freshman Engineering Physics major with a 

focus in biophysics. This is her first year participating in the NASA 

USLI Competition. Angel joined the LRRT because of her interest in 

the engineering and aerospace fields. She participated in Project Lead 

the Way throughout middle and high school. She plans to major in 

Engineering Physics at Lenoir-Rhyne and then go to graduate school to 

study Aerospace Engineering. Outside of the LRRT, Angel is a 

member of the LR Cross Country and Track and Field teams as well as 

a member of Lenoir-Rhyne’s Honors Academy and Engaged Scholars 

Programs. Angel hopes to make a great asset to the team and make new 

friends as she continues with the team.  

 

 

1.5.2 Payload Lander Team 
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C. Aaron Kennedy is currently a Junior majoring in Engineering 

Physics. In the past, he participated in the 2017-2018 NASA USLI 

Competition as the Rocket Team Lead. During the past summer, Aaron 

attended and successfully graduated from Army Basic Camp CST. He 

was awarded a two-year Army ROTC Scholarship through the UNC 

Charlotte ROTC program. After college, Aaron will commission into 

the Army where he intends to make a career as an Army Officer. Aaron 

is also a pitcher for the Lenoir-Rhyne University baseball team and 

enjoys working on cars and motorcycles in his spare time.  

 

 

Erik Carranza is currently a senior Engineering Physics major with 

prior experience as the mechanical team lead in the 2017-2018 NASA 

USLI Competition. He also participated in the NASA 2017 Eclipse 

Balloon Project. He enjoys the process of designing solutions to solve 

problems or accomplish a desired goal, and he especially enjoys doing 

hands on work to fabricate designs. Following graduation, Erik plans to 

begin his engineering career in mechanical engineering. 

 

 

 

Táles Miranda is a Junior Engineering Physics major at Lenoir-Rhyne. 

He is a student-athlete from Brazil and is a member of the LR tennis 

team. This is Táles’s second year on the rocket team. Last year, he 

worked with the rocket and recovery teams. He plans to go to graduate 

school to study engineering after he graduates from Lenoir-Rhyne. 
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Kaleb Davis is a Freshman majoring in Engineering Physics at Lenoir-

Rhyne University. This is Kaleb’s first year participating in the NASA 

USLI Competition as a member of the LRRT. Kaleb brings prior 

experience with industrial engineering working as a CNC machine 

operator and product engineer at Custom Educational Furnishings and 

Precisions Materials since 2014. Kaleb will contribute to the LRRT 

through design work as well as product development using his prior 

experience in CNC work. Kaleb is also a member of the Lenoir-Rhyne 

Track and Field team where he competes in the decathlon. After 

completing his undergraduate degree, Kaleb plans to work as a product 

engineer for Custom Educational Furnishings, which is where he is 

currently employed.  

 

1.5.3 Payload/Rover Team 

 
John Michael Amodeo is a Senior currently majoring in Biology and 

minoring in Chemistry at Lenoir-Rhyne University. The 2018-2019 

NASA USLI Competition marks his induction to the BEAR Club as 

President and a part of LRRT Payload/Rover Team member. John 

brings prior experience outside of mechanical engineering from a 

summer internship with EmergeOrtho in 2016; during which he 

researched biomaterial construction. He will contribute a novel 

perspective to this year’s build. As a California native, John agments 

the well-rounded dynamic of the LRRT for a uniquely productive 

environment. His aspiration after undergraduate studies is to be a 

medical scientist with training in Systems Biology, possibly in the field 

of modeling pathological behavior for clinical application. Ultimately, 

John was drawn to the LRRT by his multidisciplinary approach to science and hopes to build 

upon his fundamental knowledge as a peer tutor for Physics.  

 

Nikki Williams grew up mostly homeless and in the foster care system; 

she hopes to break the stigma around impoverished youth by pursuing 

a technical education. Nikki is currently a Freshman majoring in 

Engineering Physics at Lenoir-Rhyne University. This is her first year 

participating in the NASA USLI Competition. Nikki joined the LRRT 

because of her prior experiences; she participated in Project Lead the 

Way and Google Gravity Games in middle school. Nikki was also an 

engineering teaching assistant for a short period of time in high school 

at William Lenoir Middle School. Since participating in these activities 

Nikki has been greatly inspired to participate in more stimulating 

projects such as the NASA USLI Competition. Outside of the BEAR 

team, Nikki enjoys robotics, app design, and gymnastics. Nikki hopes 
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to be a great asset to the team and create something amazing while making new friends along the 

way. 

 

 

Prashil Dulal is currently a Junior double-majoring in Computer 

Science and Information Technology. Prashil graduated from Wake 

Early College of Health and Sciences in Raleigh, NC. This is his first 

year participating in the NASA USLI Competition. Prashil joined the 

LRRT at Lenoir-Rhyne University because of his childhood dream of 

working for NASA as well as designing rockets. His interest in aerial 

objects have blossomed, which led to him to join the team. 

Additionally, in middle school, Prashil participated in a Science 

Olympiad. Prashil loves programming and playing video games. 

 

 

 

1.5.4 Marketing and Communications Team  

 
Claire Neibergall is currently a senior at Lenoir-Rhyne University.  

While studying Computer Science, she also plays defense for the 

Lenoir-Rhyne Women’s Soccer Team.  Claire is originally from 

Springfield, Illinois. This is Claire’s first year of participating in the 

NASA’s USLI competition on the LRRT. She is excited to help the 

team as the web developer and the outreach coordinator.  After 

graduation, Claire plans to work for Teachers Insurance and Annuity 

(TIAA-CREF) in the cybersecurity department in Charlotte, North 

Carolina. 
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1.6 Organizational Chart  

 

Figure 1: Team Hierarchy 
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1.7 NAR/TRA 
 

 
Figure 2: ROCC Midland, NC 

 

Our NAR affiliate is the Rocketry of Central Carolina (ROCC), and it is in Midland, NC.  The 

Lenoir-Rhyne Rocketry Team conducted all of their NASA USLI test launches with ROCC last 

year. The team created a strong relationship with members of ROCC and will continue its 

affiliation this year if accepted. The Rocketry of Central Carolina club is made up of Tripoli 

Prefect 067 & NAR section 608. The website for the club is http://www.rocketrycarolina.org/ 

 

2. Facilities 
 

 
Figure 3: Alex and Lee George Hall 

 

The Lenoir Rhyne Rocketry Team work headquarters is located at Lenoir-Rhyne University. The 

team's daily operations are located in The Minges Science Hall and Alex and Lee George Hall 

science building. The team is able to conduct its operations in designated rooms in these 

facilities. The team has complete access to a machine shop, student workshop room, conference 

room, and a research lab. Students have access to these facilities throughout the academic school 

year. Hours of operation are from 7am to 10pm, Monday through Friday. However, students can 

http://www.rocketrycarolina.org/
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access these facilities after hours on weekdays and weekends upon request of Lenoir-Rhyne 

security.                                                                                                                    

 

2.1 Machine Shop 
 

 
Figure 4: Machine Shop 

 

Students have access to a newly refurbished Machine Shop at Lenoir-Rhyne University. The 

shop is equipped with two lathes, a vertical bandsaw, Horizontal bandsaw, three drill presses, a 

belt sander, a CNC Router, a set of various hand tools, and multiple power tools are available to 

students. The students at Lenoir-Rhyne University will rely on the mentor, adult educators, or 

appointed students for supervision and advice throughout the project. Also, students must sign 

the “Machine Shop Safety Agreement” (Appendix C) before operating any machinery. 

Professors and certified students will teach new/existing students safety protocols and proper 

power/hand equipment handling. The machine shops hours are restricted from 8 am to 5 pm, 

Monday through Friday, and the mentor/adult educator must be present on campus.  

 

2.2 Student Workshop 
 

 

The Student Workshop at Lenoir-Rhyne University is available at any time to team members 

upon request. At this facility, team members have access to a limited amount of work space 

where members can construct the launch vehicle, payload, rover, or any mechanisms needed 

throughout the project. The activities conducted in the room is only designated for LRRT 

members only, and other students who do not participate in the project will not have access. A 

limited amount of hand and power tools will be available. All equipment deemed unsafe to use 

without supervision, as determined by the mentor, will remain locked in the machine shop. The 

team strongly emphasizes safety and proper tool usage. Therefore, practicing safe measures will 

decrease the chance of accidents, hazards, and possible damage.  

 

2.3 Research Lab 
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Figure 5:  Research Lab 

 

At Lenoir-Rhyne University, students have access to a student research lab. In this lab room, 

students will be able to research and conducts experiments regarding preparation of energetic 

charges, material testing and analysis, DC motor yield, printed circuit boards, additive 

manufacturing, and theoretical analysis. Dr. Charles Cooke will advise and help students conduct 

research throughout the project. Dr. Douglas Knight will also be an advisor regarding research 

and theoretical analysis.  

 

2.4 Equipment 
 

Last year, Dr. Douglas Knight was able to refurbish the facility from previous grants and 

donations. New power, hand, and data acquisition equipment were installed in these areas. The 

team is now fully equipped with a sufficient amount of equipment to conduct the necessary 

research and development involved with the project. Different equipment will be placed in either 

the machine shop, student workshop, or student research lab depending on the purpose, safety, 

and specifications. 
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2.4.1 3D Printers 
 

 
Figure 6: 3D Printer 

 

Lenoir-Rhyne University is equipped with two FlashForge Creator Pros and one Hatchbox Alpha 

printer. The Creator Pros have a build volume of approximately 9” x 6” x 6”, are very reliable, 

and can print a variety of filaments. The Hatchbox Alpha has a build volume of 12” diameter and 

almost 13” in height and prints mainly ABS and PLA. These printers allow the team to print 

whatever is needed while taking into account both size and material. These printers were used 

throughout last year's project to create the rover, altimeter sled, and other launch vehicle 

components. 

 

2.4.2 OtherMill Pro 
 

 
Figure 7: OtherMill Pro 

 

The OtherMill Pro is a machine primarily used to mill custom printed circuit boards (PCB). The 

OtherMill Pro can also mill other materials such as wood, brass, aluminum, plastics, and acrylic. 

This machine operates in the x,y, and z axes specified by external software. The LRRT used the 



 

 
13 

OtherMill Pro last year to create the burn-wire circuit and plans to use this machine again to 

create similar boards. However, the team knows that the Othermill Pro PCBs offer a minimal 

amount of electrical protection. Therefore, the machine will be used to create preliminary testing 

circuits. Once an operational circuit is designed, the team will contact a circuit board vendor to 

manufacture the PCB integrated to the launch vehicle.  

 

2.4.3 CNC Router  
 

 
Figure 8: Shapeoko CNC Router 

The SHAPEOKO 3 is a CNC router that has recently been added to the machine shop at Lenoir-

Rhyne. This is a machine designed to be large enough to complete moderate scale projects. The 

machine has a 16”x16” X,Y cutting area with a 3” cutting ability along the Z axis. The machine 

is centered around the DeWalt 611 router which accepts a large variety of routers bits. The 

machine can be used with wood products, plastics, aluminum, brass, copper and many 

composites. The SHAPEOKO 3 is manufactured by Carbide 3D, is fully open source, accepts 

standard g codes, and is compatible with most CAM software. This machine is a new addition to 

the Lenoir-Rhyne machine shop and will be used to cut the fins, bulkheads, and other parts 

needed to fulfill the mission requirements. 
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2.4.4 PASCO Materials Testing System  
 

 
Figure 9: PASCO Test System 

 

The PASCO Materials Testing System will be used to conduct tensile testing, three point 

bending, as well as shear testing. This includes materials used in the fabrication of the team’s 

launch vehicle and payload design such as the materials used for the landing legs, ABS 

component parts, etc. The comprehensive system measures force with a 7100N load cell and 

displacement using an optical encoder. Furthermore, the system contains PASCO’s Capstone 

Software, which has a built-in calibration wizard, the ability to record and display stress vs. 

strain, and apply linear fits for Young’s Modulus determination.  

 

2.4.5 Shaker Table 

 

 
Figure 10: Shake Table for Launch Vehicle 

 

The shake table is currently being designed by a member of the LRRT. It’s primary use will be 

to conduct vibration testing on components of the launch vehicle and payload components. The 

test bed will be 16 inches in diameter and attached to the frame via leaf springs. The design calls 

for movement to be generated by a DC motor with a spinning counterweight. The motor will be 

controlled by an Arduino in conjunction with a motor controller. The goal of this project is to 
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create and implement a shaker table that can produce oscillations with an amplitude of 2 mm and 

a range of 5 to 1000 Hz. 

 

2.4.4 Miscellaneous Equipment 

 
Various power, hand, and measurement tools are available at Lenoir-Rhyne University for 

students and team members’ usage. Items not previously described are mentioned in the 

following table.  

