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Dear Mr. Bryant, et al.,
The Piedmont Student Launch Team, representing Piedmont Virginia Community College
(PVCC), is pleased to offer the following proposal for participation in the 2017 NASA Student Launch. We
formed this team over the summer with the goal of establishing and sustaining a new opportunity for
PVCC students to explore the educational and career-building experience that the Student Launch
challenge offers. Reaction within the college community has been overwhelmingly positive, and we
eagerly look forward to making our college proud in the challenge ahead. We are honored to have PVCC
Associate Professor of Physics Dr. Yana Goddard working with us as our faculty advisor. Her efforts in
helping us get this team established and off to a great start have been invaluable.
For this year’s challenge, we have chosen to undertake the Roll Induction and Counter Roll
experiment, and over the next several months we look forward to working with the team at NASA and
with our colleagues in the Valley AeroSpace Team NAR section that will be assisting us. We are also
looking forward to engaging with our local community in educational outreach. As a community college,
PVCC is especially well positioned to assist us in furthering this endeavor, and in fact has already helped
us to line up multiple outreach opportunities.
As you evaluate this proposal, please do not hesitate to contact me with any questions or
concerns you may have. I can be reached by email at leader@piedmontlaunch.org. Thank you for this
opportunity and for your time and consideration in reviewing this proposal. All of us on the Piedmont
Student Launch Team look forward to working with your agency in the coming months.
Very respectfully,

Andrew Oxford
Andrew Oxford
Team Leader
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General Information

1.1

Introduction

The Piedmont Student Launch Team (PSLT), representing Piedmont Virginia Community College (PVCC)
in Charlottesville, Virginia, is comprised of students with backgrounds ranging from robotics, amateur
rocketry, finance, electronics, programming, and management, as well as International Science Fair and
Robotics Challenge competitors. PSLT team members bring a diversity of knowledge, skills and abilities
to the Student Launch challenge. In addition, PVCC, as a true “community” college, is committed to the
success of this team as part of the community, as well as strongly supporting the team’s outreach efforts
to further the promotion of science, technology, engineering, and math (STEM) education in the
community at large. Between the skills and experience of the team members, mentor, and faculty
advisor, the enthusiasm of a new and excited team, the commitment of the college administration, and
the generous support of major sponsors, the Piedmont Student Launch Team is well positioned to
succeed in the 2017 NASA Student Launch.

1.2

Team Contacts

Name

Title

Email

Telephone

Dr. Yana Goddard

Associate Professor
of Physics

ygoddard@pvcc.edu

434-961-5341

Andrew Oxford

Team Leader

leader@piedmontlaunch.org

434-996-4658

Nicolas Gutkowski

Safety Officer

safety@piedmontlaunch.org

434-806-6980
Table 1.1: Team Contacts

All deliverables due to NASA throughout the period of performance will be provided through the team
website at http://piedmontlaunch.org.
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1.3

Team Organization and Members

PSLT currently consists of 11 students, one team mentor, and one faculty member. Recruiting is
continuing, and it is possible that a small number of additional student team members may be added
prior to the Preliminary Design Review. The team is organized in a traditional matrix fashion with three
project teams and three functional teams. Each team member is on at least one project team
(Experiment Team, Launch Vehicle Team, or Admin Team), and at least one functional team (Structural
Team, Electrical Team, or Programming Team). The Admin Team encompasses a variety of
responsibilities outside of the core engineering activities of the project, including safety, educational and
community outreach, project management, student governance requirements, and general team
management.

Name

Role

Project Teams

Functional Teams

Andrew

Launch Vehicle Lead

Launch Vehicle, Admin

Structural

Sander

Experiment Lead

Experiment, Admin

Electrical, Structural

Nick

Safety Officer

Launch Vehicle, Admin

Programming

Alex

Deputy Safety Officer

Experiment, Admin

Programming

David

Mentor

Admin

–
Table 1.2: Key Team Members

Name

Project Teams

Functional Teams

Nathan

Launch Vehicle, Experiment

Electrical
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Name

Project Teams

Functional Teams

Collins

Launch Vehicle, Admin

Programming, Electrical

Rodney

Experiment

Programming

Mykaela

Launch Vehicle, Experiment, Admin

Structural

Cosmo

Launch Vehicle, Experiment

Programming

Daniel

Launch Vehicle

Electrical, Structural

Liam

Launch Vehicle, Experiment

Programming
Table 1.3: Other Team Members

1.4

NAR Section Assistance

For purposes of mentoring, design / documentation review, and launch assistance, PSLT will be working
primarily with the Valley AeroSpace Team (VAST) – NAR Section #687 / Tripoli Western Virginia #36 –
located in the Staunton, Virginia area. VAST operates a well-established launch range near Monterey,
Virginia capable of supporting launches to 10,000 feet AGL. VAST is experienced in working with Student
Launch teams and possesses the knowledge and equipment to effectively support PSLT. The current
president of VAST possesses NAR and TRA Level 3 certifications. Several members of PSLT are NAR
members and members of VAST.
PSLT will also be working with the Northern Virginia Association of Rocketry (NOVAAR) – NAR Section
#205. NOVAAR maintains a launch range near Warrenton, Virginia, with a typical launch ceiling of 4,500
feet AGL. NOVAAR’s launch schedule is offset from VAST’s, which allows some flexibility in timing for
doing test and qualification flights.
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2

Facilities and Equipment

2.1

Available Facilities and Equipment

PSLT will have access to a variety of workspaces, tools, and equipment, both on and off campus. These
workspaces should provide ample capacity to develop the necessary products for the project, including
the experiment payload, test equipment, and subscale and full scale rockets.

2.1.1 Oakhaven Farm Workshop
The team mentor has opened his workshop for the team to use. It is available from 8:00am to 10:00pm
seven days a week, and longer by arrangement. It provides the necessary space and equipment to
manufacture and assemble the structural and electrical components of the rocket. The workshop offers
a full complement of stationary and portable power tools, hand tools, and support equipment for
fabricating in wood, metal, or fiberglass.
Available tools include:


Basic hand tools (e.g., saws, screwdrivers, hammers, etc.)



