Senior Design Projects
Marshall Space Flight Center



A. Description/Instructions


NASA Marshall Space Flight Center intends to recruit university Senior Design teams to study and provide solutions to NASA aerospace problems and projects.

There are many accredited colleges of engineering in the U.S. and all are required to teach a Senior Design capstone course each year.  Professors teaching/administering these courses can find suitable topics/projects which lend themselves to completion in either one semester (15 weeks) or two (30 weeks).

Because the U.S. Space Program is challenging and inspiring to college students, NASA projects, such as those listed, could be appealing to professors operating Senior Design classes.

Marshall researchers are eager to have teams of advanced students (seniors) applying their skills/knowledge to develop solutions to NASA’s aerospace problems.  Using NASA projects as the subject of Senior Design studies has been piloted at Marshall, with excellent results.

The projects listed below have been proposed by Marshall engineers and scientists and are available to U.S. colleges and universities.  To choose one of the listed projects and to qualify for NASA funding, your team and faculty advisor first complete a one/two-page proposal using the template attached and send it to: Dr. Frank Six, MSFC University Affairs Officer at frank.six@nasa.gov. 

After evaluation, those proposals chosen for funding will be notified.  MSFC will contribute $1,000 to a chosen Senior Design team (one semester project) and $2,000 to a team chosen for the two semester option.  The final deliverables would be a written project report for a one semester effort, and a final report plus a prototype/model for a two semester course.  Several Senior Design teams will be selected each year, and funding provided, depending on budget approval.

Weekly telecons between NASA mentors and Senior Design teams will provide progress information on each effort, and address questions from the teams on modifications, adding experts, providing utilization of facilities, etc.

[bookmark: _GoBack]Development of NASA’s future workforce is our motive for engaging young professionals (college students) in aerospace projects.

B. Senior Design Proposal Template

Proposer – Faculty Advisor for Senior Design Project
	Name: _______________________________________  Academic Rank: ________________
	Department: _________________________________________________________________
	Contact Information: Email: ____________________________________________________
	 Phone: __________________________________
	Advisors Signature: ___________________________________________________________

University’s Name & Address: ___________________________________________________________

Date the Senior Design Course will begin ____________ and end ____________ (Period of Performance)

Title of Project to be Studied: ___________________________________________________________

Senior Design Course:  One semester, or   Two semesters

Marshall Mentor’s Name and Organization: _________________________________________________

Approximate number of student participants: ____________

Will there be a graduate student as a mentor for this project:  Yes     No     Maybe

Proposed approach to solving the problem/s and/or completing the project: 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Provide a schedule/timeline covering all aspects of the problem/project: _____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________


Date Submitted: _______________________________
C. MSFC Projects Listing

The following aerospace projects have been proposed by Marshall engineers and scientists and are available to U.S. colleges and universities. 


1. Deployment System for Satellite Solar Array – John Carr, ES44
2. Solar System Communications Network – Eric Eberly, ES11
3. Slosh Baffle Stabilization – Marlon Holt, ET40
4. Electric Sail Deployer Mechanism – Tom Bryan, ES10
5. Labview on Raspberry Pi 3 with Touchscreen – Kosta Varnavas, ES36
6. Tether Deployer for Spacecraft – Bruce Wiegmann, ED04
7. Terraforming From L1 – Les Johnson, ST03
8. Thermal Protection System Testing – Amy Buck, EM41 [Currently not available]

Proposals for fall 2018 Senior Design courses should be submitted by September 15, 2018 to Dr. Frank Six at frank.six@nasa.gov.

NASA Marshall intends to review proposals as they are received.

Awards and regrets will be announced.
 
 


















D. Project Descriptions
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Marshall Problem Statement / Senior Dengn Tnpic

Problem Title: | Solar System Communications Network

MSFC Mentor Name and Eric Eberly, ES11

Organization:

Mentor’s Contact Information: eric.a.eberly@nasa.gov; 256.544.2092

Indicate which discipline/s is/are most appropriate to work on this problem (e.g., aerospace,
mechanical, electrical, chemical, industrial, civil, computer, physics, materials, test, nuclear, earth
science, other):

Electrical, communications, computer, aerospace, project, and integration

Marshall Problem Statement

Background: The big picture with references to previous work
(Why would a senior design student be excited about this work?)