 

MyRio Data Acquisition Mass Scales Chop Saw 

Belt Sander Circular Hand Saw Scroll Saw 

Drills Tap Sets Drill Press 

Drills Bits  Jigsaw Router 

 

Diameter Shadow Gauge Dremel’s Grinder 

Various Hand Tools Wrenches Hole Saw 

Micrometers Vernier Calipers Dial Indicators 

Figure 11: Equipment for Project  

 

3. Safety 
 
To ensure safety, the Lenoir Rhyne Rocketry Team will read and follow the plans detailed in the 

Safety Section and in the Appendix. 

 

3.1 Safety Officer 
 
The team safety officer is Brett Haas. Brett assumes the duties of the safety officer including 

keeping all checklists and risk assessments up to date. He is to carry out safety plans, monitor 

practices, and understand NASA USLI, NAR/TRA, and FAA safety codes. Brett will conduct 

inspections at every launch and will cancel or postpone a launch if it is deemed unsafe. The 

Launch Vehicle, Rover, and Lander teams will coordinate with the Safety Officer to cross check 

each other’s work and critique risk assessments. The engineering teams will also report to the 

safety officer to discuss risks and failure modes while working to mitigate such risks. 
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3.2 Risk Assessment 
 
Identifying and minimizing risks are our main concerns of the Lenoir-Rhyne University Rocket 

Team. 

 
 Table 1.1 Launch Vehicle  

Risk Potential Effect Risk Mitigation 

Rail guides loosen up on 
Launch. 

Rocket launches improperly and 
becomes unstable. 

Inspect rail guides before the 
Launch; Build to withstand the 
launch force. 

Pad Failure during Launch of 
Rocket. 

Rocket is not angled correctly, 
and the expected altitude is not 
met. 

Ensure that the pad is stabilized 
and angled correctly so it 
launches correctly. 

Fin flutter becomes dominant. Rocket changes course and flies 
erratically. 

Tip to tip fiberglassing of fins to 
reduce fin flutter amplitude. 

Fins release from Body. CATO during flight; Rocket has 
unstable flight path. 

Fiberglass fins and tabs to 
tubes. 

Rocket becomes unstable 
during flight. 

CATO during flight; rocket goes 
in unfavored direction. 

Design and Build rocket to static 
margin of 2.0  minimum. 

Parachutes fail to deploy. Rocket falls to Earth 
uncontrolled. 

Parachutes will be packed 
properly and system thoroughly 
flight tested. 

Center of gravity is nonaxial. Rocket takes unexpected or 
unstable flight path. 

Center of gravity will be 
measured during the design 
process and when rocket is built; 
the center of gravity will be 
close to the center of the 
rocket’s z-axis. 

 

 Table 1.2  Motor and Energetics  

Risk Potential Effect Risk Mitigation 

Engine ignition system fails. Rocket fails to launch. Ignition system testing will show 
reliability. 

Motor over-pressurizes during 
flight. 

Rocket CATOs, and rocket 
debris falls- possibly towards 
observers 

Rocket motor will be inspected 
before launch by Dr. Knight. The 
team will avoid using old 
motors. 

Motor mount fails. Motor becomes dislodged and 
either detaches from rocket or 
damages components within 
the rocket. 

Load test on ground and flight 
test will demonstrate 
functionality. 

Rocket Motor stored in less 
than satisfactory 
environmental conditions. 

Motor could fail to ignite or 
motor grains expand causing 
possible CATO or non-ignition. 

Motor will be in a secure ammo 
box and not unsealed until 
launch day 
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 Table 1.3 Recovery  

Risk Potential Effect Mitigation 

Parachutes deploy at 
unplanned time. 

Charges cause structural 
damage or rocket components 
fall to Earth, possibly injuring 
people. 

Team will practice packing the 
parachutes to ensure they know 
how to do it correctly. Recovery 
system will be tested to ensure 
safety. 

Rocket does not break apart to 
deploy parachutes; shear pins 
too big. 

Rocket goes into free fall due to 
parachutes failing to deploy 
properly and could possibly 
injure people. 

Ground testing of the parachute 
deployment system will show 
that the shear pins will break 
when desired. 

Shock cords break. Rocket components fall to 
Earth, possibly injuring people. 

Cord materials will be chosen 
for strength and flight tested. 

Shock cord knots come untied. Rocket debris falls to Earth, 
possibly injuring people. 

Stop knots will be tied after 
knots are tied to prevent 
slipping of the shock cord. Do 
not use knots unless needed. 

Altimeter does not record 
altitude; hence initiate charges. 

Rocket could deploy parachutes 
at an unplanned time or not at 
all. 

Altimeter will be thoroughly 
ground, and flight tested. 

Insufficient or excessive 
amount of charge is used to 
separate rocket sections. 

Rocket could suffer damage and 
debris could freefall to Earth or 
parachutes could fail to deploy- 
causing a crash landing. 

Amount of charge will be 
calculated, tested, and carefully 
measured. It will be checked by 
appropriate supervisors. 

 

 

 Table 1.4 Payload Lander  

Risk Potential Effect Mitigation 

Lander legs do not deploy. Rover is unable to leave the 
rover housing. 

The lander system will be 
grounded tested and flight 
tested to ensure functionality. 

Payload becomes active early. The flight path of the rocket is 
altered. 

Payload activation system will 
be thoroughly tested. 

Payload bay does not separate. After apogee, payload bay does 
not separate, and parachutes 
fail to deploy. This would cause 
our payload bay section to free 
fall to earth. 

Ground Test the payload bay 
before launch. 

Cannot communicate with 
Payload. 

Rover could become active 
early during flight causing the 
flight path to be altered. 

Ground test all communication 
components at distance. 

 

 

 Table 1.5 Payload Electronics  

Risk Potential Effect Mitigation 
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Pyrotechnic bolts activate 
prematurely. 

Payload free falls to Earth. Electronics will be shielded to 
prevent unintentional 
activation. Pyrotechnic bolt 
activation depends on XBee 
communication rather than 
altitude-based methods. 

Electronics vibrate and loose 
connections. 

Failure of electronics to perform 
indicated tasks. 

Solder and stress relieve joints; 
use silicone on electronics to 
damp vibrations. 

Altimeters deploy parachutes 
prematurely. 

Rocket components land in 
trees or other unfavorable 
locations. 

Altimeters’ set altitudes will be 
double checked before the 
launch. 

Current does not initiate 
solenoid to deploy ramp. 

Rover housing door opens 
allowing the rover to free fall to 
Earth and changing the 
trajectory of the rocket. 

Ramp housing door will be in a 
nominal closed position and 
require electrical initiation to 
deploy ramp. 

Parachute release system fails. The does not land vertically and 
is dragged by wind. 

Pyrotechnic bolt system will be 
checked for continuity before 
addition of black powder. 

 

 

 

 Table 1.6 Rover  

Risk Potential Effect Mitigation 

Exposed electronics Dust in the air or from 
excavation impacts electronics. 

Electronics will be covered 
inside of the rover. 

Rover does not put excavator 
into the soil. 

The bucket-wheel excavator 
does not collect soil. 

Rover testing will show that the 
rover can collect soil. 

Rover gets stuck and cannot 
move on ground. 

The rover will be stuck in one 
place and cannot complete the 
necessary challenge. 

Test Rover in all ground 
conditions. 

Rover does not roll out of 
payload section. 

The rover will not move outside 
of the rocket. 

Complete multiple tests to make 
sure rover can roll out of 
payload. 

Rover flips over while 
traversing ground. 

Rover flips and stops moving; 
Challenge is not completed. 

Make sure the rover is weighted 
to ensure that it stays level with 
the ground. 

Rover does not exit sleep state. Rover will not roll out of 
payload; Cannot complete 
challenge. 

Fully ground test rover for 
actuation of electronics. 

Rover is not weighted properly. The excavation system is unable 
to dig. 

Weights and locations of 
components are being carefully 
planned to provide proper 
weighting of the rover. 
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The rover has poor traction 
with the ground. 

The rover is unable to roll. Testing of the rover using 
different tires over different 
terrains to determine optimal 
tire and weight distribution 

Rover doesn’t travel 10 feet Rover doesn’t meet 
requirements and disqualified 
from this part of competition 

Testing for accelerometer data 
demonstrating when turns must 
occur and minimum traverse 
times 

 
Figure 12: Risk Assessment Table 

 

3.3 NRA/TRA Team Mentor 
 
Dr. Doug Knight is the mentor of the Lenoir-Rhyne University Rocket Team. He was 

selected due to his TRA affiliations and previous involvement in the NASA Student Launch 

competition. Dr. Knight currently teaches physics at Lenoir-Rhyne University and mentored 

University of North Carolina at Charlotte’s NASA Student Launch Initiative team from 2012-

2015, Mitchell Community College’s team from 2009-2011, and Statesville Christian School’s 

team from 2007-2008. Also, in 2006, Dr. Knight mentored the team that won the Team America 

Rocketry Challenge. In 2017, Dr. Knight mentored Lenoir-Rhyne’s team in the NASA Eclipse 

Balloon Project. He is currently a member of the American Association of Physics Teachers 

(AAPT), the American Institute of Aeronautics and Astronautics (AIAA), and is TRA and NAR 

Certified Level 2. Dr. Doug Knight will be the sole owner of the launch vehicle and equipment 

for reasons of liability. 

 

3.4 Safety Plan 
 
Only launch sites approved by the NAR/TRA will be used. Launches will follow NAR/TRA 

protocols and have the required FAA clearance. The team mentor, Dr. Knight, and the safety 

officer, Brett Haas, will be responsible for ensuring that the high-power rocketry safety standards 

are met and will enforce protocols for safe handling of hazardous materials. 

 

Reference Appendix A for Safety Agreement, Appendix E for Safety Plan, and Appendix F for 

PPE Agreement. 
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3.4.1 Motor and Hazardous Materials Storage, Transportation, and Use 

 
NAR mentor, Dr. Douglas Knight, and essential personnel, will be responsible for personally 

transporting motors to the launch site. The motor will be padded to prevent damage and restrict 

its movement. Also, motors and black powder will be contained inside a separate dry, easily 

identified container. Dr. Knight will be held responsible for all interactions with the motor before 

and after transport and in storage and setup of ignition devices. The team mentor will also be 

responsible for overseeing all interactions with hazardous materials. Dr. Knight will either 

handle hazardous materials himself or will closely supervise their usage. 

 

3.4.2 Facilities Safety 

 
For any facilities used, team members will be aware of the facility’s safety codes. Prior to usage 

of machinery, a facility’s required safety test must be passed and a Safety Agreement plan 

signed. Machinery may be used by a team member if and only if they have been approved to do 

so or are being supervised by faculty. Please see the Machine Shop safety guidelines in 

Appendices B and C. The safety agreement plan is in Appendix E. 

 

3.4.3 Pre-Launch Briefing 

 
In order to abide by federal, state, and local laws, all launches will happen at NAR/TRA 

approved launch sites, which will be operated by certified personnel. Before the launch, 

the personnel will conduct safety checks and notify the range safety officer of any issues. 

With respect to launch safety and operations, the range safety officer can overrule team 

communications. Also, the safety officer and mentor will follow accepted NAR/TRA 

rules for launching at the launch site and gain approval to launch from the Rocketry of 

Central Carolina (ROCC). 

 

3.4.5 Cautionary Statements 

 
Caution statements will be implemented into documents that will be involved with dangerous 

activities. These documents include, but are not limited, to checklists, launch procedures and 

material safety data sheets. 

 

3.5 Safety Statement 
 
Team members are required to sign a safety agreement statement that ensures that team members 

will act within the guidelines of safety regulations provided in the 2018-19 Student Launch 

handbook, NAR launch safety procedures, and Lenoir-Rhyne’s safety guidelines. This safety 

statement can be found in Appendix E. Each team member who wishes to use machine shop 

equipment must show sufficient knowledge of safety by completing a Machine Shop Safety test 

in Appendix C. 
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4. Technical Design  
 

An overview of the technical design of the rocket will be presented. Necessary details will be 

given as this design is subjected to minor changes before construction begins, but this will be our 

overall design. 

 
4.1 Launch Vehicle

 
Figure 13: OpenRocket 3D View of Launch Vehicle  

 

4.1.1 Rocket Dimensions 

 

The rockets overall length will be 90.8” (230.6 cm) with a consistent diameter of approximately 

6.0” (15.2 cm). There will be no transition to change body tube diameter for the proposed rocket. 

The nose cone as designed is 8”(20.3 cm) long and has a power series shape. Roughly 16’’ from 

the tip of our nose cone, we have 3 fin-like housing for our landing legs that will provide drag for 

our rocket. The dimensions for these fins are a root and tip chord of 30”(76.2 cm), height of 

0.67”(1.7 cm), sweep length of zero, and the sweep angle will be zero as well. Four fins will be 

constructed for our fin can at the base of the rocket. The design for them will consist of a root 

chord of 10.7”(27.2 cm), tip chord of 3.5”(8.9 cm), height of 6.1”(15.4 cm), sweep length of 

7.2”(18.3 cm) and the sweep angle of the leading edge of the fins are 49.9 degrees. 