Basic power tools (e.g., drills, Dremel, sanders, router, etc.)



Drill presses



Stationary saws (table saw, compound miter saw, band saw, scroll saw)



Electrical equipment (e.g., multimeter, etc.)



Soldering and electronics station

2.1.2 PVCC Engineering Workshop
PVCC maintains an engineering workshop open to student clubs and activities. It offers many of the
same tools found at Oakhaven Farm, as well as advanced machines such as laser cutters and CNC
equipment. Due to it being a shared facility, storage is limited. The workshop has a large space that
allows for the entire team to be working together. The shop requires school personnel to open it and
requires scheduling a time slot, typically available from 8:00am to 8:00pm Monday through Thursday,
and 8:00am to 5:00pm Friday.
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Available tools include:


CNC mill



TIG and MIG welding equipment



Pipe benders



Tensile and torsion material testing equipment



Metal lathe



Laser cutter



Basic hand and power tools

2.1.3 PVCC Electronics Workshop
PVCC also maintains a dedicated workshop for electronics. It is a ventilated room with advanced tools to
aid in the development of electronics. It contains an open space with lab tables available and a bank of
spare parts. Basic electronics and soldering equipment is available, and a lab tech is typically available
for assistance. This workshop is used by classes and is open for general use on a variable schedule that is
posted on the door.

2.1.4 3D Printers
PSLT has access to two different 3D printers, one at Oakhaven Farm and one at PVCC.
1) Oakhaven Farm: an open-air machine ideal for onsite rapid prototyping. It uses ABS filaments
and air cooling to form the model. It can be switched to handle other materials. A planned
upgrade will add a dual print head to allow for supported structures. This machine allows for
ideas to be quickly visualized and presented so that the team can better evaluate design
options.

2) PVCC: an enclosed machine with a support material in addition to the ABS to allow for higher
quality models as well as more intricate and interlocking parts, including moving models and
parts with the potential to be used on the rocket itself.

5

2.2

Required Supplies

To complete the various elements of the project, the following supplies will be required. All of these
supplies are commercially and readily available. Some will be donated directly by sponsors, and the rest
will be purchased through the team budget.


Fiberglass body tubes, sheets, and nosecone for the primary rocket, sized in conventional amateur
rocket sizes to allow off-the-shelf purchasing.



Phenolic paper tubes, plywood, and plastic nosecones for the subscale rocket and experiment test
rockets, sized in conventional amateur rocket sizes to allow off-the-shelf purchasing.



Recovery harnesses and equipment, including main and drogue parachutes.



Electronic components including altimeters, flight computers, sensors, and microcontrollers such as
Arduino, Raspberry Pi, and motor controllers.



Electric motors and actuators.



Mid and high power rocket motors.



Assorted hardware, wiring, adhesives (including epoxy, cyanoacrylate / super glue, and wood glue),
and finishing materials such as primer, paint, topcoat, and sanding supplies.

2.3

Technical Tools

The following software and technical tools will be used by the team to facilitate collaboration, technical
design/development, communication, and project management.

2.3.1 ShareFile
ShareFile is an online document sharing system that allows easy access to the files needed by the team.
The team uses it to organize and compile documents in a central location as well as share important
links and information such as meeting notes and agendas.

2.3.2 Arduino IDE
The Arduino IDE is a free software program that is used to program the Arduino microcontroller. An
Arduino will be used in proof of concept due to its ease of use. It is small, light, and easy to learn, which
makes it best suited for a small scale test of the experiment.
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2.3.3 GNU Octave
GNU Octave is a program that will allow the team to perform large calculations to aid in the
development of the rocket and its flight. These calculations would be difficult to do by hand and are best
done with a programmable mathematical tool such as GNU Octave.

2.3.4 RockSim
RockSim is an industry-standard rocket design and simulation program that will be used to help design
the rocket before it becomes physically modeled and tested. The program includes calculations for all
major rocket characteristics, such as centers of mass and pressure, apogee, maximum velocity, and railexit velocity. Apogee Components, maker and distributor of RockSim, has provided multiple licenses of
the software to PSLT under a one-year educational license.

2.3.5 Inventor
Autodesk Inventor is mechanical design and 3D CAD software offering professional-grade 3D mechanical
design, documentation, and product simulation tools.

2.3.6 Slack
Slack is a professional communications platform by which members can send instant messages, both in

focused channels and as direct messages. It also acts as a discussion board and a quick file-sharer. It is
ideal for use outside of meetings and for when members are not able to attend a meeting.

2.3.7 Google Drive
Google Drive is being used to host the team’s primary project planning document. It provides a quicklyaccessible online location to manage key elements of the project, especially the primary team
assignments and due dates.

2.3.8 Teleconference Facilities
Two of PSLT’s main sponsors have facilities for doing teleconferencing utilizing high-quality voice and
video equipment. These facilities will be available to the team for the required reviews with NASA.
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3

Safety

3.1

Safety Officer

Safety is of the utmost concern for the Piedmont Student Launch Team. The team has designated
Nicolas Gutkowski as the safety officer. The safety officer will be responsible for developing and
implementing a safety plan that encompasses the design, construction, and testing of the team’s high
powered rocket. The safety officer will become familiar with all laws and regulations, as specified by the
National Fire Protection Agency, the Bureau of Alcohol, Tobacco, Firearms, and Explosives, and the
Federal Aviation Administration. In addition, the safety officer will brief all team members on the
procedures outlined in the safety plan. Any decisions regarding safety will be made by the safety officer.
The safety officer shall also be responsible for creating checklists to ensure proper procedures are
followed during the fabrication, testing, launch, and recovery of the rocket. Furthermore, the team has
appointed Alex Oxford as deputy safety officer. The deputy safety officer will help promote a culture of
safety by assisting the safety officer with his duties, especially with regard to the experiment.