Design a communications network using a cluster of 6U cubesats that will enable future exploration satellites
(or human missions) to reduce antenna power and gain, while improving link margin. Future satellites will
no longer need to broadcast signal directly to earth, but rather to the nearest “solar cell tower”. In doing so,
exploration satellite power and antenna requlrements can be reduced without jeopardizing the link margin or
endangering the mission. In a hypothetical mission, the deep space satellite or capsule sends data to the
nearest 6U cubesat which then relays the data to the next 6U cubesat. The relayed data would continue until
it reaches earth.

. Direct communication; requiring large

antenna and power
Network communication alternative -

‘ NEPTUNE

’," g
/
SATURN /
’ /' ;
i

URANUS ‘

i

@ rercuny
-

Comet

JUPITER

Not to scale






Recent/on-going research on the problem (What resources, if any, are available to the senior design
team, such as equipment, software, facility utilization)

Recent advances in delay tolerant (or disruption tolerant) network now permit incremental data packets to be
sent across a series of nodes rather than joining all nodes to pass the entire data. Other solutions provide non-
planar options but still requires all nodes to be connected (from start-to-finish) before data is transmitted.

Reference Links:
https://www.nasa.gov/content/dtn
http.//www.nss.org/settlement/manufacturing/SM12.213.ContinuouslnterPlanetaryCommunications.pdf

This design project is intended to produce a mission concept. No hardware production or testing is needed
for this phase. Therefore, no resources are offered for this project.

Details of the problem; design constraints, requirements (if any), outcome expected (one semester
Senior Design course lasts 15 weeks; two semester course lasts 30 weeks.) (What do you expect the
senior design team to accomplish?)

Using 6U cubesats, design and develop a solar system (or interstellar) communication relay network. Each
cubesat shall be able to receive and transmit data; survive in space environment for a minimum of fifteen
years; determine its location within 10 meters; and perform orbital/trajectory maintenance.

Design solutions shall include power requirements and generation, suggested components and rationale for
selected components, and any trade study analyses. Design solutions shall also include at least one
comparison to existing mission capability (for example, New Horizons Probe transmission data rate and
broadcast power requirement).

For the first 15 weeks, it can be assumed that the 6U CubeSats are already in desired location(s) and no
orbital/trajectory maintenance is needed.

For the second 15 weeks, the mission concept shall expand upon methods for delivering the 6U CubeSats to
desired location(s) or trajectory(ies) and orbit maintenance.

Senior Design Project Rules:

1. Weekly telecons will be scheduled to maintain proper progress and prevent dead-end ventures.

2. Deliverable/s required (e.g. one semester course — a written final report; two semester course — written
final report and a prototype/model (if practical))
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Marshall Problem Statement / Senior Design Topic

Problem Title: Slosh Baffle Stabilization

MSFC Mentor Name and Organization: Marlon Holt, ET40
Mentor’s Contact Information: Phone: (256) 544-7044 Email: marlon.holt@nasa.gov

Indicate which discipline/s is/are most appropriate to work on this problem, e.g., aerospace, mechanical,
electrical, chemical, industrial, civil, computer, physics, materials, test, nuclear, earth science, other:
Mechanical, Materials, Test

Marshall Problem Statement

Background: The big picture with references to previous work (Why would a senior design student be
excited about this work?)

Marshall Space Flight Center (MSFC) slosh testing is performed on subscale tanks that are modeled after liquid
propellant tanks, used on space crafts. This testing is conducted to obtain various slosh parameters for verifying
analytical models. When utilizing multi-tier damping baffles, during slosh testing, the ideal damping baffle
configuration should be as rigid as possible. This allows the analyst to closely model the test configurations.
Currently, this effect is achieved with single layer damping baffles, by clamping the baffle between two sections
of the tank.

Recent/on-going research on the problem (What resources, if any, are available to the senior design team,
such as equipment, software, facility utilization)

We plan to continue to conduct slosh testing utilizing our current testing methods. In the near future, that
testing will consist of slosh baffles being clamped between two tank sections, unless otherwise requested.