 

 
Figure 14: Overview of Launch Vehicle 

 

4.1.2 Materials for Rocket Parts with Justifications 

 

The rocket will mostly be composed of Kraft phenolic, fiberglass, birch wood, and ABS 

filament. The nose cone will be 3D printed with ABS filament which gives us an ease of creation 

or modification if necessary and will provide us with lower costs on our rocket. The benefits of 

having an ABS 3D printed part is that one can alter the parts infill percent’s and directly affects 
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its strength, heat resistance, and the ability of fabrication. The housing for our landing legs of our 

payload section will be constructed out of plywood (birch) and fiberglass overlay for stability. 

The landing leg housings are represented as fins in the OpenRocket design and are initially 

designed to be constructed out of plywood as well. In general, fiberglass will be utilized due to 

availability of the materials, impact and load resistance, and ability to withstand heating effects 

of launch and the environment. The centering rings and bulkheads will be made out of 

Birchwood and will be layered in fiberglass to keep the shock chords from separating parts from 

the vehicle. 

 

4.1.3 Construction Methods 

 

We have several different construction methods that will be used to construct our rocket. The 

ABS nose cone component will be 3D printed. Many of the components of the rocket will be 

reinforced and connected with 20-30-minute setting epoxy and then some will be reinforced with 

layers of fiberglass. Fiberglass cloth will be used to reinforced parts of the rocket that undergo a 

heavy load during flight. The fins, fin can, centering rings, and portions of the rocket will be 

connected and reinforced with 20-30-minute setting epoxy. 

 

4.2 Altitude  
The target apogee altitude for our rocket is 4230 ft. (1289 meters), which in simulations we have 

reached altitudes right at or above the target altitude with the two motors we have selected to use. 

We have aimed to go above our target altitude in the simulations in order to reach the target 

altitude with the possible unaccounted-for weight of construction materials. Furthermore, we can 

always add weight or take other measures to bring the rocket down to our target altitude much 

easier than we can subtract weight or put in a more substantial motor. OpenRocket is the current 

simulation software of choice and used for this proposal. The team plans to use RASAreo as a 

secondary simulation tool upon acceptance into the competition. 

4.2.1 Projected altitude 

The apogee altitude predicted by the OpenRocket simulator using a Cesaroni Technology Inc. 

K660 is 4315 ft. (1315 meters) shown in Figure 16.  Another motor option we may possibly use 

depending on acquisition capability and final rocket conditions is an Aerotech K1000. In the 

OpenRocket simulation, the Aerotech K1000 will bring the rocket to apogee at 4229 ft (1289 

meters) at shown in Figure 15. 
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4.2.2 How to Determine 

 

Figure 15: Rocket Flight Simulation graph with Aerotech K1000 motor 

The projected altitude was predicted by the OpenRocket simulator using the extended 

Barrowman calculation method. The simulation environment settings were changed to match the 

longitude, latitude, and the elevation of Huntsville, Alabama. Furthermore, the average weather 

conditions of Huntsville, AL were taken into account from the previous years of weather in that 

week-long period of April and were entered into the simulation options to account for wind, 

direction of wind, and turbulence intensity. These projections are simulated by OpenRocket 

Simulation graphs of the rocket design with the two different motors, which explain the Vertical 

motion vs. Time throughout the flight. Students at Lenoir-Rhyne University are currently gaining 

experience with RASAero rocket flight simulator and will use it as a second rocket simulation 

during the preliminary design review. 
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Figure 16: Rocket Flight Simulation graph with Cesaroni Technology Inc. K660 motor 
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4.3 Parachute Recovery Design 

 

Figure 17: Parachute Deployment Diagram 

 

4.3.1 Parachute for Drogue 

After the launch vehicle is launched from the pad and reaches apogee, an ejection charge and a 

fail/safe ejection charge will deploy the drogue parachute. The drogue parachute is manufactured 

from Public Missiles and is 18 inches in diameter. Two altimeters will be programmed to initiate 

a charge at apogee to deploy this parachute. The drogue parachute will be attached to 30 feet of 

shock cord. In Addition, at this height the rocket will fall with a kinetic energy of 1567.6 ft-lbs.  

4.3.2 Parachute for Main 

As the rocket descends, two ejection charges located in front of the altimeter bay will separate 

the main airframe from the payload lander. Consequently, the main parachute, manufactured 

from Public Missiles and 96 inches in diameter, will deploy at 800 feet. Both altimeters will be 

programmed to initiate a charge at what each perceives as 800 feet. The main parachute will be 

attached with 25 feet of shock cord. In result, this will give a kinetic energy of 54.4 ft-lbs. for the 

remaining vehicle after the payload section has been deployed off the rocket. 

4.3.3 Parachute for LR Lander 
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Since the main and LR landers parachute rest within the same airframe, the secondary charge 

will result in the deployment of LR lander parachute. This parachute manufactured from Public 

Missiles and is 48” in diameter. The payload parachute will be deployed at 800 feet, along with 

20 feet of shock cord, both altimeters will initiate a charge at what each perceives as 800 feet. 

See figure 17 for a detail description.  The payload parachute will have a kinetic energy of 140 

ft-lbs. after the payload has been separated from the rocket. 

4.4 Projected Motor and Designation  
In figure 18, we see a Cesaroni K660 motors Thrust Curve Graph. In figure 19 we have a Thrust 

Curve Graph for an Aerotech K1000 motor. The K1000 demonstrates a neutral burning motor 

showing a quicker decline in thrust over time as seen how it drops off at roughly 2.5 seconds. 

The K660 motor; however, is a Bates grain, regressive burning motor demonstrating a good 

initial kick but reduced thrust over time and zeros out in roughly 4 seconds. The initial thrust 

force of the K1000 is higher than the K660 which gives a greater speed off the rail getting the 

rocket to a stable velocity quicker. The K660, though, is not much less in the initial thrust force, 

enough for stability off the rail, but will cause less gee loading over time on the payload and 

rocket components.     

 

Figure 18: Cesaroni K660 Thrust Curve Graph 
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Figure 19: Aerotech K1000 Thrust Curve Graph  

 

4.4.1 Justification of Motor 

We are proposing two different motors, an Aerotech K1000 and a Cesaroni K660, for our 

proposed rocket. We are proposing two different motors due to possible acquisition issues with 

motors that could occur going forward. This was almost an issue last year and we plan to 

mitigate this possible issue this year. These two companies are the two-major hobby rocket 

motor manufacturers and supply most of the motors used the last few years in the University 

Student Launch competition. These motors also supply flight characteristics for our rocket and 

payload we desire. Each motor provides a maximum acceleration of at most approximately 10 

gees, well within an acceptable range for our rocket and payload. These motors also provide a 

predicted altitude within the constraints of the RFP. We are confident either motor will suffice 

for successful completion of the project deliverables. 

4.5 Projected Payload 

 

Figure 20: Expanded View of LR Lander 

The team's main objective for this competition is to land the vehicles payload vertically. Once 

the payload lands, an xbee-arduino communication system will release the payloads parachute. 

The same communication system will then open a door from the payloads airframe. Furthermore, 
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as the door opens, the rover which is attached to the vehicles exit ramp will be deployed and 

begin its mission. Shown in figure 20, from the left one can see the leg retainers that secure the 

legs in place during flight. The carbon fiber legs which are attached by the ends using a hinge 

system will cause the legs to extend out once the main airframe detaches from the payload. The 

rover will rest within the payloads airframe and be pointing away from the nose cone. The 

physical barrier between the rover and the electronics will be a birch wood bulkhead. The 

Parachute and Rover Deployment Electronics will be retained by the nose cone and the 

bulkhead.  

 

 

4.5.1 Lenoir-Rhyne Lander 

 

 
Figure 21: Leg Deployment  

 

The lander legs are held in the closed position by retainers attached to the main airframe. The 

point of separation caused by the rockets dual deployment charges allows the payload section to 

separate from the airframe. Consequently, the legs will slide away from the leg retainers from 

which the legs are then deployed in the landing position. The legs are proposed to deploy using 

spring-loaded hinges but will be determined after further testing. Once the legs deploy, they will 

be retained in the landing position using locking tabs. 
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Figure 22: LR Lander in its Vertical Orientation 

 

The three legs are made from 1-inch carbon fiber tubes that are 22 inches long. The legs will 

deploy at an angle in the range of 30 to 45 degrees. Pointed end caps will be added to the legs to 

ensure that when the lander makes contact with the ground it is able to plant into the soil 

allowing for higher stability and lower risk of mission failure.  
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4.5.1.1 Proposed Hinge System  

 

 

 

 

 

 
 

 

 

 

 

 

Figure 23: Proposed Hinge System 

 

The hinges are attached to the airframe using epoxy and threaded screws which are reinforced 

inside the airframe. The hinges have bump stops as shown in the right bottom image of figure 23, 

to determine the leg deployment angle. The upper right image in the same figure, shows the end 

cap of the leg that attaches to the hinge. Locking tabs and springs are to be added once a 

finalized and tested hinge is established. 
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4.5.2 System for Parachute Release Mechanism   

  

In order to prevent the parachute from causing instability to the payload lander during landing, a 

parachute release mechanism will be implemented to address the issue. If the lander does not 

land vertically then the mission will be considered a failure. This results in the rover’s inability 

to exit the airframe. Therefore, the team is proposing two methods for the parachute releasement. 

One of which involves the use of a solenoid lock device attached to the bulkhead in the payload 

section. The solenoid lock would be electronically triggered using an Xbee-Arduino 

communication system to unlock the solenoid lock, releasing the parachute cord from the 

payload section.  

 

 
Figure 24: Parachute release system using Pyrotechnic Bolt 

 

The second proposed method for releasing the parachute involves the use of a shackle and 

pyrotechnic bolt. The pyrotechnic bolt is to be nylon fastened through a shackle connected to the 

U-bolt, as shown in the figure 24. The pyrotechnic bolt consists of a nylon toilet seat nut and bolt 

that is hollowed and filled about three-quarters full of black powder. The head of the igniter is 

then placed into the cavity until contact is made with the black powder. The cavity is then 

plugged with epoxy clay. The Igniter will be activated using an Xbee-Arduino communication 

system, releasing the parachute cord from the bulkhead. Stress simulations and analysis will be 

conducted on the pyrotechnic bolt to mitigate chance of failure and optimize functionality of the 

pyrotechnic bolt release system. Also, for safety of team members and other individuals, the 

team will have a safety on/off switch accessible externally for power activation. The team would 
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take the pyrotechnic bolt system with the same precaution measurements as handling altimeters 

ejection charges.  

 

4.5.3 Electrical system for Parachute Detachment  

 

 
Figure 25: Electrical Schematic for Parachute Deployment 

 

As previously stated, there are many solutions for detaching the parachute from the lander, 

regardless of what mechanical solution is chosen, the electrical system on-board will be similar 

for either. Shown in figure 25, is the preliminary electrical schematic of the parachute 

detachment system. The activation is triggered from an Xbee-Arduino communication system; 

Therefore, once a specific command is transmitted and received by the Arduino Uno. The 

Arduino will process the data to send a 5-volt digital signal to pin D7 and activate the Mosfet 

Gate. the Mosfet in the schematics is an N-Channel Mosfet 30N06LE low-level logic gate. The 

source pin of Mosfet (upper lead), connects in series with an external safety key switch, an 

undecided electrical component, and to a battery source. The positive lead of the battery source 

connects to the drain lead of the Mosfet. Furthermore, the Mosfet drain pin and battery 

connection will be grounded to the Arduino to ensure that the circuit is nominally off.  

 

 

 

 

 

 

 

 

 

 

4.5.4 Mechanical system for Rover I Deployment  
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Figure 26: Lander Door Deployment  

 

Once the payload has landed vertically, a linear actuator that is nominally extended; acting as a 

latch, retracts and allows the spring-loaded door to open. The door will be have a spring-loaded 

hinge attached to the lander door and airframe. The lander door also has a 3D ramp epoxied to 

internal side of the door. The exit ramp will hold the rover during flight as well as when the 

lander door is opened. Furthermore, an undetermined system will be added to release the rover 

from the exit ramp. Following successful completion of the sequence mentioned, the rover will 

then begin its travel sequence.  

 

 

 

 

 

 

 

4.5.5 Electrical System for Rover Deployment  

4.5.6 Communication to Payload  
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Figure 28: Xbee Transmitter Flow Chart 

 

The XBee Pro 900HP SCB is the kit that has been used by the team for payload communication 

in the past and has proven to be a workable, portable, and reliable solution. The communication 

system to the payload will consist of a transmitter and receiver using Xbee’s. The transmitting 

Xbee will be interacting with a Raspberry PI as opposed to a laptop. Eliminating the usage of a 

laptop will resolve issues regarding software capability and portability during testing and at 

launches. The Raspberry Pi will operate similar to a laptop, for example, the team wants to 

implement a touchscreen display screen and miniature keyboard for ease of operation. However, 

the Pi’s sole purpose is to be the only point of contact to transmitting and receiving information 

to the launch vehicle. Another advantage of creating such a system will be the ease of portability 

during launches, which is a issue with oversized laptops.  