3.2

Safety of Materials Used

Some of the materials to be used in the operation of the rocket are particularly hazardous and will need
to be handled with extreme caution. These materials include, but are not limited to, ammonium
perchlorate composite propellant, rocket motor ignitors, and black powder. The safety officer will be
tasked with the design of protocols for handling and storing these materials. Also, the safety officer will
be responsible for briefing all team members on these protocols.
Materials used during the fabrication of the rocket may be hazardous, especially the fiberglass body
tubes, nosecone, fins, and other components. Other materials used in the rocket include wood, plastic,
and metal (including steel and aluminum). Members shall wear safety glasses and dust masks or
respirators while cutting, sanding, or painting any material in order to prevent material from entering
the eyes or lungs. Further precautions shall be taken when working with fiberglass, including wearing
long sleeves and gloves to prevent skin irritation. Members will be made aware of any sharp pieces in
the rocket, particularly spinning metal of the reaction wheel. The safety officer shall brief members on
any other hazards associated with materials used in the rocket or experiment.
In general, hazardous materials will be handled in accordance with their relevant MSDS, and explosive or
flammable materials will be stored a minimum of 25 feet from any heat source, or further if specified by
8

the manufacturer. The safety officer will be made aware of any materials intending to be purchased and
will have the final say in how those materials are handled and stored.

3.3

Safety of Facilities Involved

All of the facilities contain many tools to aid in the fabrication of the rocket. These include drill presses,
mills, hand tools, power tools, table saws, and soldering irons. Members shall be informed of risks when
using tools, and will be trained to properly use them. Members will be informed of proper Personal
Protective Equipment (PPE) to be worn when using any of the equipment. Members shall wear closed
shoes, long pants, and safety glasses while using any tools. Further PPE use will be required for certain
materials / actions as specified in section 3.2. In addition, either the safety officer or deputy safety
officer shall be present to ensure the continued safe use of tools.

3.4

Risks and Mitigations

3.4.1 Safety Risks

Risk

Probability

Effect

Mitigation

Injury during fabrication

Low

Possible minor to serious Receiving training in the
injuries including cuts and safe use of all equipment
burns
and using all required
PPE.

Injury during rocket launch Low
(e.g. launch guide failure)

Minor to serious injury

Following all launch
safety procedures, such
as staying the proper
distance away and
inspecting launch guide,
motor casing, and other
parts beforehand.

Accidental detonation of
Low
material (e.g. black powder,
motor)

Possible burns

Following safety
procedures for the
handling of explosive
material; ensuring
everyone is in a safe
location in case of
detonation on launch
pad.
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Risk

Probability

Effect

Mitigation

Injury during rocket
Low
recovery (e.g. motor casing
burns)

Minor burns

Following all recovery
safety procedures.

Falling debris (e.g. recovery Low
harness failure, motor
detonation, parachute does
not deploy)

Potential serious injury

Following the pre-launch
safety checklist.
Inspecting the recovery
harness and all
connecting components
before launch, as well as
the motor casing.

Motor mount failure

Low

Damage to rocket and
potentially observers

Testing the motor mount
in simulations, static fire
tests, and experimental
flights. Inspecting as
specified by pre-launch
checklist.

Avionics failure

Low

Parachutes or airbrakes
deploy at incorrect time
or not at all; potential
rocket damage and/or
danger to observers

Testing altimeters and
inspecting as specified by
pre-launch checklist.
Redundant independent
systems will be in place.
Table 3.1: Safety Risks

3.4.2 Project Risks

Risk

Probability

Team members dropping Moderate
out

Effect

Mitigation

Impeding the team’s
ability to complete the
project

Ensuring all members
are able to commit time
to the team. Making
sure all roles can be
filled by someone else if
needed.
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Risk

Probability

Effect

Mitigation

Funding shortages

Moderate

Inability to purchase the
necessary items to
complete the project

Working with PVCC,
local companies, and
individual sponsors to
ensure we get the
necessary funding.
Maintaining good cost
controls on expenses.

Falling behind schedule

Moderate

Inability to complete
required tasks, causing
time constraints and
leading to suboptimal
work or missed deadlines

Having enough team
members to make sure
work gets done, even if
some members are short
on time due to other
commitments (work,
classes, etc.). Schedule
checkpoints to track
progress. Assign tasks
specifically to directly
responsible individuals.
Highlight “hard dates” in
the schedule.

Failure to meet the
educational engagement
requirement

Low

Not fulfilling the project
requirements

Approaching educational
engagement from
multiple directions
(middle and high
schools, events at PVCC,
events for
homeschoolers, etc.).

NAR launches cancelled

Moderate

Missing a full or sub-scale There are two NAR
test launch
sections nearby on
different schedules. If a
launch is cancelled, this
provides a backup date.

Cesaroni (CTI) motors in Moderate
limited supply due to
manufacturing facility fire

Inability to acquire
needed motors for
qualification or
competition flights

Plan to be able to use a
different manufacturer’s
motor.
Table 3.2: Project Risks
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3.5

Procedures for NAR Personnel to Perform

The safety officer will work in conjunction with NAR personnel and a Level 2 certified mentor to ensure
that the team complies with the NAR High Power Safety Code. The safety officer, mentor, and NAR
personnel shall ensure that before launch all conditions are met for a safe launch. The Range Safety
Officer (RSO) shall arm the launch system, and will ensure all members and spectators are not within
100 feet of the rocket. The RSO shall count down from five before launch; if the vehicle does not launch,
the RSO shall disarm the system and wait 60 seconds before investigating. NAR personnel along with the
safety officer shall ensure no one attempts to catch the rocket on return or remove it from a dangerous
location such as a power line.

3.6

Team Briefings

The safety officer will brief the team on possible risks throughout the design and fabrication process and
before each launch. As part of the team briefing, the safety officer will describe the steps necessary to
avoid risks and hazards. In addition, the team briefings will contain information about pertinent Federal,
State, and Local laws. The safety officer will regularly brief the team in order to remind them of the risks
in order to maintain a culture of safety. Before every launch, the safety officer will brief members on
proper procedure and ensure all guidelines are followed as specified by the NAR.