Details of the problem; design constraints, requirements (if any), outcome expected (one semester Senior
Design course lasts 15 weeks; two semester course lasts 30 weeks.) (What do you expect the senior design
team to accomplish?)

The desired damping effect is not achieved with the current multi-tier damping baffle configuration. During
multi-tier slosh baffle testing, it is not always possible to clamp baffles between tank sections at each baffle
level. The current configuration allows for baffle movement, especially at higher slosh wave amplitudes, where
slosh wave force on the baffle is greater. Baffle movement changes the damping effect and it is difficult to
quantify these effects during test. In an effort to mitigate baffle movement, during multi-tier slosh baffle
testing, students would be responsible for determining a tank/ baffle support design that will allow for more
rigid slosh baffle installation, for various baffle configurations. This would be a one semester effort.

Senior Design Project Rules:
1. Weekly telecons will be scheduled to maintain proper progress and prevent dead-end ventures.

2. Deliverable/s required (e.g. one semester course — a written final report; two semester course — written
final report and a prototype/model (if practical))
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Problem Title: Electric Sail Propulsion System Deployer Mechanism

MSFC Mentor Name and Organization: Michael Tinker (ES10)
Mentor’s Contact Information: Mike.Tinker@nasa.gov, 256.544.4973

Indicate which discipline/s is/are most appropriate to work on this problem, e.g., aerospace, mechanical,
electrical, chemical, industrial, civil, computer, physics, materials, test, nuclear, earth science, other:
Mechanical/Electrical and Aerospace

Marshall Problem Statement

Background: The big picture with references to previous work (Why would a senior design student be excited
about this work?)

The Electric Sail (E-Sail) propulsion system utilizes positively charged thin wires that extend outward from a
spacecraft. A high voltage power supply biases the wires such that ions are repelled and electrons are collected,
producing thrust significantly exceeding that possible from any other realizable near-to-mid-term propulsion
system. This activity would focus on a key element of the E-Sail propulsion system, the Tether Deployment
System (TDS), and will help assess the feasibility of this cutting edge advanced propulsion concept.

Recent/on-going research on the problem (What resources, if any, are available to the senior design team, such
as equipment, software, facility utilization)

MSEC is currently engaged in maturing and assessing the feasibility of the concept through an FY16-17 NASA
Innovative Advanced Concepts (NIAC) Phase II and internal research and development funding. Prior work in
the area of tether deployment systems has been performed by companies such as Tethers Unlimited (a partner
on the project) but known issues exist with the current concept of operations and alternatives are desired. The
partnering organization will have access to MSFC facilities, notably the Flight Robotics Lab, for testing the
concept and for collaboration with subsystem experts.

Details of the problem; design constraints, requirements (if any), outcome expected (one semester Senior
Design course lasts 15 weeks; two semester course lasts 30 weeks.) (What do you expect the senior design team
to accomplish?)

This activity is focused around the design, development, test, and evaluation of a tether deployment system
(TDS) for the E-Sail concept. Requirements for the tether and TDS stem from an FY16 Advanced Concepts
Office (ACO) study of a 12U CubeSat E-Sail implementation. The deployer mechanism must be designed,
fabricated, assembled, and tested over the course of this activity. Single-tether and multiple-tether
configurations could be developed and tested, depending on the consensus of the university/NASA teams. The
E-sail concept consists of many wires/tethers to produce desired thrust levels, and ultimately multiple-tether
deployers must be developed. Test results should then be correlated to dynamic models to predict the 0-G
response of the flight system and aid in the derivation of guidance and control requirements on the spacecraft.
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Marshall Problem Statement / Senior Design Topic

Problem Title: Labview on Raspberry Pi 3 with touchscreen and
documentation
MSFC Mentor Name and Organization: Kosta Varnavas NASA ES36

Mentor’s Contact Information: kosta.varnavas@nasa.gov

Indicate which discipline/s is/are most appropriate to work on this problem, e.g., acrospace, mechanical,
electrical, chemical, industrial, civil, computer, physics, materials, test, nuclear, earth science, other
electrical / computer

Marshall Problem Statement

Background: The big picture with references to previous work (Why would a senior design student be excited
about this work?)