 
Figure 29: Xbee Receiver Flow Chart 

The Xbee receiver on board the payload section will consist of an Xbee, Sparkfun Xbee shield, 

and an Arduino Uno. This system will work like a remote controller; the transmitting Xbee 

interfacing with the Raspberry Pi will transmit information to the Xbee receiver. The Xbee 

receiver will send that b through the Sparkfun Xbee shield and redirected to the Arduino Uno. 



 

 
35 

According the data being sent, the Arduino Uno will either activate on/off the parachute 

detachment system or the deployment of the landers doors.  

 

4.6 Rover 

 

 
Figure 30: Rover Design  

4.6.1 Rover Design 

 

The Lenoir-Rhyne Rocketry Team has decided that it will partake in the challenge of designing a 

deployable rover; with the deliverable of traveling a minimal distance of 10 feet and collecting, 

at minimum, a 10-milliliter soil sample. The team’s design took inspiration from two pieces of 

heavy machinery used in construction sites. Therefore, the team will design a rover similar to a 

Lull Forklift. The Lull can operate in almost any type of terrain due to its four-wheel drivetrain. 

In addition, the Lull has an extendable arm, that moves vertically for lifting objects. The team 

plans to implement the four-wheel drivetrain and the capability of using a non-extendable arm 

for excavation. However, from the perspective of using a Lull for excavation, this is not 

something this machine is capable of doing; Therefore, the team plans to replace the forklift end 

with a bucket-wheel excavator. The team believes this system is sufficient for soil sample 

collection and can be successfully implemented. The inspiration of using a bucket-wheel 

excavator comes from the Bagger 293 used in Hambach, Germany. The colossal machine uses a 

continuous pattern of chain buckets to penetrate the ground to collect soil. However, the buckets 

ends have a colander type system which allows the dirt from adhering at the corners. The wheel 

system has enough inertia, produced by the motor, that the soil can travel to its designated 

location. Once the buckets reach the peak of wheel, an opening allows the soil to slide downward 

into a conveyor belt for collection. This system has proven to work efficiently in the mining 

industry and we strongly believe a similarly inspired system can accomplish the competition 

deliverables. As currently designed, the rover has a total length of 14.75 Inches, 4.5 inches wide, 

and height of 4.25 inches. Most of the body frame and some mechanical components will be 3D 
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printed from ABS polymer. However, the team is considering using aluminum for the bucket-

wheel bucket system but will only use it as needed. Composites will also be considered in the 

place of aluminum as needed. The following sections will provide a further description regarding 

the proposed rovers mechanical and electrical design, functionality, and specifications.  

 

4.6.2 Rover Electrical Design 

 
Figure 31: Rovers Microcontroller exposed 

 

The team will be implementing an Arduino Mega as the microcontroller of the rover, which will 

control the rover during the mission. The Mega will be safely secured within the upper body 

frame, as shown in figure 31. Also, there will be physical barrier separating the Mega from other 

electronics. The team will design the body frame to have a barrier between hardware and 

electrical components.  
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Figure 32: Electrical Flow Chart of Rover 

 

The rover has a total of 4 DC micro metal gear motors and one DC gearbox motor. The gearbox 

motor will control the rear two wheels and the two micro metal gear motors will control the front 

two wheels. An additional micrometal gear motor will control the vertical movement the 

excavators arm with another micro metal motor will rotate the bucket-wheel excavator. All of the 

motors, will be connected to a DC motor drive controller interfacing with the Arduino Mega. two 

to four photoresistors will be used for rover activation. One accelerometer will be integrated to 

provide rover positioning information.  
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4.6.3 Rover Movement 

 
Figure 33: Power and Drivetrain of Rover 

 

The rover will have a total of four wheels, designed to be 60mm in diameter and 8 mm in width, 

manufactured by Pololu Industries. The team plans to implement a four-wheel drivetrain using 

two micro metal gearmotors and one motor gearbox box. The gear ratio is currently undecided 

with the team looking at between 50:1 to 250:1 ratios and will do a thorough review before 

concluding a final decision. Currently, the motor layout is to have the gear box controlling the 

two rear wheels and the micro metal motors operating the front wheels. Activation of the rover 

will be determined by two or four photoresistors sensors waiting for the light levels to be 

appropriate for the rover to begin motor movement. If this condition is satisfied, the rover will 

begin its travel pattern. The current plan is to use an accelerometer to determine if the rover is 

stuck or having movement issues. If such problem occurs, the rover will be programmed to travel 

backwards and lower the speed of one of the front motors while the other motor and gearbox 

rotate at the same rate. This will result in the rover traveling left/right, then after a predetermined 

amount of time, all motors will be programmed to the same rotation rate causing a straight path. 

The travel distance of 10 feet will rely on a time algorithm and once that time is completed, the 

rover will stop and began the excavation activation.   

 

 

 

 

 

 

 

4.6.4 Power System 
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Figure 34: Battery Orientation of Rover 

 

Lithium-Ion Polymer Batteries are currently chosen to power the motors and microcontrollers. 

The team found LiPo batteries to be robust, reliable, and efficient for last year’s rover and will 

continue in this direction. The initial design is to use LiPo batteries that hold a charge of 1500 

mAh at 7.4V. The left LiPo will power the Arduino Mega and right LiPo all of the motors. Since 

lithium-ion batteries can be dangerous if shorted or overcharged, they’ll be taped using red 

electrical phase tape for safety identification. Also, all batteries or electronics that can pose a 

threat to the team’s safety will be placed in a separate dry container when not in use, strictly used 

for safe keeping. Shown in the left image of figure 34, is the positioning of the LiPo batteries. 

The body frame is design to minimize movement of the batteries during flight. In addition, the 

lower body frame infill parameter will be set to 100 percent. This dense structure is designed to 

provide a sufficient amount of protection for the batteries during test flights and operations.  
 

 
Figure 35: Battery and Front Wheel Cover 

 

To additional ensure that the batteries will be protected during flight, a cover will be placed on 

the LiPo batteries, shown in green on figure 35. The green cover and lower body frame will 
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restrict the motion of the batteries internally and ensure that other components, such as the 

motors, the pose potential external hazards, cannot affect the batteries operation.  

 

4.6.5 Mechanical Arm for Excavator  

 

 
Figure 36: Rovers Mechanical Arm 

 
 In figure 36, shown in white, is the mechanic structure that controls the movement of the arm. 

The rotating motor (on the left side) will control the vertical movement of the bucket-wheel 

excavator. The arm will slowly move down as the bucket-wheel spins. The displacement 

distance of the arm to the ground is currently unknown. However, the team will implement a 

motor speed and time that provides the greatest probability of successful mining. 

 

 
Figure 37: Belt and Roller System for Excavation 
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On the opposite side of the mechanical arm will be a set of four rollers that will hold the belt in 

place and allow the movement of the belt to be smoother. The belt begins at the rear end of the 

rover and ends at the center of the bucket wheel excavator. How this system works is that the 

motor on the right, shown in figure 37; will being to rotate causing the bucket-wheel to collect its 

soil sample. The designed mechanical arm is subject to change as they’re many other solutions to 

this problem. However, each other solutions will have the same concept as the mechanical arm 

being proposed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.6.6 Bucket-Wheel Excavator Design  
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Figure 38: Expanded View of Bucket-Wheel Excavator  

 

Shown in figure 38, one can see the exploded image of the buck-wheel system. How this system 

works is that the buckets (colored in black) will attach onto the rotator (in grey) and adhered 

together. These components will experience rotation when the motor begins movement. The 

buckets will have a colander system at the ends to efficiently ensure that soil is picked up 

without getting stuck to the buckets. As for the collector wheel (in green) it will remain static.  

Its main purpose is for soil collection and ensuring that the buckets and wheel stay in its 

orientation. The buckets and rotator will work similar to how a train stays on the tracks. 

Therefore, it'll spin freely while its attached to the collector wheel. As the bucket-wheel rotates 

around the collector wheel. It’ll penetrate the ground, collect soil, and travel the soil to the peak. 

The reason behind a hollow rotator is that the soil needs to deliver the soil to the peak where it’ll 

be dumped and collected. The assembled system of the bucket-wheel excavator is shown in the 

figure 39.  
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Figure 39: Integrated Bucket-Wheel System  

 

4.6.7 Sample collection repository 

 

 

 

 

 

 

 

 

 

 
 

Figure 40: Soil Sample Repository  

 

As the excavator begins to penetrate the soil and the buckets collect soil. The next process, is for 

the soil to be dumped and deliver to soil sample collection repository, shown in figure 40. The 

soil reaches the peak where an opening is available to slide down into the repository. The team 

wants to collect a sample of 20 mL to ensure that will meet the requirement of 10mL. The team 

has not decided how to enclose the soil sample.  However, the methods are being review which 

involved a spring-loaded trap door trigger by electronically, a gear spool mechanism closing the 

sample, or a tension string tied which is tied to lid and cut autonomously.   
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4.7 Requirements to address 
4.7.1 Rocket  

● Deliver a payload to above 4,000 and below 5,500 above ground level 

● Use commercially available barometric altimeter to record altitude  

● Use a dedicated switch to arm altimeter that can be locked into on position  

● Rocket must be recoverable and reusable  

● Rocket must be able to launch within two hours after FAA waiver opens  

● Rocket must use commercially available solid propellant, high powered motor  

● Rocket must launch with minimum static margin of 2.0 for stable flight  

● Rocket must have a minimum rail velocity of 52 feet per second  

● Subscale model of rocket must be launched before critical design review 

● Full-scale demonstration of the flight of the rocket must be completed before flight 

readiness review  

4.7.2 Recovery Systems 

● Rocket will be recovered using dual deployment method  

● Main parachute must be deployed at 500 feet or greater altitude 

●  Successful ground ejection tests must occur for drogue and main parachute  

● Each independent section of launch vehicle at landing will have a maximum kinetic 

energy of 75 ft-lbf    

● Minimum of 2 altimeters must be used  

● Decent time must be equal to or less than 90 seconds  

● Electronic tracking device must be installed into each independent section of the launch 

vehicle 

● Electronic tracker may not adversely affect any other on board electronic devices 

 

4.7.3 Payload Lander 

● Must land upright to allow rover to deploy 

● Must be able to release lander parachute 

● Must be able to deploy rover ramp 

● Lander must be able to communicate with ground station 

● Lander internals must not be affected by rocket flight  

● Lander must be able to release rover from the ramp 

 

 

4.7.4 Rover 

● Rover must begin its initiation movement when from the lander ramp when the 

photoresistors reach an ideal light level  

● Rover must travel a direction of 10 feet in any straight path from the lander 
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● After the targeted distance has been reached, the rovers bucket-wheel excavator begin 

excavation 

● The soil sample collected in the repository must reach a volume of 10mL 

● After the collection sample is filled, it must be concealed by an electrical and mechanical 

system 

 

4.8 Technical Challenges and Solutions 
 

4.8.1 Rocket  

 

 Challenges  Solutions 

The rocket shall have a low drag 

coefficient. 

Rocket externals will be smooth and designed for 

a low coefficient of drag. 

The ejection charges cannot fail to blow. Check connections prior to launch; ground test 

the ejection charges prior to flight. 

The rocket must be able to fly on a K 

motor or less in order to be able to test 

launch at the closest field to LR. 

Minimize weight and use materials that are light 

for flight but structurally sound. 

The rocket must reach target altitude. Use rocket simulations with different motors and 

conditions to see if mass needs to be added or 

removed. 

The rocket must be stable for the entire 

flight. 

Determine the proper caliber of stability by 

conducting center of gravity / center of pressure 

tests beforehand, flight test for stability. 

The fin can components must be secured 

during flight. 

Test the fin can components for structural 

rigidity, flight test. 

The rocket must not separate prematurely, 

and must not deploy parachutes 

prematurely. 

Ground test the rocket components beforehand to 

ensure the proper amount of shear pins and black 

powder are used to prevent premature separation. 

Inspect altimeters are wired correctly before 

launch. 
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The rocket cannot shred and must be intact 

when it reaches the target altitude. 

All connections must be secured before flight, 

and will use materials that can withstand in-flight 

forces, flight test. 

The motor cannot CATO and must be able 

to thrust the rocket to the proper altitude. 

 Will use commercially viable motors that are 

relatively new to ensure reliability; flight test. 

 

4.8.2 Recovery System  

 

Challenges Solutions 

The shroud lines must hold during 

recovery. 

The parachutes will be ejected to where the 

shroud lines will not be ripped. Parachutes that 

can withstand high velocity deployment will be 

purchased. Shroud line integrity will be checked 

before flight. 

The shock cords cannot snap during 

deployment. 

High strength shock cord will be used for test 

flights and replaced as necessary. Inspection 

before each flight for issues that may occur. 

The parachutes must not fail to deploy or 

get tangled. 