3.7

Inclusion of Caution Statements

The safety officer will provide caution statements for any hazards involved in the undertaking of this
project, which may occur during fabrication, testing, launching, and recovery of the rocket. They shall be
placed on any necessary document, e.g. checklists, procedures, and written briefings. All documents
shall be reviewed by the safety officer to ensure that necessary caution statements are included.

3.8

Compliance with Federal, State and Local Laws

The safety officer will research and become well-versed in all Federal, State, and Local laws that may
pertain to the building and flying of mid and high powered rockets, including NFPA 1122 (Code for
Model Rocketry), NFPA 1127 (Code for High Power Rocketry), and 14 CFR Chapter I - Subchapter F - Part
101 - Subpart C (Amateur Rockets). Special care will be taken by the safety officer to inform the team of
pertinent laws and regulations to ensure compliance.
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3.9

Procedures for Team Mentor to Perform

The team mentor shall maintain the proper certification required for the motor impulse of the launch
vehicle. The mentor shall have completed at least two flights in the proper flight class prior to PDR. The
NAR certified mentor will handle the purchase, storage, and transportation of rocket motors and other
energetic devices. The safety officer and mentor will work together to choose a location where the
motor will not be damaged and is at least 25 feet away from any heat sources or flammable liquids. The
motor shall be transported separately from the rest of the rocket. During transportation the motor will
be immobilized and padded in order to prevent any damage.

3.10 Team Member Agreement to Comply with Safety Rules
All members of the Piedmont Student Launch Team have agreed to follow the safety plan outlined
above. In addition, the safety officer has written a safety contract to be reviewed and signed by all
members of the Piedmont Student Launch Team prior to working on the rocket. Members acknowledge
that failure to comply with the safety contract will result in removal from the project and expulsion from
the team.

3.11 External Safety Training
Tiger Fuel Company, a primary sponsor of PSLT, is a regional distributor of propane, heating oil, gasoline,
diesel fuel, and kerosene. Because Tiger Fuel stores and handles these hazardous materials as their
primary line of business, they have a pervasive, multi-faceted, and highly successful program to ensure
employee and public safety. Tiger Fuel’s Chief Operating Officer, Frank Conley, is responsible for this
program. Mr. Conley will be providing presentations and materials to PSLT to help the team build a
similar rigorous mindset and culture of safety. Tiger teaches its employees that a single error in a
moment of carelessness can lead to devastating consequences, and Mr. Conley and the team safety
officer will work with the team throughout the course of the project to develop that same mindset.

3.12 Culture of Safety
Piedmont Student Launch Team strongly believes in promoting a culture of safety. In order to
accomplish this, the team has appointed a deputy safety officer in addition to the safety officer. The
team shall regularly be briefed on risks in order to reinforce safe behavior. The safety officer and deputy
safety officer shall develop exact procedures to be followed to ensure that risks are mitigated to the
greatest extent possible. The rocket shall include redundant systems to ensure that it is not damaged or
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becomes a danger to observers. Extensive testing shall be done in simulations and experimental flights.
Proper procedures and checklists shall be developed in order to ensure protocol is followed and that
unsafe actions are not taken.
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4

Technical Design

4.1

Launch Vehicle

4.1.1 Launch Vehicle Design
The launch vehicle will be of a typical high-power rocket airframe design with an ogive nosecone and
three fins for stability. It will be designed for staged (“dual deployment”) recovery, with a drogue chute
on the aft end of the rocket and a main chute on the forward end, on either side of a central, electrically
shielded, avionics bay housing redundant altitude-based recovery actuation systems. It may include
ballast or a drag induction / air-braking system to decelerate the rocket near the target altitude.

Dimension

Value

Overall Length

99.8 in

Diameter of body tube

5.5 in

Diameter of motor mount tube

54 mm

Span at fin tips

21.5 in
Table 4.1: General Vehicle Dimensions

Figure 4.1: Launch Vehicle Design (units in inches)
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4.1.2 Materials
The body tubes, nosecone, fins, couplers, centering rings, and bulkheads of the rocket will be made of
fiberglass. Other considered materials include aluminum, carbon fiber, and phenolic paper. Fiberglass
was chosen because of its strength, cost and ease of fabrication relative to the other materials. It is also
readily available in sizes and configurations for the construction of high-power rockets. Some additional
components may be constructed of plywood.

4.1.3 Construction
Fins, bulkheads, and centering rings will be constructed using a laser cutter to get consistent, precise
results. Other components of the rocket will be fabricated using hand tools or purchased off-the-shelf.
The final assembly of the rocket will be done entirely with hand tools.
Each step in the construction of the rocket will be supervised by either the safety officer or the deputy
safety officer to ensure safe operation of all tools and proper use of personal protective equipment.
Additionally, the team will write procedures for the construction of each component and for the
assembly of the rocket.

4.1.4 Projected Apogee
Based on simulations of the initial rocket design in RockSim with the engine noted in 4.1.5, apogee is
estimated at approximately 5300 ft. If a different engine is selected (due to availability, for example)
with a significantly higher estimated apogee, ballasting of the rocket or a drag-induction/air braking
system may be utilized to decelerate the rocket to a safe velocity for altimeter-based firing of the
recovery system near the target altitude.

4.1.5 Motor Selection
Based on simulations in RockSim, a Cesaroni (CTI) L1030-RL motor has been initially selected to allow the
rocket to reach the target altitude of 5280 ft. As the experiment payload is developed and refined, the
motor selection may change. Initial simulations of the rocket with this motor estimate a rail exit velocity
of 80.9 fps, exceeding the SOW 1.15 requirement of 52 fps.