No previous work. Would like to run labview applications on the popular , small , yet powerful raspberry pi
single board computers.

Recent/on-going research on the problem (What resources, if any, are available to the senior design team, such
as equipment, software, facility utilization)

None

Details of the problem; design constraints, requirements (if any), outcome expected (one semester Senior
Design course lasts 15 weeks; two semester course lasts 30 weeks.) (What do you expect the senior design team

to accomplish?)

Figure out if it is possible and how to load an labview application on a raspberry pi.
Figure out how to attach a touch screen to the raspberry pi and the touch screen serves as display and control of

the labview application.
Do not have to create the application on raspberry pi . Can create on a PC running labview and export the

application executable then get it onto the Pi and get it to run.

Complete step by stem how-to documentation so that another third party could perform the work from scratch.
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Marshall Problem Statement / Senior Design Topic
Problem Title: Design of a tether deployer for spacecraft applications that will enhance the MSFC Phase IT
Electric Sail NIAC work

MSFC Mentor Name and Organization: Bruce M. Wiegmann — ED04
Mentor’s Contact Information: bruce.m.wiegmann@nasa.gov; 256-797-1448 cell: 256-544-3498 desk

Indicate which discipline/s is/are most appropriate to work on this problem, e.g., aerospace, mechanical,
electrical, chemical, industrial, civil, computer, physics, materials, test, nuclear, earth science, other
Mechanical, electrical, aerospace, materials

Marshall Problem Statement

Background: The big picture with references to previous work (Why would a senior design student be excited
about this work?)

The Electric Sail (E-Sail) propulsion system investigations on-going at the MSFC all require successful
deployment of a multi km length, sub mm diameter conductive tether for the E-Sail to be a viable propulsion
option in the near future. Over the past 20 years there has only been one successful deployment of a space
tether greater then 1 km in length and that was done by European college students. They actually deployed 32
km length of tether. All space tether missions since 1997 from both the USA and Japan have all failed to deploy
successfully.

Recent/on-going research on the problem (What resources, if any, are available to the senior design team, such
as equipment, software, facility utilization)

Members of our E-Sail team include Tethers Unlimited Inc. which may be able to provide design advice relating
1o their past tether deployers. No additional resources (equipment or sofiware) will be made available, but ifa
tether deployer prototype can be fabricated and tested at the university, it is envisioned that this deployer will
come to the MSFC Flat Floor facility for additional testing in the summer of 2017.

Details of the problem; design constraints, requirements (if any), outcome expected (one semester Senior
Design course lasts 15 weeks; two semester course lasts 30 weeks.) (What do you expect the senior design team
to accomplish?)

Students will design, fabricate, and test a mechanical deployer for a long space tether. This deployer as designed must be
capable of housing at least 8 (TBR) kilometers of the commercial off the shelf material Amberstrand 66 (current
reference) or other AmberStrand material. However, testing may be performed on a significantly smaller length. The
Amberstrand 66 or other tether material will be provided by NASA as a cost savings measure.

Students will design and build a mechanism capable of feeding out the tether at a rates from 1 m/s to 5 m/s. Also the
measurement of tether deployed must be designed to measure accurately to within 1.0%.
The full designed system shall meet the following requirements: '

e Fitinto a volume of 15 cm x 10 cm x 10 cm

®  Have a mass of no more than 2 kg (Goal)

e Consume no more than 5 W of electrical power (Goal)

This prototype may feature parts not suited for the space environment, but students should note in their various reports
potential deployer changes that would be required to bring the design to a space ready unit.
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Marshall Problem Statement / Senior Design Topic

Problem Title: Terraforming From L1

MSFC Mentor Name and Organization:  Les Johnson
Mentor’s Contact Information: __les.johnson@nasa.gov  256-544-7824

Indicate which discipline/s is/are most appropriate to work on this problem, Aerospace, mechanical, electrical,
industrial, civil, computer, physics, materials, nuclear, earth science

Marshall Problem Statement

Background: The big picture with references to previous work:

When considering terraforming planets, either in this solar system or others, the light spectrum and light
intensity is often problematic. In the case of Mars, the light is of the right spectrum but the intensity is
inadequate. In the case of Mercury or Venus, the light spectrum is correct but the intensity is too high. In the
case of a star like Trappist-1 the spectrum is shifted too far to the red and depending on which planet is being
considered is either too intense or too weak. Also, many planets lack a strong magnetic field allowing the solar
wind to strip the atmosphere away in some period of time. Without a strong magnetic field, the radiation on the
surface of a planet is sometimes excessive. There are no known papers on this subject, it is new territory.