The parachutes will be folded optimally and 

flight tested. 

All parachutes must be intact with no tears 

or burns during deployment. 

Parachutes will be folded and inspected prior to 

launch. The parachutes will be wrapped in a fire 

resistant cloth to prevent burns when the charge 

deploys. 

The parachutes must deploy at their correct 

altitudes. 

The amount of black powder required for each 

charge will be calculated and ground tested. All 

connections will be checked and inspected prior 

to flight. Altimeters will be properly 

programmed. 

The shock cord must be the proper length 

for flight. 

Shock cord will have a minimum 3:1  

cord length/rocket length ratio. 

The rocket must land safely and with a 

descent velocity that will not damage any 

electronics or payload inside. 

Kinetic energy will be calculated and used to 

determine which parachute size is to be used for 

each section; flight test as well. 

The sections must land on the ground 

within the launch area and be recoverable. 

Calculate drift and wind speed for proper drogue 

parachute size. 
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The charges must be secured and not 

deploy prematurely. 

The charges will be secured to the altimeter bay 

and inspected before launch. 

The rover and recovery housing must not 

separate prematurely and must be able to 

separate at the specified altitudes. 

Ground test the rocket sections beforehand to 

determine the number and strength of shear pins 

required. Conduct flight tests to ensure that the 

payload can be recovered and not separate while 

in midair. 

 

4.8.3 Payload/ Electronics 

 

Challenges Solutions 

The electronics must communicate and be 

able to transmit to the lander. 

Code and inspect the communication system and 

conduct testing before flight to ensure that the 

communication system works. 

The electronics must not short or 

experience a bad connection during flight. 

All electronics will be inspected by the team, 

and ground shake test will occur, flight test. 

The rover must be able to dig into the 

terrain and collect a sample of at least 10 

mL. 

The rover will be extensively ground tested prior 

to flight and designed to meet this requirement. 

The rover must be intact and able to 

function upon landing. 

The rover housing and lander will be built to 

ensure that the rover lands safely. The 

parachutes and recovery system will be 

inspected prior to flight, flight test. 

The rover must be able to fit the 6” 

diameter airframe of the launch vehicle. 

The rover will be designed and built so that it 

can fit the constraints of the launch vehicle and 

rover housing. 

The rover must be able to seal the sample. Rover sample collection method will be 

extensively ground tested to secure the sample. 

The rover electronics circuits must be able 

to withstand all forces applied to it during 

flight. 

Electronics will be inspected before flight and 

all circuits built to withstand the forces of flight; 

shake table testing and flight test. 

The rover electronics bay must execute the 

correct sequence of commands in the 

correct order. 

The communication system and code will ensure 

that the correct sequence of commands are 

executed, ground and flight test. 

The rover must be able to travel greater 

than or equal to ten feet autonomously.  

The rover will be outfitted with sufficient size 

batteries and tested on terrain similar to launch 
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day conditions prior to flight to ensure that it can 

travel at least ten feet. 

All launch vehicle electronics must be able 

to successfully initiate separation during 

flight. 

Launch vehicle electronics and the altimeter bay 

will be inspected before flight; ground and flight 

test. 

 

4.8.4 Payload Lander 

 

Challenges Solutions 

The lander must land vertically in order to 

ensure proper rover deployment. 

The lander design and parachutes will moderate 

the descent velocity to ensure that the rover will 

land at its correct orientation; extensive ground, 

drop, and flight tests. 

The lander legs must deploy before the 

lander reaches the ground. 

The lander legs mechanism will be ground, drop, 

and flight tested. 

The lander’s speed must be slow enough so 

that it can land without damaging the 

payload or tipping. 

Descent calculations and the parachute recovery 

system will ensure that the lander will not 

descend fast enough to cause damage to the 

payload. Drop and flight tests. 

The lander must be able to land on uneven 

terrain without tipping. 

The lander legs will be built and tested to where 

the lander remains vertical on uneven terrain. 

The lander parachute cannot interfere with 

lander functions or rover deployment. 

Parachute release mechanism will be extensively 

tested. 

The lander must be able to withstand all 

forces applied to it during flight and remain 

completely intact after separation. 

Separation charges will be ground tested before 

flight, and the lander will be shake and flight 

tested. 

The lander cannot separate prematurely, 

and the rover housing must remain intact 

with the rover inside before reaching the 

ground. 

Ground testing of shear pins and flight test. 

The lander must be able to land without 

tipping despite wind gusts that can occur 

during the landing process. 

The lander will be designed and tested to ensure 

that it can land vertically despite any forces from 

the wind or uneven ground upon landing. 

The lander must be able to demonstrate the 

ability to carry the payload safely to the 

ground by the FRR due date. 

The lander will be test launched before FRR and 

have all components working before the FRR 

due date. 

 



 

 
49 

4.8.5 Project Plan 

 

Challenges Solutions 

A minimum of three educational 

engagements with at least 200 students 

must be completed. 

Plan enough educational engagements in case 

some are postponed or delayed due to weather. 

Plan to complete educational engagements by 

before necessary. 

Use equipment and motors that will not be 

a safety hazard or a danger to the project if 

it fails. 

Have a large enough budget to where reliable 

motors and needed equipment will be 

purchased. The Safety Officer will inspect all 

equipment prior to use. Communicate with 

educational institutions for proper safety 

precautions during engagement. 

We must have a large enough income to 

meet our budget. 

Regularly update project plan to verify expenses 

are compatible with updated budget 

The PDR, CDR, and FRR documentation 

packages must be submitted on time and all 

testing required for these documentations 

completed beforehand. 

The team will allow enough time to complete 

the required tasks and complete all necessary 

testing and launches at least one week before 

the due date. 

We must be able to complete all necessary 

test launches on weekends that the launch 

fields are open. 

Complete extensive ground testing beforehand 

to ensure that the test launches are a success, 

and complete subscale launches beforehand. 

Parts must be available and able to be used 

before launch. 

Order components as soon as we know what we 

need to get (i.e. motors) and eliminate 

middlemen in the ordering process if applicable. 

Supplies must be inventoried and packed to 

ensure that they are available at launch. 

Go over all supply checklists and pack all 

toolboxes and supply kits before launch or 

travel. 

Project steps and checklists must be 

verified for documentation purposes. 

A verification process will be established that 

will allow tasks to be verified as complete, and 

all checklists will be approved by the team.  

Team members must be able to use all 

equipment safely and handle any hazardous 

materials safely. 

Team members will sign a PPE agreement and 

be instructed on how to use all equipment 

properly. 

Prep time required before launch must be 

two hours or less. 

Pack and inventory materials before launch. 

Where applicable, assemble sections of the 

rocket and inspect them prior to launch day. 

Figure 41: Predicted Challenges and Solutions Chart 
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5. STEM Engagement  
 

5.1 Plans 
 

The Lenoir-Rhyne Rocket Team will engage a wide range of students in educational outreach 

regarding rocketry and NASA. The team plans to attend Rocket Day at East Alexander Middle 

School, present to students at the Catawba Science Center, visit West Wilkes High School, visit 

University Christian High School, and visit Gamewell Elementary School. The Lenoir-Rhyne 

Rocket Team plans to educate students about STEM, rocketry, safety, and careers in STEM 

while reaching out to the community to educate students. 

5.1.1 Rocket Day East Alexander Middle School 

 

The Lenoir-Rhyne Rocket Team will support Dr. Knight for “Rocket Day at East Alexander 

Middle School” in October. This is the 11th year Dr. Knight has been a guest of honor for 

“Rocket Day” and the program actively encompasses the entire 7th  grade. Team members will 

present their plans for the USLI to student groups and explain the history of space exploration. In 

addition, they will assist in demonstrating what makes a rocket stable and how to prepare for a 

rocket launch. After lunch, the team will assist with the 7th grade water bottle rocket launches and 

then demonstrate a launch by flying two mid power rockets. The entire student body are allowed 

to witness the rocket launch.  

5.1.2 Catawba Science Center 

 

The Lenoir-Rhyne Rocket Team has been granted the opportunity to present at the Catawba 

Science Center in Hickory, North Carolina.  As this will be an opportunity to present to the 

community, the Lenoir Rhyne Rocket Team will create a presentation about engineering and 

rocketry to present to the community.  The focus of the presentation will be decided at later date 

because we want to ensure an effective presentation that is appropriate to our audience. 

5.1.3 West Wilkes High School 

 

For the presentation at West Wilkes High School, the Lenoir-Rhyne Rocket Team will talk about 

engineering and rocketry.  After the presentation, we will be teaching the high school students 

about making Water Bottle Rockets.  The engagement of high school students in this community 

outreach is effective because the students will be learning about the components of rocketry 

while creating their own rocket in a safe environment.  Once the high school students are 

finished building their own Water Bottle Rocket, they will be shooting them off in a safe, 

controlled environment.  Once the outreach opportunity is finished, the Lenoir-Rhyne Rocketry 

Team will follow up with a survey for the high school students. 
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5.1.4 University Christian High School 

 

The Lenoir-Rhyne Rocketry Team will have the opportunity to present to the students of 

University Christian High School, which is located on Lenoir-Rhyne’s campus.  This 

presentation topic will be decided closer to the presentation date to ensure the effectiveness of 

the presentation.  The Lenoir-Rhyne Rocketry Team will include active participation in this 

presentation and will ask the students to fill out a survey afterwards to receive feedback. 

5.1.5 Gamewell Elementary School   

 

The Lenoir-Rhyne Rocketry Team will have the opportunity to present to the students of 

Gamewell Elementary.  This presentation topic will be decided closer to the presentation date to 

ensure the effectiveness of the presentation.  The Lenoir-Rhyne Rocketry will include active 

participation in this presentation and will ask the teachers to fill out a survey afterwards to 

receive feedback. 

5.2 Evaluation Criteria 
 

For the sites visited, the Lenoir-Rhyne Rocketry Team will be looking for feedback on 

presentations.  We will have a short online survey for the teachers to complete discussing their 

thoughts for the Rocket Day program at East Alexander Middle School. We will also ask 

students for their thoughts about Rocket Day and ask for their feedback. At the Catawba Science 

Center, we will have a short online survey for the students to complete along with the teachers 

concerning their thoughts on the presentation and how it could be improved in the future. Also, 

we will ask to make the presentation a yearly event assuming we continue doing USLI in the 

future, which is the plan. We plan, if allowed to work the event, to have a short online survey for 

the judges and director of the Regional Science Fair event to complete. This will discuss the 

student performance at the event and whether they would like us to return and assist with the 

event in the future. These results will be compiled and presented as each are completed. 

 

 

 

  



 

 
52 

6. Project Plan 
6.1 Project Plan  
In the figure 42, shows an overview of the team's projected timeline throughout NASA’s 

University Student Launch Initiative 2018-19 

 
Figure 42: Project layout 
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6.2 Projected Budget 
 

For this year’s NASA USLI 2018-2019 competition, the Lenoir-Rhyne Rocketry Team has 

created a mock budget (Figure 43 shown below).  This budget is accounts for all materials 

thought to be needed to successfully compete in the competition. This includes travel to 

Huntsville, Alabama, as well as components for the Rocket, Lander, and Rover. Using past 

experience and knowledge, the budget for the 2018-2019 competition has been created by 

veteran team members, as well as industry professionals and faculty representatives. Creating a 

model for the budget allows team members to see how we can save money in different areas to 

maximize the overall budget.  This budget is subject to change throughout the duration of the 

project. 
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Figure 43: Projected Team Budget 

 

6.3 Detailed funding plan 
 

The bulk of the funding will come from a proposal for the Student Team Competition to be 

submitted to North Carolina Space Grant. The grant this year is for up to $5000 and we plan to 

ask for the full amount to cover a large portion of the team expenses. We believe this funding 

will occur but is a big risk to the project if it is not approved. A generous donation from a 

previous alumnus of $2,000, has put the rocket team into prime position to fund the project. 

Along with this money a plan has been put in place to do a fundraiser at LR with the goal of 

$500. We also plan to ask for donations from previous rocket team members associated with Dr. 

Knight and others associated with LR and think we will be able to obtain at least $500 of 

donations. We are also in the process of writing a proposal to the SGA at LR and are confident 

we can get at least $500 of funding from the Student Governing Association and clubs. Also, a 

GoFundMe page has been set up with a goal of $1000, and plans have been made to outreach 

into the community to help the Lenoir-Rhyne Rocketry Team reach their final budget. This gives 

us a total base of funds of $9,500. Based on our budget estimates, this should suffice to cover all 

expected expenses.  
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Figure 44: Team Funding Plan 

 

6.4 Sustainability plan 

 

Going into the second year of the Lenoir-Rhyne Rocketry Team, the sustainability goals remain 

similar to last years, which include making sure the team has a good mix of veteran leadership as 

well as new incoming freshmen or sophomores. This allows for the team to build off the 

previous year with the experience of the returning students, having the correct funding available 

to continue allowing students to take part in NASA USLI. While being involved in the Lenoir-

Rhyne community to continue to have good relations with surrounding public, which allows the 

Lenoir-Rhyne Rocketry Team to have constant support for the foreseeable future. By keeping the 

project relatively simple, the Lenoir-Rhyne Rocket Team will encourage students within and 

beyond the Engineering Physics department to participate in projects. Many students may be 

afraid to join a project that requires knowledge of so many unfamiliar tools. However, to 

maintain interest for upperclassmen, the team must also have more difficult components 

involved. By ensuring that a variety of task difficulties exists, the team can accommodate all 

levels of knowledge and ensure future membership. This is occurring presently.   