4.1.6 Recovery System
The sizing of the drogue and main parachutes will be determined based on the final mass of the rocket.
The recovery harness will consist of two 25 foot Kevlar harnesses, each with dual attachment points on
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each bulkhead. Recovery actuation will be controlled from a central avionics bay by two fully
independent systems consisting of independent altimeters, batteries, wiring, and ejection charges. The
primary system connected to the primary altimeter will fire the drogue chute near the target altitude,
which should be close to natural coast apogee. The main chute deployment altitude will be determined
closer to launch based on numerous factors, but will likely be close to 800 feet AGL. The secondary
system connected to the secondary altimeter will be set to fire the drogue at some incremental time
after the primary system. Should the primary fail to fire, the secondary will fire its charge as a backup. If
the primary does fire as designed, the secondary will fire harmlessly into the open. Similarly, the
secondary main chute deployment will be set for a slightly lower altitude than the main.
All recovery system electronics will be contained in a shielded avionics bay to prevent interference from
the experiment or any other on-board systems.

4.1.7 Wind Effect Simulation
Simulations were run for various wind conditions, using the planned Cesaroni L1030-RL motor with
parameters of mostly sunny cloud coverage (10%-30%), relative humidity of 50%, and temperature of 59
degrees Fahrenheit. These conditions were chosen to simulate the conditions of the launch location in
Alabama. Results indicate a possibility that anything more than a very light wind could impede the
vehicle’s ability to reach the target altitude. This is a risk that will need to be evaluated.
Wind speed (mph)

Max Acceleration (ft/s2)

Max Altitude (feet)

Time to apogee

No wind

5309.09

378.61

18.19

Calm (0-2)

5309.09

378.61

18.19

Light (3-7)

5299.54

377.55

18.18

Slightly breezy (8-14)

5263.58

378.61

18.11

Breezy (12-15)

5153.74

378.61

17.91

Table 4.2: Wind Effect Simulation Results
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4.2

Experiment Design

4.2.1 Experiment Description
The experiment chosen for this project is the Roll Induction and Counter Roll experiment (section 3.3 of
the SOW). This experiment will require the rocket to rotate at least twice on its roll axis after engine
burnout; it will then halt all roll for the rest of the ascent. To accomplish this, the team will use a
reaction wheel to initiate and control the rotation. The overall experiment will consist of a weighted
wheel attached to a motor (figure 4.2), which will then be attached to an electronics package. The
electronics package will consist of a Raspberry Pi microcomputer, a motor controller, batteries for the
computer and the motor, and a combined 3-axis accelerometer and 3-axis gyroscope (figure 4.3). When
the accelerometer detects that burnout has occurred, the reaction wheel will begin to spin, causing the
rocket to rotate in the opposite direction. Once the rocket has rotated twice (as measured by the
gyroscope) the reaction wheel will stop spinning to halt the rotation of the rocket. If there were no
outside forces acting on the rocket, then it would stop spinning when the reaction wheel does. In reality
outside forces, such as wind, will continue to rotate the rocket. To counter this, the reaction wheel will
continue to spin at a lower speed in whichever direction is necessary to halt all roll for the remainder of
the ascent. The data from the gyroscope, as well as an onboard camera, will provide proof of controlled
roll and counter roll.

Figure 4.2: Reaction Wheel and Motor
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Figure 4.3: Experiment Schematic

Preliminary components for the experiment include:


Raspberry Pi Model A+ 512MB RAM



Adafruit DC & Stepper Motor HAT for Raspberry Pi - Mini Kit



Pololu - LSM6DS33 3D Accelerometer and Gyro Carrier with Voltage Regulator



12V DC Motor - Load speed >= 500rpm



12V A23 Batteries
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4.2.2 Engineering Principle of Experiment
The use of a reaction wheel to initiate and arrest rotation in the rocket is based on the underlying
principle of conservation of angular momentum, as shown below.
I = Moment of Inertia:

measure of an object’s resistance to change in angular velocity, analogous to
mass in a linear system

ω = Angular Velocity:

the amount of rotation that a spinning object undergoes per unit time,
analogous to velocity in a linear system

L = Angular Momentum:

the product of an object’s moment of inertia and angular velocity

𝐼𝑟𝑜𝑐𝑘𝑒𝑡 ∙ 𝜔𝑟𝑜𝑐𝑘𝑒𝑡 = 𝐿𝑟𝑜𝑐𝑘𝑒𝑡

Angular momentum of the rocket

𝐼𝑤ℎ𝑒𝑒𝑙 ∙ 𝜔𝑤ℎ𝑒𝑒𝑙 = 𝐿𝑤ℎ𝑒𝑒𝑙

Angular momentum of the reaction wheel

𝐿𝑟𝑜𝑐𝑘𝑒𝑡 + 𝐿𝑤ℎ𝑒𝑒𝑙 = 0

Initial condition is no rotation, so no angular momentum

𝐿𝑟𝑜𝑐𝑘𝑒𝑡 = −𝐿𝑤ℎ𝑒𝑒𝑙

Conservation of angular momentum

𝐼𝑟𝑜𝑐𝑘𝑒𝑡 ∙ 𝜔𝑟𝑜𝑐𝑘𝑒𝑡 = −𝐼𝑤ℎ𝑒𝑒𝑙 ∙ 𝜔𝑤ℎ𝑒𝑒𝑙
𝐼𝑟𝑜𝑐𝑘𝑒𝑡
𝐼𝑤ℎ𝑒𝑒𝑙

∙ 𝜔𝑟𝑜𝑐𝑘𝑒𝑡 = −𝜔𝑤ℎ𝑒𝑒𝑙

𝐼𝑟𝑜𝑐𝑘𝑒𝑡
𝐼𝑤ℎ𝑒𝑒𝑙

≅ 40 based on initial projected masses and dimensions of rocket and experiment components.