The project would be to design a device to be located at the star/planet’s L1 point. This device will be massive.
It will do several things. One it will power itself by the solar energy from the planet’s star. Consider our own
sun with respect to Mars and Venus but also the planets around Trappist-1 and in general small rocky planets
around any star. Two, it will provide light for the target planet identical in spectrum and intensity to that of
Earth. Three, it will generate a large magnetic field to deflect the star’s solar wind from the planet, protecting it
from atmospheric erosion and radiation. Four it will provide high powered lasers to power spacecraft and
deflect asteroids and other debris that may threaten the planet. Five, it may vary the light intensity (in the case
of tidally locked planets to simulate Earth day-night cycles and maybe Earth seasons. Six, because this is a
massive structure, in space, with significant energy reserves, what are the prospects for antimatter production?

Recent/on-going research on the problem

There are a number of articles in the Journal of British Interplanetary Society (JBIS) that touch on some of
these topics and a literature search will be part of the this effort.

Details of the problem; design constraints, requirements (if any), outcome expected (one semester Senior
Design course lasts 15 weeks; two semester course lasts 30 weeks.) (What do you expect the senior design team

to accomplish?)
The expected outcome is a peer reviewed article published in a reputable journal detailing the research results.






With respect to objective one. How might a very large structure in space intercept a star’s energy, and transport
it around the structure? Is storage possible? How good are our current solar cells and what future advance can
realistically be expected. How will these solar cells survive in space and how often must they be replaced?
Given the massive structure, how stable is it at the L1 point? How much maneuver capability is required?

Objective two. How can light of the appropriate intensity and spectrum be provided to a distant planet? How
efficient are lasers? How do we deal with waste heat? Is there another energy conversion technology that might
be better?

Objective three. How can this large structure generate a magnetic field large enough and powerful enough to
deflect most (all?) of the solar wind. Trappist-1 is a flare star and the planets are very close so for it the
requirements may be much larger than for Mars. Some modeling may be required to address this question as
I’m not aware of a straightforward equation that can answer this question. Are superconductors required for
this? Once established, how much energy is required to maintain this magnetic field?

Objective four. Given the excess energy available can megawatt laser systems be provided? What might they
look like? What kind of tracking and optics are required?

Objective five: Consider various planetary configurations such as tidally locked, to high spin planets. How
might an Earth like 24 seven day be achieved and can we duplicate the Earth’s tilt and the resulting seasons?

Objective six. Antimatter production. Is this a feasible? How might it be accomplished and how might the
product be stored?

This would be considered to be a mega structure. How might it be constructed and what type of resources
would be needed?

If alien races are using such device already, how might they be detected?

Senior Design Project Rules:
1. Weekly telecons will be scheduled to maintain proper progress and prevent dead-end ventures.

2. Deliverable/s required (e.g. one semester course — a written final report; two semester course — written
final report and a prototype/model (if practical))
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Problem Title: Thermal Protection System Testing
MSFC Mentor Name and Organization: Amy Buck EM41
Mentor’s Contact Information: amy.l.buck@nasa.gov 256-544-2582

Disciplines most appropriate to work on this problem:
e Mechanical
e Materials
o Test

Marshall Problem Statement

Background: NASA’s Space Launch System (SLS) uses foam insulation for thermal protection.
To ensure the Thermal Protection System (TPS) meets vehicle requirements portable tensile
testing of the TPS is performed on witness panels or on flight hardware. The portable tensile
testing is performed using a plug pull machine. These plug pullers are heritage tools from
NASA’s External Tank project during the Space Shuttle Program.