The team will further market the project to underclassmen. The team will ask professors within 

the Engineering Physics department to invite students to learn about and join the project. In 

addition, team members will also recruit underclassmen. By actively seeking members, the team 

will ensure its continuation. Since team leaders tend to be upperclassmen and since 

upperclassmen graduate and leave, it is important to train underclassmen to take on leadership 

positions in the future. Team leaders will gradually allow team members to take on more 

responsibilities, gaining more independence in their parts of the project. In addition, through 

quality leadership the team leaders will teach this skill through example. Maintaining a positive 

relationship with people outside of our university is key to our future projects. To ensure future 

funding, the team will always give credit to organizations that provide funding by including their 
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name on presentations and other relevant documents. Also, the team will regularly report to 

funding partners on progress made. The team will also maintain relations with the Hickory 

community and surrounding areas.  

The team will engage the community in four educational events, one at East Alexander Middle 

School, the Catawba Science Center, Gamewell Elementary School, and West Wilkes High 

School. By involving the community in the project, the team will raise awareness of the LRRT 

projects and continue to gain support. Lastly, to continue existence and purpose, the team will 

search for future ideas while working on the current projects. While at the launch, the team will 

ask questions about what other teams have done both on this project and previous projects. This 

will provide the team with knowledge of other opportunities available and the innovative ideas 

that other engineers have had, to help better the future of the team. Also, the BEAR club will 

continue to come up with innovative ways to help stand out when it comes to creating and 

modeling projects. 
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Appendix A: 

SAFETY AGREEMENT 
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Appendix B: 

MACHINE SHOP SAFETY AND USER GUIDE 

The Rules: 

1.   Safety glasses at all times! Even when just visiting. 

2.   Long hair is to be pulled back & tied up. Long sleeves are to be rolled up. 

3. No wearing loose clothing, jewelry or watches while working! 

4.   Closed toed shoes or boots only! No sandals or dressy shoes. 

5.   ULTIMATELY, YOU ARE RESPONSIBLE FOR YOUR OWN SAFETY! 

  

  

 

 

  

 

 

        

Procedures for Working in the Shop 

  

Visiting the Machine Shop 

Visitors are welcome in the shop under certain conditions. First, safety glasses are supplied 

at the front door and must be worn the entire time of the visit.  Second, make sure you find 

the supervising professor and inform him/her of your visit immediately. Third, visitors are 

not allowed to touch or use any tools or equipment. Fourth, visitors are not to interrupt or 

interfere with people working in the shop. 

Observing is OK, but only with prior permission from supervising professor and while 

wearing PPE (personal protective equipment). 
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Getting Started 

If you need to do work in the machine shop, you must first study this document. Then you 

come in to take the Basic Safety Test.  This test will be graded by a professor and students 

will review any incorrect answers so that the information is 100% understood by the test 

taker. Completing this test ONLY gives you permission to be in the machine shop. The use 

of ANY tools or equipment is still to be supervised and only after prior approval of a 

professor.  All assigned tasks that involve powered, electronic equipment must have a 

professor’s approval and supervision. 

Basic users will be shown how to perform specific tasks and limited to just those 

tasks.  There is no official machine shop training program or class at Lenoir-Rhyne 

University, so users are shown how to perform certain tasks based on what they specifically 

need to get done. 

 

 

 

 

  

General Shop Safety Rules 

1.      Safety glasses, or appropriate goggles / face shields are required in the shop, whether 

working or not!! 

2.      Shoes must be worn in any shop area. No one wearing sandals will be allowed to enter 

any shop area. The minimum footwear must cover the entire foot. 

3.      Do not operate any item of equipment unless you are familiar with its operation and 

have been authorized to operate it. If you have any questions regarding the use of 

equipment, ask a professor. 

4.      Avoid excessive use of compressed air to blow dirt or chips from machinery to avoid 

scattering chips. Never use compressed air guns to clean clothing, hair, or aim at 

another person. 

5.      In case of injury, no matter how slight, you must report it to the supervising professor. 

In case of emergency, you can call Lenoir-Rhyne security at 828-328-7146 or a local 

hospital. 

6.      Do not attempt to remove foreign objects from the eye or body. If chemicals get in the 

eye(s), wash eye(s) for 15 minutes in an open flow of water before proceeding for 

medical treatment. Notify the supervising professor immediately. 

7.      Machines must be shut off when cleaning, repairing, or oiling. 

8.      Do not wear ties, loose clothing, long sleeves, jewelry, gloves, etc. around moving or 

rotating machinery. Long hair must be tied back or covered to keep it away from 
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moving machinery. Hand protection in the form of suitable gloves should be used for 

handling hot objects, glass or sharp-edged items. 

9.      Wear appropriate clothing for the job. 

10.  Do not work in the shop if tired, or in a hurry. 

11.  Never indulge in horseplay in the shop areas. 

12.  All machines must be operated with all required guards and shields in place. 

13.  A brush or gentle air blasts should be used for removing chips, shavings, etc. from the 

work area. Never use your hands. 

14.  Keep all body parts clear of the point of operation of machines by using special tools or 

devices, such as, push sticks, hooks, pliers, etc. NEVER use a rag near moving 

machinery. 

15.  A hard hammer should not be used to strike a hardened tool or any machine part. Use a 

soft faced hammer. 

16.  Practice cleanliness and orderliness in the shop areas. Never leave a dirty piece of 

equipment. 

17.  Keep the floor around machines clean, dry and free from trip hazards. Do not allow 

chips to accumulate. 

18.  Think through the entire job before starting. Ask the supervising professor if you are 

ever unsure for any reason. 

19.  Before starting a machine, always check it for correct setup and always check to see if 

machine is clear by operating it manually, if possible. 

20.  Food is allowed in the machine shop, but only in specific areas, well away from any 

chemicals or contaminants. 

21.  Don't rush or take chances. Don’t say you know how to do something, when you don’t. 

Obey all safety rules at ALL times. 

22.  If you have not worked with a particular material before, check the hazardous 

materials data sheets book for any specific precautions to be taken while working with 

the material. Also, ask the supervising professor before cutting any unusual material. 

23.  Heavy sanding and painting should only be done in well ventilated areas, preferably 

outside. 

24.  Follow all appropriate precautions when working with solvents, paints, adhesives or 

other chemicals. Use appropriate personal protective equipment. 

25.  Check the power cords and plugs on portable tools for before using them. 

26.  Always store oily rags in an approved metal container. 
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27.  Obey all posted signs, warnings, posters and special instructions. 

 

Guidelines for Student Medical Emergencies 

Serious Injuries that Threaten Life or Limb. 

1.       Notify the supervising professor! 

2.       Call 828-328-7146 (Lenoir-Rhyne Security), or 911. 

3.       Request an ambulance, give location (Lenoir-Rhyne, Minges science building, first 

floor, Room 109) 

4.       Describe the nature of the problem and stay on the phone. 

5.        If alone, watch for emergency personnel and guide them to the victim. Otherwise, send 

someone. 

Emergencies Which Might Need Professional Care. 

1.       Notify the supervising professor!   

2.       Follow these procedures if you are unsure of the severity of an injury (broken vs. 

sprained, etc…) 

3.       If transportation is available, take victim to nearest hospital or care center.   

a.       Cornerstone Student Support and Wellness Center – Located across from Parking Lot 

#15 

i.      828-328-7959  – Mon-Fri 8:00am – 12:00pm, Mon-Thur 1:00pm – 5:00pm 

b.       Catawba Valley Medical Center – 810 Fairgrove Church Rd SE, Hickory, NC. 

i.      828-326-3000 – 24 hours a day. 

c.       Frye Medical Center – 420 N Center St, Hickory, NC 

i.      828-315-5000 – 24 hours a day 

4.               If transportation is not available, follow the procedures for “Serious Injuries” 

above. 

Minor Emergencies Not Requiring Professional Care. 

1.       Notify the supervising professor! 

2.       Provide appropriate first aid. 

3.       Help victim to rest comfortably. 

4.   Reassure victim and encourage them to seek additional care if necessary. 

          

Drill Press Safety Rules 



 

 
63 

1.      Run drill at correct RPM for diameter of drill bit and material. Ask the supervising 

professor for the correct RPM. 

2.      Always hold work in a vise or clamp to the drill table. NEVER hold it by hand! 

3.      Use a correctly ground drill bit for the material being drilled. The supervising professor 

can help select the correct bit. 

4.      Use the proper cutting fluid for the material being drilled. Ask the supervising 

professor about the appropriate fluid for the material you are machining. 

5.      Remove chips with a brush, NEVER by hand. 

6.      Ease up on drilling pressure as the drill starts to break through the bottom of the 

material. 

7.      Don't use a dull or cracked drill. Inspect the drill before using. 

8.      Don't drill with too much pressure. 

9.      Always try to support part on parallels or a backing board when drilling through any 

material. 

10.  Never place taper shank tools such as large diameter drills or tapered shank reamers in 

a drill chuck. Only straight shank tools such as standard drills can be clamped in 

chucks or collets. 

11.  Always clean drill shank and/or drill sleeve, and the spindle hole before mounting. 

12.  Remove taper shank tools from spindle or sleeve with a drill drift and hammer. 

13.  Never try to loosen the drill chuck while the power is on. 

14.  Never clean the machine while it is in motion! 

15.  If the drill binds in a hole, stop the machine and turn the spindle backwards by hand to 

release the bit. 

16.  When drilling a deep hole withdraw the drill bit frequently to clear chips. 

17.  Always remove the drill chuck key or the drill drift from the spindle immediately after 

using. 

18.  Wear safety eye protection while drilling. 

19.  Let the spindle stop of its own accord after turning the power off. Never try to stop the 

spindle with your hand. 

20.  Plexiglass and other brittle plastics can be difficult to drill. Ask the supervising 

professor for advice on drill and coolant selection when drilling these materials.              

  

 (Bench and Surface) Grinder Safety Rules 
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1.  Abrasive wheel machinery shall not be operated without the appropriate guards in place. 

2.  Tool rests on bench or pedestal grinders shall be set no more than 1/8 inch from the 

wheel. 

3.  Never use a wheel that has been dropped or received a heavy blow, even though there 

may be no apparent damage. Such wheels may be weakened or unbalanced enough to fly 

apart on startup. 

4.  Stand to one side when starting machine. 

5.  Do not grind on side of wheel unless wheel is specifically designed for such use. 

6.  Do not use excessive pressure while grinding. On surface grinder do not exceed .0005” 

inch downfeed at any time. 

7.  Report to the supervising professor immediately any cracked, broken or otherwise 

defective wheels. 

8.  Have the supervising professor mount and balance new wheels. 

9.  Keep the grinding wheel dressed. Dressing a small amount frequently is better than 

having to dress a lot later and will allow the wheel to cut faster, cooler and with a better 

surface finish. Dressing is cleaning and smoothing the surface of the grinding wheel. 

10.               Hold work securely while grinding, use the tool rest to support the work when off-

hand grinding on bench or pedestal grinders. 

11.               Do not grind aluminum. It will clog the wheel and aluminum dust is explosive. 

Check with supervising professor for safety instructions if aluminum must be ground. 

12.               Always wear safety glasses when grinding on bench or pedestal grinders. The 

addition of a face shield is recommended. 

13.               If a magnetic chuck is being used, on the surface grinder, make sure it is holding 

the work securely before starting to grind. 

          

Band Saw Safety Rules 

1.  The upper guide and guard should be set as close to the work as possible, at least within 

1/2 inch. 

2.  If the band breaks, immediately shut off the power and stand clear until the machine has 

stopped. 

3.  Examine blade before installing to see if it is cracked, do not install a cracked blade. 

4.  Use the proper pitch blade for the thickness of the material to be cut. There should be at 

least 3-4 teeth in the material when cutting. 
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5.  Do not run the band saw at a higher speed than recommended for the material being cut. 

6.  If the saw stalls in a cut, turn the power off and reverse the blade by hand to free it. 

7.  Band saw rpm is to be adjusted while the band saw is running. Band saw speed range is 

adjusted when the machine is stopped. 

Circular (Skill) Saw Safety Rules 

  

1.      Before using any power tool, inspect it to make sure the cord is not damaged in any 

way, that the ground pin is intact, and that the blade is sharp and undamaged. 

2.      Do not use the saw, or any other power tools, in a wet area. 

3.      Do not run the extension cord across walkways where people might trip over it or 

where the cord may be run over and damaged. 