In order to complete the two rolls necessary to meet the challenge criteria within the expected coast
phase time (approximately 15 seconds), the rocket will need to rotate at roughly 0.2 rotations per
second or 12 rpm. At that rate, it will take the rocket approximately 10 seconds to complete 2 full
rotations, which allows a reasonable margin if mechanical factors reduce the rotation speed.
Using the final equation and the estimate of moment-of-inertia ratio above gives 40 ∙ 12rpm = -480rpm
or -8 rotations per second for the angular velocity of the reaction wheel. The negative value means that
it will be rotating opposite the rocket. This speed is obtainable with a motor that is small, compact, and
light enough to fit into the rocket. In addition, due to the short run time of the experiment, the batteries
necessary to run the motor are not prohibitively large or heavy.
The Experiment Team conducted a small scale proof of concept test by suspending a motor and reaction
wheel on a platform to simulate a closed system. By powering the motor, the reaction wheel’s rotation
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induced a rotation of the platform thus demonstrating how the reaction wheel would work on the
rocket.

4.3

Technical Challenges and Solutions

4.3.1 Launch Vehicle

Challenge

Solution

Be capable of reaching an altitude of 5280 ft.

Use simulations to choose a motor capable of
lifting the rocket to the required altitude.

Not exceeding 5280 ft. in altitude

Potentially use ballasting or an air braking system
to slow the rocket down during accent so that it
does not exceed an altitude of 5280 ft.

Be able to withstand the forces applied during
flight

Build the rocket body, nosecone, and fins out of
fiberglass to ensure they are durable enough to
withstand flight forces.

Be able to be recovered safely

Have a dual-recovery system that utilizes
completely redundant electronics, ejection
systems, and recovery harnesses.

Be stable during flight

Perform simulations to ensure the rocket is stable
for the entire duration of the flight.
Table 4.3: Launch Vehicle Technical Challenges and Solutions

4.3.2 Experiment

Challenge

Solution

Keep vibrations from the reaction wheel to a safe
level

Use a laser cutter to precisely cut the reaction
wheel components, ensuring that it is balanced
and centered; this will be verified in ground tests
before mounting the experiment in the rocket.

Prevent the reaction wheel from breaking off of
the motor while it is spinning

Conduct vibration tests of the experiment to make
sure that it can survive flight conditions.
Table 4.4: Experiment Technical Challenges and Solutions
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5

Educational Engagement

5.1

Engagement Overview

The Piedmont Student Launch Team has chosen to put a specific emphasis on Girls and Women in STEM
for undertaking the Educational Engagement aspect of the Student Launch project. This decision was
made because team members share a common belief that a significant but addressable gender disparity
exists in STEM education and career choices. PSLT will endeavor to engage as many people as possible
to create and sustain interest in pursuing STEM-related education and careers, but will make a specific
effort to target girls and women who might otherwise be missed.
The Charlottesville, Virginia area offers a wide variety of opportunities to engage with the community on
educational and career-oriented topics. In particular, PVCC, as a Community College, carries a mandate
to engage the local community in educational initiatives. They have a long history of exceeding this
mandate and have committed to providing extensive resources to the team to meet this part of the
project. PSLT will seek to leverage all these opportunities to expose as many people as possible to the
fun, excitement, and challenge of the STEM fields, through hands-on learning and other methods of
presentation.

5.2

Engagement Plan

The following items represent a partial list of engagement activities PSLT will be looking to undertake.

5.2.1 Community Homeschool Enrichment Center (CHEC)
CHEC is a weekly program that gives homeschoolers a place to take enrichment classes and learn skills
such as science and higher math that might otherwise be difficult for their parents to teach. This makes
it an ideal place to find students who are interested in learning new skills, including ones related to
STEM.
Three possible approaches are being considered to engage the students at CHEC in STEM related
activities. The team may do one or more of the following:
1) Set up a display to show the students what we are doing and teach basic principles of rocketry.
This allows reaching most or all of the students as well as their parents.

22

2) Teach a class about rocketry, which allows teaching in more detail how rockets work as well as
providing an opportunity for the students to build and launch their own rockets.
3) Hold a launch fair, which will be an all-day activity where students from CHEC can come and
launch rockets, as well as learn about rocketry and other STEM fields.

5.2.2 Charlottesville Mini Maker Faire
The Charlottesville Mini Maker Faire is a local variant of the Maker Faire concept, described as:
Part science fair, part county fair, and part something entirely new, Maker Faire is an allages gathering of tech enthusiasts, crafters, educators, tinkerers, hobbyists, engineers,
science clubs, authors, artists, students, and commercial exhibitors. All of these
“makers” come to Maker Faire to show what they have made and to share what they
have learned.
It is focused around STEM-related projects, so it provides the type of audience that would be interested
in learning about rocketry and other STEM fields. PSLT would have a hands-on display at the Faire. Many
of the people who attend are in elementary school or middle school, providing an opportunity to engage
a large audience of young people.

5.2.3 PVCC Student Activity Hour
PVCC Student Activity Hour is an hour on Mondays and Wednesdays where different groups come to
PVCC to give presentations about different topics. It provides a medium for teaching students at PVCC
about rocketry and other related STEM subjects, as well getting them interested directly in the Student
Launch project. Options are available for doing a single presentation, or doing a series, allowing for more
in-depth coverage of certain topics.

5.2.4 Tech Girls – Girls’ Geek Day
Tech Girls is a local group that is dedicated to getting girls interested and involved in technology and
STEM fields. They hold an event every month of the school year called Girls’ Geek Day, which is
specifically geared toward girls in elementary school, and has an average attendance of sixty girls. PSLT
has worked with this group to plan several engagement activities over the course of the Student Launch
project.

5.2.5 PVCC Student Engagement Activity
PSLT is planning to host an all-day, community-wide educational engagement activity at PVCC focusing
on STEM subjects. For this activity, relevant outside guests will be invited to give presentations, put out

23

displays, and host activities. The team will also be hosting its own activities, such as model rocket
launches, to get more people engaged in STEM. The event will be broadly advertised to the public,
particularly toward elementary and middle schools, in order to bring in and engage as many people as
possible. PVCC has hosted similar events in the past sponsored by other clubs, and has drawn hundreds
of participants.

5.2.6 Women in STEM Discussion Panel
The team will co-host the “Women in STEM” discussion panel at PVCC in November. This is a very
popular and well-attended college event, allowing women and girls to come in and ask any questions
they have about STEM fields and careers.