Recent/on-going research: Due to the age of the plug pull machines currently in use, we are
looking to update the mechanical and electronic parts to create a new generation of plug pullers
for portable tensile testing with current technologies and readily available parts. Many of the
plug pullers on hand do not function at the present time and are difficult to repair due to the age
of the parts. An example of a plug pull machine would be provided as well as foam materials to
test the plug pull machine functionality.

Details of the problem; design constraints, requirements (if any), outcome expected: The
redesigned plug pull machine should function the same as the original design. The rate of pull
and plug size must remain the same to provide comparable results to current machines. The
outcome expected is a reverse engineered and redesigned plug pull machine with updated and
readily available electronic and mechanical parts.

Senior Design Project Rules:

1. Weekly telecons will be scheduled to maintain proper progress and prevent dead-end
ventures.

2. Deliverable/s required (e.g. one semester course — a written final report; two semester
course — written final report and prototype/model (if practical).
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Problem Title: Articulated deployment plate for small satellite solar array

MSFC Mentor Name and Organization: John Carr NASA MSFC ES44
Mentor’s Contact Information: john.a.carr@nasa.gov, 256.544.7114

Indicate which discipline/s is/are most appropriate to work on this problem, e.g., aerospace, mechanical,
electrical, chemical, industrial, civil, computer, physics, materials, test, nuclear, earth science, other

Mechanical, Electrical, Computer

Marshall Problem Statement

Background: The big picture with references to previous work (Why would a senior design student be excited
about this work?)

Small satellites, such as CubeSats, are advantageous tools for space exploration. Their small size takes advantage
of advanced microchips and other miniaturized components, enabling powerful spacecraft in a low volume, low
mass, and low cost [especially for launch] form factor. However, their biggest advantage is also their biggest
weakness. Because of their small size, power generation remains a large challenge. Though powerful,
miniaturized computers, cameras, etc. are readily available, generating enough power to operate them is difficult.
To solve this problem, NASA is developing a small satellite solar array — ~1/2 this thickness of a human hair —
which can stow into a small volume for launch and deploy into a large area on orbit. In order to point this array
at the sun, an articulated deployment plate is needed.

Recent/on-going research on the problem (What resources, if any, are available to the senior design team, such
as equipment, software, facility utilization)

Solar array hardware samples are available to be sent to the team.

Details of the problem; design constraints, requirements (if any), outcome expected (one semester Senior
Design course lasts 15 weeks; two semester course lasts 30 weeks.) (What do you expect the senior design team
to accomplish?)

The solar array depicted on the right is planar version of the NASA LISA-T small
satellite technology. The host CubeSat is located in the center, with 4x triangular
panels extending out each side to form the array. For launch, the panels are stowed
on top of the CubeSat and subsequently deployed once in orbit. To generate power
the panels must be point at the sun. In the configuration shown, the panels are hard
mounted to the CubeSat, forcing the entire spacecraft to be pointed. In some cases,
however, it will be desirable to point the array at the sun and the spacecraft (or more
appropriately, a science payload on the spacecraft) in a different direction. To solve
this, the senior design team much create a deployment plate that can be extended away from the host CubeSat
and subsequently articulated.






There are two components to the project. Minimum success criteria and stretch goals are defined for each.
1. Central deployment: push 550g mass (solar array + deployment plate) away from the spacecraft.

Success threshold — can deploy stowed (folded) array mass 0-1m (total distance simply
determined/altered by boom length), remotely activated.

Stretch goal — can deploy and retract unfolded array 0-1m programmable on the fly, remotely activated.
2. Articulation: once deployed, can point the plate and unfolded array at a target.

Success threshold — can send signal from control computer to point plate better than +45° in single (x or
y) axis

Goal -- can send signal from control computer to point plate better than £45° in x and y axis .

Stretch goal — can automatically point plate better than +45° in x and y axis with input from a sensor
(e.g. a light sensor which seeks to point the array at a bright light).

Senior Design Project Rules:
1. Weekly telecons will be scheduled to maintain proper progress and prevent dead-end ventures.

2. Deliverable/s required (e.g. one semester course — a written final report; two semester course — written
final report and a prototype/model (if practical))