4.      Keep your head out of the path of particles thrown out by the blade. Wear eye 

protection. 

5.      Disconnect the power cord before cleaning, changing blades, or making any 

adjustments to the saw. 

6.      When it is necessary to raise the guard for certain types of cuts, use the guard lever. 

7.      Never wedge, wire, or otherwise jam the guard to prevent it from working. This is a 

particularly dangerous practice and will cause your permission to work in the machine 

shop to be revoked immediately!!! 

8.      Wait until the saw stops before lifting it from a cut. 

9.      Before setting the saw down, make sure the guard is closed, as the blade may still be 

turning. 

10.  Don't carry the saw with your fingers on the switch trigger. 

11.  Don't pull the saw backwards in a cut if you can avoid it. 

12.  Use the proper blade for the type of cut to be made. 

13.  Do not use the cord to move or drag the saw. 

14.  Do not use the power hand saw for cuts if you cannot keep a firm and secure grip on the 

saw and the material being cut. A hand saw is still the best for some kinds of work and 

often faster. 

15.  Before cutting small work pieces, the supervising professor should be consulted. 

  

Disc and Belt Sander Safety Rules 
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1.  Do not operate sanders without the guards in place. 

2.  On the disc sander always use the downward motion side of the disc to sand. Never the 

upward motion side as this can throw your part upwards with tremendous force. 

3.  Always attempt to place your work against the rest on the disc and belt sanders. 

4.  On the horizontal belt sander, always sand so that the belt motion is away from you. 

5.  Do not operate machines with torn or ripped belts or disks. 

6.  Do not sand any material that will give off a dangerous dust. Such materials as beryllium 

or copper beryllium alloys must not be sanded or filed. Asbestos must not be sanded. 

Always ask the supervising professor if you are unsure. 

7.  Sweep / vacuum all particles when you are done sanding. 

Heavy Sanding of Wood and Foam Safety Rules 

1.  Sand in a well ventilated area; away from other machines (preferably outside). 

2.  Use a vacuum or a dust collector to collect dust while sanding to prevent the dispersal 

over a large area. 

3.  A dust mask must be worn. They are stored in the safety cabinet. 

4.  Safety glasses must be worn. 

5.  Entire area must be cleaned when you are done for the day. 

  

  

Safety Rules for Working with Solvents and Resins 

1.      Avoid skin contact. Wear latex or nitrile gloves. Check for chemical to glove 

compatibility first! 

2.      Work in a well ventilated area. When respirators are necessary ask the supervising 

professor for assistance. 

3.      Avoid using solvents around hot metal surfaces and flames. 

4.      Do not smoke or light flames in areas where solvents are used and stored. 

5.      Report and clean up any spills immediately.  Let the supervising professor know 

immediately. 

6.      Do not work with solvents in confined, unventilated areas. 
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7.      Do not drink alcoholic beverages or take medications containing alcohol before or 

during working with solvents. Alcohol in the bloodstream sometimes causes synergistic 

reactions with various solvents that can lead to loss of consciousness, and even possibly, 

death. 

8.      Report any ill effects and skin disorders to the supervising professor. 

9.      Develop and maintain good personal hygiene habits. Remove protective equipment and 

wash thoroughly after contact with solvents. 

10.  Fumes from paints, solvents, adhesives, and the abrasive cut-off saw used on the patio 

can drift into the shop. 

11.  Mix resins in small batches and in correct containers. 

          

Table Saw Safety Rules 

1.      Stand to one side of the work being fed through the saw. Never stand directly in line of 

the work. 

2.      Use the proper blade for the material and the type of cut. Do not use a rip blade for 

cross cutting or a crosscut blade for rip sawing and do not use a plywood blade for 

anything but plywood. 

3.      Inspect the blade before using it. Make sure it is the proper blade and make sure the 

blade is sharp and free from cracks or defects. 

4.      Never allow your fingers to get near the blade when sawing. Use a pusher stick to rip 

narrow pieces of stock. Do not use a pusher stick to remove scrap. For scrap removal, 

shut off the saw, wait until the blade comes to a complete stop, and then remove the 

scraps. 

5.      Appropriate guards must be in place at all times. 

6.      If the piece of material that you are cutting is too large for one person to handle safely, 

get someone to assist you in “tailing-off” the excess material. Never try to do it alone. 

“Tailing-off” refers to supporting a large workpiece by supporting it underneath with 

your hands. Do not grasp it, just support the vertical load. 

7.      If you are “tailing-off” for someone else let them guide the work through the saw. You 

should just support the work without influencing the cut. 

8.      Never reach over the saw to obtain something from the other side. 

9.      When shutting off the power, never attempt to stop the saw by shoving an object, piece 

of work, or anything else against the blade. Make sure the saw has stopped completely 

before leaving work area. 
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10.  Never make any adjustments or measurements while the saw is in motion! Always turn 

off the power and make sure that the saw has made a complete stop before making any 

necessary adjustments or measurements. 

11.  Do not allow material to collect on or around the table saw. Sweep up all sawdust and 

material scraps regularly while working to minimize chances of slipping or stumbling. 

12.  Make sure that work area is cleaned up thoroughly. Unclean work areas can cause 

accidents. 

13.  The blade of the circular saw should always be set to 1/8 of an inch above the workpiece 

to prevent kickback. 

14.  Always obtain shop approval and permission before using the table and/or radial-arm 

saw! 

          

Milling Machine Safety Rules 

1.      Work must be clamped securely in a vise and vise clamped tightly to the table, or, work 

must be clamped securely to the table. 

2.      Do not take climb milling cuts on the shop’s mills unless instructed to do so. 

3.      Make sure cutter is rotating in the proper direction before cutting material. 

4.      Before running the machine the spindle should be rotated by hand to make sure it is 

clear for cutting. 

5.      Make sure the power is off before changing cutters. 

6.      Always use the proper cutting fluid for the material being cut. 

7.      Never run the machine faster than the correct cutting speed. 

8.      Make sure that the machine is fully stopped before taking any measurements. 

9.      Always use cutters which are sharp and in good condition. 

10.  Don't place anything on the milling machine table such as wrenches, hammers, or tools. 

11.  Always stay at the machine while it is running. 

12.  Don't take too heavy a cut or use too rapid a feed. 

13.  Remove the collet tightening wrench immediately after using it. 

14.  If at all feasible, add a shield to prevent chips from hitting other people. 

15.  Use the milling machine spindle brake to stop the spindle after the power has been 

turned off. 
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16.  Before cleaning the mill remove cutting tools from the spindle to avoid cutting 

yourself.      

Lathe Safety Rules 

1.      Make sure that the chuck or faceplate is securely tightened onto the lathe spindle. 

2.      When removing the chuck or faceplate do not use machine power. 

3.      When installing the chuck or faceplate do not use machine power. 

4.      Move the tool bit a safe distance from the collet or chuck when inserting or removing 

work. 

5.      Don't run the machine faster than the proper cutting speed. 

6.      Always clamp the tool bit as short as possible in the toolholder to prevent it from 

breaking or chattering. 

7.      Always make sure that the tool bit is sharp and has the proper clearance. Ask for 

assistance making adjustments. 

8.      Do not file on the lathe, unless you have a large amount of experience and have the 

supervising professor’s approval. 

9.      If work is turned between centers, make sure that proper adjustment is made between 

centers and that the tailstock is locked in place. 

10.  If work is being turned between centers and expands due to heat generated from 

cutting, readjust centers to avoid excessive friction. 

11.  Do not grasp or touch chips or turnings with your fingers, but get rid of them using a 

blunt instrument. It is safer to turn off the lathe before clearing chips than to leave it 

running. 

12.  Set the tool bit on center line of work to prevent the work from climbing over the tool 

or cutting above center and dragging. 

13.  Remove chuck key from chuck immediately after using. 

14.  Turn chuck or faceplate through by hand before turning on the power to be sure there 

is no binding or clearance problems. 

15.  Stop the machine before taking measurements. 

16.  Before cleaning the lathe, remove tools from the tool post and tailstock.    
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Appendix C: 

MATERIAL SHOP SAFETY ASSESSMENT / AGREEMENT 

1. What clothing is appropriate to wear in the machine shop? 

2. What does passing this test permit you to do in the machine shop? 

3. What is the machine shop protocol for life threatening and serious injuries? 

4. How should you clean chips from a machine? 

5. How should you secure your work when using the drill press? 

6. What kinds of materials should not be sanded? 

7. When using the table saw or grinder, where should you stand? 

8. What should you do if you are unsure of how to do something in the machine shop? 

9. When do you need to wear PPE in the machine shop? 

10. What is the proper protocol for visitors while working in the machine shop? 

  

By signing this, I acknowledge that I have read the machine shop safety guide and agree to 

follow the guidelines and rules set by it. Also, I understand that failure to behave appropriately 

and responsibly within the machine shop may result in revoked privileges to the shop or even 

expulsion from the rocket team. 

  

Signed By: 

________________________________________ 

  

Date Signed: 

___________________ 
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Appendix D: 

LENOIR-RHYNE SAFETY PLAN 

Hazardous Materials Usage 

ALL LR ROCKET TEAM MEMBERS WILL ABIDE BY THE FOLLOWING… 

1. Only the Rocket Mentor, Dr. Knight, will handle energetics and black powder that 

must be used during the project. 

2. All hazardous materials must be sealed in clearly identifiable containers for 

transport and appropriately labeled. 

3. All hazardous materials must be stated in the Hazardous Workplace Assessment 

Form (Appendix G). 

4. All handling of hazardous materials must be closely supervised by the Rocket 

Mentor or handled by the Rocket Mentor. 

5. Hazardous materials must have a material safety data sheet (MSDS) recorded by 

the LRRT (see Appendix C). 

6. Personnel using hazardous materials during any part of the project must wear 

appropriate PPE protection for each material being used (see Appendix G). 

7. Hazardous materials must be stored in a clearly identified location out of the reach 

of others while not in use. 

8. Personnel who use hazardous materials must be informed on the materials’ 

properties and know how to use the material properly. 

9. No hazardous materials that have expired or are otherwise unfit for use shall be 

used. 

10. All hazardous materials and their respective containers shall be disposed of properly 

by LRRT members after use. 

 

Facility Safety 

ALL LR ROCKET TEAM MEMBERS WILL ABIDE BY THE FOLLOWING… 

1. LRRT members will only use the machine shop if they have passed the Machine 

Shop safety test (Appendix D) and have signed the Safety Agreement. 

2. All machine shop users must wear appropriate PPE (Appendix G) whenever any 

machine is operating or going to be used. 
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3. All machine shop users shall use each piece of equipment properly and ulilized in 

the way it is intended to. 

4. Visitors are allowed to observe the rocket project, but they are not allowed to 

participate in the project in any fashion. 

5. LRRT members will be aware of the facility safety codes and emergency exits 

throughout the project. 

6. LRRT members must keep their workspace clean and put away all tools and 

materials in their proper locations after use. 

7. If LRRT members use the Research Lab while the Science Building is closed (at 

night), LR Security must be notified and informed prior to use. 

8. The Lenoir-Rhyne Rocket Team shall conduct all of their testing operations in the 

Research Lab or Machine Shop and not on any other parts of campus. 

9. If testing must occur outside of the designated area for the project, LR security must 

be informed while on campus or the governing personnel while off campus. 

10. LRRT members will conduct themselves in an orderly fashion while in the facilities; 

no misuse of equipment or resources is allowed. 

 

Launch Protocols 

ALL LR ROCKET TEAM MEMBERS WILL ABIDE BY THE FOLLOWING… 

1. All items that are needed for the launch will be inventoried and packed prior to 

launch day. 

2. All items needed for launch will be placed in locations that are clearly identifiable 

and can easily be located. 

3. The Safety Officer will ensure that all launch checklists are up to date, and that the 

team does not launch until all items are checked as complete. 

4. All test launches will only happen at NAR/TRA approved sites with certified 

personnel managing the launches. 

5. LRRT team mambers will follow the NAR High Power Rocketry safety codes when 

launching rockets. 

6. The rocket mentor will handle rocket ignition, the rocket motor, and separation 

charges. Team personnel may not handle live charges. 

7. The Range Safety Officer (RSO) will inspect the rocket each time before it is 

launched. 
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8. Once the launch is complete, LRRT members will only approach the rocket when it 

it is declared safe to do so. 

9. The LRRT will comply with all instructions that are given by the RSOs or the 

launch site. 

10. Only qualified personnel will recover the rocket if it lands in a location that is 

deemed unsafe for conventional recovery. 

 

Flight Issues Prevention Protocols. 

ALL LR ROCKET TEAM MEMBERS WILL ABIDE BY THE FOLLOWING… 

1. The LR Rocket Team will only use new motors during launch. Old motors will not 

be used. 

2. All electrical wiring connections and electrical systems will be inspected prior to 

launch. 

3. Rocket components will be ground tested before launch to reduce the risk of failure 

in flight. 