5.2.7 PVCC Math Club
PSLT has plans to work with the math club at PVCC to not only engage the students in that club in more
STEM fields than just math, but also to help spread knowledge of the Student Launch project and STEM
fields in general. The team is also considering working with some of the other clubs at PVCC, in
particular the other STEM related clubs.

5.2.8 Public Launch Fair
In addition to holding a launch fair for the students at CHEC, PSLT is exploring hosting a larger one for
the general public. This will allow outreach to a much broader audience and get many more people
involved in rocketry in a direct, hands-on manner.

5.2.9 Quadruplicity
Quadruplicity is an annual regional conference held in Charlottesville that provides a place for
education, engagement, and professional growth for women. In previous years, they have had as many
as 300 people attend. It offers several possibilities for engaging with the women there by either having a
display or giving a presentation.
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6

Project Plan

6.1

Project Timeline

Fall 2016 Semester
7
RFP Released

August
14
21

28

4

September
11
18
25

2

9

October
16
23

30

6

November
13
20

27

4

December
11
18

25

X

Nontechnical Proposal Writing
Payload Selection
Conceptual Design
Technical Proposal Writing
Final Proposal Writing

X

October VAST Launch

X

Proposal Acceptances Announced

X

Kickoff And PDR Q&A

X

October NOVAAR Launch

X

Website Design & Dev

X

Preliminary Design
Preliminary Design Freeze

X

Prepare PDR Docs

X

November VAST Launch

X

PDR Teleconferences
November NOVAAR Launch

X

CDR Q&A

X

Build Sub-Scale Rocket
Critical Design
December NOVAAR Launch

X

Sub-Scale Launch

X

Critical Design Freeze

X

Prepare CDR Docs
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Spring 2017 Semester
1
Prepare CDR Docs

8

January
15 22

29

5

February
12 19

26

5

March
12 19

26

2

9

April
16 23

30

7

May
14 21

X

CDR Teleconferences
FRR Q&A

X

Full Scale Rocket Prelim Work
Final Design
Final Design Freeze

X

Build Full Scale Rocket
Full Scale Qualification Flight(s)
Prepare FRR Docs

X

FRR Teleconferences
Travel To Huntsville

X

LRR

X

Launch Day

X

Prepare PLAR Docs
Dates are the first day (Sunday) of
each week. X's represent
events/due dates.

X

Fall Break

Thanksgiving Break

Winter Break

Spring Break

Figure 6.1: Project Timeline

6.2

Budget

Budget Category
Launch Vehicles

Low Projection

High Projection

$2,059

$6,179

Rocket Motors

$400

$1,010

Experiment

$245

$323

$2,412

$11,156

$200

$500

$5,316

$19,168

Travel and Related Expenses
General and Administrative
Total

Table 6.1: Projected Costs
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Projected costs are estimated based on current prices and initial proposed designs for the launch
vehicles and the experiment, excluding expendable rocket motors, which are costed separately. Travel
expenses are estimated based on traveling by car and allowing for four nights stay double-occupancy in
Huntsville, AL. The low travel estimate allows for ten people in two vehicles with researched rates. The
high travel estimate allows for fourteen people in two vehicles using government per diem and mileage
rates. General and Administrative costs are approximated to cover all other expenses including food,
advertising materials, and miscellaneous expenses.

6.3

Funding Plan

The Piedmont Student Launch Team will fund its operations from the following sources:


Corporate / organizational sponsorships



PVCC club activity funds



Private donations

The team currently has two major corporate sponsors: Tiger Fuel Company and OFM Computer Systems,
as well as the Crozet Toastmasters Club. The two corporate sponsors are providing cash, equipment, and
services to the team, and have committed to covering any gaps in funding from the other sources.
PVCC has committed to provide funding for the team, which is organized as a college club. The final
amount of available funds will not be known until later in the year, as money will be dispersed on an asneeded basis from the college’s club activity fund. PVCC will also provide a college-affiliated bank
account for the team’s use.
PSLT will be actively soliciting private donations to supplement other funding sources. As the legal
recipient of these funds will be PVCC (which will dispatch the funds to the team-specific account it has
set up), donations made to the team will be tax deductible. In addition to cash funding, private and
small business donors have made offers of products and services such as food, beverages, advertising,
etc.

6.4

Project Sustainability Plan

PSLT has taken and will continue to take steps to ensure that the team will continue from year to year.
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6.4.1 PVCC Administrative Structure
The Piedmont Student Launch Team has been established as a separate, formal club at PVCC,
independent from the Engineering Club, which typically acts as the umbrella organization for
engineering projects such as this. PVCC has also provided a bank account and other administrative needs
to support the team. Overall, the administrative leadership of PVCC has shown great enthusiasm and
support for PSLT, which is a critical element to the long-term sustainability of the team.

6.4.2 Partnerships
The current team leader, who has made most of the connections with the team’s community partners,
will remain at PVCC next year to carry on the project. The team will continue to form partnerships with
local industry and academic partners. The project will demonstrate applied and practical engineering
principles that are sought after by employers therefore forming a partnership through STEM fields.
Future partnerships will be based on the community needs to proliferate the STEM fields and to give
potential employers an accessible route to an institution of higher education.

6.4.3 Recruitment
Outreach will occur at local high schools and with homeschool families. Many local high schools and
persons who are homeschooled attend PVCC as well. Through this particular outreach, the team will
continue to grow and have more awareness from donors and sponsors.

6.4.4 Funding
Tiger Fuel has agreed to help fund the project into the next academic year. Funding will also come from
other places, including but not limited to donors, sponsors, and PVCC. Funding will be a joint effort of all
team members and partners that will be made through the initial project. Once the initial project is
finished, it will serve as a model for donors and sponsors to support the project in the future.

6.4.5 Educational Engagement
By building relationships with groups this year, both through educational engagement activities and
through other outreach activities, PSLT will be able to perform many of the same activities in future
years as this year. Additionally, the team plans to work with the women at Quadruplicity and Tech Girls
to come up with further plans to engage even more people. By spreading the knowledge of the Student
Launch project, we also plan to be able to engage more students at PVCC with educational activities.
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Appendix A – Abbreviation and Acronym Dictionary
ABS AGL CAD CHEC CNC FPS MIG MSDS NAR NOVAAR NFPA PDR PPE PSLT PVCC RSO SOW STEM TIG TLA TRA VAST -

Acrylonitrile Butadiene Styrene
Above Ground Level
Computer Aided Design
Community Homeschool Enrichment Center
Computer Numeric Control
Feet Per Second
Metal Inert Gas
Material Safety Data Sheet
National Association of Rocketry
Northern Virginia Association of Rocketry
National Fire Protection Association
Preliminary Design Review
Personal Protective Equipment
Piedmont Student Launch Team
Piedmont Virginia Community College
Range Safety Officer
Statement of Work
Science, Technology, Engineering, and Mathematics
Tungsten Inert Gas
Three Letter Acronym
Tripoli Rocket Association
Valley AeroSpace Team

Appendix B – Launch Vehicle Requirements
The following are the understood requirements of the project for the launch vehicle itself. These
requirements will be addressed through the products and processes described in this proposal.

1. The rocket shall reach an altitude of 5280 ft. above ground level
2. The rocket shall carry one commercially available, barometric altimeter for the official altitude that
reports the altitude via a series of beeps
3. All audible electronics other than the official altimeter shall be capable of being turned off
4. The rocket shall be recoverable and reusable (reusable meaning that it can be launched again on the
same day without repairs or modification)
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5. The rocket shall be designed with no more than 4 independent sections (meaning sections that are
tethered to the main vehicle or that are recovered separately)
6. The rocket shall have only one stage
7. The rocket shall be capable of being prepared for launch at the launch site within 4 hours
8. The rocket shall be capable of remaining in launch-ready configuration for at least 1 hour without
losing the functionality of any components
9. The rocket shall be capable of being launched by a standard, 12V, direct current firing system
10. The rocket shall require no external circuitry to initiate launch
11. The rocket shall require no special ground equipment to initiate launch
12. The rocket shall use a commercially available, ammonium perchlorate composite propellant, solid
motor propulsion system
13. Pressure vessels on the vehicle shall be approved by the RSO and shall meet the following criteria:
The minimum factor of safety (Burst or Ultimate pressure versus Max Expected Operating Pressure)
shall be 4:1 with supporting design documentation included in all milestone reviews, The low-cycle
fatigue life shall be a minimum of 4:1, Each pressure vessel shall include a solenoid pressure relief
valve that sees the full pressure of the tank, Full pedigree of the tank shall be described, including
the application for which the tank was designed, and the history of the tank, including the number
of pressure cycles put on the tank, by whom, and when.
14. The total impulse of the rocket shall not exceed 5120 newton seconds (L class motor)
15. The rocket shall have a minimum static stability margin of 2 at rail exit
16. The rocket shall accelerate to a minimum velocity of 52 ft/s at rail exit
17. Any structural protuberances shall be aft of the post burnout center of gravity
18. The rocket shall have no forward canards
19. The rocket shall have no forward firing motors
20. The rocket shall have no motors that contain titanium sponges
21. The rocket shall have no hybrid motors
22. The rocket shall have no motor clusters
23. The rocket shall use no friction fitting for motors
24. The rocket shall not exceed Mach 1 at any point during flight
25. Ballast must not exceed 10% of the total vehicle weight
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Appendix C – Recovery System Requirements
The following are the understood requirements of the project for the launch vehicle recovery system.
These requirements will be addressed through the products and processes described in this proposal.

1. All recovery electronics shall be run by commercially available batteries
2. The launch vehicle shall stage the deployment of the recovery system
3. A drogue parachute (or other recovery system) shall be deployed at apogee
4. A main parachute shall be deployed at a lower altitude
5. Each section of the launch vehicle shall have no more than 75 ft-lbf of kinetic energy at landing
6. The circuits for the recovery system shall be separate from the experiment circuits
7. The recovery system shall contain redundant, commercially available altimeters
8. The recovery system shall not use motor ejection as a primary or secondary form of deployment
9. The recovery system shall use electronic deployment for recovery system
10. Each altimeter shall have a dedicated arming switch, accessible from the exterior of the rocket when
it is on the launch pad in launch configuration
11. Each arming switch shall be able to be locked in the “on” position for launch
12. The recovery system shall include a dedicated power supply for each altimeter
13. The main parachute compartment shall use removable shear pins
14. The drogue parachute compartment shall use removable shear pins
15. The recovery system shall include an electronic tracking device that shall transmit the location of the
launch vehicle to a ground receiver and shall be fully functional for the official flight
16. The rocket shall include an electronic tracking device in any independently recovered section that
must transmit the location of that section to a ground receiver and must be fully functional during
the official launch
17. The recovery system electronics shall not be adversely affected by any other on-board electronic
devises for the duration of the flight
18. The recovery system electronics shall be physically located in a different compartment of the rocket
from any radio or magnetic wave producing devices
19. The recovery system electronics shall be shielded from all onboard transmitting devices
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20. The recovery system electronics shall be shielded from any onboard devices that might produce
magnetic waves
21. The recovery system electronics shall be shielded from any other systems that might adversely
affect them

Appendix D – Experiment Requirements
The following are the understood requirements of the project for the experiment payload, referencing
section 3.3 of the SOW – Roll Induction and Counter Roll. These requirements will be addressed through
the products and processes described in this proposal.

1. Teams shall design a system capable of controlling launch vehicle roll post motor burnout
2. The systems shall first induce at least two rotations around the roll axis of the launch vehicle
3. After the system has induced two rotations, it must induce a counter rolling moment to halt all
rolling motion for the remainder of launch vehicle ascent
4. Teams shall provide proof of controlled roll and successful counter roll
5. Teams shall not intentionally design a launch vehicle with a fixed geometry that can create a passive
roll effect
6. Teams shall only use mechanical devices for rolling procedures
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