4. Black powder charges will be ground tested before flight to ensure that the correct 

amount of black powder is used before flight. 

5. Parachutes will be folded correctly before flight, and altimeters will be inspected 

before flight to ensure that the correct recovery sequence is initiated. 

6. LRRT members will not fly during hazardous weather conditions, when it is dark, 

or when wind speeds are greater than 15 mph. 

7. LRRT members will not fly or deploy the main parachute at a high enough altitude 

that drift could cause the rocket to get stuck in a tree. 

8. LRRT members will launch at an angle that is favorable to a safe recovery on the 

ground. However, the Range Safety Officer can override this. 

9. All rocket components will be inspected prior to launch and handled with care. The 

rocket must be able to easily fit into the guide rail. 

10. Sheer pins and seams between rocket sections will be inspected and tested before 

launch to ensure that premature separation does not occur. 

 

 

 

Safety Documentation 
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ALL LR BEAR TEAM MEMBERS WILL ABIDE BY THE FOLLOWING… 

1. LRRT Members will fill out and agree to the Safety Agreement, which is in 

Appendix A. 

2. LRRT Members will agree to the PPE Agreement when working on the project 

(Appendix F). 

3. LRRT Members will fill out a Workplace Hazard Assessment Form (Appendix F) 

when using a new workspace. 

4. All files related to safety will be kept in an appropriate binder for storage and 

safekeeping. 

5. LRRT Members will consult the Material Safety Data Sheets (MSDS) when using 

materials that warrant MSDS (Appendix B). 

6. All accessible and relevant safety codes will be printed and stored in the safety 

binder for LRRT members to read and understand. 

7. LRRT members will read and understand the NASA USLI handbook in order to 

become familiar with the requirements of the project. 

8. LRRT Members will inform the safety officer of any new hazards and failure modes 

that emerge, and these will be appropriately documented and managed. 

9. If any accident occurs, all documentation related to it must be completed and stored. 

A mitigation assessment will be conducted if this occurs. 

10. All required medical documentation will be completed by each team member and 

stored in its appropriate location. 

 

 

 

 

Project Plan 

ALL LR ROCKET TEAM MEMBERS WILL ABIDE BY THE FOLLOWING… 

1. The budget will be sufficient enough to cover any expenses over the course of the 

2018-19 project. 

2. If there is a funding gap, additional fundraising will be completed. Using old 

equipment (i.e. motors) in order to address funding gaps will not be tolerated. 

3. All milestone documents will be completed at least two days before their respective 

due dates to ensure that proofreading can take place. 



 

 
76 

4. All test launches will be completed at least two weeks before any milestone 

documents are due. 

5. In order to ensure flight readiness, the full scale rocket will be completed by the end 

of January, 2019 and test launched at least once by mid-February, 2019. 

6. Pictures will be taken of team activities in order to ensure visual documentation of 

verification processes. 

7. Each team member must have experience with public speaking and will utilize this 

skill throughout the project. 

8. All educational engagements will be completed and documented prior to the FRR 

due date. 

9. Good relationships with the Lenoir-Rhyne, ROCC, NAR, NASA, and Hickory 

communities must be maintained at all times. 

10. All LRRT members will maintain good student conduct both on and off campus and 

be exemplary ambassadors for the Lenoir-Rhyne community. 

 

 

 

Rover / Electronics 

ALL LR ROCKET TEAM MEMBERS WILL ABIDE BY THE FOLLOWING… 

1. All electrical connections and wiring will be inspected prior to launch. Electrical 

circuits must be able to function despite the external forces of flight. 

2. Rover communication will be tested before flight to ensure the the correct 

deployment sequence is initiated. 

3. Tracker systems will use Yoggee antennas and be inspected prior to use. The tracker 

system will pick up the recovered rocket pieces up to half a mile away. 

4. The lander will be inspected prior to flight, and its parachute will be folded correctly 

before flight.  

5. Only members who are experienced in electronics will be allowed to create and 

manage electrical circuits. 

6. Electrical circuits will be inspected and tested for continuity prior to using the 

circuit. 

7. Only new 9V Duracell batteries will be used for rocket launches and to power any 

rocket systems. 
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8. Electronics will be shielded from each other to minimize interference and shielded 

from the elements to prevent shorting or water damage. 

9. New wires will be used for each test launch to ensure continuity during flight and 

deployment. 

10. Electrical and radio frequencies must be set to minimize interference both with 

internal components and against other objects in the area. 
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Appendix E: 

Lenoir-Rhyne Rocketry Team PPE AGREEMENT 

Personal Protective Equipment Policies 

LENOIR-RHYNE ROCKETRY TEAM  

Introduction 

 The purpose of the Personal Protective Equipment Policies is to protect the participants in the 

Lenoir-Rhyne Rocketry Team from exposure to workplace hazards and the risk of injury through 

the use of personal protective equipment (PPE).  PPE is not a substitute for more effective 

control methods and its use will be considered only when other means of protection against 

hazards are not adequate or feasible.  It will be used in conjunction with other controls unless no 

other means of hazard control exist. 

 Personal protective equipment will be provided, used, and maintained when it has been 

determined that its use is required to ensure the safety and health of our employees and that such 

use will lessen the likelihood of occupational injury and/or illness. 

 This section addresses general PPE requirements, including eye and face, head, ear, foot and leg, 

hand and arm, body (torso) protection, and protection from drowning.  

 The Lenoir-Rhyne Rocket Team Personal Protective Equipment Policies includes: 

 ·   Responsibilities of supervisors and employees 

·   Hazard assessment and PPE selection 

·   Employee training 

·   Cleaning and Maintenance of PPE 

 

Responsibilities 

Safety Officer 

 The Safety Officer is responsible for the development, implementation, and administration of 

(LRRT)’s PPE policies.  This involves 

 1.    Conducting workplace hazard assessments to determine the presence of hazards which 

necessitate the use of PPE. 
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2.    Selecting and purchasing PPE using the money set aside in the project budget. 

3.    Reviewing, updating, and conducting PPE hazard assessments whenever 

·       a job changes 

·       new equipment is used 

·       there has been an accident 

·       a supervisor or employee requests it 

·       a hazardous material is required to be used 

4.    Maintaining data sheets on hazardous products. 

5.    Providing guidance and assistance to supervisors and employees on the proper use, care, and 

cleaning of approved PPE. 

6.    Periodically re-evaluating the suitability of previously selected PPE. 

7.    Reviewing, updating, and evaluating the overall effectiveness of PPE use, training, and 

policies 

 

. 

Supervisors (leads, etc., and/or designated persons) 

 Supervisors (Team Leads) have the primary responsibility for implementing and enforcing PPE 

use and policies in their work area.  This involves… 

 8.    Providing appropriate PPE and making it available to employees. 

9.    Ensuring that employees are trained on the proper use, care, and cleaning of PPE. 

10. Ensuring that employees properly use and maintain their PPE, and follow LR BEAR Team's 

PPE policies and rules. 

11. Notifying the Safety Officer(s) when new hazards are introduced or when processes are 

added or changed. 

12. Ensuring that defective or damaged PPE is immediately disposed of and replaced. 
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Employees 

The PPE user is responsible for following the requirements of the PPE policies.  This involves  

13. Properly wearing PPE as required. 

14. Making sure that other team members wear PPE as required. 

15. Properly caring for, cleaning, maintaining, and inspecting PPE as required. 

16. Following LR BEAR Team's PPE policies and rules. 

17. Informing the supervisor of the need to repair or replace PPE. 

Employees who repeatedly disregard and do not follow PPE policies and rules will not be 

allowed to participate in any BEAR Team functions. 

 

Procedures 

 A. Hazard Assessment for PPE 

The Safety Officer, in conjunction with Supervisors, will conduct a walk-through survey of each 

work area to identify sources of work hazards.  Each survey will be documented using the 

Hazard Workplace Assessment Form, which identifies the work area surveyed, the person 

conducting the survey, findings of potential hazards, and date of the survey. The Safety Officer 

will keep the forms in the LRRT’s data file repository. 

The Safety Officer will conduct, review, and update the hazard assessment for PPE whenever 

·       a job changes 

·       new equipment or process is installed 

·       there has been an accident 

·       whenever a supervisor or employee requests it 

·       prior to travel off campus 

Any new PPE requirements that are developed will be added into LRRT’s written safety plan. 
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 B. Selection of PPE 

 Once the hazards of a workplace have been identified, the Safety Officer  will determine 

if the hazards can first be eliminated or reduced by methods other than PPE, i.e., methods that do 

not rely on employee behavior, such as engineering controls. 

 If such methods are not adequate or feasible, then the Safety Officer will determine the 

suitability of the PPE presently available; and as necessary, will select new or additional 

equipment which ensures a level of protection greater than the minimum required to protect our 

employees from the hazards.  Care will be taken to recognize the possibility of multiple and 

simultaneous exposure to a variety of hazards.  Adequate protection against the highest level of 

each of the hazards will be recommended for purchase. 

 All personal protective clothing and equipment will be of safe design and construction for 

the work to be performed and will be maintained in a sanitary and reliable condition.  Only those 

items of protective clothing and equipment that meet NIOSH or ANSI (American National 

Standards Institute) standards will be procured or accepted for use. 

  Newly purchased PPE must conform to the updated ANSI standards which have been 

incorporated into the PPE regulations, as follows: 

·       Eye and Face Protection ANSI Z87.1-1989 

·       Head Protection ANSI Z89.1-1986 

·       Foot Protection ANSI Z41.1-1991 

·       Hand Protection (There are no ANSI standards for gloves, however, selection must be based 

on the performance characteristics of the glove in relation to the tasks to be performed.) 

·       Ear Protection ANSI Z94.2-14 

 Affected employees whose jobs require the use of PPE will be informed of the PPE 

selection and will be provided by the Lenoir-Rhyne BEAR Team.  Careful consideration will be 

given to the comfort and proper fit of PPE in order to ensure that the right size is selected and 

that it will be used. 
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C. Training 

Any worker required to wear PPE will receive training in the proper use and care of PPE before 

being allowed to perform work requiring the use of PPE.  Periodic retraining will be offered to 

PPE users as needed.  The training will include, but not necessarily be limited to, the following 

subjects: 

·       When PPE is necessary to be worn 

·       What PPE is necessary 

·       How to properly don, doff, adjust, and wear PPE 

·       The limitations of the PPE 

·       The proper care, maintenance, useful life, and disposal of the PPE 

After the training, the employees will demonstrate that they understand how to use PPE properly, 

or they will be retrained.  

Retraining 

The need for retraining will be indicated when 

·       an employee’s work habits or knowledge indicates a lack of the necessary understanding, 

motivation, and skills required to use the PPE (i.e., uses PPE improperly) 

·       new equipment is installed 

·       changes in the workplace make previous training out-of-date 

·       changes in the types of PPE to be used make previous training out-of-date 

  

D. Cleaning and Maintenance of PPE 

 It is important that all PPE be kept clean and properly maintained.  Cleaning is 

particularly important for eye and face protection where dirty or fogged lenses could impair 

vision.  Employees must inspect, clean, and maintain their PPE according to the manufacturer's’ 

instructions before and after each use. Supervisors are responsible for ensuring that users 

properly maintain their PPE in good condition. 

 Personal protective equipment must not be shared between employees until it has been 

properly cleaned and sanitized.  PPE will be distributed for individual use whenever possible. 

 If employees provide their own PPE, make sure that it is adequate for the workplace 

hazards, and that it is maintained in a clean and reliable condition. 
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Defective or damaged PPE will not be used and will be immediately discarded and replaced. 

 NOTE:  Defective equipment can be worse than no PPE at all.  Employees would avoid a 

hazardous situation if they knew they were not protected; but they would get closer to the hazard 

if they erroneously believed they were protected, and therefore would be at greater risk. 

 It is also important to ensure that contaminated PPE which cannot be decontaminated is 

disposed of in a manner that protects employees from exposure to hazards. 

 

 

 

E.  Safety Disciplinary Policy 

THE LRRT  believes that a safety and health PPE Agreement is unenforceable without some type 

of disciplinary policy.  Our organization believes that in order to maintain a safe and healthful 

workplace, the employees must be cognizant and aware of all NASA, State, and Federal safety 

and health regulations as they apply to the specific job duties required.  The following 

disciplinary policy is in effect and will be applied to all safety and health violations. 

The following steps will be followed unless the seriousness of the violation would dictate going 

directly to Step 2 or Step 3. 

 A first time violation will be discussed orally between team supervision and the employee.  This 

will be done as soon as possible. 

 A second time offense will be followed up in written form and a copy of this written 

documentation. 

A third time violation will result in time off or possible termination, depending on the 

seriousness of the violation. 
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HAZARD WORKPLACE ASSESSMENT FORM FOR PPE 

 Work Area Surveyed:   

 Person Conducting Survey:  

POTENTIAL HAZARDS MITIGATION 
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Observations:  

Date of Survey: 

 ________________________    ________________________ 

Surveyor                Safety Officer 

 


